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FOREWORD

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

This Level 2 Standard, ASME/ ANS RA-5-1.2-2024, “Severe Accident Progressionarid Radiologi-
cal Release (Level 2) PRA Standard for Nuclear Power Plant Applications for Light Water Reactors
(LWRs),” was initiated via Project Number ANS-58.24, which ANS later formally requested ANSI
to transfer to ASME. In 2015, the JCNRM published ASME/ANS RA-S-112-2014, “Severe Accident
Progression and Radiological Release (Level 2) PRA Standard for Nuclear Power Plant Applica-
tions for Light Water Reactors (LWRs),” which was the trial-use andpilot-application version of
this Standard. After a two-year trial-use and pilot-application perigd, all comments received were
collected and resolved by the Level 2 Working Group withincthie JCNRM. In addition to resolv-
ing comments received during the trial-use and pilot-application period, this Standard has been
updated to reflect updates that have been made to ASME and JCNRM writers” guides and ballot
comments received from the JCNRM. These resulted.in‘a number of changes being made to sup-
port self-consistency as well as consistency with ather JCNRM standards.

This Standard, ASME/ANS RA-S-1.2-2024, is-theé current edition of the Level 2 PRA Standard
that supersedes all previous versions. The JCINRM is responsible for ensuring that this Standard is
maintained and revised, as necessary. This,tesponsibility includes appropriate coordination with
and linkage to other standards under deVelopment for related risk-informed applications.

ASME/ANS RA-5-1.2-2024 is a substantial revision of the trial-use and pilot-application Stan-
dard, ASME/ANS RA-5-1.2-2014. The following major modifications are among those performed:

¢ The Level 3 Interface Technical Element has been removed on the basis that the Level 3 tri-
al-use and pilot-applicationt Standard, ASME/ANS RA-5-1.3-2017, “Standard for Radiolog-
ical Accident Offsite, Consequence Analysis (Level 3 PRA) to Support Nuclear Installation
Applications,” incladés all necessary requirements to properly transfer information from a
Level 2 PRA.

e Supporting Requirements (SRs) with “No Requirement” for Capability Category I have been
redefinedinsuch a way that it is now clear what the requirements are to meet each Capability
Categoty.

o SRshat reference back to the Level 1 Standard, ASME/ANS RA-S-1.1-2024, “Standard for
Level 1/Large Early Release Frequency Probabilistic Risk Assessment for Nuclear Power
Plant Applications,” have been made more consistent, deliberate, and explicit in each Part to
facilitate the peer-review process.

e Part 1 has been substantially revised in order to be consistent with the Level 1 Standard and
includes revised definitions of significance, new sections dedicated to Configuration Control
and Newly Developed Methods, and a Nonmandatory Appendix (NMA) 1-A that defines all

L acHon-verbsusedinthis-Standard-

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

¢ A number of changes have been implemented to strengthen the consistency among technical
elements that are cross-cutting through different standards developed by the JCNRM. These

\%
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changes required, for example, revisiting SRs associated with screening, uncertainty, human
reliability analysis, and documentation.

* Notes and commentaries have been revised to ensure content is still up to date and, for the
most part, are removed from the body of this Standard and located in the NMA 2-A. This relo-
cation emphasizes the concept that notes and commentaries do not represent formal require-
ments of this Standard and are provided for information. References are also removed from
individual SRs and moved to notes as one way to meet the SRs.

This publication, ASME/ANS RA-5-1.Z-20Z%, "Severe Accident Progression and Kadiological
Release (Level 2) PRA Standard for Nuclear Power Plant Applications for Light Water Reactors
(LWRs),” was approved by the ASME BNCS and the ANS Standards Board. ASME/ANS RA-S-
1.2-2024 was approved by ANSI on May 31, 2024.
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CORRESPONDENCE WITH THE ASME/ANS JOINT
COMMITTEE ON NUCLEAR RISK MANAGEMENT

General. ASME codes and standards are developed and maintained by committees with the
intent to represent the consensus of concerned interests. Users of ASME codes and standards may
correspond with the committees to propose revisions or cases, report errata, or request interpre-
tations. Correspondence for this Standard should be sent to the staff secretary noted on the.com-
mittee’s web page, accessible at https://go.asme.org/JCNRMcommittee.

Revisions and Errata. The committee processes revisions to this Standard efi’a continuous
basis to incorporate changes that appear necessary or desirable as demonstrated by the experi-
ence gained from the application of the Standard. Approved revisions willbe published in the
next edition of the Standard.

In addition, the committee may post errata on the committee web page_ Errata become effective
on the date posted. Users can register on the committee web pagetoreceive e-mail notifications
of posted errata.

This Standard is always open for comment, and the committee welcomes proposals for revi-
sions. Such proposals should be as specific as possible, citing the' paragraph number, the proposed
wording, and a detailed description of the reasons for the proposal, including any pertinent back-
ground information and supporting documentation.

Cases
(a) The most common applications for cases ate
(1) to permit early implementation of a‘fevision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential additional requirements
prior to incorporation directly into the Standard
(4) to permit the use of a new material or process
(b) Users are cautioned thatmot all jurisdictions or owners automatically accept cases. Cases
are not to be considered as approving, recommending, certifying, or endorsing any proprietary or
specific design, or as limiting in any way the freedom of manufacturers, constructors, or owners
to choose any method:of'design or any form of construction that conforms to the Standard.
(c) A proposed.case shall be written as a question and reply in the same format as existing
cases. The proposal/shall also include the following information:
(1) a statement of need and background information
(2) thewurgency of the case (e.g., the case concerns a project that is underway or imminent)
(3)_the’Standard and the paragraph, figure, or table number
(4) the editions of the Standard to which the proposed case applies
(d)) A case is effective for use when the public review process has been completed and it
is-approved by the cognizant supervisory board. Approved cases are posted on the committee
Web page.

Interpretations. Upon request, the committee will issue an interpretation of any requirement

(a8

£l 2| A £ Lots H lariaa g £ L oaoaaee o d o1
ofthis-Standard—Aninterpretation-canbedssted-ontyinresponseto-arequestsubmitted-throush
the online Interpretation Submittal Form at https://go.asme.org/InterpretationRequest. Upon
submitting the form, the inquirer will receive an automatic e-mail confirming receipt.

ASME does not act as a consultant for specific engineering problems or for the general applica-
tion or understanding of the Standard requirements. If, based on the information submitted, it is
the opinion of the committee that the inquirer should seek assistance, the request will be returned
with the recommendation that such assistance be obtained. Inquirers can track the status of their
requests at https://go.asme.org/Interpretations.
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ASME procedures provide for reconsideration of any interpretation when or if additional infor-
mation that might affect an interpretation is available. Further, persons aggrieved by an interpre-
tation may appeal to the cognizant ASME committee or subcommittee. ASME does not “approve,”
“certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

Interpretations are published in the ASME Interpretations Database at https://go.asme.org/
Interpretations as they are issued.

ACNAL LADNC IONIDNL

CommitteeMeetings—The ASMEAANSHENRMrestdartyholdsmeetings-thatare-opertothe
public. Persons wishing to attend any meeting should contact the secretary of the committee.
Information on future committee meetings can be found on the committee web page at https://
go.asme.org/JCNRMcommittee.
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ASME/ANS RA-S-1.2-2024

PART 1

FOR A LEVEL 2 PRA

Section 1-1
Introduction

1-1.1 OBJECTIVE

This Standard states the requirements for Level 2
probabilistic risk assessments (PRAs) for severezacci-
dent progression and radiological release for uselin sup-
porting risk-informed decisions for comméreial light
water reactor (LWR) nuclear power plants!

1-1.2 SCOPE AND APPLICABILITY-

The scope of this StandardsisMimited to analyzing
the progression of severe accidents from the onset of
core damage through radienuclide release to the envi-
ronment or a determination that a release to the envi-
ronment will not oecur! It includes the analysis of the
various phenomenathat occur inside the reactor vessel,
the containmefit.structure, and neighboring structures
that might patticipate in the radiological release path-
way to th&environment. This analysis involves carrying
the postulated accident sequences from a Level 1 PRA
through a probabilistic logic structure such as a contain-
ment event tree (CET) (or equivalent) and determining

shutdown, and transition states) addressed in ASME/
ANS-58.22-2014 (Shutdown PRA Trial Use Standard) []-2].

The assessment of radiological releases is restrig¢ted
to radionuclides that originate in fuel located within
the reactor pressure vessel. It does not address spent
fuel pool radionuclide release nor releases related to
purposeful human-induced security threats (e.g., sgbo-
tage); this limited scope is consistent with that of ASMIE/
ANS RA-5-1.1-2024 [1-1]. This Standard is limited in
scope to single reactor accidents and does not addfess
accident sequences involving releases and interactjons
among multi-reactor units and fuel storage faciljties
such as those which occurred at Fukushima Daifichi
during March 2011. However, the Standard does proyide
requirements regarding the status of any other unitg on
site (e.g., status of shared systems inherited from [the
Level 1 PRA). As such, multi-unit issues are treatedl to
a limited extent, broadly consistent with ASME/ANS
RA-5-1.1-2024 [1-1], but combined accident sequenies,
multiple simultaneous releases from multiple units pnd
radiological sources, and more complex multi-unit isques

The Tadionuclide release characteristics (€.g., magnitude
and timing) for the various pathways through the CET.

This scope includes accident sequences initiated by
internal events, internal hazards, and/or external haz-
ards addressed in ASME/ANS RA-S-1.1-2024 [1-1].
It also includes postulated accident sequences initi-
ated from all modes of reactor operation (at-power,

and interactions are not addressed within this Standard.

These requirements are written for operating LWR
power plants (i.e., plants with designs and features sim-
ilar to the plants operating when this Standard was pub-
lished). They may be used for LWR plants under design
or construction or for advanced LWRs, but revised or
additional requirements may be needed.

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

1
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ASME/ANS RA-S-1.2-2024

1-1.2.1 Interface with Level 1 PRA Standards

Requirements of this Standard are applicable to
all hazards developed following the requirements of
ASME/ANS RA-5-1.1-2024 [1-1] and are intended to
be compatible with plant damage states that may be
characterized from results of PRA analyses generated in
accordance with ASME/ANS-58.22-2014 (Trial Use) [1-2].

degree of modeling detail compared to that of the LERF
evaluation prescribed in ASME/ANS RA-5-1.1-2024
[1-1].

The LERF technical element of ASME/ANS RA-S-1.1-
2024 [1-1] remains an appropriate reference for LERF
estimates. However, the completion of a Level 2 PRA
according to this Standard allows the analyst to gener-

AS]
PR/
and
pov
to d
ing
(Sh
U
SCo
ard
sys
ide
(SR
wit

ME/ANS RA-S-1.1-2024 [1-1] specifically includes
\ requirements for internal events, internal hazards
external hazards that might occur while the nuclear
ver plant is at-power. This Standard also may be used
levelop the Level 2 PRA for use with plant operat-
states (POSs) defined in the ASME/ANS-58.22-2014
itdown PRA Trial Use Standard) [1-2].

se of this Standard does not require specific Level 1
be be included (e.g., hazard models). However, haz-
Lspecific features needed to develop human actions,
em models and containment failure mechanism are
(tified within individual Supporting Requirements
5) that should be included when those hazards are
hin the scope of the Level 2 PRA.

2.2 Interface with Level 3 PRA Standard

he end point of a Level 2 analysis is the distribution
he plant damage states from the Level 1 PRA into a
pf radionuclide release categories (RCs). These RCs

their characterization represent a critical input to
Level 3 PRA. This Standard, therefore, specifies the
lirements for an analysis sufficient to characterize
RCs (i.e., frequency, magnitude, and timing of -fis

via
ent

A subset of RCs represent large early releases, which

product releases) for use in a Level 3 PRA. Reqtiire-

Frequency Analyses
his Standard is not meant to be-a'veplacement for the

evel/l PRA analyses into a set of RCs spanning the

have the potential for significant off-site early health
effects. ASME/ANS RA-S5-1.1-2024 [1-1] includes re-
quirements for estimating the frequency of large early
releases as a surrogate release metric for many PRA
applications. Performing a full Level 2 analysis in accor-
dance with this Standard provides an opportunity for a
refined determination of LERF as a result of the greater

2

ate a refined estimate of LEKF that 1s expected to remain
consistent with the Capability Categories outlined, ift
ASME/ANS RA-5-1.1-2024 [1-1] as applicable.

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

The technical requirements for the PRA model are
organized by their respective PRAtechnical elements.
The PRA technical elements define'the scope of the anal-
ysis of this Standard. This Standard specifies technical
requirements for the PRA technical elements listed in
Table 1-1.3-1.

1-1.3.2 High LeyelRequirements

A set of objestives and High Level Requirements
(HLRs) is provided for each PRA technical element
in the Technical Requirements section of Part 2 of this
Standard: The HLRs set forth the minimum require-
mentsfor a technically acceptable baseline Level 2 PRA,
independent of a PRA application. All HLRs are written
by using “shall.” The HLRs are defined in general terms
and present the overarching context for the derivation
of more detailed SRs. The general terms used for HLRs
represent not only the diversity of approaches that
have been used to develop the existing Level 2 PRAs
but also the need to accommodate future technological
innovations.

1-1.3.3 Supporting Requirements

A set of SRs is stated for each HLR (that is included
for each PRA technical element) in the Technical
Requirements section in Part 2 of this Standard. All SRs
are written by using “action verbs” rather than “shall.”
The meaning of each action verb used in this Standard is
stated in Nonmandatory Appendix (NMA) 1-A.

This Standard is intended for a wide range of PRA
applications that require a corresponding range of PRA
capabilities. PRA applications vary with respect to
which risk metrics are employed, which decision crite-
ria are used, the extent of reliance on the PRA results

required for the factors that determine the significance
of the subject of the decision. In developing the differ-
ent portions of the PRA model, it is recognized that not
every item will require the same level of detail, the same
degree of plant specificity, or the same degree of realism.

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

The delineation of the Capability Categories within

not be sufficient to produce a bounding result without
more detailed and realistic analysis.

The boundary between these Capability Categories
can be defined only in a general sense. When a com-
parison is made between the capabilities of any given
PRA and the SRs of this Standard, it is expected that the
capabilities of a PRA’s elements or portions of the PRA

The SKRs 15 generally aligned such that the degree of
scope and level of detail, the degree of plant-specific-
ity, and the degree of realism increase from CC-I to
CC-II. The level of conservatism would generally tend
to decrease as the Capability Category increases and
more detail and more realism are introduced into the
analysis. This is stipulated for many CC-I treatments;
however, this is not true for all requirements and should
not be assumed.

Anexample mightbe the treatment of hydrogen distri-
bution and combustion within a large dry containment.
One might propose that a “conservative” estimate of
the load generated due to hydrogen combustion could
be made by calculating the pressure generated from the
complete combustion of a hydrogen mass representing
oxidation of 100% of the Zircaloy cladding in the core. If
this mass is assumed to be uniformly distributed within
the containment free volume, the resulting flammable
gas concentration might be at or below the lower flam-
mability limit, and the resulting pressure increment
might be very small. However, if a more refined spa-
tial treatment of hydrogen transport and mixing within
the containment is considered, very high concentrations
might be estimated in small local regions of thie~con-
tainment that, if ignited, could threaten containment
integrity. This example illustrates how a conservative
simplifying assumption (100% Zircaloy ©xidation) may

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

Within each of the elements will not necessarily all|fall
within the same Capability Category, but ratherwilll be
distributed between both Capability Categories)

There may be PRA technical elements, o¥” portions
of the PRA within the elements, that fail"to meet|the
SRs for either of these Capability Categories. Whilg all
portions of the PRA need not hayve the same capability,
the PRA model should be cohetent. The SRs have been
written so that within a Capability Category, the infter-
faces between portions of¢he PRA are coherent (e.g. Jthe
requirements for CETs até consistent with the definifion
of plant damage states)-

When a specificPRA application is undertaken, jydg-
ment is needed-to-determine which Capability Category
is needed for each portion of the PRA and, thus, which
SRs apply te’the PRA applications.

Forgseach SR, the minimum requirements necesgary
to meet’CC-I and CC-II are defined. Some SRs apply to
only one Capability Category and some extend acfoss
beéth Capability Categories. When an SR spans Hoth
Capability Categories, it applies equally to each Cqpa-
bility Category. When necessary, the differentiafion
between Capability Categories is made in other asspci-
ated SRs.

The Technical Requirements section of Part 2 of fhis
Standard also specifies the required documentatiof to
ensure traceability of the analysis.

Hazard Type/Group Plant Operating States

PRA Technical Elements

All hazard types and groups
Fuel Pool)

All plant operating states (not including Spent

Level 1/Level 2 PRA Interface (L1)

Containment Performance Analysis (CP)

Severe Accident Progression Analysis (SA)

Probabilistic Treatment of Event Progression and Source
Terms (PT)

Source Term Analysis (ST)

Evaluation and Presentation of Results (ER)

3
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Table 1-1.3-2 Bases for PRA Capability Categories

Attributes of PRA

Capability Category |

Capability Category Il

1.S
The
ofd
and

ope and level of detail:

Hegree to which the scope and level
tail of the plant design, operation,
maintenance are modeled

Resolution and specificity are sufficient to
identify the operating modes, initiating events,
unmitigated system failures, system operating
characteristics, mechanisms of containment
failure, and severe accident progression
phenomena that contribute to the significant
accident progression sequences [Notes (1) and

1.

Resolution and specificity are sufficient to
identify the operating modes, initiating events,
significant system failures, system operating
characteristics, mechanisms of containment
failure, and severe accident progression
phenomena that contribute to thésignificant
accident progression sequefges [Note (2)].

2. Plant specificity:

The
info
the

Hegree to which plant-specific
mation is incorporated in modeling
s-built, as-operated plant

Use of generic data/models is acceptable
except for the need to account for unique
design and operational features of the plant
that have bearing on the assessment of
containment failure and release classes.

Plant-specific data/moadeéls are used for the
significant contributors to the extent feasible.

3. R¢
The
inco
resp|

palism:

Hegree to which realism is

porated in modeling the expected
pnse of the plant

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

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

NOT|
@

@

©)

ES:

n this context “unmitigated systems failures” refers to failures of active or passive structures, systems, or components (55Cs) (including
building structures) that are not restored or mitigated after the onset of core datage.
The definitions for CC-I and CC-Il are not meant to imply that the scope and leVel of detail include identification of all components and
human actions but rather that they include only those needed for the funttion of the system being modeled to the extent that function is
mportant to assessing plant risk as defined in the context of this Standard.
Pifferentiation between moderate and small is determined by thetextent to which the impact on the conclusions and risk insights could
hffect a decision under consideration. This differentiation receghizes that the PRA would generally not be the sole input to a decision. A
moderate impact implies that the impact (of the departure from realism) is of sufficient size that it is likely that a decision could be affect-
pd; a small impact implies that it is unlikely that a decision’could be affected.

4
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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, cer-
tain established methods and/or tools were contem-
plated during the development of these requirements
(for example, the use of tools such as MELCOR [1-4]
or Modular Accident Analysis Program (MAAP) [1-5],

modeling of the different hazards and their effects on
the plant, and the assumptions made in dealing with
these uncertainties can lead to varying degrees of con-
servatism in the estimates of risk. Furthermore, because
the analyses can be resource intensive, it is normal to use
screening approaches to limit the number of detailed
scenarios to be evaluated and the number of mitigat-

were contemplated during the development of some
requirements). Alternative methods and approaches
or newly developed methods (NDMs) for meeting
the requirements of this Standard may be used if they
meet the HLRs and SRs presented in this Standard.
Requirements for NDMs are provided in Section 1-7.
The requirements for the documentation of any partic-
ular method used are established in the documentation
HLRs for each technical element, and requirements for
peer review are described in Section 1-6. All notes and
commentaries, which follow many SRs, are nonmanda-
tory. In addition, any example in the SR body or any
NMA or note is not to be considered the only way to
address an SR.

1-1.4 APPLICABILITY OF PRA TECHNICAL
ELEMENTS

The use of a PRA and the Capability Categories that
are required to be met for each of the PRA technical ele-
ments will differ among PRA applications. Section 1-3
describes the activities to determine whether a PRA has
the capability to support a specific PRA applicationof
risk-informed decision-making (RIDM). Two different
PRA Capability Categories are described in Section
1-1.3. PRA capabilities are evaluated for each.associated
SR, rather than by specifying a Capability Category for
specific parts or the whole PRA.

1-1.5 PRA CONFIGURATION:CONTROL

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

1-1.6 PEERREVIEW REQUIREMENTS

Sectiniv1-6 states the general requirements for a peer
review to determine if the methods and its implemen-
tation in the PRA meet the requirements of the Techni-

Ing systems credited while still achieving an acceptgble
evaluation of risk.

For many PRA applications, it is necessary,tojinclfrde
the combined impact on risk from those hazard groups
for which it cannot be demonstrated that tHe impact on
the decision being made is not risk-insignificant. This
can be done by using a single medel-that combines|the
PRA models for the different hazard groups or by cpm-
bining the results from separate models. In either cpse,
when combining the resultsfrom the different hagard
groups, it is essential to/account for the differencep in
levels of conservatism,and levels of detail so that|the
conclusions drawirtfrom the results are not overly
biased or distoxted.

In some Gases, the requirements for developing a
Level 2 PRA’model in Part 2 refer to the requirem¢nts
of ASME/ANS RA-5-1.1-2024 [1-1]. The requirem¢nts
of ASME/ANS RA-5-1.1-2024 [1-1] should be appliefl to
thé.extent needed, given the context of the modelinf of
each hazard group. In Part 2, many of the requirem¢nts
that differentiate between Capability Categories, either
directly or by incorporating the requirements of ASMEE/
ANS RA-S-1.1-2024 [1-1], do so on the basis of the ahal-
ysis of significant contributors and significant accident
progression sequences and/or cutsets for the hagard
group being addressed. Because, as discussed abgve,
there are differences in the way the PRA models for gach
specific hazard groups are developed; the requirem¢nts
are best analyzed separately in a self-contained marjner
for each hazard.

Additionally, from a practical standpoint, PRA nod-
els are generally developed on a hazard group bhsis
(e.g., a fire PRA, a seismic PRA, a high wind PRA).
While they may be integrated into a single model With
multiple hazards, the development is done on a hagard
group basis. In CC-II, this Standard strives to engure
that the more significant contributors to each hazard
group are understood and analyzed with an equivalent
level of resolution across applicable SRs, plant specjfic-
ity, and realism to not skew the results for that hagard
group. The definitions also acknowledge that there jpay

cal Requirements section of each respective Part of this
Standard.

1-1.7 ADDRESSING MULTIPLE HAZARD GROUPS

The approaches to modeling the plant damage result-
ing from different hazard groups vary in terms of the
degree of realism and the level of detail achievable. For
example, there are uncertainties that are unique to the

5

be cases where the proposed quantitative assessment
process is inappropriate (e.g., the hazard group risk is
very low or bounding methods are used).

1-1.8 SCREENING CRITERIA

Note that this Standard does not include specific
screening criteria that are not already described in the
text of an individual SR.
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1-1.9 UNDERSTANDING SIGNIFICANCE

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

what is significant to a decision would be addressed in
Section 1-3.

While the Level 2 Standard has chosen to not use the
term “risk-significant,” it does retain the formalism in
identifying and establishing the concept of significance.
Therefore, significant contributors in this Standard are
identified in a parallel fashion to the risk-significant

application of the Tevel 2 PRA, the identification of
siglllificant elements (or sequences) of the Level 2 PRA
can|be used to inform containment design and improve
sevpre accident management strategies. Level 2 items
ideftified as significant are also prime target for anal-
ysid refinements, aimed at enhancing the realism of the
asspciated insights. The requirements provided in this
Stapdard ensure that the analysis maintains an appro-
priate level of completeness and that even at CC-I it is
pospible to identify significant contributors.
ASME/ANS RA-5-1.1-2024 [1-1] uses the concept
rigk-significant” to define those components and
actions where realistic modeling is necessary to meet
CCilI, where risk-significance is defined with respect to
the|Level 1 risk metrics of CDF and LERF. In a Level 1
PRA these surrogate metrics are defined in regulation,
where CDF is generally regarded as a surrogate for the
indjvidual latent cancer fatality risk quantitative health
obj¢ctive (QHO) and LERF has been shown to be an
adequate surrogate for the individual early fatality risk
QHO. This Standard allows use of multiple surrogate
reldase metrics to characterize the Level 2 end states.
Thd radiological releases estimated in the Level 2 PRA
may} be propagated into a Level 3 PRA, which quantiz
fies|the consequences and impacts of the releases orrthe
enviironment and public. As the Level 2 metries-were
not|necessarily considered stand-alone measures of the
risq (i.e., frequency and consequence) of Containment
reldases, this Standard defines specific"significant”
mefrics as targets for refinement afd ‘realism within
indjvidual SRs. Therefore, while ASME/ANS RA-S-1.1-
2024 [1-1] may define “risk-significant” with respect to
the|LERF surrogate releas€ risk metric, this Standard
usep the more general term “significant” when identi-
fyinjg contributors to allrélease classes and containment
states. Use of term{¥isk-significant” may be appropri-
atefin Level 2 forthe respective surrogate release met-
ricsl where there are consistent assumed consequences
[e.g., LERE®f Jarge release frequency (LRF)] depending
on the néeds of an application.

