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(This Foreword is not a part of “Requirements for Low Power and Shutdown Probabilistic Risk Assessment,”” ANS/ASME-58.22-

2014.)

FOREWORD

The American Soclety ot Mechanical Engineers (ASME) Board on Nuclear Codes and Standards (BNC
and the American Nuclear Society (ANS) Standards Board mutually agreed in 2004 to form the Nuclé
Rjsk Management Coordinating Committee (NRMCC). The NRMCC was chartered to coordinate a
harmonize standards activities related to probabilistic risk assessment (PRA) between ASME.and ANS.
kgy activity resulting from NRMCC was the development of PRA standards structured areund the Levg
of PRA (i.e., Level 1, Level 2, and Level 3) to be jointly issued by ASME and ANS. In2011, ASME a
ANS decided to combine their respective PRA standards committees to form theASME/ANS Joi
Cpmmittee on Nuclear Risk Management (JCNRM).

Publication for Trial Use

Hpwever, the writing of this standard began under the ANS Risk {nformed Standards Committee; hend
S writing guidance has been followed. The current plan is forthis standard, once approved as an AN
standard, to be incorporated into RA-S-1.1, the “Standard-for  Level 1/Large Early Release Frequen
Probabilistic Risk Assessment for Nuclear Power Plant Applications.”

The previous drafts of this standard have gone through several rounds of reviews by the JCNR
mbers, and all comments have been addressed*in this version published for trial use. While t
camments were resolved, there are remaining\technical issues that are best resolved by testing th
standard against different actual applications. This will ensure that the lessons learned from pil
applications are adequately addressed in this standard. Examples of pilot applications might include a g
anjalysis for an existing Low Power and:Shutdown (LPSD) PRA model, or the development of new LPS
PRA models according to this standard. The JCNRM encourages any form of trial use of this propos
standard and requests feedback from trial users.

The project team and the readiness review team of this standard have identified the following potent
isfues, and it is hoped that’these can be addressed in the trial use applications. Both the project team a
consensus ballot-readiness review team believe that any of the requirements included in the LPS
Standard can be <addfessed with existing methods and data or supplemented by modest research
existing industryexperience data. Nevertheless, the project team believes this should be verified duri
trial use applications.

blication of this standard for trial use has been approved by the JENRM as a stand-alone standard.
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Potential Low Power and Shutdown PRA Standard Issues for Which
Trial Use Feedback Is Desired

Potential Issue

Background and Project Team Assessment

1.

Whether the required number
of plant operating states
(POS) needed to satisfy the

This issue was identified by comments on earlier drafts. The LPSD
Standard has chosen to define specific attributes whose collective
states make up the definition of each POS. These attributes were

Tequirements of the standard
are so excessive as to make
the analysis impractical.

Selected Dy experienced analysts that have performed LPSD analySps
on real plants. Owner’s groups have also developed guidance for
developing LPSD models in which specific POSs are defined'as
examples. A non-mandatory appendix has been added to the standard
to describe considerations in developing POSs. The project team dqes
not believe the requirements will pose an excessive@analysis burder.

2] Whether POSs are suitable This issue was identified by a commenter wha.wanted the flexibility
when defined at a level of to declare each plant configuration as a POStBhis standard publishgd
detail consistent with plant for trial use allows either the use of plant.canfigurations to define tie
configurations sufficient to POSs or the definition of POSs by collections of states of plant
evaluate time-dependent risk | attributes to be used. POSs are widely-used in existing PRA models
metrics, as opposed to just for shutdown events.
considering the attributes
listed in LPOS-A3.

3| Whether the requirements for | This issue was first identified by a writing group member concernef
at-initiator human actions about the possible omission of such considerations from earlier drafts
analysis are reasonable and of the standard. More recent commenters have expressed concerns
effective (at-initiator actions | that requirementS-added in response to this issue are too onerous. The
are human failure events that | project team believes that the available industry data for initiating
cause an initiating event; see | events during shutdown conditions are adequate to identify the HRA
Section 1.2.2). contribution, although additional research to focus on this question

would-benefit this process.

The project team believes that the main concern here is to identify
and account for potential dependencies between the initial error ang
subsequent actions called on in response to the initial error. Such
dependencies may be identified and considered to some degree by &
review of operating experience to identify the conditions in which
events originate. This conclusion limits the scope of the response
needed to address the standard’s requirements. Further research
expanding the set of events reviewed would require a focused effor}.

4] Whether:the methods for This issue was first identified by a commenter concerned about the

humanerror probability
(HEP) quantification are
suitable for shutdown

applicability of HRA methods developed for full power plant
operating conditions to LPSD conditions where different sets of
procedures apply. The project team notes that the methods developgd

Conditions:;

for futtpower conditions are ot Testricted tofutt-power, TTor were
they specifically calibrated to those conditions. This comment made
more sense in past years when the procedures for shutdown
conditions were less developed; however, at present, such procedures
are better developed. Furthermore, The project team believes that the
use of existing HRA methods for sequences initiating from full power
conditions are also applicable for shutdown conditions.
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Potential Low Power and Shutdown PRA Standard Issues for Which
Trial Use Feedback Is Desired

Potential Issue

Background and Project Team Assessment

5. Whether the approach to This is a general question that recognizes that plant conditions change
external hazards adequately during the different stages of a low power and shutdown evolution.
captures the needed The LPSD Standard acknowledged this in purposely excluding
requirements for LPSD PRA | TequiTements 10T assessing internal Tite hazard events as part of iy
for those hazards, for which version of the LPSD Standard. For other external event hazards;.the
only a few applications exist | standard states that these changes should be considered on a POS-by-
in the literature. POS basis. The project team believes that this set of requirements i$

appropriate and can be applied despite limited experience:

6. Whether the use of basic The issue was identified by a comment in an earlier,.PSD Standard
event risk significance ballot. Alternate metrics could be defined, and.al can be handled by
summed over all POSs is a available software. It is a suitable question for-a trial use applicatiof.
suitable measure for ranking
importance for establishing
modeling fidelity, or, since
some models change the basic
event evaluation in different
POSs, whether other
measures must be found.

7] Whether the analyst can This issue was identified by the readiness team review of this
screen out the entire category | standard. In the intr@duction, Section 1.1.8.2 has been added to
of external hazards (e.g., clarify how the streening of hazards can be accomplished for each
earthquakes) on the basis of POS, where appropriate.

POS duration combined with
external hazards initiating
event frequencies.
This standard sets forth requirements for low power and shutdown probabilistic risk assessments (PRA\)
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d also requirements for shutdown qualitative risk assessment (QLRA) that can be used to suppgrt
5k-informed decisions for'eemmercial nuclear power plants. This standard also prescribes a method fpr
plying these requirements for specific applications.

ne PRA requirements in this standard are intended to be used together with other PRA standards tHat
ver different.aspects of PRA scope. Specifically, they are intended to be used directly with the PRA
hndard developed by the ASME and the ANS (*Standard for Level 1/ Large Early Release Frequengy
obabilistic 'Risk Assessment for Nuclear Power Plant Applications,” ASME/ANS RA-Sa-2009 [1]).

hile-this LPSD Standard was being drafted for trial use ballot, a later addendum of the internal and

EX

ternmal events at power standard, RA-Sb-2013; was pubiished. 15 the intent that this CPSD-Standard

will be revised to align with the available addenda or edition of the internal events at power standard prior
to publication of the LPSD Standard as an ANSI standard.

This standard covers PRAs for both internal hazard events and external hazard events for a commercial
nuclear power plant operating at low power or in a shutdown condition. Similarly, these PRA
requirements are intended to be used with other standards now under development, including the

vi
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ASME/ANS PRA-methodology standards covering Level 2 (ASME/ANS RA-S-1.2) and Level
(ASME/ANS RA-S-1.3) risk assessments.

3

The PRA scope covered by this standard is limited to analyzing accident sequences initiated by “internal
hazard events” (e.g., reactor trip, LOCAs, losses of service water, losses of offsite power, and internal

flooding) or “external hazard events” (e.g., earthquakes, high winds, external flooding, etc.) that mig

ht

occur while a nuclear power plant is operating at low power or is in a shutdown (i.e., non-power)

standard due to the lack of methodology and applications in this area. Therefore, this standard covers
pgtential accident initiators arising at low power and shutdown conditions except for internal fires:*T

threats (e.g., sabotage).

This standard’s PRA technical requirements are presented in support of a quantitative’PRA for tim
ayeraged core damage frequency (CDF) or LERF. For applications involving a speéific LPSD evolutio
mpdifications to the technical requirements are presented in Part 10.

The PRA requirements in this standard are further restricted to requirenients for: (a) a full Level
analysis of the CDF; and (b) a limited Level 2 analysis sufficient totgvaluate the large early reled
frequency (LERF).

Eyents involving fuel while it is in the spent fuel pool are not covered.

The shutdown QLRA requirements in this standard are for'models used in support of configuration ri
agsessments while in a shutdown condition (e.g., modes-3 to 6 for PWRs and modes 3 to 5 for BWRs f
mpde definitions for plants with improved technical specifications).

The types of risk-informed PRA applications contemplated under this standard are very broad. Bo
regulatory risk-informed applications and. applications independent of regulations are contemplatg
While the NRC currently does not-teguire the use of this standard for any specific risk-inform
applications, its use is expected to~be common in such applications. In this regard, this standarg
approach is intended to be identical to that used in the closely related standard, ASME/ANS RA-Sa-20
[4]. The approach and suppofting logic of ASME/ANS RA-Sa-2009 [1] are relied upon heavily in th
stpndard’s guidance in this area.

ly other initiators explicitly excluded are accidents resulting from purposeful human-induced |security

The scope is also limited to analyzing accident sequences involying fuel while it is in the reactor vessel.
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REPARATION OF TECHNICAL INQUIRIES TO THE JOINT COMMITTEE

ON NUCLEAR RISK MANAGEMENT

INTRODUCTION

NOTE FOR TRIAL USE: The text of this section describes the technical inquiry process for
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edback, ask questions, and interact with the LPSD project team on either a formal

formal basis. Such feedback may be provided via the Secretary, Joint Committee (
uclear Risk Management, as noted below, or by contacting the LPSD project team chair

hother member of the project team or the JCNRM.

ne ASME/ANS Joint Committee on Nuclear Risk Management (JCNRM) will consideér written reques
r the interpretation and revision of risk management standards and thé-development of ng
quirements as dictated by technological development. JCNRM'’s activitiesyin this latter regard a
fictly limited to interpretations of the requirements or to the congsideration of revisions to t
quirements on the basis of new data or technology. As a matter of published policy, The Americ
pciety of Mechanical Engineers (ASME) does not “approve,” “certify,”
nstruction, proprietary device, or activity, and, accordingly, inquiries requiring such considerations w|

returned. Moreover, ASME does not act as a consultant on 'specific engineering problems or on t
neral application or understanding of the standard’s requirements. If, based on the inquiry informati
bmitted, it is the opinion of the JCNRM that the inquirershould seek assistance, the inquiry will
turned with the recommendation that such assistance be’obtained.

D be considered, inquiries will require sufficient information for JCNRM to fully understand the reques

QUIRY FORMAT

quiries shall be limited strictly to ipterpretations of the requirements or to the consideration of revisio
the present requirements on the. basis of new data or technology. Inquiries shall be submitted in t
llowing format:

letter concerningrunrelated subjects will be returned;
(b) Background{State the purpose of the inquiry, which would be either to obtain an interpretation
the standard*s requirement or to propose consideration of a revision to the present requiremen

sketchies as necessary), being sure to include references to the applicable standard editig
addenda, part, appendix, paragraph, figure, or table;

() Stnquiry Structure. The inquiry shall be stated in a condensed and precise question form
omitting superfluous background information and, where appropriate, composed in such a wi

rate,” or “endorse” any item

(a) Scope. The inquiry shall involve a single requirement or closely related requirements. An inquiry

Concisely provide the information needed for JCNRM'’s understanding of the inquiry (with

e
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pr
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—

S
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py

that "yes™or “To" (perhaps With provisos) Woutd be an acceptable repty. This iNquiTy Stateme
should be technically and editorially correct;

t

(d) Proposed Reply. State what it is believed that the standard requires. If, in the inquirer’s opinion, a

revision to the standard is needed, recommended wording shall be provided,;

(e) Typewritten/Handwritten. The inquiry shall be submitted in typewritten form; however, legible,

handwritten inquiries will be considered:;

viii
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() Inquirer Information. The inquiry shall include the name, telephone number, and mailing address
of the inquirer;

(g) Submission. The inquiry shall be submitted to the following address: Secretary, Joint Committee
on Nuclear Risk Management, The American Society of Mechanical Engineers, Two Park

Avenue, New York, NY 10016-5990.

USER RESPONSIBILITY

Ukers of this standard are cautioned that they are responsible for all technical assumptions inherent,insthe
uge of PRA models, computer programs, and analysis performed to meet the requirementsCof" this

sthndard.

CORRESPONDENCE

Sliggestions for improvements to the standard or inclusion of additional topics-shall be sent to the
fgllowing address: Secretary, Joint Committee on Nuclear Risk Management, The American Society pf
Mechanical Engineers, Two Park Avenue, New York, NY 10016-5990.
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Part 1 General Requirements for an LPSD PRA and QLRA

Text that is new in this part compared to Part 1 of Reference [1] is underlined below.

1.1 Introduction

1JT.T Objective

This standard® sets forth the requirements for Low Power and Shutdown (LPSD) probabilistic risk
agsessments (PRA) and for LPSD Qualitative Risk Assessments (QLRA), both of which are used to
sUpport risk-informed decisions for commercial light water reactor nuclear power plants. This'standard
also prescribes a method for applying those parts of the requirements as necessary to suppart specific
applications.

The discussion of requirements for LPSD PRAs is presented in Parts 1 through $0;-and the discussion of
thie method for applying them is presented in Section 1.3. These requirements-would be used for
applications requiring guantitative risk-informed insights during low powerand shutdown conditions. The
discussion of requirements and a method for applying them for LPSD QLRA are presented in Part 11.
These requirements would be used for applications in which qualitative’risk-informed insights suffice,
sych as for plant configuration control during shutdown conditions:

1]1.2 Scope and Applicability for LPSD PRA

This standard establishes requirements for a Level 1 RRA of internal and external hazards for low power
and shutdown modes. These modes include operating states ranging from those in which the plant is at
power levels substantially below nominal full power (low power) to operating states in which the plant i
stjutdown with the reactor subcritical and the primary system depressurized and cooled sufficiently to bg
pliaced on Residual Heat Removal (RHR).cooling. This standard bases these requirements in large part o
ASMES/ANS RA-Sa-2009 [1]2 which at{present is restricted to requirements for plant operating states at
power”.

172}

=}

This standard has been developed to specify the requirements for an evaluation of risk during LPSD
conditions. Depending on the application, these evaluations are likely to focus on two end states: (a) a fu
Léevel 1 analysis of the care damage frequency (CDF); and (b) a limited Level 2 analysis sufficient to
evaluate the large early. release frequency (LERF). This is consistent with Reference [1]. The emphasis
fdr the Level 2 analysis during shutdown conditions is more on containment isolation failure than
containment structiral failure for many applications since there may be LPSD plant operating states
where the containment has an equipment hatch removed or other large openings to permit maintenance
agtivities./AlS0, the dissipated decay heat during shutdown results in a reduced source term when
comparedhto full power (although the radiological impact of the source term decreases at a slower rate

The current standard, ANS/ASME-58.22-2014, is herein referred to as “this standard.”
Numbers in brackets refer to corresponding numbers in Section 12, “References.”

Reference [1] is defined to apply broadly to “at-power” plant states. The LPSD PRA Standard includes “low power” states,
which could be considered part of the broad “at-power” definition. To avoid confusion, this standard defines (and applies to)
“low power” states in contrast to “full power” or “nominal-full-power “ states. The “low power” states are defined to include
all at-power operations below nominal full power. See the definitions of these terms in Section 1.2.2.
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than the decay heat does). Thus, while the definition of LERF is the same as for full power states, the
determination of “large” releases must include additional considerations to those for full power.

It is recognized that alternative risk metrics to CDF and LERF have been used in many assessments of
LPSD conditions. These alternative risk metrics include approaching coolant boiling in the core, depletion
of coolant to the point of core uncovery, and radioactivity release. For consistency with the requirements
of this standard, the alternate metric(s) are to be computed as a frequency of an accident class, and the
selected metric(s) are to be surrogates for both CDF and | ERFE. Note that one alternative metric may, by
itself, be a surrogate for both CDF and LERF. The alternate metric(s) are to be justified in the context!of]
an application, against which the scope of the PRA is to be compared against all requirements. Any
deviations from the requirements herein are to be justified for the alternate metric(s). Non-mandatory
Abpendix 2-B discusses risk metrics further.

Furthermore, the scope of the requirements for LPSD PRA in this standard excludes sources of

radioactive material other than nuclear fuel within the reactor vessel; i.e., only “core™damage accidents
are considered. Thus, accidents involving nuclear fuel in the spent fuel pool, in dri-storage, or in transit
are excluded from the scope of this standard. Accidents involving radioactive_material sources other than
nuiclear fuel are also excluded.

This standard’s technical requirements are presented in a manner to support a range of applications
including the calculation of time-averaged* CDF or LERF, consistent with Reference [1]. Additionally,
alternative risk metrics may be used. This standard may also be-lsed for LPSD PRA applications
involving a specific outage. Modifications to the LPSD PRA.technical requirements to support time-
dependent risk metrics of a specific LPSD evolution are noted'in Section 1.3.7.

The only initiating event hazards explicitly excluded from the LPSD PRA scope are accidents resulting

frpm purposeful human-induced security breaches{€.g., sabotage) and accidents initiated by internal firgs.
This standard applies to PRAs used to supportapplications of risk-informed decision-making related to
operating power plants®. They may be used-for plants under design or construction, for advanced LWRs
ol for other reactor designs, but revised.or’additional requirements may then be needed.
This version of the LPSD PRA Standard provides specific requirements for the following hazard groups

(@) Internal Events (Part.3);

(b) Internal Flooding.(Part 4);

(c) Seismic Events-(Part 5);

(d) High Winds\(Part 7);

(e) Externalloods (Part 8);

() OtherExternal Hazards (Part 9).
In addition to providing technical requirements for detailed PRASs of these hazards, this standard providds

requirements for Screening and Conservative Analyses of External Hazards (Part 6). Technical

4 “Time-averaged” risk metrics refer to the occurrence of low power and outage evolutions averaged over time, in contrast to

risk metrics applied to a specific outage (e.g., refueling number 4). All PRAs have other elements averaged over time, such
as initiating event frequencies and component failure rates.

Here, “operating power plants” means plants that have operated and, thus, have spent fuel and decay heat. An operating
plant could be “operating” at-power or in shutdown.
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requirements for Seismic Margin Analysis, unlike for full power operating states, are not provided for
LPSD PRAs.

Many of the technical requirements for internal events in Parts 2 and 3 are fundamental requirements for
performing a PRA for any hazard group and are therefore relevant to Parts 4 through 10 of this standard.
They are incorporated by reference in those requirements that address the development of the plant
response to the damage states created by hazard groups addressed in Parts 4 throuqh 10. Their speC|f|c

being developed later. However, it also is a reflection of the fact that a fundamental understandingcof the
pllant response to a reasonably complete set of initiating events (as defined in Section 1.2.2) provides the
fqundation for modeling the impact of various hazards on the plant. Hence, even though Part-3 is given
tifle associated with the internal event hazard group, it is understood that the requirements@n this section
are applicable to all the hazard groups within the scope of the LPSD PRA.

1/1.3 Structure of LPSD PRA Requirements

1]1.3.1 LPSD PRA Elements

The technical requirements for the LPSD PRA model in each section are organized by their respective
LPSD PRA technical elements. The LPSD PRA technical elementsdefine the scope of the analysis for
edch section of the standard.

This standard specifies technical requirements for the LPSEDPRA elements listed in Table 1.1.3-1. The
fifst element listed in Table 1.1.3-1 in the internal eventHazard group, Plant Operating States (POS), is
thie only element unique to this LPSD PRA Standard. Otherwise, these elements are consistent with thosg
defined in [1] for full power plant operating states>;During LPSD operations, the plant physical conditions
sych as temperature, pressure, decay heat level;-operating and maintenance configurations can vary
difamatically; and these variations can significantly impact the accident progression and the resulting risk
agsessment. Thus, the concept of the POS was developed and implemented to identify and translate the
important plant differences into states affecting the risk model. Part 2 provides the LPSD PRA Standard
requirements associated with POSs; and Appendix 2.A presents a non-mandatory primer on POS analys

methodology.

[72)
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Table 1.1.3-1 LPSD PRA Elements Addressed by Standard

Hazard Group

PRA Elements

Internal Events

(a) Plant Operating State Analysis (LPOS)
(b) Initiating Events Analysis (LIE)

(c) Accident Sequence Analysis (LAS)

(d) Success Criteria (LSC)

Internal Hazards

External Hazards

Internal Flooding

Seismic Events

High Winds

External Floods

Other External Hazards

{e)—Systems-Analysis-{(1-5Y)

(f) Human Reliability Analysis (LHR)
(g) Data Analysis (LDA)

(h) Quantification (LQU)

(i) LERF Analysis (LLE)

(@) Internal Flood Plant Partitioning (LIFPP)

(b) Internal Flood Source Identification and Characterization

(LIESO)
(c) Internal Flood Scenarios (LIESN)
(d) Internal Flood-induced Initiating-Events (LIFEV)

(e) Internal Flood Accident Sequences and Quantification

(LIFQU)

(a) Probabilistic Seismic Hazard Analysis (LSHA)
(b) Seismic Fragility Analysis (LSFR)
(c) Seismic Plant Response Analysis (LSPR)

(a) High Wind Hazard Analysis (LWHA)
(b) High Wind Fragility Analysis (LWFR)
(c) High Wind Plant Response Analysis (LWPR)

(a) External Flood Hazard Analysis (LXFHA)
(b) «External Flood Fragility Analysis (LXFFR)
(c)~External Flood Plant Response Analysis (LXFPR)

(a) External Hazard Analysis (LXHA)
(b) External Hazard Fragility Analysis (LXFR)
(c) External Hazard Plant Response Analysis (LXPR)
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1.1.3.2 High Level Requirements

A set of objectives and high level requirements (HLR) is provided for each LPSD PRA Element in the
Technical Requirements section of each respective section of this standard. The HLRs set forth the
minimum requirements for a technically acceptable baseline LPSD PRA, independent of an application.
The HLRs are defined in general terms and present the top level logic for the derivation of more detailed
supportlnq requirements for each of the LPSD PRA Capablllty Categories. The HLRs reflect not only the

d afannroacheoc that havia ha ad ta davialan-tha ot LRSS PRAc hit Alen tha ad tn
Vbldll.y \> A UHHIUUUIIU\) At IIMV\J ”\J\lll MJ\JU v U\JV\JIU'J uare \a/\ldLIllg = YT T, utlt arou Ui Ilbbu v

agcommodate future technological innovations.
1{1.3.3 Supporting Requirements

Alset of SRs is provided for each HLR (that is provided for each LPSD PRA technical element) in the
Technical Requirements portion of each respective section of this standard. The SRs for the technical

elements are presented as action statements using the three Capability Categories described below. For
edch Capability Category, the SRs define the minimum requirements necessary 0 meet that Capability

Chtegory. In these tables, some action statements apply to only one Capability. Category, and some extend

agross two or three Capability Categories. When an action statement spanssmltiple categories, it applies
equally to each Capability Category. When necessary, the differentiation between Capability Categories

S

miade in other associated SRs. The interpretation of an SR whose action statement spans multiple
cdtegories is stated in Table 1.1.3-3 . It is intended that, by meeting:all the SRs under a given HLR, an
LPSD PRA will meet that HLR. The Technical Requirements gortion of each respective section of this
stindard also specifies the required documentation to facilitate.PRA applications, upgrades, and peer
review.

This standard is intended for a wide range of applications that require a corresponding range of LPSD
PRA capabilities. Applications vary with respect to,which risk metrics are employed, which decision
criiteria are used, the extent of reliance on the LPSD PRA results in supporting a decision, and the degreg
of resolution required for the factors that determine the risk significance of the subject of the decision. If
developing the different portions of the LLPSD PRA model (e.g., system model), it is recognized that not
eyery item will be or need be developed-to the same level of detail, the same degree of plant-specificity,
oIl the same degree of realism.

Although the range of capabilities required for each portion of the LPSD PRA to support an application
falqls on a continuum, three levels are defined and labeled either Capability Category I, I1, or 111, so that

uirements can be developed and presented in a manageable way. Table 1.1.3-2 describes, for three
piincipal attributes Of any PRA, the bases for defining the Capability Categories. This table was used to
develop the SRs4foreach HLR.
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Attributes of PRA

Scope and level of
detail:

The degree to which the
scope and level of detail

Resolution and
specificity sufficient
to identify the relative
importance of the

Resolution and
specificity sufficient
to identify the relative
importance of the

Resolution and
specificity sufficient
to identify the
relative importance

of the plant design,
operation, and
maintenance are
modeled.

contributors at the
system or train level,
including associated
human actions.

significant
contributors at the
component level and
associated human
actions, as necessary
[see Note (1)].

of the contributors at
the component level
including assatiated
human actions, as

necessary [see Note
).

Plant specificity:

The degree to which
plant-specific
information is
incorporated such that
the as-built and as-
operated plants are
addressed

Use of generic
data/models
acceptable except for
the need to account
for the unique design
and operational
features of the plant.

Use of plant-
specific
data/models for the
significant
contributors.

Useof plant-specific
data/models for all
contributors, where
available.

Realism:

The degree to which
realism is incorporated
such that the expected

Departures from
realism will have
moderate impacts on
the conclusions and

Departures from
realism will have
small impacts on the
conclusion and risk

Departures from
realism will have
negligible impacts on
the conclusion and

response of the plantis | risk insights as insights supported by  risk insights
addressed. supported by good good practices [see supported by good
practices Note (2)]. practices [see
[see Note (2)]. Note (2)].
NOTES:

(1) The definitions for Capability-Categories Il and 111 are not meant to imply that the scope and level of
detail includes the identification of every component and human action, but only those needed for the
function of the system-being modeled.
(2) The differentiation amjeng moderate, small, and negligible is determined by the extent to which the
impacts on the conclusions and risk insights could affect a decision under consideration. This

differentiation recognizes that the PRA would generally not be the sole input to a decision. A moderate
impact impti€es that the impact (of the departure from realism) is of sufficient size that it is likely that
decision-could be affected, a small impact implies that it is unlikely that a decision could be affected,
and awhégligible impact implies that a decision would not be affected.

Thelntent of the delineation of the Capability Categories within the SRs is generally that the degree of

(<))

scope and Tevel of detail, the degree of plant-specificity, and the degree of realism increases from
Capability Category | to Capability Category I11. However, the Capability Categories are not based on the
level of conservatism (i.e., the tendency to overestimate risk due to simplifications in the LPSD PRA) in a
particular aspect of the analysis. The level of conservatism may decrease as the Capability Category
increases and more detail and more realism are introduced into the analysis. However, this is not true for
all requirements and should not be assumed. Realism, however, does increase with increasing Capability

Category.
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The boundaries between these Capability Categories can only be defined in a general sense. When a
comparison is made between the capabilities of any given LPSD PRA and the SRs of this standard, it is
expected that the capabilities of an LPSD PRA's elements or portions of the LPSD PRA within each of
the elements will not necessarily all fall within the same Capability Category, but rather will be
distributed among all three Capability Categories. There may be LPSD PRA elements or portions of the
LPSD PRA within the elements that fail to meet the SRs for any of these Capability Categories. While all
partions of the | PSD PRA need not have the same capability, the | PSD PRA model should be coherent
The SRs have been written so that within a Capability Category, the interfaces between portions of the
LPSD PRA are coherent, e.g., requirements for event trees are consistent with the definition of initiating
eyent groups.

When a specific application is undertaken, judgment is needed to determine which Capabifity Category (s
ngeded for each portion of the LPSD PRA and hence which SRs apply to the applications:
Table 1.1.3-3 Interpretation of Supporting Requirements
Action Statement Peer Review Interpretation of the Supporting
SR Spans: Finding Requirement
All Three Capability Categories | Meets SR Capable of supporting applications in all
I/H/10) Capability Categories
Does not meet SR Does not meet minimum standard
Single Capability Category Meets individual SR Capable of supporting applications
Lorllorlll) requiring that Capability Category or lowef
Does nebmeet any Does not meet minimum standard
SR
|_ower Two Capability Meets SR for Capable of supporting applications
Categories (I/11) Capability requiring Capability Category I or Il

Categories I/11

Meets SR for Capable of supporting applications in all
Capability Category  Capability Categories

Il

Does not meet SR Does not meet minimum standard

Upper Two.Capability Meets SR for Capable of supporting applications in all
Categories (11/111) Capability Capability Categories
Categories 11/111

Meets SR for Capable of supporting applications
Capability Category  requiring Capability Category |
I

Does not meet SR Does not meet minimum standard

The SRs specify what to do rather than how to do it, and, in that sense, specific methods for satisfying the
requirements are not prescribed. Nevertheless, certain established methods were contemplated during the
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development of these requirements. Alternative methods and approaches to the requirements of this
standard may be used if they provide results that are equivalent or superior to the methods usually used
and meet the HLRs and SRs presented in this standard. The use of any particular method for meeting an
SR shall be documented and shall be subject to review by the peer review process described in Section
1.6.

1.1.4 Risk Assessment Application Process

he use of an LPSD PRA and the Capability Categories that are needed for each part of the LPSD PRA
nd for each of the LPSD PRA Elements will differ among applications. Section 1.3 describes the
Ctivities to determine whether a PRA has the capability to support a specific application of
sk-informed decision making. Three different LPSD PRA Capability Categories are described’in
Lbsection 1.1.3. LPSD PRA capabilities are evaluated for applicable parts of an LPSD PRA and each
bsociated SR rather than by specifying a Capability Category for the entire LPSD PRA Therefore, only
ose parts of the LPSD PRA required to support the application in question need the:Capability
ategory appropriate for that application. For a given application, supplementary-analyses may be used
place of or to augment those aspects of an LPSD PRA that do not fully meet the requirements in the
echnical Requirements section of each respective part of this standard. Reguirements for supplementany
halysis are outside the scope of this standard.

D = OV D o

[y

1.5 PRA Configuration Control

pction 1.5 provides requirements for configuration control @f.an LPSD PRA (i.e., maintaining and
bgrading a plant-specific LPSD PRA) such that the LPSD.PRA reflects the as-built, as-operated nuclear
pwer plant to a degree sufficient to support the application for which it is used.

=

o c wn

[Y

1.6 Peer Review Requirements

ection 1.6 provides the general requiremeritsfor a peer review to determine if the LPSD PRA
ethodology and its implementation meet'the requirements of the Technical Requirements section of
hch respective part of this standard.(Sc¢ope-specific requirements are contained in the Peer Review
gction of the respective parts of this standard.

D 3 W

wn

1/1.7 Addressing Multiple Hazard Groups

The technical requirements to determine the technical adequacy of an LPSD PRA for different hazard

groups to support applications are presented in Parts 2 through 10. The approaches to modeling the plan

ith

achieving an acceptable evaluation of rlsk These screening approaches are unlque to each hazard group.

For many applications, it is necessary to consider the combined impact on risk from those hazard groups
for which it cannot be demonstrated that the impact on the decision being made is insignificant. This can
be done by using a single model that combines the LPSD PRA models for the different hazard groups or
by combining the results from separate models. 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
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detail so that the conclusions drawn from the results are not overly biased or distorted. To support this
objective, the standard is structured so that requirements for the analysis of the LPSD PRA results,
including identification of significant contributors, identification and characterization of sources of
uncertainty, and identification of assumptions, are included in each section separately.

In some cases, the requirements for developing a PRA model in Parts 4 through 10 refer back to the

, do so on the basis of the treatment of significant contributors and significant accident
guences/cut sets for the hazard group being addressed. Because, as discussed above, there are

roduced by the modeling approaches for the different hazard groups as wellas within each hazard
oup.

Top determine the Capability Category at which the SRs have been met, it is necessary to have a definitio
of the term “significant”. Consequently, the term “significant” js;used in various definitions in this
standard and is thereby explicitly incorporated into specific SRs: Generally, the philosophy used in
Chpability Category Il ensures a higher level of realism for<significant” contributors. This manifests
itself in SRs related to the scope of plant-specific data, detailed HRA (versus screening values), CCF
treatment, documentation, and others.

The only consequence of not meeting the standard definition of “significant” for a specific SR is that the
LPSD PRA would not meet Capability Category Il for that SR. Thus, in the context of an application, if
hazard group is a small contributor, it should be acceptable to meet Capability Category | by using
sqreening HEPs, not using plant-specific.data for equipment reliability, etc. The applicable portion of the
LPSD PRA will simply be considered-as meeting Capability Category | for that specific SR for that
hazard group.

Additionally, from a practical’standpoint, LPSD PRA models are generally developed on a hazard group
basis (i.e., a seismic PRA,.a high wind PRA, etc.). While they may be integrated into a single model wit
multiple hazards, the-development is done on a hazard group basis. In Capability Category I, this
sthndard strives to.ensure that the more “significant” contributors to each hazard group are understood
and treated withian equivalent level of resolution, plant specificity, and realism, so as not to skew the
results for that-hazard group. The definitions also acknowledge that there may be cases where the
oposedQuantitative definition is inappropriate; e.g., the hazard group risk is very low, or bounding
ethods-are used.

necessary to meet Capability Category Il of some SRs. They are NOT intended to be definitions of what
is “significant” in a particular application. Indeed, in the context of a specific 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 defining what is significant to a decision would be
addressed in the Risk Assessment Application Process (see Section 1.3).
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1.1.8 LPSD Requirements for External Hazards

1.1.8.1 Scope of External Hazards in Parts 5 to 9

External hazards are covered in this standard in separate sections grouped by “hazard group.” Within the
scope, included in Parts 5, 6, 7, 8, and 9, are both natural external hazards (e.g., earthguakes, high winds,
and external flooding) and human-made external hazards (e.q., airplane crashes, explosions at nearby

pdxwer or shutdown in any of the considered LPSD evolutions.

Internal floods during LPSD evolutions are categorized as internal hazards rather than external-hazards;
thiey are instead covered in Part 4. Appendix 6-A of the ASME/ANS PRA Standard [1] contains an
extensive list of the external hazards generally considered within an external hazards PRA-and hence
wijthin the scope here. That appendix is incorporated here by reference.

1]1.8.2 Screening of External Hazards

There are many external hazards that might affect a nuclear plant during low“power or shutdown
canditions, but not all of them would contribute significantly to the overall risk for any given plant. As
explained in Section 6-1.1 of the ASME/ANS PRA Standard [1], it.is hecessary for the analysis team to
agcertain:

“... which of these many external events can be screened out so that no further PRA analysis is
needed. This allows the team to focus on those external events that remain (unscreened) within
the analysis. Experience reveals that earthquakes-can never be screened out using the methods

herein; that sometimes high winds and external flooding can be screened out but sometimes the
require further analysis, either a boundingzanalysis, a semi-quantitative analysis, or perhaps ever
a full PRA; and that occasionally one_ormore other external events also require a full PRA.”

It]is important to note that, consistent withthe Initiating Events discussion and requirements in Part 3 of
thiis standard, it may be feasible to scfeen out any specific external hazard for a given POS based on the
combination of POS duration and hazard frequency or on other considerations. Concerning earthquakes
specifically, a comment is in order about the quotation from the ASME/ANS PRA Standard [1] in the
paragraph above: “Experiencereveals that earthquakes can never be screened out.” This sentence is
intended to explain that for.full power operation, the category of earthquake-initiated accidents can neve
bé screened out entirely.\However, in the context of LPSD analysis covered by this standard, it is possibje
thiat for a specific POS) the analyst may screen out the entire category of earthquakes on the basis of PO$
dyration combinedwith earthquake frequency while retaining the highest risk POSs from earthquake-
initiated accidents. This screening out requires a defined basis; see SR LPOS-B2. See also SR’s LIE-C6
and LIE-C6a;which permit screening POS-and-initiating-event combinations for internal events.

=

For high-winds and external flooding, either or both of these may be screened out at a specific site for a
particular POS, in whole or in part, depending on the circumstances and including possible seasonal-
variation considerations. If not screened out, high winds and external flooding may be analyzed using
either the specific technical requirements in Parts 7 and 8, respectively, or the general technical
requirements for “other external hazards” in Part 9.

Part 6 of the ASME/ANS PRA Standard [1] contains a full discussion of the considerations involved in
this screening analysis and in various approaches to conservative bounding analysis as well as the
rationale, the HLRs, and the SRs. These requirements, notated by EXT, are found in Part 6 of the
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ASME/ANS PRA Standard [1]. The HLRs and SRs cover various types of successive screening activities

and conservative analysis activities. The analyst needs to consider any special circumstances that would

differentiate a given LPSD POS from the full-power situation.

1.1.8.3 Structure of an External Hazard PRA

The following discussion applies to any external hazard that is not screened out as discussed above in

T

Section1-1-8-2

ne PRA of an “external hazard” during LPSD conditions consists of the following seven broad

C4

tegories of analysis work. For each of these, the discussion below notes the character of the technical

e

guirements in this standard and their relation to similar technical elements either in the ASME/ANS

P

RA Standard [1] (i.e., full power external events PRA) or elsewhere in this standard. Thee ASME/ANS

P

RA Standard [1] Appendix 5-A, “Seismic PRA Methodology — Primer,” provides useful-background

information for all of the external hazards PRA work covered in this section.

(a) Hazard analysis. This is the analysis of the hazard “size” vs. hazard “annual frequency” for a

(b) Identification of each POS included in the external-events PRA analysis. This consists of

(©)

specific external hazard.

Relation to Technical Requirements in ASME/ANS PRA Standard [1]: The LPSD external-
event hazard analysis is identical to that for full power‘eperation. Technical Requirements afe
already in the ASME/ANS PRA Standard [1] in Section 5-2 for earthquakes (designated as
SHA), in _Section 7-2 for high winds (designatedas"WHA), in Section 8-2 for external floog
under (designated as XFHA), and in Section 9<2-for other external hazards (designated as
XHA). Seasonal variations in certain external’hazards may need to be accounted for on a
case-by-case basis.

w

identifying each POS, assessing whether it may be screened out compared to other POSs, and
including a sufficiently detailed specification of that POS (or groups of POSs) to enable the rest
of the analysis to proceed. Thexemaining five technical elements in items (c) through (g) below
are each to be accomplished Separately for every POS or group of POSs identified here.

Relation to Technical Requirements elsewhere in this standard: The work of identifying the
POSs is identical-to that for LPSD internal-events guantitative PRA analysis. HLRs and SR§
for this aspect-of PRA are presented in Part 2 of this standard.

Identification of the relevant list of SSCs. This is the list of SSCs whose functions are important|
for the-particular POS (or group of POSs) and that could be affected by the external hazard, eithgr
as part-of the “initiating event” being studied or otherwise. The identification work explicitly
involves using systems analysis methods to identify the SSCs along with information about the
plant configuration so as to identify which SSCs are important to that POS and which SSCs cou
be affected by the hazard. This list of SSCs is identified through the collaborative work of

o

SYStems-analysis and fragifity-analysis experts for each hazard type. A plant walkoown is usuaily
required to verify or confirm the information about plant configuration. Note that some non-
safety SSCs may need to be considered, and that many safety-related SSCs may be disabled in

certain POSs.

Relation to Requirements in the ASME/ANS PRA Standard [1]: The work of identifying the
potentially affected SSCs in LPSD conditions is nearly identical to that for full power
operation, including a specialized walkdown when appropriate. The relevant HLRs and SRs

11


https://asmenormdoc.com/api2/?name=ANS ASME-58.22 2014.pdf

ANS/ASME-58.22-2014

are in the ASME/ANS PRA Standard [1]; they are discussed in detail in that standard in

Section 5-2 for earthquakes (designated under SPR), in Section 7-2 for high winds

(designated as WPR-A), in Section 8-2 for external floods (designated as XFPR-A), and in

Section 9-2 for other external hazards (designated as XPR-A).

(d) Fragility analysis. This is the analysis of the fragility (probability of “damage” vs. “size” of

hazard) for each SSC on the list from (c) above. This work must include the analysis of correlated

damagqe. if appropriate (such as for qroups of SSCs affected by the same flooding in a room.)

(e) Identification of the character of the “hazard-induced initial damage States” caused by the hazardg.

(f)

Relation to Technical Requirements in the ASME/ANS PRA Standard [1]: The fraqility

analysis work is conceptually identical to that for full power operation, although the 'scope of
the analysis of course must be tailored to the POS and its configuration. The relevant HLRs
and SRs are in the ASME/ANS PRA Standard [1], as discussed in detail for earthquakes in
Section 5-2 (designated as SFR), for high winds in Section 7-2 (designated as-WFR), for

external floods in Section 8-2 (designated as XFFR), and for other exterfialhazards in Sectign

9-2 (designated as XFR).

This identification needs to be done as a function of hazard “sizet>and of the POS. Here, a
“hazard-induced initial damage state” is intended to mean a set.of specified initial damage or

other effects on the plant such as “loss of system X, combined with failure of shear wall Y.” Th

is

explicitly involves addressing each POS (or group of PASs) separately, because the combinatio

of failures or problems resulting from the hazard may.be unigue to that POS.

Relation to Technical Requirements in the ASME/ANS PRA Standard [1]: HLRs and SRs for
the work of identifying the character of all.¥initiating events” caused by the external hazard
during LPSD states are already in the, ASME/ANS PRA Standard [1]; they are discussed in
detail for earthquakes in Section 5-2.(designated as SPR), for high winds in Section 7-2
(designated as WPR-A), for exterhal floods in Section 8-2 (designated as XFPR-A), and for
other external hazards in Section 9.2 (designated as XPR-A). The analyst needs to account
not only for the POS, butalso’for any special effects of the given external hazard such as
damage that might be catised by the external hazard that would not otherwise be modeled in
the LPSD PRA along\with any special activities or configurations such as whether the reactor
vessel head is off(onwhether crane use involving heavy-loads could be affected by an
earthquake or high winds.

Systems analysis. This is the development of initiating-event systems analysis and event-
tree/fault-tree’systems analysis, accounting for any special analysis features as needed. These
special.analysis features are likely to differ in many POSs from the models for internal events

analysis and might include special effects of the external hazard on the structure of the systems

analysis or special types of initiating events that would need tailored treatment in the analysis.

Relation to Technical Requirements in the ASME/ANS PRA Standard [1]: The systems

atatysisworkissimitar-tothat forexternathazards PRAfor-fulbpower-operation—ttmustbe
addressed separately for each POS (or group of POSs). The relevant HLRs and SRs for this
element are in the ASME/ANS PRA Standard [1], as discussed in detail for earthquakes in
Section 5-2 (designated as SPR), for high winds in Section 7-2 (designated as WPR-A), for
external floods in Section 8-2 (designated as XFPR-A), and for other external hazards in
Section 9-2 (designated as XPR-A).
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(9) Integration of hazard analysis with SSC fragility analysis and with systems analysis to quantify

CDF and LERF. This portion of the analysis consists of integrating the intermediate results of the

earlier phases to quantify CDF and LERF values.

Relation to Technical Requirements in the ASME/ANS PRA Standard [1]: The integration
work is identical to that for external hazards PRA for full power operation. The HLRs and

SRs for this element are in the ASME/ANS PRA Standard [1]; they are discussed in detail for

earthquakes in Section 5-2 (designated as SPR-E), for high winds in Section 7-2 (designated

as WPR-B), for external floods in Section 8-2 (designated as XFPR-B), and for other extern

:

hazards in Section 9-2 (designated as XPR-B).

addition to the technical elements above, an additional and vital task is the documentationf the work.

pguirements for documentation are also included throughout this standard.

1.8.4 High Winds PRA and External Flooding, LPSD PRA

T

ne ASME/ANS PRA Standard [1] contains separate sections with technical requirements for high wing

w

P

RA (Part 7) and external flooding PRA (Part 8). It also contains quidance.that permits the analyst to us

3%

e

either the requirements in these specific sections or the more general reguireéments that cover any other

ternal hazard, found in Part 9 of that standard. As noted just above imSection 1.1.8.2, this approach is

al

50 followed here.

1

1.8.5 High Level Requirements for a Specific External Hazard for Each POS Separately

All of the requirements in Parts 5 through 9 are to be carried out separately for each POS (or set of POS{

—"

=

entified as relevant.

2 Acronyms and Definitions

ne list of acronyms and definitions frem-Reference [1] is adopted for this standard by reference.

Additional acronyms and definitions ‘are provided in this section to ensure the understanding of terms as

thiey are used in this standard.

1

B
C
C
C
C
C

D

2.1 Acronyms

VR: boiling water feactor

CDP: conditional-core damage probability

CF: commop-cause failure

DF: core daimage frequency

| ERP:«Conditional large early release probability
I completion time

| D>-defense-in-depth

D

IHR: decay heat removal

E

DG: emergency diesel generator

EOP: emergency operating procedure

F
H
H
H

MEA: failure modes and effects analysis
EP: human error probability

FE: human failure event

LR: high-level requirement
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HPSI: high-pressure safety injection

HRA: human reliability assessment

HRE: higher risk evolution

HVAC: heating, ventilation, and air conditioning
LER: large early release

LERF: large early release frequency

LOCA: loss-of-coolant accident

OP: loss of offsite power
PSD: low power and shutdown
PSI: low-pressure safety injection
A: not available
PP: nuclear power plant
PDRC: operations with the potential to drain the reactor cavity
PDRV: operations with the potential to drain the reactor vessel
DS: plant damage state
DS: plant operating state
RA: probabilistic risk assessment
BHA: probabilistic seismic hazard analysis
IVR: pressurized-water reactor
| RA: qualitative risk assessment
CIC: reactant core isolation cooling
CS: reactor coolant system
HR: residual heat removal
bR residual heat removal
5: steam generator
5TR: steam generator tube rupture
R: supporting requirement
Cs: structures, systems, and components
b: technical specifications
SNRC: U.S. Nuclear Regulatory Commission

CAdLOLLOIVIIOUIUITITOOZZC |-~

1)2.2 Definitions

agcident class: A grouping ef‘aecident sequences with similar characteristics such as common POS,

agcidents.

specifiedend state (e.g., core damage or large early release).

inlitiating event type, or centainment challenge; e.g., accident sequences initiated by a transient with a lo
of decay heat removal(loss of coolant accidents, station blackout accidents, and containment bypass

agcident sequence: A representation in terms of an initiating event defined for a set of initial plant
canditions (eharacterized by a plant operating state) followed by a sequence of failures or successes of
events (such as system, function, or operator performance) that can lead to undesired consequences with

bS

a

activity: A planned interaction with the plant such as the performance of maintenance to re-align the plant

operating configuration or to change the plant operating parameters, e.g., power level.

at-initiator human failure event: A type of initiating event; human failure events that cause or contribute

to an initiating event (e.q., the human failure events that directly involve plant personnel actions at the

time of the initiating event, including actions correctly performed but which are based on erroneous

indications). This group does not include malicious acts such as sabotage.
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cold shutdown: A set of POSs during which the reactor is subcritical with the primary system

depressurized at relatively low temperature (< 200°F) and the reactor vessel intact (head on) with heat

re

moval via RHR shutdown cooling. Cold shutdown is defined by the Technical Specifications (Mode 5

for PWRs, Mode 4 for BWRs) for the condition with the primary temperature below 200°F and with the

re

actor vessel head tensioned.

conditional core damage frequency: The frequency per year of core damage given the occurrence of a

SQ

ecific plant configuration at a given instant in time: e.q., a plant operating state, external hazard dama

st

hte, Or a component out of service.

Cd

nditional core damage probability (CCDP): The probability of core damage given the occurrence of a

SK

ecific plant configuration (e.g., a plant operating state, external hazard damage state, or a component

olit of service) over a limited period of time.

Cd

nditional large early release probability (CLERP): The probability of large early release given the

0¢

currence of a specific plant configuration (e.qg., a plant operating state, externalhazard damage state, @

=

a

component out of service) over a limited period of time.

Cd

ntrolled manual shutdown: A POS evolution during which the reactoripewer level is decreased from

full power to low power and finally to zero power with control rods insérted.

de

fense in depth: The concepts of providing access controls and-multiple physical barriers to radionuclid

re

lease, successive measures to prevent an accident or mitigate the consequences of an accident, and the

ug

e of redundancy and diversity to accomplish key safety functions.

dg

mand-based initiating event: An initiating event thatiis linked to a specific activity as opposed to

0¢

curring randomly in time over the POS duration:For example, in a PWR, the initiator “over-draining

W

hile reducing RCS level to mid-loop” that leads to a loss of decay heat removal would be considered a

dg

mand-based initiating event since the activity for drain down to mid-loop has been associated with

hi

storical over-draining events.

er
S€
th
L
de

d state: The set of conditions at the end of an accident sequence that characterizes the impact of t
quence on the plant or the environment. In most PRAS, end states typically include success states (i.
0se states with negligible impact), plant damage states for Level 1 sequences, and release categories f
ERF sequences. For QLRA purposes, end state is also the term used to describe the end points

e

h

or
of

cision trees describing'the status of key safety functions.

fo

rced outage: An.unscheduled plant shutdown that is required due to administrative or hardware issues

S¢

be “‘outage types™ for further discussion.

f

Il power.or nominal full power: A POS during which the reactor power is at or near its normal designe

o

vdlue.-In-this POS, the primary system configuration (power level, pressure, temperature,

bo

undaries, etc.) is maintained essentially constant. The “low power” state is defined to include all

H laal H LE 11
d ~JUVVCI UUCIatIUIID UCTOVV TIUTTIT AT TUlT JUVCET.

hi

gher risk evolution: Outage activities, plant configurations, or conditions during shutdown where the

pl

ant is more susceptible to an event causing the loss of a key safety function

hot shutdown: A set of POSs during which the reactor is subcritical with the primary temperature between

200°F and 350°F and with the reactor vessel intact. Hot shutdown is defined by the Technical

Specifications (Mode 4 for PWRs, Mode 3 for BWRS).
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hot standby: A POS (or set of POSs) during which the reactor is subcritical with the primary temperature
above 350°F and the reactor vessel intact. Hot standby is defined by the Technical Specifications (Mode 3
for PWRs, not used for BWRS).

initiating event: A perturbation during a plant operating state that challenges plant control and safety
systems and whose failure could potentially lead to core damage or core damage with radioactivity

release. An initiating event could require a response ar degrade the reliability of a normally operating
s\istem, cause a standby mitigating system to be challenged, or require that the plant operators respondsin
oflder to mitigate the event or to limit the extent of plant damage caused by the initiating event.

interfacing systems LOCA (ISLOCA) ®: A LOCA when a breach occurs in a system that interfaces with
the RCS, where isolation between the breached system and the RCS fails. An ISLOCA is tsually

characterized by the over-pressurization of a low-pressure system when subject to RCS pressure and can
result in containment bypass.

kdy safety functions: The minimum set of safety functions that must be maintained to prevent core
damage and/or large early release. These include reactivity control, reactor _pressure control, reactor
cqolant inventory control, decay heat removal, and containment integritytin-appropriate combinations to
prlevent core damage and large early release. This is the definition fromASME/ANS RA-Sa-2009 [1] fo
full power conditions. This term is assumed to be equivalent to “critical safety functions,” as used in oth

-

D
—_

references. The term “key safety functions” is used in this standdrdfor consistency with ASME/ANS RA

S@-2009 [1], except in Section 11. The term “key safety functions” for LPSD QLRA is instead taken from

NUMARC 91-06 [2], as presented in Section 11.2.3.

LOCA: Loss of coolant accident. This includes “traditional” full power accident initiators such as pipe
brieak and relief valve opening, while it also includes maintenance-induced flow diversions, RCS

bdundary failure due to drain-down events, and.other potential losses of RCS inventory that are unigue tp
shutdown conditions (and are typically more dikely than pipe breaks at low system pressure).

low power: A POS (or set of POSs) during which the reactor is at reduced power below nominal
full-power conditions. In these POSs,the power level may be changing as the reactor is shutting down or
sthrting up, or the power level may.be constant at a reduced level. The power level that distinguishes
nominal full power from low powver is the power level below which there may be a significant increase in
thie likelihood of a plant trip,.€.g., taking manual control of feedwater level.

LIPSD evolution: A series of connected or related activities such as a reduction in power to a low level o
plant shutdown followed by the return to full-power plant conditions. LPSD evolutions are modeled as d
sdries of POSs.Qutage types are sub-types of an LPSD evolution, though not all LPSD evolutions
involve an outage. A refueling outage is a specific example of an LPSD evolution. Reducing power to
3(0% in order to conduct maintenance or an operational activity is another example of a low power
evolution."LPSD evolutions may be described by a transition down to the POS where the activity is
candueted followed by a transition back to full power.

6

Events can occur during shutdown that have similar consequences to those at-power — bypass of containment
and loss of RCS coolant from the containment sump. However, during shutdown, these events may evolve

quite differently; e.g., maintenance-induced drain-down of RCS outside containment through RHR suction
valves that are open to support the decay heat mode rather than passive boundary failures. Since these

events are analyzed much differently, the term ISLOCA is not used for such drain-down events, but is
reserved for events that involve passive boundary failures.
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mid-loop: A POS (or set of POSs) in a PWR during which the water level in the reactor vessel is drained
below the top of the hot legs. This evolution occurs to support primary system maintenance such as steam
generator tube inspection during a refueling outage. This is termed “hot” or “early” mid-loop when it
occurs early in an outage prior to fuel offload with relatively high decay heat levels. This is contrasted
with “cold” mid-loop or “late” mid-loop, which refer to this evolution occurring towards the end of the
outage following fuel reload.

made: Status of plant operation, as defined by plant technical specifications

oxIAtaqe: The entire set of POSs with the plant subcritical. This term is used interchangeably with the.term
“dhutdown” (see discussion under “shutdown”).

oltage types: Term used to describe the general cause of the plant being subcritical. Differént outage
types result from maintenance and refueling requirements that necessitate different LPSD-evolutions ang
resulting POSs. For example, a “refueling” outage type leads to cold shutdown with Somie or all of the
fuel elements transferred out of the reactor pressure vessel. In contrast, a “maintenance” outage conductg¢d
at{ cold shutdown to repair steam piping would be a different outage type.

per calendar year: Units for CDF or LERF, the calculation of which inclugdes contributions from each
POS and takes into account the fraction of time spent in that POS normalized to one calendar year. Thus,
thie results from each POS per calendar year can be summed to give_the total guantitative risk results.

Also, note that the total risk “per calendar year” does not represent.any actual year of operation since it
includes all possible POSs, some which may occur only in outages that occur less frequently than yearlyi

pllant condition: A measureable or observable parametercrelated to plant system state, e.g., RCS
temperature, core decay heat level, Mode 4, Sl secured, train A RHR running, or head off. A specific set
of plant conditions is used to define the plant operating state modeling elements, and a larger set of plant
conditions is used to define plant configurations:

plant configuration: The status of a specific.set of plant conditions that includes all those used to define p
plant operating state plus specific equipment alignments and equipment outages. These plant conditions
include mode, primary system conditiens (e.g., temperature, pressure), primary system status (e.g., mid-
loop operation, vessel level during.shutdown), equipment alignment (e.g., number of pumps operating,
nuimber of pumps in standby){ahd equipment out of service for test and maintenance. For configuration
risk management, other conditions external to the plant may be defined, e.q., weather, grid-related
agtivities, etc. One or more’plant configurations may occur within the same plant operating state because
thiey are defined in terms’of more plant conditions.

plant operatingstate (POS): A standard arrangement of the plant during which the plant conditions are
relatively constant, are modeled as constant, and are distinct from other configurations in ways that
impact risk. POS is a basic modeling device used for a phased-mission risk assessment that discretizes the
plant conditions for specific phases of an LPSD evolution. Examples of such plant conditions include
core-decay heat level, primary water level, primary temperature, primary vent status, containment status
anddecay heat removalmechanisms—Examplesof risk-impacts-that aredependentonPOSdefinition
include the selection of initiating events, initiating event frequencies, definition of accident sequences,
success criteria, and accident sequence gquantification.

gualitative risk assessment (QLRA): As applied to outage risk assessment, the use of defense-in-depth
principles to support risk assessment and risk management for shutdown operations applicable to hot
standby, hot shutdown, cold shutdown, and refueling modes of operation.
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refueling outage: An outage type that occurs on a periodic basis during which a portion of the spent
nuclear fuel is replaced with new (unburned) fuel.

representative LPSD evolution: A category of LPSD evolutions used for evaluating time-averaged CDF
during LPSD conditions, often using a separate model for each representative category. For most LPSD
PRAs performed to date, the representative LPSD evolutions consist of refueling outages, controlled
shutdowns, and forced outages resulting in safe, stable states such as hot shutdowns and cold shutdowns
with and without RCS draining

shutdown: The collection of POSs during which the reactor is subcritical. This term is interchangeable
wijth the term outage. Also see the related term, “controlled shutdown.”

sipnificant accident sequence: One of the set of accident sequences resulting from the analysis 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 core damage frequency for that hazafdgroup or that
individually contribute more than a specified percentage of the total core damagergquency summed over
all the POSs in that hazard group.’ For this version of the standard,® the summed percentage is 95%, and
the individual percentage is 1% of the applicable hazard group CDF (see Part-3, Requirements LIE-B3,
LHR-H1, LQU-B2, LQU-C1, LQU-D1, LQU-DS5, and LQU-F2.) For hazard groups that are analyzed
uging methods and assumptions that can be demonstrated to be conseryative or bounding, alternative
ndimerical criteria may be more appropriate and, if used, should bequstified.

sipnificant basic event: A basic event that contributes significantly to the computed risks for a specific
hazard group summed over all the POSs in that hazard groupy For internal events, this includes any basig
event that has a Fussell-Vesely importance greater than @:005 or a RAW importance greater than 2 (see
Part 3, Requirements LDA-C13, LDA-D1, LDA-D3, EDA-D5, LDA-D8, LHR-D2, and LHR-G1.) For
hazard groups that are analyzed using methods and-assumptions that can be demonstrated to be

canservative or bounding, alternative numerical Criteria may be more appropriate and, if used, should be
justified.

sipnificant contributor: In the context-of

(a) an internal events accident.sequence/cut set, a significant basic event, POS, LPSD evolution, or
an initiating event that contributes to a significant sequence;

(b) accident sequences/cut sets for hazard groups other than internal events, the following are also
included: the hazard source, hazard intensity, and hazard damage scenario;

(c) an accident progression sequence, a contributor that is an essential characteristic
(e.g., containment failure mode, physical phenomena) of a significant accident progression
sequencethat, if not modeled, would lead to the omission of the sequence.

sipnificantplant operating state (POS): One of the set of accident classes specified by a given POS and
hazardgroup that when rank ordered by decreasing frequency, sum to a specified percentage of core

" For purposes of determining significance, the rank ordering for each hazard group can also be based on a
subset of the entire PRA scope (e.g., for just one POS or accident class) since such a rank ordering will be
more restrictive than when applied to the entire scope.

