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1.0 INTRODUCTION

Since 1998, ASME and ANS have been working on developing standards for a probabilistic risk

assessment (PRA) for nuclear power plants.

Their combined efforts resulted in joint publication of

ASME/ANS RA-S-2008, “Standard for Level 1/Large Early Release Frequency Probabilistic Risk
Assessment for Nuclear Power Plant Applications” and the subsequent publication of ASME/ANS RA-
Sa-2009 on February 2, 2009. This standard “sets for the requirements for probabilistic risk assessment

and
modes

The
requ
requ

This
ASM

(At thls tlme requwements addressmg Iow power and shutdown condltlons are not yet incl

(PRAS) used to support risk-informed decrsron for commermal light water reactor nuclear power plants”

requirements established in this standard, however, are not prescriptive. The standard \establjshes

rements that are defining “what” needs to be in a technically acceptable baseline PRA
rements do not define “how” to perform a technically acceptable baseline PRA.

document provides the reference material that supports the training program-(jointly develope
E, NRC and PWROG) on understanding and using the ASME/ANS PRAStandard.

the

d by
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2.0 OBJECTIVES OF THE TRAINING MATERIAL

The objective of this training material is to help clarify the intent and purpose of the requirements in the
ASME/ANS RA-Sa-2009 Standard. Specifically, this document provides additional explanation for each
technical requirement of the ASME/ANS PRA Standard. The material generated in this effort is intended
to be used in the development, review and application of the ASME/ANS PRA Standard.

This standard is being used to support risk-informed activities, some of which are regulatory activities.
For seme of the reainreamants tho NRC ctaff hac talkon ahioctian- that is for each raauirement thao Staff
T e b r T L TR T T A
has provided either “no objection,” “no objection with clarification” or “no objection subject’to the
following qualification,” and has defined these terms as:

4 No objection. The staff has no objection to the requirement.
4 No objection with clarification. The staff has no objection to the requirement.“However, the|staff
believes that the requirement, as written, is either unclear or ambiguous;iand therefore the|staff
has provided its understanding of the requirement.

4 No objection subject to the following qualification. The staff has a technical concern with the
requirement and has provided a qualification to resolve the concern.

To help the user, the staff position and resolution is also provided for each requirement.
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3.0 SCOPE OF THE TRAINING MATERIAL

ASME/ANS Standard is divided into ten parts as follows.

Part
Part
Part
Part
Part
Part
Part
Part
Part
Part

At th

1
2:
3:

General Requirements for a Level 1 PRA, including Large Early Release Frequency
Requirements for Internal Events At-Power PRA
Requirements for Internal Flood At-Power PRA

4§

O 00 N O Ul

is time, the training material only covers Parts 1, 2 and 3.

Requirements for Fires At-Power PRA
Requirements for Seismic Events At-Power PRA
Requirements for Screening and Conservative Analysis of Other External Hazards At<Pows
Requirements for High Wind Events At-Power PRA
Requirements for External Flood Events At-Power PRA
Requirements for Other External Hazards At-Power PRA
Seismic Margin Assessment Requirements At-Power
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4.0 DISCUSSION OF REQUIREMENTS IN PART 1 OF ASME/ANS RA-Sa-2009

The majority of Part 1 of the standard is self-explanatory and it is believed that further explanation i
necessary to understand the intent.

In Part 1, Section 1-2 of the standard, definitions of terms used in the standard are provided. Addit
explanation of these definitions is not provided; however, it is important to note that these defini
apply to each part of the standard.

S not

ional
tions

The technical requirements are established for different “hazard groups,” and organized by the téch
elements defining the PRA for each hazard group.

The [technical requirements are provided as “high level requirements” (HLRs) that are expanded
asso¢iated supporting requirements.” These supporting requirements may be defined-\to”different
Capadbility Categories.”

nical

with
PRA

This|information is discussed in Section 1-1 of the standard, and additional explanation is provided i this

chapter.