Within’ the Level 2 PRA, the term “significant”

CcC 1l

“

contributors in ASME/ANS KA-5-1.1-2024 [1-1]| based
on quantitative criteria (i.e., an item under consider-
ation that contributes above a certain percentage,to)the
overall risk as measured by the metrics underconsider-
ation). In that context, the Level 2 concept ofisighificance
is established with respect to the percentcohtribution to
a given metric. It is recognized that “risk” is a product
of frequency and consequence, and’this concept could
be applied to any metric. Howeyez, since not all Level 2
release measures can be assumed to have the same con-
sequences, it was determinedthat significance should be
determined with respectt6,each metric defined; thus, the
term “significance” isused in place of “risk-significance”
in this Standard.

In line with the above, Table 1-1.9-1 specifies the
quantitativetriteria generally to be used in determining
significane)for the various modeling items (contribu-
tors). Ifthese quantitative criteria are not used, justifi-
catjonifor any alternative quantitative criteria shall be
doctimented. The documentation shall describe how
the alternative quantitative criteria meet the intent of
the criteria in Table 1-1.9-1. These alternative quantita-
tive criteria shall be peer reviewed for their appropri-
ateness and ability to adequately determine significance
such that the integrity of the PRA model is maintained.
Once the potential significant contributors are identified
along with the specific Technical Requirements, the next
major step is to apply the needed refinements into the
modeling inputs. The Level 2 PRA applies significance
ranking to the following:

(a) significant accident progression sequences

(b) significant basic events

(c) significant containment challenges

(d) significant contributors

(e) significant release categories

When Level 2 PRA is not used as direct input to a
Level 3, Level 2 metrics typically reflect intermediate
measures that are intended to characterize the Level 2
model contributors and are not a direct measure of risk.
In these circumstances, the metrics that are to be used for

deftres—hew—muech—reatism—isrecessary—to—treet
of some SRs and the importance of those contributors
to the Level 2. They are NOT intended to be definitions
of what is significant in a particular application nor to
provide a direct metric on radiological consequences.
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

oI

6

assassmantof-sianificancashall bacalactad:- howavar -tha
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various interim metrics are not necessarily equally signif-
icant to public risk. These interim states can be import-
ant in establishing the adequacy of the Level 2 PRA.
Specifically, significance measures can be used in the
iteration process to determine the level of detail neces-
sary for a Level 2 PRA model. Hence, initial simplifying
assumptions that may impact multiple portions of the
PRA model may need to be reviewed and modified to
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increase the PRA model realism. This type of iteration is
performed until the PRA model represents a realistic risk
profile of the plant to the extent practical according to
the state of practice. When a radiological consequence is
used as a specific metric, dose and public impact assess-
ments need to be considered. These features are not spe-
cifically considered in the Level 2 PRA. Therefore, actual

risk significance of Level 2 PRA accident progression
sequences, basic events, and other relevant items, may
not be able to be established solely within the Level 2
PRA and could be defined iteratively using the calculated
consequences derived as part of the Level 3 PRA.

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

Table 1-1.9-1 Significance Determination

Item

Criteria for Significance Determination [Note 1]

Significant accident
progression
sequence

One of the set of accident sequences contributing to the governing surrogate release metric (sieh)as LERF, LRF, or
an alternate release metric for a specific application) resulting from the analysis of a specifichazard group that,
when rank-ordered by decreasing frequency, sum to a specified percentage of the surrogate-release metric or that
individually contribute more than a specified percentage of the surrogate release metfic for that hazard group. The
summed percentage of 95% and the individual percentage of 1% of the surrogatedelease metric are generally useq.

Significant basic
event

This basic event contributes significantly to the computed risks for a specifichazard group. This contribution generplly
includes any basic event that has a Fussell-Vesely (FV) importance greater ¢hdn/0.005 or a risk achievement worth
(RAW) importance greater than 2 relative to the governing surrogate releasesmetric (such as LERF, LRF, or an alternafe
release metric for a specific application).

Significant A containment challenge that results in a containment failure mode that is represented in a significant accident
containment progression sequence or is represented by a significant basje event.

challenge

Significant A contributor that is an essential characteristic (e.g., containment failure mode, physical phenomena, or basic event)

contributor

of a significant accident progression sequence, release category, or governing surrogate release metric (such as LERF,
LRF, or an alternate release metric for a specific application).

Significant release
category

One of the set of radionuclide release categariés contributing to the governing surrogate release metric (such as LERF,

LRF, or an alternate release metric for a specific application) that, when rank-ordered by decreasing frequency, sunfs to
95% of the surrogate release metric or:everall release frequency (excluding design basis leakage RCs) or individually
contributes more than 1% of the sufr0gate release metric or 5% of the overall release frequency.

NOTE:

(1) Ifthese criteria are not used, justification for any-alternative criteria shall be documented. The documentation shall describe how the a
native criteria meet the intent of the stated'ctitetia in this table. These alternative criteria shall be peer reviewed for their appropriatenekss
and ability to adequately determine significance such that the integrity of the PRA model is maintained.

ter-
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Section 1-2
Acronyms and Definitions

The following definitions are provided to ensure a  LERF: large early release frequency
uniform understanding of acronyms and terms as they | 7 A. 1oss of coolant accident
are specifically used in this Standard. )

LOOP: loss of off-site power

1-2]1 ACRONYMS LPI: low pressure injection
ABWR: advanced boiling water reactor LPSD:low power and shutdown
ANEP: American Nuclear Society LR: large release
AOP: abnormal operating procedure LRE: large release frequency
APWR: advanced pressurized water reactor LWR: light water reactog
ASME: American Society of Mechanical Engineers MAAP: Modular AcGident Analysis Program
BMIMT: basemat melt-through MOV: motor-operafed valve
BWRR: boiling water reactor NDM: newly developed method
BWROG: Boiling Water Reactor Owners Group NMA: Nenmandatory Appendix
BWST: borated water storage tank NRC:Nuclear Regulatory Commission
CC{l and CC-II: Capability Categories I and I PDS: plant damage state
CCF: common cause failure POS: plant operating state
CDF: core damage frequency PRA: probabilistic risk assessment
CET: containment event tree PSA: probabilistic safety assessment
CST: condensate storage tank PWR: pressurized water reactor
DD[T: deflagration to detonation transition QHO: quantitative health objective
DW: drywell RAW: risk achievement worth
EOP: emergency operating procedtire RC: release category
EP:{emergency planning RCS: reactor coolant system
EPRI: Electric Power Researichy Institute RIDM: risk-informed decision-making
ESBWR: economic simplified boiling water reactor RPV: reactor pressure vessel
FSG: FLEX supportguideline RWST: refueling water storage tank
FVqFussell-Vesely\importance measure SAG: severe accident guideline
HEP: humag exror probability SAMG: severe accident management guideline
HFE: hurnar failure event SG: steam generator
HLR:High Level Requirement SGTR: steam generator tube rupture

HPME: high pressure melt ejection

HRA: human reliability analysis

HVAC: heating, ventilation, and air conditioning
HW: high wind
IAEA: International Atomic Energy Agency

SR: Supporting Requirement
SRV: safety relief valve
SSC(s): structure(s), system(s), or component(s)

THERP: Technique for Human Error Rate Prediction
(see NUREG/CR-1278 [1-6])

ISLOCA: interfacing systems loss of coolant accident TSC: technical support center

8
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1-2.2 DEFINITIONS

accepted method: a method that the regulatory body has
used or accepted for the specific risk-informed applica-
tion for which it is proposed.

accident progression framework: a logic model that accounts
for the possible pathways and outcomes with respect to

the r\]’n sical nrogression of a core r*]amn(ro accident and
r r O

beneficial failure: a failure of an active or passive struc-
ture, system, or component (SSC) that alters accident
progression in a manner that reduces the severity of
the reactor or containment status or mitigates the con-
sequences of subsequent events. An example of a ben-
eficial failure would be creep rupture of the reactor
coolant system (RCS) hot leg prior to failure of other

RCS components that would have a more severe conse-

the containment response. The accident progression
framework may be constructed in different ways.

accident progression sequence: a unique combination of
events that clearly delineate the chronological and phys-
ical progression of core damage, containment response,
and fission product release to the environment.

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

aleatory uncertainty: the uncertainty inherent in a nonde-
terministic (stochastic, random) phenomenon. Aleatory
uncertainty is represented by modeling the phenom-
enon in terms of a probabilistic model. In principle,
aleatory uncertainty cannot be reduced by the accumu-
lation of more data or additional information (aleatory
uncertainty is sometimes called “randomness”).

as-built, as-operated: a conceptual term that represents
the degree to which the PRA matches the current plant
design, plant procedures, and plant performance data;
relative to a specific point in time. (NOTE: At the design
certification stage, the plant is neither built nor(per-
ated. For these situations, the intent of the PRA\model
is to represent the “as-designed, as-to-be4built, and
as-to-be-operated” plant.)

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

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

(b) An example of assumption made for lack of infor-
mation issassiming component failure due to failure of
heatingj@entilation, and air conditioning (HVAC) in the
absence of detailed room heat-up calculations.
at—power plant operating states characterized by the

quence [i.e., consequential steam generator tube rapfure
(SGTR) or high-pressure failure of the reactor-presqure
vessel (RPV) lower head].

bridge tree: an event tree (or equivalent logic structfire)
that extends the sequences delineated in the Levgl 1
PRA to account for the status of cortainment systems.
A bridge tree is sometimes used\te link (or provide a
“bridge” between) the Level i event trees (or eqpiv-
alent) for core-damage séquences and the Levgl 2
containment event tree, ‘€specially when the latter is
constructed solely to reflect the potential severe gcci-
dent phenomena.

Capability Category; see Table 1-1.3-2

cliff edge effeét: an instance of a sudden, large variafion
in plant conditions in response to a small variatiof in
an input{e.g., change in flood height, grid perturbation
based ‘en voltage, or deflagration to detonation trahsi-
tion point).

common cause failure: a failure of two or more compo-
nents during a short period of time as a result of a sipgle
shared cause.

community distribution: for any specific expert judgment,
the distribution of expert judgments of the entire gele-
vant (informed) technical community of experts knqwl-
edgeable about the given issue.

component: an item in a nuclear power plant, such §s a

vessel, pump, valve, or circuit breaker.

the
ific

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

conservative: use of information (e.g., assumptions) spich
that the assessed outcome is meant to be less fayor-
able than the expected outcome. With respect to L¢vel
2 PRA, this involves frequency of release categories
as well as the timing and magnitude of the radiolog-
ical release (i.e., source term). Sensitivity studies hay
be used to confirm the assumed bias has produced|the
intended outcome.

containment bypass: a direct or indirect flow path that

reactor-being-eritieat-and-producng-power—with-attto
matic actuation of critical safety systems not blocked
and with essential support systems aligned in their nor-
mal power operation configuration.

availability: the complement of unavailability.

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

9

may allow the release of radioactive material directly to
the environment, bypassing the containment.

containment challenge: severe accident conditions (e.g.,
plant thermal hydraulic conditions or phenomena)
that may result in compromising containment integrity.
These conditions or phenomena can be compared with
containment capability to determine whether a contain-
ment failure mode results.
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containment event tree: a logic diagram that graphically
represents the status of the containment and contain-
ment equipment when subjected to severe accident
loads. In a PRA, a CET begins with the onset of core
damage and progresses through a limited number of
branches that depict the various scenarios of the con-
tainment and containment equipment performance
wh

Val cn]r\jnﬂf-ﬂr] tosevere accident loads (D g . hig]ﬁ tem

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

event tree: a loglc dlagram that begins with an initiat-

perptures, pressures).

confainment failure: loss of integrity of the containment
prepsure boundary from a core damage accident that
restilts in unacceptable leakage of radionuclides to the
enviironment.

confainment failure mode: the manner in which a con-
tairfment radionuclide release pathway is created. It
encpbmpasses both the structural failures of contain-
meft induced by containment challenges when they
excped containment capability and the failure modes of
conftainment induced by human failure events (HFEs),
isolption failures, or bypass events such as interfacing
sysfems loss of coolant accident (ISLOCA).

containment performance: a measure of the response of a
nudlear plant containment to severe accident conditions.

cord damage: uncovery and heat-up of the reactor core to
the[point at which prolonged oxidation and severe fuel
darhage are anticipated and involving enough of the
cor¢, if released, to result in off-site public health effects.

cord damage frequency: expected number of core damage
evehts per unit of time.

depgndency: requirement that is external to an item ané
on which its function depends and that is associated
with dependent events that are determined by;-influ-
enckd by, or correlated to other events or ocgurrences.

end|state: the set of conditions at the end of‘an accident
seqience that characterizes the impact of the sequence
on fthe plant or the environment.<ln*most PRAs, end
states typically include success.states (i.e., those states
with negligible impact), plant daimage states for Level 1
PRA sequences, and releasé categories for Level 2 PRA
seqpences (including those contributing to LERF).

episfemic uncertainty. \the uncertainty attributable to
incgmplete knowleédge about a phenomenon that
affdcts our ability to model it. Epistemic uncertainty is
reflpcted in rafiges of values for parameters, a range of
viable models; the level of model detail, multiple expert
intdrpretations, and statistical confidence. In principle,
epigtemic uncertainty can be reduced by the accumula-

lllg CVCIIL OI LUllulLlUll dllu PIUBI\,DD\,D llllngIl d belleb
of branches that represent expected system or operator
performance that either succeeds or fails and arrives'at
either a successful or failed end state.

expert judgment: information provided bypa téchnical
expert, in the expert’s area of expertise, based on opinion
or on an interpretation based on reasoning’that includes
evaluations of theories, models, or expériments.

external hazard: a hazard originating outside a nuclear
power plant that directly ordindirectly causes an ini-
tiating event and may cause-safety system failures or
operator errors that may_lead to core damage or large
early release. Hazards.such as earthquakes, tornadoes,
and floods from soufees outside the plant and fires from
sources outside the"plant are considered external haz-
ards. (See also jnternal event.) By historical convention,
a loss of off¢site power (LOOP) not caused by another
external hazard is considered an internal event.

facilitatorfintegrator: a single entity (individual, team,
company, etc.) that is responsible for aggregating the
judgments and community distributions of a panel of
experts to develop the composite distribution of the
informed technical community (herein called “the com-
munity distribution”).

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

failure mode: a specific functional manifestation of a fail-
ure (i.e., the means by which an observer can determine
that a failure has occurred) by precluding the successful
operation of a piece of equipment, a component, or a
system (e.g., fails to start, fails to run, leaks).

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

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

fault tree: a deductive logic diagram that depicts how a
particular undesired event can occur as a logical combi-

3 L R TS 1l b
thI U dUUItiuldl TuuUnirativlt.

equipment: a term used to broadly cover the various
components in a nuclear power plant. Equipment
includes electrical and mechanical components (e.g.,
pumps, control and power switches, integrated circuit
components, valves, motors, fans) and instrumentation
and indication components (e.g., status indicator lights,
meters, strip chart recorders, sensors). “Equipment,” as
used in this Standard, excludes electrical cables.
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nation of other undesired events.

fragility: fragility of an SSC is the conditional probability
of its failure at a given hazard input level. The input
could be earthquake motion, wind speed, flood level,
or high pressure or temperature loads on containment.
The fragility model used in seismic PRA is known as a
double lognormal model with three parameters, which
are the median acceleration capacity, the logarith-
mic standard deviation of the aleatory (randomness)
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uncertainty in capacity, and the logarithmic standard
deviation of the modeling and data uncertainty in the
median capacity.

Fussell-Vesely: for a specified basic event, Fussell-Vesely
(FV) importance is the fractional contribution to the total
of a selected figure of merit for all accident sequences
containing that basic event. For PRA quantification

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

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

methods that nclude nonmimimal cutsets and success
probabilities, the FV importance measure is calculated
by determining the fractional reduction in the total fig-
ure of merit brought about by setting the probability of
the basic event to zero.

hazard: a phenomenon that challenges the safe opera-
tion of a facility. A hazard is a subset of a hazard group
and a superset of hazard events. Hazards in the internal
events hazard group include loss of coolant accidents
(LOCAs) and LOOPs. In some cases, a hazard group
may consist of only one hazard (e.g., the seismic haz-
ard), in which case the hazard and the hazard group are
considered to be synonymous.

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

hazard group: a group of hazards that result’in similar
effects on or challenges to a facility. A hazard group is a
subset of a hazard type and a supersetof hazards. The
hazards in a given hazard group may-be assessed using
a common approach, methodsj\and likelihood data
for characterizing the effect on'the plant. Examples of
hazard groups include interyial events, internal flood,
seismic, and high winds (HW). In some cases, a hazard
group may only consist ot one hazard (e.g., the seismic
hazard), in which ease the hazard group and the hazard
are considered te-he synonymous.

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

CAPCIt J udgulcl L.

initiating event: a perturbation of the steady-state ‘Oper-
ation of the plant that challenges plant eenfrol pnd
safety systems whose failure could potentially leadl to
core damage. An initiating event is defineéd in tefms
of the change in plant status that results'in a condifion
requiring a reactor trip (e.g., loss ,of main feedwhter
system, small LOCA) or a manual trip prompted| by
conditions other than those. irf the normal shutdqwn
procedure when the plant-is at-power. An initiafing
event may result from human causes, equipment failure
from causes internal to the plant (e.g., hardware fatlts,
floods, or fires) or extérnal to the plant (e.g., earthqudkes
or HWs), or combinations thereof.

initiator: see jnitiating event.

insights: information that provides an understanding
and explanation of what is and is not important to|the
analysis.

integrator: a single entity (individual, team, company,
etc.) that is ultimately responsible for developing|the
composite representation of the informed techrfical
community (herein called “the community distrfbu-
tion”). This sometimes involves informal methods such
as deriving information relevant to an issue from|the
open literature or through informal discussions With
experts and sometimes involves more formal methods.

interfacing systems LOCA: a LOCA when a breach ocqurs
in a system that interfaces with the RCS, where ispla-
tion between the breached system and the RCS fails] An
ISLOCA is usually characterized by the overpressurjza-
tion of a low-pressure system when subjected to RCS
pressure and can result in containment bypass.

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

large early release: a large release (LR) occurring beford the
effective imp]pm entation of off-gsite emeroency respdnse

}LMIILMIL crrur. Clll_)/ llulllall ClL:.iUll i}lat C}\LCCC‘[D OUILIIT lilllill
of acceptability, including inaction where required,
excluding malevolent behavior.

human error probability: a measure of the likelihood that
plant personnel will fail to initiate the correct, required,
or specified action or response in a given situation or,
by commission, performs the wrong action. The human
error probability (HEP) is the probability of the human
failure event (HFE).

11

and protective actions such that there is a potential for
early health effects.

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

large release: the release of airborne fission products
to the environment such that there are significant off-
site impacts. LR and significant off-site impacts may
be defined in terms of quantities of fission products
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released to the environment, status of fission product
barriers and scrubbing, or dose levels at specific dis-
tances from the release, depending on the specific anal-
ysis objectives and regulatory requirements.

large release frequency: expected number of LRs per unit
of time.

Level 1 analysis: identification and gquantification of the

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

seqfiences of events leading to the onset of core damage.

Levpl 2 analysis: identification and quantification of the
seqfiences of events that impact the reactor and contain-
ment response, starting with the onset of core damage
and leading to the point of radioactive release to envi-
ronment or the determination that a release will not
occr.

Levgl 2 PRA: A PRA that encompasses the Level 1 and
Levlel 2 analyses. See also Level 2 analysis.

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

reduced level. The power level that distinguishes
inal full power from low power is the power level

yses, tools, assumptions, and data used to develop
a mlodel.

syion time: the time period fof which a system or com-
porfent is required to operate in order to successfully
perform its function.

model: a qualitative andy/or quantitative representation
that is constructed-torportray the inherent characteris-
tics|land properties‘of what is being represented (e.g., a
sysfem, component or human performance, theory or
phdnomendn).’A model may be in the form, for exam-
plejof astructure, schematic, or equation. Method(s) are
usefd to€onstruct the model under consideration.

event frequency or a component failure probability.

passive SSC: an SSC that performs one or more safety
functions either fully or partially via passive means(i.e.,
relying on natural physical processes such as natural
convection, thermal conduction, radiation, \gravity, or
pressure differentials, or depending onfhge integrity of
a pressure boundary or structural cemponent). Exam-
ples include piping systems that aré tised to maintain an
inventory of fluid and deliver flow along a fluid path,
and structural supports for SSCs;

phenomenological event: anr observable event that occurs
if the governing physicaland chemical phenomena pro-
ceed in a particular/but possibly uncertain way. Such
events are typically-defined within the context of known
(or assumed) initial and boundary conditions concern-
ing the status 6£/SSCs and the actions of the operating
crew. Uncertainties in such processes or events are typ-
ically governed by epistemic uncertainty in governing
processes or in the fidelity of analytical models to accu-
rately)calculate the behavior of known physical/chem-
ical processes.

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

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

plant operating state: a standard arrangement of the plant
during which the plant conditions are relatively con-
stant, 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 a low power and shutdown (LPSD)
evolution. Examples of such plant conditions include
core 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 selection of initiating events, initiating event fre-
quencies, definition of accident sequences, success cri-

mu
rence of any one precludes the simultaneous occurrence
of any remaining events in the set.

1l 1 . " — ‘ 1 +1
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newly developed method: a method used in a PRA that
has either been developed separately from a state-of-
practice method or is one that involves a fundamental
change to a state-of-practice method. A newly devel-
oped method is not a state-of-practice or a consensus
method.
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teria, and accident sequence quantitication.

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

point estimate: estimate of a parameter in the form of a
single number.

PRA application: a documented analysis based in part or
whole on a plant-specific PRA that is used to assist in
decision-making with regard to the design, licensing,
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procurement, construction, operation, or maintenance
of a nuclear power plant.

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

PRA upgrade: a change in the PRA that results in the
applicability of one or more SRs or Capability Catego-
ries that were not previously included within the PRA,

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

(a) What can go wrong?

(b) How likely is it?

(c) What are the consequences if it occurs?
risk achievement worth importance measure: for a specified

an implementation of a PRA method in a different con-
text, or the incorporation of a method not previously
used.

probabilistic risk assessment: a quantitative assessment
of the risk including all technical elements for mod-
eled hazards associated with plant operation and
maintenance that is measured in terms of frequency
of occurrence of risk metrics, such as core damage or a
radioactive material release and its effects on the health
of the public (also referred to as a “probabilistic safety
analysis”).

radionuclide group: a set of radionuclides that are treated
as a single representative species for the purpose of cal-
culating release from fuel and transport to the environ-
ment. Physical and transport properties for the single
representative species are assumed to apply to all other
radionuclides within the group. The group is usually
composed of all nuclides of a common element and all
nuclides of other elements that have similar physical
and chemical properties. A delineation of radionuclide
groups used in many severe accident computational
models can be found in NUREG-1465 [1-7].

radionuclide release category: see release category.

realism: an accurate representation (to the extent,practi-
cal) of the expected response of the as-built, as~operated
plant.

recovery: restoration of a function lostsas’ a result of a
failed SSC by overcoming or compeénsating for its fail-
ure. It is generally modeled by using human reliability
analysis (HRA) techniques.

release category: a group ,of accident progression
sequences that would generate a similar source term
to the environment. Similarity in this context depends
on the level of fidelity“of the analysis and the number
of release categories'(RCs) used to span the entire spec-
trum of possibilities. Similarity is generally measured in
terms of thé overall (cumulative) release of activity to
the environment, the timing of the release and (in cer-
tain applications) other physical characteristics of the
souxrce term.

rélinbility: the complement of unreliability.

basic event, risk achievement worth importance fep-
resents the increase in a selected figure of menit When
an SSC is assumed to be unable to perform it§ funcfion
due to testing, maintenance, or failure. It is the ratip or
interval of the figure of merit, evaluated with the S§C’s
basic event probability set to one, to the base case figure
of merit.

safe stable state: a plant conditiom, following an initia
event, in which RCS conditionis are controllable af
near desired values.

ing
or

safety function: function that must be performed to corjtrol
the sources of energy<in the plant and radiation hazargs.

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

her
h to
or

screening: acprocess that eliminates items from fur
consideration based on their negligible contributio
the pfobability of an accident or its consequences|
from/further analysis of a specific issue.

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

severe accident: an accident that involves extensive ¢ore
damage and fission product release into the reaftor
vessel and containment, with potential release to|the
environment.

severe accident management guidelines: guidelines depel-
oped to provide steps that can be taken to mitigate gcci-
dent progression after transition from the emergency
operating procedures because of more severe condi-
tions (e.g., core damage).