8 Alternative criterion may be appropriate for specific applications. In particular, an alternative definition of
“significant” may be appropriate for a given application where the results from PRA models for different
hazard groups need to be combined.
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damage frequency or large early release frequency for that hazard group or that individually contribute
more than a specific percentage of core damage frequency or large early release frequency for that hazard
group. For this version of the standard, the summed percentage is 95%, and the individual percentage is
1% of the applicable hazard group CDF or LERF.

Note that the evaluation of significance in terms of CDF or LERF for each specific hazard group that is to
be combined over all LPSD evolutions and all POSs is also implicitly required in the definitions for the
following terms from Reference [1] that are not repeated here, i.e , significant accident progression
sgquence, significant containment challenge, significant accident progression sequence, and significant
cyt set.

startup: A POS during which the reactor power level is increased from low power to full power.following
a plant outage.

startup mode: A plant mode defined by the Technical Specifications (Mode 2) during-which the power
lejvel is less than 5% with the reactor critical for PWRs or the position (e.g., startup),of the Mode Selectg
Syvitch for BWRs.

=

time-averaged CDF: A risk metric for the expected number of core damage events per calendar year
suymmed over all modeled LPSD evolution types. No one specific evoldtion is to be considered an
“gverage” LPSD evolution; rather, an average LPSD evolution of each LPSD evolution type is one whose
POS durations and equipment outage durations in each POS are-tonsistent with the data from plant
operation averaged over many years from all LPSD evolutions of that same type. LPSD evolution types
arne described in Part 2 and non-mandatory Appendix 2.A.

tie-dependent CDF: The computation of CDF (expeécted number of core damage events per unit of timg)
atfone particular time and for a single plant configuration in one POS. The plant configuration is
characterized by the specific plant system alignments and maintenance conditions at that point in time
rather than by time-averaged maintenance alignments. The average of the time dependent CDF over a
year is the time-averaged CDF for that year. When averaged over a long period of time, the result is
equivalent to the time-averaged CDF-ie.; one of the risk metrics of a baseline PRA.

1/3 LPSD Quantitative Risk’Assessment Application Process

1.3.1 Purpose

The risk assessment.application process is accomplished according to the requirements found in Section
143 (“Risk Assessment Application Process™) of the ASME/ANS PRA Standard [1].

This section’summarizes the required activities to determine the capability of a PRA needed to support a
particular risk-informed application. As stated in the ASME/ANS PRA Standard [1]:

“Foraspecificapptication, PRAcapabitities areevatuated-imtermsof Capabitity Categoriesfor
individual Supporting Requirements rather than by specifying a single Capability Category for
the whole PRA. Depending on the application, the required PRA capabilities may vary over
different parts of this standard. ....The SRs relevant to the different portions of a PRA within the
scope, across the elements, and possibly within each element, may be required to have different
Capability Categories to support the application, and some portions of a PRA may be irrelevant to
the application.”
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Section 1-3 of the ASME/ANS PRA Standard [1] describes a five-stage process for applying the standard

to a specific issue. While this process is the same for LPSD as for full power conditions, two specific

examples from shutdown conditions are provided below.

1.3.2 Identification of Application and Determination of Capability Categories

1.3.2.1 Identification of Application

D

efine the application by:

(a) Evaluating the plant design change or operational change being assessed;
(b) Identifying the SSCs and plant activities affected by the change including the leause-effg

relationship between the plant design change or operational change and the LPSD-PRA model;
(c) Identifying the LPSD PRA scope and risk metrics that are needed to assess thé-change.

Example A: A change in technical specifications (TS) is proposed that-redefines the
requirements for an operable residual heat removal (RHR) system-for a PWR with a large
dry containment while in Mode 4. This change extends the TS requirement for the completion
time (CT) of actions to be taken if the RHR subsystem(s) are ihoperable. The changes in TS
and/or procedures that are involved need to be identified in detail.

In order to assess the impact of the proposed change in the TS, the SSCs affected by the
proposed change, such as the RHR system and cross-tie lines, need to be identified. The plant
RHR system has two redundant loops, each hawing two full capacity RHR pumps and an RHR
heat exchanger. The RHR system removes hieat from the RHR heat exchangers during shutdOV\Jn
cooling mode of RHR system operation. The' RHR system consists of two loops, each of which
supplies cooling water to its respectivetheat exchanger. The operability requirements are
determined by the POS.

The proposed change in the completion time impacts the core damage frequency (CDF) by
increasing the time that an,RHR loop can be out of service. This change is evaluated by

considering the impact on system unavailability and on the frequency of sequences involving
unavailability of either one or both RHR loops (depending on the POS).

Example B: A plant located along the southeastern U.S. seaboard has always scheduled its
refueling autages in the springtime when hurricanes, which mostly occur later in the year,

are toorare to be of great concern. This coming year, it will be forced to take a three-month
outagesfor major repairs, and the time chosen is April to June. This is still well before the
usual “hurricane season.”” However, three months before the outage is to begin, delivery
problems with major equipment force a delay so that the three-month outage must occur from

August to October, which is right in the middle of the season with the highest hurricane
potential. The plant already performed a hurricane PRA for full power, but has not done on
for outage conditions.

D

The plant has approved technical specifications in place for outages that consider actions
needed in case of a hurricane, but these are not “‘risk-informed.” Therefore, although the
plant would certainly use these technical specifications to assure that it is in full compliance
with all applicable regulations, the plant management desires to use an LPSD PRA to assess
whether any special vulnerabilities that had not been considered or that might require
additional protective measures might exist during the outage. Using such a PRA, the plant
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can schedule outage actions and manage specific activities to minimize hurricane-induced
risks.

The CDF for the three-month outage period during ““hurricane season’ is not known, nor are
the principal contributors to whatever extra ““risk’ might exist. Therefore, an LPSD PRA for
hurricanes is needed to provide these insights. The scope of that LPSD PRA is to be guided
by the insights gained from the existing full power hurricane PRA, which has already
identified those buildings, structures, and other SSCs that contribute importantly to the

1

P

leading accident sequences from a hurricane that might occur at full power. This full power
PRA must be adapted for the shutdown condition and must cover those shutdown POSs-that
the plant will be in during the ““hurricane season.” It is possible that hurricane risk had begn
eliminated from the full power PRA on the basis that hurricanes always come with Warning
time, and that the plant would shut down if a hurricane threatened. Obviously$ithis logic
would not apply at shutdown, although actions might be taken to put the plant’in a safer
configuration. In this event, a hurricane PRA would need to be developet.

The management decides that CDF is the appropriate measure to us€, and that LERF is not
as significant because the containment would be closed long before the hurricane arrived
The plant management is also interested in whether any equipment not previously identified
might be found to be vulnerable to damage from a postulatéd hurricane.

—

Note that for this application, it is not expected thatthe LPSD PRA would be used to suppor
any regulatory action. The application is to suppertithe plant management's desire to better
understand a wide range of possible hurricane=caused risks, for example, risks to its
investment even if there is no important additional “CDF”’-related risk.

3.2.2 Determination of Capability Categories

rts 3 to 9 of this standard set forth SRs for.three PRA Capability Categories whose attributes are

de
P

scribed in Subsection 1.1.3. For the application, determine the Capability Category for each part of the
RA needed to support the application sonsidering each applicable POS. This determination dictates

Wi
de
SU

hich SRs are used to evaluate the capabilities of each part of the PRA to support the application. To
termine these capabilities, an‘evaluation is performed of the application to assess the role of the PRA iIn
pporting that application.

Example A (centiriued): Continuing with the RHR loop completion time change example, the
proposed change is a risk-informed application to justify a change to an operating license in
accordance with the NRC Regulatory Guides 1.174 [3] and 1.177 [4]. If the plant has a baseling¢
CDF and LERF of 1.0 x 107 /yr. and 1.0 x 10™® /yr, respectively, including CDF and LERF
contributions from both full power and LPSD conditions, and it is expected that the changes in
€DF can be shown to be small, then the parts of the PRA that are impacted by changes in RHR
foop unavailability may be determined to require PRA Capability Category Il, whereas the

remaining parts of the LPSD PRA needed to determine CDF are determined to only require PRA

Capability Category I. Hence, the Initiating events, accident sequences, data parameters, system
models, human actions, and quantification process for those sequences and cut sets impacted by
the completion time changes are in PRA Capability Category 11, and the remaining parts of the
PRA needed to evaluate CDF are in Capability Category I. The LERF is determined to be not
needed for this application based on a qualitative evaluation and hence does not have to meet any
of the Capability Categories.
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Example A Variation: If the above example application was being evaluated at a plant with a
baseline core damage frequency greater than 1.0 x 10 /yr. or baseline LERF greater than 1.0 x
107 /yr., or the changes in CDF or LERF were expected to be important such that the degree of
confidence in the risk evaluation needed to be much greater than in the previous example, it may
be determined that those parts of the LPSD PRA impacting the change might need to be
upgraded. In addition, in this example, it might be necessary to expand the application to include
a determination of LERF to confirm that the impacts on LERF are acceptable. This need might

1

F

3.3 Assessment of PRA for Necessary Scope, Results, and Models

pr each specific application, the user of this standard must assésswhether the PRA has the necessary

mean the expansion of the applicable SRs in the | ERF PRA element in comparison with the
previous example.

Example B (continued): Continuing with the hurricane-season example above, the plant
management decides that it desires a high-winds-hurricane LPSD PRA that generally, meets
Capability Category Il requirements so as to have a high confidence that the PRAGill be able to
determine whether any special risk-management measures are needed. A few aspects of the plant
(specifically, some of the trains of safety equipment) are judged not to be important to CDF
initiated by high winds based on the full power high-winds-hurricane guantitative PRA, and a
LPSD PRA that generally meets Capability Category | requirements is judged adequate for thos

aspects.

[¢)

SQ

ope, results, and models to support that application. To do:se, the user determines if the PRA provides

th

e results needed to assess the plant change or operational‘change. In identifying the LPSD PRA scope

re

quired, the user considers the LPSD evolutions, plant-operating states, and hazard groups defining the

S6

guences affected by the plant design change or operational change. If some aspects of the PRA are

in

sufficient to assess the change, they then need.te’be upgraded according to the SRs of Parts 3 through 9

fa

r the appropriate Capability Category; alternatively, supplementary analyses may be generated.

Example A (continued): The propesed change in the RHR completion time has been determined
to affect the RHR unavailability:"This unavailability is determined by the RHR pumps, the RHR
service water pumps, the. RHR heat exchangers, control valves, cross-tie lines with motor-
operated valves, and the-Emergency Core Cooling System (ECCS) fill system supplied by the Corg
Spray system to keep-the’RHR lines filled and the RHR discharge headers pressurized to
approximately 85-psig (6.9 x 10° Pa) at all times during plant operation. Thus, the scope of the
Systems Analysisyand Data elements of the PRA must include each of these SSCs.

Example-B-(continued): After the new high-winds-hurricane LPSD PRA for the outage conditiof
has beerr.completed using Capability Category 11 requirements everywhere except for a few
LPSD.PRA aspects that were judged to require only Capability Category | requirements, the
leading contributors are examined. Certain safety systems that are not important for hurricane-
induced CDF during full power operation and hence were analyzed using only Capability
Category | requirements turn out to be much more important than anticipated; if these LPSD

PRA insights are correct, the management would find i1t appropriate to invest in extra high-winds
protection before entering the extended hurricane-season outage. The plant management decides
to upgrade the LPSD PRA analysis of these safety systems using Capability Category 11 and
Capability Category |11 requirements (e.g., for SR WFR-A1 calling for the use of plant-specific
data and incorporating the findings of a walkdown) so as to gain even higher confidence in the
numerical results of the analysis.
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The user determines whether the SSCs or plant activities affected by the plant design or operational

change are modeled in the LPSD PRA. If the affected SSCs or plant activities were not modeled, the user

then needs either to upgrade the LPSD PRA to include the SSCs in accordance with the SRs of Part 4 for

th

eir corresponding Capability Categories or to generate supplementary analyses (see Subsection 3.6).

Example A (continued): Continuing with the previous Example A, the action to be taken when the

required RHR loop(s) are out of service is to ““verify an alternate method of decay heat removal
is available”. Besides various alignments using cross-ties, this alternative may include the Fuel

1

T

aroups modeled) and level of detail of the SRs stated in-Parts 3 through 9 for the corresponding

Pool Cooling and Reactor Water Cleanup systems if their success criteria were met, e.g., late
after shutdown when the decay heat level is low. Thus, either the PRA must include systems
models, data, and success criteria to represent these alternates, or supplementary analyses,
which are outside the scope of the standard, may be used.

Example B (continued): Continuing with the high-winds-hurricane example, the.new LPSD PRA

did not model the structural failure from high winds of certain switchgear eduipment inside the
auxiliary building because it was judged that it could not be damaged. After*completing the new

LPSD PRA, an unexpected structural vulnerability of a shear wall adjacent to that equipment is

found possibly to cause damage to the switchgear. Either the LPSD\PRA must be modified to

account for this issue, or a supplemental engineering analysis mustbe performed to demonstratg

that the failure of the switchgear cannot lead to unacceptable, consequences.

3.4 Determination of the Standard’s Scope and Level of Detail

ne user determines if the scope of coverage (i.e., the LPSD-evolutions, plant operating states, and haza

C
o

If
is
fa
re

3 0l

Cd

If
if

hpability Categories determined in Section 1.3.2.2 are sufficient to assess the application under
nsideration.

it is determined that the standard lacks certain specific requirements, their importance to the applicatic
assessed. If the absent requirements are ot important, the requirements of the standard are sufficient
r the application. The bases for determining the sufficiency of this standard is documented. If the abse
quirements are important, supplementary requirements may be used.

3.5 Comparison of LPSD PRA Model to Standard

ne user determines ifieach part of the LPSD PRA satisfies the SRs at the appropriate Capability
htegory needed towsupport the application. The results of the peer review may be used. If the LPSD PR
pets the SRs necessary for the application, the LPSD PRA is acceptable for the application being
nsidered. The)basis for this determination is to be documented.

the LPSD PRA does not satisfy an SR for the appropriate Capability Category, the user then determin
thetdifference is significant. Acceptable requirements for determining the significance of this differeng

A

ES
e

iclude:

(a) The difference is not applicable or does not affect quantification relative to the impact of the
proposed application; or

(b) Modeled accident sequences accounting for at least 90% of CDF/LERF, as applicable, are not
affected by appropriate sensitivity studies or bounding evaluations. Note that this is 90% of the

total CDF/LERF in any one POS or POS group. These studies or evaluations should measure the
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aggregate impact of the exceptions to the requirements in Parts 4 through 9 as applied to the
application.

Determination of significance will depend on the particular application being considered and may involve
determinations made by an expert panel. Note: a short POS duration (e.qg., less than one percent of a
calendar year) may be insufficient grounds for screening the POS unless it can be shown, for example,
that there are no demand-related initiating events (independent of duration) that may be important
cqniributions 1o COF/EERF:

If|the difference is not significant, the LPSD PRA is then acceptable for the application. If the difference
s|significant, the user then either upgrades the LPSD PRA to address the corresponding SRs stated in

Parts 4 through 9, or generates supplementary analyses (see Subsection 1.3.6). Any upgrade of.the PRA |is
done and documented in accordance with Section 1.5.

Example: The examples provided under Section 1.3.3 are applicable.

1)3.6 Use of Supplementary Analyses/Requirements

In the event that the scope of either the LPSD PRA or the standard is igsufficient, supplementary analys¢s
ol requirements may be used. These supplementary analyses will depend on the particular application
being considered but may involve deterministic methods such asdounding or screening analyses and
determinations made by an expert panel. They are to be documented.

Examples of sources for a supplementary analysis; Supplementary requirements are drawn fron
other recognized codes or standards whose seopes complement that of this standard and which
are applicable to the application; however,they may be generated by an expert panel if no such
recognized code or standard can be identified.

If|it has been determined that the PRA hassufficient capability, its results can be used to support the

application. If not, the results of supplementary analyses, some of which may respond to supplementary
reguirements, can also be used to support the application. Such supplementary analyses/requirements arg
oytside the scope of this standard:

1/4 LPSD PRA Technical‘Requirements

1.4.1 Purpose

Cpnsistent with Reference [1], the purpose of this section is to provide requirements by which adequate
PRA capability can be identified when an LPSD PRA is used to support applications of risk-informed

decision.making. The specific focus of this section is the set of unique and specific requirements by whigh
ar adequate LPSD PRA can be identified.
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1.4.2 Process Check

Consistent with Reference [1], the process of reviewing analyses and/or calculations used directly by the
LPSD PRA or used to support the LPSD PRA shall be performed by knowledgeable individuals who did
not perform those analyses or calculations. Documentation of this review may take the form of hand-
written comments, signatures or initials on the analyses/calculations, formal sign-offs, or other equivalent
methods.

1/4.3 Use of Expert Judgment

The requirements for the use of expert judgment outside the LPSD PRA analysis team are the samé as
thiose described in Section 1-4.3 of Reference [1] and are incorporated by reference.

1/4.4 Derivation of PRA Requirements

Cpnsistent with Reference [1], objectives were established for each technical element used to characterize
thee respective scope of a PRA. These objectives form the basis for the develapment of the high level
regquirements for each element that were used, in turn, to define the supparting requirements.

In setting the HLRs for each element, the goal was to derive, based on‘the objectives, an irreducible set ¢f
fifm requirements applicable to PRAs that support all levels of application to guide the development of
SRs. This goal reflects the diversity of approaches that have been used to develop existing PRAs and thg
nged to allow for technological innovations in the future. An-additional goal was to derive a reasonably
small set of HLRs that capture all the important technical isstes that were identified in the efforts to
dgvelop this standard.

The HLRs generally address attributes of the PRAZelement such as:

(a) scope and level of detail;

(b) model fidelity and realism;

(c) output or quantitative results((if-applicable);
(d) documentation.

Three sets of SRs were devetaped to support the HLRs in the form of action statements for the various
Chpability Categories in the.Standard. Therefore, there is a complete set of SRs provided for each of the
three PRA Capability Categories.

1/4.5 PRA Requirements

Cpnsistentwith Reference [1], tables of HLRs and SRs for the technical elements are provided for each
PRA seope. The SRs are numbered and labeled to identify the HLR that is supported. For each Capability
Chtegary, the SRs define the minimum requirements necessary to meet that Capability Category. In thes

tables,some action statements appl\][ iTa) nn!\][ ohe (‘npnhi!it\][ (‘atngnry, while some extend across-two-or
three Capability Categories. When an action spans multiple categories, it applies equally to each
Capability Category. When necessary, the differentiation between Capability Categories is made in other
associated SRs. The interpretation of a Supporting Requirement whose action statement spans multiple
categories is stated in Table 1.1.3-3. It should be noted that some action statements span Capability
Categories Il and 111 because the authors were unable to specify a distinguishing requirement for
Capability Category Il at this time. It is intended that by meeting all the SRs under a given HLR, a PRA

will meet that HLR.

D
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.5 LPSD PRA Configuration Control

his section repeats the language from Section 1.5 of Reference [1], except that PRA is replaced by

L

PSD PRA.

1.5.1 Purpose

1

el

1
T
ch
fr
in
th
1
T
C

sh
P

standard to support risk-informed decisions for nuclear power plants.

AN LPSD PRA Configuration Control Program shall be in place. It shall contain the follewing key

operation, maintenance, and industry-wide gperational history that could affect the LPSD PRA. These

IS section provides requirements Tor the contiguration control of an LFSD PRA 10 be used with tnis

5.2 LPSD PRA Configuration Control Program

Ements:
(a) a process for monitoring LPSD PRA inputs and collecting new informatior;
(b) a process that maintains and upgrades the LPSD PRA to be consistent-with the as-built, as
operated plant;
(c) aprocess that ensures that the cumulative impact of pending changes is considered when
applying the LPSD PRA;
(d) a process that maintains configuration control of computercodes used to support LPSD PRA
guantification;
(e) documentation of the program.
5.3 Monitoring LPSD PRA Inputs and Collecting. New Information

ne LPSD PRA Configuration Control Programshall include a process to monitor changes in the desigr

anges shall include inputs that impact operating procedures, design configuration, initiating event
bguencies, system or sub-system unavailability, and component failure rates. The program should
clude monitoring of changes to the'l.PSD PRA technology and industry experience that could change
e results of the LPSD PRA model.

5.4 LPSD PRA Maintenance and Upgrades

nanges in LPSD PRA inputs or the discovery of new information identified pursuant to Subsection 1.5
all be evaluated to determine whether such information warrants LPSD PRA maintenance or LPSD

upgrade). Changes that would impact risk-informed decisions should be incorporated as soon as practicg
CT I ; £ e—— I . ; ot

RA upgrade (see Section 1.2 for the distinction between LPSD PRA maintenance and LPSD PRA

ne LPSD PRA shali"Be’maintained and upgraded such that its representation of the as-built, as-operatedl
pllant is sufficientto.support the applications for which it is being used.

determined through the process described in Subsection 1.3.5.

Changes to an LPSD PRA due to LPSD PRA maintenance and LPSD PRA upgrade shall meet the
requirements of the Technical Requirements section of each respective part of this standard. Upgrades of
an LPSD PRA shall receive a peer review in accordance with the requirements specified in the Peer
Review section of each respective section of this standard but limited to aspects of the LPSD PRA that
have been upgraded.
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1.5.5 Pending Changes

This standard recognizes that immediately following a plant change (e.g., modifications, procedure
changes, plant performance [data]) or upon the identification of a subject for model improvement
(e.g., new human error analysis methodology, new data update methods), an LPSD PRA may not
represent the plant until the subject plant change or model improvement is incorporated into the LPSD
PRA Therefore, the LPSD PRA conflguratlon control process shall con3|der the cumulatlve |mpact of

plnt changes or model |mprovements on the results of the LPSD PRA and the deC|S|on under
cqnsideration in the application shall be evaluated in a fashion similar to the approach used in Section'1.3.

1/5.6 Use of Computer Codes

The computer codes used to support and to perform LPSD PRA analyses shall be contfelled to ensure
cgnsistent, reproducible results.

1/5.7 Documentation

Dpcumentation of the Configuration Control Program and of the performance of the above elements shal
be adequate to demonstrate that the LPSD PRA is being maintained cansistent with the as-built, as-
operated plant.

The documentation typically includes:

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

(b) evidence that the aforementioned process is.active;

(c) descriptions of proposed changes;

(d) description of changes in an LPSD PRA"due to each LPSD PRA upgrade or LPSD PRA
maintenance;

(e) record of the performance and results of the appropriate LPSD PRA reviews (consistent with thg
requirements of Section 1.6.6);

() record of the process and,results used to address the cumulative impact of pending changes;

(9) adescription of the process used to maintain software configuration control.

1)6 LPSD PRA Peer Review

This section repeats.the language of Section 1-6 of Reference [1], with the exception of the underlined
text and that PRAs replaced by LPSD PRA.

1/6.1 Purpose

Thisssection provides requirements for peer review of an LPSD PRA to be used in risk-informed
decisions for commercial nuclear power plants. LPSD PRAs used for applications shall be peer reviewed.
Peer reviews for this purpose shall be performed against the requirements in those sections of this
standard applicable to the portions of the LPSD PRA that are being used to support such applications. The
peer review shall assess the LPSD PRA to the extent necessary to determine if the methodology and its
implementation meet the requirements of this standard. Another purpose of the peer review is to
determine strengths and weaknesses in the LPSD PRA. The peer review need not assess all aspects of the
LPSD PRA against all requirements in the Technical Requirements section of each respective part of this
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standard; however, enough aspects of the LPSD PRA shall be reviewed for the reviewers to achieve
consensus on the adequacy of methodologies and their implementation for each LPSD PRA technical
element.

1.6.1.1 Frequency

Only a single complete peer review is necessary prior to using an LPSD PRA. In addition, Section 1.5 of
this standard requires peer review for upgrades of an LPSD PRA. When peer reviews are conducted on
LPSD PRA upgrades, the latest review shall be considered the review of record. The scope of an
additional peer review may be confined to changes to the LPSD PRA that have occurred since the
plievious review.

This applies to a specific-outage model as well as to a time-averaged CDF or LERF LPSD)PRA model.
Only a single complete peer review is required for a specific-outage model. This specific-outage model

cquld be used for subsequent outages without additional peer review as long as the-¢hanges required for
thie subsequent outages are classified as PRA maintenance changes rather than PRA upgrades.

1/6.1.2 Methodology

The review shall be performed using a written methodology thatiassesses the requirements of the
Technical Requirements section of each respective part of this standard and addresses the requirements ¢f
the Peer Review section of each respective part of this standard.

The peer review methodology shall consist of the following elements:

(a) process for selection of the peer review.team;

(b) training in the peer review process;

(c) an approach to be used by the peer-review team for assessing if the LPSD PRA meets the
supporting requirements of the\Fechnical Requirements section of each respective part of this
standard;

(d) a process by which differing professional opinions are to be addressed and resolved,;

(e) an approach for reviewing the LPSD PRA configuration control;

() a method for documenting 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 LPSD 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 (NSSS) design, containment
design, and plant operation.
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6.2.2 Individual Team Members

The peer review team members individually shall:

(a) be knowledgeable of the requirement in this standard for their area of review;
(b) be experienced in performing the activities related to the LPSD PRA Elements for which the
reviewer is assigned.

T
ng

T
to
ug
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h avoid any perception of a technical conflict of interest, the peer review team members shall haye
ither performed nor directly supervised any work on the portions of the LPSD PRA being reviewed.

6.2.3 Review Team Members for LPSD PRA Upgrades

hen a peer review is being performed on an LPSD PRA upgrade, reviewers shall‘have knowledge and
perience appropriate for the specific LPSD PRA technical elements being reviewed. However, the oth
quirements of this section shall also apply.

6.2.4 Specific Review Team Qualifications

ne peer reviewer shall also be knowledgeable (by direct experience) of the specific methodology, code
ol, or approach (e.g., accident sequence support state approach, MAAP code, THERP method) that wa
ed in the LPSD PRA technical element assigned for review. Understanding and competence in the
signed area shall be demonstrated by the range of the.individual's experience in a number of different,
dependent activities performed in the assigned area as well as the different levels of complexity of thes
tivities. Note that the peer review may be best conducted separately for each part of the standard, and
at each of these peer reviews could then need-its own team and schedule.

(a) One member of the peer review team (the technical integrator) shall be familiar with all the LPS
PRA technical elements identified in the section of this standard under review and shall have
demonstrated the capability tointegrate these LPSD PRA technical elements. When more than
one part is under review;.aseparate technical integrator may be used for each part.

The team leader need’not be the technical integrator.

(c) The peer review-should be conducted by a team with a minimum of five members and shall be
performed overa minimum period of one week. If the review is focused on a particular LPSD
PRA technical element such as a review of an upgrade of an LPSD PRA technical element, then
the peer teéview should be conducted by a team with a minimum of two members and performed
overatime necessary to address the specific LPSD PRA Element.

(d) Exceptions to the requirements of this paragraph may be taken based on the availability of
appropriate personnel to develop a team. A single-person peer review shall only be justified whg
the review involves an upgrade of a single technical element and the reviewer has acceptable

(b) The peer review team\shall have a team leader to lead the team in the performance of the review.

[72]

D

n

qualifications for the technologies INvolved in the upgrade. Al such exceptions shall be
documented in accordance with Subsection 1.6.6 of this standard.
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1.6.3 Review of LPSD PRA Technical Elements to Confirm the Methodology

The peer review team shall use the requirements of the Peer Review section of each respective part of this

st

andard for the LPSD PRA technical elements being reviewed to determine if the methodology and the

implementation of the methodology for each LPSD PRA technical element meet the requirements of this

st

andard. Additional material for those technical elements may be reviewed depending on the results

obtained. These suggestions are not intended to be a minimum or comprehensive list of requirements. The

j
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The results of the overall LPSD PRA including models and assumptions along with the results-of each
LI

operation of the plant, e.g., investigation of cut set or sequence combinations for reasonableness.

thiat requirement is subject to the peer review requirements herein as if the underlying ASME/ANS

PSD PRA technical element.

PSD PRA technical element shall be reviewed to determine their reasonableness given the design and

ne HLRs and the composite of the SRs of the requirements section of each respectivepart of this
hndard shall be used by the peer review team to assess the completeness of an LPSD PRA technical
gment. Whenever a requirement herein refers back to the ASME/ANS Standard [1], the work to fulfill

requirement were written out in full in this standard. Work previously performed and peer reviewed for

full power conditions still needs to be peer reviewed to ensure that the-requirements of this standard are

al

50 met, but previously performed peer reviews can be relied on,_as’appropriate.

T

c@nsiderations in Section 1.4.3.

T

T

S

inpplementedhthe review requirements.

6.4 Expert Judgment

Ne use of expert judgment to implement requirements:itrthis standard shall be reviewed using the

6.5 LPSD PRA Configuration Control

ne peer review team shall review the-process including implementation for maintaining or upgrading tf
PSD PRA against the configuration.control requirements of this standard.

6.6 Documentation
6.6.1 Peer Review Team Documentation

e peer reviéw- team’s documentation shall demonstrate that the review process appropriate

pecifically, the peer review documentation shall include the following:

ly

a2\ idantificatian of the varcinn nftha | DS DDA _raviawad:
t—HeeRdHEaHeR-0H e Ve RIoR-0H e =~ FEVHEWeEE;

(b) a statement of the scope of the peer review;

(c) the names of the peer review team members;

(d) a brief resume on each team member describing the individual’s employer, education, LPSD
PRA training, and PRA and LPSD PRA technical element experience and expertise;

(e) the technical elements of the LPSD PRA reviewed by each team member;
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() adiscussion of the extent to which each LPSD PRA technical element was reviewed,
including justification for any supporting requirements within the peer review scope that were
not reviewed;

(9) results of the review identifying any differences between the requirements in the Technical
Requirements section of each respective part of this standard, Section 1.5 of this standard,
and the methodology implemented, defined to a sufficient level of detail that will allow the
resolution of the differences;

(h) identification and significance of exceptions and gaps relative to the standard’s requirements
in sufficient detail to allow the resolution of the gaps that the peer reviewers have determined
to be material to the PRA;

(i) an assessment of LPSD PRA assumptions that the peer reviewers have determined to be
relevant;

() at the request of any peer reviewer, differences or dissenting views among peer reviewers;

(k) recommended alternatives for resolution of any differences;

() identification of the strengths and weaknesses that have a significant impact ofthe LPSD
PRA;

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

(n) identification of the written process that was used to conduct the peer review.

6.6.2 Resolution of Peer Review Team Comments

bsolution of Peer Review Team comments shall be .documented. Exceptions to the alternativ
commended by the Peer Review team shall be justified;

ES
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Part 2 Plant Operating State Analysis

2.1 Overview of POS Analysis for LPSD PRA

to

fq

L
is

2009 [1]). POS analysis is not a separate hazard group. It is presented here in a separate part in order.to

This Part 2 establishes technical requirements for POS analysis for internal events. There is no equivalent

A A A DD aaela a D A I\ -
58 a—_O v, A = povve UTTU

—

eserve the section numbering which follows for internal events. The POS analysis presented inthis paf
r internal events is therefore utilized in Parts 3 through 9 for each of the hazard groups.

1.1 Introduction

PSD PRA involves the analysis of LPSD evolutions during which plant conditignS:are changing, which
different than the steady state conditions typically modeled in full power PRAS.-The activities taking

pl

thus creating different sets of initial plant conditions for the modeled initiating events. The frequencies gf
agcident sequences that progress to core damage or large early release cartalso be impacted by these

ce during LPSD evolutions produce different combinations of equipment availability and capacities,

changing conditions. In theory, these differences mean a separate PRA-model would need to be develop

fgr each point in time as the plant conditions change. To reduce the,eomplexity of LPSD PRA models,
time intervals are identified and defined as POSs within each LPSD evolution, during which the plant

b

m

2

T
af
Wi
le

cgnditions are assumed constant. This section introduces the-concept of LPSD evolutions and POSs. No

andatory Appendix 2.A provides additional details regarding POS analyses.

1.2 LPSD Evolutions

necessary first step in the identification of applicable POSs is to choose the LPSD evolutions to be
presented in the analysis. AN LPSD evelution is formally defined in Section 1.2, and its definition is
peated here along with examples for-convenience.

LPSD evolution: a series‘ef connected or related activities such as a reduction in power to a low|
level or plant shutdowmyfollowed by the return to full-power plant conditions. LPSD evolutions
are modeled as a series of POSs. Outage types are sub-types of an LPSD evolution, though not gl
LPSD evolutions.involve an outage. A refueling outage is a specific example of an LPSD
evolution. Redueing power to 30% in order to conduct maintenance or an operational activity is
another example of a low power evolution. LPSD evolutions may be described by a transition
down ta.the POS where the activity is conducted followed by a transition back to full power.

nere are aspumber of types of LPSD evolutions for commercial nuclear reactors. Those selected for
alysisinian LPSD PRA are a function of the model scope and intended PRA applications. Consistent
th the'PRA Capability Categories described in Table 1.1.3-2, the choice of LPSD evolutions and the

velof detail in their analyses are dependent on the needed level of detail, plant specificity, and realism

re

quired. Non-mandatory Appendix 2.A includes a discussion of this LPSD evolution selection process.
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2.1.3 The Concept of Plant Operating States

A POS is formally defined in Section 1.2, and this definition is repeated here for convenience.

plant operating state (POS): a standard arrangement of the plant during which the plant
conditions are relatively constant, are modeled as constant, and are distinct from other
configurations in ways that impact risk. POS is a basic modeling device used for a
phased-mission risk assessment that discretizes the plant conditions Tor specific phases of an
LPSD evolution. Examples of such plant conditions include core decay heat level, primary wate
level, primary temperature, primary vent status, containment status, and decay heat remaval
mechanisms. Examples of risk impacts that are dependent on POS definition include the selectic
of initiating events, initiating event frequencies, definition of accident sequences, success criteri
and accident sequence quantification.

-

R

Alset of exclusive POSs is identified for each LPSD evolution selected for analysis) The complete set of
POSs cover all time periods represented in each selected LPSD evolution. A POS can be a quasi-steady
stpte set of plant conditions or involve a transition of one or more plant conditions between steady state
POSs. For example, multiple POSs may be defined to model the LPSD,evelution from nominal full
power to cold shutdown with residual heat removal cooling. Specificaly, a hot standby POS that coversja
transition temperature range of 350°F to 200°F may be modeled as‘@ne POS with an assumed constant
temperature of 350°F. The complete set of exclusive POSs for gspecific LPSD evolution represents a
discretization of the LPSD evolution time line.

Eqch identified POS represents the plant initial conditions’in a time interval where they are relatively
cqnstant, are modeled as constant, and are distinct from other POSs that make up the LPSD evolution in
ys that impact risk. Quantification of sequencedrequencies for time-averaged CDF is performed
sgparately for each POS. CDF and LERF are thereby calculated and reported naturally at the POS level
fgr each POS. All the important aspects of plant operation and configuration that affect the quantificatio
ol CDF and LERF must generally be assdmed constant within a POS.

=

Se¢veral different plant conditions could be used to define a POS, but model understanding and
cqnfiguration control are facilitated when the set of plant conditions chosen is consistent with those useg
by plant personnel to govern-LPSD operations (i.e., plant operating modes or operating conditions as
défined in plant technical-specifications). The process of identifying the exclusive set of POSs and their
agsociated plant conditions’'modeled as constant within the POS interval is referred to as POS analysis.
POS analysis is facilitated when the list of plant conditions used to identify and define the POSs is kept {o
minimum required to distinguish the differences in risk.

additionto:making quantification of an LPSD evolution practical, POS analysis serves another very
portantyurpose. POSs form the basis for the LPSD PRA model development. The selection of
infitiating events, development of initiating event frequencies, definition of accident sequences,
justification of success criteria, and accident sequence quantification are performed separately for each
POS or groups of POSS that are not otherwise Screened out. SUDSEQUENT Peer reviews of these other PR
elements are then performed using the POS discretization. Therefore, the set of plant conditions used to
define each POS is also chosen to achieve these additional functions.

An example set of plant conditions that could be used to define POSs is provided in Supporting
Requirement LPOS-A3. The Grand Gulf [5] and Surry [6] LPSD PRASs developed by the USNRC contain
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examples of POSs selected to model different LPSD evolutions including refueling outages for a BWR
and PWR, respectively. Further description of POS analysis is provided in non-mandatory Appendix 2.A.

2.

O

2 High Level and Supporting Requirements for the POS Analysis

bjectives: The objective of the POS analysis is to define multiple sets of unique reactor and plant

conditions (i.e., POSs) for the purpose of identifying and evaluating the plant response to off-normal

C(
S6
€S
P
P

nditions with potential to Tead to core damage and/or Targe early release. Each POS is also used to
parately evaluate the selection of applicable initiating events, definition of accident sequences,
tablishment of system success criteria, and for accident sequence quantification. Together, the sets of
DSs cover the entire spectrum of low power and non-power operation within the scope of the LPSD
RA. Once defined, the POSs have the following characteristics:

(a) Low power and shutdown sets of reactor and plant conditions affecting the PRA are divided intd
POSs based on their unique impacts on plant response.

(b) Each low power and shutdown POS so identified is to be defined in terms-of important plant
conditions that may affect the delineation and evaluation of core damage and large early release

(c) Low power and shutdown POSs that are grouped together are shown'to be represented by the
relevant characteristics of the combined group.

(d) POS frequencies, durations, and decay heat levels are characterized and quantified.

(e) For each POS, the relationship between decay heat level¢Teactor level, and pressure and the
systems available for decay heat removal are well charactérized.

Table 2-1 High Level Requirements for Plant-Operating State Analysis (HLR-LPOS)

Designator Requirement

ALR-LPOS-A The POS analysis shall-use a structured, systematic process to identify and define
complete set of plant operating states to be analyzed in the LPSD PRA.

[«3)

HLR-LPOS-B The POS analysis-shall justify all screening and grouping of POSs or LPSD
evolutions to facilitate an efficient but realistic estimation of CDF and LERF and
to support Subsequent requirements to be evaluated by a POS or group of POSs.

HLR-LPOS-C The POS analysis shall determine the POS frequencies and durations along with
the-representative decay heat levels associated with each POS.

HLR-LPOS-D The POS analysis shall be documented consistent with the applicable supporting
requirements.

T
e
ag

ne supporting requirements for POS analysis that follow apply to the full scope LPSD PRA for interna
ents..Specific applications may require only a subset of the hazard groups, LPSD evolutions, and
sociated POSs that would make up a full scope LPSD PRA. The supporting requirements for POS

ar

alyses of the internal events hazard group may have to be supplemented when other hazard groups are

in
th
pl

cluded in the model scope. The requirements for hazard groups in Parts 4 through 9 include revisiting
e POS analysis for internal events to ensure that they remain applicable when considering changing
ant conditions within a specific hazard group, e.g., changing fire boundaries, flood barriers, etc. (see

Supporting Requirement LPOS-A7).
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Table 2-2(a) Supporting Requirements for Plant Operating State Analysis —
High Level Requirement A

The POS analysis shall use a structured, systematic process to identify and define a complete set of POSs
to be analyzed in the LPSD PRA (HLR-LPOS-A).

Capability Category |

Capability Category 1

Capability Category 111

LPOS-Al IDENTIEY 3 IDENTIFY a representative  IDENTIFY a representative
representative set of set of LPSD evolutions to be set of LPSD evolutions tolbg
LPSD evolutions (e.g., analyzed, including analyzed, including
refueling outages) to be  refueling outages, other refueling outages, other
analyzed. controlled shutdowns, and  controlled shutdewns, and

observed forced outages observed forced-outages
(e.g., refueling outages, (e.g., refueling outages,
drained-down maintenance drained*dewn maintenancg
outages, non-drained outages, non-drained
maintenance outages, hot  maintenance outages, hot
shutdowns). shutdowns).
In addition, IDENTIFY
unique LPSD evolutions
including forced outages
from nominal full power
conditions that involve
relatively low-frequency
safe stable states (e.g., feed
and bleed conditions, high
pressure recirculation
states, and low pressure
recirculation states).
LPOS-A2 | For each identified LPSD-evolution, REVIEW plant-specific documentation (such as
Technical Specifications and normal shutdown, refueling, and startup procedures) and
records (such as,recent outage plans and records, maintenance plans and records,
operations dataytrip history, control room logbooks, and thermal-hydraulic data such as
refueling qutage time to boil and time to core damage calculations) for the following:
(a) operating modes or operational conditions as defined in plant Technical
Specifications

(b)>RCS configurations such as vented or not vented, and whether temporary RCS
penetrations are installed and their differential pressure capability along with the
presence of vessel internals, which in some plants limits natural circulation
cooling, and decay heat removal mechanisms such as steaming or residual heat
removal

(c) range of RCS parameters, e.g., power level or decay heat level, average reactor

cootanttemperatures, pressures;and-watertevet
(d) available RCS level instrumentation
(e) mode switch position (for BWRS)

(f) activities that may lead to changes in the above parameters, e.g., drain down, filling
and venting, dilution, fuel movement, and/or cooldown

(g) containment status (e.g., deinerted, intact, open)
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Table 2-2(a) Supporting Requirements for Plant Operating State Analysis —

High Level Requirement A (Cont’d)

Capability Category | Capability Category 11 Capability Category 111

LPOS-A3

For each LPSD evolution, DEFINE a set of exclusive POSs that cover the entire LPSD
evolution, where modeled, in terms of unique combinations of plant conditions such as
the following:

(a) operating modes or operational conditions as defined in plant Technical
Specifications

(b) RCS configurations such as vented or not vented and decay heat removal
mechanisms such as steaming or residual heat removal

(c) the range of RCS parameters and the selected representative parameter value
chosen for each POS for purposes of computing time-averaged €DF and LERF,
e.g., for power level or decay heat level including typical POS.entry times after
plant trip, average reactor coolant temperatures, pressures,.and water levels.
Available RCS level instrumentation

(d) mode switch position (for BWRs)

(e) activities that may lead to changes in the above parameters used to define the POS
e.g., drain down, filling and venting, dilutiong/fuel movement, and cooldown. RCS
pressure capability, presence of temporaryatches, or nozzle dams/loop isolation

() containment status (e.g., deinerted, intact, ‘open)

Alternatively, a more detailed set of plant.eonditions may be used so long as they cove
those listed above. ENSURE the set. of POSs is sufficient to support the selection of
initiating events, the justification of success criteria, the evaluations of POS frequency
and duration parameters, the evaluations of human failure events, the accounting for
planned equipment outages, the definition of accident sequences, and the quantificatio
of time-averaged CDF and.lLERF, and provides a finite number of sets of plant
conditions for peer reviews. The combination of all POSs covers all of the modeled
LPSD evolutions.

=

=

LPOS-A4

REVIEW existing plans for future LPSD evolutions to ensure the selections made in Sk
LPOS-A3 remain valid and appropriate. As a minimum, consider the following:

(a) POSs involving higher risk that were not previously encountered, for example

(1)~ if a PWR did not previously have a hot mid-loop POS in its history, but will
have this state in the next refueling outage or in future forced equipment
outages

(2) if a BWR did not previously consider maintenance on a RWCU drain line
requiring freeze seals but may have this state in future outages

(b) earlier entry into a POS, resulting in substantially higher decay heat, or later entry
into a POS, resulting in substantially lower decay heat

(C) aurations of POSS (See SR LPOS-CI)
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Table 2-2(a) Supporting Requirements for Plant Operating State Analysis —

High Level Requirement A (Cont’d)

Capability Category | Capability Category 11 Capability Category 111

LPOS-A5 | No requirements for INTERVIEW appropriate plant personnel (e.g., operations,
interviews. maintenance, engineering, safety analysis, and outage

planning) to determine if potential POSs of past or future
CPSD evolutions have been overlooked. Information from
interviews conducted at similar plants may also be used-but
these interviews are not a substitute for plant-specific
interviews.

LPOS-A6 |ENSURE that the plant ~ ENSURE that the plant conditions defined forleach POS of
conditions defined for the modeled LPSD evolutions allow the analysis to meet the
each POS of the modeled requirements of the remaining LPSD RRA“elements for the
LPSD evolutions allow internal events hazard group. MODIFY" the selected
the analysis to meetthe  parameter conditions or SUB-DIVIDE the POS interval
requirements of the into different sets of plant conditions if the current
remaining LPSD PRA selections would cause riskisignificant contributors to bg
elements for the internal ~ otherwise evaluated conservatively [see Table 1.1.3-1 for
events hazard group [see a list of PRA elements].

Table 1.1.3-1 for a list of
PRA elements].
LPOS-A7 | When evaluating the hazard groups whose.requirements are presented in Parts 4 through

9, EXAMINE the plant conditions defirted for each POS to ENSURE that the

appropriate features of the POS areiidentified for the evaluation of the particular hazard.

VERIFY that the POS characterization remains sufficient to support the selection of
initiating events, the justification of success criteria, POS frequency and duration
parameters, the evaluations.of human failure events, the accounting for planned
equipment outages, the quantification of time-averaged CDF and LERF, and to provids
a finite number of sets of plant conditions for peer reviews. For example, consider
changing plant conditions that may impair hazard barriers, affect propagation pathways
or modify fragilities of structures, systems, or components.
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Table 2-2(b) Supporting Requirements for Plant Operating State Analysis —
High Level Requirement B

The POS analysis shall justify all screening and grouping of POSs or LPSD evolutions to facilitate an
efficient but realistic estimation of CDF and LERF and to support subsequent requirements to be
evaluated by a POS or group of POSs (HLR-LPOS-B).

Capability Category |

Capability Category Il

Capability Category 111

LPOS-B1

GROUP LPSD evolutions
into a set of representative
evolutions. For example,
different causes of a forced
outage may be grouped into
the same representative
evolution. Forced outages
of the same evolution type
may be quantified together
with a single representative
cause of the start of the
evolution such as loss of
main feed water.

ENSURE that:

(a) the evolutions within a
group can be
considered similar in
terms of the set of
POSs that they contain

(b) the evolutions are
bounded by the worst
case impact within the

group

GROUP LPSD evolutions
into a set of representative
evolutions. For example,
different causes of a forced
outage may be grouped into
the same representative
evolution. Forced outages
of the same evolution type
may be quantified together
with a single representative
cause of the start of the
evolution such as loss of
main feed water.

ENSURE that:

(a) the evolutions can be
consideredsimilar in
termsof the set of
POSs'that they contain
the evolutions are
bounded by the worst
case impact within the
group

the grouping does not
impact significant
accident sequences

()

(©)

GROUP LPSD evolutions
into a set of representative
evolutions. For example,
different causes of a forced
outage may bexgrouped into
the same repfesentative
evolution:{Forced outages o
the same evolution type ma
be quantified together with
single representative cause
of the start of the evolution,
such as loss of main feed
water.

ENSURE that:

(a) the evolutions can be
considered similar in
terms of the set of POSs
that they contain
the evolutions are
bounded by the worst
case impact within the
group
the grouping does not
impact significant
accident sequences
the impact from each
evolution is comparablg
to those of the
remaining evolutions in
the group

==

LA

(b)

(©

(d)
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Table 2-2(b) Supporting Requirements for Plant Operating State Analysis —

High Level Requirement B (Cont’d)

Capability Category | Capability Category Il Capability Category 111

LPOS-B2

ENSURE that any screening of individual POSs does not eliminate any risk significant

accident sequences. If screening is used, APPLY the following quantitative criteria and
qualimti\/p r‘nmparicnnc to demanstrate that risk Qignifir‘anf accident sequences and ris

significant accident progression sequences would not be screened out:

(a) The frequencies of accident sequences from POSs to be screened out are
qualitatively show to be less than 1 x 10 per calendar year for those that-resalt in
core damage and less than 1 x 10°® per calendar year for those that result ifi large

early release; or

(b)

(©

The frequency of accident sequences from a POS to be screenediout that result in
core damage is qualitatively demonstrated to be lower in fregiency than another
POS that is quantitatively demonstrated to not be a risk significant POS, and the
POS to be screened out is not susceptible to ISLOCA, containment bypass,
containment pressure capability reduced, or containment being unisolable; or

The frequency of accident sequences from the POS to be screened out that result in
core damage is qualitatively shown to not occur without failure of at least two
trains of additional mitigating systems as cempared to another POS whose
frequency of core damage is less than 1.X40° per calendar year.

JUSTIFY any use of alternate frequency@t.consequence screening criteria.

LPOS-B3

If desired for efficient
modeling, conservatively
GROUP POSs appearing in
the same LPSD evolution
type and considered similar
in terms of plant response,
success criteria, frequency,
and the effect on the
operability andthe
performance of operators
and relevant mitigating
systems.

If desiredfor efficient
modeling, conservatively
GROUP non-risk
significant POSs
appearing in the same
LPSD evolution type and
considered similar in
terms of plant response,
success criteria,
frequency, and the effect
on the operability and the
performance of operators
and relevant mitigating
systems. VERIFY that
risk significant POSs are
grouped realistically so
as not to mask risk
contributors or risk
insights.

If desired for efficient
modeling, GROUP POSs
appearing in the same LPSL
evolution type and
considered similar in terms
of plant response, success
criteria, frequency, and the
effect on the operability ang
the performance of operator
and relevant mitigating
systems. VERIFY that
POS groupings are
realistic so as not to mask
risk contributors or risk
insights

D

[72]

LPOS-B4

ENSURE that POSs 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) remain separated.
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Table 2-2(b) Supporting Requirements for Plant Operating State Analysis —

High Level Requirement B (Cont’d)

Capability Category | Capability Category 11 Capability Category 111
LPOS-B5 |GROUP or DELINEATE  EVALUATE the need to create separate POSs that are
POSs that involve initiating used for those brief time periods involving activities
events that are “demand- (test- _maintenance-_and evolution-related) that lead
based” with initiators that  to initiating events that are “demand-based” from
are time-based (see SR those that are time-based
LIE-C5 and LHR-K4). If necessary, DELINEATE such POSs to avoid
averaging the short duration of the demand over an
entire POS duration or, if needed, to ensure that the
representative plant conditions defingd‘for the POS
apply at the time of the “demand-kased” initiating
events (see SR LIE-C5 and LHR-K2).
LPOS-B6 | If POSs from an LPSD evolution are combined into groups,-ENSURE that the most
severe or constraining of the representative plant conditigns is selected for the group
(with respect to core damage or large early release) and that the type and frequency of
applicable initiating events of any POS within the.group are chosen for the combined
group.
LPOS-B7 | No re-evaluation required. ~RE-EVALUATE the POS grouping scheme, including

possible subdivision of the grouped POSs, if a review of
the initial@uantitative results indicates that the POS
groupings mask significant contributors or risk insights.

T
he

Table 2-2(c) Supporting Requirements for Plant Operating State Analysis —

ne POS analysis shall determine the-POS frequencies and durations along with the representative decay
at levels associated with each POS (HLR-LPOS-C).

High Level Requirement C

Capability Category | Capability Category Il Capability Category IlI

LPOS-C1

CALCWIATE the average frequency and average duration of LPSD evolutions based
ona review of applicable plant-specific records (such as operating profile and trip

history) and, as appropriate, the frequency of forced outages assigned to each identified
safe, stable state from the plant-specific full power PRA.

LPOS-C1 can be addressed in conjunction with LPOS-AL, LPOS-A2, and LPOS-AS.

LPOS-C2

Within the LPSD evolutions selected, CALCULATE the average duration and average
time after shutdown for each POS based on a review of applicable plant-specific

roaearde Lol ac Arbana nlonme ot o o ronnrde oA oAb A o)
FTCCUTUS (SULTTAaS UutaytPTans, TranitcrianmCtTCUUTUS, Aaimd TOYUUURS /.

LPOS-C3

SUM the durations of the POSs within each group to obtain the durations of the POS
groups. The entry frequencies of the grouped POSs are the same (see LPOS-B1),
although the frequencies differ for each LPSD evolution type.
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Table 2-2(c) Supporting Requirements for Plant Operating State Analysis —

High Level Requirement C (Cont’d)

Capability Category | Capability Category Il Capability Category 111
LPOS-C4 | CALCULATE the decay heat level associated with each POS for use in defining and
applying success criteria and the timing for operator actions.
CPOS-C5 | REVIEW existing future plans or upcoming CPSD evolution schedules o ensure that

the quantification of assumed decay heat levels and POS durations remain valid.

Table 2-2(d) Supporting Requirements for Plant Operating State Analysis — High Level

ne POS analysis shall be documented consistent with the applicable supporting requiréments (HLR-

bOS-D).

Requirement D

Capability Category | Capability Category I Capability Category IlI

LPOS-D1

DOCUMENT the POS analysis in a manner that faciljtates PRA applications, upgrades
and peer review.

LPOS-D2

DOCUMENT the processes used to identify, defing, group, and characterize the LPSD

evolutions and POSs and to quantify the POSdrequencies, durations, and decay heat

levels, including the inputs, methods, and results. For example, the documentation

typically includes:

(a) selection and definitions of the LRSD evolutions

(b) the process and criteria used to,identify POSs

(c) the process and criteria used:to group POSs

(d) the definition of each POSgroup

(e) the defining characteristics of each POS

(f) the evolution types;average durations, and average frequencies

(9) the average durations and average frequencies of POSs.

(h) the decay heat associated with each POS of each LPSD evolution

(i) specific interfaces with other PRA tasks for traceability, and to facilitate
configuration control when interfacing tasks are updated

LPOS-D3

DOCUMENT the sources of model uncertainty and related assumptions associated wit
the POSanalysis.
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Appendix 2.A (Non-Mandatory) Plant Operating State Analysis
Methodology for LPSD PRA

This appendix provides a suggested approach for determining an adequate set of plant operating states to
reasonably represent the risk from LPSD operation. It provides suggested simplifications and screening to
help make this task manageable. However, the guidance provided cannot be used as the basis for such
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encountered during LPSD evolutions into discrete sets of plant conditions affecting the’l.PSD PRA.

reprinted below from Section 1.2.

diffferences.in.the selection and definition of POSs for time-dependent applications versus those describg
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olution-specific basis.

A.1 Background
ne objective of the POS analysis task is to categorize the many possible plant configurations

nese sets of plant conditions are termed plant operating states (POSs). The definition of a POS is

POS (plant operating state): Each POS is a standard configuration:of the plant during which th
plant conditions are relatively constant, are modeled as constant,xand are distinct from other
configurations in ways that impact risk. POS is a basic modeling device used for a phased-
mission risk assessment that discretizes the plant conditions:for specific phases of an LPSD
evolution. Examples of such plant conditions include coré-decay heat level, primary water level,
primary temperature, primary vent status, containment status, and decay heat removal
mechanisms. Examples of risk impacts that are dependent on POS definition include the selectio
of initiating events, initiating event frequencies, definition of accident sequences, success criteri
and accident sequence quantification

nis task is specific to the LPSD PRA, although“full-power” in the Full Power PRA can be thought of §
hgle POS, where the plant availability factotrepresents the POS probability. This section describes the
neral process used to develop the POSsfer the low power and shutdown analysis, including the

(a) select a representative setief LPSD evolutions to be included in the scope of the model,
e.g., refueling, forced(outages, and controlled shutdowns;

(b) define a set of POSs-and the associated representative plant conditions for each POS for the
modeled LPSD-evalution types; and

(c) calculate the'entry time after shutdown and the duration of each POS.

nese steps are-the primary subject of this appendix. At the end of this appendix, we also discuss some

rlier fortime-averaged risk applications.

Ai2-Selection of Representative LPSD Evolutions

ethods and general inputs and outputs."The process of analyzing the POSs includes the following steps:

D

2 S

A necessary first step in the identification of applicable POSs is to first choose the representative LPSD
evolutions to be included in the analysis. The selection of evolutions is governed by the risk-informed
applications the model is to be used for. The discussion that follows applies to a full-scope LPSD PRA,

and the requirements for selecting LPSD evolutions to meet the different PRA Capability Categories are

distinguished.

We first review the set of accident sequences already covered in the full power PRA models to avoid
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double counting the risk from full power when constructing the LPSD PRA. As defined in ASME/ANS
RA-Sa-2009 [1]:

nominal full power: those plant operating states characterized 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.

the definition of nominal fuII power does not include a specific power level above which condltlons are
sdid to be full power (rather than low power). Rather, such power level conditions may differ for each
pllant and are thus instead tied to plant conditions when the status of frontline systems change;critical
sdfety system actuation systems are at least partially degraded, or essential support systemsare changed,
e.p., when one of two main feedwater pumps is tripped.

For a PRA of full power conditions, the initial portions of the following LPSD evohitions are included, as
déscribed in [1]:

(a) automatic plant trips from nominal full power conditions;
(b) manual plant trips from nominal full power conditions;
(c) controlled plant shutdown from nominal full power conditions, where the shutdown is required {o

occur before the initiating condition can be detected and corrected (see IE-C6 in [1]);
(d) plant power swings within the range of nominal full power conditions.

=1

the full power PRA models, the successfully mitigated’accident sequences are developed to the point
where the plant is safe and stable for at least 24 hours'after the plant trip. The full power sequences for
manual trips and forced outages are therefore largely:analyzed just up to the point where repairs are performe.

Cpntrolled plant shutdowns (e.g., for refuelingyor to comply with plant technical specifications) are not
included in the full power PRA models (except as identified in (c) above), even though they initiate fron
ngminal full power conditions.