4.1| High Level Requirements (Section 1-1.3.2 of.the ASME/ANS Standard)

A set of objectives and related HLRs are provided for eachPRA technical element for each hazard g
The jntent of the HLRs is to define the minimum requirements (at a high level) that are needed to
the gbjectives of the technical element. Therefore, the HLRs also define the minimum requirement
meeting the ASME/ANS standard; as such, all PRAs based on the standard need to satisfy each o
HLRs. These HLRs are defined in general terms, need to be met regardless of the capability cate
and accommaodate different approaches. The:HLRs are written as “shall” statements.

4.2| Supporting Requirements (Section 1-1.3.3 of the ASME/ANS Standard)

A sqt of associated SRs are provided for each HLR. The intent of SRs is to define the mini
requ{rements needed to meet'the associated HLR. Therefore, for a given HLR, if the SRs are sati
then|the HLR will havé been met. That is, determination of whether an HLR is met is based on wh
the gssociated SRs are-met. Whether or not every SR is needed for an HLR is application-dependen
is defermined by the application process requirements.

The [SRs are<written as “action statements.” That is, instead of writing an SR, for example, as
dependency” between the HFEs shall be...,” the SR is written as “ACCOUNT for any depend

roup.
meet
s for
f the

jory,

mum
sfied
ether
t and

llany
ency
ed in

enthe HFEs....” The action verb provides the intent of the requirement and the verb is denot

the standard In all capital letters.

In understanding the SRs, it is helpful to keep these verbs in mind and the intended general meaning

within the context of the standard. A list of the action verbs used in the standard with a definition of
intent/meaning is provided below.

their
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Action Verb Meaning
ACCOUNT To give an explanation (usually fol. by for)
ADDRESS To deal with or discuss: to address the issues
ANALYZE To examine carefully and in detail so as to identify causes, key
factors, possible results, etc.
ASSESS To estimate or judge the value, character, etc., of; evaluate
BASE To make or form a base or foundation for
CALCULATE To determine or ascertain by mathematical methods; computé

CHARACTERIZE

To describe the character or individual quality of

CHECK, CONFIRM, ENSURE

(CHECK ) to investigate or verify as to correctness: She checked
the copy against the original.

(CONFIRM) to establish the truth, accuracy, validity or
genuineness of; corroborate; verify:This report confirms my
suspicions.

(ENSURE) to make sure or certain: measures to ensure the
success of an undertaking

COLLECT

To gather together; assemble: The professor collected the
students' exams.

COMBINE, INTEGRATE

(COMBINE) to brifag into or join in a close union or whole; Unite
(INTEGRATE) to'bring together or incorporate (parts) into a|
whole.

CONDUCT

To direct i action or course; manage; carry on: to conduct a
meeting;-to conduct a test.

CREDIT (TAKE CREDIT, DO
INOT TAKE CREDIT)

(bookkeeping) to enter upon the credit side of an account; giye
credit for or to.

DEFINE to state or set forth the meaning of a particular attribute, or
determine or fix the boundaries

DELINEATE To describe, portray or set forth with accuracy or in detail

DPERIVE Receive or obtain from a source or origin; reach or obtain by
reasoning; deduce; infer

PETERMINE Conclude or ascertain, as after reasoning, observation, etc.

DEVELOP Bring out the capabilities or possibilities of; elaborate or expand
in detail

DOCUMENT Support with evidence

ENSURE To make sure or certain

ESTABLISH Cause to be recognized and accepted

ESTIMATE Form an approximate judgment; calculate approximately

EVALUATE Examine and judge carefully to determine significance

EXAMINE Inspect or scrutinize carefully: to examine a prospective

purchase.

5
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GROUP

Combine one or more together into a single entity

IDENTIFY

Recognize or establish with pre-defined characteristics

INCLUDE, INCORPORATE

1. To contain, as a whole does parts or any part or element: The
package includes the computer, program, disks and a manual.