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

shutdown: the collection of POSs during which the r
tor is subcritical. This term is interchangeable with
term “outage.”

bac-
the

significant accident progression sequence: see definitionjs in
Table 1-1.9-1.

significant basic event: see definitions in Table 1-1.9-1

significant containment challenge: see definitions| in

repair: restoration of a failed SSC by correcting the cause
of failure and returning the failed SSC to its modeled
functionality; generally modeled by using actuarial
data.

resource expert: a technical expert with knowledge of a
particular technical area of a PRA.

response: a reaction to a cue for action in initiating or
recovering a desired function.
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Table 1-1.9-1.
significant contributor: see definitions in Table 1-1.9-1.
significant release category: see definitions in Table 1-1.9-1.

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

source term: the characteristics of a radionuclide release
at a particular location including the physical and chem-

the release point, and the temporal variations in
e parameters (e.g., time of release, duration, etc.).

it fraction: a unitless quantity that represents the con-
ditipnal (on preceding events) probability of choosing
direction rather than the other through a branch
poiht of an event tree.

statp-of-knowledge correlation: the correlation that arises
betjveen sample values when performing uncertainty
anallysis for cutsets consisting of basic events by using
a simpling approach (e.g., the Monte Carlo method).

n the state of knowledge correlation is included, it
resylts, for each sample, in the same value being used for
all basic event probabilities to which the same data apply.

statp of practice: those practices that are widely accepted
and implemented throughout the nuclear industry, that
havle been shown to be technically acceptable in docu-
mefted analyses or engineering assessments, and that
havle been shown to be acceptable in the context of the
intgnded application.

sucess criteria: criteria for establishing the minimum
nuthber or combinations of systems or components
reqpired to operate, operator actions, or minimum-lev-
els |of performance per component during a.specific
perjod of time to ensure that the safety fungtions are
satipfied.

support system: a system that provides a-stupport func-
tior} (e.g., electric power, control power; or cooling) for
ong or more other systems.

surfogate release metric: a grouping of RCs with defined
attrjbutes that are assumed 6 have similar or bounding

consequences [e.g., those used to support the Nuclear
Regulatory Commission’s (NRC’s) quantitative health
objective (QHOs)] and may be used for specific applica-
tions where a full Level 3 PRA is not utilized. Examples
of surrogate release metrics include LERF, LRF, or an
alternate release metric for a specific application.

system failure: loss of the ability of a system to perform a

termination time: time following a severe accident. dt
which the radionuclide release calculation is terminated
(truncated) for Level 2 analysis purposes.

time available: the time period from the preséentation of a
cue for human action or equipment response to the time
of adverse consequences if no action is takKen.

top event: undesired state of a system in the fault-tree
model (e.g., the failure of the system to accomplish its
function) that is the starting<peint (at the top) of the
fault tree.

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

unavailability: the probability that a system or compo-
nent 4s'not capable of supporting its function includ-
ing\but not limited to, the time it is disabled for test
o1maintenance. Total system unavailability includes
unreliability.

uncertainty: a representation of the confidence in the
information or state of knowledge about the parameter
values and models used in constructing the PRA.

uncertainty analysis: the process of identifying and char-
acterizing the sources of uncertainty in the analysis and
evaluating their impact on the PRA results and develop-
ing a quantitative measure to the extent practical.

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

14

Copyright © 2024 by the American Nuclear Society. @ANS



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.2 2014.pdf

ASME/ANS RA-S-1.2-2024

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

1-3.1 PURPOSE

This Section describes needed activities to establish
the capability of a PRA to support a particular risk-
informed application. For this Section, the term “PRA”
(or “PRA model”) can refer to either an integrated model
that includes all relevant hazard groups or multiple PRA
models that address one or more hazard groups. For a
specific application, PRA capabilities are evaluated in
terms of Capability Categories for individual SRs rather
than by specifying a single Capability Category for the
whole PRA. Depending on the application, the required
PRA capabilities may vary over and within Part 2 of this
Standard. The process is intended to be used with PRAs
that have had a peer review that meets the requirements
of the Peer Review Section of each respective Part of this
Standard.

While this Standard may be used to establish more
realistic estimates of LERFs, meeting this Standard does
not necessarily imply regulatory acceptance of the LERE
estimates generated from this Standard for spedific
applications that use ASME/ANS RA-S-1.1-2024.F1-1].
Risk-informed applications using this Standard are
expected to focus on applications that (1)require envi-
ronmental fission product release estimates as input to
a Level 3 assessment or (2) where a ¢oniditional contain-
ment failure metric and/or release class frequency spe-
cific target(s) are used to establish the effectiveness of
release mitigation strategies.

1-3.2 IDENTIFICATION OF APPLICATION
AND DETERMINATION OF CAPABILITY
CATEGORIES

1-3.2.1 Identification of Application

Definesthe application by
(a)vevaluating the plant design or operational change
being assessed

1-3.2.2 Determination of Capability Categories

Other Parts of this Standard state SRs_fot the I
Capability Categories whose attributes areldescribe
Section 1-1.3.

For many of the SRs, the distinction between Cdpa-
bility Categories is based on the-tt€atment of signifigant
contributors. Definitions in thisStandard containing|the
word “significance” or “significant” are generally writ-
ten from the perspectiveef-a specific hazard group. [[t is
important to recognize that, for applications whose fisk
stems from more ¢han one hazard group, these defini-
tions should be géneralized to apply to the sum of r|sks
from all contributing hazard groups. “Significarjce”
should alsobe treated differently for those SRs that rpfer
to SRs.in‘other hazard groups.

Fon the application, determine the relative importgnce
ofreach portion of the PRA for each hazard group neefled
torsupport the application. This determination dicthtes
which Capability Category is needed for each SR|for
each portion of the PRA to support the applicationf To
determine these capabilities, an evaluation of the appli-
cation should be performed to assess the role of the fRA
in supporting that application, including determinjing
the relative importance of SRs to the application; iden-
tifying the portions of the hazard group PRA relevarjt to
the application; and for each relevant portion, determin-
ing the Capability Category for each SR needed to gup-
port the application. When performing this evaluatjon,
the following application attributes shall be considered:

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

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

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

(d) the degree to which bounding or conservative
methods for the PRA or in a given portion of the FRA
would lead to inappropriately influencing the decisjons
made in the application and the approach(es) to|ac-

RA
1 in

the

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

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

EPRI TR-105396 [1-8] and RG 1.174 [1-9] provide
guidance for the above activities.
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counting for this 1n the decision-making process

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

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

(¢) the extent to which the decisions made in the ap-
plication will impact the plant design basis

The Capability Categories and the bases for their
determination shall be documented.
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Section 1-4
Requirements for Use of Expert Judgment

1 PURPOSE

his Section states general requirements for use of
expert judgment.

1-

1-4.2 USE OF EXPERT JUDGMENT

his Section states requirements for the use of expert
judgment outside of the PRA analysis team to resolve a
spefific technical issue.

Juidance from NUREG/CR-6372 [1-10] and NUREG
156p [1-11] may be used to meet the requirements in this
parpgraph. Other approaches, or a mix of these, may
als@ be used.

1-4{2.1 Objective of Using Expert Judgment

he PRA analysis team shall explicitly and clearly
define the objective of the information that is being
sought through the use of outside expert judgment and
sha]l explain this objective and the intended use of the
infdqrmation to the expert(s).

1-4/2.2 Identification of the Technical Issue

he PRA analysis team shall explicitly and clearly
define the specific technical issue to be addressed®by the
explert(s).

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

he PRA analysis team may electto resolve a techni-
cal jissue using their own expert judgment or the judg-
ment of others within their prganization.

he PRA analysis team shall use outside experts when
the[needed expertise on the given technical issue is not
avajilable within thesanalysis team or within the team’s
orgpnization. ThelPRA analysis team shall use outside
experts, even when such expertise is available inside, if
thefe is a neéd to obtain broader perspectives for any of
thelfollowinig or related reasons:

(#) Complex experimental data exist that the analysts
knawha
side experts.

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

(c) Judgments are required to assess whether bound-
ing assumptions or calculations are appropriately con-
servative.
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(d) Uncertainties are large and significant, and judg-
ments of outside technical experts are useful in/illumi-
nating the specific issue.

1-4.2.4 |dentification of Expert JudgmentProcess

The PRA analysis team shall determine

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

(b) whether the process will-use a single entity (indi-
vidual, team, company, etc.) that will act as an evaluator
and integrator and will\se’responsible for developing
the community distribtition or a panel of expert evalua-
tors and a facilitat@u/ihtegrator

The facilitatoty/integrator shall be responsible for
aggregating/the”judgments and community distribu-
tions of thie'panel of experts to develop the composite
distribution of the informed technical community.

1-4,2)5 ldentification and Selection of Evaluator
Experts

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

(a) their own input

(b) their representation of the community distribu-
tion

1-4.2.6 Identification and Selection of Technical
Issue Experts

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

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

(b) technical experts with knowledge of a particular

1 ar a a o e O »

1-4.2.7 Responsibility for the Expert Judgment

The PRA analysis team shall assign responsibility
for the resulting judgments to an integrator or shared
with the experts. Each individual expert shall accept
responsibility for their individual judgments and
interpretations.
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Section 1-5
PRA Configuration Control Program

1-5.1 INTRODUCTION

This Section states requirements for a configuration control program to support the use of a,PRA in 1
informed decisions for nuclear power plants. The HLRs and SRs for this PRA Configuration Control (€C) Prog
are contained in Table 1.5.3-1, Table 1.5.3-2, Table 1.5.3-3, Table 1.5.3-4, Table 1.5.3-5, and Table 1.5.3-6. As these|
administrative requirements, there is no gradation across Capability Categories. A discussion of the requiremen
presented below.

1-5.2 OBJECTIVE

The objective of the configuration control program is to ensure that when a PRAUis to be used in risk-inforr
decisions, it represents the as-built, as-operated plant at the time of the decision»Furthermore, it ensures that
updates of the PRA are consistent with the Technical Requirements of this Standard.

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

isk-

are
s is

hed
hny

Designator Reqtiitement

HLR-CC-A The PRA Configuration Control Program shallinclude a process for monitoring changes to the pl
design, operation, PRA technology, and inidustry experience and for collecting updated performa
information that could result in change§to PRA inputs.

hnt
hce

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

HLR-CC-C The PRA Configuration Conttol Program shall consider the cumulative impact of pending changgs
in the performance of riskapplications.

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

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

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

Index No.
CC-A Requirements

CC-Ad IMPLEMENT a-process-to-track-plant-changes, PRA-technology-and-related-industey-equipment
performance/operational experience focused on collecting the necessary information to update PRA
inputs.

CCiA2 In the information collected, INCLUDE the plant-specific changes in design, operation, and mainteance
of the plant that impact, for example, the following;:
(a) operating procedures and practices (e.g., operations orders)
(b) emergency and abnormal operating procedures
(c) design configuration
(d) initiating event frequencies
(e) system or subsystem unavailabilities
(f) component failure rates
(¢) maintenance policies
(h) operator training
(i) technical specifications
(j) engineering calculations
(k) emergency plan
(I) accident management programs

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

CC{A4 In the information collected, INCLUDE chariges in industry experience that could impact the following:
(a) estimation of initiating event frequericies
(b) generic system or subsystem unavailabilities
(c) generic component failure ratés
(d) initiating events

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

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

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

CC{B2 INCLUDE in the PRA those maintenance or upgrade changes implemented per HLR-CC-A that would
;.ll. I.tl(»l\.t r 1..011\ DJ..BL l;.f;\.oll. I.t ;l IDLS}. I.tD.

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

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

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

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

Index No.
CC-C Requirements
ccC1 IDENTIFY plant changes that have been identified to have a potential impact on PRA.
cCc-C2 IDENTIFY known industry issues or events and PRA technology changes that may have an impactyor
the PRA model.

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

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

Index No.
CC-D Requirements
CC-D1 ENSURE that the computer codes and associated files used to support afid-to quantify the PRA are
controlled to ensure consistent, reproducible results.

Table 1-5.3-6 Supporting Requirements for HLR-CC-E
The PRA Configuration Control Program and its implementation shall be do¢umented (HLR-CC-E).

Index No.
CC-E Requitements

CC-E1 DOCUMENT the Configuration Control Progranivand the performance of the above elements in a
manner adequate to demonstrate that the PRA‘s being maintained consistently with the as-built, as-
operated plant. The documentation typicatly-includes

(1) a description of the process used to,menitor PRA inputs and collect new information

(b) evidence that the aforementionedprocess is active

(c) descriptions of proposed and iinplemented changes

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

(e) arecord of the performanceand results of the appropriate PRA reviews (consistent with the
requirements of Section 1+6.6)

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

(h) arecord of th&process and results used to evaluate changes on previously implemented risk-
informed decisions

CC-E2 DOCUMENT ithe bases for the changes made to the PRA model.
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Section 1-6
Peer Review

1-6.1 PURPOSE

his Section states requirements for peer review of
the[PRA to be used in risk-informed decisions for com-
mefcial nuclear power plants. Those portions of PRAs
usef for PRA applications applying this Standard shall
be [peer reviewed. The peer review shall assess the
PRA to the extent necessary to determine whether the
method and its implementation meet the requirements
of this Standard. Another purpose of the peer review is
to determine the potential gaps in the PRA relative to
thig Standard’s requirements. The peer review need not
ass¢ss all aspects of the PRA against all requirements
in the Technical Requirements section of Part 2 of this
Stapdard but must address all SRs relevant to the scope
of the peer review. However, enough aspects of the PRA
sha]l be reviewed for the reviewers to achieve consensus
on fhe adequacy of the assessment of each applicable SR
as well as on the methods and their implementation for
each PRA technical element.

1-6/1.1 Documentation and Self-Assessment

he following are prerequisites for performing ‘the
peefr review:

(¢) The Level 2 PRA is based on a documented and
peer-reviewed Level 1 PRA with all significant-deficien-
cieq relevant to the Level 2 PRA resolved for all appli-
cable hazards, OR with clear identification of these de-
fici¢gncies and documentation of their'potential impacts
on the Level 2 PRA to be reviewed.

(b) The Level 2 PRA has docurhented the supporting
anallyses/calculations, incltiding the independent re-
vieyvs performed.

(f) A self-assessméntvof the Level 2 PRA has been
conducted to establish the extent to which the PRA
megts the requifements of this Standard. The results of
the|self-assessment process shall be documented.

1-6}1.2_Scope

eer,reviews shall be performed against the require-
mehts—a of-this-Standard—thatare t

the Level 2 PRA that is being used to support risk-in-
formed decisions.

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

(a) to support a specific application that does not in-
volve the complete Level 2 PRA model

20

(b) to address changes to the PRA model as a resultof
upgrades, or

(c) to close significant deficiencies from( previous
peer reviews

When included in the scope of a peer review, an NDM
shall be reviewed following the dedicatéd requirements
discussed in Section 1-7.

1-6.1.3 Peer Review Process

The review shall be performed using a written process
that assesses the requirerents of the Technical Require-
ments section of Papt 200f this Standard and addresses
the requirements ifpthis Section.

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

(a) selectipn of the peer-review team

(b) training in the peer-review process

(c)~anh approach to be used by the peer-review team
for assessing if the PRA meets the supporting require-
nients of the Technical Requirements section in Part 2 of
this Standard

(d) management and resolution of potential differing
professional opinions

(e) documentation of the results of the review

1-6.2 PEER REVIEW TEAM COMPOSITION AND
PERSONNEL QUALIFICATIONS

1-6.2.1 Collective Team

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

(a) the ability to assess all the PRA technical elements
of the Technical Requirements of this Standard, as appli-
cable, and the interfaces between those elements

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

(c) knowledge of severe accident phenomenology
relevant to the plant design, containment failure modes

Oocldated W

term characterization

(d) knowledge of severe accident methods applied in
the performance of the Level 2 PRA

1-6.2.2 Individual Team Members

The peer-review team members individually shall be
(a) knowledgeable of the requirements in this Stan-
dard for their area of review

SVUOTO o[ THeTToo 1810
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(b) experienced in performing the activities related
to the PRA technical elements for which the reviewer is
assigned

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

(d) subject matter experts able to judge the technical
adequacy of non-PRA engineering evaluations import-

Subject matter experts should be included to judge the
technical adequacy of non-PRA engineering evaluations
and to confirm that the applicable envelope defining the
limits of the method are identified.

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

ant to the Level 2 PKA and to confirm that the applicable
envelope defining the limits of the method are identi-
fied

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

1-6.2.3 Specific Review Team Qualifications

The peer reviewer shall also be knowledgeable (by
direct experience) of the specific method, code, tool,
or approach (e.g., large event tree linking approach,
MAAP [1-5] or MELCOR code [1-4], Technique for
Human Error Rate Prediction (THERP) method [1-6],
fragility assessment for equipment subject to severe
accident environments) that was used in the PRA tech-
nical element assigned for review. Understanding and
competence in the assigned area shall be demonstrated
by the range of the individual’s experience in the num-
ber of different, independent activities performed in the
assigned area, as well as the different levels of complex-
ity of these activities.

(a) One member of the peer-review team (the techniy
cal integrator) shall be familiar with all the PRA techni*
cal elements under review and shall have demonstrated
the capability to integrate these PRA technical eléments.

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

(c) The peer review shall have at ledst two reviewers
dedicated to each reviewed technical element to ensure
that consensus can be reached-on' the technical adequa-
cy of the PRA being reviewed-and be conducted over a
period of time adequate‘tg ensure that reviewed techni-
cal element receives theattention necessary to assess the
technical adequacy.

(d) ExceptionSito the requirements of this paragraph
may be taken based on the nature of the PRA model
change. A single-person peer review shall be justified
only when'the review involves an upgrade of a single
element'and the reviewer has acceptable qualifications
for the technologies involved in the upgrade. All such

Section 1-6.6 of this Standard. Regardless of any such
exceptions, the collective qualification of the review
team shall be appropriate to the scope of the peer review.

(e) If the peer reviewer is reviewing an NDM, the re-
viewer shall be knowledgeable of the technical subject
addressed by the NDM. Understanding and compe-
tence of the NDM shall be demonstrated by the range
of the individual’s experience in that technical subject.

The peer-review team shall use the requiremeéntp of
this Section. The peer-review team shall review-the t¢ch-
nical requirements of the hazard group to détermirje if
the method and the implementation of the,method| for
each PRA technical element meet the tequirementf of
this Standard. Additional material f6r those elem¢nts
may be reviewed depending onthe results obtained.
The judgment of the reviewer{shall be used to dgter-
mine the specific scope and'dépth of the review in dach
PRA technical element and.the need for walkdowns

The results of the Level 2 PRA, including models aind
assumptions, and theresults of each PRA technical le-
ment shall be réviewed to determine their reasonaple-
ness given the\design and operation of the plant (¢.g.,
investigatign™of cutset or sequence combinations|for
reasonableness).

Any INDM included in the scope of the peer review
is\reviewed against the requirements of Section 1-J. It
isyhoted that an NDM can be peer reviewed within|the
scope of a plant PRA (i.e., concurrently with its imple-
mentation in a plant PRA) or via a dedicated stand-alpne
peer review. If NDMs are peer-reviewed concurreptly
with the implementations of methods, all spetific
requirements for the NDMs peer review shall be mdt. If
the implementation of the method is peer reviewed n a
separate peer review, only the applicable requirem¢nts
for the scope of the review need to be met.

Even if exceptions to the requirements of Secfion
16.2.3(c) occur, concerning the composition of [the
peer-review team or the duration of the review, all FRs
relevant to the scope of the peer review of the PRA|are
to be reviewed.

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

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

1-6.5 PRA CONFIGURATION CONTROL

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

1-6.6 DOCUMENTATION
1-6.6.1 Peer Review Team Documentation

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

(i) an assessment of PRA assumptions that the peer
reviewers have determined to be material to the PRACE

Tlhe peer-review team’s documentation shall demon-
strqte that the review process appropriately imple-
mented the review requirements. Specifically, the
peepr-review documentation shall include the following;:
(4) identification of the version of the PRA reviewed
(b) a statement of the scope of the peer review

(f) the names of the peer-review team members

(4) a brief resume for each team member describing
individual’s employer, education, PRA training, and
PRA and PRA technical element experience and expertise
(¢) the elements of the PRA reviewed by each team
mber

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

(%) results of the review identifying any differences
betjveen the requirements in the Technical Requirements
secfion of Part 2 of this Standard and Section 1-5 and the
method implemented, defined to a sufficient level of de-
tail[that will allow the resolution of the differences

(jJ_differences or dissenting views among peer re-
viewers

(k) recommended alternatives for resolution-of any
differences

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

(m) peer review consistent witlh newly developed
methods requirements

1-6.6.2 Resolution of Peer Review Team Comments

Resolution of deficiencies against the requirements of
this Standard that are identified by the peer-review team
shall be documented”The resolution of these deficien-
cies shall describe thow each was addressed such that
the associated SR'can be demonstrated to be met. The
documentation shall indicate whether the deficiency is
resolved yvia PRA maintenance or a PRA upgrade. The
deterthination of whether the resolution adequately
elinginates the deficiency shall be made by one or more
individuals who meet the qualification requirements of
Section 1-6.2.2.
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Section 1-7
Newly Developed Methods

1-7.1 INTRODUCTION

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

1-7.2 OBJECTIVE

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

(a) has a clearly defined scope and limitations

(b) is based on sound engineering and relevant sci-
ence

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

(d) isbased on appropriate and well-understood data

(e) produces results that are consistent with expecta-
tions

Table 1-7.2-1

High-Level Requirements for Newly Developed Methods (NM)

(f) is clearly documented in such a way that knd
edgeable personnel can understand it withotit ambi
ty and that there is enough documentatioh|so that it
be peer reviewed

These objectives are intended to-be applicable 1
large spectrum of methods, althotigh it is underst
that not all the SRs could be. applicable to all meth
In some cases, depending\en the method scope
purpose, some of the SR$ may not be applicable
addition, the SRs aré designed to be able to addre
stand-alone methegd\(i.e., independent from its im

wl-

-
can

0 a
bod
ds.
hnd
In
BS a
ble-

mentation on a-specific plant PRA). It is recognized that,

in some circtimstances, a method can be so plant or
specific (especially in the external hazard domain) th
full revtew of the method can be performed only wi
its implementation. In such cases, it is envisioned
some of the Newly Developed Methods SRs could
oVerlapping with Part-specific SRs (e.g., SRs in Par
In such cases, the technical SRs in the appropriate |
may take priority over some Newly Developed M
ods SRs.

site
at a
hin
hat

be

2).
Part
bth-

Designator Requirement

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

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

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

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

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

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

TacCllitate Icorporaton or the newly developed method 1mn a FKA model.
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Table 1-7.2-2  Supporting Requirements for HLR-NM-A
The purpose and scope of the newly developed method shall be clearly stated (HLR-NM-A).

Index No.
NM-A Requirements

NM-A1l ENSURE that the stated purpose of the newly developed method (i.e., what is being achieved by the
newly developed method) is consistent with the scope (established boundary) of the newly developed
method

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

NM-A3 Based on the limitations and applicability of the newly developed method, IDENTIFY the areasof the
PRA for which the newly developed method is intended to be used and those for which it is specifically
not intended (e.g., hazards, technical elements, plant features, SRs impacted by the newly-developed
method).

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

The newly developed method shall be based on sound engineering and science relevantsto.its purpose and scope
(HIJR-NM-B).

Ijdex No.
NM-B Requirements

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

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

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

NM-B4 JUSTIFY the rationale for the assumptions idetitified in SR NM-B3 (e.g., backed by appropriate
operational experience).

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

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

Index No.
NM-C Requirements

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

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

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

NM-C4 SPECIFY the basis for exclusion of data identified in SR NM-C1.

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

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

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

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

[T\Tnh: A \]

with the intended scope and purpose of the mnﬂqr\r]; this characterization may include for nvnmp]o,

specifying the uncertainty range, qualitatively discussing the uncertainty range, or identifying the
parameter estimate as conservative or bounding.

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

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

NOTE:

(1) Depending on the purpose and scope of the method, uncertainty distributions may need to be explicitly ¢alculated to allow for ap

cation of a method for risk-significant items to meet CC-II of related technical SRs in other Parts of this/Standard.

Table 1-7.2-6 Supporting Requirements for HLR-NM-E

The results of the newly developed method shall be reproducible, reasonable, and \cofisistent with the assumptions
data, given the purpose and scope of the newly developed method (HLR-NM-EJ.

pli-

hnd

Index No.
NM-E Requirements

NM-E1 REVIEW the results from the newly developed methgd\te determine that they are reproducible,
reasonable, and consistent with assumptions and data*addressed in the SRs under HLR-NM-B and HL.R-
NM-C.