Typically, in full power PRAs, plant' power swings are implicitly represented by at-power steady state
cgnditions. Plant trips that may occur during such power swings are then grouped together with other
pllant trips from steady-state-full power conditions. However, this modeling assumption is also not
justified in any detail.

This leaves the follawing as candidates for LPSD evolutions to be analyzed as part of an LPSD PRA:

(a) refueling outages;

(b) controlled shutdowns beginning from nominal full power conditions, including those mandated
Py exceedance of a plant technical specification requirement, except as identified in (c) above;

(€)' plant power swings beginning from power levels initially less than nominal full power conditior]
re-whenrthe statusof-frontline-systemschanges-fromnominal-fulpower-conditions,-when
automatic actuation of critical safety systems is at least partially blocked, or when essential
support systems are not aligned in their normal power operation configuration;

(d) automatic plant trips from power levels less than nominal full power conditions;

(e) unplanned manual plant trips from power levels less than nominal full power conditions;

(H) automatic plant trips from full power conditions but starting with the initiation of repair and
including the subsequent POSs representing a return to power, i.e. starting from hot shutdown or
cold shutdown while on RHR;

wn
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(9) manual plant trips from full power conditions starting with the initiation of repair (after the first

24 hours) and including the POSs representing a return to power, i.e., starting from hot shutdown

or cold shutdown while on RHR;
(h) accident sequences starting from full power conditions that are successfully mitigated prior to
core damage but that may involve substantial system failures leading to degraded plant

conditions, e.g., safe, stable states other than those mentioned above for items (f) and (g), such as
successful mitigation using feed and bleed cooling and recirculation from the containment sump

in a PWR. Other examples are sequences resulting in high- or low-pressure recirculation from th

D

containment sump following a LOCA and shutdowns without control rod insertion. Such accite
sequences are relatively low frequency, as evidenced by their not having been observed in
industry experience. Note that the accident sequences through the first 24 hours are typically
modeled in the full-power model, so the entry condition for the LPSD PRA is a safe/stable state
with the plant shut down for 24 hours.

Refueling outages (item (a) above) are generally the focus of LPSD PRAs because of\their frequency an
are assigned to a separate evolution type.

Cpntrolled shutdowns (item (b) above) can be grouped by failure cause and-assigned to one of the forceg
outage LPSD evolutions discussed below (for items (f) and (g)).

Regarding item (c) above, ramping power down to 30% for two days of maintenance is a typical exampl
ofl a power swing evolution. Plant power swings starting from less than nominal full power conditions a
not involving a plant trip are not common in the USA commetcial power industry experience. Such pow
swings would likely pose only a limited increase in risk due.te changes from the nominal full power
cgndition. With justification, it is possible that such power swings would not be modeled separately as a
LPSD evolution. They could instead be conservatively.represented as additional time spent during
nominal full power.

Chndidate LPSD Evolutions (d)—(h) are oftenCcollectively called forced outages.

Chndidate LPSD Evolutions (d) and (e):above occur only if the plant is initially at less than nominal full
power conditions for another reason, ‘i-€., another LPSD evolution is already in progress. Therefore, thes
items are to be included in other LPSD evolutions and need not be represented separately.

PWRs LPSD evolutions invalving automatic (item (f)) and manual plant trips (item (g)) from nominal fi
power conditions are often/grouped into three LPSD evolution types according to their intended safe,
sthble states: (1) planttrips resulting in an outage down to hot standby followed by a return to power; an
pliant trips where there is a cooldown to cold shutdown and either (2) the RCS is left full or (3) drained t
camplete repairs¢For BWRs, the corresponding safe, stable end state is either hot shutdown or cold
shutdown. Such plant evolutions have been repeatedly observed in industry experience.

The POSsat the beginning of these nominal full power initiated sequences are typically again modeled g
part-of-an LPSD evolution. Any added component or system failures that may have failed in earlier POS

d

=

w

ofthe-fulpowermodets-and-arerefevant-formitigationinanPSB-evolutionare-therebygtrestioned
anyway during the first 24 hours of the LPSD PRA models. Therefore, to the extent that such impacts ar
important to accident sequence mitigation in the LPSD PRA, the additional failures are also represented
with the proper failure probabilities.

Once repair is affected (for items (f) and (g)), the startup POSs for these LPSD evolutions are similar to
those for refueling outages, but with decay heat levels governed by different times after plant shutdown.
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More severe accident sequences (i.e., Item (h)) that do not result in core damage are assumed successful
in full power PRA models if they reach a safe and stable state for the first 24 hours. Such successful
accident sequences in the full power PRA represent many different levels of system degradation. It can be
argued that each such successful accident sequence should be evaluated separately by the LPSD PRA to
examine potential failures during repair and through startup. Examples of such additional safe, stable
states that could define these LPSD evolutions are feed and bleed cooling, high pressure recirculation,

low pressure reC|rcuIat|on and states Wlth react|V|ty controlled but Wlthout the control rods inserted.

anual plant trips from full power conditions (i.e., Items 6 and 7) are not included in full. pewer PRAS,
byt the earlier parts of the same sequences are included. It might be argued that they can.be neglected
frpm a time-averaged core damage frequency calculation for LPSD PRA in the sametway that full powef
PRA models also argue that these same risks after the first 24 hours are small conipared to the risks
ddring the first 24 hours. Instead, the repair times and startup portions of these evolutions (i.e., Items 6
and 7) are included as separate LPSD evolutions in an LPSD PRA.

Npte that the many different candidate LPSD evolutions can be reduced\by grouping those that
ngvertheless have similar POSs.

We summarize the above insights in the next few paragraphssFor many LPSD PRAs, there is typically
only one LPSD evolution selected, i.e., for refueling outages ltem (2)). This selection is judged the
inimum required for Capability Category I. There mayce two or more LPSD evolution types needed tp
represent refueling outages depending on the optionalapproaches to refueling allowed by plant policies pt
specific plant, e.g., with or without entry to mid-loop early in the refueling outage. If refueling outages
of each type are anticipated to be utilized in the future, and the distinction between refueling outage types
afffects the LPSD evolution risks, then both LPSD evolution types could be selected for analysis.
Typically, such operational approaches only affect a limited number of the refueling POSs.

For Capability Category II, refueling‘eutages (Item (a)) and the relatively higher frequency forced outaggs
thiat begin from nominal full power. conditions are included. Controlled shutdowns are not modeled at al
in full power PRAs and thus must be included in their entirety for LPSD PRAs. These higher frequency
fgrced outages are partially ‘'modeled in full power PRAs, i.e., for the early part of the sequence until a
sgfe, stable state is assureédfor at least 24 hours. The LPSD PRA then needs to complete these forced
outage sequences forthe’time intervals that represent repair and startup back to full power (Items 4-7). It
isflcommon practiece\to’include as LPSD evolutions only those forced outages resulting in stable states
repeatedly seenfin-industry experience, e.g., hot shutdowns and cold shutdowns with or without RCS
dnain down, The frequencies and durations of these forced outage types can be readily computed from
ustry and'plant experience data, as can the average POS durations needed for repair and startup.
Forced outages from full power conditions that do not result in these safe, stable states are not required
fgr €apability Category II.

For Capability Category 111 LPSD evolutions, the additional, lower-frequency accident sequences that
result in safe, stable states are to be considered as the starting points for additional LPSD evolutions (Item
(h)). These LPSD evolutions include feed and bleed conditions, low-pressure recirculation states, high-
pressure recirculation states, and states without all the control rods inserted. These states are clearly lower
frequency than those considered in Capability Category Il models. The frequencies of such states can
generally not be determined from industry and plant historical experience. Instead, such frequencies may
be determined by examination of the success sequence frequencies represented in a full power PRA. The
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authors are not aware of any LPSD PRA models that have as yet included such low frequency LPSD
evolutions.

The requirements for LPSD evolutions are outlined above for Capability Categories I, 11, and I11. For
Capability Category I, none of the severe accident sequences considered in full power PRAS need to be

considered again.
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it shutdown evolution, a loss of main feedwater may be used to represent the cause'ef-a cold shutdown
thout RCS drain down, and an RCS leakage event may be assumed to representthie cause of a cold
utdown state in which RCS drain down for repair is required.

pr Capability Category I11, the relatively lower frequency but still successful accident sequences
sulting from forced outages from full power conditions (Item (h)) must also be considered as additiong
PSD evolutions in order to represent the periods of repair and starfup.

dditionally, for Capability Category Ill, the initiating events.that contribute significantly to the relative
w-frequency plant evolutions and to the higher-frequency~LPSD evolutions are quantified separately.
nis may include relatively low-frequency initiators (e.g@/loss of an AC bus) and higher-frequency

initiators. Such Capability Category |11 models need only be separately quantified for the full power

itiators up to and including the periods of repair since the subsequent POSs representing plant startup
d rise to full power conditions are essentially.the' same (with the possible exception of decay heat
vels) after repair.

A.3 Defining the Set of POSs

fter the representative set of LRSD evolutions are identified, the next step is to identify and define the
DSs for each LPSD evolution.)Each LPSD evolution has its own set of POSs, though often times they

are very similar POSs. While the defined POSs must be exclusive, they need not be contiguous in timg.

pr example, if multiplesPOSs share all but one defined plant condition (e.g., status of containment

plation), the POSs4with the same plant condition status may be grouped even if they are not contiguoug.

uring an LPSD{evolution, the plant may transition through a number of low power and shutdown plant

nditions, each with many potential operating and maintenance alignments. The plant condition
erences are typically reflected as differences in the LPSD PRA models, resulting in important

ly

p

D

rooded) the conditional CDF may be con5|derably Iower than for fuII power These dlfferences in risk
estimates are due primarily to the reactor coolant system (RCS) configuration and decay heat removal
mechanism and secondary to the equipment out of service. Thus, while there is essentially one POS for
full power operations, the plant condition differences during an LPSD evolution necessitate the

guantification of multiple POSs whose risks are then summed to obtain the risk assessment for an entire

LPSD evolution.
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Generic guidance for non-power system models is provided in the Surry Low Power and Shutdown Events

study sponsored by the USNRC (NUREG/CR-6144) [6]. This generic guidance is consistent with
international guidance documented in IAEA-TECDOC-1144 [7]. The general method for defining and
selecting the POSs for LPSD evolutions is described below.

Three steps are taken in defining POSs. First, the key safety functions necessary to control or mitigate
possible accidents during shutdown are identified. The key safety functions are based on information

C

ntained in the full power analysis and applied to shutdown states, with additional functions identified as

N
de
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de
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eded for refueling. Second, a procedure review of the shutdown and start-up procedures is conducted.to
termine the impact of the start-up and shutdown on the safety systems used to fulfill the key safety
nctions. Finally, the impact of varying LPSD evolution types is evaluated. Each of these areas isfurth¢r
scribed below in Section 2.A.4 in a discussion on the treatment of POSs used for computing time-
pendent CDF and LERF.
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A.3.1 Key Safety Functions

ne key safety functions for LPSD PRA are consistent with those derived from & full power PRA. The
y safety functions identified are as follows:

(a) reactivity control;

(b) RCS inventory control;

(c) decay heat removal;

(d) RCS integrity;

(e) containment integrity (including containment heat‘temoval and containment pressure
suppression).

A.3.2 Procedure Review

ant operating procedures for shutdown and:startup operations are initially reviewed in the context of a
PSD evolution involving refueling, oftentcalled a refueling outage. A refueling outage typically provid
e widest range of LPSD plant conditiohs and activities of any of the historically observed LPSD
olution types. It is also typically the only planned and scheduled LPSD evolution. The actions

scribed in the various steps inithe procedures are examined to determine if any important safety relategl
anges in the plant could result in changes in any of the following. These items are selected for
nsideration in determining-the plant-specific systems used to fulfill the key safety functions listed
ove:

(D =
(7]

(a) operating'maodes or operational conditions as defined in plant Technical Specifications;

(b) RCS eonfigurations such as vented or not vented, whether temporary RCS penetrations are
installed, their differential pressure capability, the presence of vessel internals (which in some
plants changes the decay heat removal mechanism from natural circulation cooling to forced
¢irculation using the RHR system), and decay heat removal mechanisms such as steaming or

residual heat removal;

(c) range of RCS parameters, e.g., the thermal-hydraulic conditions of the RCS, including power
level or decay heat level, average reactor coolant temperatures, pressures, and water level;

(d) availability of systems monitoring safety parameters, especially RCS-level instrumentation;

(e) mode switch position (for BWRs);

(f) activities that may lead to changes in the above parameters, e.g., drain down, filling and venting,
dilution, fuel movement, and/or cooldown;
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the status of plant systems (e.g., the RPS) used for accident mitigation, including whether
manually or automatically actuated, the status of power supplies, and their availability and
capability for decay heat removal;

containment status, i.e., deinerted, intact, or open, and the status of individual containment
penetrations (air locks, ventilation ducts, and pipes).

General guidelines used to differentiate the procedure steps important to be tracked for POS definition are
asfollows:

E
de
C

(@)

()

(©)

(d)

(€)

(f)

en though most of the PRA elements:and associated requirements are identical to a full power PRA, the
velopment of LPSD models is appreached as if the model is being developed as brand new.
pbnsiderable care and attention.to detail are required to ensure that the LPSD model development does
not overlook a change in plant/system/component response. For example, the low-pressure
jection/recirculation systemmay be safety-actuated in a full power PRA model, but the same system
ay only be manually actuated during some POSs in an LPSD evolution. Manual actuation may change
the system dependencies’based on the pump protection circuitry (e.g., pump protective features such as

Changes in plant conditions (e.g., decay heat level) that change the numerator of the PRA succegs
criteria (e.g., M out of N pumps for decay heat removal) or cause entire systems to be unayvailable
or ineffective (e.g., steam generator cooling) are generally the boundary lines in defining the
POSs.

Major changes in plant conditions or the applicable procedures affecting the actuation of safety
systems, such as whether manual or automatic actuation is available, and the'times required for
action are also considered as boundaries in defining POSs.

Changes in the denominator of the PRA success criteria (e.g., M out of N'pumps) may but do ng
often constitute the boundaries in defining the POSs. Instead, these effects are incorporated as the
maintenance configuration is established for each POS.

A change in the plant conditions that affects any of the key safety functions may result in the
definition of a new POS. For example, when reactor decay<heat removal shifts from secondary
heat removal to the residual heat removal system, a newsROS may be defined.

Specific POSs may be defined for plant conditions with'the potential for accidents caused by
LPSD evolution activities, e.g., fuel handling accidents during core unloading or containment
overpressure testing that affect automatic safety énjection actuation systems.

Activities that are procedure-based and initiated or completed by manual operation and that have
the potential for a severe accident may also-be defined as a distinct POS or may be grouped with
a similar POS. For example, drain down.to'mid-loop in a PWR can be a unique POS or grouped
with the mid-loop POS.

—

D

pre 3 TNE C
could be mapped to a unique plant state However grouping mto a smaller set of POSs is typlcally
conducted, largely based on the success criteria for mitigating systems.

POSs may cover time intervals in which thermal power, temperature, and/or pressure of the reactor
coolant system are varying or the system-related conditions for heat transfer are changing. In the Surry

LPSD PRA [6], the decay heat removal mechanisms during POSs involving such transitions were
selected to be the same as in the quasi-steady state POS that preceded or followed the periods of
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transition. The representative time selected for evaluating the value of each plant condition that varies
within a POS (e.g., RCS level) can be conservative for the entire POS so long as the contribution to CDF
or LERF is not unrealistic. One way to ensure conservatism is to vary the representative time selected for
the given plant condition as a function of the initiating event modeled, e.g., use a low RCS level for
LOCAs and a high RCS level for overpressure initiators so that in each case, the values that result in
shorter time windows allow for operator actions. While the combination of these two plant condition
values may be possible only during a short duration of the POS or not at all, only one or the other of the
twa plant conditions typically governs the plant response for each initiator, i.e. this approach i
cgnservative but not appreciably so.

It|is important to ensure that the risk insights are not masked by this selection of the representative values
fgr plant conditions within a POS. The POS analysis process is iterative with the development of
sUbsequent LPSD tasks such that the initial definition of POS plant conditions may change>or exampld,
aq the success criteria and data are developed, it may be found that early in an outage, an-alternate decay
hgat removal system may be insufficient for the complete duration of a particular POS dUe to the decay
hgat being initially higher than the capacity of the system. This would require a change in the defined
POS interval and potentially a new POS covering the time interval for the changed success criteria.

Aldemand-based initiating event is linked to a specific activity as opposethto occurring randomly in time
oyer the POS duration. For example, in a PWR, the activity for drain dewn to mid-loop has been
agsociated with historical events related to over-draining while lowering the RCS level. This can be

odeled as a separate POS associated with the drain down activity/and not grouped with other POSs. The
intent of separating periods involving demand-based initiating events from other POSs is to avoid having
to approximate the demand-based initiating event as one thatis time-based, effectively averaging the
instant in time of the demand over an entire POS duratioa; If, instead, a POS with the same characteristi¢s
cdn represent both time-based and demand-based initiating events and the chosen PRA quantification togl
cgn avoid the need to average the demand-based initiating event over the entire POS duration, a separateg
POS is not needed.

Some system alignments and component maintenance unavailabilities may be used as plant conditions
defining a POS. For example, if planped-maintenance occurs randomly within a POS time interval during
diffferent refueling outages, the POS definition need not use the start of such planned maintenance
adgtivities as a plant condition defining the POS. Instead, the probability of the planned maintenance could
then be modeled as equally liKely throughout the POS. On the other hand, if planned maintenance is more
structured (e.g., with the protected train changing after the first half of the POS), then the start of such
pllanned maintenance may.appropriately be considered as a plant condition defining the affected POSs. Ih
thlis more structured.case, two POSs may be applied for the time interval, the first having the initially
protected train always’in planned maintenance, and the second POS having the other protected train
always in planned-maintenance, in accordance with plant policies.

For forced.outages, the planned and unplanned test and maintenance activities early in the evolution

clpselysapproximate test and maintenance activities while at nominal full power. Such test and
pintenance activities are generally assumed in the initial POSs of the LPSD evolution until such times

thatptantpoticiesenstre-thatanydegradedahonmentsarerestoredprior-toproceedinewiththeottage

progression.
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2.A.3.3 Entry Times and POS Durations

POS duration data are developed using the requirements in the data analysis section. The applicable

records are typically represented by the most recent data. However, future planned LPSD evolutions may
differ from past practice, for example, by conducting a hot mid-loop. Another issue is that the most recent

outage may consist of unusual activities that would not be expected in a typical outage, such as
replacement of the reactor vessel head.

For time-averaged LPSD PRA models, decay heat levels are selected as one of the plant conditions used
tg define each POS. The level of decay heat is partially governed by the restrictions on plant transitions
bgtween different shutdown states. Decay heat levels are largely based on the historical records,of
prieceding POS durations, as recorded in past LPSD evolutions.

Within the early portions of Modes 1 to 4 (e.g., PWR, before offloading fuel), for the purpose of definin

bg the same as that immediately after plant trip. In Modes 5 and 6 (PWR), decay heat has limited
influence on the system success criteria. Especially after refueling is complete (often termed the “late”
pgrt of the outage), the slow but continued reduction in decay heat levels genérally does not change the
nai[tigating system success criteria. This is true even though the reduced deeay heat at such long times
affter shutdown can significantly increase the allowable time window fer-operator actions. Additionally,
fallowing refueling, a second decay heat curve is often used to acceunt for the exchange of irradiated fug
agsemblies with new ones, reducing the core decay heat further

We see from the above discussion that the exact decay heat\level has limited influence on the system
syccess criteria for mitigating systems. Representative estimates of the decay heat level can instead be
agsumed. This is not to say that if an early and late POS-are identical except for the decay heat level, jus
e POS representing both is defined. Rather, if sigiificant in that the difference affects system success
criiteria, two different POSs are still to be defined;and when assigning the decay heat level, two differen
presentative levels are then used. However (for the purpose of defining the times to boiling or times to
re uncovery when defining the allowable-windows for operator recovery, the exact decay heat levels

this approach, the actual decaytheat level at each time of quantification can still be accounted for. It is
st that in the definition of syStem success criteria, selection of initiating events, and accident sequence
development, care must be taken to ensure that the decay heat levels assumed for determining mitigatior
syistem success criteria are not overly conservative.

The trend toward shorter outages may mean that POSs are entered sooner after plant shutdown when
decay heat level$/are higher than might have been experienced in past outages. The higher decay heat m
afffect the suecess criteria of a system or component and may therefore require a new POS or a change in
the charaeteristics of a POS, even if the actual plant outage procedures have not changed. The known
pllans fer\future outages may be in written form or may be extracted by way of personnel interviews.

system success criteria within the associated POSs, the decay heat level can be conservatively assumed to
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the repair duration for the POS. Such durations will instead have to be estimated based on expert judgment
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2.A.3.4 Impacts of Varying LPSD Evolution Types

The set of plant conditions defining the POSs often allow the same POSs to be used in different LPSD
evolution types. The Refueling Outage largely defines the set of POSs included in the LPSD PRA model.
Other LPSD evolution types typically use a subset of the Refueling Outage POSs; however, the time
spent in POSs occurring during other LPSD evolution types may (and probably will) be different than that
for a Refueling Outage. These differences can therefore lead to different decay heat levels at POS entry

forothenwise similar POSs to those defined for different LPSD evolutions.

2/A.4 Definition of POSs Used for Computing Time-Dependent CDF and LERF Risk Metrics

The above paragraphs refer to those plant conditions that must be considered in defining POSs when
camputing the time-averaged CDF and time-averaged large early release risk metrics ford-PSD
eyolutions. For configuration risk management of specific LPSD evolutions and some/other risk
agplications, the time-dependent CDF and LERF are instead computed as risk metrics: For configuratior
rigk management, the time-dependent CDF and LERF are evaluated at many different times within the
sgme POS (rather than using one quantification to represent the average overaan entire POS interval), as
defined in the preceding paragraphs.

The same POSs used to evaluate time-averaged risk metrics could alsa be useful for configuration risk
management. One key difference is that the plant conditions chosendo define POSs solely to facilitate
guiantification for time-averaged CDF may be treated differentlyfer configuration risk management
dels. Rather, at each time point needed for quantification within the POS interval, adjustments can be
de to the configuration risk management models to refléct'the changes that affect frequency
glantification at each time. For configuration risk management applications, it is important that the plant
canditions that define the POSs still facilitate the development of the remaining PRA elements, i.e.,
justification of success criteria, selection of initiating events, and development of accident sequences.
Representative values for plant conditions may-be assumed during model development for justification g
syccess criteria, selection of initiating events,-and development of accident sequences. Then, during time
dependent CDF quantification, these plantconditions can be varied consistent with the specific outage
represented.

=

For example, the alignment conditions for the normally running and standby pumps and specification of
equipment that are out of-Service for test or maintenance are not plant conditions that need to be
chosen to define a POS usedto compute time-dependent CDF and LERF. These plant conditions may
define the frequency of initiating events and the failure probabilities of mitigating systems, but would ng
afffect success criteria, selection of initiating events to be included, or the development of the accident
sgquences. Thesealignments and maintenance conditions can instead be treated as time-dependent
variables that aré.input to the solution of the LPSD evolution model at each specific point in time where
these plant eenditions are known.

—

Further,the status of systems related to containment integrity and activities affecting the availability of
sgfety-Systems can instead also be accounted for in the quantification process rather than as plant
conditions defining the POSs for configuration risk management.

In practice, when computing only time-dependent CDF and LERF, analysts generally prefer to limit the
plant conditions needed to define POSs to those that distinguish the modes or operating conditions,
similar to the way these distinctions appear in the plant technical specifications. The other plant
conditions listed for time-averaged models are instead accounted for in the LPSD PRA models used for
sequence quantification, which are then adjusted within each POS for evaluation at each time point. One
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caution is that the selection and frequency quantification of initiating event groups can vary with POS
and, especially, that the frequency of the initiating event groups may vary with system alignment and
maintenance conditions. To the extent that such alignments and maintenance conditions are allowed to
vary within a POS, the applicable initiating event frequencies also need to vary.

We have seen how the plant conditions needed to characterize POSs can be reduced if only time-

dependent CDF and LERF are to be computed rather than time-averaged risk metrics. However, for
c mlnnricnn1 the other attributes identified as qignifimnf for dpfining PQSs for fimp-n\mmgnd models must
stjll be documented. When documenting the POSs for a time-dependent application, it is not necessaryt
explicitly list each POS and the specific values of the selected plant conditions in an exhaustive talgle of
all POSs. For example, the user may choose to describe the selection of initiating events applicable'to

egch POS in terms of a subset of plant conditions that totally define when they apply, i.e., RCS pressure
and level conditions. Such explanations should cover all of the POS plant conditions listed-in"LPOS-A3.

1=}

Changes in supporting requirements for defining POSs for configuration risk managément and other
reflated applications requiring time-dependent risk metrics are described in Part 10:

Table 2-A-1 lists examples of plant conditions and their suggested treatmentin’an LPSD PRA model forf a
PWR for both time-averaged and time-dependent CDF and LERF calculatiens.

Table 2.A-1 Treatment of LPSD PRA POSs for Time-Dependent Models

Treatment for Defining POSs

Time-Averaged Time-Dependent CDF/LERF
POS-Affecting Plant Condition CDF/LERF Models Models

Operating modes/operating Used to define the POS Used to define the POS
conditions as defined by plant
Technical Specifications, including
rdactivity status and mode switch
position for BWRs
RIS configurations (.g4 vented or Used to define the POS Used to define the POS
not vented, temporary RCS
pgnetrations)

Used to define the POS (a) Representative values used

)

ange of RCS parameters (e.g.,
ayerage coolant
tegmperature/pressure/level)

to define the POS success
criteria, initiating event
selection, and accident
sequence development
(o) Time-dependent vatues
used for HEPs during
guantification
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Table 2.A-1 Treatment of LPSD PRA POSs for Time-Dependent Models (Cont’d)

POS-Affecting Plant Condition

Treatment for Defining POSs

Time-Averaged
CDF/LERF Models

Time-Dependent
CDF/LERF Models

Time after shutdown, decay heat

Used to define the POS

(a) Representative values used

lejvel

todefimethe POSsucTess
criteria, initiating event
selection, and accident
sequence development

(b) Time-dependent values
used for HERS-during
quantification

Available RCS level instrumentation

Used to define the POS

Used to define the POS

Mode switch position (for BWRS)

Used to define the POS

Used-to define the POS

Alctivities that may lead to changes in
the above parameters, e.g., drain
downs, filling and venting, dilution,
fuel movement, and/or cooldown

Used to define the POS

Used to define the POS

Status of containment (including
stptus penetrations, e.g., air
Igcks/ventilation and ducts/pipes)

Used to define the POS

Time-dependent modeling of
containment equipment
alignments and outages during
guantification

Cppabilities of operating and
mitigating systems, including RPS
amd those for decay heat removal

Used to define the POS

Used to define the POS

Apailability/redundancy of operating
amd mitigating systems-ineluding
RPS and those for decay heat
rgmoval

May be used to define the
POS or assumed all available
to define the POS

(a) Assumed all available to
define the POS success
criteria, initiating event
selection, and accident
sequence development

(b) Time-dependent modeling
of equipment alignments
and outages during
guantification
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Part 3 Requirements for Internal Events LPSD PRA

3.1 Overview of Internal Events LPSD PRA Requirements

3.1.1 LPSD PRA Scope

T

his section establishes technical requirements for a L evel 1 and large early release frequency (L ERF)

analysis of internal events (excluding floods and fires within the plant) while at low power or shutdown
cagnditions. Consistent with the definitions in Section 1.2, internal floods are considered separately;-as
prlesented in Part 4. Most of the technical requirements for the analysis of internal events of this Standarg

are included by reference from the ASME/ANS PRA Standard for full power conditions (Part)2.0f

ABME/ANS RA-Sa-2009 [1]), except as modified.

3

1.2 Coordination with Other Parts of This Standard

ne requirements in this section are in addition to and based on the technical_reqtirements developed for

thie identification of plant operating states in Part 2.

H

(

Nis section is intended to be used together with Parts 1 and 2 of this standard. Many of the technical

requirements here in Part 3 are fundamental requirements for performing a PRA for any hazard group ar
are therefore relevant to Parts 4 through 10 of this standard. Theyafe incorporated by reference in those
rgquirements that address the development of the plant responseto the damage states created by the
hazard groups addressed in Parts 4 through 10. Their specific’allocation to Part 3 is partially a historical
artifact of the way this standard and Reference [1] weredeveloped. The full power internal events
requirements were developed first, and those of the remaining hazard groups were developed later.

pwever, it is also a reflection of the fact that a fundamental understanding of the plant response to a

reasonably complete set of initiating events (as-defined in Section 3.2.1) provides the foundation for
mpdeling the impact of various hazards desefibed in Parts 4 through 10. The starting points for Part 4

hternal Flood analysis), Part 5 (Seismic:Events), Part 7 (High Winds), Part 8 (External Floods), and Pa

9

3

T

Other External Hazards) are the medels developed for internal events. Hence, even though Part 3 is

gilven a title associated with the internal hazard group, it is understood that the requirements in this secti
are applicable to all the hazard groups within the scope of the LPSD PRA.

1.3 Internal Events LPSD'Scope

ne scope of internal events covered in this section includes those events originating within the plant

boundary. However; internal floods are covered in Part 4, and loss of offsite power, by convention, is

cqnsidered anqinternal event.

3

T

2 Internal Events LPSD PRA Technical Elements and Requirements

N

nevrequirements of this section plus those from the POS analysis defined in Part 2 are organized by the

following nine technical elements comprising a Level 1/LERF LPSD PRA for internal events (with their
abbreviations):

(a) Plant Operating State Analysis (LPOS);
(b) Initiating Events Analysis (LIE);

(c) Accident Sequence Analysis (LAS);

(d) Success Criteria (LSC);
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(e) Systems Analysis (LSY);

() Human Reliability Analysis (LHR);
(g) Data Analysis (LDA);

(h) Quantification (LQU);

(i) LERF Analysis (LLE).

Tables of HLRs and SRs for the last eight LPSD PRA elements for internal events are provided in
Subsections 3.2.1 through 3.2.8. The SRs are numbered and labeled to identify the HI R that is supported.
For each Capability Category, the SRs define the minimum requirements necessary to meet that
Chpability Category. In these tables, some action statements apply to only one Capability Category;and
sqme extend across two or three Capability Categories. When an action spans multiple categories, it
applies equally to each Capability Category. When necessary, the differentiation between Capability
Chtegories is made in other associated SRs; two examples are stated below. The interpretation of a
Stipporting Requirement whose action statement spans multiple categories is stated in Table 1-1.3-3.
Some action statements span Capability Categories 11 and 111 because the authors wereunable to specify|a
distinguishing requirement for Capability Category Il at this time. It is intended that, by meeting all the
SRs under a given HLR, an LPSD PRA will meet that HLR.

Ekamples of how the requirements for Capability Categories are differentiated:

L|E-A2 requires initiating events and event categories that can chatlenge the plant to be identified. The
sqope of identifying the events is the same for all Capability Catégories. However, the treatment of the
identified events does vary in scope and detail between Capability Categories, as seen in LAS-A9.

LHR-F1 is a general action statement about the way a human failure event is included in the LPSD PRA
model, while LHR-F2 distinguishes different levels of\analysis for the subsequent quantification.

Bpldface is used to highlight the differences among the requirements in the three Capability Categories.
Underlining is used to identify the differencesin requirements for LPSD versus those for full power
cqnditions described in [1].

3J2.1 Initiating Event Analysis (LIE)

Oppjectives: The objectives of.the initiating event analysis are to identify and quantify events in each PQS
o1l groups of POSs that could-ead to core damage in such a way that:

(a) events that ehaltenge normal plant operation and that require successful mitigation to prevent core
damage are.included;

(b) initiating.events are grouped according to the mitigation requirements to facilitate the efficient
modeling of plant response;

(c) freguencies of the initiating event groups are quantified.
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Table 3.2.1-1 High Level Requirements for Internal Initiating Events Analysis (LIE)

Designator Requirement

HLR-LIE-A The initiating event analysis shall provide a reasonably complete identification
of initiating events for all POSs retained for analysis.

HLR-LIE-B The initiating event analysis shall group the initiating events within a POS so
thatevents rthesame group-tave simitar mitigation requirements (e, the
requirements for most events in the group are less restrictive than the limiting
mitigation requirements for the group) to facilitate an efficient but realistic
estimation of CDF.

HLR-LIE-C The initiating event analysis shall estimate the annual frequency of,each
initiating event or initiating event group for each POS.

HLR-LIE-D Documentation of the initiating event analysis shall be consistent with the

applicable supporting requirements.

T

Ne initiating event analysis shall provide a reasonably complete idéntification of initiating events for al|

Table 3.2.1-2(a) Supporting Requirements for HLR-LIE-A

POSs retained for analysis (HLR-LIE-A).
ndex No. Capability Category | Capability.Category 11 Capability Category IlI
LIE-A
LIE-Al IDENTIFY those initiating events that challenge normal plant operation and that

require successful mitigation to-prevent core damage using a structured, systematic
process for identifying initiating events that accounts for plant-specific features for
each POS or group of POSs: For example, such a systematic approach may employ
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 [see Note (1)].
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Table 3.2.1-2(a) Supporting Requirements for HLR-LIE-A (Cont’d)

Index No.
LIE-A

Capability Category | Capability Category Il Capability Category Il

LIE-A2

INCLUDE in the spectrum of internal-event challenges considered at least the
following general categories of initiating events [see Note (2)]:

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

(b) LOCAs. INCLUDE in the LOCA category both equipment and human indugced
events that disrupt the plant by causing a breach in the core coolant system with a
resulting loss of core coolant inventory. DELINEATE the LOCA initiators into at
least the following categories using a defined rationale for the diffefentiation [see
Note (3)]. Examples of LOCA types include:

(1) small LOCAs (e.qg., reactor coolant pump seal LOCAs, small pipe breaks)

(2) medium LOCAs (e.g., stuck open safety or relief valves)

(3) large LOCAs (e.g., inadvertent ADS, component ruptures)

(4) excessive LOCAs (LOCAs that cannot be mitigated by any combination of
engineered systems, e.g., reactor pressure vesseltrupture)

(5) LOCAs outside containment [e.g., primary system pipe breaks outside
containment (BWRS)]

(6) diversion of flow LOCAS

(7) LOCA:s in typically connected systéms (inside containment)

(8) maintenance-induced LOCAs

(9) cold overpressure-induced LOEAs

(c) SGTRs: INCLUDE spontaneous rupture of a steam generator tube (PWRS)

(d) ISLOCAs: INCLUDE postulated events in systems interfacing with the reactor
coolant system that could fail or be operated in such a manner as to result in an
uncontrolled loss of core coolant outside the containment [e.g., interfacing systems
LOCAs (ISLOCAS)]

(e) Special initiators (e.g., support systems failures, instrument line breaks) [see Note (4)]

(f) Reactivity control accidents [see Note (5)]

(9) Other categories of initiating events caused by at-initiator human failure events
[see Note(6)]

LIE-A3

REVIEW the plant-specific initiating event experience of all initiators_during all POSs
to ensure that the list of challenges accounts for plant experience. See also LIE-A7.

LIE-A4

REVIEW generic analyses for all POSs for similar REVIEW generic analyses
plants to assess whether the list of challenges included  and operating experience
in the model accounts for industry experience_and to for all POSs for similar
identify initiating events _involving at-initiator plants to assess whether the
human failures that impact later operator mitigation list of challenges included in
actions. the model accounts for

industry experience_and to
identify initiating events
involving at-initiator
human failures that impact
later operator mitigation
actions.
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Table 3.2.1-2(a) Supporting Requirements for HLR-LIE-A (Cont’d)

Index No. Capability Category | Capability Category Il Capability Category 111
LIE-A
LIE-A5 PERFORM a systematic PERFORM a systematic =~ PERFORM a systematic

evaluation of each system  evaluation of each system evaluation of each system
including support systems  including support systems including support systems_in
in each POS to assess the  in each POS to assess the  each POS to assess the
possibility of an initiating  possibility of an initiating  possibility of an initiating
event occurring due to a event occurring duetoa  event occurring due to)a

failure of the system. failure of the system. failure of the system,

PERFORM a qualitative USE a structured DEVELORP a detailed

review of system impacts approach [such as a analysis of system

to identify potential system-by-system review interfaces. PERFORM an

system initiating events.  of initiating event FMEA<failure modes and
potential, an FMEA effects analysis) to assess
(failure modes and and’ document the possibility]
effects analysis), or of an initiating event
another systematic resulting from individual
process] to assess ahd systems or train failures.

document the pessibility
of an initiating évent

resulting from' individual
systems ar;train failures.

LIE-A6 When performing the When performing the When performing the
systematic evaluation systematic evaluation systematic evaluation
required in LIE-A5, required in LIE-A5, required in LIE-A5,
INCLUDE initiating events'\JINCLUDE initiating INCLUDE initiating events
resulting from multiple events resulting from resulting from multiple
failures_in each POS-ifithe  multiple failures_in each failures_in each POS,
equipment failures result POS if the equipment including equipment
from a common.Cause [see failures result from a failures resulting from
Note (6)]. common cause and from  random and common

routine system causes and from routine
alignments [see Note (6)]. system alignments [see
Note (6)].
LIE-A7 In-the identification of the initiating events, INCLUDE:

(a) events that have occurred during POSs other than the one being examined, unless
it is determined that an event is not applicable to that POS

(b) events that include a manual scram occurring during a controlled shutdown prior tq
reaching shutdown conditions, unless it is determined that an event is not
applicable to the POS being examined [see Note (6)]

IE-A8 Same as IE-A8 In INTERVIEW plant personnel (e.g., operations,
ASME/ANS RA-Sa-2009  maintenance, engineering, safety analysis) to
[1]. No requirement for determine if potential initiating events have been
interviews. overlooked for any POS [see Note (6)].
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Table 3.2.1-2(a) Supporting Requirements for HLR-LIE-A (Cont’d)

Index No. Capability Category | Capability Category Il Capability Category Il
LIE-A
LIE-A9 Same as IE-A9 in REVIEW plant-specific REVIEW plant-specific

ASME/ANS RA-Sa-2009
[1]. No requirement for

nracLrsar raviavn,
PrecUSOHEVHEW-

operating experience for and industry operating
initiating event precursors  experience for initiating

mna
H-€

purpose of identiﬁng POS for the purpose of
additional initiating events. identifying additional
For example, plant- initiating events [see

specific experience with  Note (6)].
intake structure clogging

might indicate that loss of

intake structures should

be identified as a potential

initiating event [see Note
(6)].

LIE-A9a No requirement for

reviewing temporary
maintenance alignments.

In searching for initiating’events, INCLUDE
temporary alignmentsduring routine maintenance
that could either igfluence the likelihood that failures

cause an initiating-€vent for any POS, increase the
severity of préviously identified initiating events, or
create a newrinitiating event for each POS as a result
of the temporary alignment [see Note (7)].

| IE-A10

Same as IE-A10 in ASME/ANS RA-Sa-2009 [1].

)

NOTES:
1) Both equipment failures and at-initiator-human failure events can challenge plant operation and

require successful mitigation. Supperting requirements for the identification and quantification of a

—F
1

initiator human failure events are_provided in Section 3.2.5. References [5] and [6] provide exampl

13%

categorizations of initiating events for shutdown conditions, e.g., LOCA types (6) — (9) in item (b)

LIE-A2. Many initiatingevents for full power conditions will also apply to POSs with the RCS at

high pressure. Special emphasis is placed on reviews of LPSD evolution activities (e.g., reducing

water level to mid-loop for PWRs and hydro testing for BWRs) and maintenance activities

(including plant-realignments in preparation for maintenance) during shutdown POSs to identify

initiating events unique to these plant conditions.

Same as ASME/ANS RA-Sa-2009 [1] with LPSD specific examples added. Loss of coolant events

(a) The heed to include different types of LOCAs will be POS-dependent; e.qg., if the vessel head i

offidrain down events may be more dominant than pipe break LOCAS.

(b)Small, medium, and large LOCAs may also be defined within each of LOCA types5 ~9. The

use of LOCA types 5 ~ 9 is to facilitate identification of LOCAs. These LOCAs may have

characteristics similar to ISL OCAs dnpnndinq upon the final location of the water. I—Immmmr’ th

term “ISLOCA” in item (d) is reserved for events that involve passive boundary failures (see

definition in Section 1.2).

(3) These special initiators may result in either a transient or a LOCA type of sequence. Examples
include support systems failures, instrument line breaks, and spurious actuations of systems or

equipment.

(4) Examples: addition of unborated water or events following a misloaded fuel assembly.
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(5) ASME /ANS PRA Standard [1] requirement changed to clarify the need to identify events that could
happen during any selected POS.

(6) Initiating events caused by at-initiator human failure events are particularly common for events
during shutdown. See Section 3.2.5 for requirements related to identifying at-initiator human failure
events).

(7) Routine but temporary alignments are common and may be important during shutdown. To the
extent that these events are caused by at-initiator human failure events, they are also identified by
satisfying the requirements of Section 3.2.5

Table 3.2.1-2(b) Supporting Requirements for HLR-LIE-B

The initiating event analysis shall group the initiating events within a POS so that events inthe same
group have similar mitigation requirements (i.e., the requirements for most events in the group are less
restrictive than the limiting mitigation requirements defined for the group) to facilitate‘an efficient but
realistic estimation of CDF (HLR-LIE-B).

index No. Capability Category | Capability Category 1 Capability Category Il
LIE-B
LIE-B1 GROUP initiating events into groups to facilitate definition of accident sequences in

the Accident Sequence Analysis element (Subsection 3.2.2) and to facilitate
quantification in the Quantification element (Subsection 3.2.7).

LIE-B2 Same as IE-B2 in ASME/ANS RA-Sa-2009.}1].

LIE-B3 Same as IE-B3 in Same as IE-B3 in Same as IE-B3 in
ASME/ANS RA-Sa-2009  ASME/ANS RA-Sa-2009  ASME/ANS RA-Sa-2009
[1] [see Note (1)]. [1] [see Note (1)]. [1] [see Note (1)].

LIE-B4 Same as IE-B4 in ASME/ANS RA-Sa-2009 [1].

LIE-B5 Same as IE-B5 in ASME/ANS RA-Sa-2009 [1].

LIE-B6 ENSURE that any grouping of time-based initiating events together with demand-based

initiating events propetly considers the frequency of each.

NOTE:

) During LPSD evolutions, aVvariety of POSs are entered. An initiating event grouping valid for one
POS may not be appropriate for another. Plant operational practices may provide bounding or worst
case impacts on an.initiating event grouping. The requirements related to the grouping of initiating
events caused by at-initiator human failure events are presented in Section 3.2.5.

~
=
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Table 3.2.1-2(c) Supporting Requirements for HLR-LIE-C

The initiating event analysis shall estimate the annual frequency of each initiating event or initiating event
group for each POS (HLR-LIE-C).

Index No.

LIE-C

Capability Category | Capability Category Il Capability Category IlI

It

= oa
LITC=C 1L

EALCUtATE themitiatmgevent frequency-foreachappticable POS=accountingfor
relevant generic and plant-specific data unless it is justified that there are adequate
plant-specific data to characterize the parameter value and its uncertainty (see alse_LIE
C13 for requirements for rare and extremely rare events) [see Note (1)].

L

LIE-C2

Same as IE-C2 in ASME/ANS RA-Sa-2009 [1].

L

LIE-C3

CREDIT recovery actions [those implied in LIE-C6(c)] and those implied and
discussed in LIE-C8, as appropriate. JUSTIFY each such credit (as-8videnced such as
through procedures or training) [see Note (8)].

L

LIE-C4

Same as IE-C4 in ASME/ANS RA-Sa-2009 [1].

L

LIE-C5

CALCULATE initiating event frequencies on a per calendar year basis. Specifically,
for each POS, INCLUDE in the initiating event fréquency analysis the fraction of time
the plant is in each POS in an average year, as.appropriate. For demand-based initiating

events, account for the frequency in an averagé year that each POS is entered.
ACCOUNT for differences between historical POS durations and frequencies ove

the period of POS occurrences in thedistorical records and those POS durations
and frequencies in planned future*glant operation that could be different from
historical values [see Note (2)].

L

LIE-C6

USE as screening criteria no higher than the following characteristics (or more stringen
characteristics as devised by-the analyst) to eliminate initiating events or groups from
further evaluation:

(a) the frequency of the event or group, weighted by the sum of all applicable POS
frequencies and POS durations, is less than 1 x 107 per calendar year, and the
event does:not involve either an ISLOCA, containment bypass, reactor vessel
rupture,\of an initiating event with the reactor coolant system vented and
containment unisolable; or

(b) thefrequency of the event or group weighted by the sum of all applicable POS
frequencies and POS durations is less than 1 x 10 per calendar year for time-

based initiating events or per POS frequency-weighted-challenge if demand-based,

—t

and core damage could not occur unless at least two trains of mitigating systems
are failed independent of the initiator; or

(c) the resulting reactor shutdown is not an immediate occurrence; that is, the event
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 before
normal plant operation is curtailed (either administratively or automatically)
If either criterion (a) or (b) above is used, then CONFIRM that the value specified in
the criterion meets the applicable requirements in Data Analysis (3.2.6) and Level 1
Quantification (3.2.7) [see Note (3)].
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Table 3.2.1-2(c) Supporting Requirements for HLR-LIE-C (Cont’d)

Index No. Capability Category | Capability Category Il Capability Category Il

LIE-C

LIE-C6a Specific POS and initiating Specific POS and Specific POS and initiating
event combinations may be initiating event event combinations may be
screened out from further combinations may be screened out from further
aralysistsirgheuhding sereered-outfrom-further—anabysisusihgboundineg
analyses. ENSURE that: analysis using bounding analyses. ENSURE that:

(a) The guantitative analyses. ENSURE that:  (a) The guantitative
screening process does (a) The quantitative screening progess 'does
not screen the highest screening process not screen the|highest
risk POSs or initiating does not screen the POSs or dnifiating
events highest risk POSs or events,and

initiating events; and  (b) thesstnt of the CDF

(b) the sum of the CDF contributions for all
contributions for all screened-out POS and
screened-out POS initiating event
and initiating event combinations is <1% of
combinations is the estimated total CDF
<10% of the for unscreened events;
estimated total CDF and
for unscreened (c) the sum of the LERF
events;and contributions for all

(c) the.stm of the LERF screened-out POS and
contributions for all initiating event
screened-out POS combinations is <1% of
and initiating event the estimated total LERF
combinations is for unscreened events
<10% of the
estimated total
LERF for
unscreened events

LIE-C7 Same as IE-C7 in ASME/ANS RA-Sa-2009 [1]. No Same as IE-C7 in
requirement for time trend analysis. ASME/ANS RA-Sa-2009

[1].

LIE-C8 Sarme initiating events are amenable to fault-tree modeling as the appropriate way to
quantify them. These initiating events, usually support system failure events, are highly
dependent upon plant-specific design features. If fault-tree modeling is used for
initiating events, USE the applicable systems-analysis requirements for fault-tree
modeling found in the Systems Analysis Section (Section 3.2.4) [see Note (4)].

1E-C9 Same as IE-C9 in ASME/ANS RA-Sa-2009 [1].
LIE-C9a If HRA is used for initiating events (i.e., at-initiator HFE), QUANTIFY the initiating

event frequency (as opposed to the probability of the human error). MODIFY, as
necessary, the HRA computational methods that are used so that the top event
quantification produces a failure frequency rather than a top event probability, as
normally computed. USE the applicable requirements in the HRA Section 3.2.5 [see

Note (5)].
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Table 3.2.1-2(c) Supporting Requirements for HLR-LIE-C (Cont’d)

Index No. Capability Category | Capability Category Il Capability Category Il

LIE-C

LIE-C10 Same as IE-C10 in ASME/ANS RA-Sa-2009 [1].

LIE-C11 If fault-tree modeling or HRA is used for initiating events, USE plant-specific

information in the assessment and quantification of recovery actions where available

consistent with the applicable requirements in the Human Reliability Analysis Section
(Section 3.2.5).

L IE-C12 Same as IE-C12 in ASME/ANS RA-Sa-2009 [1].

LIE-C13 Same as IE-C13 in ASME/ANS RA-Sa-2009 [1] [see Same as IE-C13yin

L

Note (6)]. ASME/ANS.RA-Sa-2009 [1]
[see Notex(6)].
LIE-C14 Same as IE-C14 in ASME/ANS RA-Sa-2009 [1] [see Samg.as IE-C14 in
Note (7)]. ASME/ANS RA-Sa-2009 [1]
[see Note (7)].

LIE-C15 Same as IE-C15 in ASME/ANS RA-Sa-2009 [1].

—~
=

¢

OTES:

)
)

A useful reference for initiating event frequencies during,shutdown is EPRI 1021176 [8]. HRA
techniques may be needed to quantify some at-initiator human failure events (see Section 3.2.5).
Footnote (1) to Table 2-2.1-4(c) in Reference [1] states that the appropriate units for initiating event
are events per calendar year, commonly expressed as events per reactor year, where a reactor year is
one full calendar year of experience for one redctor. The reader is referred to that footnote for
additional examples. Appendix 2-B in this\standard discusses the calculation of risk metrics more
generally. A change to the interval between refueling evolutions would be one reason to expect LPSD

evolutions planned for future operation to be different from the historical records. So for LPSD PRA,

this requirement is applied equally.to all Capability Categories. It is not necessary to include all
potential future planned LPSB. evolutions. Those LPSD evolutions for which definitive plans are in
place are to be considered. The applicability of the LPSD PRA for other future evolutions must be
determined on an evolution specific basis. If the PRA is being used for some purpose other than
calculating time-averaged risk, then it may not be necessary to account for the fraction of time the
plant is in a particular POS, e.q., for configuration risk management applications (see Section 1.3.7)
Just as with Referénce [1], the numerical screening criteria are appropriate for a time-averaged CDF|
or LERF caleulation. When assessing the initiator frequencies for screening, the sum of the fractions
of time of\applicable POSs is to be included in the assessment. If the LPSD PRA is to be used for
otherdypes of analyses (e.qg., for configuration risk management applications requiring time-
dependent risk metrics, see Section 1.3.7), then it is possible that different numerical criteria might
need to be developed. Development and defense of such criteria would be a unique obligation of sugh

an analvcic
a-aHaySHS-

Part (c) of IE-C6 in [1] does not apply to shutdown conditions but does apply to low power
conditions.

For evaluation of a specific evolution, screening on initiating event frequency alone, without
adjusting by the fraction of time in a POS, may be necessary to avoid inappropriate loss of the risk
contribution of POSs with high conditional core damage probabilities.

(4) When fault trees are used to quantify support system initiating events, it is important to account for

whether the failure being represented will occur during the POS under consideration. A procedural

63


https://asmenormdoc.com/api2/?name=ANS ASME-58.22 2014.pdf

ANS/ASME-58.22-2014

event tree, where the top events represent operator actions within the governing LPSD evolution
procedures [9], may then be useful.

(5) When HRA techniques are also required to quantify the fault trees, see the supporting requirements
for guantification of at-initiator human failure event frequencies in Section 3.2.5.

(6) HRA technigues may also be an appropriate approach to guantifying at-initiator human failure events.
See the requirements for quantifying at-initiator human failure events resulting from at-initiator
activities in Section 3.2.5.

(7 _Reference [1] discussion applies during low power and hot standby conditions and is not applicable

during cold shutdown or refueling conditions.

(8) Reference [8] describes numerous loss of decay heat removal events and their associated recovery

actions, which may be useful to mitigate potential initiators.

Table 3.2.1-2(d) Supporting Requirements for HLR-LIE-D

Dpcumentation of the initiating event analysis shall be consistent with the applicable:supporting
regquirements (HLR-LIE-D).

Index No. Capability Category | Capability Category I Capability Category Il
ILIE-D
LIE-D1 Same as IE-D1 in ASME/ANS RA-Sa-2009 [1].
LIE-D2 Same as IE-D2 in ASME/ANS RA-Sa-2009 [1] [see Note (1)].
LIE-D3 DOCUMENT the sources of uncertainty and refated assumptions (as identified in
LQU-E1 and LQU-E?2) associated with the initiating event analysis.
NOTE:
(1) For initiating events resulting from at-initiator humian failure events, the requirements in Section 3.2{5

apply.
3]2.2 Accident Sequence Analysis (LAS)
The objectives and high level requirements of the accident sequence element for LPSD conditions are the

sdgme as those identified in the ASME/ANS PRA Standard (ASME/ANS RA-Sa-2009 [1]) with the
addition of one new objective and:shall be accomplished for each POS.

3J2.2.1 Objectives

o

The objectives of the acCident sequence element are to ensure that the response of the plant’s systems an
operators to an initiating event is reflected in the assessment of CDF and LERF in such a way that:

(a) Significant operator actions, mitigation systems, and phenomena that can alter sequences are
appropriately included in the accident sequence model event tree structure and sequence
definition;

(b)” Plant-specific dependencies are reflected in the accident sequence structure;

(C) Success criteria are available to support the individual Tunction SUCCESSeS, mission times, and
time windows for operator actions for each critical safety function modeled in the accident
sequences;

(d) End states are clearly defined to be core damage or successful mitigation with capability to
support the Level 1 to Level 2 interface;

(e) The accident sequences are defined for the selected set of initiating events, POSs (or groups of
POSs), and times that a POS (or group of POSs) can occur.
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Table 3.2.2-1 High Level Requirements for Accident Sequence Analysis (LAS)

Designator Requirement

HLR-LAS-A The accident sequence analysis shall describe the plant-specific scenarios that
can lead to core damage following each modeled initiating event. These
scenarios shall address system responses and operator actions, including
recovery actions that support thekey safety-functions necessary topreventcorg

damage.

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

HLR-LAS-C Documentation of the Accident Sequence analysis shall be consistent with the

applicable supporting requirements.

Table 3.2.2-2(a) Supporting Requirements for HLR-LAS-A

The accident sequence analysis shall describe the plant-specific scenarios that-can lead to core damage
fgllowing each modeled initiating event. These scenarios shall address system responses and operator

agtions including recovery actions that support the key safety functionsinecessary to prevent core damage
(HLR-LAS-A).

ndex No. Capability Category | Capability Category Il Capability Category IlI
LAS-A
LAS-Al USE a method for accident sequence analysis that:

(a) for each POS explicitly models the appropriate combinations of system responses
and operator actions that affect the"key safety functions for each modeled initiating
event [see Note (1)]

(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 guantification

LAS-A2 Same as AS-A2 in ASME/ANS RA-Sa-2009 [1].
L AS-A3 Same as AS-A3 in ASME/ANS RA-Sa-2009 [1].
LAS-A4 Same as AS-A4.in ASME/ANS RA-Sa-2009 [1].
L AS-A5 DEFINE the-accident sequence model in a manner that is consistent with the plant-

specific system design, EOPs, abnormal procedures, shutdown operating procedures,
and plant transient response [see Note (2)].

LAS-A6 Same_as AS-A6 in ASME/ANS RA-Sa-2009 [1].
LAS-A7 Same as AS-A7 in ASME/ANS RA-Sa-2009 [1]. Same as AS-A7 in
ASME/ANS RA-Sa-2009
[1].
L AS-A8 Same as AS-A8 in ASME/ANS RA-Sa-2009 [1] [see Note (3)].
LAS-A9 Same as AS-A9 in Same as AS-A9 in Same as AS-A9 in
ASME/ANS RA-Sa- ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
2009 [1] [1] [1]
LAS-A10 Same as AS-A10 in Same as AS-A10 in Same as AS-A10 in
ASME/ANS RA-Sa- ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
2009 [1]. [1]. [1].

LAS-All Same as AS-All in ASME/ANS RA-Sa-2009 [1].
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(1) The accident sequence analysis is to be valid for the range of plant conditions within the POS.

(2) Procedures for use during shutdown contain a significant amount of detail and caution not normally

included in normal operating procedures. For LPSD, boiling in the core with sufficient inventory

makeup represents a stable, long-term, steady state condition.

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

L1 . .
dlIt J5.£2.2- = =

ndex No.
LAS-B

Capability Category | Capability Category Il Capability, Category 111

ILAS-B1

Same as AS-B1 in ASME/ANS RA-Sa-2009 [1] [see Notes (1) and\(2)].

L AS-B2

IDENTIFY the dependence of modeled mitigating systems on'the success or failure of

preceding systems, functions, and human actions. INCLUBEthe impact on accident

progression, either in the accident sequence models or in;the system models. For

example,

(a) turbine-driven system dependency on SORV/, depressurization, and containment
heat removal (suppression pool cooling)

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

(c) system dependencies on containment conditions (e.qg., deinertion, pressure
capability, sump clogging) [see<Note (3)]

L AS-B3

For each accident sequence, IDENTIFY the phenomenological conditions created by
the accident progression includifng those caused by changing plant conditions within a
POS. Phenomenological impacts include generation of harsh environments affecting
temperature, pressure, debris, water levels, humidity, etc. that could impact the success
of the system or function under consideration [e.g., loss of pump net positive suction
head (NPSH), clogging of flow paths]. INCLUDE the impact of the accident
progression phenomena, either in the accident sequence models or in the system
models.

Duringshutdown, the effects of loss of primary coolant inventory can affect the
available’and credited systems. As part of accident sequence development for loss of
inventory events, IDENTIFY the location and size of postulated inventory losses.
INCLUDE the impact of the postulated loss of inventory either in the accident
sequence models or in the system models [see Note (4)].

L AS-B4

Same as AS-B4 in ASME/ANS RA-Sa-2009 [1].

L AS-BS

Same as AS-B5 in ASME/ANS RA-Sa-2009 [1].

QNA A_CQ [aYaYa) L£0\]

LA No
LAOTDU

Q AC NDC . A | Q oO-fF11 L DNat
QAT dS AOo~DU 1T AOSIVILIAINO MA\~oa~cUUJT 1] [oCT INULC (J]].

LAS-B7

R
Same as AS-B7 in ASME/ANS RA-Sa-2009 [1] [see Note (6)].

NOTES:

(1) During LPSD, the dependence between operator-induced initiating events and recovery events may

be especially important.
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(2) During LPSD, for POSs with the containment open, the ability to re-establish containment integrity
by closing the containment entrances may be significantly affected by the initiating event, e.qg., loss of
offsite power.