2. To place in an aggregate, class, category or the like.
3. To contain as a subordinate element; involve as a factor.
JUSTIFY 1. To show (an act, claim, statement, etc.) to be just or right
2 Todefend or ||phn|d as \Alnll-grnllndnr{
LIMIT 1. To restrict by or as if by establishing limits (usually fal. by to):
Please limit answers to 25 words
2. To confine or keep within limits: to limit expenditurés
PERFORM 1. To carry out; execute; do
2. To go through or execute in the proper, customary or
established manner
ITROPAGATE To transmit (hereditary features or elements) to, or through
PROVIDE 1. To make available; furnish
2. To supply or equip
QUANTIFY To give quantity to (something regarded as having only quality)
REVIEW 1. The process of going over a subject again in study in ordef to
summarize the facts
2.A viewing of the past; contemplation or consideration of pgst
events, circumstances or facts
$CREEN 1. Examine jptorder to test suitability; "screen these samples|
2. Check and’sort carefully; "sift the information”
IPECIFY State ar(name specifically or definitely; name or state as a
condition
$UBSUME inelude as part of a more comprehensive one
TREAT 1. To consider or regard in a specified way, and deal with
accordingly: to treat a matter as unimportant
2. To deal with (a disease, patient, etc.) in order to relieve or
cure.
TRUNCATE 1. To shorten by cutting off a part; cut short: Truncate detail¢d
explanations.
2. Mathematics, Computers. to shorten (a number) by dropping a
digit or digits: The numbers 1.4142 and 1.4987 can both +
truncated to 1.4
USE,-UTILIZE 1. To employ for some purpose; put into service; make use olf
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4.3 Capability Categories (Section 1-1.4 of the ASME/ANS Standard)

In developing a PRA, within each technical element, the scope and level of detail, the plant-
specificity and the realism of each technical aspect may vary. For example, not every system model
in the PRA will necessarily be developed to the same level of detail. The development of the
supporting requirements in the standard recognizes this variance and, therefore, a particular
supporting requirement may also vary as to scope and level of detail, plant-specificity and realism.
This variance is defined by “Capability Categories” which is illustrated below.

Attributes Capability Categories
of | 11 11
PRA
|l Generally Increasing >
$cope and level of detail: ) o ) .
] System/train significant contributors at contributors at
[egree of modeling plant level/area level component/compartment level ~| component/compartment level
design, operation and importance importance importance
haintenance
Rlant-specificity: - data/model
generic data/models . -
Degree of as-built and as- acceptable except pIaqt-spe_uﬁc data/models for plant-specific dzflta/models for
dperated plant information is for unique features significant.eontributors all contributors
dddressed
Realism:
Degree of real plant response . . o
i addressed — impact of moderate impact small impact negligible impact
departure from realism on
insights and conclusions

The intent of the capability categoriés is that, generally in developing the supporting requirements
from Capability Category | to Capability Category Ill, the degree of scope and level of detail, the
degree of plant-specificity andithe degree of realism increases.

It is important to notethat there will not be a Capability Category | PRA, a Capability Category |
RA nor a Capability)Category Il PRA, for either the entire PRA model or the PRA model for a
pecific hazard.greup. The PRA model of the PRA hazard group model will have varying degregs of
cope and leyel‘of detail, plant-specificity and realism. The required scope and level of detail, plant-
pecificity-orTealism for a given requirement is established by the needs of the application of the
RA mgdel or the PRA hazard group model.

sunnartina racuniramant 1c actahlichad that doafinac tha minimiim naadaoad ta maaot aach Cana Jlllt
A—Supporting-requirementis—established-that-defines-therinimum-needed-to-meet-each-Gapability

Category. However, is some cases, a supporting requirement may be the same for all three capability
categories or for two of the categories. When a supporting requirement spans multiple categories, it
applies equally to each Capability Category. When this situation occurs, the differentiation between
categories is made in other related supporting requirements. For example, there may be a supporting
requirement to identify the initiating events that can challenge the plant. This requirement is the same
for all three categories because, regardless of the category, all the events need to be identified.
However, the treatment of the identified events can vary, and this degree of treatment is
differentiated in the applicable, related requirement(s). This example is shown below.