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

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

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

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

h of

Index No.
NM-F Requirements
NM-F1 DOCUMENT thernewly developed method specifying what is used as input, the technical basis, and

the implementation limitations by addressing the following, as well as other details needed to fully
document how the set of the newly developed method SRs are satisfied:

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

(b) jthe.intended use of the newly developed method

(ch\the limitations of the newly developed method

()" the technical basis for the newly developed method

(e) the sources of data, the collection process and how the data is utilized to support of the newly
developed method

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

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

DOCLINEN T tlha 1ot Jdad L. ack 1 RRA
=4 Ve Tt

M = 1 | tlod L. 1 liad-t
e PTOCCSS Dy Wit T e Rty ey o P e e Tot Ca ot apPHCaTtoToTI<TT

model consistently with the intended use of the newly developed method and taking into account the

purpose, scope, and limitations.
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Section 1-8
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References are cited here and in other Parts of this
Stapdard as guides to the user. The user is cautioned
that (a) the reference is not to be interpreted that there
is a|consensus approval on the technical acceptability of
the[reference and (b) there may be more recent versions
of the references or alternative documents more perti-
nerft to particular PRA applications.
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NONMANDATORY APPENDIX 1-A
MEANINGS OF ACTION VERBS

This Standard uses action verbs to state requirements. ~ nary meanings were derived from American dictiopar-
Dictionaries provide multiple meanings for most verbs.  ies [e.g., Random House Unabridged (dictiohaty.cqm),
Table 1-A-1 states, with examples, the meanings of ac- Merriam-Webster (merriam-webster.com)] with a few
tion verbs as used in this Standard. The relevant dictio- ~ modifications to address specific usage in this Standrd.

Table 1-A-1 List of Action Verbs

Action Verb Relevant Dictionary Meaning Examples of Usage in THis"Standard

ADDRESS To direct the efforts or attention to An example of the appropriate usage of the’action verb can be found in SR CP-B4
in Part 2, which states ADDRESS the impagt'ef material deterioration due to aging|
and in-service degradation of structuresfor the material composition and materigl
properties determined in SR CP B1{

ANALYZE To examine critically so as to bring out  An example of the appropriatequsage of the action verb can be found in SR NM-CH
the essential elements in Part 1, which states ANALYZE data (e.g., modifications to the data, use of data
in a different context ordeyond the original ranges, statistical analysis) using
technically sound basis of criteria.

ASSESS To determine the importance, size, or  An example of the\appropriate usage of the action verb can be found in SR PT-F4 ijn
value of Part 2, which states ASSESS the effects of model uncertainties.
ASSUME To take for granted without proof An example of the appropriate usage of this action verb can be found in SR PT-B8

in Part,2, where CC-l states ASSUME that secondary containment or auxiliary
building(s) do not act as an effective radionuclide barrier to radionuclide release for
containment failure sequences with core damage.

CALCULATE To determine by mathematical CALCULATE involves a mathematical process, whereas ESTIMATE does not
processes, compute necessarily involve a calculation (e.g., quantification of a probability or frequenc
and can be derived qualitatively.

An example of the appropriate usage of the action verb can be found in SR CP-
D2 in Part 2, where CC-Il states CALCULATE the uncertainty distribution for the
containment failure criteria in the form of a fragility curve.

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

An example of the appropriate usage of the action verb can be found in SR CP-D2
in Part 2, where CC-| states CHARACTERIZE the uncertainty interval of the thresholfl
for containment failure by specifying or discussing the range of the uncertainty,
consistent with the characterization of parameter uncertainties.

COLLECT To bring together into one body or An example of the appropriate usage of the action verb can be found in SR NM-CJ
place in Part 1, which states COLLECT relevant data consistent with current technical stdte

of practice.

COMPARE To examine the character or qualities ~ An example of the appropriate usage of the action verb can be found in SR PT-E14
ef-especiaty-H-orderte-disceves i riieh-States-CoOMPAREresutsto-Hhesefrom-shrarpramtsHaformat
similarities or differences from similar plants is available.

DEFINE To determine or identify the essential ~ An example of the appropriate usage of the action verb can be found in SR SA-A1
qualities or meaning of in Part 2, which states DEFINE the objectives of deterministic analysis performed to

support the Level 2 PRA.

DEMONSTRATE To prove or make clear by reasoning or An example of the appropriate usage of the action verb can be found in SR ST-A6 in
evidence Part 2, which states DEMONSTRATE that combinations of attributes defined in
SR ST-A5 lead to a complete set of RCs.
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Table 1-A-1 List of Action Verbs (Cont’d)

Action Verb Relevant Dictionary Meaning Examples of Usage in This Standard
DETERMINE To find out or come to a decision An example of the appropriate usage of the action verb can be found in SR CP-B1
about by investigation, reasoning, or  in Part 2, which states DETERMINE the “as built” structural geometry, material
calculation composition and material properties.

DEVELOP To bring out the capabilities or An example of the appropriate usage of the action verb can be found in SR PT-A2

POSSIDIIUES O M Edre Z, WITICTT SUdeS UEVELUF d TOgIC SUTUCtUTe using te metnod Setected 1M oK
PT-A1 (i.e., severe accident progression method, CET or equivalent).

DOQUMENT To furnish documentary evidence of An example of the appropriate usage of the action verb can be found in SR L}~(£2
in Part 2, which states DOCUMENT sources of model uncertainty, the related
assumptions, their characterization and reasonable alternatives associatedwith
the Level 1/Level 2 PRA Interface.

ENSPRE To make sure or certain An example of the appropriate usage of the action verb can be foufid in SR SA-D3 in
Part 2, which states ENSURE the reasonableness and acceptability of the calculated
results defined in SR SA-A2.

ESTABLISH To bring into being on a firm basis An example of the appropriate usage of the action veftican be found in SR NM-B1
in Part 1, which states ESTABLISH the technical bases for the newly developed
method.

ESTIMATE To form an approximate judgment ESTIMATE does not necessarily involve a calcilation (e.g., quantification of a

or opinion regarding the value, probability or frequency), and an estimate.can be derived qualitatively, whereas

amount, size, and so on; to calculate ~ CALCULATE involves a mathematical process.

approximately
An example of the appropriate-Usage of the action verb can be found in SR CP-C1 in
Part 2, where CC-| states ESTIMATE conservative containment overpressure failure
probabilities as a functjen of discrete combinations of independent variables (e.g.,
a fragility curve at various temperatures and pressures) using the method selected
in SR CP-B3.

EVARUATE To determine or set the value or An example of.the'appropriate usage of the action verb can be found in SR PT-E2 in

amount of; appraise Part 2, wheré,CC-l states EVALUATE dependencies introduced by common physical
parameters tnvolved in multiple CET top events (or equivalent) in a conservative or
a combination of conservative and realistic manner.

EXPIAIN To make plain, clear, orintelligible An'example of the appropriate usage of the action verb can be found in SR PT-E5
in Part 2, which states EXPLAIN any discrepancies between the sum of the CDF
contributors and the total Level 2 end state frequencies.

IDENTIFY To recognize or establish as being-a An example of the appropriate usage of the action verb can be found in SR L1-B9 in

particular thing Part 2, which states IDENTIFY sources of uncertainty, the related assumptions, and
reasonable alternatives of the Level 1/Level 2 PRA Interface.

IMPREMENT To put into effect acc@rding to or by An example of the appropriate usage of the action verb can be found in SR CC-Al in

means of a definite plan or procedure  Part 1, which states IMPLEMENT a process to track changes, PRA technology, and
soon.

INCYUDE To place in\anaggregate, class, An example of the appropriate usage of the action verb can be found in SR CP-A2

categowyyor the like in Part 2, which states INCLUDE, as applicable, containment failure mechanisms
resulting from a list of items.

JUSTIFY Joshow a satisfactory reason for some An example of the appropriate usage of the action verb can be found in SR L1-B7

action in Part 2, where CC-| states JUSTIFY the criteria used (qualitative or quantitative or
combination) to ensure that a sufficient number of accident sequences are being
transferred.

MODBEE Fo-create-arepresentation-of Ar-exarmpte e-H5aS 8 v 8 A
A11 in Part 2, which states MODEL the logical dependencies between systems,
components and human actions in the Level 1 PRA and in the logic structure
developed in SR PT-A2.

PERFORM To carry out; execute; do An example of the appropriate usage of the action verb can be found in SR PT-C7 in

Part 2, where CC-ll states PERFORM a realistic secondary side isolation capability
analysis for significant accident progression sequences caused by SGTR (if
applicable).
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Table 1-A-1 List of Action Verbs (Cont’d)

Action Verb

Relevant Dictionary Meaning

Examples of Usage in This Standard

PROVIDE

To furnish, supply or equip

An example of the appropriate usage of the action verb can be found in SR SA-E2

in Part 2, which in CC-l states PROVIDE variations in input parameters particular to

the modeling tool selected in SR SA-C1 that impact the uncertainty of the models
assumptions defined in SR SA-E1.

or

REVIEVW

SATISFY

SELECT

SPECIFY

TRANSFER

USE

1080 Over O eXdimnine Critcatty or
deliberately

To give assurance to; to answer
sufficiently

To choose in preference to another or
others; pick out

To name or state explicitly or in detail

To convey from one person, place, or
situation to another; move or shift

To employ for some purpose, make
use of

AT EXAITIPTE OT e appPropridie Usdge Or e dCUOm verD Cal DE Touna Im SK FT-c 1y
in Part 2, which states REVIEW the importance measures evaluated in SR PT-E9 to
ensure that they are consistent with expected results and understand or reeoricilg
the reason for any unexpected results.

The use of SATISFY is exclusively directed to fulfilling requirements stipalated
elsewhere in this Standard.

An example of the appropriate usage of the action verb caftrbe found in SR SA-B1
Part 2, which states if using expert judgment, SATISFY the-equirements of Sectio
1-4.2, Use of Expert Judgment.

An example of the appropriate usage of the action verb can be found in SR CP-B3
in Part 2, CC-l which states SELECT a methodology to determine the fragility curve
of the containment pressure boundary forboth rupture and excess leakage failurg
modes identified in SR CP-A8.

An example of the appropriate usage-of the action verb can be found in SR CP-C2
in Part 2, where CC-| states SPECIEY conservative containment failure probabilities
for each containment failure mechanism identified in SR CP-A8 and for each plan
operational mode included'in the Level 2 analysis that are not associated with SR
CP-C1 using the methodsselected in SR CP-B7 and SR CP-B8.

An example of the;appropriate usage of the action verb can be found in SR L1-B7
in Part 2, where‘C&ll states TRANSFER all accident sequences that are included
in CDF from the Level 1 PRA to the Level 2 PRA including the Level 1 uncertainty
distributigns.

An example of the appropriate usage of the action verb can be found in SR PT-C5
in\Rart 2, CC-1 which states USE conservative or a combination of conservative an
realistic treatments of adverse environmental impacts for assessing equipment
survivability for equipment inside containment.

in
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PART 2

TECHNICAL
REQUIREMENTS FOR
LEVEL 2 PRA

2-111 PRA SCOPE

Tlhis section provides requirements for each of the
technical elements that compose the Level 2 analysis.
Thg scope of a Level 2 analysis covered by this Stan-
dard includes the determination of the progression of
sevpre accidents from core damage through radionu=
clide release to the environment or the determination
thaf a release will not occur. The scope of this Staridard
addresses postulated accident sequences ;initiated
frofn all modes of reactor operation (at-power, shut-
down, and transition states) and by-internal events,
intdrnal hazards, and/or externalthazards addressed
in ASME/ANS RA-5-1.1-2024[2-1]. As a result, it is
explected that the requirements described here are
applied separately to Level/1 PRA results for each
plaht operating state (POS), as addressed in ASME/
ANS-58.22-2014 (TriahUse) [2-2].

Section 2-1
Overview of Level 2 PRA Requiréements

The requirements address the analysis of the vari-
ous phenomena that occur inside the reactor vessel, the
containment structure, and possibly other structures
ifivolved in the fission product release pathway. The
results of the Level 2 analysis may be the final endpoint
of the probabilistic analysis or may be used as input to a
Level 3 analysis (i.e., consequence analysis).

The requirements of this section, which are organized
by six technical elements that compose the analysis con-
sidered necessary to extend the Level 1 PRA from core
damage to radionuclide release categories, are as follows:

(a) Level 1/Level 2 PRA Interface (L1)

(b) Containment Performance Analysis (CP)

(c) Severe Accident Progression Analysis (SA)

(d) Probabilistic Treatment of Accident Progression
and Source Terms (PT)

(e) Source Term Analysis (ST)

() Evaluation and Presentation of Results (ER)

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

30

Copyright © 2024 by the American Nuclear Society. @ANS



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.2 2014.pdf

ASME/ANS RA-S-1.2-2024

Section 2-2
Level 2 PRA Technical Elements and Requirements

2-2.1 LEVEL 1/LEVEL 2 PRA INTERFACE (L1)

2-2.1.1 Objectives

The objectives of the Level 1/Level 2 PRA Interface are to provide an effective transfer of information’between|
Level 1 PRA evaluation of CDF and the core melt progression analysis that is treated in the Level.2 analysis in s
a way that:

(a) The interface boundary between the Level 1 analysis and the Level 2 analysis is defigéd'in a manner that
serves the transfer of pertinent information (e.g., dependencies) from the Level 1 PRA to'the'Level 2 PRA.

(b) The methodology is clear, is consistent with the Level 1 PRA evaluation, and it«eredtes an adequate transi
from the Level 1 PRA.

(c) The Level 1/Level 2 PRA Interface is documented to provide traceability of¢the work.

Table 2-2.1-1 provides the HLRs for the Level 1/Level 2 PRA Interface.

Table 2-2.1-1 High Level Requirements for the kevel 1/Level 2 PRA Interface (L1)

the
Lich

Dre-

ion

Designator Requirement
HLR-L1-A A method shall be specified to ensure that information required for the Level 2 PRA is transferred
from the Level 1 PRA and supplemented as needed to support the Level 2 PRA accident progressjon
analysis.
HLR-L1-B A method shall be implementeddo transfer necessary information (e.g., accident sequences and

corresponding frequencies, dependencies, and system successes) from the Level 1 PRA analysis t
the Level 2 PRA.

HLR-L1-C The documentation of the Level 1/Level 2 PRA Interface shall provide traceability of the work.
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Table 2-2.1-2 Supporting Requirements for HLR-L1-A

A method shall be specified to ensure that information required for the Level 2 PRA is transferred from the Level 1 PRA and
supplemented as needed to support the Level 2 PRA accident progression analysis (HLR-L1-A).

Index No.

L1-A

Capability Category I Capability Category II

L1-A1

IDENTIFY the physical characteristics at the time of core damage that can influence the major features

of severe accident Y\rr\(‘rrochnn containment Y\annvm ance-and radionuclide release that are nnnnccnrv 1o
I O

effectively transfer information to the Level 2 analysis. The following physical characteristics should be
included as applicable:

(a) RCS status (e.g., pressure and configuration for modeled plant operating states)

(b) status of emergency core coolant systems (failure in injection can result in a dry cavity and éxtensive
core concrete interaction)

(c) status of containment heat removal systems, hydrogen mitigation systems, and venting.systems

(d) containment integrity (e.g., open, intact, vented, bypassed, or failed) and steam generator tube
integrity [pressurized water reactors (PWRs)]

(e) status of containment inerting [boiling water reactors (BWRs)]

(f) status of support systems, nonsafety systems, and portable equipment

(g) time of core damage after the initiating event

(h) environmental or physical conditions introduced by the initiating event or hazard, if any, that may
interfere with recovery actions that would occur after the onset of core damage

(i) initial state of fuel in the reactor

(j) design and physical configuration of primary coolant system, fjrifhary and secondary containment,
and other neighboring structures, if included within the scope of‘the analysis

(k) plant-specific or other physical characteristics importantfor-capturing major features of severe
accident progression, containment performance, or radionticlide release

L1-

IDENTIFY the accident sequence characteristics that impact physical characteristics identified in
SR L1-Al.

L1-

IDENTIFY where the physical characteristics identified in SR L1-Al and the accident sequence
characteristics identified in SR L1-A2 are spegified in the probabilistic logic model(s) (i.e., Level 1 PRA,
bridge tree, or Level 2 PRA).

L1-

JUSTIFY any characteristics identified in'SR L1-A1 or SR L1-A2 that are excluded from the severe
accident progression, containment performance, and radionuclide release categories analysis (e.g., due to
plant design or operational considerations).

L1-

Using the characteristics identified in SR L1-A1 and SR L1-A2, SPECIFY a method for transferring
necessary input informatign from the Level 1 PRA accident sequences and any supplemental analyses to
the Level 2 PRA.

Anf
syst

Table 2-2.1-3 Supporting Requirements for HLR-L1-B

rethod to transfer necessary information (e.g., accident sequences and corresponding frequencies, dependencies and
em successes) from the'Level 1 PRA analysis to the Level 2 PRA shall be implemented (HLR-L1-B).

L1-B

dex No.

Capability Category I Capability Category II

L1-

B 1

ENSURE that the Level 2 PRA is based on a documented, peer-reviewed Level 1 PRA with adequate
scope to support the Level 2 PRA, and significant deficiencies identified during the peer review for the
Level 1 PRA that are relevant to the Level 2 PRA are resolved and incorporated into the development of
the Level 2 PRA.

L1-

RO

JOENTIEN
TN

logic models.

L1-B3

INCLUDE dependencies between the Level 1 PRA and Level 2 PRA models as identified in SR L1-B2 in
implementing the method specified in SR L1-A5.

L1-B4

INCLUDE system successes in addition to system failures in the evaluation of accident sequences to the
extent needed for estimation of RC frequencies.

32

Copyright © 2024 by the American Nuclear Society. @ANS



https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.2 2014.pdf

ASME/ANS RA-S-1.2-2024

Table 2-2.1-3 Supporting Requirements for HLR-L1-B (Cont’d)

Index No.
L1-B Capability Category I Capability Category II
L1-B5 SPECIFY sufficient accident sequence end states to ~ SPECIFY sufficient accident sequence end states to
support bounding estimates of radionuclide release support realistic estimates of radionuclide RCs for
categories. significant accident progression sequences.
For accident Prngrnaainn sequences that are not
significant, ENSURE the requirement for CCLi{
met.
L1-B6 If accident sequences are grouped, ENSURE that If accident sequences are grouped, ENSURE thaft
the transfer of information from Level 1 PRA to the transfer of information from Level ¥ PRA to
Level 2 PRA provides a conservative representation Level 2 PRA provides a realistic representation ¢f
of accident progression sequences in the Level 2 significant accident progressiofisequences in the¢
PRA logic model. Level 2 PRA logic model.
For accident progression §equences that are not
significant, ENSURE thesrequirement for CC-I is
met.
L1-B7 Using the method specified in SR L1-A5, Using the method specified in SR L1-A5,
TRANSEFER accident sequences that are included TRANSEFER all.accident sequences that are
in CDF from the Level 1 PRA into the Level 2 included it CDF from the Level 1 PRA to the
PRA such that CDF is preserved and premature Level 2 RRAX'including the Level 1 uncertainty
truncation of accident sequences that may distributions.
be important in the characterization of the
radionuclide release or sequences that defeat all or
most containment mitigation measures does not
occur.
JUSTIFY the criteria used (qualitative or
quantitative or combination) to ensure that a
sufficient number of accident sequences dfe‘being
transferred (e.g., neglected accident sequences are
not expected to impact the scope of the'Level 2
PRA surrogate release metric).
L1-B8 TRANSEFER Level 1 model un¢ertainties and assumptions for inclusion in the Level 2 analysis.
L1-B9 IDENTIFY the sources of @incertainty, the related assumptions, and reasonable alternatives of the
Level 1/Level 2 PRA Interface in a manner that supports the applicable requirements of SR PT-F4.
L1-B10 For the sources of parameter uncertainty identified ~ For the sources of parameter uncertainty identiffed

in SR L1-B9, CHARACTERIZE the uncertainty in SR L1-B9, CALCULATE a mean value of the

range for the-parameters. parameters used and PROVIDE a statistical
representation of the uncertainty intervals for the
parameter estimates of significant basic events.
Expert judgment may be used to estimate the
uncertainty range for parameters where alternafe
approaches are impractical. If using expert
judgment, SATISFY the requirements of Section
1-4.2, Use of Expert Judgment.
For basic events that are not significant, ENSURE
the requirement for CC-I is met.
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Table 2-2.1-4 Supporting Requirements for HLR-L1-C

The documentation of the Level 1/Level 2 PRA Interface shall provide traceability of the work (HLR-L1-C).

Index No.
L1-C Capability Category I Capability Category II
L1-C1 DOCUMENT the process used in the Level 1/Level 2 PRA Interface specifying what is used as input, the
applied methods and results. Address the following, as well as other details needed to fully document
nows the set of SRs are satisfied:
(a) The method used to ensure information required for the Level 2 PRA is transferred from the Level 1
PRA and is supplemented as needed to support the Level 2 PRA accident progression analysis.
(b) Level 1 PRA attributes that are included in the Level 1/Level 2 PRA Interface.
(c) The methods and criteria used to propagate information across the Level 1/Level 2 PRA Interface
and address dependencies.
L1-¢2 DOCUMENT sources of model uncertainty, related assumptions, their characterization, and reasonable
alternatives associated with the Level 1/Level 2 PRA Interface identified in SR L1-B9 and'SR L1-B10.
2-22 CONTAINMENT PERFORMANCE (b) Methods to develop géntainment failure proba-
ANALYSIS (CP) bilities for containment failure mechanisms are selected.
(c) The capacity ,of:the containment to withstand
2-2{2.1 Objectives loads from core damage accidents is determined.
The objectives of the Containment Performance (d) . Uncertam’aes in containment failure analysis are
Andlvsi ; lvze th itv of th tai ; identified and characterized.
npLysis iare 0 analyze the capacity of the contammen (e) The~Containment Performance Analysis is
strycture in such a way that: documeqted to provide traceability of the work.
(4) The mechanisms of containment failure are iden- Tabla.2-2.2-1 provides the HLRs for the Containment
tifigd. Performance Analysis.

Table 2-2.2-1 High Level Requirementsfor Containment Performance Analysis (CP)

Designator Requirement

HLR-CP-A The mechanisms of containment failure shall be identified as input to the assessment of severe accident
containment integrity.

HLR-CP-B Methods shall be selected_fo develop containment failure probabilities for the failure mechanisms
identified in HLR-CR-A.

HLR-CP-C Containment ovgrpressure fragility curves and failure probabilities for other severe accident induced
containment bounidary challenges shall be determined.

HLR-CP-D Uncertainties)in the Containment Performance Analysis shall be characterized. Sources of model
uncertainty and related assumptions shall be identified and their potential impact on the analysis
understood.

HLR-CP-E The-documentation of the Containment Performance Analysis shall provide traceability of the work.
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Table 2-2.2-2 Supporting Requirements for HLR-CP-A

The mechanisms of containment failure shall be identified as input to the assessment of severe accident containment integ-
rity (HLR-CP-A).

Index No.

CP-A

Capability Category I Capability Category II

CP-Al

IDENTIFY potential containment failure mechanisms including consideration of severe accident analyses

for similar plant desions plant-specific severe accident challenges and unicgue design features
I O I I O 4 1 O

CP-A2

IDENTIFY potential containment failure mechanisms caused by severe accident phenomena that diré
challenge containment integrity. INCLUDE, as applicable, containment failure mechanisms restilting
from

(a) gradual containment overpressure

(b) containment overpressure from hydrogen combustion (deflagration and detonation)

(c) containment overpressure from direct containment heating phenomena

(d) containment penetration seal failure/degradation associated with sustained high temperature
exposure

(e) hydrodynamic loads generated from high-pressure blowdown of steam and non-condensable gasps

into the suppression pool (or equivalent)

(f) steam explosions within large open or enclosed water pools in contagt' with containment boundary

(g) direct contact of corium debris with containment boundary matéxials/surfaces
(h) radiation damage to containment penetrations
(i) core-concrete attack leading to basemat melt-through (BMMT)

tly

CP-A3

In identifying the failure mechanisms for the containment stfucture in SR CP-A2, INCLUDE failure
mechanisms associated with concrete cracking, liner tearing; failure or closure status of doors, hatcheq
mechanical penetrations, electrical assemblies, and bellews seals as applicable to the plant and POS b
evaluated in the containment failure analysis.

4

ing

CP-A4

IDENTIFY potential containment failure mechanisms caused by severe accident phenomena that can
indirectly challenge containment integrity. INCLUDE, as applicable, containment failure mechanisms
resulting from

(a) erosion, displacement, or over-stressing of structures internal to the containment due to severe
accident phenomena causing a potentialloss of containment integrity

(b) energetic failure of the reactor yéssel at high pressure resulting from “missile” impact with
containment boundary

(c) thermo-chemical erosion 6f:a concrete reactor pedestal that might result in displacement of the
reactor pressure vessel

(d) movement of appended piping and structural damage to piping penetrations passing through the
containment pressure boundary

CP-A5

For core damage.aceident sequences initiated by external hazards, IDENTIFY containment failure
mechanisms afid)degraded conditions caused by the evaluated external hazards in the containment
failure analysis for modeled POSs.

CP-A6

IDENTIEY pre-existing failure modes or plant conditions that compromise containment capability to
withstand severe accident challenges.