(3) In some cases, operators are directed to control the rate of feed to match boil-off. Success of this
action has two ramifications: (1) it may avoid the need to go to recirculation; and (2) it adds heat to
the containment, which may require containment heat removal systems to operate. Failure to control
flow (i.e., over feeding) leads to a need for recirculation but may not require additional heat removal
capability beyond the recirculation system

(4) For example, systems that might not be available at the start of a sequence due to the POS could

become available as plant conditions change. RCIC is initially unavailable during Cold Shutdewn ddie

to the lack of steam, but it may become available as the RCS heats up and pressurizes. Examples of
phenomenological conditions that could affect accident progression are the viability of recirculation
from the containment or the potential impact of RCS boiling on the ability to close the‘containment.

(8) Shutdown-specific maintenance activities and system alignments may be performed reutinely. During

LPSD, two key examples of time-phased dependencies are: (1) initiation of PWR\Gfavity Injection

before RCS boiling (boiling may negate the elevation head needed for gravityinjection if the RCS i

vented via a high-elevation vent); and (2) recovery of RHR function before RCS boiling (boiling may

require RCS fill and venting of RHR pumps).

Table 3.2.2-2(c) Supporting Requirements for HLR-LAS-C

Dpcumentation of the accident sequence analysis shall be consistent with the applicable supporting
requirements (HLR-LAS-C).

ndex No. Capability Category | Capability Category 11 Capability Category 111
LAS-C
LAS-C1 Same as AS-C1 in ASME/ANS RA-Sa-2009 [1].
LAS-C2 Same as AS-C2 in ASME/ANS RA-Sa-2009 [1].
L AS-C3 Same as AS-C3.in ASME/ANS RA-Sa-2009 [1].

3J2.3 Success Criteria (LSC)

The objectives and high levelrequirements of the Success Criteria Analysis for LPSD conditions are the
sdgme as those identified-lnthe ASME/ANS PRA Standard (ASME/ANS RA-Sa-2009 [1]) and shall be
agcomplished for each.POS.

3J2.3.1 Objectives

The objectives of the success criteria element are to define the plant-specific measures of success and
failure that support the other technical elements of the PRA in such a way that

(a) overall success criteria are defined (i.e., core damage and large early release);

(b) success criteria are defined for critical safety functions, supporting systems, structures,
components, and operator actions necessary to support accident sequence development;

(c) the methods and approaches have a firm technical basis;

(d) the resulting success criteria are referenced to the specific deterministic calculations.
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Table 3.2.3-1 High Level Requirements for Success Criteria (LSC)

Designator Requirement

HLR-LSC-A The overall success criteria for the PRA and the system, structure, component,
and human action success criteria used in the LPSD PRA shall be defined and
referenced and shall be consistent with the features, procedures, and operating
philosophy of the plant.

HLR-LSC-B The thermal/hydraulic, structural, and other supporting engineering bases shall
be capable of providing success criteria and event timing sufficient for
guantification of CDF and LERF, determination of the relative impact of
success criteria on SSC and human actions, and the impact of unceftainty on
this determination.

HLR-LSC-C Documentation of success criteria shall be consistent with the applicable
supporting requirements.

Table 3.2.3-2(a) Supporting Requirements for HLR-LSC-A

The overall success criteria for the PRA and the system, structure, ¢omponent, and human action succes$
cifiteria used in the LPSD PRA shall be defined and referenced and)shall be consistent with the features,
procedures, and operating philosophy of the plant (HLR-LSC:A).

ndex No. Capability Category I  Capability Category Il Capability Category 111
LSC-A
LSC-Al Same as SC-Al in ASME/ANS RA-Sa-2009 [1].
1L SC-A2 Same as SC-A2 in Same as SC-A2 in ASME/ANS RA-Sa-2009 [1].
ASME/ANS RA-Sa-2009
[1].

1L SC-A2a VERIFY that the plant parameters used in determining core damage (in LSC-A2) are
appropriate for all plant operating states [see Note (1)].

L SC-A3 Same as SC-A3 in ASME/ANS RA-Sa-2009 [1].
L SC-A4 Same.as.SC-A4 in ASME/ANS RA-Sa-2009 [1].
L. SC-A5 Same as SC-A5 Same as SC-A5 in ASME/ANS RA-Sa-2009 [1].
ASME/ANS RA-Sa-2009
[1].
L SC-A6 Same as SC-A6 in ASME/ANS RA-Sa-2009 [1].
NOTE:

(1) The examples of core damage plant parameters in LSC-A2 may not be suitable for shutdown
conditions. Specifically, the example of “collapsed liquid level below top of active fuel for a
prolonged period” may be too conservative for plant states with the primary system depressurized and
vented.
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Table 3.2.3-2(b) Supporting Requirements for HLR-LSC-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, determination of the relative impact
of success criteria on the importance of the SSCs and human actions, and the impact of uncertainty on this
determination (HLR-LSC-B).

Index No. Capability Category | Capability Category 11 Capability Category 111

| SC-B

I SC-B1 USE appropriate USE appropriate generic USE realistic plant-
conservative generic analyses/evaluations that are  specific models for
analyses/evaluations that  applicable to the plant for thermal/hydraulic;
are applicable to the thermal/hydraulic, structural, and other
plant. For LPSD POSs,  structural, and other supporting-engineering
generic evaluations of  supporting engineering bases in'stpport of success
decay heat using bases in support of success criteria requiring detailed
general power criteria requiring detailed  computer modeling (see
correlations are computer modeling (see L.SC-B4). USE evolution-
sufficient. SC-B4). USE evolution- specific decay heat

specific decay heat calculations for LPSD
calculations for LPSD POSs.
POSs. JUSTIFY that the

use of conservative, plant
specific/or generic analysis

is applicable to the plant

and does-not affect the
determination of which
combinations of systems

and trains of systems are

required to respond to an
initiating event.

L SC-B2 Same as SC-B2:in Same as SC-B2 in ASME/ANS RA-Sa-2009 [1].
ASME/ANSRA-Sa-

2009 [1].

1. SC-B3 When-defining success criteria, USE thermal/hydraulic, structural, or other
analyses/evaluations appropriate to the POS definition and characterization as well as
the'event being analyzed and accounting for a level of detail consistent with the
initiating event grouping (HLR-LIE-B) and accident sequence modeling (HLR-LAS-A
and HLR-LAS-B).

INCLUDE the effect of changes in decay heat level (HLR-LPOS-A) [see Note (1)].

1 Sc-B4 Same as SC-B4 in ASME/ANS RA-Sa-2009 [1].

LSC-B5 Same as SC-B5 in ASME/ANS RA-Sa-2009 [1].

NOTE:

(1) Full power success criteria are not always bounding for LPSD conditions.
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Table 3.2.3-2(c) Supporting Requirements for HLR-LSC-C

Documentation of success criteria shall be consistent with the applicable supporting requirements (HLR-

LSC-C).
Index No. Capability Category | Capability Category 11 Capability Category 111
LSC-C
LSC-C1
Same as SC-CT In ASME/ANS RA-Sa-Z009 [1].
ILSC-C2 Same as SC-C2 in ASME/ANS RA-Sa-2009 [1].
ILSC-C3 Same as SC-C3 in ASME/ANS RA-Sa-2009 [1].
3)2.4 Systems Analysis (LSY)
The objectives and high level requirements of the Systems Analysis for LPSD conditions are the same a$
thiose identified in the ASME/ANS PRA Standard (ASME/ANS RA-Sa-2009.f1]) and shall be

ad

complished for each POS.

3

T

2.4.1 Objectives

ne objectives of the systems analysis element are to identify:and quantify the causes of failure for each
pllant system represented in the initiating event analysis andaccident sequence analysis in such a way th

(a) system-level success criteria, mission times;time windows for operator actions, and assumption
provide the basis for the system logic models as reflected in the model, and a reasonably
complete set of system failure and unavailability modes for each system is represented;

(b) human errors and operator actions,that could influence the system unavailability or the system’s
contribution to accident sequences are identified for development as part of the HRA element;

(c) different initial system alignments are evaluated to the extent needed for CDF and LERF
determination;

(d) intersystem dependeneiesand intra-system dependencies including functional, human,
phenomenological, @hd’'common-cause failures that could influence system unavailability or the
system’s contribution to accident sequence frequencies are identified and accounted for.

Table 3.2.4-1 High Level Requirements for Systems Analysis (LSY)

At

1°2}

Designator Requirement

HLRSLSY-A The systems analysis shall provide a reasonably complete treatment of the
causes of system failure and unavailability modes represented in the initiating

events analysis and sequence definition.

HLR-LSY-B The systems analysis shall provide a reasonably complete treatment of
common cause failures and intersystem and intra-system dependencies.

HLR-LSY-C Documentation of the systems analysis shall be consistent with the applicable
supporting requirements.
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Table 3.2.4-2(a) Supporting Requirements for HLR-LSY-A

The systems analysis shall provide a reasonably complete treatment of the causes of system failure and
unavailability modes represented in the initiating events analysis and sequence definition (HLR-LSY-A).

Index No. Capability Category | Capability Category Il Capability Category 111
LSY-A

LSY-Al Same as SY-Al in ASME/ANS RA-Sa-2009 [1].

LSY-A2 Same as SY-A2 in ASME/ANS RA-Sa-2009 [1] [see Note (1)].

LUSY-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 Technical Specifications

(f) component operability and design limits

(9) procedures for the operation of the system during normal and-dccident conditions

(h) system configuration during normal and accident conditions

(i) for LPSD states, REVIEW past evolutions to determine.unigue system operating
states (e.q., temporary power or cooling) that should be“included in the sequence
models

4SY-A4 Same as SY-A4 in Same as SY-A4 in ASME/ANS RA-Sa-2009 [1] [see Note
ASME/ANS RA-Sa- (2)].
2009 [1] [see Note (2)].

LSY-A5 Same as SY-A5 in ASME/ANS RA-Sa-2009 [1] [see Note (3)].

LSY-A6 Same as SY-A6 in ASME/ANS RA-Sa<2009 [1].

USY-A7 Same as SY-A7 in ASME/ANS RA-Sa-2009 [1]. Same as SY-A7 in
ASME/ANS RA-Sa-2009
[1].

LSY-A8 Same as SY-A8 in ASME/ANS RA-Sa-2009 [1].

LSY-A9 Same as SY-A9 in ASME/ANS RA-Sa-2009 [1].

LUSY-A10 INCLUDE the effect of variable success criteria (i.e., success criteria that change as a

function of plant status) into the system modeling. Example causes of variable system

success criterig:are

(a) different-accident scenarios. Different success criteria are required for some
systems'to mitigate different accident scenarios (e.g., the number of pumps
réquired to operate in some systems is dependent upon 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
additional 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 criteria may be affected when both
units are challenged by the same initiating event (e.g., LOOP)

(e) varying decay heat levels during LPSD. Changing decay heat with time after
shutdown and after fuel reload may affect system success criteria

(f) wvariations in plant operating states. Varying plant operating states affect the time
to core damage and the time available for system/component recovery
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Table 3.2.4-2(a) Supporting Requirements for HLR-LSY-A (Cont’d)

Index No. Capability Category | Capability Category I Capability Category IlI
LSY-A

LSY-All Same as SY-A1l in ASME/ANS RA-Sa-2009 [1].

LSY-Al12 Same as SY-A12 in ASME/ANS RA-Sa-2009 [1].

LSY-A13 Same as SY-A13 in ASME/ANS RA-Sa-2009 [1] [see Note (4)].
LSY-Al4 Same as SY-A14 in ASME/ANS RA-Sa-2009 [1].

LUSY-A15 Same as SY-A15 in ASME/ANS RA-Sa-2009 [1].

LSY-Al16 Same as SY-A16 in ASME/ANS RA-Sa-2009 [1] Same as SY-A16 in
ASME/ANS RA-Sa-2009 [1].
USY-Al7 In the system model, INCLUDE HFEs that are expected during the operatiot of the

system or component or that are accounted for in the final quantification of accident
sequences unless they are already included explicitly as events in the aceident sequence
models. These HFEs are referred to as post-initiator human actions [Se€ also Human
Reliability Analysis (3-2.5) and Accident Sequence Analysis (3-2:2)]-

During LPSD conditions, INCLUDE any additional human failure' events (HFEs)
expected due to the different POSs.

LUSY-A18 INCLUDE in either the system model or accident sequeneé:modeling those conditions

that cause the system to isolate or trip or those conditiong that, once exceeded, cause the

system to fail; alternatively, DEMONSTRATE that their exclusion does not impact the

results.

For example, conditions that isolate or trip a system include

(a) 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 low-
flow trip of a residual heat removalpump of a PWR)

(c) adverse environmental conditions.(see LSY-A22)

LUSY-A19 In the systems model, unless screened out, INCLUDE out-of-service unavailability for
components in the system model-in a manner consistent with the actual practices and
history of the plant for remowving equipment from service.

(a) INCLUDE

(1) unavailability.caused by testing when a component or system train is
reconfiguréd from its required accident mitigating position such that the
component cannot function as required

(2) maintenance events at the train level when procedures require isolating the
entire-train for maintenance

(3) smaintenance events at a sub-train level (i.e., between tagout boundaries such ag
a functional equipment group) when directed by procedures

(b). Examples of out-of-service unavailability to be modeled are as follows:

(1) train outages during a work window for preventive/corrective maintenance

(2) afunctional equipment group (FEG) removed from service for
preventive/corrective maintenance

(3) arelief valve taken out of service

(4) Equipment removed from service during a preceding POS

(c) Examples of out-of-service unavailability to be modeled during shutdown
anditianear ofallavaic:

(1) equipment intentionally taken out of service due to plant conditions (e.g., high-
pressure injection (PWR) with low reactor vessel pressure, automatic actuation
of safety equipment)

(2) equipment that will not function given plant conditions (e.g., steam-driven
pumps at low reactor temperatures)

(3) planned maintenance configurations and test alignments during the shutdown

[see Note (5)]
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Table 3.2.4-2(a) Supporting Requirements for HLR-LSY-A (Cont’d)

Index No. Capability Category | Capability Category I Capability Category IlI

LSY-A

LSY-A20 Same as SY-A20 in ASME/ANS RA-Sa-2009 [1].

LSY-A21 IDENTIFY system conditions that cause a loss of desired system function
(e.g., excessive heat loads, excessive electrical loads, excessive humidity, etc. and,
Aicina |l DCM 1, O rncotira Ion s, DOC Iaval ~r o, DOC o wa)
UuTIliiy T JL/, TUVYV DU PJTUOOUTL, TUVV TN OUJ TUVET, VU TUVV T UOUJY YTUOOUTLU .

4SY-A22 Same as SY-A22 in Same as SY-A22 in Same as SY-A22 in
ASME/ANS RA-Sa- ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009 [1]
2009 [1] [see Note (6)].  [1] [see Note (6)]. [see Note (6)].

LSY-A23 Same as SY-A23 in ASME/ANS RA-Sa-2009 [1].

LUSY-A24 Same as SY-A24 in ASME/ANS RA-Sa-2009 [1] [see Note (7)].

NPOTES:

(1) For LPSD states, look for evolution-specific planning guides, temporary system alignments,
shutdown operating procedures, etc.

(4) Some systems and alignments applicable to shutdown conditions may-ret have been modeled in the
full power PRA.

(3) Many systems are re-aligned, tagged out, have their automatic functions disabled, etc. in the process
of going into an outage.

(4) Unusual system alignments and infrequent operations such as drain-down increase the potential for
flow diversion pathways during shutdown conditions.

(8) The capability to remove differing sets of SSCs for maintenance and testing is a unique characteristic
of shutdown conditions. In some cases, due to the‘Changes in maintenance configurations, additiona
POSs may need to be defined.

(6) During shutdown, cavitation of a shutdown ceoling/residual heat removal pump is possible due to
changes in vessel level. For Capability Category Il or Capability Category 111, credit for pump
operability may be allowed if supported by plant abnormal procedures and engineering or vendor
evaluations.

(M In some shutdown cases where relatively long times are available before core damage, more credit fopr
restoration of equipment could.be feasible than for full power models. EPRI TR-113051 [10], and
EPRI 1021176 [8] provide information and analysis that may support equipment recovery.

Table 3.2.4-2(b) Supporting Requirements for HLR-LSY-B

The systems analysis shall provide a reasonably complete treatment of common cause failures and
intersystem andhintra-system dependencies (HLR-LSY-B).

ndex NO. Capability Category | Capability Category Il Capability Category Il

LSY-B

LSY-R1 Same as SY-B1 in Same as SY-B1 in ASME/ANS RA-S3-2009 [1]
ASME/ANS RA-Sa-2009
[1].

LSY-B2 Same as SY-B2 in ASME/ANS RA-Sa-2009 [1]. No Same as SY-B2 in
requirement to model inter-system common cause ASME/ANS RA-Sa-2009
failures. [1].

73


https://asmenormdoc.com/api2/?name=ANS ASME-58.22 2014.pdf

ANS/ASME-58.22-2014

Table 3.2.4-2(b) Supporting Requirements for HLR-LSY-B (Cont’d)

Index No. Capability Category | Capability Category Il Capability Category 111

LSY-B

LSY-B3 Same as SY-B3 in ASME/ANS RA-Sa-2009 [1].

LSY-B4 Same as SY-B4 in ASME/ANS RA-Sa-2009 [1].

FSY=B5 Sameas SY-B5imASMEANS RA=Sa=20091t1:

LSY-B6 Same as SY-B6 in ASME/ANS RA-Sa-2009 [1].

LSY-B7 Same as SY-B7 in Same as SY-B7 in Same as SY-B7 in
ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009  ASME/ANS RA-~Sa-2009
[1]. [1]. [1].

LSY-B8 IDENTIFY spatial and environmental hazards that may impact multiplg'systems or

redundant components in the same system and INCLUDE them in the.system fault treg
or the accident sequence evaluation.

For each shutdown, IDENTIFY temporary conditions that«nay affect the ability of the
modeled systems to respond to an initiating event, and INCELUDE the effect of the
temporary condition on the operation of the system in*the system model for the
duration of the temporary condition.

Example: Use results of plant walkdowns as asource of information regarding
spatial/environmental hazards, for resolution-of spatial/environmental issues, or
evaluation of the impacts of such hazargds.

LPSD examples of these temporary:conditions include the removal of flood,
ventilation, or fire barriers or theinstallation and removal of scaffolding or temporary
shielding [see Note (1)].

LSY-B9 Same as SY-B9 in ASME/ANS RA-Sa-2009 [1] [see Note (2)].
1L SY-B10 Same as SY-B10 in Same as SY-B10 in ASME/ANS RA-Sa-2009 [1] [see

ASME/ANS RA-Sa-2009 Note (3)].
[1] [see Note (2)].
| SY-B11 Same as SY:B11 in ASME/ANS RA-Sa-2009 [1] [see Note (3)].

| SY-B12 Same ag"SY-B12 in ASME/ANS RA-Sa-2009 [1].
| SY-B13 Same.as SY-B13 in ASME/ANS RA-Sa-2009 [1].
| SY-B14 Same as SY-B14 in ASME/ANS RA-Sa-2009 [1] [see Note (4)].
| SY-B15 Same as SY-B15 in ASME/ANS RA-Sa-2009 [1].

NOTES:

(1) Theremoval of a flood barrier as part of a maintenance activity may affect the ability of a modeled

system or component to successfully perform its function in the event of an internal or external

Ttooding event. These conditions are not typically inciuded im a futi power PRA DUt are a

consideration for modeling of shutdown conditions.

(2) For LPSD analyses, actuation signals sometimes vary by POS or might not be present.

(3) Inventories of air, cooling, and other services may be different in different POSs.

(4) During plant shutdown, unusual or temporary system alignments may create conditions whereby plant
equipment is exposed to environments not considered for power operation.
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Table 3.2.4-2(c) Supporting Requirements for HLR-LSY-C

Documentation of the systems analysis shall be consistent with the applicable supporting requirements
(HLR-LSY-C).

Index No. Capability Category | Capability Category 11 Capability Category Il
LSY-C

LSY-Cl Same as SY-C1 in ASME/ANS RA-5a-2009 [1].

LSY-C2 Same as SY-C2 in ASME/ANS RA-Sa-2009 [1].

LSY-C3 Same as SY-C3 in ASME/ANS RA-Sa-2009 [1].

3)2.5 Human Reliability Analysis (LHR)®
3]2.5.1 Objectives

The objective of the human reliability element of the LPSD PRA is to@nsure that the impacts of plant
pgrsonnel actions are reflected in the assessment of risk for each POS or group of POSs in such a way thiat

(a) pre-initiating event activities, at-initiating event activities, and post-initiating event activities,
including those modeled in support system initiating-event fault trees, are addressed:;

(b) logic model elements are defined to represent.theceffect of such personnel actions on initiating
events, system availability/unavailability, and accident sequence development;

(c) plant-specific and scenario-specific factors,are accounted for, including those factors that
influence either what activities are of interest or human performance;

(d) human performance issues are addressed in an integral way so that issues of dependency are
captured.

The requirements for human-induced initiating events resulting from at-initiating event activities were npt
cansidered necessary for full power PRA in ASME/ANS RA-Sa-2009 [1]. This is primarily because for
full power activities, it is assumed that human caused errors are included in the data for the more comman
%tiatinq events and are included as response actions in fault trees representing support system initiators,
Further, it is assumed that-the dependencies between at-initiating event actions and post-initiating event
agtions for full power scenarios are not significant. However, for LPSD evolutions, significant
contributions to risk-may come from at-initiating event activities, e.g., over draining. In addition, the
dependenciesbetween at-initiating event actions and post-initiating event actions may be more significant
thiat full powerscenarios and thus need to be considered for shutdown conditions. For these reasons, high
leivel and.sUpporting requirements are also identified for such events.

9 Reference [11] provides useful background information for human reliability analysis: D. J. Wakefield, G. W. Parry,
G. W. Hannaman, A. J. Spurgin, “Sharp 1 — Revised Systematic Human Action Reliability Procedure,” EPRI Report TR-
101711-T2, March, 1993.
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Table 3.2.5-1 High Level Requirements for Human Reliability Analysis (LHR)

Designator Requirement
Pre-Initiator HRA

HLR-LHR-A A systematic process shall be used to identify those specific routine activities in
each POS that, if not completed correctly, may impact the availability of
EqUIpMENt TIecessary to performrsystenTfurnctiommodetmg mthe EPSBPRA

HLR-LHR-B Screening of 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 activities.

HLR-LHR-C For each activity that is not screened out, an appropriate humanfailure event
(HFE) shall be defined for each applicable POS to characterize'the impact of
the failure as an unavailability of a component, system, orsfunction modeled in
the LPSD PRA.

HLR-LHR-D The assessment of the probabilities of the pre-initiator human failure events

shall be performed by using a systematic process;that addresses the plant-
specific and activity-specific influences on human performance.

Post-Initiator HRA

HLR-LHR-E

A systematic review of the relevantyprocedures and past operational events
shall be used to identify the set of-operator responses required for each of the
accident sequences

HLR-LHR-F

Human failure events shall:be defined for each POS that represent the impact of
not properly performingdhe required responses, consistent with the structure
and level of detail of the accident sequences.

HLR-LHR-G

The assessment df-the probabilities of the post-initiator HFESs shall be
performed using a well-defined and self-consistent process that addresses the
plant-specifie’and scenario-specific influences on human performance and
addresses. potential dependencies between human failure events in the same
accident sequence.

HLR-LHR-H

Recovery actions (at the cut set or scenario level) shall be modeled only if it
has been demonstrated that the action is plausible and feasible for those
scenarios to which they are applied. Estimates of probabilities of failure shall
address dependency on prior human failures in the scenario.
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Table 3.2.5-1 High Level Requirements for Human Reliability Analysis (LHR) (Cont’d)

Designator Requirement
At-Initiator HRA

HLR-LHR-I A systematic process shall be used to identify routine test activities,
maintenance activities, and activities needed to execute LPSD evolutions for
each-ROSthat couldresultinnitiatingeventsH-ncorrecthycarried-out

HLR-LHR-J For each POS, the identified at-initiator human failure events shall be grouped
so that events in the same group have similar mitigation requirements to
facilitate an efficient but realistic estimation of CDF.

HLR-LHR-K The assessment shall estimate the annual frequency of initiating évents or
initiating event groups made up of at-initiator human failure gvents.

HLR-LHR-L Human failure events shall be defined to represent failure‘of a critical activity

that leads to or contributes to an initiating event.

Pre-, At-, and Post-Initiator HRA

HLR-LHR-M

Documentation of the human reliability analysis shall be consistent with the
applicable supporting requirements (HKR:LHR-M).

L ||

Table 3.2.5-2(a) Supporting Requirements for HLR-LHR-A

e-Initiator HRA: A systematic process shall be used to identify those specific routine activities in each
DS that, if not completed correctly, may impact the availability of equipment necessary to perform
stem function modeling in the LPSD PRA (HER-LHR-A).

ndex No.
| HR-A

Capability Category;i Capability Category Il Capability Category 111

| HR-AL For equipment and POSs For equipment and POSs modeled in the LPSD PRA,
modeled in theybPSD PRA,  IDENTIFY, through a review of procedures, plant

IDENTIFY, through a practices and industry operating experience, LPSD
review Of procedures, plant  evolution activities and test and maintenance activities
practices and industry that require realignment of equipment or a control

operating experience, LPSD  system outside its normal operational or standby status

evolution activities and test ~ [see Note (1)]. SELECT the routinely implemented test

and maintenance activities and maintenance activities from several schedules for
that require realignment of  each evolution type to consider.

equipment or a control

system outside its normal

aneratianal ar standhyv status
Operatona-ostalahy-—s

[see Note (1)]. SELECT a

representative schedule for

each evolution type for a list

of test and maintenance

activities to consider.
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Table 3.2.5-2(a) Supporting Requirements for HLR-LHR-A (Cont’d)

Index No. Capability Category | Capability Category Il Capability Category 111
LHR-A
LHR-A2 For equipment and POSs For equipment and POSs modeled in the LPSD PRA,
modeled in the LPSD PRA, IDENTIFY, through a review of procedures, plant
IDENTIFY, through a review practices, and industry operating experience, those
of procedures, and practices, calibration activities that, if performed incorrectly, can
and industry operating have an adverse impact on the automatic initiation.of
experience, those calibration  standby safety equipment. SELECT several schedufes
activities that, if performed for each evolution type for a list of calibration activities
incorrectly, can have an to consider.
adverse impact on the
automatic initiation of
standby safety equipment.
SELECT a representative
schedule for each evolution
type for a list of calibration
activities to consider.
| HR-A2a No requirement for IDENTIFY, through a IDENTIFY, through a
evaluating impact on review of procedures, review of procedures,
indications to operators. plant practices;, and plant practices, and
industry opérating industry operating
experience, those experience, those activities
activities that, if that, if performed
performed incorrectly, incorrectly, can have an
can have an adverse adverse impact on the
impact on the RCS level indications relied on by
indications relied on by  the operators (see LHR-
the operators as cues for G3) as cues for manual
manual actuation. actuation.
| HR-A3 IDENTIFY the work practices identified above (LHR-A1, LHR-A2, and LHR-A2a)
that involve amechanism that simultaneously affects equipment in either different
trains of aredundant system or diverse systems or in multiple systems when there is
only.@ne train available in each system [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), or testing that affects multiple systems
(e.q., ECCS testing, or load sequencer testing)].
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Table 3.2.5-2(b) Supporting Requirements for HLR-LHR-B

Pre-Initiator HRA: Screening of 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
activities (HLR-LHR-B).

TTdex NT. Capabitity Category 1 Capabitity Category Capabitity Category i

| HR-B

| HR-B1 If screening is performed,  If screening is performed, ESTABLISH rules for
ESTABLISH rules for screening individual activities from further corsideration
screening classes of and SCREEN OUT on a POS-by-POS basis.
activities from further Example: Screen maintenance and test activities from

consideration and SCREEN further consideration only if
OUT on a POS-by-POS (a) equipment is automatically re-aligned on system

basis. Example: Screen demand; or
maintenance and test (b) following maintenance.activities, a post-
activities from further maintenance functional test is performed that
consideration only if the reveals misalignment; or
plant practices are (c) equipment position is indicated in the control
generally structured to room, statusdsyroutinely checked, and
include independent realignment can be affected from the control
checking of restoration of room;Qr
equipment to standby or  (d) equipment status is required to be checked
operational status on frequently (i.e., at least once a shift)
completion of the activity.

| HR-B2 DO NOT SCREEN OUT activities that could simultaneously have an impact on

multiple trains of a redundant system, on diverse systems (LHR-A3), or on multiple
systems within the same-protected train (i.e., when it is the only train available).

| HR-B3 DO NOT SCREENUT otherwise unscreened activities from applicability to
subsequent POSs unless any related HFE would be detected by administrative controls
before transitioning from the POS where the activity takes place to subsequent POSs
where the HEE would impact risk.
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Table 3.2.5-2(c) Supporting Requirements for HLR-LHR-C

Pre-Initiator HRA: For each activity that is not screened out, an appropriate human failure event (HFE) shall
be defined for the applicable POS to characterize the impact of the failure as an unavailability of a

component, system, or function modeled in the LPSD PRA (HLR-LHR-C).

TToex No:

Capabitity Category 1 Capabitity Category Capabitity Category i

| HR-C

| HR-C1 For each unscreened activity, DEFINE a human failure event (HFE) that represents the
impact of the human failure at the appropriate level (i.e., function, system, traim, or
component affected).

| HR-Cla For each unscreened activity, IDENTIFY the average time to detectionof the failure
considering administrative practices and whether the detection time-extends to
subsequent POSs.

| HR-C2 Same as HR-C2 in Same as HR-C2 in ASME/ANS RA-Sa-2009 [1].
ASME/ANS RA-Sa-2009
[1].

| HR-C3 INCLUDE the impact of miscalibration on operator performance and as a mode of

failure of the automatic initiation of standby systems.

Pre-Initiator HRA: The assessment of the probabifities of the pre-initiator human failure events shall be

Table 3.2.5-2(d) Supporting Requirements for HLR-LHR-D

performed by using a systematic process that addresses the plant-specific and activity-specific influences
o human performance (HLR-LHR-D).

ndex No. Capability Categery-1 Capability Category Il Capability Category 111
| HR-D

| HR-D1 Same as HR;BXin ASME/ANS RA-Sa-2009 [1] [see Note (1)].

| HR-D2 USE screening estimates  For significant basic events USE detailed assessments

in the-quantification of the  that are also HFEs, USE in the quantification of
pre<initiator HEPs. detailed assessments in the pre-initiator HEPs for each

quantification of pre- system.

initiator HEPs. USE

screening values based on

a simple model such as

ASEP [12] in the

guantification of the pre-

initiator HEPS formon-
significant basic events.
When bounding values are
used, ENSURE they are
based on limiting cases from
models such as ASEP [12].
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Table 3.2.5-2(d) Supporting Requirements for HLR-LHR-D (Cont’d)

Index No. Capability Category | Capability Category | Capability Category 111
LHR-D
LHR-D3 Same as HR-D3 in For each detailed human error probability assessment,
ASME/ANS RA-Sa-2009  INCLUDE in the evaluation process the following plant-
[1]. No requirement for specific relevant information:
evaluating the quality of (a) the quality of written procedures (for performing
written procedures, tasks) and administrative controls (for independent
administrative controls, or review)
human-machine interface. (b) the quality of the human-machine interface) including
both the equipment configuration, and
instrumentation and control layout
(c) familiarity of the work teams with-the written
procedures
| HR-D4 Same as HR-D4 in ASME/ANS RA-Sa-2009 [1].
| HR-D5 ESTIMATE the joint probability of those pre-initiator: ESTIMATE the joint
HFEs within the same POS, identified as having some probability of those pre-
degree of dependency (i.e., having some common initiator HFES identified ag
elements in their causes,, such as performed b§ythe same  having some degree of
crew in the same time - frame). dependency, even if
performed in different
POSs (i.e., having some
common elements in their
causes, such as performed
by the same crew in the
same time - frame).
| HR-D6 Same as HR-D6 in ASME/ANS RA-Sa-2009 [1].
| HR-D7 Same as HR-D6.in ENSURE the reasonableness of the HEPs in light of

ASME/ANS RA-Sa-2009  the plant’s experience
[1]. No requirement to

check the reasonableness of

the HEBRS'in light of the

plant’s experience.
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Table 3.2.5-2(e) Supporting Requirements for HLR-LHR-E

Post-Initiator HRA: A systematic review of the relevant procedures and past operational events shall be

used to identify the set of operator responses required for each of the accident sequences (HLR-LHR-E).

Index No.
LHR-E

Capability Category |

Capability Category Il

Capability Category IlI

LHR-E1

When identifying the key human response actions REVIEW

(a) the plant-specific emergency operating procedures and other relevant procedures
(e.g., AOPs, annunciator response procedures) in the context of the accident

scenarios and applicable POSs

(b) system operation such that an understanding of how the system(s) function(s) and

the human interfaces with the system(s) are obtained

(c) past operational events (both for the specific plant and in industry) to)assist the

analyst in identifying the kinds of activities that have resulted in‘eperator recovery

actions

LHR-E2

Same as HR-E2 in ASME/ANS RA-Sa-2009 [1].

§HR-E3

Same as HR-E3 in
ASME/ANS RA-Sa-2009

[1].

Same as HR-E3 in ASME/ANS RA-Sa-2009 [1].

I HR-E4

Same as HR-E4 in
ASME/ANS RA-Sa-2009

[1].

Same as HR-E4 in ASME/ANS RA-Sa-2009 [1].

Table 3.2.5-2(f) Supporting Requirements for HLR-LHR-F

Post-Initiator HRA: Human failure events shall be defined for each POS that represent the impact of not
properly performing the required responses, consistent with the structure and level of detail of the
agcident sequences (HLR-LHR-F).

different POSs across those

POSs only when the HFE
impacts and boundary
conditions for the limiting

Ihdex No. Capability Category-| Capability Category 11 Capability Category 111
UHR-F
HHR-F1 Same as HR-F14n ASME/ANS RA-Sa-2009 [1]. Same as HR-F1in
ASME/ANS RA-Sa-2009
[1].
UHR-F2 Same a$ HR-F2 in Same as HR-F2 in Same as HR-F2 in
ASME/ANS RA-Sa-2009  ASME/ANS RA-Sa-2009  ASME/ANS RA-Sa-2009
[} [1]. [1].
UHR-F3 GROUP the same HFEsin GROUP the same HFEs in  GROUP the same HFES if

different POSs for those

different POSs for those

POSs only when the HFE

POSs only when the HFE

impacts and boundary

impacts and boundary

conditions are the same,

conditions are the same.

POS are used.

or if the HFEs are ot risk  HEFEswithr thesame

significant, and the HFE

impacts but with

impacts and boundary

different boundary

conditions of the limiting

conditions in different

POS for the group are
used to represent the
roup.

POSs may not be
grouped.
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Table 3.2.5-2(g) Supporting Requirements for HLR-LHR-G

Post-Initiator HRA: 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 addresses potential dependencies between human failure events in
the same accident sequence (HLR-LHR-G).

ndex No.

Capability Category | Capability Category Il Capability Category Il

[l

[HR-G

[l

|HR-G1

Same as HR-G1 in Same as HR-G1 in Same as HR-G1 in
ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009

[1]. [1]. [1].

—

|HR-G2

Same as HR-G2 in ASME/ANS RA-Sa-2009 [1].

—

[HR-G3

Same as HR-G3 in When estimating HEPs, EVALUATE thelimpact of
ASME/ANS RA-Sa-2009 the following plant-specific and scenarie-specific
[1]. performance shaping factors:

(a) quality [type (classroom or Simulator) and
frequency] of the operatoritraining or experience,
including training performed just prior to
complex evolutions

(b) quality of the written procedures and
administrative controls for the applicable POSs

(c) availability af instrumentation needed to take
corrective actions (see also LHR-C3 and LHR-D7)

(d) degree of clarity of cues/indications

(e) human-machine interface

(f) time available and time required to complete the
response

(g) complexity of the required response

(h) environment (e.g., lighting, heat, radiation) under
which the operator is working

(i) accessibility of the equipment requiring
manipulation

(1) necessity, adequacy, and availability of special
tools, parts, clothing, etc.

(k) distractions caused by parallel tests and
maintenance activities and LPSD evolution tasks

[HR-G3a

No-requirement to When estimating HEPs, When estimating HEPs,

consider the reliability of EVALUATE the impact EVALUATE the impact of

RCS level indications. of RCS level indication indication availability
availability needed to take needed to take corrective
corrective actions actions consistent with
consistent with LHR-A2a. LHR-A2a.
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Table 3.2.5-2(g) Supporting Requirements for HLR-LHR-G (Cont’d)

Index No. Capability Category | Capability Category 11 Capability Category 111

LHR-G

LHR-G4 For each applicable POS,  For each applicable POS, For each applicable POS,
BASE the time available to BASE the time available  BASE the time available to
complete actions on to complete actions on complete actions on plant-
apphecable-genericstudies—appropriatereakistic specific-thermalihydradtic
(e.g., thermal/hydraulic ~ generic analysis or simulations.
analysis for similar thermal/hydraulic SPECIFY the point in.fime
plants). SPECIFY the analyses or simulation at which operators are
point in time at which from similar plants (e.g., expected to receive relevant
operators are expected to plant of similar design indications.
receive relevant and operation).
indications. SPECIFY the point in

time at which operators
are expected to receive
relevant indications.

UHR-G5 Same as HR-G5 in Same as HR-G5 in Same as HR-G5 in
ASME/ANS RA-Sa-2009  ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[1]. [1]. [1].

UHR-G6 Same as HR-G6 in ASME/ANS RA-Sa-2009 {1}

UHR-G7 For multiple human actions in the same accident sequence or cut set (i.e., including

pre-initiator, at-initiator, and post-initiator.HFEs including recovery actions as per

LHR-H3) identified in accordance with<Supporting Requirement LQU-C1,

EVALUATE the degree of dependence and calculate a joint human error probability

that reflects the dependence for each POS, as applicable. INCLUDE the influence of

success or failure in preceding-human actions and system performance on the human

event under consideration,*ip€luding as a minimum:

(a) time required to complete all actions in relation to the time available to perform
the actions

(b) factors that could lead to dependence (e.g., common instrumentation, common
procedures;increased stress, command and control of local activities, etc.)

(c) availability of resources (e.g., personnel) [see Note 1]

LUHR-G8 Same as-HR-G8 in ASME/ANS RA-Sa-2009 [1].

NOTE:

(1) The state of theart in HRA is such that the assessment of dependency is largely based on the analyst
judgment:While it is expected that there will be a progressively more detailed treatment of
dependency when moving from Capability Categories | to 11, the distinction is not made at the leve
of this SR. Instead, it is expected to follow from the increase in the level of detail in the analysis of
HEEs in going from Capability Categories I to Ill.

(72]
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Table 3.2.5-2(h) Supporting Requirements for HLR-LHR-H

Post-Initiator HRA: Recovery actions at the cut set or scenario level shall be modeled only if it has been
demonstrated that the action is plausible and feasible for those scenarios to which they are applied.
Estimates of probabilities of failure shall address dependency on prior human failures in the scenario
(HLR-LHR-H) [see Note (1)].

Index No. Capability Category | Capability Category 11 Capability Category 111
LHR-H
LHR-H1 Same as HR-H1 in Same as HR-H1 in Same as HR-H1 in
ASME/ANS RA-Sa-2009  ASME/ANS RA-Sa-2009  ASME/ANS RA-Sa-2009
[1]. [1]. [1].
LHR-H2 INCLUDE operator recovery actions only if, on a plant-specific basis:
(a) aprocedure is available, and operator training has included the'action as part of
crew’s training, or justification for the omission for one or bath is provided (e.g.,
justified because recovery is feasible, and there is much.more time available than
required for recovery)
(b) *cues” (e.g., alarms) that alert the operator to the recovery action provided
procedure, training, or skill of the craft exist
(c) attention is given to the relevant performance, shaping factors provided in LHR-G3
(d) there is sufficient manpower to perform the action
LHR-H3 Same as HR-H3 in ASME/ANS RA-Sa-2009 [1].
NOTE:
(1) Recovery actions are actions taken in additioncto those normally identified in the review of

emergency, abnormal, and system operation procedures, which would normally be addressed in LHF
E through LHR-G. They are included to allow credit for recovery from failures in cut sets or
scenarios when failure to take creditivould distort the insights from the risk analysis. The potential
for recovery (e.g., manually opening a valve that failed to open automatically) may well differ
between scenarios, POSs, or eut sets. In this context, recovery is associated with a work-around but
does not include repair, which' is addressed in LSY-A22 and LDA-C14.
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Table 3.2.5-2(i) Supporting Requirements for HLR-LHR-I

At-Initiator HRA: A systematic process shall be used to identify routine test activities, maintenance

activities, and activities needed to execute LPSD evolutions for each POS that could result in initiating

events if incorrectly carried out (HLR-LHR-I).

Index No. Capability Category | Capability Cateqory 11 Capability Category 111

LHR-I

LHR-11 REVIEW generic analyses = REVIEW operating experience for all POSs for the
for all POSs for similar modeled plant and for similar plants, including geteric
plants to assess whether the analyses of similar plants, to assess whether the,list of
list of initiating events initiating events caused by at-initiator HFESs ineluded in
caused by at-initiator HFEs  the model accounts for industry experienceidn particulat,
included in the model IDENTIFY any cases where at-initiator human failure
accounts for industry events impact later human responses-[see Note (1)].
experience. In particular,

IDENTIFY any cases where
at-initiator human failure
events impact later human
responses [see Note (1)].

LHR-12 For equipment and POSs modeled in the LPSDPRA, INCLUDE in the modeling of
support system initiating fault trees (see LIE-C8) the contribution of HFES during test,
maintenance, and other LPSD evolution leading to the initiating event, or PROVIDE
the basis for exclusion.

LHR-13 INCLUDE the identified at-initiator human failure events INCLUDE the identified
as separate initiators from the associated hardware failures at-initiator human failure
if adverse dependencies between the at-initiator human events as separate initiators
failure event and post-initiator human failures are from the associated
identified (see HLR-GT7). hardware failures.

NOTE:
(1) A useful reference for identifying initiating events during shutdown is EPRI 1021176 [8].
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Table 3.2.5-2(j) Supporting Requirements for HLR-LHR-J

At-Initiator HRA: For each POS, the identified at-initiator human failure events shall be grouped so that

events in the same group have similar mitigation requirements to facilitate an efficient but realistic
estimation of CDF (HLR-LHR-J).

Index No. Capability Category | Capability Category 11 Capability Category 111
LHR-J
LHR-J1 For each POS, GROUP at-initiator human failure events into initiating event groups to
facilitate definition of accident sequences (Subsection 3.2.2) and to facilitate segiience
guantification (Subsection 3.2.7).
LHR-J2 GROUP at-initiator human GROUP at-initiator human ~ GROUP at-ipitiator humar
failure events that are failure events that are failure‘events that are
applicable to the same applicable to the same applicable to the same
POSs only when the POSs only when the POSs only when the
following can be assured: following can be following can be
(a) events can be assured: assured:
considered similar in (a) events can be (a) events can be
terms of plant response, considered similar if considered similar in
success criteria, timing, terms of plant response, terms of plant
and the effect on the success criterig)ytiming, response, success
operability and and the efféet on the criteria, timing, and
performance of operability~and the effect on the
operators and relevant performance of operability and
mitigating systems; OR opéfators and relevant performance of

(b) events can be mitigating systems; OR operators and relevant
subsumed into a group  (b)Zevents can be subsumed mitigating systems;
and bounded by the into a group and OR
worst case impacts bounded by the worst (b) events can be
within the “new”.gfoup case impacts within the subsumed into a groug

“new” group and bounded by the

DO NOT SUBSUME worst case impacts

gvents into a group unless within the “new”

(1) the impacts are group
comparabletoorless DO NOT SUBSUME
than those of the events into a group
remaining events in unless the impacts are
that group; AND comparable to those of

(2) itis demonstrated that the remaining events in
such grouping does not that group.
impact significant
accident sequences

EHR-33 GROUP-separately-fromotherinttatingeventsthose-events-with-different-plant

response (i.e., those with different success criteria) impacts or those that could have
more severe radionuclide release potential (e.q., based on the time after shutdown that
the event occurs and containment closure status).

87


https://asmenormdoc.com/api2/?name=ANS ASME-58.22 2014.pdf

ANS/ASME-58.22-2014

Table 3.2.5-2(j) Supporting Requirements for HLR-LHR-J (Cont’d)

Index No. Capability Category | Capability Category 11 Capability Category 111

LHR-J

LHR-J4 DO NOT GROUP at-initiator human failure events together with hardware failures that
otherwise would meet the requirements of LHR-J2, so as to allow proper accounting of
dependencies between human failure events.

IHR-J5 For multi-unit sites with shared systems, DO NOT SUBSUME multi-unit at-initiator:

human failure events into initiating event groups if they impact mitigation capability

differently.

Table 3.2.5-2(k) Supporting Requirements for HLR-LHR-K

At-Initiator HRA: The assessment shall estimate the annual frequency of initiatingevents or initiating

eyent groups made up of at-initiator human failure events (HLR-LHR-K) [see Noté (1)].

associated withtest and

gvents that are also HFEs

Index No. Capability Category | Capability Category 1l Capability Category 111
UHR-K
LHR-K1 For at-initiator human failure events, ESTIMATE the HEPs conditional on the
occurrence of the activity using a systematic p¥ocess consistent with the requirements
of LHR-D, LHR-F, and LHR-G, as appropriate, or using expert judgment (see Section
1.4.3).
LHR-Kla For at-initiator human failure events, ESFIMATE the frequency of the associated activity.
LHR-K2 No requirement to consider ~ When estimating HEPs,  When estimating HEPs,
the impact of reliability of EVALUATE the impact EVALUATE the impact
RCS level indications on of RCS-level indication  of indication availability
HEPs. availability for success of for success of the activity
the activity consistent consistent with LHR-
with LHR-A2a. A2a.
LHR-K3 For at-initiator HEES For significant basic For at-initiator HFEs

associated with test and

maintenance activities and

associated with test and

maintenance activities

LPSD_évolution activities,

maintenance activities

and LPSD evolution

USE.screening estimates in

and LPSD evolution

thHesquantification of the

activities, USE detailed

activities, USE detailed
assessments in the

HEPs conditional on the

assessments in the

occurrence of the activity.

quantification of HEPs

quantification of HEPs
conditional on the

conditional on the
occurrence of the
associated activity. USE
screening values based on

occurrence of the
associated activity.

a simple model such as
ASEP [12] in the
quantification of HEPs
for non-significant basic
events that are also HFEs
involving test or
maintenance.
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Table 3.2.5-2(k) Supporting Requirements for HLR-LHR-K (Cont’d)

Index No.

LHR-K

Capability Category | Capability Category 11 Capability Category 111

LHR-K4

ESTIMATE the joint HEP of those at-initiator HFEs if multiple HFEs are needed to
cause the initiating event per the requirements of LHR-G7 (see LHR-I3).

LHR-KS5

CALCULATE initiating event frequencies for at-initiator human failure events for

asch annlicahla DOC An A nAar aalandarvaar hacic nancidarina tha franninnoyv, Af tha
COCTT P PITCOOTC T OO UTTI o PCT_CoiCTIOT_ YOOl DTUJITS COTTOTOCT I IO triCITCOUCTICY  OUT Cric

activities being performed and the HEPs for the HFE and any opportunities for
recovery. Specifically, for each applicable POS, INCLUDE in the initiating event
frequency analysis for the frequency in an average year that each POS is entered and
hence how frequently each such at-initiator activity is challenged.

IHR-K6

As screening criteria for at-initiator HFE-caused initiating events, USE notigher than
the following characteristics to eliminate initiating events or initiating’evént groups
from further evaluation:

(a) the frequency of the event summed over the times of all applicable POSs is less
than 1 x 107 per reactor year (/yr.), and the event does net involve either an
ISLOCA, containment bypass, reactor vessel rupture,oran initiating event with
the reactor coolant system vented and containment unisolated;

(b) the frequency of the event summed over the times of all applicable POSs is less
than 1 x 10°° /yr., and core damage could not-9¢cur unless at least two trains of
mitigating systems are failed independent.of the initiator; or

(c) for POSs at low power conditions, the resulting reactor shutdown is not an
immediate occurrence; that is, the event‘does not require the plant to go to
shutdown conditions until sufficientdime has expired during which the initiating
event conditions, with a high degree of certainty (based on supporting
calculations), are detected and,corrected before normal plant operation is curtailed
(either administratively or-automatically)

[See Note (2)].

ENSURE the consistency.of the quantification for the at-initiator HEPs. REVIEW the
HFEs, associated HEPS, and their final initiating event frequencies relative to each
other to check their reasonableness given the procedures, operating practices, plant
history, and experience.

IHR-K8

CHARACTERIZE the uncertainty in the initiating event frequencies for at-initiator
HFEs ina manner consistent with the quantification approach and CALCULATE mean

valuesforuse in the quantification of the LPSD PRA results.

NOTES:

(1) A useful reference for initiating event frequencies during shutdown is EPRI 1021176 [8].

(4) Itis impertant to account for whether the failure being represented can occur during the POS under

consideration. A procedural event tree where the top events represent operator actions within the

governing LPSD evolution procedures [9] may also be used.
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Table 3.2.5-2(l) Supporting Requirements for HLR-LHR-L

At-Initiator HRA: Human failure events shall be defined to represent a failure of a critical activity that
leads to or contributes to an initiating event (HLR-LHR-L).

Index No. Capability Category | Capability Cateqory |1 Capability Cateqory Il
LHR-L
LR DEFINE HFEs that represent the impact of the human DEFINE HFEs that
failures at the function, system, train, or component level, represent the impact ofthe
as appropriate. If the impact of the failures is similar or human failures at the
can be conservatively bounded, GROUP the failures function, system( train, or
to correctly perform several responses into a single component lgvely as
HFE. appropriate;
LHR-L2 GROUP HFEs for different GROUP HFEs for different :
i POSs across those POSs if ~ POSs for those POSs GROUP HEEs for different
the boundary conditions for Where the HFE boundary POSSTor those POSs
the limiting POS are used conditions are the same . here the HFE boundary
[see also the supporting or if the HFEs with the conditions are the same.
requirements for HLR.LIE. Same activity are notisk HFES with the same
B significant, and the activity but with differen
Bl boundary conditions of ~ 2oundary conditions in
the limiting POS for the  different POSs may not
qroup is used-to represent € drouped [see also
the qroup Jsee also the supporting requirements
supporting requirements 1or HLR-LIE-B].
for HER-LIE-B].
UHR-L3 COMPLETE the definition €OMPLETE the definition COMPLETE the definition

of the HFEs by specifying,

of the HFEs by specifying,

of the HFEs by specifying

for each POS or group of

for each POS or group of

for each POS or group of

PQOSs,

(a) activity-specifiC timing
of cues and.time
window for-successful

completion
(b) activity=specific
procedural guidance
(c)< the availability of cues

and other indications for

POSs,

(a) activity-specific timing
of cues and time
window for successful

completion
(b) activity-specific
procedural guidance
(c) the availability of cues
and other indications

detection and evaluation

for detection and

of errors
(d) the complexity of the

evaluation of errors
(d) the specific high level

PQOSs,

(a) activity-specific
timing of cues and
time window for
successful completion

(b) activity-specific
procedural guidance

(c) the availability of cue$
and other indications
for detection and
evaluation of errors

(d) the specific detailed

activity task analysis is

not required).

{o\ f¥rn

tasks (e.q., train level)
required to achieve

anl

tasks (e.qg., at the
level of individual

caneoyv: nf
T egucnCy Ot

performing the activity

thao ~ afthao actnidy g
cric o Ottt actvity

(e) frequency of

performing the
activity

compnaoanante criceh Ao
CUTTTJUTIUTILO OULTT UO
pumps or valves)
required to achieve the
goal of the activity

(e) frequency of

performing the
activity
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Table 3.2.5-2(m) Supporting Requirements for HLR-LHR-M

Pre-, At-, and Post-Initiator HRA: Documentation of the human reliability analysis shall be consistent
with the applicable supporting requirements (HLR-LHR-M).

Index No. Capability Category | Capability Category I Capability Category 111
LHR-M
LrHR=vtE Sameas HRT M ASMEANS RA=Sa=2009t1T:

UHR-M2 DOCUMENT the processes used to identify, characterize, and quantify the pre-
initiator, at-initiator, post-initiator, and recovery actions considered in the LPSD\PRA,
including the inputs, methods, and results. For example, this documentation-typically
includes_[see Note (1)]:
(a) HRA methodology and process used to identify pre-, at- , and post-initiator HEES
(b) qualitative screening rules and results of screening
(c) factors used in the quantification of human action, how theywere derived (their
bases), and how they were incorporated into the quantificatien process
(d) quantification of HEPs, including:
(1) screening values and their bases
(2) detailed HEP analyses with uncertainties and¢heir bases
(3) the method and treatment of dependencies for'pre-, at-, and post-initiator
actions
(4) tables of pre-, at-, and post-initiator human failure events evaluated by model,
POS, system, initiating event, and fuhction
(5) HEPs for recovery actions and their dependency on other HEPs

YHR-M3 Same as HR-13 in ASME/ANS RA-8a-2009 [1].

NOTE:
(1) A useful reference for identifying initiating events during shutdown is EPRI 1021176 [8].

3J2.6 Data Analysis (LDA)

The objectives and high levél requirements of the Data Analysis for LPSD conditions are the same as
thiose identified in ASME/ANS RA-Sa-2009 [1] and shall be accomplished for each POS.

3J2.6.1 Objectives

The objectives.of the data analysis technical element are to provide estimates of the parameters used to
dgtermine’the probabilities of the basic events representing equipment failures and unavailabilities
mpdeleglin'the PRA in such a way that

(a)-parameters—whether estimated-on-the-basis-of plant-specific-orgenerc-data—approprately refled
the configuration and operation of the plant;

(b) component or system unavailabilities due to maintenance or repair are accounted for;

(c) uncertainties in the data are understood and appropriately accounted for.

A useful reference document for parameter estimation is NUREG/CR-6823 [13].
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Table 3.2.6-1 High Level Requirements for Data Analysis (LDA)

Designator Requirement

HLR-LDA-A Each parameter shall be clearly defined in terms of the logic model, basic event
boundary, and the model used to evaluate event probability.

HLR-LDA-B Grouping components into a homogeneous population for parameter estimation
shal-censiderthe-desigh—envirenmentaland-serrice-conditions-of-the
components in the as-built and as-operated plant.

HLR-LDA-C Generic parameter estimates shall be chosen, and collection of plant-specific
data shall be consistent with the parameter definitions of HLR-LDA“A and the
grouping rationale of HLR-LDA-B.

HLR-LDA-D The parameter estimates shall be based on relevant generic industry or plant-
specific evidence. Where feasible, generic and plant-specifi¢‘evidence shall be
integrated using acceptable methods to obtain plant-specific parameter
estimates. Each parameter estimated shall be accompanied by a characterizatign
of the uncertainty.

HLR-LDA-E Documentation of data analysis shall be consistent with the applicable

supporting requirements.
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Table 3.2.6-2(a) Supporting Requirements for HLR-LDA-A

Each parameter shall be clearly defined in terms of the logic model, basic event boundary, and the model
used to evaluate event probability (HLR-LDA-A).

Index No. Capability Category | Capability Category 11 Capability Category 111
LDA-A
LBA-AT Satfie-as DA-AHASMEANS RA-Sa-2609-1-

LDA-A2

DEFINE SSC boundaries, failure modes, and success criteria applicable to the POS
being evaluated in a manner consistent with corresponding basic event definitions-in
System Analysis (LSY-AS5, LSY-A7, LSY-A8, and LSY-A9 through LSY-Al4and
LSY-B4) for failure rates and common cause failure parameters and ESTABLISH
boundaries of unavailability events applicable to the POS being evaluated in a manner
consistent with corresponding definitions in System Analysis (LSY*%A19).

—

| DA-A3

Same as DA-A3 in ASME/ANS RA-Sa-2009 [1].

—

| DA-A4

IDENTIFY the parameter to be estimated and the data required for estimation.

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 numbef.of demands;

(b) For standby failures, operating failures, and‘ipitiating events, the parameter is the
failure rate, and the data required are the.ntimber of failures in the total (standby or
operating) time;

(c) For unavailability due to test or maintenance, the parameter is the unavailability on
demand, and the alternatives for ‘the data required include:

(1) the total time of unavailability OR a list of the maintenance events with their
durations, together with the total time required to be available; OR

(2) the number of maintenance or test acts, their average duration, and the total
time required to-be available.

(d) For POS durations, the parameter is the duration for each POS, and the data
required are the durations for past evolutions;

(e) For POS frequencies, the parameter is POSs per evolution, and the data required ar
the number of evolutions during the calendar year.

1%
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Table 3.2.6-2(b) Supporting Requirements for HLR-LDA-B

Grouping components into a homogeneous population for parameter estimation shall consider the design,
environmental, and service conditions of the components in the as-built and as-operated plant (HLR-LDA-B).

Index No. Capability Category | Capability Category 11 Capability Category 111
LDA-B
LDA-B1 Same as DA-Bl in Same as DA-Bl in Same as DA-B1 in
ASME/ANS RA-Sa-2009 [1] ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[see Note (1)]. [1] [see Note (1)]. [1] [see Note (1)].
L DA-B2 Same as DA-B2 in ASME/ANS RA-Sa-2009 [1]. Same as DA-B2 in
ASME/ANS RA-Sa-2009
[1].
NOTE:

(1) One source that provides a range of statistical tests to complement engineering chatacteristics for

grouping data is the Handbook of Parameter Estimation for Probabilistic Risk.Assessment,

NUREG/CR-6823 [13].

Table 3.2.6-2(c) Supporting Requirements for HLR-LDA-C

GEneric parameter estimates shall be chosen and plant-specific data shall be collected in accordance wit

L

the parameter definitions of HLR-LDA-A and the grouping ratiénale of HLR-LDA-B (HLR-LDA-C).

ndex No.
| DA-C

Capability Category | Capability-Category Il Capability Category Il

| DA-C1

USE generic parameter estimates;appropriate for the POS from recognized sources.
ENSURE that the parameter definitions and boundary conditions are consistent with
those established in responseto LDA-AL to LDA-A4 (for example, 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 be established.that the data are consistent with the POS test and maintenance
philosophies fer the subject plant. JUSTIFY the use of common parameter estimates in

multiple POSs)[see Note (1)].

| DA-C2

COLLECT: plant-specific data applicable to the POS being evaluated for the basic
event/parameter grouping corresponding to that defined by requirements LDA-A1,
LDA-A3, LDA-A4, LDA-B1, and LDA-B2 [see Note (2)].

| DA-C3

COLLECT plant-specific data in a manner consistent with uniformity in design,
operational practices, and experience applicable to the POS being evaluated or any
other POSs in which the equipment performance is similar. JUSTIFY the rationale for
screening or disregarding plant-specific data (e.g., plant design modifications, changes

in operating practices) [see Note (3)].

LDA-C4

Same as DA-C4 in ASME/ANS RA-Sa-2009 [1].

LDA-C5

Same as DA-C5 in ASME/ANS RA-Sa-2009 [1].
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Table 3.2.6-2(c) Supporting Requirements for HLR-LDA-C (Cont’d)

Index No. Capability Category | Capability Category I Capability Category IlI

LDA-C

LDA-C6 ESTIMATE the number of plant-specific demands on standby components applicable
to a specific POS (or group of POSs in which equipment performance is similar) on the
basis of the number of
(a) surveillance tests
(b) maintenance tests
(c) surveillance tests or maintenance on other components
(d) operational demands
DO NOT COUNT additional demands from post-maintenance testing that is,part of a
successful renewal [see Note (4)].

LDA-C7 ESTIMATE the number of  BASE the number of surveillance tests on-plant
surveillance tests and surveillance requirements and actual’practice for thej
planned maintenance POS being evaluated. BASE number of planned
activities based on plant maintenance activities on plant'maintenance plans
requirements for the POS  and actual practice for the\POS being evaluated.
being evaluated [see Note BASE the number of ufplanned maintenance
(B)]. activities on actual plant experience for the POS being

evaluated [see NoteA(5)].

ILDA-C8 When required, ESTIMATE  When required;)JUSE plant-specific operational
the time that components records to determine the time that components were
were configured in their configurediin their standby status for the POS being
standby status for the POS evaluated’[see Note (6)].
being evaluated [see Note
(6)].

LDA-C9 ESTIMATE operational time from surveillance test ESTIMATE operational
practices for standby compenents and from actual time from surveillance test
operational data for thecPOS being evaluated [see Note records for standby
(N)]. components and from

actual operational data for
the POS being evaluated
[see Note (7)].
LDA-C10 Same ag DA-C10 in Same as DA-C10 in Same as DA-C10 in
ASME/ANS RA-Sa-2009 [1]. ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[1]. [1].
L DA-C11 Same as DA-C11 in ASME/ANS RA-Sa-2009 [1].
LDA-C12 Same as DA-C12 in ASME/ANS RA-Sa-2009 [1].
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Table 3.2.6-2(c) Supporting Requirements for HLR-LDA-C (Cont’d)

Index No. Capability Category | Capability Category I Capability Category IlI
LDA-C
LDA-C13 ESTIMATE the duration of ESTIMATE the duration of the actual time that the

the actual time that the equipment was unavailable for each test and

equipment was unavailable  maintenance activity. Using these duration estimates

for each test and and estimates from LDA-C7, CALCULATE the test and

maintenance activity. Using  maintenance unavailabilities for the LPSD POS. Specia
these duration estimates and  attention should be paid to the case of a multi-plant site
estimates from LDA-C7, with shared systems, when the Technical Specifications
CALCULATE thetestand  (TS) requirements can be different depending'an the
maintenance unavailabilities  status of both plants. Accurate modeling generally leads
for each LPSD POS. Special to a particular allocation of outage data among basic
attention should be paidto  events to take this mode dependence.into account. In the
the case of a multi-plant site  case that reliable estimates of thestart and finish times
with shared systems, when  are not available, INTERVIEW:the plant

the Technical Specifications maintenance and operations personnel to generate

(TS) requirements can be estimates of ranges for the Unavailable time per
different depending on the maintenance act for components, trains, or systems
status of both plants. for which the unavailabilities are significant basic

Accurate modeling generally events [see Note(8)].
leads to a particular
allocation of outage data
among basic events to take
this mode dependence into
account. In the case that
reliable estimates of the start
and finish times of periods of
unavailability are not
available, provide
conservative estimates [see
Note (8)].

LDA-C14 Same as DASC14 in ASME/ANS RA-Sa-2009 [1] [see Note (9)].

ILDA-C15 For each'SSC for which repair is to be modeled (see LSY-A22), IDENTIFY instances
of pldnt:specific or applicable industry experience, and for each repair, COLLECT the
associated repair time on a POS-by-POS basis with the repair time being the period

from identification of the component failure until the component is returned to service

[see Note (10)].

L DA-C16 Same as DA-C16 in ASME/ANS RA-Sa-2009 [1] [see Note (11)].

LDAC17 COLLECT plant-specific evolution timeline data, accounting for POS start time and
duration and test and maintenance configurations for each | PSD evolution (see also

LPOS-C1, C2) [see Note 12].

LDA-C18 PROVIDE a basis for the use of the same generic parameter estimates for groups of

POSs.

LDA-C19 When required, ESTIMATE the number of evolutions per calendar year, accounting for
the specific evolution type (see LPOS-C1).
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NOTES:
(1) Examples of parameter estimates and associated sources include:

(a) component failure rates and probabilities: NUREG/CR-4639 [14], NUREG/CR-4550 [15],
NUREG-1715 [16], and NUREG/CR-6928 [17];

(b) common cause failures: NUREG/CR-5497 [18] and NUREG/CR-6268 [19];

(c) AC off-site power recovery: NUREG/CR-5496 [20], NUREG/CR-5032 [21], and NUREG/CR-

6890 [22];

(2

4

(6
(7

(8

g

~—

~— ~—"

(d) component recovery

See NUREG/CR-6823 [13] for listing of additional data sources.

This may include data from the specific POS and any other POSs in which the equipment

performance would be expected to be similar. Use of the same data in multiple POSs requires

justification. Generally, equipment failure data are no different during shutdown than during

operations. However, several factors are important when considering using normal failure data. The

following factors may affect all parameter estimates, not just equipment failure rates:

(a) Long evolutions with equipment far outside normal operating conditions andest practice can
affect successful performance;

(b) Systems analysis models can account for different test and operating practice during the
evolution.

Parameter estimates may be affected by special configurations (RCS-ahd maintenance) that occur

during LPSD.

Use of the same data in multiple POSs requires justification. €aution is required because changes in

outage practice are occurring. Refueling occurs less often,Qutages are getting shorter, some forced

outages are less frequent, and outage planning is improving. The use of historical data may no longgr

be relevant. The analyst must account for new plans as\well as knowledge of past problems.

Generalized Bayesian methods and expert elicitatioftechnigues may be needed. NUREG/CR-6823

[13] provides some useful “how to” guidance for‘such situations.

The counts may need to be specialized to LPSD*conditions and even to specific shutdown

maintenance conditions. Use of the same data’in multiple POSs requires justification.

The counts may need to be specialized.to)LPSD conditions and even to specific shutdown

maintenance.

The time components configured in.their standby status may need to be specialized to LPSD

conditions and even to specific shutdown maintenance.

The time may need to be spécialized to LPSD conditions and even to specific shutdown

maintenance.

Same as ASME/ANS Standard RA-Sa-2009 [1] except as modified to account for LPSD conditiong.

The times may need.té be specialized to LPSD conditions and even to specific shutdown

maintenance conditions. Note that out of service unavailability data are very different for shutdown

conditions, primarily because:

(a) Equipment unavailabilities are correlated by planned maintenance configurations;

(b) Equipment repair is more a function of outage schedule and outage management than actual time
required completing repair; and

(€)-Outage times may be much longer than nominal full power [i.e., there may be no limiting
condition of operation (LCO), and outage management considerations may defer restoration to

H 4lo lote £ 4 4t H £ | I | L 2l 4 i 4o )
SCTVILL, UTUS, Udld TUI UULAUC LITTTE 15 UTLCTT LU U UdSCU UTT PJUTIVY dlTU UULAyt PDIdUULE T4Alllct tial

past experience (full power data are irrelevant to such cases)].

(10) Note that repair data can be very different for shutdown conditions, primarily because:

(a) Equipment repair is more a function of outage schedule and outage management than actual time
required completing repair;

(b) Outage times may be much longer than nominal full power [i.e., there may be no LCO, and
outage management considerations may defer restoration to service; thus, data for outage time
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can often be based on policy and outage practice rather than past experience (full power data are
irrelevant to such cases)];
(c) Cognizance of outage planning considerations is essential.
(11) Note that other planned maintenance activities can have a major impact on recovery of off-site
power outage, and POS-specific corrections may be required.
(12) Data collection may include the use of expert elicitation, as described in Section 1-4.3 of
ASME/ANS RA-Sa-2009 [1]. Uncertainty information can be developed from timelines of previous
outages combined with expert elicitation. All indications are that such data are very plant-specific
and vary with time, especially in recent years. Data may be collected and assembled differently for
time-averaged CDF or LERF calculations and outage-specific assessments.
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Table 3.2.6-2(d) Supporting Requirements for HLR-LDA-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 obtain plant-
specific parameter estimates. Each parameter estimate shall be accompanied by a characterization of the
uncertainty (HLR-LDA-D).

ndex No. Capability Category | Capability Category 11 Capability Category 111
LDA-D
LDA-D1 ESTIMATE plant-specific ESTIMATE realistic ESTIMATE realistic
parameters for basic parameters for significant parameters based on refevan
events and POSs, basic events and generic and plant-specific
modeling the unique significant POSs based evidence unlgssiit is justifieg
design or operational on relevant generic and that there are adequate plantt
features, if available, or plant-specific evidence specific.data to characterize
use generic information unless it is justified that the parameter value and its
modified as discussed in  there are adequate plant-  uncertainty. When it is
LDA-D2; USE generic specific data to necessary to combine
information for the characterize the parameter~evidence from generic and
remaining events. value and its uncertainty,»  plant-specific data, USE a
When it is necessary.to Bayes update process or
combine evidencefrom equivalent statistical procesq
generic and plant-specific  that assigns appropriate
data, USE a:Bayes update weight to the statistical
process or’equivalent significance of the generic
statistical process that and plant-specific evidence
assigns appropriate weight and provides an appropriate
tQ the statistical characterization of
significance of the generic uncertainty. SELECT prior
and plant-specific distributions as either non-
evidence and provides an  informative or representative
appropriate of variability in industry
characterization of data.
uncertainty. SELECT
prior distributions as
either non-informative or
representative of
variability in industry
data. CALCULATE
parameter estimates for
the remaining events and
POSs using generic
industry data.
LDA-D2 Same as DA-D2 in ASME/ANS RA-Sa-2009 [1].
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Table 3.2.6-2(d) Supporting Requirements for HLR-LDA-D (Cont’d)

Index No. Capability Category | Capability Category I Capability Category IlI
LDA-D
LDA-D3 PROVIDE a PROVIDE a mean value PROVIDE a mean value of
characterization (e.g., of and a statistical and a statistical
gualitative discussion) of  representation of the representation of the
the uncertainty intervals  uncertainty intervals for uncertainty intervals for the
for the estimates of those ~ the parameter estimates parameter estimates.
parameters used for of significant basic Acceptable systematic
estimating the events and significant methods include Bayesian
probabilities of the POSs. Acceptable updating, frequentist
significant basic events systematic methods method, or expert'judgment.
and significant POSs. include Bayesian
updating, frequentist
method, or expert
judgment.
L. DA-D4 Same as DA-D4 in Same as DA-D4 in ASME/ANS RA-Sa-2009 [1] [see
ASME/ANS RA-Sa-2009  Note (1)].
[1] [see Note (1)].
L. DA-D5 Same as DA-D5 in Same as DA-D5 in Same as DA-D5 in
ASME/ANS RA-Sa-2009  ASME/ANS RA<5a-2009  ASME/ANS RA-Sa-2009
[1]. [1]. [1].
L. DA-D6 Same as DA-D6 in Same as DA-D6 in Same as DA-D6 in
ASME/ANS RA-Sa-2009  ASME/ANS RA-Sa-2009  ASME/ANS RA-Sa-2009
[1] [see Note (2)]. [1] [see Note (2)]. [1] [see Note (2)].
LDA-D7 Same as DA-D7 in ASME/ANS RA-Sa-2009 [1].
IL.DA-D8 Same as DA-D8 in Same as DA-D8 in Same as DA-D8 in
ASME/ANS RA-Sa-2009 .. ()ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[1]. [1]. [1].

NPOTES:

(1) NUREG/CR-6823, “Handbodk of Parameter Estimation for Probabilistic Risk Assessment,” [13]
provides guidance.

() Note that equipment common cause failure (CCF) data are a difficult area for LPSD conditions. Maiy
of the underlying causes of CCF can be affected by physical activities during outages, changes in
plant conditionsand outside personnel having access to plant equipment. Full power CCF data may|
be applicable t0:thie POS and maintenance activities during each phase of LPSD. However,
adjustments.are often necessary. Cognizance of the many controls the plant has in place to keep
workers from interacting with the *“protected train” helps ensure that CCF probabilities are realistic.
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Table 3.2.6-2(e) Supporting Requirements for HLR-LDA-E

Documentation of the data analysis shall be consistent with the applicable supporting requirements (HLR-

LDA-E).

Index No.
LDA-E

Capability Category | Capability Category Il Capability Category 111

LDA-E1

Same as DA-E1 in ASME/ANS RA-Sa-2009 [1].

I DA-E2

DOCUMENT the processes used for data parameter definition, grouping, and

collection, including parameter selection and estimation and the inputs, methods, and

results. For example, this documentation typically includes [see Note (1)]:

(a) system and component boundaries used to establish component failure probabilitie

(b) the model used to evaluate each basic event probability

(c) sources for generic parameter estimates

(d) the plant-specific and POS-specific sources of data including those used for POS
durations

(e) the time periods for which plant-specific data were gathergd-and justification of
any censoring of the data for specific LPSD conditions

(f) justification for exclusion of any data

(9) the basis for the estimates of common cause failure probabilities, including
justification for screening or mapping of generic-and plant-specific data

(h) the rationale for any distributions used as ptiors for Bayesian updates, where
applicable

(i) parameter estimation including the characterization of uncertainty, as appropriate

(i) justification for use of full power or.other POS data

(k) the rationale for using generic pafameter estimates for multiple POSs

[72]

I DA-E3

DOCUMENT the sources of modeluncertainty and related assumptions (as identified
in LQU-E1 and LQU-E?) associated with the data analysis.

NOTE:

(1) The documentation requirements ensure there is a record of how the special conditions that exist

during LPSD are accounted for in.the analysis. They provide a picture of the POS-by-POS differenc

£S

in the data and parameter estimation.
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2.7 Quantification (LQU)

The objectives and high level requirements of the Quantification technical element for LPSD conditions

are the same as those identified in [1] and shall be accomplished for each POS or group of POSs. These

requirements apply to the quantification of both Internal Events and all other hazard groups.

3.

T

2.7.1 Objectives

guantification of LERF) based upon the plant-specific core damage scenarios in such a way that:

Ne objectives of the quantification element are to provide an estimate of CDF (and to support the

(a) The results reflect the design, operation, and maintenance of the plant;

(b) Significant contributors to CDF (and LERF) are identified such as POSs (or groups.-of POSs),
initiating events, accident sequences, and basic events (equipment unavailability’and human
failure events);

(c) Dependencies are accounted for;

(d) Uncertainties are understood and appropriately quantified.

Table 3.2.7-1 High Level Requirements for LPSD PRA Quantification (LQU)

Designator Requiretnent

HLR-LQU-A The Level 1 quantification shall quantify'CDF and shall support the
guantification of LERF.

HLR-LQU-B The quantification shall use appropriate models and codes and shall account fof
method-specific limitations and features.

HLR-LQU-C Model quantification shall.determine that all identified dependencies are
addressed appropriately.

HLR-LQU-D The quantification results shall be reviewed, and significant contributors to
CDF (and LERF) such as LPSD evolutions, POSs, initiating events, accident
sequences, andasic events (equipment unavailabilities and human failure
events) shall be identified. The results shall be traceable to the inputs and
assumptions made in the LPSD PRA.

HLR-LQU-E Uncertainties in the LPSD PRA results shall be characterized. Sources of
maodel uncertainty and related assumptions shall be identified, and their
potential impact on the results understood.

HLR-LQU-F Documentation of the quantification shall be consistent with the applicable
supporting requirements.
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Table 3.2.7-2(a) Supporting Requirements for Quantification HLR-LQU-A

The Level 1 quantification shall quantify core damage frequency and shall support the quantification of

LERF (HLR-LQU-A).

Index No. Capability Category | Capability Category Il

LQU-A

Capability Category 111

data, and HRA in the quantification process for each
initiating event group, POS, and LPSD evolution modeled
accounting for system dependencies to arrive at accident
sequence frequencies.

[QU-AT INTEGRATE the acCiuent SEqUeNTES, SYStEMTmodets, — INTEGRATE the accident

sequences, system models|
data, and HRA in the
quantification process for
each initiating event
group, POS;and
represenitative LPSD
evolution accounting for
system dependencies to
arrive at accident sequenc
frequencies.

3%

LQU-A2 Same as QU-A2 in ASME/ANS RA-Sa-2009 [1].

LQU-A3 Same as QU-A3 in Same as QU-A3 in
ASME/ANS RA-Sa-2009 [1]. ASME/ANS RA=Sa-2009
Point estimate CDF [1]. Point estitnate CDF
guantification is to be guantification is to be

performed separately by POS performed-separately by

Same as QU-A3 in
ASME/ANS RA-Sa-2009
[1]. Point estimate CDF
guantification is to be
performed separately by

or groups of POSs and then POS.ar-groups of POSs

POS or groups of POSs

aggreqgated [see Note (1)]. and\.then aggregated [see

and then aggregated

Notes (1) and (2)].

[see Notes (1) and (2)].

LQU-A4 Same as QU-A4 in ASME/ANS RA-Sa-2009 [1].

LQU-A5 Same as QU-A5 in ASME/ANS RA-Sa-2009 [1].

NOTES:
(1) See Appendix 3.A.

example [23].

(4) When the probabilities of a-number of basic events are estimated using the same parameter data, the
probabilities of the everits,will be identical. When an uncertainty analysis is performed using a Monte
Carlo sampling approach, the same sample value is to be used for each basic event probability using
the same parameter since the state of knowledge about the parameter value is the same for each ever
This is called the state of knowledge correlation, and it results in a mean value for the joint
probability that is larger than the product of the mean values of the event probabilities. This result is
most important for cut sets that contain multiple basic events whose probabilities are based on the
same data, particularly when the uncertainty on the parameter value is large. It has been found to be
significant in cut sets contributing to ISLOCA frequency that involve rupture of multiple valves, for

—
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Table 3.2.7-2(b) Supporting Requirements for Quantification HLR-LQU-B

The quantification shall use appropriate models and codes and shall account for method-specific
limitations and features (HLR-LQU-B).

Index No. Capability Category | Capability Category Il Capability Category 111
LQU-B

LQU-B1 Same as QU-B1 in ASME/ANS RA-Sa-2009 [1].

| QU-B2 Same as QU-B2 in ASME/ANS RA-Sa-2009 [1].

| QU-B3 Same as QU-B3 in ASME/ANS RA-Sa-2009 [1].

| QU-B4 Same as QU-B4 in ASME/ANS RA-Sa-2009 [1].

| QU-B5 Same as QU-B5 in ASME/ANS RA-Sa-2009 [1].

| QU-B7 Same as QU-B7 in ASME/ANS RA-Sa-2009 [1].

| QU-B38 Same as QU-B8 in ASME/ANS RA-Sa-2009 [1].

| QU-B9 Same as QU-B9 in ASME/ANS RA-Sa-2009 [1].

[
[
[
[
LQU-B6 Same as QU-B6 in ASME/ANS RA-Sa-2009 [1].
[
[
[
[

| QU-B10 Same as QU-B10 in ASME/ANS RA-Sa-2009 [1].

Table 3.2.7-2(c) Supporting Requirements for Quantification HLR-LQU-C

Model quantification shall determine that all identified dependencies are addressed appropriately (HLR-
LRU-C).

ndex No. Capability Category | Capability Category Il Capability Category 111
| QU-C

| QU-C1 Same as QU-C1 in ASME/ANS RA-Sa-2009 [1].

| QU-C2 Same as QU-C2 in ASME/ANS RA-Sa-2009 [1].

| QU-C3 Same as QU-C3 in ASME/ANS RA-Sa-2009 [1].
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Table 3.2.7-2(d) Supporting Requirements for Quantification HLR-LQU-D

The quantification results shall be reviewed, and significant contributors to CDF (and LERF) such as
LPSD evolutions, POSs, initiating events, accident sequences, and basic events (equipment

unavailabilities and human failure events) shall be identified. The results shall be traceable to the inputs
and assumptions made in the LPSD PRA (HLR-LQU-D).

Index No. Capability Category | Capability Category Il Capability Category 111

[QU-D

LQU-D1 Same as QU-D1 in ASME/ANS RA-Sa-2009 [1].

LQU-D2 Same as QU-D2 in ASME/ANS RA-Sa-2009 [1].

LQU-D3 Same as QU-D3 in ASME/ANS RA-Sa-2009 [1].

LQU-D4 Same as QU-D4 in Same as QU-D4 in ASME/ANS RA-Sa-2009.1].
ASME/ANS RA-Sa-2009
[1]. No requirements to
compare results to those
from similar plants.

LQU-D5 Same as QU-D5 in ASME/ANS RA-Sa-2009 [1].

LQU-D6 IDENTIFY significant IDENTIFY significant contributors to CDF such as LPSD
contributors to CDF such  evolutions, POSs, initiating events, accident sequences,
as LPSD evolutions, equipment failures, common cause failures, and operator
POSs, initiating events, errors. INCLUDESSCs and operator actions that
accident sequences, contribute to initiating event frequencies and event
equipment failures, mitigation.
common cause failures,
and operator errors.

LQU-D7 Same as QU-D7 in ASME/ANS RA-Sa-2009 [1].
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Table 3.2.7-2(e) Supporting Requirements for Quantification HLR-LQU-E

Uncertainties in the LPSD PRA results shall be characterized. Sources of model uncertainty and key
assumptions shall be identified, and their potential impact on the results understood (HLR-LQU-E).

Index No. Capability Category | Capability Category 11 Capability Category 111

LQU-E

LQU-E1 Same as QU-E1 in ASME PRA Standard (ASME/ANS RA-Sa-2009 [1]).

LQU-E2 Same as QU-E2 in ASME/ANS PRA Standard Same as QU-E2 in
(ASME/ANS RA-Sa-2009 [1]). ASME/ANS PRA Standarg

(ASME/ANS RA-8a-2009
[1]).

LQU-E3 ESTIMATE the uncertainty ESTIMATE the uncertainty PROPAGATE.parametef
interval of the CDF results  interval of the CDF results  uncertainties (LDA-D3,
aggregated over all POSs.  aggregated over all POSs. LHR-D&, LHR-G8, LHR}
Provide a basis for the ESTIMATE the K7,and LIE-C15) and
estimate consistent with the uncertainty intervals those ' model uncertaintieg
characterization of associated with parameter.‘explicitly characterized by
parameter uncertainties uncertainties (LDA-D3, a probability distribution
(LPOS-C1, LPOS-C2, LHR-D6, LHR-G8, LHR- using the Monte Carlo
LPOS-C3, LDA-D3, LHR- K7, and LIE-C15)staking approach or other
D6, LHR-G8, and LIE- into account the{*state-of- comparable means.

C15). knowledge” correlation. = PROPAGATE
uncertainties in such a
way that the “state-of-
knowledge” correlation
between event
probabilities is taken intd
account to obtain the
uncertainty interval of the
CDF results aggregated
over all POSs.

LQU-E4 Same as QU-E4in"‘ASME/ANS RA-Sa-2009 [1] [see Note (1)].

NOTE:
(1) For specific applications, key assumptions and parameters are to be examined both individually and
in logical combinatians.
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Table 3.2.7-2(f) Supporting Requirements for Quantification HLR-LQU-F

Documentation of the quantification shall be consistent with the applicable supporting requirements

(HLR-LQU-F).
Index No. Capability Category | Capability Category Il Capability Category IlI
LQU-F
LrQU=Ft Sameas QU-FHMmASMEANS RA=Sa=2069 11T
LQU-F2 DOCUMENT the model integration process including any recovery analysis and the
results of the quantification including uncertainty and sensitivity analyses. For examplg,
documentation typically includes:
(a) records of the process/results when adding non-recovery terms as part, of-the final
quantification
(b) records of the cut set review process
(c) ageneral description of the quantification process including.accounting for systems
successes, the truncation values used, and how recovery ang-post-initiator HFEs arg
applied
(d) the process and results for establishing the truncation‘screening values for final
quantification demonstrating that convergence towards a stable result was achievec
(e) the total plant CDF and contributions from the different LPSD evolutions, POSs,
initiating events, and accident classes
() the accident sequences and their contributing cut sets
(9) equipment or human actions that are the-key factors in causing the accidents to be
non-dominant
(h) the results of all sensitivity studies
(i) the uncertainty distribution faorthe total CDF
(J) importance measure results
(k) a list of mutually exclusive events eliminated from the resulting cut sets and their
bases for elimination
(1) asymmetries in quantitative modeling to provide application users the necessary
understanding regarding why such asymmetries are present in the model
(m) the process used to illustrate that the computer code(s) used to perform the
quantification will yield correct results
UQU-F3 DOCUMENT T the DOCUMENT the significant contributors (such as LPSD
significant contributors evolutions, POSs, initiating events, accident sequences,
(suchtas LPSD evolutions, and basic events) to CDF in the LPSD PRA results
P@Ss, initiating events, summary. DESCRIBE in detail the significant accident
accident sequences, and sequences or functional failure groups.
basic events) to CDF in the
LPSD PRA results
summary.
LQU-F4 Same as QU-F4 in ASME/ANS RA-Sa-2009 [1].
LQU-F5 Same as QU-F5 in ASMEJANS RA-5a-2009 [1].
LQU-F6 Same as QU-F6 in ASME/ANS RA-Sa-2009 [1].
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2.8 LERF Analysis (LLE)

2.8.1 Introduction

Consistent with ASME/ANS RA-Sa-2009 [1], this standard includes technical requirements related to a

limited Level 2 analysis sufficient to evaluate the large early release frequency (LERF). The basic

definition for LERF in this standard is identical to that for full power PRAs in ASME/ANS RA-Sa-2009

|

[1
-

15

ne approach to developing any quantitative LPSD PRA typically uses as its starting point the full\pows

=

in

ternal events PRA model. Some additional analysis elements are needed to perform an LPSD\PRA, as

th

e HLRs and SRs below demonstrate. Some “trimming” of the full power, internal events madel may

al

50 be appropriate to eliminate parts of it not relevant to the LPSD analysis. There are also-unigue

elements that are not covered in a full power PRA, including the initial conditions and’suyccess criteria.

T

ne analysis of the LERF endpoint for LPSD PRAs proceeds in a somewhat different fashion than for fu

power PRAs. The emphasis is more on containment isolation status than on centainment structural failu

e

(allthouqh the latter remains important) since there may be POSs where the-containment has an equipment

ha

tch removed or other large openings to permit maintenance activities. Also, the dissipated decay heat

ddring shutdown results in a reduced source term when compared to full*'power (although the radiologic

i

rimact of the source term decreases at a slower rate that the decay-héat does). Thus, while the definition

of

LEREF is the same as at full power, the determination of “large™includes considerations additional to

th

ose at full power.

T

ne concept of “early” in the definition of LERF is identi€al to that in a full power PRA. In neither case

does it refer to a specific point in time after the initiating event; rather, it refers to the time of release

Cd

mpared to the time required for effective offsitesprotective actions, e.g., evacuation and sheltering.

T

herefore, in determining whether a potential accident sequence falls into the LERF category, it is

ng

cessary to consider the timing of the accident as it develops to the point at which reactor parameters

W

puld trigger evacuation, the time requiredfor evacuation, and the time of the release.

T

ne objectives and HLRs of the LERF analysis for LPSD conditions are the same as those identified in

Al

SME/ANS RA-Sa-2009 [1] and:shall be accomplished for each POS or group of POSs.

T

2.8.2 Objectives

ne objectives of the.LERF analysis technical element are to identify and quantify the contributors to
Fge early releases.based upon the plant-specific core damage scenarios in such a way that:

(a) Thesmethodology is clear and consistent with the Level 1 evaluation and creates an adequate
transition from Level 1;
(), Operator actions, mitigation systems, and phenomena that can alter sequences are appropriately

included in the LERF event tree structure and sequence definition;

(c) Dependencies are reflected in the accident sequence model structure, if necessary;

(d) Success criteria are available to support the individual function successes, mission times, and
time windows for operator actions and equipment recovery for each critical safety function
modeled in the accident sequences;

(e) End states are clearly defined to be LERF or non-LERF.
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NOTE: In a number of cases, the LERF supporting requirements include reference to applicable
requirements in other sections of the standard, e.g., for LAS, LSC, LSY, LHR, LDA, and LQU. The
requirements in other sections of this standard were primarily written in the context of CDF. Where
applicable to LERF, these requirements are to be interpreted in the context of LERF. New requirements
that are only applicable to LERF are identified in this section.

Table 3.2.8-1 High Level Requirements for LERF Analysis (HLR-LLE)

Designator Requirement

HLR-LLE-A Core damage sequences shall be grouped into plant damage states based.on
their accident progression attributes.

HLR-LLE-B The accident progression analyses shall include an evaluation of thé
contributors (e.g., phenomena, equipment failures, human actions)to a large
early release.

HLR-LLE-C The accident progression analysis shall include identification of those
sequences that would result in a large early release.

HLR-LLE-D The accident progression analyses shall include an evaluation of the
containment structural capability for those containment challenges that would
result in a large early release.

HLR-LLE-E The frequency of different containment failute modes leading to a large early
release shall be quantified and aggregated:

HLR-LLE-F The quantification results shall be reviewed, and significant contributors to
LERF such as plant damage states, .containment challenges, and failure modes
shall be identified. Sources of model uncertainty and related assumptions shall
be identified, and their potential-impact on the results understood.

HLR-LLE-G The documentation of the LERF analysis shall be consistent with the

applicable supporting requirements.

pme requirements below reference ASMEJ/ANS RA-Sa-2009 [1], which includes references to

JUREG/CR-6595. This reference has beeh updated as NUREG/CR-6595, Rev. 1, “An Approach for

m|Z |\

btimating the Frequencies of Various Containment Failure Modes and Bypass Events,” October 2004

=
DD

4], which is the applicable reference for this section.
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Table 3.2.8-2(a) Supporting Requirements for HLR-LLE-A

Core damage sequences shall be grouped into plant damage states based on their accident progression
attributes (HLR-LLE-A).

Index No. Capability Category | Capability Category 11 Capability Category 111
LLE-A
LLE-Al IDENTIFY those physical characteristics at the time of core damage that can influence

LERF. Examples include

(a) RCS pressure (high RCS pressure can result in high-pressure melt ejection)

(b) status of emergency core coolant systems (failure in injection can result in adry
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)

(9) status of containment inerting (BWRS)

(h) time after shutdown

(i) POS before and after refueling

(1) applicability of emergency response plans and proeedures vs. POS to determine the
potential for evacuation or other protective actions

[See Note (1)]

ULE-A2 Same as LE-A2 in ASME/ANS RA-Sa-2009-[1].
ULE-A3 Same as LE-A3 in ASME/ANS RA-Sa;2009 [1].
ULE-A4 Same as LE-A4 in ASME/ANS RA-8a-2009 [1].
LLE-A5 Same as LE-A5 in ASME/ANS RA+-Sa-2009 [1].
NOTE:

(1) Some examples may not apply to all POSs; e.q., high RCS pressure is not possible with the reactor
vented, the containment may be open-at the time of core damage, etc.

110


https://asmenormdoc.com/api2/?name=ANS ASME-58.22 2014.pdf

ANS/ASME-58.22-2014

Table 3.2.8-2(b) Supporting Requirements for HLR-LLE-B

The accident progression analysis shall include an evaluation of the contributors (e.g., phenomena,
equipment failures, human actions) to a large early release (HLR-LLE-B).

Index No. Capability Category | Capability Category Il Capability Category 111
LLE-B
R+ IDENTIEY LERE IDENTIEY LERE INCLUDE | ERE
contributors from the set contributors from the set  contributors sufficient tq
identified in Table 3.2.8-3.  identified in Table 3.2.8-3. support development of
An acceptable approach INCLUDE, as appropriate, realistic accident
for identifying unique plant issues as progression sequences.
contributors that could determined by expert ADDRESS thase
influence LERF for the judgment and/or contributorsidentified by
various containment types engineering analyses [see IDCOR ‘and NUREG-1150
is contained in Note (1)]. [25] and those in Table
NUREG/CR-6595 [24]. 3.2.8-3.
INCLUDE, as appropriate, INCLUDE, as appropriate,
unique plant issues as unique plant issues as
determined by expert determined by expert
judgment and/or judgment and/or
engineering analyses [see engineering analyses [see
Note (1)]. Note (1)].
| | E-B2 Same as LE-B2 in Same as LE-B2 in Same as LE-B2 in
ASME/ANS RA-Sa-2009  ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[1]. [1]: [1].
| | E-B3 Same as LE-B3 in ASME/ANS'RA-Sa-2009 [1].
NOTE:
(1) Note that some of the potential LERF contributors in Table 3.2.8-3 will not contribute to a specific
POS if the physical conditiens-of the POS or the POS’s time evolution do not permit the relevant
condition to occur.
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Table 3.2.8-2(c) Supporting Requirements for HLR-LLE-C

The accident progression analysis shall include identification of those sequences that would result in a
large early release (HLR-LLE-C).

Index No. Capability Category | Capability Category Il Capability Category IlI

LLE-C

HE-C% SameastE=C+in DEVEEOP-accident DEVEEOP-accident

ASME/ANS RA-Sa-2009  sequences to a level of sequences to a level of
[1]. detail to account for the detail to account forthe

potential contributors potential contributors
identified in LLE-B1 and identified in LLE-B1 and
analyzed in LLE-B2. analyzed in/LLE-B2.
COMPARE the COMPARE the
containment challenges containment challenges
analyzed in LLE-B with  anmalyzed in LLE-B with
the containment the containment
structural capability structural capability
analyzed in LLE-D and analyzed in LLE-D and
identify accident identify accident
progressions that have the progressions that have
potential for large early the potential for large
release. JUSTIEY any early release.
generic o plant-specific CALCULATE plant-
calculations used to specific source terms for
evaluate source terms for  accident progressions
accident progressions that that have the potential
have the potential for for large early releases.
large early release.

| | E-Cla No requirement. IDENTIFY LER sequences from the results of the
accident progression analysis and source term
analysis of HLR LLE-C1 by comparing the sequence
source terms with release fractions chosen to define
LER. JUSTIFY the release fractions chosen to define
LER. The criteria in Appendix A of NUREG/CR-
6595, Rev. 1 [24] for LER provide an acceptable basig
during transition from full power operation to
shutdown operation. For shutdown operation,
ACCOUNT FOR the impact of radionuclide decay on
the potential source term. For transition from
shutdown operation to full power operation,
ANALYZE for core changes during the outage.
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Table 3.2.8-2(c) Supporting Requirements HLR-LLE-C (Cont’d)

Index No. Capability Category | Capability Category Il Capability Category 111
LLE-C
LLE-C1b SCREEN OUT accident sequences that cannot result in a large early release based on
one of the following criteria;
Criterion 1: The available radionuclide inventory can be demonstrated to be insufficient
to result In a large early release tor the scenario analyzed.
Criterion 2: The time available for protective actions (e.g., evacuation and sheltering)
before release to the environment in the scenario analyzed can be demonstrated'to be
sufficient to allow effective protective actions to be carried out [see Note (1)].
| LE-C2 Same as LE-C2 in Same as LE-C2 in ASME/ANS RA-Sa-20091].
ASME/ANS RA-Sa-2009
[1].
| LE-C3 Same as LE-C3 in REVIEW significant accident progression sequences
ASME/ANS RA-Sa-2009  resulting in a large early releaseg_to determine if repair of
[1]. No requirement to equipment can be creditedsJUSTIFY credit given for
address repair. repair [i.e., ensure that plant conditions do not preclude
repair failure probability (see LSY-A24, LDA-C15, and
LDA-D8)]. AC power recovery based on generic data
applicable to the plant is acceptable.
| | E-C4 Same as LE-C4 in Same as LE-€4 in Same as LE-C4 in
ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[1]. [1]. [1].
| |E-C5 Same as LE-C5 in Same as LE-C5 in Same as LE-C5 in
ASME/ANS RA-Sa-2009 . CASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[1]. [1]. [1].
| | E-C6 Same as LE-C6 in ASME/ANS RA-Sa-2009 [1].
| L E-C7 Same as LE-CZ in ASME/ANS RA-Sa-2009 [1].
| | E-C8 Same as LE-E8 in ASME/ANS RA-Sa-2009 [1].
| LE-C9 Same,as.LE-C9 in ASME/ANS RA-Sa-2009 [1].
| LE-C10 Same’as LE-C10 in Same as LE-C10 in Same as LE-C10 in
ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[1]. [1]. [1].
| LE-C<1 Same as LE-C11 in Same as LE-C11 in ASME/ANS RA-Sa-2009 [1].
ASME/ANS RA-Sa-2009
[1].
LLE-C12 Same as LE-C12 in Same as LE-C12 in Same as LE-C12 in
ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[1]. No requirement. [1]. [1].
LLE-C13 Same as LE-C13 in Same as LE-C13 in ASME/ANS RA-Sa-2009 [1].
ASME/ANS RA-Sa-2009
[1].
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(1) These screening criteria may be applied to individual core damage sequences as well as entire plant

damage states (PDSs) or POSs provided the criteria can be shown to apply to the entire PDS or POS.

This requirement is related to and builds on LLE-C1.

Table 3.2.8-2(d) Supporting Requirements for HLR-LLE-D

The-accident prngmccinn qnnl\llcnc shall include an evaluation of the containment structural r‘qr\qhility fo
those containment challenges that would result in a large early release (HLR-LLE-D).

ASME/ANS RA-52-2009
[1]

ASME/ANS RA-5a-2009
[1]

ndex No. Capability Category | Capability Category Il Capability Category 111

| LE-D

| LE-D1 Same as LE-D1 in Same as LE-D1 in Same as LE<D? in
ASME/ANS RA-Sa-2009  ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[1] [see Note (1)]. [1] [see Note (1)]. [1] [see-Note (1)].

| LE-D2 Same as LE-D1 in Same as LE-D1 in Same-as LE-D1 in
ASME/ANS RA-Sa-2009  ASME/ANS RA-Sa-2009 ~ASME/ANS RA-Sa-2009
[1] [see Note (1)]. [1] [see Note (1)]. [1] [see Note (1)].

| LE-D3 Same as LE-D1in Same as LE-D1in Same as LE-D1 in
ASME/ANS RA-Sa-2009  ASME/ANS RA-5a<2009 ASME/ANS RA-Sa-2009
[1] [see Notes (1) and (3)].  [1] [see Notes (L) and (3)]. [1] [see Notes (1) and (3)].

| |LE-D4 Same as LE-D1in Same as LE<D1 in Same as LE-D1 in
ASME/ANS RA-Sa-2009  ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[1]. [1]. [1].

| LE-D5 Same as LE-D1 in Same as LE-D1 in Same as LE-D1 in
ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[1]. [1]. [1].

| LE-D6 Same as LE-D1 in Same as LE-D1 in Same as LE-D1 in

ASME/ANS RA-5a-2009
[1]
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Table 3.2.8-2(d) Supporting Requirements for HLR-LLE-D (Cont’d)

Index No. Capability Category | Capability Category Il Capability Category 111
LLE-D
LLE-D7 PERFORM containment PERFORM containment PERFORM containment
isolation analysis in a isolation analysis in a isolation analysis in a
conservative manner. realistic manner for the realistic manner. INCLUDE
INCEUDE tonsideratiomof—sigmificantaccident—considerationm of operator ]
operator actions required to  progression sequences actions required to establis]
establish containment resulting in a large early  containment closure-ana
closure and time available  release. USE conservative time available andtime
and time required for or a combination of required for closure
closure, and of both the conservative or realistic  considering4hge’time
failure of containment treatment for the non- evacuatien is declared and
isolation systems to perform significant accident the time-of RCS boiling,
properly, and the status of ~ progression sequences and-of-both the failure of
safety systems that do not  resulting in a large early containment isolation
have automatic isolation release. INCLUDE systems to perform
[see Notes (4) and (5)]. consideration of operatar '~ properly, and the status of
actions required to safety systems that do not
establish containment have automatic isolation
closure and timé€available [see Notes (4) and (5)].
and time required for
closure considering the
time evacuation is declared
and the'time of RCS
bailing, and of both the
failure of containment
isolation systems to
perform properly, and the
status of safety systems
that do not have automatic
isolation [see Notes (4) and
®)1.
NPOTES:
(1) The containment-may be open or have a reduced pressure capability during shutdown. The calculation
of containment capacity will be associated with the capacity of temporary closures for certain POSs,
(4) Not used:
(3) Containment failures below ground level may not be a large early release even if the timing is early.
Such'failures may arise as a result of failures in the basemat region.
(4) “Fhis requirement is the same as LE-D7 in ASME/ANS RA-Sa-2009 [1] except for the addition of the

need 10 consider operator action and closure time Tor containment status during shutdown POUSS.

(5) The closure time following RCS boiling with an open RCS may depend on environmental impacts

such as fog, noise, humidity, temperature, and radiation or on the presence of obstructions in the way

of the closure path.
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Table 3.2.8-2(e) Supporting Requirements for HLR-LLE-E

The frequency of different containment failure modes leading to a large early release shall be quantified
and aggregated (HLR-LLE-E).

Index No. Capability Category | Capability Category 11 Capability Category 111
LLE-E
LLE-E1 Same as LE-E1 in ASME/ANS RA-Sa-2009 [1].
LLE-E2 Same as LE-E2 in Same as LE-E2 in Same as LE-E2 in
ASME/ANS RA-Sa- ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009.[1]].
2009 [1]. [1].
LLE-E3 Same as LE-E3 in INCLUDE as LERF Same as LE-E3 in
ASME/ANS RA-Sa- contributors potential large  ASME/ANS RA-Sa-2009 [1]].
2009 [1]. early release (LER)
sequences identified from
the results of the accident
progression analysis of
LLE-C except those LER
sequences justified as non-
LERF contributors in
LLE-Claand LLE-Clb.
LLE-E4 QUANTIFY LERF in a manner consistent with(the applicable requirements in Tables 8-
2.7-2(a), 3-2.7-2(b), and 3-2.7-2(c) except now for LERF.
Table 3.2.8-2(f) Supporting Requirements for HLR-LLE-F
The quantification results shall be reviewed, and significant contributors to LERF such as plant damage

stptes, containment challenges, and failure modes-shall be identified. Sources of model uncertainty and

reflated assumptions shall be identified, and their potential impact on the results understood (HLR-LLE-

FL

Ihdex No. Capability Category | Capability Category 11 Capability Category 111

ULE-F

ULE-F1 Same as LE-F1in PERFORM a quantitative evaluation of the relative
ASME/ANS'RA-Sa-2009 contribution to LERF from plant damage states and
[1]. significant LERF contributors from Table 3.2.8-3.

LULE-F2 Same’as LE-F2 in ASME/ANS RA-Sa-2009 [1].

ULE-F3 IDENTIFY and CHARACTERIZE the LERF sources of model uncertainty and related

assumptions in a manner consistent with the applicable requirements of Tables 3-2.7-
2(d) and 3-2.7-2(e) except now for LERF.
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Table 3.2.8-2(g) Supporting Requirements for HLR-LLE-G

The documentation of the LERF analysis shall be consistent with the applicable supporting requirements

(HLR-LLE-G).

Index No. Capability Category | Capability Category Il Capability Category 111
LLE-G

tEE=-Gt Sameas tE=G M ASMEANS RA=Sa=2609111:

ULE-G2 Same as LE-G2 in ASME/ANS RA-Sa-2009 [1].

ULE-G3 Same as LE-G3 in ASME/ANS RA-Sa-2009 [1].

ULE-G4 Same as LE-G4 in ASME/ANS RA-Sa-2009 [1].

ULE-G5 Same as LE-G5 in ASME/ANS RA-Sa-2009 [1].

LLE-G6 Same as LE-G6 in ASME/ANS RA-Sa-2009 [1].

LULE-G7 DOCUMENT the screened-out core damage sequences, plant.damage states, and POSs

and include the technical justification.
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8T1

Containment Design

Large Dry &
Contributor Subatmospheric Ice Condenser BWR Mark I BWR"Mark 11 BWR Mark 111
Containment isolation ffailure X X X X X [see Note (1)]
Containment Bypass
() ISLOCA X X X X X
(b) SGTR X X
(c) Induced SGTR X X
(d) Induced ISLOCA X X . X X
(e) Isolation condenser tube X (if applicable) x (if applicable)
rupture
Energetic containment|failures
(a) HPME X X X X X
(b) Hydrogen combustjon X X [see Note (2)] X [see Note (2)] X
RPV vertical displacement due to X X
blowdown forces [see Note (3)]
Core debris impingemgnt [see X X X
Note (4)]
Steam explosion [see Note (5)] X X X X X
Shell melt-through x (if applicable) x (if applicable)
Pressure suppression blypass [see X X X X
Note (6)]
RPV and/or containment venting x (if applicable) x (if applicable) X X X
Vacuum breaker failurp X X X
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61T

ont’d)

Containment Design

Contributor

Large Dry &

Subatmospheric Ice Condenser BWR Mark I BWRIMark 11

BWR Mark 111

Hydrodynamic loads u
accident conditions

nder severe X X

X

Over-pressure failure ¢
increases in quasi-std
(i.e., steam and non-
gas content) combing
increased atmospher
temperature

ue to X X X
tic pressure

condensable

pd with

a]

Mechanical and electri
penetration failure

cal X X

Leakage at hatches (in
leakage past degrade

tludes
d seals)

GENERAL NOTE: C

NOTES:
(1) Drywell (DW) iso
(2) Combustion withi
(3) This failure mode
and attached pipin
(4) Refers to direct cg
(5) Steam explosion g
(6) Ice bed bypass for

bmbinations of contributors are to also be considered where appropriate.

ation failure.

n the containment might be preeluded during at-power operation when the primary containment is iner,
is caused by the upward reaction forces accompanying RPV lower head failure at high pressure. Displ
0 can cause damage topiping penetrations and other containment structures.

ntact between molten.core debris and a thin-walled (steel) containment shell.

hallenges are generally of low probability.

ice condensers’(PWRs) and suppression pool bypass for BWRs.

ted.
hcement of the RPV
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3.3 Peer Review for Internal Events LPSD PRA

3.3.1 Purpose
This section provides requirements for peer review of a Level 1 and LERF Internal Events LPSD PRA.

NEI-00-02 [26] provides an example of an acceptable review methodology for full power conditions.
However, the differences between the SRs of the Technical Requirements section of each respective
sqction of this Standard andthe Supporting TeqUITEMENtS of Appendix B of NET=00-02shattbe evatuatad.
This evaluation shall be documented.

NEI-05-04 [27] provides another example of an acceptable review methodology. NEI-05-04references
the Technical Requirements of Part 2 of [1].

3.3.2 Peer Review Team Composition and Personnel Qualifications

IN addition to the general requirements in Section 1.6, the peer-review team shall have combingd
experience in the areas of systems engineering, plant operations, fault and.event tree modeling, thernfal
hydraulic analysis, data analysis, HRA, and severe accident phenomenology. The team members assigngd
tg review the HRA and LERF Analysis shall have experience specific.to these areas and be capable pf
recognizing the impact of plant-specific features on the analysis.

3.3.3 Review of PRA Elements to Confirm the Methodology
3{3.3.1 Initiating Event Analysis (LIE)

The entire initiating event analysis shall be reviewed.

3/3.3.2 Accident Sequence Analysis (LAS)

A review shall be performed on sélected accident sequences. The portion of the accident sequences
sglected for review typically includes:

(a) accident sequence model for a loss of RHR cooling while at reduced inventory;
(b) the accident sequence model containing LOOP/Station Blackout considerations;
(c) accident sequence model for a loss of a support system initiating event;

(d) LOCA accident sequence model, especially for human-induced LOCAs;

(e) ISLOCAvaccident sequence model;

(f) the SGTR accident sequence model (for PWRs only);

(9) reactivity insertions accident sequence model;

(h)..celd overpressure-induced accident sequence model.

313.3.3 Success Criteria (1SC)

A review shall be performed on success criteria definitions and evaluations. The portion of the success
criteria selected for review typically includes:

(a) the definition of core damage used in the success criteria evaluations and the supporting bases;

(b) the conditions corresponding to a safe, stable state;
(c) the core and containment response conditions used in defining LERF and supporting bases;
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(d) the core and containment system success criteria used in the LPSD PRA for mitigating each
modeled initiating event;

(e) the generic bases (including assumptions) used to establish the success criteria of systems
credited in the LPSD PRA and the applicability to the modeled plant for each POS;

() the plant-specific bases (including assumptions) used to establish the system success criteria of
systems for each POS credited in the LPSD PRA,;

(9) calculations performed specifically for the LPSD PRA for each computer code used to establish
core cooling or decay heat remaoval success criteria and accident sequence timing;

Al

Al

Sq

3.3.4 Systems Analysis (LSY)

typically includes a sample of the systems where failure contributes to significant sequences (CDF or
LERF), including:

3.3.5 Human Reliability Analysis (LHR)

view typically includes a sample ofthe human failure events whose failure contributes to significant
quences (CDF or LERF), including:

1°2J

(h) calculations performed specifically for the LPSD PRA for each computer code used to establigh
support system success criteria (e.g., a room heat-up calculation used to establish room¢cooling
requirements or a load shedding evaluation used to determine battery life during an SBO);

(i) expert judgments used in establishing success criteria used in the LPSD PRA.

review shall be performed on the systems analysis. The portion of system modélsselected for review

(a) different models reflecting different levels of analysis detail,

(b) front-line system for each mitigating function (e.g., reactivity control, coolant injection, and
decay heat removal);

(c) each major type of support system (e.g., electrical power, cooling water, instrument air, and
HVAC);

(d) complex systems with variable success criteria (&-g., a cooling water system requiring different
numbers of pumps for success dependent upon-whether non-safety loads are isolated).

review shall be performed on the humatyrreliability analysis. The portion of the HRA selected for

(a) the selection and implementation of any screening HEPs used in the PRA;

(b) post-accident HEES and associated HEPs;

(c) pre-initiator HFEs and associated HEPs for both instrumentation miscalibration and failure of
equipment;

(d) at-initiatorshuman failure events and associated HEPS;

(e) HEPsfarthe same function but under the influence of different PSFs, including for different
POSSs;

(f) HEPs for dependent human actions, including dependencies of multiple HEPs in the same
sequence;

(g) HEPs less than 1 x 10™;

(h) HFEs and associated HEPs involving remote actions in harsh environments;
(i) the selection and identification of the HFEs associated with the HEPs for the above review topics.
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3.3.3.6 Data Analysis (LDA)

A review shall be performed on the data analysis. The portion of the data analysis selected for review
typically includes:

(a) data values and associated component boundary definitions for component failure modes

(including those with high importance values) contributing to the CDF or LERF calculated in the
1L PSD PRA:

fa

3

T

T

T

3.3.7 Quantification (LQU)

pvel 1 quantification results shall be reviewed. The portion of the Level | quantification process selecte
r review typically includes:

3.3.8 LERF Analysis (LLE)
ne LERF analysis and the Level I/LLERF interface process shall be reviewed.

ne portion of Level 1 and LERF-interface process selected for a detailed review typically includes:

ne portiorrof the LERF analysis selected for review typically includes:

(b) common cause failure values;

(c) the numerator and denominator for one data value for each major failure mode (e.g., failureto
start, failure to run, and test and maintenance unavailabilities);

(d) equipment repair and recovery data;

(e) the influence of POS on all of the above.

(a) appropriateness of the computer codes used in the quantification;

(b) the truncation values and process to quantify each POS and<@ggreqgate;
(c) the recovery analysis;

(d) model asymmetries and sensitivity studies;

(e) the process for generating modules (if used);

() logic flags (if used);

(9) the solution of logic loops (if appropriate);

(h) the summary and interpretation of results

(a) accident characteristics chosen for carryover to LERF analysis (and for binning of PDSs if PDS
methods were USed);

(b) interface meehanism used,

(c) CDF carryover.

(a)ythe LERF analysis method,;
(b) demonstration that the phenomena that impact radionuclide release characterization of LERF

have been appropriately considered for each POS;

(c) human action and system success considering adverse conditions that would exist following core
damage;

(d) the sequence mapping;

(e) evaluation of containment performance under severe accident conditions including conditions
when the equipment hatch is initially removed or partially bolted;

(f) the definition and bases for LERF;
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(9) inclusion in the containment event tree of the function events necessary to achieve a safe stable
containment end state;

(h) sensitivity analysis;

(i) the containment response calculations performed specifically for the LPSD PRA, for the
significant sequences and plant damage states (if PDS methods are used), and for each POS.

3.3.3.9 POS Analysis (LPOS)

Al

review shall be performed on the POS analysis. The portion of the POS analysis selected for review

ty

ically includes a review of the structured, systematic process to identify and define POSs and‘@

dg

=

tailed review of a sample of POSs that contribute to significant sequences (CDF or LERF)~The reviey

wpuld include:

(a) areview of the plant evolutions selected:;

(b) the attributes used to define the set of POSs;

(c) the set of POSs and their attributes for each selected plant evolution, including decay heat levels,
frequencies, and durations;

(d) the process of screening out and grouping POSs for analysis;

(e) areview to determine if the set of POSs supports the analysis of. all hazard groups and that the
POS grouping schemes do not mask significant contributors.
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Appendix 3.A (Non-Mandatory) Risk Metric Calculation
Methodology

3.A.1 Purpose

The purpose of this appendix is to describe a method that can be used to determine the combined risk
p .
cdn be applied when the risk from each POS is expressed using the same risk metric. The risk metric.mal
far example, be time-averaged core damage frequency or time-averaged large early release frequency.
Here the time-averaged frequencies must account for the average fraction of time spent in eachPOS and
fgr some demand-based initiators, also account for the frequency per year at which such POSs are
entered. There is not one “average” LPSD evolution. Rather, an average LPSD evolution/ef-each LPSD
eyolution type is one whose POS durations in a reactor year are consistent with the data from plant
operation over many years from all LPSD evolutions of that same type. LPSD evolution types are
described in Part 2 and non-mandatory Appendix 2.A.

In assessing risk from full power operation, Reference [1] defines a year variously to mean a “reactor
year” (i.e., a calendar year in the operating life of one reactor regardless of power level, which can be
thiought of as an average year with respect to the plant availability) or @reactor operating state year” (i.¢.
an equivalent calendar year of operation assuming the plant is always in a particular POS). This standarg
requires the calculation of initiating event frequencies on a “per_talendar year” basis for use in computin
the time-averaged CDF or LERF (see Table 3.2.1-4) consistent with [1].

For full power PRAs, this distinction (between reactor.year, which was defined equivalently to a calendd
year in [1], and reactor operating state year) is not always made since the plant is typically operating for
lakge fraction of a year. However, for conformange,with Supporting Requirement LIE-C5 in [1], the pIaJ
availability factor must be included, even for at=power conditions. The resulting CDF is an unconditiona]l
CPF for a calendar year in the sense that it ¢an be added to the unconditional CDF for each of the other
POSs to obtain the total CDF for the plant;summed over all POSs for all LPSD evolution types.

This appendix discusses the use aof risk metrics to represent risk specifically when multiple POSs are
involved, as is the case with LPSDevolutions. It is important to clearly distinguish the units of risk
metrics since POSs can have-short durations. Thus, the CDF for a “calendar year” and the CDF for a
eactor-operating-state-year” (i.e., one year with the plant conditions meeting the definition of the POS
Il be quite different.(The implications of this are illustrated in the following section using CDF as the
ample risk metricihowever, the concepts apply equally to LERF or any other risk metric.

(‘DE_‘:

— D =
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3.A.2 Terms Used in Describing Risk Profiles

Figure 3.A-1 illustrates an example risk profile for CDF for at-power conditions.

Refueling Outage ~ Unplanned Shutdown Refueling Outage , Refueling Outage

Cpre Damage
Frequency I \
(der-year) Annual average at-power CDF, Annual average CDF while at-power,
per at-poweryear, or

per reactor-critical-year, or

per reactor operating state year \\

percalendaryear

Time in Years =>
Throughout this section we refer to CDF as the risk measure, although the diseussion is equally valid for
byt the insights illustrated are applicable to BWRs.

Dpring any calendar year, there can be plant outages in which theplant is shutdown and therefore not
cantributing to at-power risk. These outages generally fall into-two categories, planned refueling outages
and unplanned outages. In Figure 3.A-1, three regularly schéduled refueling outages are shown within a fo
cdlendar-year period. Also illustrated is a single unplanned-shutdown that could occur at any time, but for

canditions, CDF is averaged over the entire perioddhat the reactor is at-power (not just over one specific
yaar or the four years illustrated, but rather over-all the years for which data is available). The CDF shown

by the horizontal part of the solid line in Figure-3.A-1 is also referred to as CDF per at-power year, CDF pgr

ctor critical year, or CDF per reactor operating state year.