CP-A7

Ifbuildings outside the containment pressure boundary are assumed to participate in the release
pathway for fission products released to the environment, IDENTIFY potential failure mechanisms th
could compromise the ability of these buildings to retain fission products as a consequence of severe
accident progression.

it

CP-A8

IDENTIFY those failure mechanisms from SR CP-A1, SR CP-A2, SR CP-A3, SR CP-A4, SR CP-A5, SR {
A6, and SR CP-A7 that are to be addressed in the assessment of containment performance in HLR-CP

-

CR_AQ
T

TT TC'T‘TE‘V
¥

EXEHSTOR-OF

SR CP-A3, SR CP-A4, SR CP- A5 SR CP- A6 and SR CP A7 that are not 1ncluded in the list generated in

SR CP-A8 (e.g., exclusion based on nonapplicability to plant design, POS, or containment design).
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Table 2-2.2-3 Supporting Requirements for HLR-CP-B

Methods shall be selected to develop containment failure probabilities for the failure mechanisms identified in HLR-CP-A

(HLR-CP-B).
Index
No. CP-B Capability Category I Capability Category II

CP-B1 DETERMINE the “as built” structural geometry, material composition, and material properties to be used in
the Containment Performance Aﬂq]ycic

CP{B2 DETERMINE failure properties, including capacity limit(s), as appropriate, for structural materials included
in the containment integrity analysis.

CP{B3 SELECT a methodology to determine the fragility SELECT a methodology to determine the' fragility
curve of the containment pressure boundary for both ~ curve of the containment pressure bouhdary for
rupture and excess leakage failure modes identified in  both rupture and excess leakage failtizeé modes
SR CP-A8. JUSTIFY the methodology as resulting ina  identified in SR CP-A8. The method s to rely on
conservative assessment of the containment ultimate  a validated computational medel that evaluates
strength and excess leakage failure modes (e.g., no structural response based on mathematical
credit for plastic deformation). expressions and correlations-that reflect material
If generic assessments for similar plants are used, behavior and governirigiphysical processes and is
JUSTIFY applicability to the plant being evaluated applicable to the pldnt-specific configuration and
(e.g., similar containment designs or estimating conditions for the Sighificant accident progression
containment capacity based on design pressure and a  sequences. INCEUDE consideration of the potential
conservative multiplier relating containment design for detonations-where quasi-static containment
pressure and median ultimate failure pressure). capability-evaluations may not be adequate.
INCLUDE consideration of the potential for
detonations where quasi-static containment capability
evaluations may not be adequate.

CPB4 ADDRESS the impact of material deterioration due to agirig and in-service degradation of structures for the
material composition and material properties determined in SR CP-B1.

CP{B5 SPECIFY bounding quasi-static thermal-mechanical SPECIFY plant-specific realistic quasi-static
properties or the physical attributes of challenges thermal-mechanical loads or the physical attributes
on the containment structure used to evaludte the of challenges on the containment structure used
containment failure mechanisms identified in to evaluate the containment failure mechanisms
SR CP-A8. identified in SR CP-AS8 for significant accident

progression sequences.
For accident progression sequences that are not
significant, ENSURE the requirement for CC-I is met.

CP{B6 ASSUME buildings outsile containment structures DETERMINE the fragility curve for enclosed
do not have the capacityto withstand thermal or structures outside the containment pressure
mechanical loads generated during core damage boundary to survive loads generated by accident
accident sequenges. progression sequences in which the structure

lies in the fission product release pathway to the
environment.

Cpr{7 For diregt-containment failure mechanisms identified =~ For direct containment failure mechanisms that
in SR.EP=A8 not addressed in SR CP-B3, SELECT a represent a significant containment challenge that
conservative method for assigning containment failure are identified in SR CP-A8 but not addressed in
prebabilities given the plant-specific spectrum of SR CP-B3, SELECT a realistic method for assigning
sévere accident challenges. containment failure probabilities given the plant-

specific spectrum of severe accident challenges.
For containment challenges that are not significant,
ENSORE theTequirenent for €C-Hisret:

CP-B8 For indirect containment failure mechanisms For indirect containment failure mechanisms that
identified in SR CP-A8, SELECT a conservative represent a significant containment challenge
method for assigning containment failure probabilities that are identified in SR CP-A8, SELECT a
given the plant-specific spectrum of severe-accident realistic method for assigning containment failure
challenges. probabilities given the plant-specific spectrum of

severe-accident challenges.
For containment challenges that are not significant,
ENSURE the requirement for CC-I is met.
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Table 2-2.2-4 Supporting Requirements for HLR-CP-C
Containment overpressure fragility curves and failure probabilities for other severe accident induced containment bound-
ary challenges shall be determined (HLR-CP-C).

Index

No. CP-C Capability Category I Capability Category II

CpP-C1 ESTIMATE conservative containment overpressure =~ CALCULATE realistic containment overpressure
failure prr\]ﬁn]ﬁi“ﬁoc as a function of discrete failure prn}\n]ﬁﬂiﬁnc ag a function of discrete
combinations of independent variables (e.g., combinations of independent variables (e.g., one
a fragility curve at various temperatures and or more fragility curves at various temperatures)
pressures) using the method selected in SR CP-B3. using the method selected in SR CP-B3 for significhnt
If using expert judgment, SATISFY the requirements containment challenges.
of Section 1-4.2, Use of Expert Judgment. For containment challenges that are not significan{,

ENSURE the requirement for CCEisg'met.
If using expert judgment, SATISEXY-the requiremerjts
of Section 1-4.2, Use of Expert [idgment.

CP-C2 SPECIFY conservative containment failure SPECIFY realistic contaiiment failure probabilitieg for
probabilities for each containment failure each containment failure'mechanism identified in pR
mechanism identified in SR CP-A8 and for each CP-A8 and for each plant operational mode included
plant operational mode included in the Level 2 in the Level 2 andlysis that are not associated with[SR
analysis that are not associated with SR CP-C1 CP-C1 using theimethods selected in SR CP-B7 angl
using the methods selected in SR CP-B7 and SR CP-B8 forsignificant containment challenges.

SR CP-BS8. For containment challenges that are not significan{,
ENSURE)the requirement for CC-I is met.

CP-C3 For each containment failure mechanism identified  Fetreach containment failure mechanism identifiedl
in SR CP-A8 and for each plant operational mode in SR CP-A8 and for each plant operational mode
included in the Level 2 analysis, SPECIFY a included in the Level 2 analysis, SPECIFY the failyre
conservative failure location and a conservative location and a realistic value of the final opening sjze
final opening size in the containment pressure in the containment pressure boundary as a function
boundary; JUSTIFY applicability of generic and of pressure for significant containment challenges,
other analyses used (e.g., similar failure logations in  If multiple (alternate) failure locations and/
similar containment designs). or opening sizes are considered to apply to a
If multiple (alternate) failure locations\and / specific failure mechanism, ESTIMATE conditionaf
or opening sizes are considered to@pply to a probabilities assigned to each possibility for
specific failure mechanism, ESTIMATE conditional  significant containment challenges.
probabilities assigned to each{possibility for For containment challenges that are not significan,
significant containment challenges. ENSURE the requirement for CC-I is met.

CP-C4 For external hazards included in the Level 2 PRA, For external hazards included in the Level 2 PRA,
conservatively ESFIMATE the impact of the hazard ~CALCULATE a realistic assessment of the hazard
on the failure mechanisms identified in SR CP-Ab5. impact on the containment failure mechanisms
JUSTIFY theuse-of generic fragility data. identified in SR CP-AS5.
For external\hazard fragilities, ENSURE the For external hazard fragilities, ENSURE the
evaluatien-meets at least the Capability Category evaluation meets the Capability Category II
I requirements in [2-1] as applicable to the scope requirements in [2-1] as applicable to the scope of the
oftheLevel 2 PRA or SPECIFY a basis to support Level 2 PRA or SPECIFY a basis to support the clajm
the\claim of nonapplicability of any of these of nonapplicability of any of these requirements:
reéquirements: (a) Part 5-Seismic Event PRA:
(a) Part 5-Seismic Event PRA: HLR SFR-A through HLR SFR-F
HLR SER-A through HLR SFR-F (b) Part 7-High Wind PRA:
(b) Part 7-High Wind PRA: HLR-WFR-A through HLR-WFR-I
HLR-WEFR-A through HLR-WFR-I (c) Part 8—External Flood PRA:
(c) Part 8-External Flood PRA: HLR-XFFR-A through HLR-XFFR-F
HLR-XFFR-A through HLR-XFFR-F (d) Part 9-Other Hazard PRA:
(d) Part 9-Other Hazard PRA: HLR-XFR-A through HLR-XFR-B
HLR-XFR-A through HLR-XFR-B If using expert judgment, SATISFY the requirements
If using expert judgment, SATISFY the requirements of Section 1-4.2, Use of Expert Judgment.
of Section 1-4.2, Use of Expert Judgment.

CP-C5 IDENTIFY method-specific limitations in the Containment Performance Analysis.
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Table 2-2.2-5 Supporting Requirements for HLR-CP-D

Uncertainties in the Containment Performance Analysis shall be characterized. Sources of model uncertainty and related
assumptions shall be identified and their potential impact on the analysis understood (HLR-CP-D).

Index No.

CP-D

Capability Category I Capability Category II

CP-

D1

IDENTIFY the sources of uncertainty, the related assumptions, and reasonable alternatives of the

Containment Performance Ann]yc;c inamannerthat cnppnr{-c the npp]irn]ﬁ]n vonlnhﬂamanfc of SR PT.EA

CP

D2

CHARACTERIZE the uncertainty interval of the CALCULATE the uncertainty distribution for
threshold for containment failure by specifying the containment failure criteria in the form of(a
or discussing the range of the uncertainty, fragility curve.

consistent with the characterization of parameter

uncertainties.

CPA

D3

CHARACTERIZE the uncertainty in the final opening size, location, and probability of the-containment
failure specified in SR CP-C3.

D4

CHARACTERIZE sources of parameter uncertainty, modeling uncertainty, and aSsymptions identified in
SR CP-D1 (e.g., how the containment strength or resistance to failure is affected)-

The

Table 2-2.2-6 Supporting Requirements for HLR-CP-E

documentation of the Containment Performance Analysis shall provide traceability of the work (HLR-CP-E).

dex No.
CP-E

Capability Category I Capability Category 11

CPA

1

DOCUMENT the process used in the Containment Performance Analysis specifying what is used as
input, the applied methods, and results. Address thefollowing, as well as other details needed to fully
document how the set of SRs are satisfied:

(1) the mechanisms of containment failure

(b) the methods used to develop containment{failure probabilities

(c) the containment overpressure fragility curVes and failure probabilities for other severe accident
induced containment boundary challenges

(d) geometric configuration(s) of containment

(e) material composition and material properties

(f) type and extent of material.or geometric degradation due to adverse environmental conditions
(g) criteria to define what containment failure mechanisms were excluded

CP

DOCUMENT the containment failure criteria (thresholds or fragility curve) and technical rationale
defined for each containment failure mechanism.

DOCUMENT the ¢ontainment failure probabilities defined for each containment failure mechanism and
support each criferion with a technical justification.

CPA

E4

DOCUMENT.the technical basis for the containment failure location and opening size (or leak
rate) resulting from each containment failure mechanism and the technical basis for the associated
probabilities.

CPA

£S5

DOCUMENT the sources of model uncertainty, related assumptions, their characterization, and
reagonable alternatives associated with the Containment Performance Analysis identified in SR CP-D1.
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2-2.3 SEVERE ACCIDENT PROGRESSION ANALYSIS (SA)
2-2.3.1 Objectives

The objectives of the Severe Accident Progression Analysis to support a Level 2 PRA are to evaluate the progres-
sion of events in as realistic a manner as practical and in a manner consistent with the degree of realism of the other

attributes of the Level 2 PRA in such a way that

estimated
(c) appropriate Severe Accident Progression Analysis tool(s) are selected

are

(d) severe accident progression analyses to support the probabilistic accident progression framewornk are per-
formed
(e) assumptions and uncertainties are identified and characterized
(f) the Severe Accident Progression Analysis is documented to provide traceability of the work
Table 2-2.3-1 provides the HLRs for the Severe Accident Progression Analysis.
Table 2-2.3-1 High Level Requirements for Severe Accident Progression Analysis (SA)
Designator Requirement

HLR-SA-A The objectives of severe accident progression analysis and theQuantitative parameters that
deterministic analysis will calculate shall be defined.

HLR-SA-B Assumptions used to perform deterministic calculations hall be identified, and values of input
parameters shall be estimated.

HLR-SA-C An appropriate deterministic method shall be selected for generating the quantitative parameters
defined in HLR-SA-A.

HLR-SA-D Severe Accident Progression Analysis calculations shall be performed as needed to support the
probabilistic accident progression framewérk.

HLR-SA-E Uncertainties in the Severe AccidentProgression Analysis shall be characterized. Sources of model
uncertainty and related assumptiofis shall be identified and their potential impact on the analysis
understood.

HLR-SA-F The documentation of the Sévere Accident Progression Analysis shall provide traceability of the wofk.

Table2-2.3-2 Supporting Requirements for HLR-SA-A
The objectives of severe accident.progression analysis and the quantitative parameters that deterministic analysis will
calculate shall be defined (HLR-SA-A).
Index No.
SA-A Capability Category I Capability Category II

SA-A1 DEEINE the objectives of severe accident progression analyses performed to support the Level 2 PRA

SA-A2 SPECIFY the output parameters to be calculated by the severe accident progression analyses performgd

to support the Level 2 PRA.
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Table 2-2.3-3 Supporting Requirements for HLR-SA-B

Assumptions used to perform deterministic calculations shall be identified, and values of input parameters shall be esti-
mated (HLR-SA-B).

Index No.
SA-B Capability Category I Capability Category II
SA-B1 ESTIMATE values of accident parameters for ESTIMATE values of accident parameters
deterministic calculations using conservative for deterministic calculations using realistic
methods and assumptions. If using expert methods and assumptions for significant accident
judgment, SATISFY the requirements of Section progression sequences.
1-4.2, Use of Expert Judgment. If using expert judgment, SATISFY the
requirements of Section 1-4.2, Use of Expéit
Judgment.
For accident progression sequencesthdt are not
significant, ENSURE the requirement’for CC-I is
met.
SA-B2 JUSTIFY values of input parameters applied in deterministic calculations (e.g., values are based on

consensus method or values are realistic for the specific plant).

Table 2-2.3-4 Supporting Requirements for HLR-SA-C
An jappropriate deterministic method shall be selected for generating the quantitativé parameters defined in HLR-SA-A

(HIR-SA-C).
Irfdex No.
SA-C Capability Category I Capability Category II
SA{1 SELECT a deterministic method for generating the SELECT a deterministic method for generating the
output parameters specified in SR SA-A2. USE a output parameters specified in SR SA-A2. USE a
reference plant calculation or a calculation derived * realistic modeling tool that reflects plant-specific
from first principles and/or well-established design features and knowledge of severe accident
correlations using conservative, or a combigation behavior that is validated against available
of conservative and realistic methods thapprovide = experimental data or other established benchmarks
conservative results, in aggregate. for significant accident progression sequences.
For accident progression sequences that are not
significant, ENSURE the requirement for CC-I is
met.
SAL2 SPECIFY a basis for selecting'the method used in SR SA-C1 for the intended application. The intended
application includes but is not limited to the type of reactor and containment design and the range of
POSs and accident sequence characteristics for which the method would be applied.
SA{C3 JUSTIFY that méthod(s) used to adapt or modify JUSTIFY selections of modeling options in the

results of a reference calculation are both applicable
to the planf tinder review and are applied in a
conseryative way, or a combination of conservative
and realistic ways (e.g., reference plant calculations
are\from a similar plant design and bounding
assimptions are used).

modeling tool selected in SA-C1 (e.g., show that
selected correlations or models within a computer
code are appropriate) for significant accident
progression sequences.

For accident progression sequences that are not
significant, ENSURE the requirement for CC-I is
met.
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Table 2-2.3-5 Supporting Requirements for HLR-SA-D

Severe Accident Progression Analysis calculations shall be performed as needed to support the probabilistic accident pro-
gression framework (HLR-SA-D).

Index No.
SA-D Capability Category I Capability Category II

SA-D1 Apply the method selected in SR SA-C1 to Apply the method selected in SR SA-C1 to
ESTIMATE the nnhﬂnl’ Y\nvnmnh:w'c onrwﬁnf] m Sk CALCULATE the n11l—n11+ Y\nrnmol-ovc CPQI“1F1DI’] mn
SA-A2 for all accident progress1on sequences. SR SA-A2 for all accident progression sequenes.

SA-D2 When using reference plant calculations, JUSTIFY similarity in reactor and containment design between
the reference plant and the plant being analyzed, as appropriate, by comparing plant-design or,operafing
characteristics that influence the POS, condition, process, or event of interest (e.g., calculate and comppre
ratios of parameters that govern the calculated result, such as reactor power, coolant volume, clad mefal
mass, and containment heat removal capacity).

SA-D3 ENSURE the reasonableness and acceptability of the calculated output parameters'§pecified in SR SA{A2.

SA-D4 JUSTIFY the end-point or termination time of severe accident calculations by’providing a technical basis
that conclusions drawn from the calculation would not change if the termination time was extended (¢.g.,
confirm a safe stable state exists and fission product releases have plateayéd, mission time supports late
release sequences and properly interfaces with the Level 3 PRA).

SA-D5 IDENTIFY method-specific limitations in the severe accident pregression analysis.

Table 2-2.3-6 Supporting Requiremeénts for HLR-SA-E
Uncertainties in the Severe Accident Progression Analysis shall be.characterized. Sources of model uncertainty
related assumptions shall be identified and their potential impact on the analysis understood (HLR-SA-E).

hnd

Index No.
SA-E Capability Category I Capability Category II

SA-E1 IDENTIFY generic sources of uncertainty,the IDENTIFY generic and plant-specific sources
related assumptions, and reasonable alternatives of uncertainty, the related assumptions, and
of the Severe Accident ProgressionAnalysis in a reasonable alternatives of the Severe Accident
manner that supports the applicable requirements ~ Progression Analysis in a manner that supports|the
of SR PT-F4. applicable requirements of SR PT-F4.

SA-E2 IDENTIFY input parametérs particular to the PROVIDE variations in input parameters particllar
method applied in SR(GA*D1 that impact the to the method applied in SR SA-D1 that impact fhe
uncertainty of the models or assumptions defined ~ uncertainty of the models or assumptions defing¢d
in SR SA-E1. in SR SA-E1.

SA-E3 CHARACTERIZE the effects of uncertainties For significant accident progression sequences,
associated with input parameters identified in SR~ CALCULATE the effects of uncertainties associdted
SA-E2, with model input parameter variations providel in

SR SA-E2, using a quantitative method.

For accident progression sequences that are not
significant, ENSURE the requirement for CC-I is
met.

SA-F4 For each source of model uncertainty and assumptions identified in SR SA-E1 that are not characteriz¢d

or evaluated in SR SA-E3, CHARACTERIZE how the accident progression analysis results are affected.
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Table 2-2.3-7 Supporting Requirements for HLR-SA-F
The documentation of the Severe Accident Progression Analysis shall provide traceability of the work (HLR-SA-F).

Index No.

SA-F Capability Category I

Capability Category II

SA-F1

DOCUMENT the process used in the Severe Accident Progression Analysis specifying what is used as
input, the applied methods, and the results. Address the following, as well as other details needed to

fullvy document how the set of SRs are satisfied:

parameters

(a) the objectives of the severe accident progression analysis and the quantitative output parameters that
are used in the Severe Accident Progression Analysis
(b) the assumptions used to perform deterministic calculations and the estimated values of input:

(c) the deterministic (computational) model selected for generating the quantitative parameters
(d) the calculations performed to support the probabilistic accident progression framewaqrk

SA{F2 Where reference plant results are used,

the results of reference plant calculations.

DOCUMENT the method used to adapt or modify

DOCUMENT user-defined inputdata for
computer codes including reféresices to sources

of information and derivations of calculated
parameters. Sufficient detail is to be provided for
an independent personto be able to reproduce the
input data from original sources.

SAF3
Analysis.

DOCUMENT the parameter uncertainty associated with inputs to the.Severe Accident Progression

SAF4

DOCUMENT results of calculations including the sequence of imiportant severe accident phenomena.

SAF5

DOCUMENT the reasonableness of calculated results.

and SR SA-E2.

DOCUMENT the sources of model uncertainty, relatéd assumptions, their characterization, and
reasonable alternatives associated with the Severe Accident Progression Analysis identified in SR SA-E1

2-2L4 PROBABILISTIC TREATMENT OF ACCIDENT
PROGRESSION AND SOURCE TERMS:(PT)

4.1 Objectives

Tlhe objectives of the Probabilistic{Ireatment of Acci-
derft Progression and Source Termis*are to establish a
fratnework to support the systematic quantification of
the|potential severe accident sequences derived from
Level 1 PRA core damage sequences in sufficient detail
such that

(a) |the accident progression framework groups
radjonuclide releasecategories

(b) [branching probabilities or supporting models that
support quantification of severe accident phenomena are
developed

2-

N

(c) branching probabilities or supporting models that
support quantification of severe accident mitigation
equipment reliability are developed
(d) branching probabilities or supporting models that
support quantification of severe accident human actions
are developed
(e) the frequencies of radionuclide release categories are
calculated using appropriate models and codes
() uncertainties in the radionuclide release category
frequencies are characterized
(¢) the Probabilistic Treatment of Accident Progression
and Source Terms is documented to provide traceability of
the work

Table 2-2.4-1 provides the HLRs for the Probabilistic
Treatment of Accident Progression and Source Terms.
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Table 2-2.4-1 High Level Requirements for Probabilistic Treatment of Severe Accident

Progression and Source Terms (PT)

Designator Requirement

HLR-PT-A An accident progression framework shall be developed that supports the grouping of severe accident
sequences into radionuclide RCs (source term) .

HLR-PT-B Branching probabilities (split fractions) or supporting models for quantitatively characterizing severe
accident phenomena shall be estimated.

HLR-PT-C Branching probabilities (split fractions) or supporting models for quantitatively characterizing. the
reliability of modeled equipment in the accident progression framework shall be included.

HLR-PT-D Branching probabilities (split fractions) or supporting models for quantitatively characterizing the
reliability of human actions in the accident progression framework shall be included.

HLR-PT-E The frequencies of radionuclide RCs, using appropriate models and codes accounting for method-
specific limitations and features, shall be calculated.

HLR-PT-F Uncertainties in the frequencies of radionuclide RCs shall be defined. SounCes of model uncertainty pnd
related assumptions shall be identified and their potential impact on thesestimation understood.

HLR-PT-G The documentation of the Probabilistic Treatment of Accident Progression and Source Terms shall

provide traceability of the work.

An accident progression framework shall be developed that supports thé grouping of severe accident sequences into ra
nuclide RCs (source term) (HLR-PT-A).

Table 2-2.4-2 Supporting Requirements for HLR-PT-A

Hio-

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

PT-Al SELECT a methodology for representing thésevere accident progression that
(a) models the combination of system responses, operator actions, and severe accident phenomena thiat
affect the accident progression
(b) includes a representation of the.accident progression associated with each Level 1 PRA accident
sequence or plant damage state (PDS)
(c) provides a framework to support RC frequency quantification
(d) supports the grouping bf-severe accident sequences into radionuclide RCs (source term)

PT-A2 DEVELOP a logic structure using the method selected in SR PT-A1 (i.e., severe accident progression
method or CET or equivalent).

PT-A3 INCLUDE attributes of the severe accident progression in the logic structure developed in SR PT-A2.

Attributes inelude but may not be limited to the following;:

(a) chronological treatment of events that preserves the order and approximate timeline with which
severe accident progression results in radiological release to the environment

(b) identification and probabilistic assessment of mechanisms for defeating (by failure or bypass)
physieal barriers to the release of radioactive material to the environment

() *numerical accounting of accident sequence frequency from the initiating event to the summed
frequency of all end states

(d) aggregation of individual accident progressions into groups (RCs) that have common characterist]cs
of radiological release to the environment and a calculation of their associated frequency
(e) consistency in the treatment of dependencies with linkages to Level 1 PRA models
(f) credited human actions including those that could have negative impacts

(g) treatment of source-term reduction and capture of fission products due to scrubbing in water pools,

sprays, or deposition
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Table 2-2.4-2 Supporting Requirements for HLR-PT-A (Cont’d)

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

PT-A4 INCLUDE the following attributes in the logic structure developed in SR PT-A2:
(a) initial conditions of Level 2 analysis (output from Level 1/Level 2 PRA Interface)
(b) discrimination of different radiological release pathways to the environment
(c) the effects of restoration of the coolant injection function prior o RPV lower head failure
(d) containment and RPV status at the time of core damage
(e) accident progression phenomena that affect the evaluation of containment failure or bypass (address
at least those phenomena in Table 2-2.4-9)
(f) loss of containment integrity including time of failure and resulting leakage area and location(s)
(g) status of containment mitigation systems including sprays, air cleanup, and ventilation systems
(h) accident progression phenomena that may be important to specific POSs; these include phenomena
such as air ingression and its effects on fuel cladding oxidation and fission product release-during reactor
shutdown accident sequences

PT-A5 INCLUDE events in the logic structure developed in SR PT-A2 that represent theCharacteristics of severe
accident progression (phenomenological events) that could generate mechanicalloads and/or thermal
challenges to the containment pressure boundary sufficient to cause structuralfailure or increased
leakage or could induce a release pathway that bypasses the containmentpressure boundary, including
those identified in Table 2-2.4-9.

PT-R\6 JUSTIFY the exclusion of any phenomenological event characteristics:identified in Table 2-2.4-9 from the
model (e.g., if any of the phenomenological event characteristics’that are not applicable to your plant
design).

PT-A7 INCLUDE in the logic structure developed in SR PT-A2 e¥ents that represent the positive or negative
effects of mitigating actions directed by plant-specific procedures or guidelines on radionuclide release
for significant accident progression sequences.

PT-;A8 JUSTIFY the exclusion in the logic structure INCLUDE in the logic structure developed in
developed in SR PT-A2 of events that reflect SR PT-A2 events that reflect accident behavior
accident behavior within structures outside thé within structures outside the containment pressure
containment pressure boundary or the response boundary or the response of mitigating systems
of mitigating systems outside the containment outside the containment pressure boundary that
pressure boundary that affect sourceterm affect source-term attenuation for significant
attenuation (e.g., simplified treatment of source accident progression sequences.
term attenuation). For accident progression sequences that are not

significant, ENSURE the requirement for CC-I is
met.

PT-A9 INCLUDE in the logi¢structure developed in SR INCLUDE in the logic structure developed in SR
PT-A2 expected beneficial failures of passive SSCs.  PT-A2 expected beneficial failures of active and

passive SSCs in significant accident progression
sequences.

For accident progression sequences that are not

significant, ENSURE the requirement for CC-I is
met.

PT-A10 INCLUDE in the logic structure developed in SR INCLUDE in the logic structure developed in SR
PT-A2 the capability to determine importance PT-A2 the capability to determine importance
measures to RCs and/or surrogate release metric measures to RCs and/or surrogate release metric
for PDSs. for PDSs, individual SSCs, human actions, severe

accident phenomena that contribute to significant

accident-proaression-seqHences
T oo 1 §

For accident progression sequences that are not
significant, ENSURE the requirement for CC-I is
met.
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Table 2-2.4-2 Supporting Requirements for HLR-PT-A (Cont’d)

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

PT-Al1 MODEL the logical dependencies between systems, MODEL the logical dependencies between systems,
components, and human actions in the Level 1 PRA  components, and human actions in the Level 1 PRA
and in the logic structure developed in SR PT-A2 and in the logic structure developed in SR PT-A2
in a manner that wonld resnlt in an earlier time of realistically for Qigniﬁ'r‘nnf accident progression
containment failure and/or a larger radiological sequences. This includes typical support-systen
source term than expected in a realistic analysis. dependencies as well as dependencies specific tp
This includes typical support-system dependencies severe accidents.
as well as dependencies specific to severe For accident progression sequences that are not
accidents. significant, ENSURE the requirement.for CC-I i

met.

PT-A12 ENSURE the logic structure developed in SR ENSURE the logic structuretdeveloped in SR
PT-A2 generates a conservative or a combination PT-A2 generates a realisticassessment of accideht
of conservative and realistic assessment of the progression frequency(er significant accident
frequency of accident progression sequences. progression sequenees:

For accident progression sequences that are not
significant, ENSURE the requirement for CC-I i
met.

PT-A13 INCLUDE events in the logic structure developed in SR PT-AZ that represent operator actions requirefl to
establish containment closure during accident sequences with an open containment pressure boundarjy.

PT-Al4 SPECIFY end states using the definitions and attributestof RCs described in HLR-ST-A.

PT-A15 IDENTIFY the RC for each of the Level 2 PRA accidéntsequences (or equivalent).

PT-A16 CHARACTERIZE the RCs identified in SR PT-Al5:

PT-A17 JUSTIFY categorization of non-LERF/non-LRF teleases (e.g., based on release magnitude or timing); see

SR ST-A3, SR ST-A4, and SR ST-A5.

45

Copyright © 2024 by the American Nuclear Society. @ANS


https://asmenormdoc.com/api2/?name=ASME ANS RA-S-1.2 2014.pdf

ASME/ANS RA-S-1.2-2024

Table 2-2.4-3 Supporting Requirements for HLR-PT-B

Branching probabilities (split fractions) or supporting models for quantitatively characterizing severe accident phenomena
shall be estimated (HLR-PT-B).

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

PT-B1 USE a method or methods for developing probabilities of phenomenological events such that
uncertaintiescan be characterized (see HILR-PT.E) If using expertjudgment, SATISEY the requirements
of Section 1-4.2, Use of Expert Judgment.

PT-B2 JUSTIFY the rationale for the method or methods used in SR PT-B1 (e.g., refer to results of thermal
hydraulic sensitivity studies, consensus documents, or research findings including relevant experimental
studies). If using expert judgment, SATISFY the requirements of Section 1-4.2, Use of Expert Judgment.

PT-p3 ESTIMATE branching probabilities (split fractions) ESTIMATE branching probabilities/(split fractions)
for phenomenological events using conservative, in significant accident progression sequences for
or a combination of conservative and realistic, phenomenological events using réalistic boundary
boundary conditions. conditions.

For accident progression sequences that are not
significant, ENSURE the requirement for CC-I is
met.

PT-p4 ESTIMATE the conditional probability of ESTIMATE the conditional probability of
phenomenologically induced containment bypass ~ phenomenologically induced containment bypass
events in a conservative, or a combination of events in a realistic manner in significant accident
conservative and realistic, manner. progression‘sequences.

For adeident progression sequences that are not
sighificant, ENSURE the requirement for CC-I is
met.

PT-B5 COMPARE the Severe Accident Progression Analysis)containment challenge output parameters analyzed
in HLR-SA-D to the containment capacities analyzed in HLR-CP-C to identify those challenges that can
result in containment failure.

PT-B6 IDENTIFY accident progression sequencesthat IDENTIFY accident progression sequences that
have the potential for large and large/early have the potential for radionuclide release (refer to
radionuclide releases (refer to HLR-ST-A). HLR-ST-A).

PT-B7 Using the comparison performed in"SR PT-B5, ESTIMATE the probability of containment failure events.

PT-B8 ASSUME that secondary containment or auxiliary =~ ESTIMATE the probability of secondary
building(s) do not act as an.effective radionuclide containment or auxiliary building(s) acting
barrier to radionuclideyrelease for containment as a retention location preventing or reducing
failure sequences with;¢ore damage. radionuclide release for each accident sequence

including the impact of phenomenological effects
such as hydrogen combustion or external hazards;
JUSTIFY the estimated probabilities (e.g., using
the results of detailed analyses that include the
appropriate retention processes).
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Table 2-2.4-4 Supporting Requirements for HLR-PT-C
Branching probabilities (split fractions) or supporting models for quantitatively characterizing the reliability of modeled
equipment in the accident progression framework shall be included (HLR-PT-C).

Index No.
PT-C Capability Category I Capability Category II

PT-C1 INCLUDE new system models and split fractions =~ INCLUDE new system models and split fractions
analysis and ENSURE new system models meet analysis and ENSURE new system models
at least the Capability Category I requirements meet the Capability Category II requirements
in [2-1] as applicable to the scope of the Level 2 in [2-1] as applicable to the scope of theTievel 2
PRA or SPECIFY a basis to support the claim of PRA or SPECIFY a basis to support the claim of
nonapplicability of any of these requirements: nonapplicability of any of these regquirements:
(a) Part 2-Internal Events PRA: (a) Part2-Internal Events PRAc
HLR-SY-A through HLR-SY-C and HLR-SY-A through HLR-SY-C ard
HLR-DA-A through HLR-DA-E HLR-DA-A through HLR-DA-E
(b) Part 3-Internal Flood PRA: (b) Part 3-Internal Floed PRA:
HLR-IFSN-A through HLR-IFSN-B, HLR-IFPR-A HLR-IFSN-A through\HER-IFSN-B, HLR-IFPR-A
through HLR-IFPR-C, and HLR-IFQU-A though through HLR-IFPR-G, and HLR-IFQU-A thougH
HLR-IFQU-G HLR-IFQU-G
(c) Part4-Internal Fire PRA: (c) Part 4-Internal Fire PRA:
HLR-ES-A through HLR-ES-D, HLR-CS-A through ~ HLR-ES-ACthrough HLR-ES-D, HLR-CS-A throygh
HLR-CS-C, HLR-QLS-A through HLR-QLS-B, HLR-CSi&; HLR-QLS-A through HLR-QLS-B,
HLR-PRM-A through HLR-PRM-C, HLR-FSS-A HLR-PRM-A through HLR-PRM-C, HLR-FSS-A
through HLR-FSS-H, HLR-CF-A through HLR- through HLR-FSS-H, HLR-CF-A through HLR-
CF-B, and HLR-FQ-A through HLR-FQ-G GF-B, and HLR-FQ-A through HLR-FQ-G
(d) Part 5-Seismic Event PRA: (d) Part 5-Seismic Event PRA:
HLR-SFR-A through HLR-SFR-F and HLR-SPR-A\ * HLR-SFR-A through HLR-SFR-F and HLR-SPR{A
through HLR-SPR-F through HLR-SPR-F
(e) Part 7-High Wind PRA: (e) Part 7-High Wind PRA:
HLR-WEFR-A through HLR-WFR-I and HER- HLR-WEFR-A through HLR-WFR-I and HLR-
WPR-A through HLR-WPR-F WPR-A through HLR-WPR-F
(f) Part 8-External Flood PRA: () Part 8-External Flood PRA:
HLR-XFFR-A through HLR-XFFR<F ‘and HLR- HLR-XFFR-A through HLR-XFFR-F and
XFPR-A through HLR-XFPR-G HLR-XFPR-A through HLR-XFPR-G
(g) Part 9-Other Hazard PRA: (g) Part 9-Other Hazard PRA:
HLR-XFR-A through HLREXFR-B and HLR-XPR-A  HLR-XFR-A through HLR-XFR-B and HLR-XPR-A
through HLR-XPR-E through HLR-XPR-E
For modeled low power and shutdown POSs, For modeled low power and shutdown POSs,
ENSURE new system models meet at least the ENSURE new system models meet the Capabilify
Capability Categpory I requirements in [2-2] Category II requirements in [2-2] as applicable tp
as applicable to the scope of the Level 2 PRA the scope of the Level 2 PRA or SPECIFY a basid to
or SPECIFY a basis to support the claim of support the claim of nonapplicability of any of the
nonapplicability of any of the requirements in [2-2]. requirements in [2-2].

PT-C2 USEanalyses of system-success criteria that USE analyses for system-success criteria that ar¢

are applicable to the plant and meet at least the
applicable Capability Category I requirements
in HLR-SC-A through HLR-SC-C of Part 2 of
[2-1]; for modeled low power and shutdown
POSs, SATISFY at least the applicable Capability
Category I requirements in HLR-LSC-A through
HLR-LSC-C of Part 3 of [2-2]. SPECIFY a basis to

applicable to the plant and meet the applicable
Capability Category II requirements in HLR-SC{A
through HLR-SC-C of Part 2 of [2-1]; for modeldd
low power and shutdown POSs, SATISFY the
applicable Capability Category II requirements
in HLR-LSC-A through HLR-LSC-C of Part

3 of [2-2] for significant accident progression

support the claim of nonapplicability of any of
these requirements.

sequences. SPECIFY a basis to support the claim of
nonapplicability of any of these requirements.

For accident progression sequences that are not
significant, ENSURE the requirement for CC-I is
met.
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Table 2-2.4-4 Supporting Requirements for HLR-PT-C (Cont’d)

Index No.
PT-C Capability Category I Capability Category II

PT-C3 For Level 2 accident sequence analysis, SATISFY For Level 2 accident sequence analysis, SATISFY
at least the Capability Category I requirements the Capability Category II requirements in HLR-
in HLR-AS-A through HLR-AS-C of Part 2 of AS-A through HLR-AS-C of Part 2 of [2-1]; for
[’)-'I ] for modeled low power and shutdown maodeled low power and shuitdown POSs SATISEY
POSs, SATISFY at least the applicable Capability the applicable Capability Category II requirements.
Category I requirements in HLR-LAS-A through in HLR-LAS-A through HLR-LAS-C of Part
HLR-LAS-C of Part 3 of [2-2]. SPECIFY a basis to 3 of [2-2] for significant accident progression
support the claim of nonapplicability of any of sequences. SPECIFY a basis to support thejclaim of
these requirements. nonapplicability of any of these requirements.

For accident progression sequences/that are not
significant, ENSURE the requirement’for CC-I is
met.

PT-{C4 For system models in the Level 2 analysis, ENSURE the component mission timesupports the accident
progression sequence timing, as evaluated in SR SA-D4, for which the componentis credited, or JUSTIFY
a shorter component mission time (e.g., why the component fulfills its mission even if it only operates for
a shorter period of time).

PT-{C5 USE conservative or a combination of conservative  USE realistic treatinents of adverse environmental
and realistic treatments of adverse environmental impacts for dssessing equipment survivability for
impacts for assessing equipment survivability for equipmentinside containment that would be risk
equipment inside containment. significantif assumed not to survive given severe

accident conditions.

Fop accident progression sequences that are not
significant, ENSURE the requirement for CC-I is
met.

PT-{C6 USE conservative or a combination of conservative USE realistic treatments of adverse environmental
and realistic treatments of adverse environméntal ~ impacts for assessing equipment survivability
impacts for assessing equipment survivability for equipment outside containment (including
for equipment outside containment (incldding equipment credited from other units on site)
equipment credited from other units on'site). that would be risk significant if assumed not to

survive given severe accident conditions (including
containment failure).

For accident progression sequences that are not
significant, ENSURE the requirement for CC-I is
met.

PT-{C7 USE a conservativé eyaluation of secondary PERFORM a realistic secondary side isolation
side isolation capability for accident sequences capability analysis for significant accident
caused by SGTR (if applicable). If generic analyses =~ progression sequences caused by SGTR (if
generated fot)similar plants are used, JUSTIFY applicable).
applicalility to the plant being evaluated (e.g., For accident progression sequences that are not
similarisolation capability and similar significant, ENSURE the requirement for CC-I is
containment designs). met.
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Table 2-2.4-4 Supporting Requirements for HLR-PT-C (Cont’d)

Index No.
PT-C Capability Category I Capability Category II

PT-C8 PERFORM a conservative analysis of severe PERFORM a realistic analysis of severe accident-
accident-induced SGTR probability (if applicable)  induced SGTR (if applicable) that includes plant-
that includes plant-specific procedures and design  specific procedures and design features that could
features impact tube failure Prnhahﬂihi assess ment in

significant accident progression sequences.
SELECT failure probabilities based on:

(a) RCS and steam generator post-accident
conditions sufficient to describe the important rjsk
outcomes

(b) secondary side conditions including plant-
specific treatment of steam generator safety valyes
and atmospheric dump valyves

For accident progression sequences that are not
significant, ENSURE tlierequirement for CC-I i
met.

PT-C9 PERFORM containment isolation system analysis PERFORM caritdinment isolation system analysis
in a conservative or a combination of conservative  in a realisticsmianner for the significant accident
and realistic manner. progressiori sequences.

In the containment isolation system analyses, In thecoritainment isolation system analyses,
INCLUDE both the analysis of the failure of INCEWDE both the analysis of the failure of
containment isolation systems to perform properly  céntainment isolation systems to perform propqrly
and the status of safety systems that do not and the status of safety systems that do not
have automatic isolation provisions including have automatic isolation provisions including
consideration of status of systems for the modeled* consideration of status of systems for the modeled
POSs, failures of penetrations, seals, and hatches POSs, failures of penetrations, seals, and hatchep
plus pre-existing failures. plus pre-existing failures.
For accident progression sequences that are not
significant, ENSURE the requirement for CC-I i
met.

PT-C10 PERFORM a conservative or a ¢ombination of PERFORM a realistic interfacing system failure
conservative and realistic interfacing system analysis for the significant accident progression
failure analysis for accident progression sequences  sequences resulting in a radionuclide release due to
resulting in a radionu¢lide release due to failure of  failure of the interfacing systems.
the interfacing systems. In the interfacing system failure analysis, include

behavior of piping relief valves, pump seals, hejt
exchangers at applicable temperature and pressjire
conditions, and consideration of modeled POSs
For accident progression sequences that are not
significant, ENSURE the requirement for CC-I i
met.

PT-C11 JUSTIFY any credit taken for continued successful operation of mitigation systems under adverse
environments assessed in SR PT-C5 and SR PT-Cé. Justification may include washdown of aerosols that
may allow continued operation of plant equipment, consideration of specific component failure mode,
or expected component survivability (e.g., response to temperature and pressure spikes) during time
frame of component operation.

PHE2

JUSTIFY any credit taken for beneficial failures in SR PT-A9 (e.g., credit for beneficial hot-leg failure

Hd-babased-onremts

cOotrero

frealishethermalhydraulicanalysesy—m —M |
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Table 2-2.4-5 Supporting Requirements for HLR-PT-D
Branching probabilities (split fraction) or supporting models for quantitatively characterizing the reliability of human
actions in the accident progression framework shall be included (HLR-PT-D).

Index No.
PT-D Capability Category I Capability Category II
PT-D1 INCLUDE new HFEs as needed to support the INCLUDE new HFEs as needed to support the
accident progression-analysis-and ENSURE new accident progression-analysis-and ENSURE new
HFEs meet at least the Capability Category I HFEs meet the Capability Category II requiremenits
requirements in [2-1] as applicable to the scope in [2-1] as applicable to the scope of the Level 2
of the Level 2 PRA or SPECIFY a basis to support PRA or SPECIFY a basis to support the claim)of
the claim of nonapplicability of any of these nonapplicability of any of these requirements:
requirements: (a) Part 2-Internal Events PRA:
(a) Part2-Internal Events PRA: HLR-HR-E through HLR-HR-I
HLR-HR-E through HLR-HR-I (b) Part 3-Internal Flood PRA:
(b) Part 3-Internal Flood PRA: HLR-IFHR-A through HLR-IEHR-E
HLR-IFHR-A through HLR-IFHR-E (c) Part4-Internal Fire PRA:
(c) Part4-Internal Fire PRA: HLR-FHR-A through HLR-EHR-E
HLR-FHR-A through HLR-FHR-E (d) Part 5-Seismic EventPRA:
(d) Part 5-Seismic Event PRA: HLR-SPR-D
HLR-SPR-D (e) Part 7-High Wind PRA:
(e) Part7-High Wind PRA: HLR-WPR-D
HLR-WPR-D (f) Part 8-Extefnal Flood PRA:
(f) Part 8-External Flood PRA: HLR-XFPR-<E
HLR-XFPR-E (g) Part 9=Other Hazard PRA:
(g) Part 9-Other Hazard PRA: HLRXERC
HLR-XPR-C Fop modeled low power and shutdown POSs,
For modeled low power and shutdown POSs, ENSURE new HFEs meet the Capability Category
ENSURE new HFEs meet at least the Capability I requirements in [2-2] as applicable to the
Category I requirements in [2-2] as applicable to, scope of the Level 2 PRA or SPECIFY a basis to
the scope of the Level 2 PRA or SPECIFY a basgis'to  support the claim of nonapplicability of any of the
support the claim of nonapplicability of any\of the = requirements in [2-2].
requirements in [2-2].
PT-P2 ESTIMATE, in a conservative manner, the ESTIMATE the realistic probability of applicable
probability of applicable HFEs following the HFEs following the onset of core damage
onset of core damage includedAntSR PT-A7. Itis included in SR PT-A7 using applicable HRA
acceptable to assume severe accident management — methods that include the impact of structural
guideline (SAMG) actions are not successfully changes in organizational behavior as well as the
implemented. time required and the time available to perform
the action for significant accident progression
sequences.
For accident progression sequences that are not
significant, ENSURE the requirement for CC-I is
met.
PT-P3 If crediting repair, ENSURE the credit given is If crediting repair, ENSURE that plant conditions
conservative. do not preclude repair and actuarial data
exists from which to estimate the repair failure
probability as required by SR SY-A24 and SR
DA-C15 in Part 2 of [2-1]. Credit for off-site power
recovery based on generic data applicable to the
plant is acceptable.
PT-D4 For multiple human actions in the same accident For multiple human actions in the same accident

progression sequence PERFORM an analysis of
HFE dependency and at least meet the applicable
Capability Category I requirements of Part 2 of
[2-1] or SPECIFY a basis to support the claim of
nonapplicability of any of these requirements;
specifically, SR HR-G7, SR HR-G8, SR HR-G9,

SR HR-H4 and SR QU-C2 of [2-1].

progression sequence PERFORM an analysis

of HFE dependency and meet the applicable
Capability Category II requirements of Part 2 of
[2-1] or SPECIFY a basis to support the claim of
nonapplicability of any of these requirements;
specifically, SR HR-G7, SR HR-G8, SR HR-G9,
SR HR-H4 and SR QU-C2 of [2-1].
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Table 2-2.4-5 Supporting Requirements for HLR-PT-D (Cont’d)

Index No.
PT-D Capability Category I Capability Category II

PT-D5 INCLUDE the impact of environmental conditions  INCLUDE the impact of environmental conditions
when estimating the probability of applicable HFEs when estimating the probability of applicable HFEs
in a conservative or a combination of conservative  in a realistic manner based on probabilistic and /or
and realistic manner. deterministic analvses for the Qigniﬁ'rnnf accident

progression sequences.

For accident progression sequences that are not
significant, ENSURE the requirement fot)€C-1 i
met.

PT-D6 JUSTIFY treatment of fission product scrubbing as a basis for reducing local levels of radivactivity to
levels that support human actions (e.g., cite relevant experimental evidence or result$-0f deterministic|
calculations for the decontamination factor used).

PT-D7 JUSTIFY treatment of the complement of HEPs following the onset of core damadge (i.e., the probability

of successful operator actions following the onset of core damage) (e.g., demonstrate that excessive
conservatism, such as the use of screening values, was not applied to an¢HEP in cases where this wou
lead to a less severe end state).

The frequencies of radionuclide RCs, using appropriate models and codes aacounting for method-specific limitations
features, shall be calculated (HLR-PT-E).

Table 2-2.4-6 Supporting Requirements for-HLR-PT-E

hnd

Index No.
PT-E Capability Category I Capability Category II

PT-E1 CALCULATE the frequency of each RC (as defined in HLR-ST-A) consistent with the methods prescriped
in HRL-PT-A, HLR-PT-B, HLR PT-C, and HIZR-PT-D.

PT-E2 EVALUATE dependencies introduced by common ~ EVALUATE dependencies introduced by commjon
physical parameters involved in multiple CET physical parameters involved in multiple CET tpp
top events (or equivalent) in a conservative or a events (or equivalent) in a manner that provideg for
combination of conservative andyrealistic manner. a realistic estimate of the frequencies of significgnt

accident progression sequences.

For accident progression sequences that are not
significant, ENSURE the requirement for CC-T is
met.

PT-E3 USE a quantification methodology that accurately models the complementary “success” state where High
failure probability events are included in the Level 2 PRA logic model.

PT-E4 SPECIFY the criteria used for the term “high failure probability” in SR PT-E3 and provide a basis for the
criterid.

PT-E5 CQOMPARE the end state frequencies in the Level 2 analysis to the corresponding input frequency
from the Level 1/Level 2 PRA Interface and EXPLAIN any discrepancies between the sum of the CDH
contributors and the total Level 2 end state frequencies.

PT-E6 IDENTIFY any method-specific limitations in the quantitative results including those that arise from the
effects of high failure probability events.

PTES PERFORM a frequency truncation study to demonstrate the degree of convergence for significant RCq
consistent with SR QU-B3 in Part 2 of [2-1].

PT-E8 SELECT appropriate truncation limits for accident sequences (or cutsets) to ensure the proper

incorporation of frequencies and dependencies in each RC consistent with SR QU-B2 in Part 2 of [2-1].
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Table 2-2.4-6  Supporting Requirements for HLR-PT-E (Cont’d)

Index No.
PT-E Capability Category I Capability Category II

PT-E9 EVALUATE importance measures to RCs and/or EVALUATE importance measures to RCs and/
surrogate release metric for PDSs. or surrogate release metric for PDSs, individual

SSCs, human actions, severe accident phenomena
that contribute to Qigniﬁrnnf accident progression
sequences.

For accident progression sequences that are not
significant, ENSURE the requirement for CC3l\is
met.

PT-E10 REVIEW the importance measures evaluated in SR PT-E9 to ensure that they are consistent with expected
results and understand or reconcile the reason for any unexpected results.

PT-E11 REVIEW a sample of the significant accident progression sequences/cutsets for each-R€ sufficient to
determine that the logic of the cutset or sequence is correct.