The risk while at-power is shown as-the horizontal line. For this initial discussion, we neglect for now the

fact that this risk also varies as eguipment is taken out of service while the plant is at-power. As a result, it
shown as a constant value for-the periods while the plant is at-power. Of course, the at-power risk drops to
zqro during plant shutdowns. The proportion of the CDF from both at-power and shutdown periods can be
averaged to give the annutial’average CDF per calendar year from at-power conditions only, as represented

by the dashed line in‘Figure 3.A-1. This can be conceptually achieved by scaling down the annual average
CPF while at-power:by the proportion of the calendar year that the plant is actually at-power, on average,

.., by excluding'the periods that the reactor is shutdown.

practiees.an indirect method is used to accomplish the above. Time-averaged at-power CDF models first
determine the average frequency per calendar year for each initiating event and, these initiating event
frequencies are then used directly in evaluating the core damage sequence frequencies for at-power

layge early release frequency or alternative risk measures. The examples shewn in this section are for PWR

is illustration takes place only in the first of the four.years shown. For time-averaged CDF during at-powgr

w

IS

conditions. The sequence frequencies are then totaled to give the annual average CDF per calendar year.
Please refer to the footnote to Table 2.2.1-4(c) of reference [1] for a discussion of the approach for different
types of initiating events. Once the annual average, at-power CDF per calendar-year (i.e., the dashed line) is
known, the annual average CDF while at-power, as represented by the solid horizontal line in Figure 3.A-
1, can be easily computed by dividing the dashed line frequency by the fraction of time the reactor is, on
average, at-power.
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For annual average at-power CDF per calendar year, the models generally consider a single POS that
corresponds to the nominal conditions for the reactor at-power. The CDFs from periods of time when the
reactor is shutdown are excluded. Test and maintenance conditions that are allowed at-power are averaged
over time for the single POS by assuming they may occur randomly at any time at-power, although some
models do link together planned maintenance and test events, such as when a rolling maintenance schedule
is regularly implemented. Only one annual averaged CDF is evaluated for this single POS and is applicable
whenever the reactor is at-power.

Figure 3.A-2 illustrates an example time-varying risk profile for CDF for one week while at-power.

| | Time-dependent CDF

Cpre Damage N
"
Frequency .
(ger-year) Zero-Maintengnoe CDF
0 1 2 3 4 5 6 7

Time in Days ==>
Figure 3.A-2 Time-Dependent CBF profile for At-Power

r this profile, specific maintenance and test events are evaluated as they occur on the timeline rather thar
ogcurring probabilistically throughout the period;-as in Figure 3.A-1. We see that planned maintenance
ogcurs in the first part of the week, but that allequipment is restored to service by day four. The events use
in[the time-averaged model to represent.the probabilistic occurrence of maintenance and test alignments ar
oved from the evaluation. Such calculations are performed to support configuration risk management.
S¢parate CDF evaluations are performed for each set of plant conditions of specific equipment alignments
and equipment outage maintenance and tests. We refer to the different states of planned maintenance and
tepts in this standard as plantconfigurations. Each plant configuration represents the same plant conditions
that define the at-power ROS(e.g., RCS conditions, success criteria) but differ in that specific equipment
aljgnments and equipment outages are evaluated as they occur in time, thereby defining a new plant
cqnfiguration. A separate CDF evaluation is performed for each plant configuration resulting in the time-
dapendent staircase-plot of CDF shown. If the plant configuration includes no test or maintenance
cqnditions, thenyits associated CDF is expected to be lower than the solid line shown in Figure 3.A-1 since
ing equipment out of service for test or maintenance generally increases the CDF. Such a plot is often
cqlled the.time-dependent CDF for the period of time evaluated. It is also sometimes called the
tartaneous CDF, but we avoid that term in this standard.

[®N

D

Since the time-dependent profile in Figure 3.A-2 is for at-power risk, the time-dependent CDF would drop
to zero during outages. If the time-dependent CDF for at-power conditions is averaged over one year, the
result is said to be the average at-power CDF for that year only. If several such plots are averaged over
many years, the end result is expected to approximate the annual average at-power CDF per calendar year
shown as the dashed line in Figure 3.A-1.
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Now consider the evaluation of CDF for the conditions during shutdown. Figure 3.A-3 illustrates the POS-
dependent average CDF for a typical refueling shutdown that starts when the reactor is tripped and ends
with a restoration to power after 35 days. Early and later periods at mid-loop operation, which have

rel
co

atively high risk, are separated by many days of low risk during refueling operations while at flooded up
nditions and many days at very low risk when the entire core is offloaded to the spent fuel pool.

|_' Early Midloop

Flequency
[pRr-year)

ad

0
da
da

de
th
fi

re Damage

ich break in the staircase plot of Figure 3.A-3 corresponds.taran average CDF estimate for a different
DS, where all POSs together represent the entire refuelingsplant evolution. A single average CDF is

efffectively, the conditions within a POS are assumed constant. The duration of each POS is also the averag

outage shown in Figure 3.A-3 together present a CDF time-profile, we avoid calling this plot the time-

_— POSdependent average COF Late Midloop

Maintenancewhile Defueled |

v v L[]

0 5 10 15 20 25 30 35
Refueling Outage Time in Days s===+

Figure 3.A-3 COF per POS year for Average Refueling Evolution

mputed for each POS, just as the solid curve in Figure:3.A-1 is for the single at-power POS. The plot in
gure 3.A-3 is again a time-averaged CDF in the sense that unplanned equipment tests and maintenance
tivities permitted within each POS are probabilistically averaged over each individual POS; i.e.,

[©)

er the historical data for similar refuelingtoutage conditions for that POS. For shutdown, the different cofe
mage frequencies are referred to as thetime-averaged CDF per POS vyear, i.e., the probability of core
mage if the POS duration lasted a.full'year. While the time-averaged CDF of all POSs for the refueling

pendent CDF for the refuelingjoutage because it only consists of the average CDF of each POS and not
e CDF of individual plant eohfigurations within each PQOS, i.e., where the time-dependent profile is more
nely divided.

D

Ne time-averaged.core damage probability for the entire refueling outage can be obtained by weighting th
DS-dependent CDF evaluated for a POS year by the average duration of each POS and summing over all
DSs in the_refueling outage. This sum yields the average core damage probability per refueling outage. T

1=

tain theleontribution of plant refueling evolutions to time-averaged CDF per calendar year, we then only

at-power POS to time-averaged CDF per calendar year.

The contributions to time-averaged CDF per calendar year of other types of LPSD evolutions are developed
in the same way as described above for refueling outages. The time-averaged CDF per POS year is first
developed for each POS in the LPSD evolution. The contribution of each POS is weighted by the average
POS duration and summed, and the resulting time-averaged core damage probability per LPSD evolution
occurrence is then weighted by the frequency of the LPSD evolution per calendar year.
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Figure 3.A-4 illustrates an example time-dependent risk profile for CDF for a portion of the refueling
outage.

TE DEmage
requency
[ger-year)

Time-dependent COF for a single
POS during 2 Refueling Outase

o 5 10 15

Time draining to above mid-loop, hoits ====—===>

Figure 3.A4-4 CDF per Plant ConfigurationYear During Draindown

r illustration, we select the time interval when.the RCS is initially solid and vented until the RCS is
drjained to just above mid-loop conditions. We assume this time interval corresponds to a single POS in the
e-averaged model. As with the approachi-to risk management for at-power conditions, for LPSD
eyolutions, additional plant conditions-are considered, resulting in a number of plant configurations within
single POS. These plant configurations are then each evaluated for CDF; e.g., the added conditions ma
be varying RCS levels or times after shutdown. Instead of a specific operator response time for the entire
POS duration, a refined set of plant configurations within this POS (e.g., for different times during the drai
down) may then be used to mote accurately account for the time available for those operator actions that

y be important for this\ROS. The CDF for plant configurations closer to the completion of the drain
down, when the timeavailable to respond to a loss of RHR would be shorter, may then be elevated. Again
sgparate CDF evaluation is performed for each plant configuration, resulting in the time-dependent staircas
plot of CDF shown in Figure 3.A-4. Each frequency result in the time-dependent profile represents the CD
far a plant configuration for a duration of one year. Such a plot is often called the time-dependent CDF
profile far.the period of time evaluated. Such a profile is not averaged because separate plant configuration

LPSB:evolution.

instead used to represent changing system alignments and equipment out of service times for the specifjic

-

@D

[72)

Similar plots of CDF for successive plant configurations within a POS may be evaluated for each POS of an
LPSD evolution. By weighting the time-dependent CDF per plant configuration year by each plant
configuration’s actual duration, one obtains the probability of core damage for the specific LPSD evolution

modeled. A time-averaged CDF for the type of LPSD evolution modeled (e.g., for refueling outages) cou

Id

be developed once the frequency of such LPSD evolutions was established and a representative set

evaluated. If several such LPSD evolutions are averaged over many years, the end result is expected
approximate the annual average CDF per calendar year for the type of LPSD evolution evaluated.
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3.

A.3 CDF per Calendar Year for Low Power and Shutdown Conditions

The CDF per calendar year for each POS is obtained by summing the time-averaged frequencies of each
core damage sequence that may initiate while in that POS. The core damage sequence frequencies are in

tu
pl

rn made up of the product of each sequence’s initiator frequency and the conditional probabilities of
ant equipment and operator responses that lead to the final consequence state. The plant response

probabilities are dimensionless, whereas the initiator frequencies must be evaluated in annual average

e\

T

T

W,

T

T

N

W]

i n evolution type j per calendar year-

ants nar calendar vvaar
ptspercalendaryear
nere are two general types of initiators: time-based (n) and demand based (m).

Ne time-based initiator frequencies are proportional to the duration of time spent in the corresponding
DS of a given evolution type. The equation for the initiator portion of the sequence frequency is

Anji= Tevog) X Prosiij) X teosiij) X Anrnjis Al
here:

Anj,i= frequency of time-based initiator n during evolution type j while-in POS i expressed in units of
annual average events per calendar year;

fevog) = frequency of evolution type j in evolutions per calendar year;

Prosiij = probability of entering POS i given evolutiontype j;

tros(ij = average duration of POS i for evolution type j in hours; and

Anrnji = Initiator n frequency per hour of exposure while in evolution j and POS .

ne product, fevog) X Prosg,j * trosg,) 1S the-average annual hours of exposure to the initiator n during PQS

Ne quantity Peosg j is either 1.0.0r 0.0 depending on whether the evolution type j includes POS i.
pte that tpogij) Can also be'expressed as

tros(ij) = tevog) X feosiij) = tevog) X (teosq j/Zi tros(,)

here the sum-isiover all POSs i that are part of evolution type j, and:

trosji=average duration of POS i for evolution type j in hours;

tevog) = average duration of entire evolution j; and

fros(ij = fraction of time spent in POS i during evolution j.

The form used for teosj) depends on how the evolution POS duration data are collected or estimated by
experts and interpreted.
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D

emand-based initiator (m) frequencies are not proportional to the duration of time spent in the

corresponding POS i, but rather to the frequency of each POS i and the number of challenges in POS i.
For demand-based initiators, the equation for the initiator portion of the sequence frequency is then

Y

Amji= Tevog X Prosij) X Nam X Qdm,jis A2

here:

T
e

T

Anji= frequency of demand-based initiator m during evolution type j in POS i expressed in units of
annual average events per calendar year;

Qumji = Initiator m occurrence probability per demand for evolution type j and POS i,
fevog) = frequency of evolution type j in evolutions per calendar year;

Prosijy = probability of POS i given evolution type j; and

Ngm = number of challenges to demand-based initiator m during POS(i,j).

ne product fevog) X Prosiij X Nam is the annual average of challenges ta the initiator m during POS i in
olution type j per calendar year.

ne quantity Pposg ) is either 1.0 or 0.0 depending on whether.the evolution type j includes POS i.

O

one demand-based challenge, e.g., when more than orie:drain down is planned in the same POS. Of
cqurse, it would be better practice to subdivide suchta POS so that each drain-down activity was in a
sgparate POS.

The initiator frequencies expressed in EgstA.1 and A.2 are then multiplied with the individual plant
response probabilities (which are dimensionless) conditional on the occurrence of the initiator to quantify

t

determined by the risk metric. The.resulting core damage sequence frequencies are then also expressed i

ti

fr

Y6
C
by

E
S§

Since the POSs and evplution types are defined exclusively, the sum of the core damage sequence

ten, the number Ng, is equal to 1.0. It is possible, howeyer, that a single POS would involve more tha

—

frequencies of the associated sequences resulting in core damage or other consequence end states as

>

e-averaged core damage eVents per calendar year.

pauencies for each/POS i and evolution type j then leads to the total time-averaged CDF per calendar
ar from low power-and shutdown conditions. These totals can then be combined with the time-averaged

DF from fullpawer events, which are also exclusive of the low power and shutdown POSs (see below
a straight'summation.

r the'time-averaged CDF for a specific POS i in evolution type j, the formula for the sum of such
quence frequencies is

W

CDF (i,j) = Zn{dnjix 2% (SEQMXNL} + L {dmji x 2y (SEQ (y.mj,i))},

here:
(a) the sums are over all core damage sequences x and y for each initiator n or m, where the initiators
are either time-based or demand based;
(b) SEQ(x,n,j,i) are the conditional probabilities of core damage for each sequence x given time-
based initiator A, ;; for the same evolution j and POS i; and
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(c) SEQ(y,m,j,i) are the conditional probabilities of core damage for each sequence y given demand-
based initiator A, ;,; for the same evolution j and POS i.

The total time-averaged CDF for all low power and shutdown conditions is then obtained by summing
over all POSs i for each evolution j:

CDFpsp = 23Zi[CDF(ij)]

3/A.4 Time-Averaged CDF per Calendar Year for Full Power Conditions

For full power conditions, there is no LPSD evolution; thus, the Initiator Frequency Egs. A.1 and A.2
must be modified.

The time-based initiator frequencies are proportional to the duration of time spent at full power, ti power-
The equation for the initiator portion of the sequence frequency is

An = tfuII power X /lhr,n = 8766 (hf/yf) X A x /lhr,n’ A3
where:

A, = frequency of time-based initiator n while at full power expressed in units of time-averaged everjts
per calendar year;

A = plant average availability fraction; and
Jnrn = initiator n frequency per hour of exposure while at full power.

The product, 8766 (hr/yr) x A, is the average annual hours of exposure to the initiator n while at full
power (twn power) PEr calendar year.

For demand-based initiator frequencies\while at full power, they are again not proportional to the duratign
of time spent at full power, but rather'to the average number of challenges per year while at full power.
For demand-based initiators, the.equation for the initiator portion of the sequence frequency is

Am = tfuII power X Nd,m X Qd,m = 8766 (hf/yf) x A x Nhr,m X Qd,m’ A4

where:

An = frequency of demand-based initiator m while at full power expressed in units of time-averaged
events per-calendar year;

Qaq= initiator m occurrence probability per demand while full power;

Nir.m = NUMDer of challenges to demand based initiator m while at Tull pOWer expressed as challenge
per hour; and

A = plant average availability fraction.

The product, 8766 (hr/yr) x A x Ny, is the time-average of challenges to the initiator m while at full
power per calendar year.

131


https://asmenormdoc.com/api2/?name=ANS ASME-58.22 2014.pdf

Often, the number Ny, is defined by test frequencies. For example, inadvertent turbine-trip events caused
by problems during turbine-trip valve testing would generally be proportional to the test frequency. Often,
however, the turbine-trip frequency from all causes is grouped into one initiator and instead reported as a
time-based event. Equation A.4 could be used for demand-based initiators while at full power (although
modeling demand-based initiators is not a current state of practice for full-power PRAS).

With the initiator frequencies for full power conditions developed using Egs. A.3 and A.4, similar to the
cqre damage sequences for evolutions, the full power time-averaged core damage sequence frequencies

per calendar year are obtained by simply multiplying these initiator frequencies by the sequence specifig
pliant response probabilities (which are dimensionless) that lead to the core damage end state. Summing

over the resulting sequence core damage frequencies for all such full power core damage sequences lead
tg the total time-averaged CDF from full power conditions.

[72]

For the time-averaged CDF for full power conditions, the formula for the sum of such,sequence
frequencies is simply

CDI:full power — Zn{/ln x ZZ(SEQ(Z,H))} + Zm{Am XZW (SEQ(va))}1

where:

(a) the sums are over all core damage sequences z and w for initiators n and m;

(b) SEQ(z,n) are the conditional probabilities of core damage_fer each full power sequence z given
time-based initiator A4,; and

(c) SEQ(w,m) are the conditional probabilities of core damage for each full power sequence w given
demand-based initiator A,

Since the full power conditions are exclusive of low power and shutdown POSs, this subtotal can be
directly added to the time-averaged core damage frequencies for low power and shutdown conditions to
olptain the total time-averaged CDF from all plantstates:

CDFroraL = CDFipsp + CDFsui power
3JA.5 POS-Dependent CDF per Reactor Year for Low Power and Shutdown Conditions

The POS-dependent CDF per'calendar year for each POS is obtained by summing the frequencies of eagh
cqre damage sequence that may initiate while in that POS after dividing out the frequency of entering th
POS and dividing out the average duration of the POS if applicable. The POS-dependent CDFs per
cglendar year for each POS are in turn made up of the product of each sequence’s initiator frequency ang
the conditional probabilities of plant equipment and operator responses that lead to the final consequencg
stpte. The planttesponse probabilities are dimensionless, whereas the initiator frequencies must be
evaluated remaoving the frequency of entering the POS and the POS duration.

13%

Apain;we consider the two general types of initiators, time-based and demand-based. Once normalized o
POS>dependent risk, the initiator frequencies can again be multiplied by the individual plant response
probabilities (which are dimensionless), conditional on the occurrence of the Initiator to quantity the
POS-dependent frequencies of the associated sequences resulting in core damage or to other consequence
end states, as determined by the risk metric.

The POS-dependent time-based initiator frequencies (Eg. A.5) are simply the frequencies of the initiators
per hour given that the POS has been entered. The equation for the initiator portion of the POS-dependent
sequence frequency is
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Alyji = Prosij) X Anrnji X 8766, A5
where:

Al ;= POS-dependent frequency of time-based initiator n during evolution type j while in POS i
expressed in units of events per reactor-operating-state-year; and

Poosap—=probability of entering POS i given evolution type j

The quantity Peosij is either 1.0 or 0.0 depending on whether the evolution type j includes POS i.
Anrnji = Initiator n frequency per hour of exposure while in evolution type j and POS i.

The differences between Egs. A.5 and A.1 are that we have divided out the terms feyog and teos j and
instead scaled the equation by 8766 hours in a year to convert the POS-dependent CDEper hour to events
per reactor-operating-state-year.

For demand-based initiator frequencies, we again divide by the frequency of.entering the POS and by th
ngmber of challenges in each POS. We also divide by one hour to in effect-average the demand-based risk
oyer a one-hour period. This one-hour averaging is not widely acceptedin the risk community. Instead,
the contributions of demand-based initiators are generally not reported to POS-dependent CDF, or some
other averaging period is used.

13%

For demand-based initiators, the equation for the initiator pertion of the POS dependent sequence
frequency is

Almji= Qumji * 8766 A6
where:

Al = POS-dependent frequency-ef:demand-based initiator m during evolution type j;

Qumji = initiator m occurrence-probability per demand for evolution type j and POS i; and

8766 = hours per calendar year.

The differences between’Eqgs. A.6 and A.2 are that we have divided out the terms feyog), Prosg,j), and N,

and instead scaled.the’equation by 8766 hours in a year to convert the POS-dependent CDF per hour to
eyents per year.

Often, the.number Ny, is equal to 1.0. It is possible, however, that a single POS would involve more thap

reported mcIudes the tlme of the demand based activity or not. It is for thls reason that conflguratlon risk
management models separate the time intervals of demand-based initiators into a separate POS.

The initiator frequencies expressed in Equations A.5 and A.6 are then multiplied with the individual plant
response probabilities (which are dimensionless) conditional on the occurrence of the initiator to quantify
the frequencies of the associated sequences resulting in core damage, or to other consequence end states

as determined by the risk metric. The resulting core damage sequence frequencies are then also expressed
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in POS dependent, core damage events per calendar year. These POS-dependent core damage sequence
frequencies can then be summed to obtain the total low power and shutdown POS-dependent CDF for the
given instant in time. The equation for the instantaneous CDF for POS i in evolution j is:

CDF(i,j) = 2'{alyji* Z(SEQ(X,n,J,))} + 2n{alnji X Zy(SEQ(y,m,j,i))},

where:

(n) the sums are aver all core dnmngn Sequencesx and y for initiators n and m, mclr_mr‘fi\ml\}/, and the
initiators are either time-based or demand-based but not both;

(b) SEQ(x,n,j,i) are the conditional probabilities of core damage for each sequence x given tine-
based initiator A41,;,; for the same evolution j and POS i; and

(c) SEQ(y,m,j,i) are the conditional probabilities of core damage for each sequence y given
demand-based initiator A/y;; for the same evolution j and POS i.

The above equation assumes that the demand-based initiators occur once per POS, and'that we are
interested in calculating the highest POS-dependent CDF over the whole POS. If more detail is needed fpr
time points within the POS, then the demand based initiators are included or not'depending on the times
wjthin the POS when they may be challenged.

3JA.6 Alternative Representation of Initiator Frequencies for Low Power and Shutdown
Conditions

The preceding discussion in Sections 3.A.1 through 3.A.3 has-described the process of computing CDF
fgr each POS so that the resulting CDF values for each POS can be directly summed to obtain the total
time-averaged CDF for all low power and shutdown conditions. The approach of incorporating the
frequency of each evolution type j, fevo(), the probability of entering POS i given evolution type j, Peosg,
and the average duration of POS i, teosij), in the;computation of time-based initiator frequencies is one
deling approach.

=

Some risk analysis software tools instead_allow users to enter just the initiator n frequency expressed as
frequency per hour of exposure while in evolution j and POS i, Anrj,, and the remaining terms are
tead included separately in the.conditional probabilities of core damage for each sequence x given the
e-based initiator. This alternative approach is often easier to incorporate in the model when the
infitiator frequency per hour©f exposure is essentially independent of the specific evolution or POS. Thi
egse is in part because it greatly reduces the total number of initiators that must then be tracked and
cdlculated.

oY

Another alternative-is to use the initiator frequency in units of per POS-year. This allows the full-power
mpdel to remain essentially unchanged, with the availability factor thought of as the probability of being
in the speeific'POS, full-power in this case. The equation for the initiator portion of the sequence
frequency.is

Anui'i = FRI:\/n(j\ X FRD{'\Q(iui\ X i\llr'nui'i A7

where:

An;,i= frequency of time-based initiator n during evolution type j while in POS i expressed in units of
annual average events per calendar year;
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FRevog) = fraction of time in evolution type j = [number of evolutions type j per calendar yr] x [avg
hours in evolution type j per evolution type j / 8766 hours per calendar year];

FReros(ij) = fraction of time in POS i, given evolution type j = avg hours in POS i / avg hours in
evolution type j; and

Anrnji = Initiator n frequency per year of exposure while in evolution j and POS i (per POS-year).

Similarly, for demand-based initiators, the initiator m occurrence probability per demand for evolution

type j and POS i, Qq i, may alone be entered as the initiator frequency in the software. The other terms
representing frequency of evolution type j in evolutions per calendar year, fevog), probability of POS i
gilven evolution type j, Ppos(j), and number of challenges to demand-based initiator m during@®OS(i,j),
N} m, are again included in the conditional probabilities of core damage for each sequence ygiven the
demand-based initiator.

For initiator frequency in units of per POS-year for demand-based initiators, the eguation for the initiatof
portion of the sequence frequency is then

Amji= FRevog) X FReos(ij) X Ayrmijis A8
where:

Anji= frequency of demand-based initiator m during evolution type j in POS i expressed in units of
annual average events per calendar year;

FRevog) = fraction of time in evolution type j = feyog) X DURevo(j)/8766 hrs per calendar year;
FReos(ij= fraction of time in POS i, given evolution type j = DURpos(i)/ DURgvo(); and

Ayrmji = Initiator m frequency per year.of exposure while in evolution j and POS i (per POS-year)
= fevo) X Nam X Qamjji / DJRpos(i),

where:
fevog) = frequency of.evolution type j in evolutions per calendar year;
Ng,m = numberof challenges to demand-based initiator m during POS(i,j);
Qum;i=nitiator m occurrence probability per demand for evolution type j and POS i;
DURevo() = average duration of evolution type j (hrs); and

DURGpos() = average duration of POS i (hrs).

The product feyog) * Ngm is the annual average of challenges to the initiator m during POS i in evolution
type j per calendar year.

This alternative approach to modeling initiator frequencies for LPSD conditions is also acceptable. Both
approaches include all the factors needed to represent the contributions to time-averaged CDF per
calendar year or to POS-dependent CDF per calendar year for each POS. The overall sequence frequency
units and meanings are the same.
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Part 4 Requirements for Internal Floods for LPSD (LIF)

4.1 Overview of Internal Flood PRA Requirements for LPSD

This section repeats the language in Part 3 of Reference [1], except as underlined.

T

q

T

fl

q

T

c

T
ei

4

T

1.1 PRA Scope

Nis section establishes technical requirements for a Level 1 and Large Early Release Frequency (LERF

analysis of the internal flood hazard group during LPSD.

1.2 Coordination with Other Sections of Standard

Nis section is intended to be used together with Parts 1, 2, and 3 of this standardCAn internal events ful

power LPSD PRA developed in accordance with Part 3 is the starting point of the development of the

pod-induced accident sequence model.
1.3 Internal Flood Events Scope

ne scope of the flooding events covered in this section includes all floods originating within the plant

bxundary. It does not include floods resulting from external hazards, e.g., weather, offsite events such as

stream dam rupture, etc.

ne overall objective of the internal flood PRA is to ensure that the impact of an internal flood caused b
ther an accident or a system failure is evaluateddfn“such a way that:

(a) the fluid sources within the plant that.eould flood plant locations or create adverse conditions
(e.g., spray, elevated temperature;;humidity, pressure, pipe whip, jet impingement) that could
damage mitigative plant equipment are identified; and

(b) the internal flood scenarios/sequences that contribute to the core damage frequency and large
early release frequency-are identified and quantified.®®

2 Internal Flood PRA Technical Elements and Requirements

ne objectives and‘high-level requirements of the Internal Flood (LIF) Analysis for LPSD conditions a

thie same as thosg4identified in ASME/ANS RA-Sa-2009 [1] and shall be accomplished for each POS. T

pl

ant conditions defined for each POS or group of POSs for the internal hazard group may have to

refined for this analysis. Such refinements may be needed to appropriately consider hazard group-specifii

pl

lant cenditions for the selection of flooding sources and may impair hazard barriers, affect propagati

N

pathways, or modify fragilities of structures, systems or components. For example, construction m

Yy

create temporary impoundments for precipitation-induced floods or eliminate run-off pathways t

at

10

In this Part of the Standard, “internal flood™ is used as a modifier (e.g., “internal flood induced,” and “internal flood

scenarios™) in several high-level and supporting requirements as a shorthand way of indicating that in meeting the requirement,

consideration should be given to all applicable internal flood-related effects or SSC failure mechanisms (e.q., submersion,
spray, elevated temperature, humidity, pressure, pipe whip, and jet impingement). Applicability of the various effects/failure
mechanisms to a particular requirement may need to be determined based on consideration of related supporting requirement:

S.
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existed prior to construction. Construction material and trailers on site can increase missile exposure to
high winds, and outage work can result in temporary removal of missile barriers. The plant conditions can
change from POS to POS in ways that can influence risk.

There is the potential for a relatively large number of individual internal flood scenarios and accident
sequences with unique spatial dependencies. Some degree of event and scenario screening out of flood-
induced scenarios and accident sequences is typically employed in analyzing risk from internal floods so
that although the high level and supporting requirements are written in a discrete manner, the
requirements are not necessarily presented in sequential order of application and, in some cases, must b8
cqnsidered jointly so that screening is performed appropriately. Thus, in determining the degree to.which
a particular supporting requirement is to be met, it is necessary to consider the degree to which other
related requirements (some of which may be under other high level requirements) are being addressed.
S¢reening out is typically employed at the flood area, flood source, or flood scenario level with the
umderstanding that screening out of areas and sources accounts for all relevant flood scenafios.

Internal Flood PRA need not be performed at a uniform level of detail. The analyses performed for
sqreened physical analysis units may be performed at a lower completeness level than analyses performqd
far flood areas, flood sources, and/or flood scenarios that are not screened out; An iterative process is algo
cgmmon in Internal Flood PRA. Those physical analysis units that represent:the higher risk contributors
y be analyzed repeatedly, each time incorporating additional detail for\3pecific aspects of the analysis
.g., flood source and propagation modeling, credit for drains or mitigation, refinements to the Internal
Flood PRA plant response model, the HRA, etc.) At any stage, the‘additional detail may allow for the
sgreening out of a physical analysis unit. It is intended that this.standard allow for analysis flexibility in
this regard. As such, the level of detail and resolution for lower risk and/or screened out physical analys
units may be lower than for higher risk and unscreened physical analysis units without affecting the
oyerall Capability Category of the Internal Flood PRA. For example, a service building containing
ndimerous flood sources may be treated as a single physical analysis unit (see plant partitioning below)
and analyzed for screening purposes. If the buildingi¢an be screened out (e.g., it contains no equipment
mpdeled in the other portion of the PRA and there<are no propagation paths to other buildings), then the
oyerall categorization of the Internal Flood PRAis unaffected. Similarly, the requirements for developin
specific internal flood scenarios, detailed HRA, etc., are not needed for screened-out physical analysis
urits and may not be needed for lower.risk'unscreened physical analysis units as long as the overall
validity of the final results is unaffected:

w

[(=]

The Capability Category required-or various aspects of the Internal Flood PRA are determined by the
intended PRA application and:may not be uniform across all aspects of the Internal Flood PRA.

The following is a shoft description of each technical PRA element included in the internal flood PRA
prlocess.

(a) InternalFlood Plant Partitioning (LIEPP). This element defines the physical boundaries of the
andlysis (i.e., the locations within the plant where flood scenarios are postulated) and divides thq
vdrious volumes within that boundary into physical analysis units referred to as flood areas.

(b) Internal Flood Source Identification and Characterization (LIFSO). The various sources of floods
and equipment spray within the plant are identified along with the mechanisms resulting in flood
or spray from these sources, and a characterization of the flood/spray sources (e.g., amount of
liquid, flow rates, etc.) is made.

(c) Internal Flood Scenarios (LIFSN). A set of internal flood scenarios relating flood source,
propagation path(s), and affected equipment is developed.
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4211 | Food-Plant Partitiont

q

2.1.1 Objectives

(d) Internal Flood-induced Initiating Events (LIFEV). The expected plant response(s) to the selected
set of flood scenarios is determined, and an accident sequence from the internal events during
LPSD that is reasonably representative of this response is selected for each scenario.

(e) Internal Flood Accident Sequences and Quantification (LIFQU). The CDF and LERF results for
the internal flood plant response sequences are quantified.

The objective of plant partitioning for internal floods is to identify plant areas where internal floods could
lepd to core damage in such a way that plant-specific physical layout areas and separationsare accountgd
far.
Table 4.2.1-1 High Level Requirements for Internal Flood Plant Partitioning (LIFPP)
Designator Requirement
HLR-LIFPP-A A reasonably complete set of flood areas of the plant shall be identified.
HLR-LIFPP-B The internal flood plant partitioning shalKbe documented consistent
with the applicable supporting requirements.
Table 4.2.1-2(a) Supporting Requirements for HLR-LIFPP-A
Alreasonably complete set of flood areas of the plant Shall be identified (HLR-LIFPP-A).
Index No. Capability Category | Capability Category 11 Capability Category Il
| IFPP-A

|_IFPP-AL DEFINE flood areas by.dividing the plant into physically separate areas where a flood

area is viewed as genetally independent of other areas in terms of the potential for
internal flood effects’and flood propagation. INCLUDE expected temporary
alignments thatumay alter the flood areas from POS to POS [see Note (1)].

|_IFPP-A2 Same as IFPPsA2 in Same as IFPP-A2 in ASME/ANS RA-Sa-2009 [1] [see

ASME/ANS RA-Sa-2009  Note (1)].
[1] [se€ Note (1)].

| IFPP-A3 Same-as IFPP-A3 in ASME/ANS RA-Sa-2009 [1].

| IFPP-A4 Same as IFPP-A4 in ASME/ANS RA-Sa-2009 [1].

| IFPP-AS Same as IFPP-A5 in ASME/ANS RA-Sa-2009 [1] [see Note (2)].

OTES:

~
=

)

Temporary alignments can cause variations in the definition of flood areas for the specific LPSD

evolution or LPSD evolutions being modeled in the time-averaged CDF or LERF LPSD model. For
example, this includes opened/impaired hazard doors, opened covering drains, and open/impaired
equipment hatchways, etc. that affect the physical separation between areas.

(2) Walkdown(s) may be done in conjunction with the requirements of LIFSO-AG6, LIFSN-A17, and

LIFQU-A11.
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Table 4.2.1-2(b) Supporting Requirements for HLR-LIFPP-B

The internal flood plant partitioning shall be documented consistent with the applicable supporting
requirements (HLR-LIFPP-B).

Index No. Capability Category | Capability Category 11 Capability Category Il
LIFPP-B

H-RP-B1

Same as IFPP-B1 In ASME/ANS RA-5a-2009 [1].

-IFPP-B2 | same as IFPP-B2 in ASME/ANS RA-Sa-2009 [1].

|_IFPP-B3 DOCUMENT sources of model uncertainty and related assumptions (as identified in
LQU-E1 and LQU-E?2) associated with the internal flood plant partitioning(

42.2 Internal Flood Source Identification
4]2.2.1 Objectives

The objective of internal flood source identification is to identify the plant3specific sources of internal
bods that could lead to core damage and large early release.

=

Table 4.2.2-1 High Level Requirements for Internal Flood Source Identification (LIFSO)

Designator Reguirement

HLR-LIFSO-A The potential flood sources inthe flood areas and their associated internal
flood mechanisms shall be:identified and characterized.

HLR-LIFSO-B The internal flood sources*shall be documented consistent with the applicable
supporting requirements.

Table 4.2.2-2(a) Supporting Requirements for HLR-LIFSO-A

The potential flood sources in the plant and their associated internal flood mechanisms shall be identifiegl
and characterized (HLR-LIFSO=A).

ndex No. Capability Category | Capability Category 11 Capability Category 111
|_IFSO-A

| IFSO-A1l | Same-as IFSO-A1 in ASME/ANS RA-Sa-2009 [1].

| IFSO-A2 Same as IFSO-A2 in ASME/ANS RA-Sa-2009 [1].

| IFSO-A3 _4/Same as IFSO-A3 in ASME/ANS RA-Sa-2009 [1].

| IFSO-A4.— Same as IFSO-A4 in ASME/ANS RA-Sa-2009 [1] [see Note (1)].

|_IFSQ<A5 | Same as IFSO-A5 in ASME/ANS RA-Sa-2009 [1] [see Note (2)].

| IEFS©-A6 | Same as IFSO-A6 in ASME/ANS RA-Sa-2009 [1] [see Note (2)].

NOTES:

(1) Maintenance-induced events could be more critical during LPSD. A careful study of the activities of
an LPSD evolution schedule will need to be completed in this step.

(2) Walkdown(s) may be done in conjunction with the requirements of LIFPP-A5, LIFSN-A17, and
LIFQU-A11.
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The sources of internal floods shall be documented consistent with the applicable supporting requirements

Table 4.2.2-2(b) Supporting Requirements for HLR-LIFSO-B

(HLR-LIFSO-B).

Index No. Capability Category | Capability Category 11 Capability Category 111
LIFSO-B

LIFSO-B1 Same as IFSO-B1 in ASME/ANS RA-Sa-2009 [1].

| IFSO-B2 Same as IFSO-B2 in ASME/ANS RA-Sa-2009 [1].

| IFSO-B3 DOCUMENT sources of model uncertainty and related assumptions (as identified\in

LQU-E1 and LQU-E?) associated with the internal flood sources.

4)2.3 Internal Flood Scenario Development
4]2.3.1 Objectives

The objective of internal flood scenario development is to identify the plant-specific internal flood
sgenarios that could lead to core damage and large early release.

Table 4.2.3-1 High Level Requirements for Internal Flood Scenario Development (LIFSN)

Designator Requirement
HLR-LIFSN-A The potential internal flood scenatios shall be developed for each flood
source by identifying the propagation path(s) of the source and the affected
SSCs.
HLR-LIFSN-B Documentation of the internal flood scenarios shall be consistent with the
applicable supporting reguirements.

Table 4.2.3-2(a) Supporting Requirements for HLR-LIFSN-A

The potential internal flood scenarios shall be developed for each flood source by identifying the
prlopagation path(s) of the sourcesand the affected SSCs (HLR-LIFSN-A).

ndex No. Capability Category | Capability Category Il Capability Category 111
|_IFSN-A
| IFSN-A1 | Same-as-{FSN-A1 in ASME/ANS RA-Sa-2009 [1] [see Note 1].
| IFSN-A2 | Same as IFSN-A2 in ASME/ANS RA-Sa-2009 [1] [see Note 2].
| IFSN-A3  |.Same as IFSN-A3 in ASME/ANS RA-Sa-2009 [1].
|_IFSN-A4 ~|“Same as IFSN-A4 in ASME/ANS RA-Sa-2009 [1].
|_IFSN-A5~"| Same as IFSN-A5 in ASME/ANS RA-Sa-2009 [1].
| IFSN-A6 Same as IFSN-AG6 in
ASME/ANS RA-Sa-2009
Same as IFSN-A6 in ASME/ANS RA-Sa-2009 [1]. [1].
LIFSN-A7 | Same as IFSN-A7 in ASME/ANS RA-Sa-2009 [1].
LIFSN-A8 Same as IFSN-A8 in Same as IFSN-A8 in Same as IFSN-A8 in

ASME/ANS RA-5a-2009  ASME/ANS RA-Sa-2009 ASME/ANS RA-5a-2009
[1]. [1]. [1].
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Table 4.2.3-2(a) Supporting Requirements for HLR-LIFSN-A (Cont’d)

LIFSN-A

Index No. Capability Category | Capability Category 11 Capability Category Il

LIFSN-A8a | IDENTIFY impaired barriers, impaired flood mitigating features, and reconfigured

penetrations such as equipment hatches/manways that have the ability to create new
propagation pathways.

LIFSN-A9 Same as IFSN-A9 in ASME/ANS RA-Sa-2009 [1].

LIFSN-A10 | Same as IFSN-A10 in ASME/ANS RA-Sa-2009 [1] [see Note (3)].

L IFSN-A11 | Same as IFSN-A11 in ASME/ANS RA-Sa-2009 [1].

L IFSN-A12 | Same as IFSN-A12 in ASME/ANS RA-Sa-2009 [1].

L IFSN-A13 | Same as IFSN-A13 in ASME/ANS RA-Sa-2009 [1].

| IFSN-A14 | Same as IFSN-A14 in Same as IFSN-A14 in Same as IFSN:2A14 in
ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[1]. [1]. [1].
_IFSN-A15 | Same as IFSN-A15 in ASME/ANS RA-Sa-2009 [1].
| IFSN-A16 | Same as IFSN-A16 in Same as IFSN-A16 in Same-as IFSN-A16 in
ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009 _“ASME/ANS RA-Sa-2009
[1]. [1]. [1].
| IFSN-A17 | Same as IFSN-A17 in ASME/ANS RA-Sa-2009 [1] Jsee Note (4)].
NPOTES:
(1) Plant_responses to internal flooding are likely to differ from responses during full power operations.

~

D

Operating experience during LPSD shows that flooding may occur when no one is watching (e.g.
when system filling is going on and workers are on.abreak). A dedicated watch would be in place
when system filling occurs during full-power operations. (2) Temporary alignments during the
specific POS can compromise plant design features relied on for terminating or containing flood
propagation. These temporary alignments are considered in the definition of POS specific flood area

i.e., see LIFPP-AL.

B) Flood scenarios may be different for each POS.

1) Walkdown(s) may be done in copjunction with the requirements of LIFPP-A5, LIFSO-A6, and
LIFQU-A11.

Table 4:2.3-2(b) Supporting Requirements for HLR-LIFSN-B

pcumentation of the internal flood scenarios shall be consistent with the applicable supporting
quirements (HLR-LIFSN-B).

ndex No. Capability Category | Capability Category 11 Capability Category 111
LIFSN-B

LIFSN-B1 Same as IFSN-B1 in ASME/ANS RA-Sa-2009 [1].

| IFSN-=B2 Same as IFSN-B2 in ASME/ANS RA-Sa-2009 [1].

| IESN-B3 DOCUMENT sources of model uncertainty and related assumptions (as identified in

O =

1 U Y I T\ HPT | =) HY 1 £l | H
LUVUTCL dITU CL\JUTLCZ) dS5ULTAlCU WILTT UTE TTIETTIAal TTOUU SLETIAITUS.
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4.2.4 Internal Flood-Induced Initiating Event Analysis
4.2.4.1 Objectives
The objectives of flood-induced event analysis are to identify the applicable flood-induced plant initiating

event for each flood scenario that could lead to core damage and large early release and to quantify the
frequency of the flood.

Table 4.2.4-1 High Level Requirements for Flood-Induced
Initiating Event Analysis (LIFEV)

Designator Requirement
HLR-LIFEV-A | Plant initiating events caused by internal floods shall be identifiedand their
frequencies estimated.
HLR-LIFEV-B Documentation of the internal flood-induced events shall be'consistent with
the applicable supporting requirements.

Table 4.2.4-2(a) Supporting Requirements for HLR-LIFEV-A

Plant initiating events caused by internal flood shall be identified arnd their frequencies estimated (HLR-
L|FEV-A).

ndex No. Capability Category | Capability Category 11 Capability Category Il
LIFEV-A
LIFEV-Al Same as IFEV-Al in ASME/ANS RA~Sa-2009 [1].

LIFEV-Ala | REVIEW relevant industry operatingexperience and LERs on flooding scenarios
during LPSD evolutions to gaindnsights into estimating the frequencies of flood-
induced initiating events [see Note (1)].

LIFEV-A2 Same as IFEV-A2 in Same as IFEV-A2 in Same as IFEV-A2 in
ASME/ANS RA-Sa-2009° ASME/ANS RA-Sa-2009 ASME/ANS RA-Sa-2009
[1]. [1]. [1].
LIFEV-A3 Same as IFEV-A3 in
ASME/ANS RA-Sa-2009
Same as IFEV-A3 in ASME/ANS RA-Sa-2009 [1]. [1].

LIFEV-A4 | Same as IFEV-A4 in ASME/ANS RA-Sa-2009 [1].

LIFEV-A5 | Samé.as IFEV-A5 in ASME/ANS RA-Sa-2009 [1].

[[IFEV-A6 | Samé as IFEV-A6 in

ASME/ANS RA-Sa-2009

[1]. Same as IFEV-A6 in ASME/ANS RA-Sa-2009 [1].
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Table 4.2.4-2(A) Supporting Requirements For HLR-LIFEV-A (Cont’d)

Index No. Capability Category | Capability Category Il Capability Category IlI

LIFEV-A

LIFEV-A7 Same as IFEV-ATY in Same as IFEV-AT7 in
ASME/ANS RA-Sa- ASME/ANS RA-Sa-2009
2009 [1]. Same as CC-lllin IFEV-A7. [1].

LIFEV-A7a | For temporary For temporary alignments during LPSD evolution,
alignments during ESTIMATE the frequency of equipment failure-induced
LPSD evolution, floods for each POS using generic and plant-specific date.
ESTIMATE the USE a Bayes update process to combine the generic@nd
frequency of equipment plant-specific evidence and to characterize the uncertainty.
failure-induced floods
for each POS using
generic industry data.

LIFEV-AS8 Same as IFEV-A8 in ASME PRA Standard (ASME/ANS RA-Sg=2009) [1].

~—~

NOTE:
1) Databases such as INPO/EPIX, lessons learned from industry LPSD evolutions, and lessons learned

from self-assessment of previous LPSD evolutions are good sources. for identifications of flood-
induced initiating events and their frequencies.

Table 4.2.4-2(b) Supporting Requiremeénts for HLR-LIFEV-B

Dpcumentation of the internal flood-induced events shall be consistent with the applicable supporting

reguirements (HLR-LIFEV-B).

ndex No. Capability Category | Capability Category 11 Capability Category Il
LIFEV-B

LIFEV-B1 Same as IFEV-B1 in ASME/ANS RA-Sa-2009 [1].

L IFEV-B2 Same as IFEV-B2 in ASME/ANS RA-Sa-2009 [1].

LIFEV-B3 DOCUMENT sources.of model uncertainty and related assumptions (as identified in
LQU-E1 and LQU-E?) associated with the internal flood-induced initiating events.

4)2.5 Internal Flood Accident Sequences and Quantification

4]2.5.1 Objectives

The objective ofiinternal flood accident sequences and quantification is to identify the internal flood-
induced accident 'sequences and quantify the likelihood of core damage and large early release.
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Table 4.2.5-1 High Level Requirements for Internal Flood Accident Sequences and

Quantification (LIFQU)
Designator Requirement
HLR-LIFQU-A Internal flood-induced accident sequences shall be quantified.
HLR-LIFQU-B Documentation of the internal flood-induced accident sequences and
quantification shall be consistent with the supporting requirements.

=1

Table 4.2.5-2(a) Supporting Requirements for HLR-LIFQU-A

ternal flood-induced accident sequences shall be quantified (HLR-LIFQU-A).

ndex No. Capability Category | Capability Category 11 Capability Category 111
LIFQU-A
LIFQU-A1 | Same as IFQU-AL in ASME/ANS RA-Sa-2009 [1].
LIFQU-A2 | Same as IFQU-A2 in ASME/ANS RA-Sa-2009 [1].
LIFQU-A3 Same as IFQU-A3 in ASME/ANS RA-Sa-2009 [1]. Samegas IFQU-A3 in
ASME/ANS RA-Sa-2009
{1].
LIFQU-A4 | Same as IFQU-A4 in ASME/ANS RA-Sa-2009 [1].
LIFQU-A5 | Same as IFQU-A5 in ASME/ANS RA-Sa-2009.{4.
LIFQU-A6 | Same as IFQU-A6 in ASME/ANS RA-Sa-2009 J1].
LIFQU-A7 | Same as IFQU-A7 in ASME/ANS RA-Sa-2009 [1].
LIFQU-A8 | Same as IFQU-A8 in ASME/ANS RA-5a-2009 [1].
LIFQU-A9 | Same as IFQU-A9 in ASME/ANS RA-Sa-2009 [1].
LIFQU-A10 | Same as IFQU-A10 in ASME/ANS RA-Sa-2009 [1].
LIFQU-A11 | Same as IFQU-A1l in ASME/ANS RA-Sa-2009 [1] [see Note (1)].
NOTE:
(1) Walkdown(s) may be done in conjunction with the requirements of LIFPP-A5, LIFSO-A6, and

LIFSN-A17.

Table 4.2:5-2(b) Supporting Requirements for HLR-LIFQU-B

Dpcumentation of the intérnal flood-induced accident sequences and guantification shall be consistent
with the supporting requirements (HLR-LIFQU-B).
ndex No. Capability Category | Capability Category 11 Capability Category 111
LIFQU-B
LIFQU-B1 Same as IFQU-B1 in ASME/ANS RA-Sa-2009 [1].
LIFQU:B2 Same as IFQU-B2 in ASME/ANS RA-Sa-2009 [1].
LIFQU-B3 DOCUMENT sources of model uncertainty and related assumptions (as identified in

LQU-E1 and LQU-E?2) associated with the internal flood accident sequences and

quantification.
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4.3 Peer Review for Internal Flood PRA during LPSD
4.3.1 Purpose

This section provides requirements for peer review of an internal flood PRA.

4.3.2 Peer Review Team Composition and Personnel Qualification

In addition to the general requirements in Section 1.6 of ASME/ANS RA-Sa-2009 [1], the peer review
tepm shall have combined experience in the technical elements of internal flood analysis.

4]3.3 Review of Internal Flood PRA Elements to Confirm the Methodology

Alreview shall be performed on the internal flood analysis. The portion of the internal*flood analysis
sglected for review typically includes a sample of the screening of flood areas andthe flooding scenarios
cantributing to significant sequences (CDF or LERF), including:

(a) internal flood event frequencies;

(b) internal flood scenarios involving each identified flood source;

(c) internal flood scenarios involving flood propagation to adjacent flood areas;

(d) internal flood scenarios that involve each of the flood-induced component failure mechanisms
(i.e., one flood scenario for each mechanism);

(e) one internal flood scenario involving each type of ‘identified accident initiator, e.g., transient and
LOCA.
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Part 5 Seismic Analysis

Text that is new in this part compared to that in Part 5 of Reference [1] is underlined below.

5.

1 Overview of Seismic PRA Requirements during LPSD Conditions

T
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S9

me as those identified for analysis during full power conditions in ASME/ANS RA-Sa-2009 [1] and

sh

all be accomplished for each POS or group of POSs, where appropriate. This section is intended\to be

ug

ed together with Parts 1, 2, and 3 of this standard. Many of the technical requirements in Part,3 (Intern

al

E

ents) are fundamental requirements for performing a PRA for any hazard group and are applicable to

e

all the hazard groups within the scope of the LPSD PRA. They are incorporated by reference in those

guirements that address the development of the plant response to the damage states created by the

ha

zard groups addressed in this section. The plant conditions defined for each POS«er group of POSs for

th

e internal hazard group may have to be refined for this analysis. Such refinements’may be needed to

ajy

propriately consider hazard group-specific plant conditions that may impair-hazard barriers, affect

pilopagation pathways, or modify fragilities of structures, systems, or compenents. Specifically, the scop

D

of

the requirements herein cover (a) a Level 1 analysis of the core damagefrequency (CDF) and (b) a

limited Level 2 analysis sufficient to evaluate the large early release fréguency (LERF).

S¢

pction 1.1.8 of this standard contains an introduction that describes how the PRA analysis in this sectig

is

to be structured and also describes the relationship of the various aspects of a full power

e

ternal-hazards PRA to the analysis here for LPSD conditions. Section 1.1.8.2, “Screening of External

H

hzards,” describes the conditions under which, for agiven POS, an external hazard may be screened out.

—

T

ne introductory text in Section 5-1 of Part 5 (seismic PRA for full power conditions) of ASME/ANS

R

A-Sa-2009 [1] applies in full here.

Al

Finally, there are technical requirementsfor Seismic Margin Assessment (SMA) in Part 10 of

SME/ANS RA-Sa-2009 [1]. For conditions other than at full power, these SMA requirements do not

a

ply and should not be used.

O

bjectives: The objective of this section (Seismic Analysis) is to provide estimates of the core damage

fr

pguency (CDF) and largejearly release frequency (LERF) for accidents initiated by earthquakes during

lo

w-power or shutdown.conditions, including uncertainties. Besides overall CDF and LERF estimates, t

e

ar

alysis must have ‘asvan explicit objective the determination of seismic hazards, the determination of

S6

ismic fragiliti€s-of those SSCs that contribute, the determination through systems analysis of the majo

S6

guences and.damage states that contribute, and adequate documentation. The details that elaborate on

W

hat these introductory phrases mean in practice are contained in the Technical Requirements. Of cours

1%

both the-hazard work and much of the fragilities work should already have been accomplished for the

S6

ismi© PRA for full-power conditions and can be carried over as appropriate.

5.2 Technical Requirements for Seismic PRA during LPSD Conditions

The introductory text in Section 5-2 of ASME/ANS RA-Sa-2009 [1] applies in full.

5.

2.1 Probabilistic Seismic Hazard Analysis (PSHA)

The introductory text in Section 5-2.1 of ASME/ANS RA-Sa-2009 [1] applies in full.
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There are 10 high-level requirements for PSHA, as follows:

Table 5.2.1-1 High Level Requirements for Seismic Probabilistic Risk Assessment: Technical

Requirements for Probabilistic Seismic Hazard Analysis (LSHA)

Designator in Designator in Requirement Commentary
This Standard ASME/ANS

RA-Sa-2009

[1]

HLR-LSHA-A HLR-SHA-A The frequency of earthquakes at the site shall Same.as SHA-
be based on a site-specific probabilistic seismic A im
hazard analysis (existing or new) that reflects ~ ASME/ANS
the composite distribution of the informed RA-Sa-2009
technical community. The level of analysis [1].
shall be determined based on the intended
application and on site-specific complexity.

HLR-LSHA-B HLR-SHA-B To provide inputs to the probabilisticseismic ~ Same as SHA-
hazard analysis, a comprehensive tp-to-date Bin
database including geological,'seismological, =~ ASME/ANS
and geophysical data, locahsite topography, RA-Sa-2009
and surficial geologic and geotechnical site [1].
properties shall be campiled. A catalog of
historical, instrumental, and paleoseismicity
information shallalso be compiled.

HL R-LSHA-C HLR-SHA-C To account for the frequency of occurrence  Same as SHA-
of earthquakes in the site region, the Cin
prebabilistic seismic hazard analysis shall ASME/ANS
examine all credible sources of potentially  RA-Sa-2009
damaging earthquakes. Both the aleatory [1].

and epistemic uncertainties shall be
addressed in characterizing the seismic
sources.
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Table 5.2.1-1 High Level Requirements for Seismic Probabilistic Risk Assessment: Technical
Requirements for Probabilistic Seismic Hazard Analysis (LSHA) (Cont’d)

Designator in | pesignator in Requirement Commentary
This Standard ASME/ANS

RA-52-2009

[1]

CR-LCSHA-D HLCR-SHA-D The probabITistic SeIsmic hazard analysis Same as SHA-
shall examine credible mechanisms Din
influencing estimates of vibratory ground ASME/ANS
motion that can occur at a site given the RA-Sa-2009
occurrence of an earthquake of a certain 4.
magnitude at a certain location. Both the
aleatory and epistemic uncertainties shall hé
addressed in characterizing the ground
motion propagation.

HLR-LSHA-E HLR-SHA-E The probabilistic seismic hazard analysis Same as SHA-
shall account for the effects of Ioeal site Ein
response. ASME/ANS

RA-Sa-2009
[1].

HL R-LSHA-F HLR-SHA-F Uncertainties in each:step of the hazard Same as SHA-
analysis shall be,propagated and displayed in  F in
the final quantification of hazard estimates ASME/ANS
for the site«\The results shall include fractile = RA-Sa-2009
hazard gurves, median and mean hazard [1].
curves, and uniform hazard response spectra.
Forcertain applications, the probabilistic
seismic hazard analysis shall include seismic
source deaggregation and magnitude-
distance deaggregation.

HLR-LSHA-G HLR-SHA-G For further use in the seismic PRA, the Same as SHA-
spectral shape shall be based on a site- Gin
specific evaluation taking into accountthe ~ ASME/ANS
contributions of deaggregated magnitude- RA-Sa-2009
distance results of the probabilistic seismic ~ [1].
hazard analysis. Broad-band, smooth
spectral shapes such as those presented in
NUREG/CR-0098 [28] for lower-seismicity
sites such as most of those east of the
Rocky Mountains of the U.S. are also

acceptapte i they are STowmm to be
appropriate for the site. The use of uniform
hazard response spectra is also acceptable
unless evidence comes to light that would
challenge these uniform hazard spectral
shapes.
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Table 5.2.1-1 High Level Requirements for Seismic Probabilistic Risk Assessment: Technical
Requirements for Probabilistic Seismic Hazard Analysis (LSHA) (Cont’d)

Designator in Designator in Requirement Commentary
This Standard | ASME/ANS
RA-Sa-2009
[1]
CR-LSHA-H [ HCR-SHA-H VWhen use 1S made of an existing study Tor  Same as SHA-
probabilistic seismic hazard analysis Hin
purposes, it shall be confirmed that the ASME/ANS
basic data and interpretations are still valid RA-Sa-2009
in light of current information, the study 4.
meets the requirements outlined in A
through G above, and the study is suitable
for the intended application.
HL R-LSHA-I HLR-SHA-I A screening analysis shall be performed to Same as SHA-
assess whether, in addition to the vibratory Lin
ground motion, other seismic hadzards such ASME/ANS
as fault displacement, landslide; soil RA-Sa-2009
liquefaction, or soil settlement need to be [1].
included in the seismigPRA for the specific
application. If so, the.seismic PRA shall
address the effects of these hazards through
assessment of the frequency of hazard
occurrence, the magnitude of hazard
consequenees, or both.
HLR-LSHA-J HLR-SHA-J Documentation of the probabilistic seismic Same as SHA-
hazard analysis shall be consistent with the  Jin
applicable supporting requirements. ASME/ANS
RA-Sa-2009
[1].

Itlis recognized that if the.seismic hazard analyses has already been performed consistent with t

ne

requirements in [1], that'there are no new requirements in this section to support low power ar

nd

shutdown conditions.

High Level Reguirements and Supporting Requirements for HLR-LSHA: All of the High LeV

Requirements.and all of the Supporting Requirements in ASME/ANS RA-Sa-2009 [1] for HLR-SH

A

shall applyvin full, but are designated as HLR-LSHA in this standard.
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5.2.2 Seismic Fragility Analysis

The introductory text in Section 5-2.2 of ASME/ANS RA-Sa-2009 [1] shall apply in full.

There are seven high-level requirements for seismic fragility analysis, as follows:

Table 5.2.2-1 High Level Requirements for Seismic Probabilistic Risk Assessment: Technical

- for-Sersmic-Fragitity Amatysis {LSER)

performed for critical failure modes of
structures, systems, components, or a
combination thereof such as structural
failure modes and functional failure modes
identified through the review of plant
design documents, supplemented as needed
by earthquake experience data, fragility test
data, generic qualification test data, and a
walkdown.