PT-E12 REVIEW the results of the PRA for each RC for modeling consistency (e.g., eventsequence model
consistency with systems models and success criteria) and operational consistency (e.g., plant
configuration, procedures, and plant-specific and industry experience).

PT-E13 REVIEW results for each RC to ensure that the flag event settings, mutually exclusive event rules, and
recovery rules (if applicable) yield logical results.

PT-E14 COMPARE results to those from similar plants if COMPAREesults to those from similar plants if
information from similar plants is available. information from similar plants is available and

JUSTIFY causes for differences (e.g., explain why
onge RC is a large contributor for one plant and not
another).

PT-E15 REVIEW a sampling of accident progression sequences that are not significant to determine they are
reasonable and have physical meaning.

Table 2-2.4-7 Supporting Requirements for HLR-PT-F
Undertainties in the frequencies of radionuclide r€lease categories shall be defined. Sources of model uncertainty and
relaed assumptions shall be identified and theix potential impact on the estimation understood (HLR-PT-F).
Irjdex No.
PT-F Capability Category I Capability Category II

PT-F1 CHARACTERIZE theuincertainty range for CALCULATE the uncertainty range for the
branching probabilities (split fractions) developed = parameter estimates of significant basic events
under HLR-PT-A, HLR-PT-B, HLR-PT-C, and used to represent branching probabilities (split
HLR-PT-D. Expert judgment may be used. If using  fractions) developed under HLR-PT-A, HLR-PT-B,
expert judgment, SATISFY the requirements of HLR-PT-C, and HLR-PT-D. Expert judgment
Sectiond-42, Use of Expert Judgment. may be used to estimate the uncertainty range

for branching probabilities (split fractions) where
alternate approaches are impractical. If using
expert judgment, SATISFY the requirements of
Section 1-4.2, Use of Expert Judgment.

For basic events that are not significant, ENSURE
the requirement for CC-I is met.

PT-F2 ESTIMATE the parameter uncertainty on the CALCULATE the parameter uncertainty on the

frequency of significant RC(s) providing a basis for  frequency of significant RC(s); INCLUDE treatment

the estimate consistent with the characterization of  of state-of-knowledge correlation if applicable.

parameter uncertainties. For RC(s) that are not significant, ENSURE the
requirement for CC-I is met.

PT-F3 IDENTIFY the sources of model uncertainty, the related assumptions, and reasonable alternatives of the

Probabilistic Treatment of Accident Progression and Source Terms in a manner consistent with SR PT-F4.

PT-F4 ASSESS the effects of individual sources of model uncertainty, related assumptions and combinations of

interest identified for each technical element (including those transferred in SR L1-B8).
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Table 2-2.4-8 Supporting Requirements for HLR-PT-G

The documentation of the Probabilistic Treatment of Accident Progression and Source Terms shall provide traceability of
the work (HLR-PT-G).

Index No.
PT-G Capability Category I Capability Category II

PT-G1 DOCUMENT the process used in the Probabilistic Treatment of Accident Progression and Source Terms

cﬂarw‘:( 11'10' whatisused as 1nh11+ the nr\ﬂhor] moﬂ'\nr]c and results - Address the Fn”nn?ihg aswell as

other details needed to fully document how the set of SRs are satisfied:
(a) accident progression framework and radionuclide release (source term) categories
(b) branching probabilities (split fractions) or supporting models for quantitatively characterizing sevfere
accident phenomena and their bases
(c) branching probabilities (split fractions) or supporting models for quantitatively characterizing the
reliability of modeled equipment in the accident progression framework and their bases
(d) branching probabilities (split fractions) or supporting models for quantitatively characterizing the
reliability of human actions in the accident progression framework and their bases
(e) the frequencies of radionuclide release categories, including method-spegificlimitations and featufres
of models and codes used
() the Level 2 PRA quantification process and results including:

(1) general description of the quantification process

(2) the comparison of severe accident challenges and the contaihiwent performance

(3) the treatment of high failure probability events in the Level\2 PRA logic model quantification

(4) the process and results for establishing the truncation Valtes for final quantification

(5) the parameter uncertainty on the frequency of significant RC(s)

(6) records of the cutset review process

(7) importance measure results

(8) comparison of results to similar plants inclading causes for differences

PT-G2 DOCUMENT the sources of model uncertainty, related assumptions, their characterization and
reasonable alternatives associated with the Probabilistic Treatment of Accident Progression and Sourcg
Terms identified in HLR-PT-E.
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Table 2-2.4-9 Containment Failure or Bypass Events to Be Assessed in the Development of a Level 2 PRA

Containment Design [Note (1)]

AP-1000, U.S.
EPR, U.S. APWR,

Large Dry & Ice ABWR, ESBWR BWR
Contributor Subatmospheric Condenser BWR Mark | BWR Mark 11 Mark llI

Confamment isolation raiare X X X X X [Note (2]

Confainment Bypass

(@ ISLOCA X X X X X

(b) $GTR X X

(© Induced SGTR X X

(d) Isolation condenser tube rupture x (if applicable) x (if applicable)

Enengetic containment failures

(@ High pressure melt ejection (HPME) X X X % X

(b) Hydrogen combustion X X x [Note (3)] x [Note (3)] X

RPV pvertical displacement due to blowdown forces

X X

[Notp (4)]

Corg debris impingement [Note (5)] X X X

Stedm explosion [Note (6)] X X X X X

Shell melt-through . ... x (if applicable) x (if applicable)

Prespure suppression bypass [Note (7)] ... X X X X

RPVjand/or containment venting x (if applicable)  x (if'applicable) x X X

Vacjum breaker failure ... N X X X

Hydfodynamic loads under severe accident conditions ... e X X X

Ovefpressure failure due to increases in quasi-

static pressure (i.e., steam and non-condensable « N N "

gas fontent) combined with increased atmosphere

temperature

Mechanical and electrical penetration failure X X X X X

Confainment leakage at hatches, past degraded

. P X X X X
pengtration seals as well as pre-existing linexleakage

BMNIT X X X X X

GENERAL NOTE: Combinations of.cantributors may also be considered where appropriate. For example, in a BWR Mark | or Il, the combination

of cgntainment flooding and containment venting may be considered.

NOTES:

(1) [The containmentfailure and bypass events listed in this table are not intended to be prescriptive or complete. They are minimal starting
boints for the analysis of reactor/containment configurations with some Level 2 PRA experience (industry and/or NRC).

(2) prywell (DW)isolation failure.

(3) Kombustienwithin the containment might be precluded during at-power operation when the containment is inerted. The consideration of
combustible gases in reactor buildings and auxiliary buildings outside of containment may also introduce adverse effects on the ability to
nitigate severe accidents. These effects are noted here, but this table is constructed only to address containment failure or bypass events.

(4) Thic forlira mooadaic cancad Imy: tha npumrrl raaction forcac o rr\mp'xn\yl;ng RR\/lawarbaoad foiliivra o high prnrrnrn_ nirpl—; amant oftha DDV/

)
©)
@

and attached piping can cause damage to piping penetrations and other containment structures.
Refers to direct contact between molten core debris and a thin-walled (steel) containment shell.
The probability of a steam explosion challenge is generally low.

Ice bed bypass for ice condensers and suppression pool bypass for BWRs.
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2-2.5 SOURCE TERM ANALYSIS (ST)
2-2.5.1 Objectives

The objectives of the Source Term Analysis are to calculate a unique source term to the environment for each
radionuclide RC in such a way that:

(a) Release categories are defined based on the Source Term Analysis.

(b) Source terms are determined.

pizad
FrEteer

(d) The Source Term Analysis is documented to provide traceability of the work.
Table 2-2.5-1 provides the HLRs for the Source Term Analysis.

Table 2-2.5-1 High Level Requirements for Source Term Analysis (ST)

Designator Requirement
HLR-ST-A The Source Term Analysis shall define RCs.
HLR-ST-B The source terms shall be determined.
HLR-ST-C Uncertainties in the radionuclide release/transport phenomena analysis shall be characterized. Soufces

of model uncertainty and related assumptions shall be identified and their potential impact on the
analysis understood.

HLR-ST-D The documentation of the Source Term Analysis shall provideraceability of the work.

Table 2-2.5-2 Supporting Requiréments for HLR-ST-A
The Source Term Analysis shall define release categories (HLR-ST-A).

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

ST-A1l SPECIFY attributes of radionuclide RCs (source term bins) in terms of sequence characteristics that afffect
the source term.

ST-A2 DEFINE the RCs using the attributes specified by SR ST-A1. As a minimum, select the release magnityde
to characterize RCs.

ST-A3 DEFINE surrogate release shetrics used in the analysis.

ST-A4 SPECIFY the attribute$ used in the development of surrogate release metrics. INCLUDE in these
attributes a description of the manner in which events that affect the effectiveness of off-site public
response (such as.external hazards) is treated.

ST-A5 By using the-attributes specified in SR ST-A1, By using the attributes specified in SR ST-A1,
SPECIFY the-particular combination of attributes SPECIFY the combination of attributes that
that uniquely identifies the surrogate release uniquely identifies the common characteristics ¢f
metrics.defined in SR ST-A3. accident sequences leading to each RC.

Foraccident progression sequences that do
nothave surrogate release metrics, SPECIFY a
simplified set of source term characteristics.

ST-A6 DEMONSTRATE that combinations of attributes defined in SR ST-A5 lead to a complete set of RCs th
supports the scope of the Level 2 PRA.

-

ST4A% JUSTIFY the time period for which radiological releases to the environment are considered in the
characterization of RC (e.g., confirm the cumulative release has stabilized), INCLUDE consideration of

the analysis termination time defined in SR SA-D4.
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Table 2-2.5-3 Supporting Requirements for HLR-ST-B
The source terms shall be determined (HLR-ST-B).

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

ST-B1 ESTIMATE source terms using available and CALCULATE plant-specific source terms according
applicable existing generic or reference plant to the requirements delineated in HLR-SA-A, HLR-
saurce term analvses or a combination of P];\nf- SA-B HIR-SA-C and HIR-SA-D to r}112ﬂfiFv the
specific and generic or reference plant source term  source term characteristics defined in SR ST-A2 fdp,
analyses. JUSTIFY applicability of generic analyses; the attributes specified in SR ST-A5 to represent
for example, by considering similarities and each RC using models, empirical correlations, and
differences in: values of parameters based on a best-estimate
(1) reactor and containment design features in the  representation of the physical processes,of fission
plant or facility being studied versus the reference  product transport from its source, through release
plant or facility pathways that involve the RCS and-eontainment, to
(b) accident sequence characteristics for which the  the environment.
generic or reference source term was developed When conservative assumptions, values for input
versus the sequences for which the source term will parameters, or models are\ised, JUSTIFY their
be applied in the PRA use (e.g., no state-of-practice or consensus model
(c) operating fission product transport and exists, impact on release profile is small or choices
attenuation mechanisms represented in the generic  represent potential\lirhitations of analytical tools)
or reference source term(s) versus those expected to and IDENTIFY the impacts on the results of
operate in the sequences in the PRA characterized  intentionallyicenservative or bounding inputs or
by the selected source term models.

ST-B2 IDENTIFY the attributes used to select a representative acciflent sequence within each RC that include
accident sequence frequency as well as the magnitude an@, timing of fission product release to the
environment.

ST-B3 SELECT a sequence within each RC that represents JSELECT a sequence within each RC that provides
a conservative source term for sequences within, a realistic representation of the source term for
the RC (i.e., the representative sequence generates  significant accident progression sequences.

a larger and/or earlier release of similar magnitude For accident progression sequences that are not
than would result from the other sequences'within  significant, ENSURE the requirement for CC-I is
the RC). met.

ST-B4 CHARACTERIZE the conservatists-in the CHARACTERIZE the range of source terms for
sequence selected in SR ST-B3. accident sequences within each RC selected in SR

ST-B3.

ST-B5 JUSTIFY any credit taken for fission product scrubbing as a basis for reducing releases through a
containment bypass pathway (e.g., cite relevant experimental evidence or results of deterministic
calculations for the decontamination factor used).

ST-B6 IDENTIFY method-specific limitations in the Source Term Analysis.
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Table 2-2.5-4 Supporting Requirements for HLR-ST-C

Uncertainties in the radionuclide release/transport phenomena analysis shall be characterized. Sources of model uncer-
tainty and related assumptions shall be identified and their potential impact on the analysis understood (HLR-ST-C).

Index No.
ST-C Capability Category I Capability Category II
ST-C1 IDENTIFY the sources of model uncertainty, the related assumptions, and reasonable alternatives of the
Source Term Analusisin a mannerthat supports the applicable reguirements of SR PT.EA
J rr rr s
ST-C2 IDENTIFY uncertain parameters influencing source terms for the representative sequences.
ST-C3 For representative sequences, CHARACTERIZE For representative sequences CALCULATFE the
the effects of uncertainties associated with input effects of uncertainties associated with model
parameters identified in SR ST-C2. input parameters identified in SR $T-C2 using a
quantitative method for significant RCs.
For RCs that are not significant, ENSURE the
requirement for CC-I is met.
ST-C4 For each source of model uncertainty and assumption identified in SR ST-CI(that are not investigated [in

SR ST-C3, CHARACTERIZE how the Source Term Analysis is affected.

Table 2-2.5-5 Supporting Requirements for-HLR-ST-D

The documentation of the Source Term Analysis shall provide traceability of thework (HLR-ST-D).

Index No.
ST-D Capability Category I Capability Category II

ST-D1 DOCUMENT the process used in the Source Term Analysis specifying what is used as input, the applfed
methods, and results. Address the following, as well*as other details needed to fully document how tHe
set of SRs are satisfied:
(a) RC definitions
(b) the results of source term calculation$

ST-D2 DOCUMENT attributes of radionuclide*RCs specified in SR ST-A1 and combinations specified in SR qI-
A5 for each RC included in the scopel6f the Level 2 PRA.

ST-D3 DOCUMENT the definition and-associated justification of any surrogate release metrics used in addit{on
to the RCs (such as LR and/or large early release).

ST-D4 DOCUMENT the manneinin which a surrogate release metric (defined in SR ST-A3) is related to RCs
defined in SR ST-A2.

ST-D5 DOCUMENT the seurces of model uncertainty, related assumptions, their characterization, and

reasonable altérnatives associated with the Source Term Analysis identified in SR ST-C1, SR ST-C2, SR
ST-C3, and $RST-C4.
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2-2.6 EVALUATION AND PRESENTATION OF RESULTS (ER)

2-2.6.1 Objectives

The objectives of the Evaluation and Presentation of Results are to present the evaluation and results in such a
way that

(a) The Evaluation and Presentation of Results identifies significant contributors, characterizes uncertainties, and
identifies limitations adequately.

(1

Thble 2-2.6-1 provides the HLRs for the Evaluation and Presentation of Results.

Table 2-2.6-1 High Level Requirements for Evaluation and Presentation of Results (ER)

Designator Requirement

HLR-ER-A The Evaluation and Presentation of Results shall identify the significant contributor§te Level 2 PRA,
the quantitative and qualitative process used to characterize uncertainty, and the dimitations in the
analysis that could impact the applicability of the results.

HLE-ER-B The documentation of the Evaluation and Presentation of Results shall prowide traceability of the work.

Table 2-2.6-2 Supporting Requirements for HLR-ER-A

The Evaluation and Presentation of Results shall identify the significant contributots to Level 2 PRA, the quantitative and
quallitative process used to characterize uncertainty, and the limitations in the analysis that could impact the applicability
of the results (HLR-ER-A).

Irjdex No.
ER-A Capability Category I Capability Category II
ER-A1 IDENTIFY significant contributors (e.g., initiating events, Level 1 PRA accident sequences, basic events,
cutsets, PDSs, accident progression sequences, phénomena, containment challenges, containment failure
modes, modeled plant operating states, and, sotirce term categories) and sources of model uncertainty
and related assumptions to each significanfiRC.
ER-A2 IDENTIFY the process used to charactexize the potential combined impacts of sources of uncertainty that

have been characterized quantitativiely and those that have been characterized qualitatively in the Level 2
PRA analysis (see SR L1-B10, HUR-CP-D, HLR-SA-E, HLR-PT-F, and HLR-ST-C).

ER-A3 IDENTIFY limitations in the'scope and level of detail of the Level 2 PRA analysis that could impact
potential applications (see SR CP-C5, SR SA-D5, SR PT-E5, SR PT-E6, and SR ST-B6).

ER-A4 IDENTIFY limitations.arising from the modeling assumptions made in the analysis and/or processes,
phenomena, or actions excluded from the analysis.

Table 2-2.6-3 Supporting Requirements for HLR-ER-B
The documentation of the/Evaluation and Presentation of Results shall provide traceability of the work (HLR-ER-B).

Irfdex No.
ER-B Capability Category I Capability Category II

ER-B1 DOCUMENT the process used in the Evaluation and Presentation of Results, specifying what is used as
input, the applied methods, and results. Address the following, as well as other details needed to fully
document how the set of SRs are satisfied:

(a) the fraction of the Level 1 PRA CDF captured in the Level 2 PRA analysis and the cause of any

reduction in the scope of the Level 2 PRA analysis from 100% CDF
(b) limitations arising from the scope, level of detail, or modeling assumptions

ER-B2 DOCUMENT significant contributors (e.g., initiating events, Level 1 PRA accident sequences, basic
events, cutsets, PDSs, accident progression sequences, phenomena, containment challenges, containment
failure modes, modeled POSs, and source term categories) and sources of model uncertainty and related
assumptions to each significant RC.
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NONMANDATORY APPENDIX 2-A
EXPLANATORY NOTES REGARDING APPLICATION AND REVIEW
OF THE LEVEL 2 SUPPORTING REQUIREMENTS

2-IJ.1 BACKGROUND AND OVERVIEW

Thhis NMA provides notes and general explanatory material tied to specific SRs as stated in Part 2 of this Standard.
Thg material contained in this Appendix is nonmandatory and, as such, does not establish new requirements; rather,
the[material is intended to clarify the intent of an SR, explain jargon that might be used in an SR, and/or provide
examples of analysis approaches that would meet the intent of the SR.

Note that a useful collection of defined severe accident-related terms can be found in NUREG32122 [2-A-1].

2-A.2 COMMENTARY TO LEVEL 2 TECHNICAL ELEMENTS AND REQUIREMENTS
2-Al2.1 Commentary to Level 1/Level 2 PRA Interface (L1)

(Ine such structure that would meet the objectives of the Level 1/Level 2 PRA Interface and also provides a con-
verfient transition point for summarizing the contributors to CDF is to consolidate or group accident sequences (or
indjvidual cutsets) from the Level 1 PRA in a manner that reduces the numbef of unique scenarios for evaluation
while preserving the initial and boundary conditions to the analysis of plantyesponse (i.e., PDS or equivalent).

This Section provides commentary for SRs contained in Table 2-2.1-28dable 2-2.1-3, and Table 2-2.1-4 of Part 2 of
thig Standard. The following tables provide the commentary or additional material for the SRs helpful in under-
stannding the intent of the requirement.

Table 2-A.2.1-1 Commentary to High Level Reguirements for the Level 1/Level 2 PRA Interface (L1)

Designator Commentary
HLR-L1-A No commentary provided
HLR-L1-B No commentary provided.
HLR-L1-C No commentary provided.
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Table 2-A.2.1-2 Commentary to Supporting Requirements for HLR-L1-A

Index No.
L1-A Commentary
L1-Al The purpose of this SR is simply to identify physical characteristics that are important to the Level 2

analysis. These characteristics may be included directly in the Level 1 PRA or its supporting calculations,

in bridge trees, or will be modeled to support the Level 2 analysis specifically.
In defining containment infr—\gri’rv (e g.-open intact _vented hvpacepd or failed) the fn]]nwing referenc,

oS

may be hélpful:

(a) “Nuclear Power Plant Response to Severe Accidents,” IDCOR Technical Summary Report,
Technology for Energy Corp. 1984 [2-A-2]

(b) NUREG-1150, “Severe Accident Risks: An Assessment for Five U.S. Nuclear Power Plarts,”
December 1990 [2-A-3]

(c) NUREG-1560, “Individual Plant Examination Program: Perspectives on Reactor $afety and Plant
Performance,” December 1997 [2-A-4]

(d) EPRI Report 1022186, “Technical Foundation of Reactor Safety: Knowledge Base for Resolving Sey
Accident Issues,” Electric Power Research Institute, Rev. 1 (2010) [2-A-5]

(e) Seong, C., et al., “Analysis of the Technical Status of Multi-Unit Risk Asse€ssment in Nuclear Powe
Plants,” Nuclear Engineering and Technology, Volume 50, Issue 3, April 2018 [2-A-6]

(/) NUREG/CR-6595 (Rev. 1), “Approach for Estimating the Frequencies of Various Containment Fai
Modes and Bypass Events,” U.S. Nuclear Regulatory Commission (2004) [2-A-7]

In item SR L1-Al(c), note that hydrogen mitigation systems may inelude igniters or hydrogen
recombiners (passive or active).

In evaluating item SR LI-A1(e), note that loss of containmentiintegrity or containment bypass prior to
onset of core damage could result either as a direct consequehce of the initiating event (e.g., ISLOCA,
seismic event, aircraft crash, or SGTR), as a consequence‘of plant response to certain accident sequenc
(e.g., intentional containment venting to compensatefor a loss of containment heat removal), or be a
characteristic of the plant configuration during shutdown. The status of containment isolation should
also be considered as part of containment integxity.

When considering item SR L1-A1(i), recognize that for LPSD accident sequences, fuel conditions with

the reactor vessel during or after refueling{operations (e.g., shutdown accident sequences) span a wid¢

range of physical states (e.g., number of.exposed fuel assemblies and average burnup), which influen
the initial decay heat levels and in-cgre'fission product inventories. Also, recognize that for at-power
accidents, the initial state of fuel canalso vary; for example, fuel conditions at end-of-cycle may be
assumed to maximize fission product inventories.

When identifying plant-spegificissues that may influence the interface between Level 1 PRA and Levs
2 PRA severe accident progression analysis note that the plant specific issues that influence the Level
Level 2 PRA Interface fnay consist of items that are formally addressed in supporting analyses or mayj
based on the judgment of the analysist.

Examples of plant:specific issues that may exist and influence the interface of the Level 1 PRA and Ley
2 PRA severe dccident progression analysis include the following;:

(a) Steam tinnel configuration in a BWR may influence reactor building environmental conditions gi
an un-isglated break outside containment in the steam tunnel.

(b) Haérd pipe containment vent paths may have configurations that use active systems to isolate
confiegtions to other systems or buildings to avoid discharge of combustible mixtures to unwanted
locations.

(e)" Plant-specific variations in safety relief valve (SRV) design may influence the pressure of the RPV
when SRVs are operating to depressurize the RPV (e.g., valves with pneumatic or electro-magnetic
operators).

(d) Plant-specific alignments that allow for the containment spray function to be supported by the us
portable pumps (fire trucks may also be used for delayed spray operations if properly sized). Note sp
headers may not be effective if spray pressure and flow are insufficient.

ere

ure

PS

Supporting analyses for this identification may include deterministic calculations using computer codes

or hand calculations.
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2-A.2.1-2 Commentary to Supporting Requirements for HLR-L1-A (Cont’d)

Index No.
L1-A Commentary

L1-A2 Examples of how accident sequence characteristics can impact physical characteristics identified in
SR L1-Al include the following:

(a) Transients can result in high RCS pressure.

(h) T.OCAsusually can result in lower RCS pressire

(c) ISLOCAs and SGTRs can result in containment bypass.

(d) Stuck-open steam generator secondary safety valve(s) can open a path to the environment following
failure of steam generator (SG) tubes.

(e) External hazards can cause damage to accident mitigation resources.

L1-A3 No commentary provided.

L1-p4 No commentary provided.

L1-A5 Possible approaches could include a “large event tree,” which represents a single, céntiguous event
sequence model similar to those documented in NUREG-1150 [2-A-3] or a set of linked event trees (e.g., a
main event tree supported by small, supporting, or decomposition event trees):-An example of the “small
event tree, linked fault tree” approach is given in NSAC-159 (Vols. 1-3) [2-A-8]:

Table 2-A.2.1-3 Commentary to Supporting Requirements’for HLR-L1-B
Irfdex No.
L1-B Commentary

L1-B1 The Level 1 PRA is used as the starting point for the deyelopment of the Level 2 PRA. Adequate scope of
the PRA refers to the initiating events, hazards, and qperational modes addressed in the Level 1 PRA that
are that are intended to be carried forward into Leyeli2 PRA model. For example, if it is intended to build
an at-power Level 2 fire PRA, a documented and-peer-reviewed at-power Level 1 fire PRA would be
needed. All significant deficiencies found in thé'peer review and any other exceptions for the Level 1 PRA
should have been properly resolved. The definition of significant deficiency needs to be considered in the
context of the regulatory framework (i.e.-outside of this Standard and on a country-by-country basis).

In the United States, the PRA peer-review guidance indicates that a Finding-level observation impacts
the technical adequacy of the PRA and is therefore a significant deficiency. Note that significant is in this
context is not to be strictly intended-as risk significant. For the purposes of constructing a Level 2 PRA,
documentation findings should only be considered significant deficiencies if they impact the ability to
properly build and documenisthe Level 2 PRA.

L1-B2 Examples of dependencies include the following;:

(1) initiator and suppert system dependencies

(b) prior equipmentfailures

(c) operator action dependencies (including available time and resource constraints)

(d) functional dependencies (including degraded plant conditions) and common cause dependencies

L1-B3 Example'methods to transfer dependencies include the following;:

(1) treatrient in Level 2 PRA

(b){expanding Level 1 PRA

(c) )construction of a bridge tree

(i) transfer of the information via PDSs

(e) a combination of the above methods

With regard to item (b) above, expanding the Level 1 PRA refers to increasing the analysis scope to
incorporate the evaluation and disposition of containment or severe accident mitigation systems within
the Tevel 1 PRA for nise in the Tevel 2 PRA

With regard to item (d) above, PDS mapping may include fully linking the Level 1 and Level 2 PRA
models. The specific characteristics of a PDS and the reasons they are important to the Level 2 PRA vary
among reactor and containment designs. For example, high RCS pressure (at the time of reactor vessel
lower head failure) can be important due to the potential for high-pressure melt ejection; however,

it can also be important for creating the necessary conditions for an induced SGTR and can affect
fission product deposition within the RCS. Additional examples of PDS characteristics are provided in
“Development and Application of Level 2 Probabilistic Safety Assessment for Nuclear Power Plants,”
SSG-4, International Atomic Energy Agency (IAEA), 2010 [2-A-9].
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Table 2-A.2.1-3 Commentary to Supporting Requirements for HLR-L1-B (Cont’d)

Index No.
L1-B Commentary

L1-B4 The status of certain systems that may not be relevant for a specific Level 1 accident sequence may be
important in the Level 2 PRA [e.g., the low pressure injection (LPI) system model may not be necessary
for high pressure core damage sequences; however, the success or failure of the LPI system may need to
he known thf-r‘nrp Hnmnop] This can be incliided in the Tevel 1 /I evel 2 PRA Interface as an element in
a bridge tree or modeled directed in the CET or equivalent.

This SR may be accomplished by using numerical quantification of success probability, complementarfy
logic, or a delete term approximation (or a combination of these methods) and includes the treatment pf
transfers among event trees where the “successes” may not be transferred between event trees.

Success logic for accident sequences refers to the logic included in a Boolean model that représents

the “success branch” of event trees and reflects those events that are logically excluded from the end
state cutsets for sequences modeled on the branches of the Level 1 PRA event tree, For-€xample, if RPY
depressurization was determined to be successful in Level 1 PRA [e.g., no commuerycause failure (CCH) of
the pressurizer SRVs to open], then that information should be transferred to-Level 2 to preclude havipg
common cause SRV failure be the cause of RPV depressurization failure if the.same question is asked jn
the Level 2 PRA.

L1-B5 As an example to support SR L1-B5 Capability Examples of the factors that will affect the PDS
Category I, if a small number of accident variation are these given in SR L1-A1 and SR L1-A2
sequence end states (e.g., PDSs) are used, then as well as those due to plant design or operational
the subsuming of the Level 1 accident sequences  considerations.
involves conservative modeling of the PDS
characteristics to adequately cover the range
of the different contributors to this small number
of PDSs.

“Conservative” in this context implies that
accident sequences are grouped in a manner that
skews the distribution of frequency among

RCs toward those representing earlier and,/or
larger releases of fission products.

L1-B6 See Commentary for SR L1-B5. When grouping sequences within a PDS bin, cons{der
With respect to conservative grouping, in cases the RC characteristics of the sequences as well as the
where there is significant variability with respect  frequency. PDSs should be assigned for sequences|
to a particular attribute (e/g; the availability that have similar characteristics such that there
of a particular compoxient), subsume the less should not be a large difference between sequencds
favorable conditions (in terms of effect on in a bin.
radionuclide release magnitude and timing) Note that if PDSs are seen to have too wide a rangge
within the groip)and transfer the information of characteristics, additional bins may be needed
to the Level(2 PRA. to ensure that the variability between sequences is

represented adequately.

L1-B7 Any.simplifications made by the analyst should = The total CDF is transferred from the Level 1 PRA|
betidentified to facilitate review. The degree to the Level 2 PRA. However, the frequency of
ofiransfer that is “sufficient” should be able to individual accident sequences with contributions
be justified based on the intended application below a particular threshold (1% of the total CDF, [for
of the model. example) can be allocated to a representative groujp

(or groups) as a whole.

L1-B8 No commentary provided.

L¥B9 No commentary provided.

L1-B10 When using expert judgment, it is recommended ~When using expert judgment, it is recommended

that the analyst identify the basis for the
parameter values such as pointing to completed
experiments or computer analyses.

that the analyst identify the basis for the parameter

values such as pointing to completed experiments
computer analyses.

or
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Table 2-A.2.1-4 Commentary to Supporting Requirements for HLR-L1-C

Index No.
L1-C Commentary
L1-C1 Note with respect to SR L1-C1(a), the information required for the Level 2 PRA could be accident
sequences and corresponding frequencies, dependencies, or system successes.
L1-C2 No commentary provided.

2.2 Commentary to Containment Performance
Analysis (CP)

is Section presumes the existence of some type

city to withstand the conditions resulting from
sign basis accident and retain a large portion of

guqrd systems (e.g., distributed sprays, coolers, and
paspive pressure suppression devices). Where such a
strycture does not exist (e.g., a filtered confinement),
portions of the analysis described in this section are
not|entirely applicable. Differences in requirements for
prepsure-retaining containment structures and filtered
conffinement structures are noted where appropriate.

I{ is expected that the requirements in the contain-
ment performance analysis would be examined for each
PO$ considered in the Level 2 PRA, taking into aecotint
chahges in containment configuration that can oecur as
opgrations shift from at-power conditions t0,refueling
and the transition states in between. Care should there-
forg¢ be taken to interpret the requirements in a manner

that applies the expected changes in containment con-
figuration. For example, during at-power" operating
conditions, the term “containment failure’mechanism”
is clearly understood in the context-ofStructural failure
or loss of isolation of an intact and iSolated containment
pressure vessel. This same term might necessarily rep-
resent the “normal” conditign.during certain periods of
reactor shutdown. During shutdown, the “failure mech-
anism” of the containment pressure boundary (hatches,
penetrations, etc.) cotild be treated as an assured con-
dition due to the physical configuration of the contain-
ment. There might also be transition states in which (for
example) hatches or penetrations might not be as com-
pletely secured as for at-power operation (e.g., some
bolts temoved from one or more flanges). This condi-
tiofi'could be treated as a “degraded” initial state of the
containment capacity. The SRs in the containment per-
formance analysis should be applied for each of these
conditions, as appropriate for the POS under evaluation.

This Section provides commentary for SRs contained
in Table 2-2.2-2, Table 2-2.2-3, Table 2-2.2-4, Table 2-2.2-5,
and Table 2-2.2-6 in Part 2 of this Standard. The follow-
ing tables provide the commentary or additional mate-
rial for the SRs helpful in understanding the intent of
the requirement.

able 2-A.2.2-1 Commentary to High Level Requirements for Containment Performance Analysis (CP)

Designator Commentary
HLR-CP-A Ne'¢ommentary provided.
HLR-CP-B No6 commentary provided.
HLR-CP-C No commentary provided.
HLR-CDP-® No commentary provided.
HLR-CR-E No commentary provided.
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Table 2-A.2.2-2 Commentary to Supporting Requirements for HLR-CP-A

Index No.

CP-A

Commentary

CP-Al

Containment failure mechanisms should reflect the specific containment design. All containments will

be expected to have overpressure failure and penetration failures. The purpose of the plant-specific

investigation is to supplement a standardized list of “common” containment failure mechanisms from

studies of other p]an’rq with similar containment r‘]pcign features to the Qppriﬁr to the p]anf under

consideration. Concrete containments will also be susceptible to liner tears, and steel containments m{
also be susceptible to thermally induced failures and vacuum induced compression failures.

In identifying containment failure mechanisms, note that chemical composition of containmertt
structures can impact aspects of the containment failure process such as basemat erosion and radiolog
degradation of cable insulation and/or penetration materials.

SR L1-A1 should also identify those containment bypass and loss of isolation events that directly
contribute to the core damage sequence. However, there are many failures of containment isolation
states that are indeterminate from the perspective of a core damage sequence. Su¢h(failures can includ
potential containment failure mechanisms that result from loss of containment i$olation, such as throy
open containment vents, failed containment penetrations, or cavity drains. Stich containment failure
modes should also be considered in identifying the complete set of containment failure mechanisms.

y

ical

CP-A2

Failure of containment isolation due to the inability of containment jSplation valves to close may be
considered within the scope of the Level 1 PRA and should be transferred into the Level 2; alternative
it may be developed as a new system in HLR-PT-C. These failures are not considered in the scope of S
CP-A2.

Use of generic testing information may be used to identify applicable failure modes. Failure mechanis
should be evaluated for applicability to the plant beingéevaluated.

Non-condensable gases may include air, containmentatmosphere inerting gas, hydrogen, and other n|
condensable gases generated by in-vessel oxidationf metallic core components or ex-vessel (e.g., cor
concrete interactions).

Dynamic loads are related to effects such as BWR RPV blowdown through SRVs, downcomers, or
other bypasses that impose extraordinary, lodds on the containment boundary or critical containment
components. These loads can be exacerbated by containment water levels above design or by water
temperatures above design. Some PWRs may have in-containment refueling water storage tanks (RW
that may also lead to the consideration of containment challenges related to hydraulic loads.

Note that containment overpressure from hydrogen combustion should include consideration of the
point at which deflagration can'transition to detonation [i.e., deflagration to detonation transition (DI}

=

Imns

CP-A3

Examples of these phenomena include material creep, or seal failure due to sustained exposure to hig}
temperatures, and radiation damage to containment sealant materials.

=

Severe accident conditions may impose high temperature and radiation challenges on seals and sealarjts/

elastomers, which'tmay impact integrity of containment penetrations. Chemical reaction sand radiolog
exposure may(impact cable insulation. Chemical process may also impact basemat erosion, fission
product reléase, and speciation.

ical
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Table 2-A.2.2-2 Commentary to Supporting Requirements for HLR-CP-A (Cont’d)

Index No.

CP-A

Commentary

CP-A4

The included examples are not expected to be exhaustive. It is the responsibility of the analyst to review
the containment design to confirm credible containment failure mechanisms have been adequately
considered.

Analysis of the hy r‘]rnm:n detonation event at Fukuishima-Daichi sugeests that it may be l"anQ]]"D]P for

detonations outside the containment to create conditions that could Challenge its mtegrlty In addition to
direct pressure loads, detonations outside containment could also cause motion of piping that penetrates
the containment, which could challenge containment penetrations. The impact on containment integrity
associated with a detonation outside the containment could be considered a source of uncertainty ahd
can be identified and characterized in HLR-CP-D.

CP

A5

No commentary provided.

A6

Sources can include generic industry experience regarding results of 10 CFR 50 Appendix J [2-A-10]
testing on containment, penetrations, operational issues associated with open contaihment for
maintenance/refueling, hatches left open, hatches or closures not tensioned to the.correct torque,
incorrect or deficient seal material in place, containment flaws, and containment corrosion leading to loss
of capacity capability.

CPA

A7

The analyst should look for potentially subtle pathways that could allew,combustible and non-
combustible gases to enter the auxiliary building during a severe accident that could compromise the
ability of these buildings to retain fission products due to combustion or overpressurization. Pathways
may involve overpressurization of piping or ducting that allows' tommunications between the
containment and the auxiliary building. These pathways cafiintroduce combustible gases in areas where
they may pose hazards to operating equipment and secondary barriers.

CPA

A8

Note that the term “failure mechanisms” was used as'this requires a defined location. For example,
hatches fail at one location with a specified area. Some 'containment failures will be at the beltline, others
at the basemat.

CPA

A9

No commentary provided.

Table 2-A.2.2-3 Commentary to Supporting Requirements for HLR-CP-B

Commentary

CPA

No commentary provided.

CPA

“Failure” could be défined as a maximum global membrane strain away from discontinuities of 1% for
the assessment of-tiltimate pressure capacity for cylindrical reinforced concrete containments.

One common approach to determining the capacity limit(s) for structural materials is to assume
bounding cofstant temperature material properties as part of the method selected to evaluate the
structural capacity of the containment or other buildings.

Multiple\capacity limits might be defined depending on the number and type of failure mechanisms
included.
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Table 2-A.2.2-3 Commentary to Supporting Requirements for HLR-CP-B (Cont’d)

Index No.
CP-B Commentary

CP-B3 One option would be to provide an example where A validated model implies (1) use of a standard
the analyst may apply a scalar to the containment  structural analysis code, such as ANSYS, that
design pressure based on observed ratios of failure- is capable of modeling geometry and material,
fn-r]pcign pressire calculations for other similar (2) a structural model developed with standard
containment structures. modeling practice and (3) an independent reviepv
Another option would be to demonstrate that of the methodology and results. This is typical qf
quantitative results of reference plant calculations  standard engineering structural analysis:
are conservatively adapted to the plant and In many instances, containments are@designed
accident scenario of interest. to standard conditions and their performance is
Assuming an ultimate containment pressure validated by standard computer methods. When
of 2 times the containment design pressure is such analyses are available and the design analysis
consistent with scaled failure tests and ultimate is directly applicable to theyplant with perhaps
strength analyses of containments typically that minor differences, and, provides the necessary
show containment failure pressures to be more information to meet this.5R, such analyses shoufd
than a factor of 2 above the calculated containment  be considered sufficient to meet the intent of thip
design pressure. Selection of scaling factors greater ~ SR.
than 2.0 should be carefully assessed as there is Existing design=specific structural analyses direftly
a concern that as the structure transitions further applicable‘tathe plant specific containment des{gn
above its design pressure, non-linear factors and may be {ised, as available.
structural discontinuities (e.g., large penetrations) =~ Wheretavailable, it is acceptable to use results
may become important factors in defining the ofrapplicable experimental measurements of
ultimate containment strength. It is also expected containment performance for specific containm¢nt
that the analyst confirms that when using the fdilure mechanisms.
reference test data, that the tests were conductediin * Quasi-static containment capability analyses
a way that properly scaled the containment désigri  may not be appropriate where high hydrogen
features and the experiments were conducted concentrations exist. This is more likely for small
on a containment design that is similar tg'the volume containments or containments with
plant design or that adjustments used tg address geometries that support hydrogen pocketing or
deviations are conservative. collection in small volume areas.
Quasi-static containment capability; analyses
may not be appropriate where high hydrogen
concentrations exist. This is more likely for small
volume containments or-containments with
geometries that suppatrt hydrogen pocketing or
collection in small velume areas.

CP-B4 A discussion ofamethodology for including degraded conditions in a containment structural analysis gnd
example analyses of various degraded (e.g., aged) containment designs can be found in NUREG/CR-
6920 [2-A=11}Known degradations should be considered in the failure analysis. Unknown degradatiqns
can be dealt with as part of the uncertainty characterization.

CP-B5 Thetmal-mechanical challenges are based on the Thermal-mechanical challenges are based on th¢
results of severe accident analyses. results of severe accident analyses.

CP-B6 Buildings outside containment structures may No commentary provided.
include BWR reactor building, PWR auxiliary
building, turbine buildings, or other structures that
may be impacted by the consequences of the severe
accident.

R BZ Neo-commentary-provided—————— No-commentaryprovided—

CP-B8 No commentary provided. No commentary provided.
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Table 2-A.2.2-4 Commentary to Supporting Requirements for HLR-CP-C

Index No.
CP-C Commentary

Cp-C1 The time duration of the load would need to The time duration of the load would need to
be accounted for in a creep analysis for the be accounted for in a creep analysis for the
containment structure. Typically, creep failure containment structure. Typically, creep failure
modes in the time frame of a severe accident would maodes in the time frame of a severe accident would
require extremely high temperatures to have a require extremely high temperatures to have a
significant impact on the containment failure significant impact on the containment failure
characteristics. This is considered to be beyond the  characteristics. This is considered to be beyend-the
state of practice and is therefore not included in state of practice and is therefore not included'in
this SR. this SR.

Expert judgment in concert with experimental or Expert judgment in concert with experimental or
computational insights may be used to establish computational insights may be used-to establish
failure criteria/fragility curves. failure criteria/fragility curves:

CP{2 Plant operational modes refer to the operational Plant operational modes refex to the operational
status of the plant. These states include “full status of the plant. These:states include “full
power operation,” shutdown, and refueling. When power operation,” shutdown, and refueling. When
treating shutdown modes, consider including treating shutdown@odes, consider including
transition modes within the shutdown state. transition modeswiithin the shutdown state.

Note that for some modes of reactor operation, Note that for semie modes of reactor operation,
containment failure limits and failure modes may  containment failure limits and failure modes may
differ from those “at-power” due to changes in differ fromythose “at-power” due to changes in
containment closure requirements. Particular containment closure requirements. Particular
attention should be paid to justifying the use of atténtion should be paid to justifying the use of
“at-power” fragility curves for severe accident “at-power” fragility curves for severe accident
challenges should be representative for low power < ‘challenges should be representative for low power
operation. However, use of “at power” fragility operation. However, use of “at power” fragility
curves for shutdown modes of will be non- curves for shutdown modes of will be non-
conservative for operating states allowing pattial conservative for operating states allowing partial
containment closure. containment closure.

Note that containment failure mechanisis for Realistic analyses are performed using state-

CC-I are expected to be conservatively biased, of-practice structural analysis methods and are
that is result in lower failure thresholds and/ evaluated using realistic material properties.

or more adverse failure modes.Itis conservative Realistic analyses typically involve a finite element
to treat shutdown containmeént states as an open representation of the structural component being
containment. analyzed, realistic failure limits and may allow
Containment conditions for low power modes structural responses to extend into the plastic

will be similar to “at.power.” When treating region. Bounding analyses are intended to be
shutdown modes-note that containment conditions  biased calculations that indicate margin to failure.
are dependent on-shutdown state and plant Analyses that use elastic property failure limits and
procedures.-In_some instances, containment may lower limit of material properties in a containment
not be clesed’but not capable of withstanding full ~ failure analysis would be considered bounding.
designtpressure.

CP{LC3 “Conservative” in this context implies that the Realistic assessments of failure area are expected
location and size of failure would result in an for the lower pressure failure (more likely)
earlier, larger, or both earlier and larger release of containment failure modes. For more robust
fission products to the environment than would containment SSCs (e.g., hatches at power), a less
result from a realistic analysis. In selecting location ~ detailed analysis is reasonable and containment
(or range of locations) the downstream application  failure areas could be conservatively applied (i.e.,
Hmaasbasralazant Qxo

Note that for some modes of reactor operation,
failure limits may differ from those used for at-
power operation due to changes in containment
closure requirements. Thus, using the “at-power”
fragility curves for severe accident challenges
during all modes of operation may not be
appropriate (see commentary on SR CP-C2).

farger-areas)
No?e that for some modes of reactor operation,
failure limits may differ from those used for at-
power operation due to changes in containment
closure requirements. Thus, using the “at-power”
fragility curves for severe accident challenges
during all modes of operation may not be
appropriate (see commentary on SR CP-C2).
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Table 2-A.2.2-4 Commentary to Supporting Requirements for HLR-CP-C (Cont’d)

Index No.
CP-C Commentary

CP-C4 Generic fragility data may include fragility test For seismic events in particular, consider that
data, generic seismic, or HWs qualification test relative motions between the auxiliary building
data, earthquake experience data, and so on. (or equivalent) and containment can overstress
Conservative estimation conld inclide 11<ing cantainment ppnpfrafinnc and can canse localized
bounding estimates to relate external hazards to failures. Large seismic events may also weakén pr
containment failure mechanisms. fail containment.
For seismic events in particular, consider that Failure of isolation due to relay chatter or‘ether
relative motions between the auxiliary building causes should be identified in the Leyel 17/ Leve
(or equivalent) and containment can overstress 2 PRA Interface or developed as a new’system if
containment penetrations and can cause localized HLR-PT-C.
failures. Large seismic events may also weaken or ~ Other external hazards can be reviewed for
fail containment. applicable containment failure modes and their
Failure of isolation due to relay chatter or other associated failure probabilities (e.g., missile
causes should be identified in the Level 1/Level damage from HWs, hydrodynamic and buoyanty
2 PRA Interface or developed as a new system in loading from external floods, failure modes from
HLR-PT-C. other external azards).
Other external hazards can be reviewed for
applicable containment failure modes and their
associated failure probabilities (e.g., missile
damage from HWs, hydrodynamic and buoyancy
loading from external floods, failure modes from
other external hazards).

CP-C5 Note that the list of limitations is not expected to be€xhaustive, rather, it should identify those limitatjons
that have the potential to change the interpretationof the containment performance analysis results.

Table 2-A.2.2-5 Commentary to Supporting Requirements for HLR-CP-D
Index No.
CP-D Commentary

CP-D1 Parameter uncertainty includes-uncertainty associated with specifying material physical properties arjd
dimensions. Modeling uncertainty is focused on assumed models and can include treatment of materfal
deterioration mechanisis, treatment of dynamic loads, treatment of symmetry, flaw distributions, andl
SO on.

CP-D2 Note that for soffte\thodes of reactor operation, Note that for some modes of reactor operation,

containmentfailure limits, failure modes, and
associated uncertainties may differ from those
“at-power”)due to changes in containment closure
requirements.

containment failure limits, failure modes, and
associated uncertainties may differ from those
“at-power” due to changes in containment closyre
requirements.
Particular attention should be paid to calculating
the impact of uncertainty using the “at-power”
fragility curves for severe accident challenges

for shutdown modes of operation. Use of “at-

power” containment failure values and associatpd

uncertainties for shutdown conditions may be rjon-
conservative.
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Table 2-A.2.2-5 Commentary to Supporting Requirements for HLR-CP-D (Cont’d)

Index No.
CP-D Commentary

CP-D3 Uncertainty specification includes the area of break (e.g., leak vs. catastrophic), location (e.g., beltline,
dome, basemat, etc.), and probability of the various failure conditions. The predicted opening size
variation may be illustrated by performing sensitivity studies on the structural analysis model
parameters and failure m:cnmnhnrm used for thm;\hno nhp'mno size IIncertainties in the containment
failure location may be based on multiple potential containment failure locations for direct or indirect
containment failure mechanisms. Failure locations that release into buildings adjacent to the containment
will have different release characteristics than releases into the ground or direct to atmosphere.

CP{D4 Parameter uncertainty includes uncertainty associated with specifying material physical propetties
and dimensions. Modeling uncertainty can include treatment of material deterioration mechanisms,
treatment of dynamic loads, treatment of symmetry, flaw distributions, and so on. Note us€)of elastic or
plastic deformation models for specifying containment failure limits includes the uncettainty associated
with model selection and model parameters. Characterization may include use of sénsitivity studies
regarding impact of parameter uncertainty and analysis assumptions on containment failure modes
and limits. Characterization can also include confidence intervals on calculated-containment structure
fragility curves. Epistemic impacts may be treated within the fragility confiderice limits or separately.

Table 2-A.2.2-6 Commentary to Supporting Requirements’for HLR-CP-E
Irfjdex No
CP-E Commentary

CP{E1 Note that for SR CP-E1(f), examples of material or geometric‘degradation due to adverse environmental

conditions could include corrosion, concrete decomposition, and so on.

CP{E2 No commentary provided.

CP4{E3 No commentary provided.

CP{E4 No commentary provided.

CP{E5 No commentary provided.

2-Al2.3 Commentary to Severe Accident Progression Analysis (SA)

Special care should be exercised in defining “bounding” values for input parameters of models because a “conser-
vatjve” assumption in one area often produces a non-conservative outcome in another area. The primary resources
for jobtaining this information are deferministic computer code calculations of specific severe accident sequences.
Thq requirements outlined in this.séction primarily address the quality, technical rigor, and documentation of these
calqulations. Requirements coneerning the use or application of results generated by these calculations in a probabi-
listic logic model are stated.in/the Probabilistic Treatment of Accident Progression and Source Terms.

This Section provides~cemmentary for SRs contained in Table 2-2.3-2, Table 2-2.3-3, Table 2-2.3-4, Table 2-2.3-5,
Tabfle 2-2.3-6, and Table2¢2.3-7 of Part 2 of this Standard. The following tables provide the commentary or additional
maferial for the SRs’helpful in understanding the intent of the requirement.

~

Table 2-A.2:3:1 Commentary to High Level Requirements for Severe Accident Progression Analysis (SA)

PDesignator Commentary
HLR-SA*A No commentary provided.
HLR-SA-B No commentary provided.
HLR-SA-C No commentary provided.
HLR-SA-D No commentary provided.
HLR-SA-E No commentary provided.
HLR-SA-F No commentary provided.
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