Designator in Designator Requirement Commentary
his Standard in
ASME/ANS
RA-Sa-
2009 1]
HLR-LSFR-A HLR-SFR-  The seismic-fragility evaluation shall be Same as SFR-A
A performed to estimate plant-specific, in ASME/ANS
realistic seismic fragilities of structures, RA-Sa-2009 [1].
systems, components, or combinations
thereof whose failure may contribute to
core damage, large early release, or both.
HLR-LSFR-B HLR-SFR-B If screening of high-seismic-capacity Same as SFR-B
components is performed, the basis for the  in ASME/ANS
screening shall be-fully described. RA-Sa-2009 [1],
HLR-LSFR-C HLR-SFR-C The seismic-fragility evaluation shall be Same as SFR-C
based on realistic seismic response that the  in ASME/ANS
SSCs experience at their failure levels. RA-Sa-2009 [1].
HLR-LSFR-D HLR-SFR-D Theseismic-fragility evaluation shall be Same as SFR-D

in ASME/ANS

RA-Sa-2009 [1].
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Table 5.2.2-1 High Level Requirements for Seismic Probabilistic Risk Assessment: Technical
Requirements for Seismic-Fragility Analysis (LSFR) (Cont’d)

Designator in Designator Requirement Commentary
This Standard in
ASME/ANS
RA-Sa-
2009 [1]
HLR-LSFR-E HLR-SFR-E The seismic-fragility evaluation shall Same as SFR~E
incorporate the findings of a detailed in ASME/ANS
walkdown of the plant focusing on the RA-Sa<2009 [1].
anchorage, lateral seismic support, and
potential systems interactions.
HLR-LSFR-F HLR-SFR-F  The calculation of seismic-fragility Same as SFR-F
parameters such as median capacity and in ASME/ANS
variabilities shall be based on plant- RA-Sa-2009 [1].
specific data supplemented as needed-by
earthquake experience data, fragiljty test
data, and generic qualification test data.
Use of such generic data shall be justified.
HLR-LSFR-G HLR-SFR-  Documentation of the seismic-fragility Same as SFR-G
G analysis shall be consistent with the in ASME/ANS
applicable supporting requirements. RA-Sa-2009 [1].
Supporting Requirements for HLR-L SFR: All oftthe Supporting Requirements in ASME/ANS RA-Sh-
2009 [1] for HLR-SFR shall apply in full and shalt'be accomplished for each POS or group of POSs,

W

here appropriate and in accordance with LRQS-A7Y.

5

T

2.3 Seismic Plant Response Analysis

ne introductory text in Section:b:2.3 of ASME/ANS RA-Sa-2009 [1] shall apply in full.

T

nere are six high-level requirements for seismic plant response analysis, as follows:
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Table 5.2.3-1 High Level Requirements for Seismic Probabilistic Risk Assessment: Technical
Requirements for Systems Analysis (LSPR)

Designator in

Designator in

Requirement

Commentary

This Standard | ASME/ANS
RA-Sa-2009 [1]

H| R-1 SPR-A Hl R-SPR-A The seismic-PRA systems madels shall Same as SPR-A
include seismic-caused initiating events  in ASME/ANS
and other failures including seismically =~ RA-Sa-2009.[1].
induced SSC failures, non-seismically
induced unavailabilities, and human
errors that give rise to significant
accident sequences and/or significant
accident progression sequences.

HLR-LSPR-B HLR-SPR-B The seismic-PRA systems model shatl Same as SPR-B
be adapted to incorporate seismig in ASME/ANS
analysis aspects that are differént*from RA-Sa-2009 [1].
corresponding aspects found. in the full
power, internal-events PRA-or the
LPSD internal-eventsPRA systems
model.

HLR-LSPR-C HLR-SPR-C The seismic-PRA.systems model shall Same as SPR-C
reflect the as-built and as-operated plant in ASME/ANS
being analyzed. RA-Sa-2009 [1].

HLR-LSPR-D HLR-SPR-D The list<of structures, systems, Same as SPR-D
components, or combination thereof in ASME/ANS
(SSCs) selected for seismic-fragility RA-Sa-2009 [1].
analysis shall include all SSCs that
participate in accident sequences
included in the seismic-PRA systems
model_[see Note (1)].

HLR-LSPR-E HLR-SPR-E The analysis to quantify core damage Same as SPR-E
and large early release frequencies shall  in ASME/ANS
appropriately integrate the seismic RA-Sa-2009 [1].
hazard, the seismic fragilities, and the
systems-analysis aspects.

HLR-LSPR-F HLR-SPR-F Documentation of the seismic plant Same as SPR-F
response analysis and quantification in ASME/ANS
shall be consistent with the applicable RA-Sa-2009 [1].
supporting requirements

NOTE:

(1) Applicability of “full power” seismic fragilities is to be assessed for the specific conditions of the

POS under study. The equipment configuration may be different from the “full power” mode.

Supporting Requirements for HLR-LSPR: All of the Supporting Requirements in ASME/ANS RA-Sa-
2009 [1] for HLR-SPR shall apply in full_and shall be accomplished for each POS or group of POSs,
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where appropriate and in accordance with LPOS-A7. Of course, in reality, only a subset of the
requirements herein are really dependent on the POS, so some judgment is needed. For the walkdowns, it
is especially important to evaluate conditions that might be different during shutdown states than for full-
power operations.

5.3 Peer Review for Seismic PRA during LPSD Conditions

2 A a 009 a ala Ta axcen

modified, as appropriate, to refer to “LPSD conditions” instead of “at-power conditions.”

Alconsideration in the selection of the peer reviewers is to assure that there is expertise and knewledge
aljout LPSD evolutions within the team.

5/4 References

The entire list of References in Section 5-4 of ASME/ANS RA-Sa-2009 [1] is incorporated in this
sthndard by reference.
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Part 6 Requirements for Screening and Conservative Analysis of Other

External Hazards during LPSD Conditions

Text that is new in this part compared to that in Part 6 of Reference [1] is underlined below.

L

GILl Approach tor Screening and Conservative Analysis tor Other External Hazards during

SD Conditions

T

ne term “other external hazard” refers to an external hazard other than those for which requitements arg¢

pilovided in other sections of this standard, e.g., earthquakes, high winds, external floods. Appéndix 6-A

in

S6

ction, requirements for all external hazards other than earthquakes are established, @lthough high wind

ASME/ANS RA-Sa-2009 [1] includes a list of external hazards that may apply at specific sites. In thig

[72]

arl

d external flooding can also be assessed using the requirements in Parts 7 and 8_respectively, or usin

th

e generic requirements in Part 9. For hazards other than earthquakes, high winds; or external flooding

th

at require PRA analysis because they cannot be screened out, the requirements here and in Part 9 apply.

N

pte that in screening out a particular external hazard for a particular POS.or group of POSs, it is

ay

propriate to take account of the duration for the POS or group of POSs.

T

ne following is taken directly from Section 6-1 of ASME/ANS RA-Sa-2009 [1]:

T

“Generally, the evaluation covered by the requirements-in this section is the first task
undertaken in a full-scope external events PRA. Through the work here, the analysis team
ascertains which of the external events can be screened out so that no further PRA analysis is
needed. This allows the team to focus on thoseevents that remain (unscreened) within the
analysis. Experience reveals that earthquakes can never be screened out using the methods
herein; that sometimes high winds and external flooding can be screened out but sometimes
they require further analysis, either.a bounding analysis, a semi-quantitative analysis, or
perhaps even a full PRA; and that-o¢casionally one or more other external events also
require a full PRA. Subsequent'sections of this standard cover methods for a full PRA of the
external events that may not.be screened out.”

ne objectives and high level requirements for screening and conservative analysis of “other external

ha

zards” for LPSD conditions are basically the same as those identified for screening and conservative

ar

alysis during full pewer conditions in ASME/ANS RA-Sa-2009 [1] and shall be accomplished for eac

P

DS, as appropriatéxThis section is intended to be used together with Parts 1, 2, and 3 of this standard.

M

any of the technical requirements in Part 3 (Internal Events) are fundamental requirements for

¢

rforming a.PRA for any hazard group and are applicable to all the hazard groups within the scope of t

ne

L

PSD PRA.\They are incorporated by reference in those requirements that address the development of t

ne

pl

ant response to the damage states created by the hazard groups addressed in this section. The plant

Cd

S

nditions defined for each POS for the internal hazard group may have to be refined for this analysis.

components.

Specifically, the scope of the requirements herein cover (a) a Level 1 analysis of the core damage

frequency (CDF) and (b) a limited Level 2 analysis sufficient to evaluate the large early release frequency

(LERF).
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Section 1.1.8 of this standard contains an introduction that describes how the PRA analysis in this section
is to be structured and the relationship of the various aspects of a full power external-hazards PRA in
general to the analysis here for LPSD conditions.

The introductory text in Part 6 of ASME/ANS RA-Sa-2009 [1], namely Section 6-1, applies in full. The
Capability Categories and how they are to be applied for a specific application also apply in full.

6.2 Technical Reaui for S . ‘c ive Analvsis of Other E |

Hpzards during LPSD Conditions

The text in Section 6-2 of ASME/ANS RA-Sa-2009 [1] shall apply in full. Note that the HLRs are'to be
agplied to each relevant POS.

There are five High Level Requirements, as follows:

Tlable 6.2-1 High Level Requirements for Other External Hazards: Requirements for Screening
and Conservative Analysis (LEXT)

Designator in Designator_in Requirement Commentary
IThis Standard ASME/ANS
RA-5a-2009
[1]

HLR-LEXT-A | HLR-EXT-A All potential external hazards (i.e., all Same as EXT-A
natural and.man-made hazards) that may in ASME/ANS
affect the site shall be identified. RA-Sa-2009 [1].

HLR-LEXT-B HLR-EXT-B Preliminary screening, if used, shall be Same as EXT-B
performed using a defined set of in ASME/ANS
sereening criteria. RA-Sa-2009 [1].

HLR-LEXT-C HLR-EXT-C A bounding or demonstrably Same as EXT-C
conservative analysis, if used for in ASME/ANS
screening, shall be performed using RA-Sa-2009 [1].
defined quantitative screening criteria.

HLR-LEXT-D HLR-EXT-D The basis for the screening out of an Same as EXT-D
external hazard shall be confirmed in ASME/ANS
through a walkdown of the plant and its  RA-Sa-2009 [1].
surroundings.

HLR-LEXT-E HLR-EXT-E Documentation of the screening out of Same as EXT-E
an external hazard shall be consistent in ASME/ANS
with the applicable supporting RA-Sa-2009 [1].
requirements.

GENERAL NOTES for Table 6.2-1:

(@) HLR-LEXT-B, HLR-LEXT-C, HLR-LEXT-D and HLR-LEXT-E are applicable when an external
hazard has been selected for screening rather than for detailed analysis. At any time during the
screening process, a decision can be made to bypass that process and go directly to the detailed-
analysis requirements in Parts 7, 8, or 9. Appendix 6-A in ASME/ANS RA-Sa-2009 [1] contains a list
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of external hazards to be considered, and using this list is one acceptable approach to meeting this
requirement. [See LEXT-A1.]

(b) If an external hazard cannot be screened out in its entirety using either the qualitative criteria under
HLR-LEXT-B or the guantitative criteria under HLR-LEXT-C, then it shall be subjected to detailed
analysis under Parts 7, 8 or 9 and shall be accomplished for each POS or group of POSs, where
appropriate and in accordance with LPOS-A7Y.

R-=quwements in ASME/ANS RA Sa-2009 [1] for these five quh Level Requwements shaII applv in fulll.

6J3 Peer Review for Screening and Conservative Analysis of Other External Hazards during
LPSD Conditions

The entire text under Section 6-3 of ASME/ANS RA-Sa-2009 [1] shall apply in full.

Alconsideration in the selection of the peer reviewers is to assure that there is expettise and knowledge
aljout LPSD evolutions within the team.

6{4 References

The entire list of References in Section 6-4 of ASME/ANS RA-Sa=2009 [1] is incorporated in this
sthndard by reference.
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Part 7 High Wind Analysis

Text that is new in this part compared to that in Part 7 of Reference [1] is underlined below.

7.1 Overview of High Wind PRA Requirements during LPSD Conditions

T

ne objectives and high level requirements of the High Wind Analysis for LPSD conditions are basicall

th

e same as those identified for analysis during full power conditions in ASME/ANS RA-Sa-20091] and

sh

all be accomplished for each POS, where appropriate. This section is intended to be used together with

P

irts 1, 2, and 3 of this standard. Many of the technical requirements in Part 3 (Internal Events)‘are

fu

ndamental requirements for performing a PRA for any hazard group and are applicable’fo_all the hazaid

grloups within the scope of the LPSD PRA. They are incorporated by reference in thosé requirements tha

—*

ad

dress the development of the plant response to the damage states created by the hazard groups

ad

dressed in this section. The plant conditions defined for each POS for the internalhazard group may

ha

ve to be refined for this analysis. Such refinements may be needed to appropriately consider hazard

grloup-specific plant conditions that may impair hazard barriers, affect propagation pathways, or modify

fr

hgilities of structures, systems, or components.

S

pecifically, the scope of the requirements herein cover (a) a-Kevel 1 analysis of the core damage

f

=

pguency (CDF) and (b) a limited Level 2 analysis sufficient to)évaluate the large early release frequengy

(U
S§

ERF).

pction 1.1.8 of this standard contains an introduction.that describes how the PRA analysis in this section

is

to be structured and the relationship of the various.aspects of a full power external-hazards PRA in

a¢

neral to the analysis here for LPSD conditions.

T

ne introductory text in Part 7 of ASME/ANS’RA-Sa-2009 [1], namely Section 7-1, applies in full here.

T

ne Capability Categories and how they are to be applied for a specific application also apply in full.

O

bjectives: The objective of this section (High Wind Analysis) is to provide estimates of the core

dg

mage frequency (CDF) and large early release frequency (LERF) for accidents initiated by high winds,

in

cluding uncertainties. Besides/overall CDF and LERF estimates, the analysis must have as an explicit

objective the determination of high wind hazards, the determination of high wind fragilities of those SSCs

th

at contribute, the determination through systems analysis of the major sequences and damage states that

Cd

ntribute, and adeqUate documentation. The details that elaborate on what these introductory phrases

m

ean in practice-dre contained in the Technical Requirements.

7

T

2 Technical Requirements for High Wind PRA during LPSD Conditions

ne apening two paragraphs in Section 7-2 of ASME/ANS RA-Sa-2009 [1] shall apply in full.

7.

2.1 Probabilistic Wind Hazard Analysis (LWHA)

The objective of the hazard analysis is to assess the frequency of occurrence of high wind as a function of

in

tensity on a site-specific basis.

There are two high-level requirements for LWHA, as follows:
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Table 7.2.1-1 High Level Requirements for Wind Probabilistic Risk Assessment: Technical

Requirements for Probabilistic Wind Hazard Analysis (LWHA)

Designator in Designator in Requirement Commentary
This Standard | ASME/ANS
RA-Sa-2009
[1]
HL R-L WHA-A HLR-WHA-A  The frequency of high winds at the site shall Same as WHA®
be based on a site-specific probabilisticwind A in
hazard analysis (existing or new) that reflects ASME/ANS
recent available regional and site-specific RA-Sa:2009 [1].
information. Uncertainties in the models and
parameter values shall be properly accounted
for and fully propagated in order to obtain a
family of hazard curves from which a mean
hazard can be derived.
HLR-LWHA-B HLR-WHA-B  Documentation of the wind hazard Same as WHA-
analysis shall be consistent with‘the Bin
applicable supporting requirements. ASME/ANS

RA-Sa-2009 [1].

Sbpporting Requirements for HLR-LWHA: All of the Supporting Requirements in ASME/ANS RA-

S-2009 [1] for HLR-WHA shall apply in full.

7)2.2 High Wind Fragility Analysis (LWFR)

There are two high-level requirements for high-wind fragility analysis, as follows:

The objective of high wind fragility analysisGs to identify those structures, systems, and components th
are susceptible to the effects of high winds.and to determine their plant-specific failure probabilities as
fynction of the intensity of the wind.

at
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Table 7.2.2-1 High Level Requirements for Wind Probabilistic Risk Assessment: Technical
Requirements for Wind-Fragility Analysis (LWFR)

Designator in | pesignator in Requirement Commentary
This Standard | ASME/ANS
RA-Sa-2009
[1]
HLR-LWFR-A | HLR-WFR-A A wind fragility analysis shall be Same as WRE:
performed to estimate plant-specific, Ain
realistic wind fragilities of structures, ASME/ANS

systems, components, or a combination RA-8a+2009
thereof whose failure may contribute to (1}
core damage, large early release, or both.

HLR-LWFR-B | HLR-WFR-B Documentation of the wind fragility Same as WFR-
analysis shall be consistent with the Bin
applicable supporting requirements: ASME/ANS

RA-Sa-2009
[1].
Supporting Requirements for HLR-LWFR: All of the Supporting Requirements in ASME/ANS RA-

S

1-2009 [1] for HLR-WER shall apply in full and shall be accomplished for each POS or group of POSs,

W

here appropriate and in accordance with LPOS-A7Y.

7

T

T

2.3 High Wind Plant Response Analysis (LWPR)
ne objectives of this element are to:

(@) develop a wind plant response model by modifying the LPSD PRA internal events model to
include the effects of the wind\in-terms of initiating events and failures caused, including operatpr
actions;

(b) quantify this model to pravide the conditional core damage probability (CCDP) and conditional
large early release prabability (CLERP) for each defined wind plant damage state;

(c) evaluate the unconditional CDF and LERF by integrating the CCDP/CLERP with the frequencig
of the plant damagé states obtained by combining the wind hazard analysis and wind fragility
analysis .

w

nere are three-high-level requirements for wind plant response model and guantification analysis (Tabl

D

-~

72.3-1).
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Table 7.2.3-1 High Level Requirements for Wind Plant Response Model and Quantification

(LWPR
Designator in Designator Requirement Commentary
This Standard in
ASME/ANS
RA-Sa-2009
Ll

HLR-LWPR-A HLR-WPR-A The high wind PRA systems models shall Same as WPR+
include wind-caused initiating events and Ain ASME
other failures that can lead to core damage = PRA)Standard
or large early release. The model shall be (ASME/ANS
adapted from the internal events LPSD RA-Sa-2009
PRA systems model to incorporate wind- [1D.
analysis aspects that are different from the
corresponding aspects in the full power,
internal-events PRA or the LPSD ‘intérnal-
events PRA systems model. Thexmodel(s)
shall be appropriate for each-elevant POS.

HLR-LWPR-B HLR-WPR-B The analysis (or analyses)‘to quantify core ~ Same as WPR
damage and large early release frequencies B in
shall apply to each-desired POS state and ASME/ANS
shall appropriately integrate the wind RA-Sa-2009
hazard, the wind fragilities, and the [1].
systems-analysis aspects.

HLR-LWPR-C HLR-WPR-C Documentation of the high-wind plant Same as WPR+
response model development and Cin
quantification shall be consistent with the ASME/ANS
applicable supporting requirements. RA-Sa-2009

[1].

ipporting Requirementsfor-HLR-LWPR: All of the Supporting Requirements in ASME/ANS RA-

1-2009 [1] for HLR-WPRR shall apply in full and shall be accomplished for each POS or group of POSS,

W

here appropriate anddnyaccordance with LPOS-A7Y.
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7.3 Peer Review for High Wind PRA during LPSD Conditions

The entire text under Section 7-3 of ASME/ANS RA-Sa-2009 [1] shall apply in full, except where
modified, as appropriate, to refer to “LPSD conditions” instead of “at-power conditions”.

A consideration in the selection of the peer reviewers is to assure that there is expertise and knowledge
about LPSD evolutions within the team.

714 References

The entire list of References in Section 7-4 of ASME/ANS RA-Sa-2009 [1] is incorporated inthis
standard by reference.
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Part 8 External Flood Analysis

Text that is new in this part compared to that in Part 8 of Reference [1] is underlined below.

8.1 Overview of External Flood PRA Requirements during LPSD Conditions

T

| 2 A larala 1 1 H + £ 41 st |l | oA 1 +rof. LDQI P
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b3

sically the same as those identified for analysis during full power conditions in ASME/ANS RA-Sa*

2

09 [1] and shall be accomplished for each POS, as appropriate. This section is intended to be used

to

gether with Parts 1, 2, and 3 of this standard. Many of the technical requirements in Part 3 (Internal

E

ents) are fundamental requirements for performing a PRA for any hazard group and are applicable to

e

all the hazard groups within the scope of the LPSD PRA. They are incorporated by reference in those

guirements that address the development of the plant response to the damage states created by the

ha

zard groups addressed in this section. The plant conditions defined for each POS«for the internal hazaid

grloup may have to be refined for this analysis. Such refinements may be needed.to_appropriately consider

hazard group-specific plant conditions that may impair hazard barriers, affectpropagation pathways, or
miodify fraqilities of structures, systems, or components.

Specifically, the scope of the requirements herein cover (a) a Level1 analysis of the core damage
frequency (CDF) and (b) a limited Level 2 analysis sufficient to_évaluate the large early release frequengy
(LERF).

Section 1.1.8 of this standard contains an introduction that describes how the PRA analysis in this section
is|to be structured and the relationship of the various asSpects of a full power external-hazards PRA in
géeneral to the analysis here for LPSD conditions.

The introductory text in Part 8 of ASME/ANS\RA-Sa-2009 [1], namely Section 8-1, applies in full. The

C

hpability Categories and how they are te be“applied for a specific application also apply in full.

T

nere may be configurations during certain shutdown POS conditions in which some items have been

re

moved or barriers changed, which make the configuration different than at full power. Consideration gf

th

ese is an important part of performing an external-flood analysis during shutdown conditions.

O

bjectives: The objective of this section (External Flood Analysis) is to provide estimates of the core

dg

mage frequency (CDE) and large early release frequency (LERF) for accidents initiated by external

fl

pods, including uneertainties. Besides overall CDF and LERF estimates, the analysis must have as an

e

plicit objective’the determination of external flood hazards, the determination of external flood

fr

hoilities of those SSCs that contribute, the determination through systems analysis of the major

S§

guences’and damage states that contribute, and adequate documentation. The details that elaborate on

W

hat these introductory phrases mean in practice are contained in the Technical Requirements.

8.

The text in Section 8-2 of ASME/ANS RA-Sa-2009 [1] shall apply in full.
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8.2.1 Probabilistic External Flood Hazard Analysis (LXFHA)

The objective of the hazard analysis is to assess the frequency of occurrence of external floods of
different types as a function of severity on a site-specific basis.

There are two high-level requirements for LXFHA, as follows:

Table 8.2.1-1 High Level Requirements for External Flood Probabilistic Risk Assessment:
Technical Requirements for Probabilistic External Flood Hazard Analysis (LXFHA)

Designator in Designator in Requirement Commentary
[This Standard ASME/ANS
RA-Sa-2009
[1
HLR-LXFHA-A HLR-XFHA-A  The frequency of external flooding atthe Same as XFHA-
site shall be based on a site-specifie Ain
probabilistic external-flood hazardanalysis ~ASME/ANS
(existing or new) that reflects recent RA-Sa-2009 [1].

available regional and site=specific
information. Uncertainties’in the models
and parameter values:shall be properly
accounted for and“fully propagated in order
to obtain a family of hazard curves from
which a mean-hazard curve can be derived.

HLR-LXFHA-B HLR-SFHA-B Documentation of the external flood Same as XFHA-

hazard analysis shall be consistent with Bin

the applicable supporting requirements. ASME/ANS
RA-Sa-2009 [1].

Supporting Requirements for<HLR-LXFHA: All of the Supporting Requirements in ASME/ANS RA
S&-2009 [1] for HLR-XFHA shall apply in full.

8/2.2 External Flood Fragility Analysis (LXFFR)

The objective of the:external flood fragility analysis is to identify those structures, systems, and
camponents that‘are important to core/site protection and post-accident mitigation strategies during
shutdown aad.are susceptible to the effects of external floods and to determine their plant-specific failur
probabilities as a function of the severity of the external flood. Note that external-flood hazards include
baoth flood levels and associated effects such as debris generation and transport, soil erosion issues, and
thee Tike. Also, note that during shutdown conditions, flooding challenges may be different than during
full-power operation because alternate flooding pathways may exist, or equipment protection may be
reduced.

132

There are two high-level requirements for external flood fragility analysis, as follows:
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Table 8.2.2-1 High Level Requirements for External Flood Probabilistic Risk Assessment:
Technical Requirements for External-Flood Fragility Analysis (LXFFR)

_9_D9§i nator in Designator in Requirement Commentary
This Standard ASME/ANS

RA-52-2009

[1]

HLR-L XFFR-A HLR-XFFR-A An external-flood fragility analysis shall Same as

be performed to estimate plant-specific, XFER-Adn
realistic fragilities for those structures, ASME/ANS
systems, components, or combination RAf$a<2009
thereof whose failure contributes to core  [1}
damage, large early release, or both.

HLR-LXFFR-B HLR-XFFR-B Documentation of the external flood Same as

fragility analysis shall be consistentwith ~ XFFR-B in
the applicable supporting requirements. ASME/ANS
RA-Sa-2009

[1l.

N
as

S

OTE: during shutdown conditions, flooding challenges to equipment may be different than “at power”
alternate flooding pathways to equipment are possible or equipment protection is reduced.

ipporting Requirements for HLR-LXFFR: All of the Supporting Requirements in ASME/ANS RA

S

1-2009 [1] for HLR-XFFR shall apply in full and shall be accomplished for each POS or group of POS

W

here appropriate and in accordance with LPOS-AZ:

8

T

T

2.3 External Flood Plant Response Analysis (LXPR)
Ne objectives of this element are to:

(a) develop an external. fleod plant response model by modifying the internal events full power
PRA model or thé bPSD PRA internal events model to include the effects of the external
flood in terms of.initiating events and failures caused, including operator actions;

(b) quantify thissmodel to provide the conditional core damage probability (CCDP) and
conditionalHarge early release probability (CLERP) for each defined external flood plant
damage state;

(c) evalyate the unconditional CDF and LERF by integrating the CCDP/CLERP with the
frequencies of the plant damage states obtained by combining the external-flood hazard
analysis and external-flood fragility analysis.

nere.are three high-level requirements for external-flood plant-response and quantification analysis, as

H
1MUVVO.
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Table 8.2.3-1 High Level Requirements for External-Flood Plant Response Model and
Quantification (LXFPR)

Designator in This | pesignator in Requirement Commentary
Standard ASME/ANS

RA-S5a-2009

[1]

HLR-LXFPR-A HLR-SFPR-A  The external flood PRA systems Same as
models shall include flood-caused XFPR-Adn
initiating events and other failures that ~ASME/ANS
can lead to core damage or large early RA£$a2009
release. The model shall be adapted (&b
from the internal events LPSD PRA
systems model to incorporate flood-
analysis aspects that are different from
the corresponding aspects in the LPSD
internal-events PRA systems_model.

HLR-LXFPR-B HLR-XFPR-B  The analysis to quantify core damage Same as
and large early release frequencies shall XFPR-B in
appropriately integrate-the external- ASME/ANS
flood hazard, the &xtérnal-flood RA-Sa-2009
fragilities, and the systems-analysis [1].
aspects.

HLR-LXFPR-C HLR-XFPR-C Documentation of the external-flood Same as
plantresponse model development and  XFPR-C in
quantification shall be consistent with ASME/ANS
the applicable supporting requirements. RA-Sa-2009

[1].
Supporting Requirements for HLR-LXFPR: All of the Supporting Requirements in ASME/ANS RA
Sa-2009 [1] for HLR-XFPR shatlapply in full and shall be accomplished for each POS or group of POSE,
where appropriate and in aceordance with LPOS-A7.
8]3 Peer Review for External Flood PRA during LPSD Conditions
The entire text under Section 8-3 of ASME/ANS RA-Sa-2009 [1] shall apply in full, except where
miodified, as.appropriate, to refer to “LPSD conditions” instead of “at-power conditions.”
Alconsideration in the selection of the peer reviewers is to assure that there is expertise and knowledge
aljout-oPSD evolutions within the team.

8.4 References

The entire list of References in Section 8-4 of ASME/ANS RA-Sa-2009 [1] is incorporated in this

standard by reference.
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Part 9 Other External Hazards Analysis

Text that is new in this part compared to that in Part 9 of Reference [1] is underlined below.

9.1 Overview of Requirements for Other External Hazards PRAs during LPSD Conditions

in ASME/ANS RA-Sa-2009 [1] includes a list of external hazards that may apply at specific sites.

The objectives and high level requirements for PRA analysis of other external hazards for LPSD
conditions are basically the same as those identified for analysis during full power conditiofs’in
ASME/ANS RA-Sa-2009 [1] and shall be accomplished for each POS, as appropriate-This section is
intended to be used together with Parts 1, 2, and 3 of this standard. Many of the technical requirements ih
Part 3 (Internal Events) are fundamental requirements for performing a PRA for_any hazard group and afe
applicable to all the hazard groups within the scope of the LPSD PRA. They are'incorporated by referenge
in those requirements that address the development of the plant response to.the’damage states created by
thie hazard groups addressed in this section. Note that each external hazardfor which a unique approach js
developed will constitute its own hazard group. The plant conditions defined for each POS for the
external hazard group may have to be refined for this analysis. Such/refinements may be needed to
appropriately consider hazard group-specific plant conditions thatumay impair hazard barriers, affect
propagation pathways, or modify fragilities of structures, systems, or components.

Specifically, the scope of the requirements herein cover.(@) a Level 1 analysis of the core damage
frequency (CDF) and (b) a limited Level 2 analysis sufficient to evaluate the large early release frequengy

(UERF).

Section 1.1.8 of this standard contains an introduction that describes how the PRA analysis in this section
is|to be structured and the relationship of'the various aspects of a full power external-hazards PRA in
gdneral to the analysis here for LPSD-cenditions.

The introductory text in Part 9 of ASME/ANS RA-Sa-2009 [1], namely Section 9-1, applies in full. The
Chpability Categories and how they are to be applied for a specific application also apply in full.

Objectives: The objective-of this section (PRA analysis for other external hazards) is to provide estimatgs
of the core damage_freguency (CDF) and large early release frequency (LERF) for accidents initiated byl a
sipgle other external hazard, including uncertainties. Besides overall CDF and LERF estimates, the
analysis must have as an explicit objective the determination of the hazard, the determination of the
frigilities of those SSCs that contribute, the determination through systems analysis of the major
sdguencesand damage states that contribute, and adequate documentation. The details that elaborate on
what these introductory phrases mean in practice are contained in the Technical Requirements.

9.2 Technical Requirements for Other External Hazard PRA during LPSD Conditions

The text in Section 9-2 of ASME/ANS RA-Sa-2009 [1] shall apply in full.

166


https://asmenormdoc.com/api2/?name=ANS ASME-58.22 2014.pdf

9.2.1 Probabilistic Other-External-Hazard Analysis (LXHA)

The objective of the hazard analysis is to assess the frequency of occurrence of the external hazard as a
function of intensity on a site-specific basis.

There are two high-level requirements for LXHA, as follows:

Designator in This | pesignator Requirement Commentary
$tandard in
ASME/ANS
RA-Sa-2009
[1]
HLR-LXHA-A HLR-XHA-A  The analysis of the hazard (the frequency@f,® Same as XHA-A
occurrence of different intensities of the in ASME/ANS
external hazard) shall be based on a'site- RA-Sa-2009 [1]

specific probabilistic evaluation reflecting
recent available data and site-specific
information. The analysis €an be based on
historical data, a phenomenological model,
or a mixture of the two.

HLR-LXHA-B HLR-XHA-B  Documentation.of-the external hazard Same as XHA-B
analysis shallcbe consistent with the in ASME/ANS
applicable supporting requirements. RA-Sa-2009 [1]

Sbpporting Requirements for HLR-LXHA=AII of the Supporting Requirements in ASME/ANS RA-

S§-2009 [1] for HLR-XHA shall apply infull’

9{2.2 Other External Hazard Fragility Analysis (LXFR)

The objective of external hazard fragility analysis is to identify those structures, systems, and componen

thiat are susceptible to the effects of the external hazard and to determine their plant-specific failure

probabilities as a function.of the severity of the hazard. Note that in this context, the plant operators are

'icluded as components-of the system since some external hazards (e.g., toxic gas) may affect operators
her than equipment:

There are twahigh-level requirements for other-external-hazard fragility analysis, as follows.:

IS
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Table 9.2.2-1 High Level Requirements for Other External Hazards Probabilistic Risk
Assessment: Technical Requirements for Other External Hazard Fragility Analysis (LXFR)

Designator in This | pesignator Requirement Commentary
Standard in
ASME/ANS
RA-Sa-2009
||
HLR-LXFR-A HLR-XFR-A  The fragility of a structure, system, Same as XFR-
component, or a combination thereof Ain
(SSC) shall be evaluated using plant- ASME/ANS
specific, SSC-specific information and an  RA-Sa-2009
accepted engineering method for HI1.
evaluating the postulated failure.
HLR-LXFR-B HLR-XFR-B  Documentation of the external hazard Same as XFR-
fragility analysis shall be consistentywith Bin
the applicable supporting requifements. ASME/ANS
RA-Sa-2009
[1].

Sbpporting Requirements for HLR-LXFR: All of the Supporting Requirements in ASME/ANS RA-

S§-2009 [1] for HLR-XFR shall apply in full and shall beaccomplished for each POS or group of POSs

where appropriate and in accordance with LPOS-A7.

actions;

The objectives of this element are to:

9)2.3 Other External Hazard Plant Response*Analysis

(b) quantify this model‘to’ provide the conditional core damage probability (CCDP) and conditional
large early release probability (CLERP) for each defined external hazard plant damage state;

(c) evaluate thecuneonditional CDF and LERF by integrating the CCDP/CLERP with the frequencig
of the plant.damage states obtained by combining the hazard analysis and the fragility analysis.

There are three-high-level requirements for other-external-hazard plant-response and quantification

analysis, as follows:

168

(a) develop a plant response model by modifying the LPSD PRA internal events model to include the
effects of the external hazard in terms of initiating events and failures caused, including operato
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Table 9.2.3-1 High Level Requirements for Other External-Hazard Plant Response Model and

Quantification (LXPR)

Designator in This

Designator Requirement Commentary

Standard in

ASME/ANS
RA-5a-2009
L]

HLR-LXPR-A HLR-XPR-A  The external hazard PRA plant model Same as XPR-
shall include external-hazard-caused Ain
initiating events and other failures that ASME/ANS
can lead to core damage or large early RA-Sa-2009
release. The model shall be adapted from-, [1].
the internal events LPSD PRA systems
model to incorporate external-hazard-
analysis aspects that are different from
the corresponding aspects in the . LPSD
internal-events PRA systemsimodel.

HLR-LXPR-B HLR-XPR-B  The analysis to quantify core damage Same as XPR-
and large early releage\frequencies shall B in
appropriately integraté the external ASME/ANS
hazard, the external-hazard fragilities, RA-Sa-2009
and the systems-analysis aspects. [1].

HLR-LXPR-C HLR-XPR-C  Documentation of the external-hazard Same as XPR-
plant response model development and Cin
quantification shall be consistent with ASME/ANS
theapplicable supporting requirements. RA-Sa-2009

[1].
Supporting Requirements for HLR-LXPR: All of the Supporting Requirements in ASME/ANS RA-
S-2009 [1] for HLR-XPR shallapply in full and shall be accomplished for each POS or group of POSs
where appropriate and in aceordance with LPOS-AT7.
9/3 Peer Review for Other External Hazard PRA during LPSD Conditions
The entire text under Section 9-3 of ASME/ANS RA-Sa-2009 [1] shall apply in full, except where
mpodified, as appropriate, to refer to “LPSD conditions” instead of *“at-power conditions.”
Alconsideration in the selection of the peer reviewers is to assure that there is expertise and knowledge
aout’bPSD evolutions within the team.

9.4 References

The entire list of References in Section 9-4 of ASME/ANS RA-Sa-2009 [1] is incorporated in this

standard by reference.
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Part 10 LPSD Quantitative Risk Assessment for a Specific LPSD
Evolution

10.1 Overview of Risk Assessment for a Specific LPSD Evolution

As noted in Section 1.1, this standard is intended to be applicable to an LPSD PRA or an LPSD QLRA.
For LPSD QLRA, the requirements in Part 11 are applicable for such applications. The supporting

gquirements presented in Parts 2 through 9 have been written for a PRA developed to support the
agsessment of time-averaged CDF and LERF risk metrics or alternate time-averaged risk metrics, as’notgd
in Sections 1.1.2 and 1.3.3. These supporting requirements are not all necessarily applicable for LPSD
PRA models developed to assess time-dependent risk metrics of a specific LPSD evolution;

The personnel at U.S. nuclear power plants (NPPs) routinely apply configuration risk.mhanagement
prlograms to manage risk for both full power and specific LPSD evolutions. For LPSD evolutions,
egsentially all U.S. NPPs have implemented these configuration risk management-programs to support
prk planning, work scheduling, and equipment configuration control for specific LPSD evolutions.
These programs typically involve the assessment of time-dependent CDF-and LERF, often at much fine
time intervals than those typically assigned to POSs, based on detailed modeling of planned maintenancg
aqtivities for the specific outage.

The LPSD PRA supporting requirements developed for the evaluation of time-averaged risk metrics
cgnnot necessarily all be used to assess time-dependent risk.metrics. This part of the standard provides
reguirements on how to support such assessments. Specifically, information is provided for modifying the
regquirements developed for time-averaged risk so thatan analysis of timed-dependent risk metrics can b
pégrformed. The selected scope of the PRA application (see Section 1.3.3) is also a factor in determining
the applicability of the requirements. As this partis entirely new as compared to Reference [1], no
umderlining is used to show such differences.Anderlining in Table titles from earlier parts are also
refained in Part 10. Where REPLACEMENT"REQUIREMENTS are inserted, underlining is also used tq
shjow the changes from earlier parts in-this standard.

D

19.2 Supporting Requirements for Time-Dependent Risk Metrics for a Specific LPSD
Eyolution

For applications involving-time-dependent risk metrics, all of the high-level requirements in Parts 2
through 9 are still applicable. Comments on individual supporting requirements that can be modified are
ngted in the following tables. The reader is referred to Parts 2 through 9 for the time-averaged risk
agsessment supparting requirements. The following tables were copied from Parts 2 through 9 in this
sthndard. The.tables have been numbered by adding “10.” to the table numbers in Parts 2 through 9 so
thiat the corresponding tables for time-averaged CDF and LERF can be easily identified. For Parts 2, 3,
and 4.if.the supporting requirements for time-dependent, specific LPSD evolutions do not change as
campared to those for time-averaged CDF and LERF risk metrics, then this is noted in the table. For
exampte, thetableemry simply Says “AS TN PART 2, anditis understood that the Teader is to Teferto
the corresponding table in the part of the standard referenced. If the supporting requirement is the same
except that an additional requirement is made, this is so noted by preceding the addition by
“ADDITIONAL REQUIREMENT.” In some cases, a clarification is offered, which is preceded by
“CLARIFICATION.” If the supporting requirement is not applicable to time-dependent specific LPSD
evolution analyses, then the phrase “NOT APPLICABLE” is indicated. Finally, if the supporting
requiring has been changed, then the revised wording is preceded by “REPLACEMENT
REQUIREMENT.”
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The reader is reminded that Parts 2 and 3 refer to the requirements for the internal event hazard group.
Part 4 refers to internal floods, and Parts 5 through 9 refer to the other hazard groups considered for an
LPSD PRA time-averaged CDF and LERF. The internal fires hazard group is not discussed in this
standard and so is also not discussed for time-dependent specific LPSD evolutions.

In addition to evaluating time-dependent CDF and LERF for a specific LPSD evolution (e.g., for a
refueling outage), the assessment performed for a particular application may also use the time-averaged
CPEand | ERF or cumulative CDF and L ERF as risk metrics. Such time-averaged and cumulative risk
metrics can be developed from the evaluated time-dependent CDF and LERF values for all of the plant
canfigurations during the LPSD evolution. The modifications to the supporting requirements for interna
and external events described in the following tables consider both of these situations. It is expected that
fgr most configuration risk management applications, the use of time-dependent CDF and LERFis
sufficient.

Ak described in Section 1.6, a peer review is required prior to the use of a specific LRSD evolution PRA
mpdel. However, this model could be used for subsequent specific LPSD evolutiens 'without additional
pger review provided that the changes required for the subsequent LPSD evolutigns can be classified as
PRA maintenance changes rather than as PRA upgrades.
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Table 10.2-2(a) Supporting Requirements for Plant Operating State Analysis —

High Level Requirement A

The POS analysis shall use a structured, systematic process to identify and define a complete set of plant
operating states to be analyzed in the LPSD PRA (HLR-LPOS-A).

Capability Category | Capability Category Il Capability Category IlI
CPOS-AT  |ASINPART Z. ASTNPART Z. ASTNPART Z.
CLARIFICATION: CLARIFICATION: CLARIFICATION:
IDENTIFY asingle IDENTIFY asingle evolution IDENTIFY asingle
evolution type. type. evolution type.
LPOS-A2 | ASIN PART 2.
CLARIFICATION: REVIEW documentation for the identified evolution type.
LPOS-A3 | ASIN PART 2.
CLARIFICATION: DEFINE the set of exclusive POSs for-the single identified
evolution type. Account for the bulleted items in this SR<gither as plant conditions used
to define the POSs or in the time-dependent quantifications of each plant configuratiof.
A reduced set of POSs may be used provided all planf'conditions listed in the SR are
accounted for (see also Appendix 2.A).
LPOS-A4 | ASIN PART 2.
CLARIFICATION: REVIEW the known.plans only for the single identified evolutior).
LPOS-A5 | ASIN PART 2. AS IN PART 2.
CLARIFICATION: FOCUS the INTERVIEW on the
identified LPSD evolution.
LPOS-A6 | AS IN PART 2. AS IN PART 2.
CLARIFICATION: DETERMINE significant contributors
by evaluating a representative LPSD evolution of the type
to be assessed and assuming that no equipment outages take
place other than those that define a POS. DETERMINE
significance on a POS-by-POS basis as opposed to
summing the risks over all POSs and comparing against the
total. All POSs are to be assumed significant for the
purpose of determining supporting requirements.
LPOS-A7~4AS IN PART 2.
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Table 10.2-2(b) Supporting Requirements for Plant Operating State Analysis —
High Level Requirement B

The POS analysis shall justify all screening and grouping of POSs or LPSD evolutions to facilitate an
efficient but realistic estimation of CDF and LERF and to support subsequent requirements to be
evaluated by POS or group of POSs (HLR-LPOS-B).

Capability Category | Capability Category 11 Capability Category 111

LPOS-B1 |NOT APPLICABLE. NOT APPLICABLE. NOT APPLICABLE.
LPOS-B2 REPLACEMENT REQUIREMENT: DO NOT SCREEN any POSs that make up the

identified LPSD evolution.
LPOS-B3 | ASINPART 2. AS IN PART 2. AS IN PARTy2.
LPOS-B4 |AS IN PART 2.
LPOS-B5 |AS IN PART 2.
LPOS-B6 |ASINPART 2.
LPOS-B7 |ASINPART 2. AS IN PART 2.

CLARIFICATION: BETERMINE significant contributors
by evaluating a reptresentative LPSD evolution of the type
to be assessed, assuming that no equipment outages take
place other than'those that define a POS. DETERMINE
significance,on a POS-by-POS basis as opposed to
summing the risks over all POSs and comparing against th
total -All POSs are to be assumed significant for the
purpose of determining supporting requirements.

D
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Table 10.2-2(c) Supporting Requirements for Plant Operating State Analysis —

High Level Requirement C

The POS analysis shall determine the POS frequencies and durations along with the representative decay
heat levels associated with each POS (HLR-LPOS-C).

Capability Category | Capability Category Il Capability Category IlI

CPOS-CT |NOT APPLICABLE.

LPOS-C2 |REPLACEMENT REQUIREMENT: To estimate the average duration and average
time after shutdown for each POS, USE the planned POS durations for the specific
LPSD evolution.

LPOS-C3 |REPLACEMENT REQUIREMENT: USE the planned POS durations for,the specific
LPSD evolution.

LPOS-C4 |ASIN PART 2.
CLARIFICATION: USE the specific evolution plan to establish the decay heat level fgr
each POS entry time.

LPOS-C5 |NOT APPLICABLE.

Table 10.2-2(d) Supporting Requirementsfor Plant Operating State Analysis —

High Level Requirement D

The POS analysis shall be documented consistent with the applicable supporting requirements (HLR-
LPOS-D).
Capability Category-1 Capability Category Il Capability Category 111
LPOS-D1 |AS IN PART 2.
LPOS-D2 |AS IN PART 2.
CLARIFICATION: Omit documentation of LPSD evolution types that are not
applicable, and omit documentation of POS entry frequencies.
4POS-D3 ASIN PART 2.
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Table 10.3.2.1-2(a) Supporting Requirements for HLR-LIE-A

The initiating event analysis shall provide a reasonably complete identification of initiating events _for all
POSs retained for analysis (HLR-LIE-A).

Index No. Capability Category | Capability Category 11 Capability Category 111
LIE-A
IHE=AT ASHPARTS:

CLARIFICATION: IDENTIFY the initiating events that challenge normal plant
operation and require successful mitigation for the single identified LPSD evolution
type.

LIE-A2 AS IN PART 3.

CLARIFICATION: INCLUDE the spectrum of initiating event challénges for the
single identified LPSD evolution type.

LIE-A3 AS IN PART 3.

CLARIFICATION: REVIEW initiating event experience_ for-the single identified
LPSD evolution type.

LIE-A4 AS IN PART 3. AS IN PART 3.
CLARIFICATION: REVIEW generic analysesfor the CLARIFICATION:
single identified LPSD evolution type. REVIEW generic analyses

for the single identified
LPSD evolution type.
ENSURE that at-initiator
human failure events that
impact later human
responses for the single
identified LPSD evolution
type are tracked.

LIE-A5 AS IN PART 3. AS IN PART 3. AS IN PART 3.
CLARIFICATION: CLARIFICATION: CLARIFICATION:
PERFORM systematic PERFORM systematic PERFORM systematic
evaluation of each system  evaluation of each system, evaluation of each system,
and supporting system including supporting including supporting
using’a qualitative review  systems, using a structured systems, using a structured
of-System impacts to approach to identify approach and detailed
identify potential initiating  potential initiating events  analysis of system
events for the single for the single identified interfaces to identify
identified LPSD evolution ~ LPSD evolution type. potential initiating events
type. for the single identified

L PSD evolution type
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Table 10.3.2.1-2(a) Supporting Requirements for HLR-LIE-A (Cont’d)

Index No. Capability Category | Capability Category I Capability Category IlI
LIE-A
LIE-A6 AS IN PART 3. AS IN PART 3. AS IN PART 3.
CLARIFICATION: CLARIFICATION: CLARIFICATION:
INCLUDE initiating INCLUDE initiating INCLUDE initiating events
events caused by common events caused by common  caused by random and
cause failures in the cause failure and system  common cause failures.and
system evaluation for the  alignment in the evaluation by system alignmentcin-the
single identified LPSD for the single identified evaluation for the Single
evolution type. LPSD evolution type. identified LPSD_evolution
type.
LIE-A7 AS IN PART 3.
LIE-A8 AS IN PART 3. AS IN PART 3.
CLARIFICATION: FOCUS the'interview on the single
identified LPSD evolution;type.
LIE-A9 AS IN PART 3. AS IN PART 3. AS IN PART 3.
CLARIFICATION: CLARIFICATION:
REVIEW the plant- REVIEW the plant-specific
specific operating and industry operating
experience for the single  experience for the single
identifigd*LPSD evolution identified LPSD evolution
type. type.
LIE-A9a AS IN PART 3. AS IN PART 3.
CLARIFICATION: INCLUDE system alignment that
could influence the likelihood of an initiating event or
increase the severity of previously identified initiating
events or cause a new initiating event in the search for
initiating events for the single identified LPSD evolution
type.
LIE-A10 AS IN'PART 3.
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Table 10.3.2.1-2(b) Supporting Requirements for HLR-LIE-B

The initiating event analysis shall group the initiating events within a POS so that events in the same
group have similar mitigation requirements (i.e., the requirements for most events in the group are less
restrictive than the limiting mitigation requirements defined for the group) to facilitate an efficient but
realistic estimation of CDF (HLR-LIE-B).

ndex No. Capability Category | Capability Category 11 Capability Category 111

| IE-B

| IE-B1 AS IN PART 3.
CLARIFICATION: GROUP initiating events by POS for the single identifiéd LPSD
evolution type. It is not necessary to group the initiating events for each plant
configuration.

| IE-B2 AS IN PART 3.
CLARIFICATION: APPLY the process used for grouping initiating events by POS
for the single identified LPSD evolution type. It is not necessary to apply the process
to each plant configuration.

|_IE-B3 AS IN PART 3. AS IN PART 3. AS IN PART 3.

| IE-B4 AS IN PART 3
CLARIFICATION: GROUP initiating eventscoy POS for the single identified LPSD
evolution type. It is not necessary to group-the initiating events for each plant
configuration.

| IE-B5 AS IN PART 3.
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Table 10.3.2.1-2(c) Supporting Requirements for HLR-LIE-C

The initiating event analysis shall estimate the annual frequency of each initiating event or initiating event
group for each POS (HLR-LIE-C).

Index No. Capability Category | Capability Category 1 Capability Category 111
LIE-C
=€t ASHHPARTS:

CLARIFICATION: CALCULATE initiating event frequency by the POS for the
single identified LPSD evolution type. It is not necessary to calculate the initiating
event frequency for each plant configuration.

LIE-C2 AS IN PART 3.
LIE-C3 AS IN PART 3.
LIE-C4 AS IN PART 3.
LIE-C5 REPLACEMENT REQUIREMENT: CALCULATE initiating event frequencies on a

per calendar year basis for the single identified LPSD evelution type. CALCULATE
initiating event frequencies for at-initiator human failure events for each applicable
POS on a per reactor year basis. Specifically, for.each applicable POS, ESTIMATE
the number of times that the at-initiator is challenged during the POS and the
frequency that the POS is entered per reactofyear.

ILIE-C6 REPLACEMENT REQUIREMENT: For-screening initiating events or initiating
event groups for the single identified LPSD evolution type, DEVELOP and JUSTIFY,
the frequency screening criteria used:

L 1E-C6a NOT APPLICABLE. NOT APPLICABLE. NOT APPLICABLE.
LIE-C7 AS IN PART 3. AS IN PART 3.
LIE-C8 AS IN PART 3.

LIE-C9 AS IN PART 3.

L1E-C10 AS IN PART3.

LIE-C11 AS IN PART 3.

LIE-C12 ASINPART 3.

LI1E-C13 AS IN PART 3. AS IN PART 3.
LIE-C14 AS IN PART 3. AS IN PART 3.
LIE-C15 AS IN PART 3.
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Table 10.3.2.1-2(d) Supporting Requirements for HLR-LIE-D

Documentation of the initiating event analysis shall be consistent with the applicable supporting
requirements (HLR-LIE-D).

Index No. Capability Category | Capability Category 11 Capability Category Il
LIE-D

LDt ASHHPARTS:

LIE-D2 AS IN PART 3.

LIE-D3 AS IN PART 3.
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Table 10.3.2.2-2(a) Supporting Requirements for HLR-LAS-A

The accident sequence analysis shall describe the plant-specific scenarios that can lead to core damage
following each modeled initiating event. These scenarios shall address system responses and operator
actions including recovery actions that support the key safety functions necessary to prevent core damage
(HLR-LAS-A).

ndex No. Capability Category | Capability Category Il Capability Category I11
LAS-A
L AS-Al AS IN PART 3.

CLARIFICATION: PERFORM the sequence development by POS for the specific
LPSD evolution. It is not necessary to perform this for each plant configuration.

LAS-A2 AS IN PART 3.
CLARIFICATION: PERFORM the sequence development by POSfor the specific
LPSD evolution. It is not necessary to perform this for each plant configuration.

L AS-A3 AS IN PART 3.
CLARIFICATION: PERFORM the sequence development‘by POS for the specific
LPSD evolution. It is not necessary to perform this for each plant configuration.

LAS-A4 AS IN PART 3.
CLARIFICATION: PERFORM the sequence development by POS for the specific
LPSD evolution. It is not necessary to performhis for each plant configuration.

L AS-A5 AS IN PART 3.
CLARIFICATION: PERFORM the sequence development by POS for the specific
LPSD evolution. It is not necessary to perform this for each plant configuration.

L AS-A6 AS IN PART 3.
CLARIFICATION: PERFORM the sequence development by POS for the specific
LPSD evolution. It is not necessary to perform this for each plant configuration.

L AS-A7 AS IN PART 3. AS IN PART 3
CLARIFICATION: PEREORM the sequence CLARIFICATION:
development by POS-for the specific LPSD evolution. PERFORM the sequence
It is not necessary to-perform this for each plant development by POS for thg
configuration. specific LPSD evolution. It

is not necessary to perform
this for each plant
configuration.

I AS-A8 ASAN-PART 3.
CLARIFICATION: PERFORM the sequence development by POS for the specific
EPSD evolution. It is not necessary to perform this for each plant configuration.
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Table 10.3.2.2-2(a) Supporting Requirements for HLR-LAS-A (Cont’d)

Index No. Capability Category | Capability Category Il Capability Category IlI

LAS-A

LAS-A9 AS IN PART 3. AS IN PART 3. AS IN PART 3.
CLARIFICATION: CLARIFICATION: CLARIFICATION:
PERFORM the sequence PERFORM the sequence PERFORM the sequence
development by POS for development by POS for the development by POS for the
the specific LPSD specific LPSD evolution. It specific LPSD evolution. It
evolution. It is not is not necessary to perform s not necessary to perform
necessary to perform this for each plant this for each plant
this for each plant configuration. configuration.
configuration.

LAS-A10 AS IN PART 3. AS IN PART 3. AS IN PARTS.
CLARIFICATION: CLARIFICATION: CLARIRICATION:
PERFORM the sequence PERFORM the sequence PERFORM the sequence
development by POS for development by POS for the develepment by POS for the
the specific LPSD specific LPSD evolution. It .specific LPSD evolution. It
evolution. It is not is not necessary to perform «\is not necessary to perform
necessary to perform this for each plant this for each plant
this for each plant configuration. configuration.
configuration.

LAS-Al1l AS IN PART 3.

CLARIFICATION: PERFORM the sequence development by POS for the specific
LPSD evolution. It is not necessary to perform this for each plant configuration.
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Table 10.3.2.2-2(b) Supporting Requirements for HLR-LAS-B

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

Index No. Capability Category | Capability Category Il Capability Category 111

LAS-B

ILAS-B1 AS INPART 3
CLARIFICATION: PERFORM the sequence development by POS for the specific
LPSD evolution. It is not necessary to perform this for each plant configuration.

L AS-B2 AS IN PART 3.
CLARIFICATION: PERFORM the sequence development by POS for the specific
LPSD evolution. It is not necessary to perform this for each plant configuration.

L AS-B3 AS IN PART 3.
CLARIFICATION: PERFORM the sequence development by POS for the specific
LPSD evolution. It is not necessary to perform this for each-plant configuration.

L AS-B4 AS IN PART 3.
CLARIFICATION: PERFORM the sequence development by POS for the specific
LPSD evolution. It is not necessary to perform this for each plant configuration.

I AS-B5 AS IN PART 3.
CLARIFICATION: PERFORM the sequence development by POS for the specific
LPSD evolution. It is not necessary to perform this for each plant configuration.

L AS-B6 AS IN PART 3.
CLARIFICATION: PERFORM the sequence development by POS for the specific
LPSD evolution. It is not necessary to perform this for each plant configuration.

L AS-B7 AS IN PART 3.

CLARIFICATION: PERFORM the sequence development by POS for the specific
LPSD evolution. Itisnot necessary to perform this for each plant configuration.
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Table 10.3.2.2-2(c) Supporting Requirements for HLR-LAS-C

Documentation of the accident sequence analysis shall be consistent with the applicable supporting
requirements (HLR-LAS-C).

Index No. Capability Category | Capability Category Il Capability Category 111
LAS-C
ILAS-C1 AS INPART 3

CLARIFICATION: DOCUMENT the sequence development by POS for the specific
LPSD evolution. It is not necessary to perform this for each plant configuration.

L AS-C2 AS IN PART 3.
CLARIFICATION: DOCUMENT the sequence development by POS forthe specific
LPSD evolution. It is not necessary to perform this for each plant configuration.

L AS-C3 AS IN PART 3.
CLARIFICATION: DOCUMENT the sequence development byPOS for the specific
LPSD evolution. It is not necessary to perform this for each-plant configuration.
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Table 10.3.2.3-2(a) Supporting Requirements for HLR-LSC-A

The overall success criteria for the PRA and the system, structure, component, and human action success
criteria used in the LPSD PRA shall be defined and referenced and shall be consistent with the features,
procedures, and operating philosophy of the plant (HLR-LSC-A).

Index No. Capability Category | Capability Category Il Capability Category Il
LSC-A
[[SC-AT AS TN PART 3.
CLARIFICATION: DEVELOP success criteria by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.
1L SC-A2 AS IN PART 3. AS IN PART 3.
CLARIFICATION: CLARIFICATION: DEVELOP success criteria by POS
DEVELOP success for the specific LPSD evolution. It is not necessary to
criteria by POS for the perform this for each plant configuratian:
specific LPSD evolution.
It is not necessary to
perform this for each
plant configuration.
L SC-A3 AS IN PART 3.
CLARIFICATION: DEVELOP success criteria by POS for the specific LPSD
evolution. It is not necessary to perform this fer each plant configuration.
L SC-A4 AS IN PART 3.
CLARIFICATION: DEVELOP success-criteria by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.
LSC-A5 AS IN PART 3. ASIN PART 3.
CLARIFICATION: CLARIFICATION: DEVELOP success criteria by POS
DEVELOP success for the specific LPSD evolution. It is not necessary to
criteria by POS for the perform this for each plant configuration.
specific LPSD evolution.
It is not necessary to
perform this/fgreach
plant configuration.
L. SC-A6 AS IN'PART 3.
CLKARIFICATION: DEVELOP success criteria by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.
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Table 10.3.2.3-2(b) Supporting Requirements for HLR-LSC-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 LERF, determination of the
relative impact of success criteria on SSC and human actions, and the impact of uncertainty on this

determination (HLR-LSC-B).

Index No. Capability Category | Capability Category Il Capability Category IlI

[SC-B

1LSC-B1 AS IN PART 3. AS IN PART 3. AS IN PART 3.
CLARIFICATION: CLARIFICATION: CLARIFICATION:
DEVELOP success DEVELOP success criteria  DEVELOP sucgess
criteria by POS for the by POS for the specific criteria by P@S for the
specific LPSD evolution. LPSD evolution. It is not specific LPSD evolution.
It is not necessary to necessary to perform this It is not\necessary to
perform this for each plant  for each plant perfepm this for each plant
configuration. configuration. configuration.

1 SC-B2 AS IN PART 3. AS IN PART 3.
CLARIFICATION: CLARIFICATION: DEVELOP success criteria by POS
DEVELOP success for the specific LPSD evolution. It is not necessary to
criteria by POS for the perform this for eacfrplant configuration.
specific LPSD evolution.
It is not necessary to
perform this for each plant
configuration.

1 SC-B3 AS IN PART 3.
CLARIFICATION: DEVELGR success criteria by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

1 SC-B4 AS IN PART 3.
CLARIFICATION: DEVELOP success criteria by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

. SC-B5 AS IN PART 3.

CLARIEICATION: DEVELOP success criteria by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.
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Table 10.3.2.3-2(c) Supporting Requirements for HLR-LSC-C

Documentation of success criteria shall be consistent with the applicable supporting requirements (HLR-
LSC-C).

Index No. Capability Category | Capability Category Il Capability Category 111
LSC-C
I.SC-C1 AS INPART 3

CLARIFICATION: DOCUMENT success criteria by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

. SC-C2 AS IN PART 3.
CLARIFICATION: DOCUMENT success criteria by POS for the specific L'lPSD
evolution. It is not necessary to perform this for each plant configuration:

1L SC-C3 AS IN PART 3.
CLARIFICATION: DOCUMENT success criteria by POS for the)specific LPSD
evolution. It is not necessary to perform this for each plant configuration.
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Table 10.3.2.4-2(a) Supporting Requirements for HLR-LSY-A

The systems analysis shall provide a reasonably complete treatment of the causes of system failure and
unavailability modes represented in the initiating events analysis and sequence definition (HLR-LSY-A).

Index No.

LSY-A

Capability Category | Capability Category 11 Capability Category 111

SY-Al

AS INPART 3

CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

|

|SY-A2

AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the spegifi¢’LPSD
evolution. It is not necessary to perform this for each plant configuration:

|

|SY-A3

AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS forthe specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

|

|SY-A4

AS IN PART 3. AS IN PART 3.

CLARIFICATION: CLARIFICATION: PERFORM the systems analysis by
PERFORM the systems POS for the specific LPSD evolution. It is not necessary
analysis by POS for the to perform this for«€ach plant configuration.

specific LPSD evolution.

It is not necessary to

perform this for each

plant configuration.

|

LSY-A5

AS IN PART 3.
CLARIFICATION: PERFORM-the systems analysis by POS for the specific LPSD
evolution. It is not necessaryto perform this for each plant configuration.

|

|SY-A6

AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

|

|SY-A7

AS IN PART_3. AS IN PART 3.

CLARIFICATION: PERFORM the systems analysisby =~ CLARIFICATION:

POS for-the specific LPSD evolution. It is not necessary ~ PERFORM the systems

to perform this for each plant configuration. analysis by POS for the
specific LPSD evolution.
It is not necessary to
perform this for each plant
configuration.
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Table 10.3.2.4-2(a) Supporting Requirements for HLR-LSY-A (Cont’d)

Index No. Capability Category | Capability Category I Capability Category IlI
LSY-A
LSY-A8 AS IN PART 3.

CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

I[SY-A9 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

{SY-A10 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the spegific LPSD
evolution. It is not necessary to perform this for each plant configuratiorr.

{SY-All AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS forthe specific LPSD
evolution. It is not necessary to perform this for each plant eonfiguration.

LSY-A12 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution. It is not necessary to perform this for.each plant configuration.

LSY-A13 AS IN PART 3.
CLARIFICATION: PERFORM the systems-analysis by POS for the specific LPSD
evolution. It is not necessary to performthis for each plant configuration.

LSY-Al4 AS IN PART 3.
CLARIFICATION: PERFORM(the systems analysis by POS for the specific LPSD
evolution. It is not necessary te. perform this for each plant configuration.

{SY-A15 AS IN PART 3.
CLARIFICATION: RERFORM the systems analysis by POS for the specific LPSD
evolution. It is not Recessary to perform this for each plant configuration.

{SY-A16 AS IN PART 8: AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis CLARIFICATION:
by POS-Aor-the specific LPSD evolution. It is not PERFORM the systems

necessary to perform this for each plant configuration.  analysis by POS for the
specific LPSD evolution. It
is not necessary to perform
this for each plant
configuration.

SY-AL7 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD

evolution 1t 1s naot necessans ta nerform this faor o
eVoHHHoR-—HHS-RoHR Ye-PeHeHR-HHSHO! vaG-h-p-l-a-n-t—GQ-r-]-ﬁ-g-H-Fa-t-l-Qn—.

LSY-A18 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

Table 10.3.2.4-2(a) Supporting Requirements for HLR-LSY-A (Cont’d)
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Index No. Capability Category | Capability Category Il Capability Category Il

LSY-A

LSY-A19 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

LSY-A20 AS IN PART 3.
ClL ARIFICATION: PEREORM the systems analysis by POS for the specific | PSD
evolution. It is not necessary to perform this for each plant configuration.

SY-A21 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.,

{SY-A22 AS IN PART 3. AS IN PART 3. AS IN PART 3.
CLARIFICATION: CLARIFICATION: CLARIRICATION:
PERFORM the systems PERFORM the systems PEREORM the systems
analysis by POS for the analysis by POS for the analysis by POS for the
specific LPSD evolution.  specific LPSD evolution. It_“\ specific LPSD evolution.
It is not necessary to is not necessary to perforip~" It is not necessary to
perform this for each plant  this for each plant perform this for each plant
configuration. configuration. configuration.

{SY-A23 AS IN PART 3.
CLARIFICATION: PERFORM the systems.analysis by POS for the specific LPSD
evolution. It is not necessary to perform,this for each plant configuration.

{SY-A24 AS IN PART 3.

CLARIFICATION: PERFORMthe systems analysis by POS for the specific LPSD
evolution. It is not necessary to,perform this for each plant configuration.
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Table 10.3.2.4-2(b) Supporting Requirements for HLR-LSY-B

The systems analysis shall provide a reasonably complete treatment of common cause failures and
intersystem and intra-system dependencies (HLR-LSY-B).

Index No. Capability Category | Capability Category Il Capability Category 111
LSY-B
1.SY.-B1 AS INPART 3 AS INPART 3
CLARIFICATION: CLARIFICATION: PERFORM the systems analysis by
PERFORM the systems POS for the specific LPSD evolution. It is not necessary to
analysis by POS for the perform this for each plant configuration.
specific LPSD evolution.
It is not necessary to
perform this for each
plant configuration.
1LSY-B2 AS IN PART 3. ASTINPART 3.
CLARIFICATION:
PERFORM the systems
analysis by POS for the
specific LPSD evolution. It
is not necessary to perform
this for each plant
configuration.
1LSY-B3 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.
LSY-B4 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution. It is not necgssary to perform this for each plant configuration.
LSY-B5 AS IN PART 3.
CLARIFICATON: PERFORM the systems analysis by POS for the specific LPSD
evolution. It\is'/not necessary to perform this for each plant configuration.
LSY-B6 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evalution. It is not necessary to perform this for each plant configuration.
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Table 10.3.2.4-2(b) Supporting Requirements for HLR-LSY-B (Cont’d)

Index No. Capability Category | Capability Category I Capability Category IlI

LSY-B

LSY-B7 AS IN PART 3. AS IN PART 3. AS IN PART 3.
CLARIFICATION: CLARIFICATION: CLARIFICATION:
PERFORM the systems PERFORM the systems PERFORM the systems
anralysis-by POSforthe analysisbyPOSforthe analysisbyPOSforthe
specific LPSD evolution.  specific LPSD evolution.  specific LPSD evolutiop. /it
It is not necessary to It is not necessary to is not necessary to petform
perform this for each plant  perform this for each plant  this for each plant
configuration. configuration. configuration.

1LSY-B8 AS IN PART 3.

CLARIFICATION: PERFORM the systems analysis by POS for thé$pecific LPSD
evolution. It is not necessary to perform this for each plant configuration.

1LSY-B9 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by RQS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

1LSY-B10 AS IN PART 3. AS IN PART 3.
CLARIFICATION: CLARIFICATION:PERFORM the systems analysis by
PERFORM the systems POS for the speeific LPSD evolution. It is not necessary
analysis by POS for the to perform this-for each plant configuration.

specific LPSD evolution.
It is not necessary to
perform this for each plant
configuration.

1LSY-B11 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

LSY-B12 AS IN PART 3:
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution.(It)is not necessary to perform this for each plant configuration.

1LSY-B13 AS IN'PART 3.
CIKARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
eyvolution. It is not necessary to perform this for each plant configuration.

1 SY-B14 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

I SY-B15 AS IN PART 3.
CLARIFICATION: PERFORM the systems analysis by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.
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Table 10.3.2.4-2(c) Supporting Requirements for HLR-LSY-C

Documentation of the systems analysis shall be consistent with the applicable supporting requirements

(HLR-LSY-C).

Index No. Capability Category | Capability Category Il Capability Category 111

LSY-C

1.SY.-C1 AS INPART 3
CLARIFICATION: DOCUMENT the systems analysis by POS for the specific LESD.
evolution. It is not necessary to perform this for each plant configuration.

1 SY-C2 AS IN PART 3.
CLARIFICATION: DOCUMENT the systems analysis by POS for the specific LPSD
evolution. It is not necessary to perform this for each plant configuration:

ILSY-C3 AS IN PART 3.

CLARIFICATION: DOCUMENT the systems analysis by POS“or the specific LPSD
evolution. It is not necessary to perform this for each plant configuration.

e-Initiator HRA: A systematic process shall be used to identify those specific routine activities in each

Table 10.3.2.5-2(a) Supporting Requirements for HLR-LHR-A

o]
POS that, if not completed correctly, may impact the availability of equipment necessary to perform
system function modeling in the LPSD PRA (HLR-LHR-A).

Index No. Capability Category | Capability Category 11 Capability Category IlI
LHR-A

LHR-A1 |SAME AS PART 3. SAME AS PART 3.
ADDITIONAL REQUIREMENT: CONFIRM the reviews
of applicable procedures and operational practices for the
specific plant evolution assessment.

LHR-A2 |SAME AS PART 3. SAME AS PART 3.
ADDITIONAL REQUIREMENT: CONFIRM the
calibration activities identified for the specific plant
evolution assessment.

LHR-A2a fSAME AS PART 3 SAME AS PART 3. SAME AS PART 3.
ADDITIONAL ADDITIONAL
REQUIREMENT: REQUIREMENT:
CONFIRM the activities CONFIRM the activities
that could have an adverse  that could have an adverse
imlnnr"r anthe cpnr‘ifir‘ Inl;m'r imlnnr"r onthe clnpr‘ifir‘ planf
evolution assessment. evolution assessment.

LHR-A3 |SAME AS PART 3.

ADDITIONAL REQUIREMENT: CONFIRM the work practices identified for the
specific plant evolution assessment.
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Table 10.3.2.5-2(b) Supporting Requirements for HLR-LHR-B

Pre-Initiator HRA: Screening of 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
activities (HLR-LHR-B).

Index No. Capability Category | Capability Category 11 Capability Category 111
_HR-B
| HR-B1 SAME AS PART 3. SAME AS PART 3.

CLARIFICATION: CLARIFICATION: PERFORM the screening by ROS

PERFORM the screening even if the HFE assessment is otherwise performed by
by POS even if the HFE  plant configuration.

assessment is otherwise

performed by plant

configuration.

| HR-B2 SAME AS PART 3.

CLARIFICATION: PERFORM the screening by POS evemsif the HFE assessment is
otherwise performed by plant configuration.

| HR-B3 SAME AS PART 3.

CLARIFICATION: PERFORM the screeninghy.POS even if the HFE assessment is
otherwise performed by plant configuration:

| HR-B4 SAME AS PART 3.

CLARIFICATION: PERFORM the screening by POS even if the HFE assessment is
otherwise performed by plant configuration.

Table 10.3.2.5-2(c) Supporting Requirements for HLR-LHR-C

Pre-Initiator HRA: For each activity that is not screened out, an appropriate human failure event (HFE) shal
be defined for each applicable POS.to characterize the impact of the failure as an unavailability of a
cqmponent, system, or functionmodeled in the LPSD PRA (HLR-LHR-C).

ndex No. Capability Category | Capability Category 11 Capability Category IlI
| HR-C

L HR-C1 SAME AS PART 3.

| HR-Cla SAME AS PART 3.

L HR-C2 SAME AS PART 3. SAME AS PART 3.

L HR=C3 SAME AS PART 3.
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Table 10.3.2.5-2(d) Supporting Requirements for HLR-LHR-D

Pre-Initiator HRA: The assessment of the probabilities of the pre-initiator human failure events shall be
performed by using a systematic process that addresses the plant-specific and activity-specific influences
on human performance (HLR-LHR-D).

Index No. Capability Category | Capability Category Il Capability Category 111
LHR-D
HR-D1 SAME AS PART 3.
LHR-D2 SAME AS PART 3. SAME AS PART 3. SAME AS PART 3!
USE screening estimates in  CLARIFICATION: USE detailed assessment
the quantification of the pre- DETERMINE significance in the quantification of
initiator HEPs. on a POS-by-POS basis as  pre-initiator HEPs for
opposed to summing the each.system.
risks over all POSs and
comparing against the
total. All POSs are to be
assumed significant for the
purpose of determining
supporting requireéments.
LHR-D3 SAME AS PART 3. SAME AS PART 3.
LHR-D4 SAME AS PART 3.
LHR-D5 SAME AS PART 3. SAME AS PART 3.
LHR-D6 SAME AS PART 3.
LHR-D7 SAME AS PART 3. SAME AS PART 3.

Table 10.3.2.5-2(e) Supporting Requirements for HLR-LHR-E

Post-Initiator HRA: A systematicreview of the relevant procedures and past operational events shall be
uged to identify the set of operator responses required for each of the accident sequences (HLR-LHR-E)

Index No. Capability Category | Capability Category Il Capability Category 111

UHR-E

UHR-E1 SAME AS PART 3.
ADDITIONAL REQUIREMENT: CONFIRM the reviews of applicable procedures an
system operation for the specific plant evolution assessment.

UHR-E2 SAME AS PART 3.

LHR-ES— SAMEAS PART 3 SAMEASPART -

LHR-E4 SAME AS PART 3. SAME AS PART 3.
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Table 10.3.2.5-2(f) Supporting Requirements for HLR-LHR-F

Post-Initiator HRA: Human failure events that represent the impact of not properly performing the
required responses shall be defined for each POS consistent with the structure and level of detail of the
accident sequences (HLR-LHR-F).

Index No. Capability Category | Capability Category Il Capability Category 111
LHR-F

LHR-F1 SAME AS PART 3. SAME AS PART 3.
LHR-F2 SAME AS PART 3. SAME AS PART 3. SAME AS PART 3.
ILHR-F3 SAME AS PART 3. SAME AS PART 3. SAME AS PART 3.

CLARIFICATION:
DETERMINE significance
on a POS-by-POS basis as
opposed to summing the
risks over all POSs and
comparing against the total:
All POSs are to be assumed
significant for the purpese
of determining sugporting
requirements.
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Table 10.3.2.5-2(g) Supporting Requirements for HLR-LHR-G

Post-Initiator HRA: 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 potential dependencies between human failure events in the same

accident sequence (HLR-LHR-G).

ndex No.

Capability Category |

Capability Category 11

Capability Category 111

—

[HR-G

—

[HR-G1

SAME AS PART 3.

SAME AS PART 3.

CLARIFICATION:
DETERMINE
significance on a POS-by-
POS basis as opposed to
summing the risks over all
POSs and comparing
against the total. All POSs
are to be assumed
significant for the purpose
of determining supporting
requirements.

SAME AS PART 3.

—

[HR-G2

SAME AS PART 3.

—

[HR-G3

SAME AS PART 3.

SAME AS PART 3.

UHR-G3a

SAME AS PART 3.

SAME AS PART 3.

SAME AS PART 3.

UHR-G4

SAME AS PART 3.

SAME AS PART 3.

ADDITIONAL
REQUIREMENT:
ADJUST the times
available to complete the
actions from the available
times for POSs for
applicability to each plant
configuration.

SAME AS PART 3.

ADDITIONAL
REQUIREMENT: ADJUST
the times available to

complete the actions from
the available times for POSs
for applicability to each
plant configuration.

JHR-G5

SAME AS PART 3.

SAME AS PART 3.

CLARIFICATION :
DETERMINE
significance on a POS-by-
POS basis as opposed to
summing the risks over all

SAME AS PART 3.

POSD al Id CUTI |pa| ;I IH
against the total. All POSs
are to be assumed
significant for the purpose
of determining supporting
requirements.
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Table 10.3.2.5-2(g) Supporting Requirements for HLR-LHR-G (Cont’d)

Index No. Capability Category | Capability Category 11 Capability Category 111
LHR-G

LHR-G6 SAME AS PART 3.

LHR-G7 SAME AS PART 3.

ADDITIONAL REQUIREMENT: PERFORM the calculated joint human error
probabilities for each plant configuration.

UHR-G8 SAME AS PART 3.

Table 10.3.2.5-2(h) Supporting Requirements for HLR-LHR-H

Post-Initiator HRA: Recovery actions (at the cut set or scenario level) shall be madeled only if it has beq
demonstrated that the action is plausible and feasible for those scenarios to which they are applied.
Egtimates of probabilities of failure shall address dependency on prior human-ailures in the scenario
(HLR-LHR-H) [see Note (1)].

n

Index No. Capability Category | Capability Category H Capability Category IlI
LHR-H
LHR-H1 SAME AS PART 3. SAME AS PART 3. SAME AS PART 3.

CLARIFICATION:
DETERMINE significance
on a ROS-by-POS basis as
oppased to summing the
risks over all POSs and
comparing against the total.
All POSs are to be assumed
significant for the purpose
of determining supporting
requirements.

LHR-H2 SAME AS\PART 3.

HR-H3 SAME AS PART 3.

ADDITIONAL REQUIREMENT: CALCULATE the joint human error probabilities
reflecting the dependencies between HFEs for operator recovery and any other HFES
for each plant configuration.
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Table 10.3.2.5-2(i) Supporting Requirements for HLR-LHR-I

At-Initiator HRA: A systematic process shall be used to identify routine test activities, maintenance
activities, and activities needed to execute LPSD evolutions for each POS that could result in initiating
events if incorrectly carried out (HLR-LHR-I).

Index No. Capability Category | Capability Category 11 Capability Category 111
LHR-I

UHR-11 SAME AS PART 3. SAME AS PART 3.

LHR-12 SAME AS PART 3.

LHR-I13 SAME AS PART 3. SAME AS PART 3.

Table 10.3.2.5-2(j) Supporting Requirements for HLR-LHR-J

At-Initiator HRA: For each POS, the identified at-initiator human failure evehts shall be grouped so that
events in the same group have similar mitigation requirements to facilitate,an efficient but realistic
egtimation of CDF (HLR-LHR-J).

Index No. Capability Category | Capability Categery 11 Capability Category 111
LHR-J

LHR-J1 SAME AS PART 3.

LHR-J2 SAME AS PART 3. SAME ASPART 3. SAME AS PART 3.

CLARIFICATION:
DETERMINE significance
on a POS-by-POS basis as
opposed to summing the
risks over all POSs and
comparing against the total.
All POSs are to be assumed
significant for the purpose of
determining supporting
requirements.

LHR-J3 SAME AS PART 3.
LHR-J4 SAME AS PART 3.
LHR-J5 SAME AS PART 3.
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Table 10.3.2.5-2(k) Supporting Requirements for HLR-LHR-K

At-Initiator HRA: The assessment shall estimate the annual frequency of initiating events or initiating

event groups made up of at-initiator human failure events (HLR-LHR-K).

Index No. Capability Category | Capability Cateqgory Il Capability Category 111

LHR-K

LiHR=KE SAMEASPARTS:

UHR-Kla SAME AS PART 3.

UHR-K2 SAME AS PART 3. SAME AS PART 3. SAME AS PART 3:

LHHR-K3 SAME AS PART 3. SAME AS PART 3. SAME AS PART 3.

CLARIFICATION:
DETERMINE significance
on a POS-by-POS basis as
opposed to summing the
risks over all POSs and
comparing against the total.
All POSs are to be assumed
significant for the purpose of
determining supporting
requirements.

UHR-K4 SAME AS PART 3.

LUHR-K5 REPLACEMENT REQUIREMENT:"CALCULATE initiating event frequencies for at
initiator human failure events forgeach applicable POS on a per reactor year basis.
Specifically, for each applicable POS, assume that the probability that the at-initiator
condition is challenged is %0/ and that the duration of the POS is per year when
assessing the at-initiator frequency.

LHR-K6 REPLACEMENT REQUIREMENT: For screening at-initiator HFE-caused initiating
events on a POS=by-POS basis, DEVELOP and JUSTIFY the frequency screening
criteria useds

BHR-K7 SAME ASPART 3.

LUHR-K8 SAME-AS PART 3.
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Table 10.3.2.5-2(l) Supporting Requirements for HLR-LHR-L

At-Initiator HRA: Human failure events shall be defined to represent failure of a critical activity that leads
to or contributes to an initiating event (HLR-LHR-L).

Index No. Capability Cateqory | Capability Cateqgory |l Capability Category Il
LHR-L

IiHR=tR SAMEASPARTS: SAMEASPARTS:
UHR-L2 SAME AS PART 3. SAME AS PART 3. SAME AS PART 3.

CLARIFICATION:
DETERMINE significance
on a POS-by-POS basis as
opposed to summing the
risks over all POSs and
comparing against the total.
All POSs are to be assumed
significant for the purpose of
determining supporting
requirements.

UHR-L3 SAME AS PART 3. SAME AS PART: SAME AS PART 3.

Table 10.3.2.5-2(m) Supporting Requirements for HLR-LHR-I

Pfe-, At-, and Post-Initiator HRA: Documentation of thie human reliability analysis shall be consistent
wijth the applicable supporting requirements (HLR:LHR-M).
I[ndex No. Capability Category | Capability Category Il Capability Category 111
LHRM
HR-M1 SAME AS PART 3.
HR-M2 SAME AS PART 3.
[LHR-M3 SAME AS PART 3.
CLARIEICATION: DOCUMENT the sources of model uncertainty and related
assumptions by POS even if the HFE assessment is otherwise performed by plant
configuration.
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Table 10.3.2.6-2(a) Supporting Requirements for HLR-LDA-A

Each parameter shall be clearly defined in terms of the logic model, basic event boundary, and the model
used to evaluate event probability (HLR-LDA-A).

Index No. Capability Category | Capability Category Il Capability Category IlI

LDA-A

IFbA=AL ASHHPARTS:
CLARIFICATION: It is not necessary to include basic events for equipment
unavailability due to test and/or maintenance. .

L DA-A2 AS IN PART 3.

[ DA-A3 AS IN PART 3.

LDA-A4 ALTERNATE REQUIREMENT: IDENTIFY the parameter to be estimated and the
data required for estimation. 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 ofsdemands;

(b) For standby failures, operating failures, and initiating events, the parameter is the
failure rate, and the data required are the number‘ef failures in the total (standby or
operating) time;

(c) For POS durations, the parameter is the dufation for each POS, and the data
required are the durations for past evelutions;

(d) For POS frequencies, the parameterds POSs per evolution, and the data required arg¢
the number of evolutions during the calendar year.

Table 10.3.2.6-2(b) Supporting Requirements for HLR-LDA-B

Gfouping components into a homogeneous population for parameter estimation shall consider the design,
environmental, and service conditions of the components in the as-built and as-operated plant (HLR-
LDA-B).

Index No. Capability Category | Capability Category 11 Capability Category 111

LDA-B

LDA-B1 ASIN PART 3. AS IN PART 3. AS IN PART 3.

LDA-B2 AS IN PART 3. AS IN PART 3.
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Table 10.3.2.6-2(c) Supporting Requirements for HLR-LDA-C

Generic parameter estimates shall be chosen, and the collection of plant-specific data shall be consistent
with the parameter definitions of HLR-LDA-A and the grouping rationale of HLR-LDA-B (HLR-LDA-

C).

Index No. Capability Category | Capability Category 11 Capability Category Il
LDA-C

LDA-C1 AS IN PART 3.

LDA-C2 AS IN PART 3.

LDA-C3 AS IN PART 3.

LDA-C4 AS IN PART 3.

LDA-C5 AS IN PART 3.

LDA-C6 AS IN PART 3.

LDA-C7 AS IN PART 3. AS IN PART 3.

LDA-C8 AS IN PART 3. AS IN PART 3.

LDA-C9 AS IN PART 3. AS IN PART 3.
ILDA-C10 AS IN PART 3. AS IN PART 3. AS IN PART 3.
LDA-C11 NOT APPLICABLE.

LDA-C12 AS IN PART 3.

LDA-C13 NOT APPLICABLE. NOT APPLICABLE.

LDA-C14 NOT APPLICABLE.

LDA-C15 AS IN PART 3.

LDA-C16 AS IN PART 3.

LDA-C17 NOT APPLICABLE.

LDA-C18 AS IN PART 3.

LDA-C19 NOTAPPLICABLE.
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Table 10.3.2.6-2(d) Supporting Requirements for HLR-LDA-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 obtain plant-
specific parameter estimates. Each parameter estimate shall be accompanied by a characterization of the
uncertainty (HLR-LDA-D).

Index No. Capability Category | Capability Category 11 Capability Category 111
L DA-D
L DA-D1 AS IN PART 3. AS IN PART 3. AS IN PART 3.
CLARIFICATION: CLARIFICATION: Since CLARIFICATION: Since
Since the single the single identified the single identified 'LPSD
identified LPSD LPSD evolution is evolution is characterized
evolution is characterized by testand by test and,maintenance
characterized by test and maintenance conditions,  conditions;OMIT the
maintenance conditions, OMIT the associated associated parameter
OMIT the associated parameter estimates for estimates for such events. .
parameter estimates for ~ such events. POS-by-
such events. . POSDETERMINE
significance on a POS-
by-POS basis as opposed
to summing the risks over
all POSs and comparing
against the total. . All
POSs are o be assumed
significant for the
purposes of determining
supporting requirements.
L DA-D2 AS IN PART 3.
ILDA-D3 AS IN PART 3. AS IN PART 3. AS IN PART 3.
CLARIFICATION: POS- CLARIFICATION: POS-
by-POSDETERMINE by-POSDETERMINE
significancteon a POS- significance on a POS-
by-PQOS basis as opposed  by-POS basis as opposed
to summing the risks over  to summing the risks over
allhPOSs and comparing  all POSs and comparing
against the total. . All against the total. . All
POSs are to be assumed POSs are to be assumed
significant for purposes significant for the
of determining supporting purposes of determining
requirements. supporting requirements.
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Table 10.3.2.6-2(d) Supporting Requirements for HLR-LDA-D (Cont’d)

Index No. Capability Category | Capability Category Il Capability Category 111
LDA-D
LDA-D4 AS IN PART 3. AS IN PART 3.
LDA-D5 AS IN PART 3. AS IN PART 3. AS IN PART 3.
I DA-D6 AS IN PART 3. AS IN PART 3. AS IN PART 3.
L DA-D7 AS IN PART 3.
I DA-D8 AS IN PART 3. AS IN PART 3. AS IN PART 3.
CLARIFICATION:
DETERMINE
significance on a POS-
by-POS basis as opposed
to summing the risks over
all POSs and comparing
against the total. All
POSs are to be assumed
significant for the
purpose of determining
supporting requirements.
Table 10.3.2.6-2(e) Supporting‘Requirements for HLR-LDA-E
Dpcumentation of data analysis shall be consistent with the applicable supporting requirements (HLR-
LPA-E).
Index No. Capability Category:l Capability Category 11 Capability Category 111
LDA-E
UDA-E1 AS IN PART 3.
UDA-E2 AS IN PART"3.
CLARIFICATION: OMIT documentation of data used for estimating POS durations.
UDA-E3 AS IN PART 3.
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Table 10.3.2.7-2(a) Supporting Requirements for Quantification HLR-LQU-A

The level 1 quantification shall quantify core damage frequency and shall support the quantification of
LERF (HLR-LQU-A).

Index No. Capability Category | Capability Category 11 Capability Category 111
LQU-A
IrQU=At ASHHPARTS: ASHNPARTS:
ADDITIONAL REQUIREMENT: QUANTIFY the time- ADDITIONAL
dependent CDF for each plant configuration in the REQUIREMENT:
specific LPSD evolution assuming for the quantification QUANTIFY the time-
that all SSCs are available unless defined as out of dependent CDF for each
service for the entire POS. plant configuration in the
specificevolution assuming
for the quantification that
all SSCs are available
Gnless defined as out of
service for the entire POS.
LQU-A2 AS IN PART 3.
LQU-A3 REPLACEMENT REQUIREMENT: ESTIMATE the REPLACEMENT
point estimate CDF by configuration, then aggregate by = REQUIREMENT:
POS or group of POSs. CALCULATE the mean
CDF by aggregating the
configuration results by
POS or group of POSs and
by propagating the
uncertainty distributions,
ensuring the state-of-
knowledge correlation
between event probabilities
is taken into account.
LQU-A4 AS IN PART. 3.
LQU-A5 AS IN PART 3.
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Table 10.3.2.7-2(b) Supporting Requirements for Quantification HLR-LQU-B

The quantification shall use appropriate models and codes, and shall account for method-specific
limitations and features (HLR-LQU-B).

Index No.
LQU-B Capability Category | Capability Category Il Capability Category 111
rQU-Bt ASHNPARTS:

LQU-B2 AS IN PART 3.

L QU-B3 AS IN PART 3.

L QU-B4 AS IN PART 3.

LQU-BS AS IN PART 3.

LQU-B6 AS IN PART 3.

L QU-B7 AS IN PART 3.

L QU-B8 AS IN PART 3.

L QU-B9 AS IN PART 3.

L QU-B10 AS IN PART 3.

Table 10.3.2.7-2(c) Supporting Requireménts for Quantification HLR-LQU-C

Model guantification shall determine that all identified dependencies are addressed appropriately (HLR-
LRU-C).

ndex No.
LQU-C Capability Category:d Capability Category 11 Capability Category 111

LQU-C1 AS IN PART 3.

L QU-C2 AS IN PART 3.

L QU-C3 AS IN PART 3.
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Table 10.3.2.7-2(d) Supporting Requirements for Quantification HLR-LQU-D

The quantification results shall be reviewed, and significant contributors to CDF (and LERF) such as
LPSD evolutions, POSs, initiating events, accident sequences, and basic events (equipment

unavailabilities and human failure events) shall be identified. The results shall be traceable to the inputs

and assumptions made in the PRA (HLR-LQU-D).

Index No. Capability Category |

Capability Category 11

Capability Category 111

[Qu-D

L QU-D1 AS IN PART 3.

LQU-D2 AS IN PART 3.

L QU-D3 AS IN PART 3.

CLARIFICATION:
EVALUTE only the
specific evolution.
DETERMINE
significance on a POS-by-
POS basis as opposed to
summing the risks over all
POSs and comparing
against the total. All POSs
are to be assumed
significant for the purpose
of determining supporting
requirements.

LQU-D4 AS IN PART 3. AS IN PART 3.
LQU-D5 AS IN PART 3.
LQU-D6 AS IN PART 3. AS IN PART 3.

CLARIFICATION: EVALUTE only the specific evolution.

DETERMINE significance on a POS-by-POS basis as

opposed to summingthe risks over all POSs and comparin
against the total. AINPOSs are to be assumed significant fg

the purpose of determining supporting requirements.

= Q

LQU-D7 AS IN PART 3.

Table 10.3.2¢7-2(e) Supporting Requirements for Quantification HLR-LQU-E

Uncertainties in the.kPSD PRA results shall be characterized. Sources of model uncertainty and key
agsumptions shatl be identified, and their potential impact on the results understood (HLR-LQU-E).

ndex No: Capability Category | Capability Category Il Capability Category 111
I QU-E
I QU-E1 AS IN PART 3.
LQU-E2 AS IN PART 3. AS IN PART 3.
LQU-E3 AS IN PART 3. AS IN PART 3. AS IN PART 3.

LQU-E4 AS IN PART 3.
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Table 10.3.2.7-2(f) Supporting Requirements for Quantification HLR-LQU-F

Documentation of the quantification shall be consistent with the applicable supporting requirements
(HLR-LQU-F).

Index No. Capability Category | Capability Category 1 Capability Category IlI
LQU-F

LrQU=Ft ASHHPARTS:

LQU-F2 AS IN PART 3.

ADDITIONAL REQUIREMENT: DOCUMENT the timed-dependent contributiens to
CDF by POS for the specific LPSD evolution, assuming for the quantification that all
SSCs are available unless defined as out of service for the entire POS.

LQU-F3 AS IN PART 3. AS IN PART 3.

CLARIFICATION: Only  CLARIFICATION: Only the specific-evolution is to be
the specific evolutionisto  documented. DETERMINE significance on a POS-by-
be documented. POS basis as opposed to sumpiing the risks over all POS
DETERMINE significance and comparing against the:total. All POSs are to be

on a POS-by-POS basis as  assumed significant for_the purpose of determining
opposed to summing the supporting requirements.

risks over all POSs and

comparing against the total.

All POSs are to be assumed

significant for the purpose

of determining supporting

requirements.

LQU-F4 AS IN PART 3.
JQU-F5 AS IN PART 3.
JQU-F6 AS IN PART 3.
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Table 10.3.2.8-2(a) Supporting Requirements for LERF Analysis —
High Level Requirement A

Core damage sequences shall be grouped into plant damage states based on their accident progression
attributes (HLR-LLE-A).

Index No. Capability Category | Capability Category Il Capability Category 111
LLE-A

ULE-Al AS IN PART 3.

ULE-A2 AS IN PART 3.

ULE-A3 AS IN PART 3.

ULE-A4 AS IN PART 3.

LLE-A5 AS IN PART 3.

The accident progression analyses shall include an evaluation of the'contributors (e.g., phenomena,
equipment failures, human actions) to a large early release (HLR-LLE-B).

Table 10.3.2.8-2(b) Supporting Requirements for LERF Analysis—
High Level Requirement B

lindex No. Capability Category | Capability. Category Il Capability Category Il
LLE-B

LLE-B1 AS IN PART 3. AS INtPART 3. AS IN PART 3.

LLE-B2 AS IN PART 3. AS IN PART 3. AS IN PART 3.

LLE-B3 AS IN PART 3.
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Table 10.3.2.8-2(c) Supporting Requirements for LERF Analysis —
High Level Requirement C

The accident progression analysis shall include identification of those sequences that would result in a
large early release (HLR-LLE-C).

Index No.
LE-C

Capability Category |

Capability Category 1 Capability Category 111

| LE-C1

AS IN PART 3.

AS IN PART 3. AS IN PART 3.

| LE-Cla

No requirement.

AS IN PART 3.

L LE-Clb

AS IN PART 3.

| LE-C2

AS IN PART 3.

AS IN PART 3.

| LE-C3

AS IN PART 3. No
requirement to address
repair.

AS IN PART 3.

CLARIFICATION: DETERMINE significance on a
POS-by-POS basis as opposed to.summing the risks over
all POSs and comparing against.the total. All POSs are to
be assumed significant for thespurpose of determining
supporting requirements.

| LE-C4

AS IN PART 3

AS IN PART 3. AS IN PART 3.
CLARIFICATION:
DETERMINE significance
on a POS-by-ROS basis as
opposed to summing the
risks overall POSs and
comparing against the total.
AlROSs are to be assumed
stghificant for the purpose of
determining supporting
requirements.

| LE-C5

AS IN PART 3

AS IN PART 3. AS IN PART 3.
CLARIFICATION:
DETERMINE significance
on a POS-by-POS basis as
opposed to summing the
risks over all POSs and
comparing against the total.
All POSs are to be assumed
significant for the purpose of
determining supporting
requirements.
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Table 10.3.2.8-2(c) Supporting Requirements for LERF Analysis —
High Level Requirement C (Cont’d)

Index No. Capability Category | Capability Category Il Capability Category IlI
LLE-C

LLE-C6 AS IN PART 3.

LLE-C7 AS IN PART 3.

LLE-C8 AS IN PART 3.

L E-CY AS TN FPART 5.

| LE-C10 AS IN PART 3. AS IN PART 3. AS IN PART 3.
CLARIFICATION:
DETERMINE significance
on a POS-by-POS basis as
opposed to summing the
risks over all POSs and
comparing against the total.
All POSs are to be assumed
significant for the purpose of
determining supporting
requirements.

| LE-C-11 AS IN PART 3. AS IN PART 3.

| LE-C12 AS IN PART 3. AS IN PART 3. AS IN PART 3.
CLARIFICATION:
DETERMINE significance
on a POS-by-POS basis as
opposed:to-summing the
risks aver all POSs and
comparing against the total.
All POSs are to be assumed
Significant for the purpose of
determining supporting
requirements.

| LE-C13 AS IN PART 3. AS IN PART 3.
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Table 10.3.2.8-2(d) Supporting Requirements for LERF Analysis —
High Level Requirement D

The accident progression analyses shall include an evaluation of the containment structural capability for
those containment challenges that would result in a large early release (HLR-LLE-D).

Index No.
LLE-D

Capability Category | Capability Category Il Capability Category 111

IEE-DT—TASIN PART 3 ASINPART 3 ASINPART 3S—_]

L

LLE-D2

AS IN PART 3.

AS IN PART 3.

AS IN PART 3.

L

L[LE-D3

AS IN PART 3.

AS IN PART 3.
CLARIFICATION:
DETERMINE significance on
a POS-by-POS basis as
opposed to summing the risks
over all POSs and comparing
against the total. All POSs are
to be assumed significant for
the purpose of determining
supporting requirements.

AS IN PART 3.

LLE-D4

AS IN PART 3.

AS IN PART 3.
CLARIFICATION:
DETERMINE significance on
a POS-by-POS basis as
opposed to summing the risks
over all PQSs and comparing
against the total. All POSs are
to berassumed significant for
the purpose of determining
supporting requirements.

AS IN PART 3.

L LE-DS

AS IN PART 3.

AS IN PART 3.
CLARIFICATION:
DETERMINE significance on
a POS-by-POS basis as
opposed to summing the risks
over all POSs and comparing
against the total. All POSs are
to be assumed significant for
the purpose of determining
supporting requirements.

AS IN PART 3.

LLE-D6

AS IN PART 3.

AS IN PART 3.

AS IN PART 3.

LE-D7

AS IN PART 3.

AS IN PART 3.
CLARIFICATION:
DETERMINE significance on
a POS-by-POS basis as

AS IN PART 3.

opposed to summing the risks
over all POSs and comparing
against the total. All POSs are
to be assumed significant for
the purpose of determining
supporting requirements.
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Table 10.3.2.8-2(e) Supporting Requirements for LERF Analysis —
High Level Requirement E

The frequency of different containment failure modes leading to a large early release shall be quantified
and aggregated (HLR-LLE-E).

Index No. Capability Category | Capability Category 11 Capability Category 111
LLE-E

ILLE-E1 AS IN PART 3.

LLE-E2 AS IN PART 3. AS IN PART 3. AS IN PART 3.

CLARIFICATION:
DETERMINE significance
on a POS-by-POS basis as
opposed to summing the
risks over all POSs and
comparing against the total.
All POSs are to be assumed
significant for the purpose of
determining supporting
requirements.

ILLE-E3 AS IN PART 3. AS IN PART 3. AS IN PART 3.
CLARIFICATION:
DETERMINE significance
on a POS-by-POS basis as
opposed te;summing the
risks over all POSs and
comparing against the total.
AINPOSs are to be assumed
significant for the purpose of
determining supporting
requirements.

ILLE-E4 REPLACEMENT REQUIREMENT:

QUANTIFY LERF in a manner consistent with the applicable requirements in Tables
10.3-2.7-2(&), 10.3-2.7-2(b), and 10.3-2.7-2(c). LERF is to be quantified by POS for a
specific LRSD evolution, assuming for the quantification that all SSCs are available
unless.defined as out of service for the entire POS.
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Table 10.3.2.8-2(f) Supporting Requirements for LERF Analysis —
High Level Requirement F

The quantification results shall be reviewed, and significant contributors to LERF such as plant damage
states, containment challenges, and failure modes shall be identified. Sources of model uncertainty and
related assumptions shall be identified, and their potential impact on the results understood (HLR-LLE-F).

Index No. Capability Category | Capability Category |1 Capability Category Il
ILLE-F
ILLE-F1 AS IN PART 3. AS IN PART 3.

ADDITIONAL REQUIREMENT: The time-dependent
contributions to LERF are to be quantified by POS for the
specific LPSD evolution, assuming for thequantification
that all SSCs are available unless defined.as out of service
for the entire POS.

LLE-F2 AS IN PART 3.

LLE-F3 REPLACEMENT REQUIREMENT:

IDENTIFY and CHARACTERIZE the LERF sources,ofimodel uncertainty and related
assumptions in a manner consistent with the applicable requirements of Tables
10.3.2.7-2(d) and 10.3.2.7-2(e), except now for LERF. L ERF is to be quantified by
POS for a specific LPSD evolution assuming forthe quantification that all SSCs are
available unless defined as out of service for:the entire POS.
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Table 10.3.2.8-2(g) Supporting Requirements for LERF Analysis —
High Level Requirement G

The documentation of the LERF analysis shall be consistent with the applicable supporting requirements

(HLR-LLE-G).

Index No. Capability Category | Capability Category 11 Capability Category Il

LLE-G

LLE-G1 AS IN PART 3.

LLE-G2 AS IN PART 3.
ADDITIONAL REQUIREMENT: The time-dependent contributions to LERF are to b¢
documented by POS for the specific LPSD evolution, assuming for the quantification
that all SSCs are available unless defined as out of service for the entire]ROS.

LLE-G3 AS IN PART 3. AS IN PART 3.
CLARIFICATION: Only CLARIFICATION: Only the specificevolution is to be
the specific evolution isto  documented. DETERMINE significance on a POS-by-PO$
be documented. basis as opposed to summing therisks over all POSs and
DETERMINE comparing against the total;;All POSs are to be assumed
significance on a POS-by- significant for the purpose.of determining supporting
POS basis as opposed to  requirements.
summing the risks over all
POSs and comparing
against the total. All POSs
are to be assumed
significant for the purpose
of determining supporting
requirements.

LLE-G4 AS IN PART 3.

LLE-G5 AS IN PART 3.

LLE-G6 AS IN PART 3.

LLE-G7 REPLACEMENT REQUIREMENT: DOCUMENT the screened-out core damage
sequences and plant damage states and INCLUDE the technical justification.
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Table 10.4.2.1-2(a) Supporting Requirements for HLR-LIFPP-A

A reasonably complete set of flood areas of the plant shall be identified (HLR-LIFPP-A).

Index No. Capability Category | Capability Category Il Capability Category Il

LIFPP-A

LIFPP-Al ADDITIONAL REQUIREMENT: If internal flooding is within the scope of the
Qpplinnfinn, ENSURE that I_r_w'mlim |c|\J/ defined flood areas are npplir\nhln and
appropriately divided into physical separate areas for the POSs of the single identified
LPSD evolution type.

| IFPP-A2 ADDITIONAL ADDITIONAL REQUIREMENT: If internal floodirg is
REQUIREMENT: If within the scope of the application, ENSURE that'the
internal flooding is within  previously defined flood areas at the individual room leve
the scope of the are applicable for the POSs of the single’identified LPSD
application, ENSURE evolution type.
that the previously
defined flood areas at the
building level are
applicable for the POSs
of the single identified
LPSD evolution type.

| IFPP-A3 AS IN PART 4.

| IFPP-A4 AS IN PART 4.

| IFPP-AS5 AS IN PART 4.

Table 10.4.2.1-2(b) Supporting Requirements for HLR-LIFPP-A

The internal flood plant partitioning shall-tbe documented consistent with the applicable supporting
regquirements (HLR-LIFPP-B).

ndex No. Capability Category | Capability Category 11 Capability Category Il
| IFPP-B

IFPP-BL | As InpART 4.

| IFPP-B2 ASAN-PART 4.

| IFPP-B3 AS'IN PART 4.
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Table 10.4.2.2-2(a) Supporting Requirements for HLR-LIFSO-A

The potential flood sources in the plant and their associated internal flood mechanisms shall be identified
and characterized (HLR-LIFSO-A).

Index No. Capability Category | Capability Category 11 Capability Category 111

LIFSO-A

LIFSO-A1 | ADDITIONAL REQUIREMENT: If internal flooding is within the scope of the
application, ENSURE that the previously 1dentified flood sources are applicable for
the POSs of the single identified LPSD evolution type.

| IFSO-A2 | AS IN PART 4.

| IFSO-A3 | AS IN PART 4.

| IFSO-A4 | ADDITIONAL REQUIREMENT: If internal flooding is within the scope.ofthe
application, ENSURE that the previously identified flood mechanisms that would
result in a release are applicable for the POSs of the single identifiedd-PSD evolution
type.

| IFSO-A5 | ADDITIONAL REQUIREMENT: If internal flooding is withitrthe scope of the
application, ENSURE that the previously identified flood release characteristics are
applicable for the POSs of the single identified LPSD evalution type.

| IFSO-A6 | AS IN PART 4.

The sources of internal floods shall be documented consistent with the applicable supporting requiremerjts

Table 10.4.2.2-2(b) Supporting Requirements for HLR-LIFSO-A

(HLR-LIFSO-B).
ndex No. Capability Category | Capability Category Il Capability Category IlI
|_IFSO-B
|_IFSO-B1 AS IN PART 4.
| IFSO-B2 AS IN PART 4.
| IFSO-B3 AS IN PART 4.
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Table 10.4.2.3-2(a) Supporting Requirements for HLR-LIFSN-A

The potential internal flood scenarios shall be developed for each flood source by identifying the
propagation path(s) of the source and the affected SSCs (HLR-LIFSN-A).

Index No. Capability Category | Capability Category 11 Capability Category 111
LIFSN-A
LIFSN-Al ADDITIONAL REQUIREMENT: If internal flooding is within the scope of the
application, ENSURE that the previously identified propagation paths are applicable
for the POSs of the single identified LPSD evolution type. IDENTIFY any new
propagation paths from the source area to the area of accumulation for the POSS)of the
single identified LPSD evolution type.
| IFSN-A2 ADDITIONAL REQUIREMENT: If internal flooding is within the scope,ofthe
application, ENSURE that the previously identified plant features to contain or
terminate the flood propagation are applicable for the POSs of the single identified
LPSD evolution type. IDENTIFY any new plant features for the-POSs of the single
identified LPSD evolution type.
|_IFSN-A3 ADDITIONAL REQUIREMENT: If internal flooding is within the scope of the
application, ENSURE that the previously identified autematic or operator responses
are applicable for the POSs of the single identified LPSD evolution type. IDENTIFY
any new automatic or operator response for the P@Ss-of the single identified LPSD
evolution type.
| IFSN-A4 | AS IN PART 4.
|_IFSN-A5 | AS IN PART 4.
|_IFSN-A6 | AS IN PART 4. AS IN PART 4.
| IFSN-A7 | AS IN PART 4.
| IFSN-A8 | AS IN PART 4. ABDITIONAL ADDITIONAL
REQUIREMENT: If REQUIREMENT: If
internal flooding is internal flooding is within
within the scope of the the scope of the
application, ENSURE application, ENSURE that
that the previously the previously identified
identified inter-area inter-area propagation
propagation paths are paths are applicable for the
applicable for the POSs POSs of the single
of the single identified identified LPSD evolution
LPSD evolution type. type. IDENTIFY any new
IDENTIFY any new inter-area propagation
inter-area propagation paths for the POSs of the
paths for the POSs of the  single identified LPSD
single identified LPSD evolution type. INCLUDE
evolution type. the potential for structural
INCLUDE the potential ~ failure and barrier
for-structurat-faiture: thavaitabitity:
LIFSN-A8a | ADDITIONAL REQUIREMENT: If internal flooding is within the scope of the

application, ENSURE that the previously identified impaired barriers are applicable
for the POSs of the single identified LPSD evolution type. IDENTIFY any new
impaired barriers for the POSs of the single identified LPSD evolution type.
INCLUDE the potential for structural failure.
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Table 10.4.2.3-2(a) Supporting Requirements for HLR-LIFSN-A (Cont’d)

Index No. Capability Category | Capability Category 11 Capability Category 111

LIFSN-A

LIFSN-A9 | AS IN PART 4.

LIFSN-A10 | ADDITIONAL REQUIREMENT: If internal flooding is within the scope of the
application, ENSURE that the previously developed flood scenarios are applicable for
the-ROSs-efthe-single-identifiedPSB-evelution-type-DEVELOPany-new-Flood
scenarios for the POSs of the single identified LPSD evolution type.

|_IFSN-A11 | AS IN PART 4.

| IFSN-A12 | AS IN PART 4.

| IFSN-A13 | AS IN PART 4.

|_IFSN-A14 | AS IN PART 4. AS IN PART 4. AS IN PART 4.

| IFSN-A15 | ADDITIONAL REQUIREMENT: If internal flooding is within the seape of the
application, ENSURE that the previously screened out flood areas:are applicable for
the POSs of the single identified LPSD evolution type. SCREEN-OUT flood sources
per the criteria specified in IFSN-A15 in ASME/ANS RA-8a-2009 [1].

|_IFSN-A16 | AS IN PART 4. AS IN PART 4. AS IN PART 4.

| IFSN-A17 | AS IN PART 4.

Table 10.4.2.3-2(b) Supporting Requiremeénts for HLR-LIFSN-B

Dpcumentation of the internal flood scenarios shall be consistent with the applicable supporting
regquirements (HLR-LIFSN-B).

ndex No. Capability Category | Capability Category Il Capability Category 111

| IFSN-B

| IFSN-B1 | AS IN PART 4.

|_IFSN-B2 ADDITIONAL REQUIREMENT: If internal flooding is within the scope of the
application, DOCUMENT that the previously identified internal flood scenarios are
applicable for the POSS of the single identified LPSD evolution type. IDENTIFY any
new flood scenarios for the POSs of the single identified LPSD evolution type.

| IFSN-B3 | AS IN PART 4;
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Table 10.4.2.4-2(a) Supporting Requirements for HLR-LIFEV-A

Plant initiating events caused by internal flood shall be identified and their frequencies estimated (HLR-

LIFEV-A).

Index No. Capability Category | Capability Category 11 Capability Category 111

LIFEV-A

LIFEV-Al ADDITIONAL REQUIREMENT: If internal flooding is within the scope of the
application, ENSURE that the previously 1dentified plant initiating-event groups are
applicable for the POSs of the single identified LPSD evolution type. If an
appropriate plant initiating-event group does not exist, CREATE a new plant
initiating-event group.

LIFEV-Ala | ASIN PART 4.

CLARIFICATION: The review should be focused on the POSs for the ‘single
identified LPSD evolution type.

LIFEV-A2 AS IN PART 4. AS IN PART 4. AS IN-PART 4.

LIFEV-A3 AS IN PART 4. ASINPART 4.

LIFEV-A4 AS IN PART 4.

LIFEV-A5 AS IN PART 4.

LIFEV-A6 AS IN PART 4. AS IN PART 4.

LIFEV-A7 AS IN PART 4. AS IN PART 4. AS IN PART 4.

LIFEV-A8 ADDITIONAL REQUIREMENT: If internal flooding is within the scope of the
application, ENSURE that the previously screened out flood scenarios are not
applicable for the POSs of the single identified LPSD evolution type. SCREEN OUT
flood scenarios per the criteria specified’in IFEV-A8 in ASME/ANS RA-Sa-2009
[1].

Table 10.4.2.4-2(b) Supporting Requirements for HLR-LIFEV-B
Dpcumentation of the internal flood-induced events shall be consistent with the applicable supporting
requirements (HLR-LIFEV-B).
ndex No. Capability Category | Capability Category I Capability Category 111

LIFEV-B

LIFEV-B1 AS IN PART 4.

LIFEV-B2 ADDITIONAL REQUIREMENT: If internal flooding is within the scope of the
application, DOCUMENT that the previously identified internal flood-induced
initiating events are applicable for the POSs of the single identified LPSD evolution
type. IDENTIFY any new flood-induced initiating events for the POSs of the single
identified LPSD evolution type.

LIFEV-B3 AS IN PART 4.
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Table 10.4.2.5-2(a) Supporting Requirements for HLR-LIFQU-A

Internal flood-induced accident sequences shall be quantified (HLR-LIFQU-A).

Index No. Capability Category | Capability Category 11 Capability Category Il

LIFQU-A

LIFQU-A1 | ASIN PART 4.

LIFQU-A2 | ASIN PART 4.

LIFQU-A3 | ADDITIONAL REQUIREMENT: If internal flooding
is within the scope of the application, ENSURE that
the previously screened-out flood areas are still valid
for the POSs of the single identified LPSD evolution
type. SCREEN OUT flood sources per the criteria
specified in IFQU-A3 in ASME/ANS RA-Sa-2009 [1]. AS IN PART %

LIFQU-A4 | ASIN PART 4.

LIFQU-A5 | ASIN PART 4.

LIFQU-A6 | ASIN PART 4.

LIFQU-A7 | ASIN PART 4.

LIFQU-A8 | ASIN PART 4.

LIFQU-A9 | ASIN PART 4.

LIFQU-A10 | ASIN PART 4.

LIFQU-A11 | AS IN PART 4.

Table 10.4.2.5-2(b) Supporting Requirements for HLR-LIFQU-B
Dpcumentation of the internal flood-induced accident sequences and quantification shall be consistent
with the supporting requirements (HLR-LIFQU-B)!
ndex No. Capability Category | Capability Category 11 Capability Category 111

LIFQU-B

LIFQU-B1 | ASIN PART 4.

LIFQU-B2 ADDITIONAL REQUIREMENT: If internal flooding is within the scope of the
application, DOCUMENT that the previously developed flood scenarios are
applicable forthe POSs of the single identified LPSD evolution type. DOCUMENT
the process-tsed to define the applicable new internal flood accident sequences and
their @ssociated quantification for the POSs of the single identified LPSD evolution
type.

LIFQU-B3 |-AS'IN PART 4.
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Table 10.5.2.1-1 High Level Requirements for Seismic Probabilistic Risk Assessment: Technical

Requirements for Probabilistic Seismic Hazard Analysis (LSHA)

Designator in Designator in Requirement Commentary
This Standard ASME/ANS
RA-Sa-2009
[1]
HLR-LSHA-A HLR-SHA-A AS IN PART 5 AS IN PARTS
HL R-LSHA-B HLR-SHA-B AS IN PART 5 AS IN PART 5
HLR-LSHA-C HLR-SHA-C  ASIN PART 5 AS IN PART 5
HLR-LSHA-D HLR-SHA-D  ASIN PART 5 ASIN PART 5
HLR-LSHA-E HLR-SHA-E  ASIN PART 5 AS IN PART 5
HLR-LSHA-F HLR-SHA-F  AS IN PART 5 AS IN PART 5
HLR-LSHA-G HLR-SHA-G  AS IN PART 5 AS IN PART 5
HLR-LSHA-H HLR-SHA-H  AS IN PART 5 AS IN PART 5
HLR-LSHA-I HLR-SHA-I AS IN PART 5 AS IN PART 5
HLR-LSHA-J HLR-SHA-J  ASIN PARTS5 AS IN PART 5
Suipporting Requirements for HLR-LSHA: All of the.Supporting Requirements in ASME/ANS RA-
S§-2009 [1] for HLR-LSHA shall apply in full.
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Table 10.5.2.2-1 High Level Requirements for Seismic Probabilistic Risk Assessment: Technical

Requirements for Seismic-Fragility Analysis (LSFR)

Designator in Designator Requirement Commentary
This Standard in

ASME/ANS

RA-Sa-

Z009 [1]
HLR-LSFR-A HLR-SFR- AS IN PART 5 AS IN PART\5

A
HLR-LSFR-B HLR-SFR-B  AS IN PART5 AS IN PART 5
HLR-LSFR-C HLR-SFR-C AS IN PARTS5 ASIN PART 5
HLR-LSFR-D HLR-SFR-D AS INPARTS5 AS IN PART 5
HLR-LSFR-E HLR-SFR-E AS IN PART 5 AS IN PART 5
HLR-LSFR-F HLR-SFR-F AS IN PART 5 AS IN PART 5
HLR-LSFR-G HLR-SFR-G AS IN PART 5 AS IN PART 5

Suipporting Requirements for HLR-LSFR: All of the Supporting Requirements in ASME/ANS RA-S
2009 [1] for HLR-SFR shall apply in full and shall be aceomplished for each POS or group of POSs,
where appropriate and in accordance with LPOS-A7. If.seismic events are within the scope of the

agplication, and specific LPSD evolution activities.in a given POS change the screening or fragility
nalyses of SSCs on the SEL, then revise the fragilities for the applicable POSs accordingly.
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Table 10.5.2.3-1 High Level Requirements for Seismic Probabilistic Risk Assessment: Technical

Requirements for Systems Analysis (LSPR)

Designator in Designator Requirement Commentary
This Standard in
ASME/ANS
RA-Sa-
Z009 1]
HLR-LSPR-A HLR-SPR- AS INPARTS5 AS IN PART 5
A
HLR-LSPR-B HLR-SPR-B AS IN PART5 ASAINPART 5
HLR-LSPR-C HLR-SPR-C AS IN PARTS5 AS’IN PART 5
HLR-LSPR-D HLR-SPR-D AS INPARTS5 AS IN PART 5
HLR-LSPR-E HLR-SPR-E AS INPARTS5 AS IN PART 5
HLR-LSPR-F HLR-SPR-F AS IN PART 5 AS IN PART 5
NOTE:
(1) Applicability of “at-power” seismic fragilities are to be &ssessed for the specific conditions of the

POS under study. The equipment configuration may be different from the “at-power” mode.

Stipporting Requirements for HLR-LSPR: All of the-Supporting Requirements in ASME/ANS RA-S
2009 [1] for HLR-SPR shall apply in full and shall be accomplished for each POS or group of POSs,
where appropriate and in accordance with LPOS-AY. If seismic events are within the scope of the

application, and specific LPSD evolution activities in a given POS change the assessment of human erro

rs

(e.g., preclude personnel access), revise the ‘plant response models for the applicable POSs accordingly.
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