7
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Index
No.

IE-A Capability Category I Capability Category Il Capability Category 111

IE-A1 | IDENTIFY those initiating events that challenge normal plant operation and that require successful
mitigation to prevent core damage using a structured, systematic process for identifying initiating
events that account for plant-specific features. For example, such a systematic approach may employ
master logic diagrams, heat balance fault trees or failure modes and effects analysis (FMEA).
Existing lists of known initiators are also commonly employed as a starting point.

IE-Ab | PERFORM a systematic | PERFORM a systematic evaluation | PERFORM a systematif
evaluation of each system, | of each system, including support | evaluation of each _systeni,
including support | systems, to assess the possibility of | including support systems, tp
systems, to assess the | an initiating event occurring due to a | assess the possibility of ap

D

possibility of an initiating
event occurring due to a
failure of the system.

PERFORM a qualitative
review of system impacts
to identify potential
system initiating events.

failure of the system.

USE a structured approach [such
as a system-by-system review of
initiating event potential, or an
FMEA (failure modes and effects
analysis) or other systematic
process] to assess and document
the possibility of an initiating event
resulting from individual systems
or train failures.

initiating event eccurring due t
a failure of the_system.

DEVELOR-a detailed analysi
of system
PERFORM an FMEA (failur
maodes and effects analysis) t
assess and document th
possibility of an initiatin
event resulting from individug
systems or train failures.

interfacey.

12}

OO D

4.4
Sta

As n
even
the s
are a
effed
even

4.5

An |
strai
cons
perfq

Addressing Multiple Hazard Groups (Section 1-1.7 of the ASME/ANS
ndard)
oted above, the standard “establishes requirements for a Level 1 PRA of internal and externg|

ts for all plant operating modes.” Theseinternal and external initiating groups are referred to i
fandard as “hazard groups.” A hazard group is a group of similar causes of initiating events thg
ssessed in a PRA using a common. approach, methods, and likelihood-data for characterizing th
t on the plant. The hazard-groups addressed in the standard include internal events, seismi
s, internal fires, internal floods and high winds.

Tl D+ =

Determining Whether a Requirement is Met

LR is met (via the associated SRs. However, determining whether or not an SR is met is nqt
pht-forward:> An SR may apply to several parts of the PRA model. In these situations, is the SH
dered ‘t0-be met only when in every case it is correctly performed? What if it is correctl
rméd,50% of the time, 90% of the time, etc.?

ravd

An SR requirement is considered to be met if there is not a systematic failure. That is, if there are a
few errors that can be classified more as mistakes or oversights such that there is no evidence that
there is a systematic failure, then the SR is considered to be met.

For example, the requirements for systems analysis apply to all systems modeled, and certain of the

data

requirements apply to all parameters for which estimates are provided. If, among these systems

or parameter estimates, there are a few examples in which a specific SR has not been met, it is not
necessarily indicative that this SR has not been met. If the SR has been met for the majority of the
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systems or parameter estimates, and the few examples can be put down to mistakes or oversights, the
SR would be considered to be met. If, however, there is a systematic failure to address the SR (e.g.,
component boundaries have not been defined anywhere), then the SR has not been complied with.
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5.0 DISCUSSION OF REQUIREMENTS IN PART 2 OF ASME/ANS RA-Sa-2009

Part 2 of the standard contains the technical requirements and the peer review requirements for a
Level 1 and LERF analysis of internal events (excluding internal fire) while at power.

The technical requirements are organized by eight technical elements:

lnitiatina ovante analvoic (16N
Tty cvehtoarary sro (=)

Accident sequence analysis (AS)
Success criteria (SC)

Systems analysis (SA)

Human reliability analysis (HRA)
Data analysis (DA)
Quantification (QU)

LERF analysis (LE)

The peer review requirements are also organized by the above eight elements.

=

Part|3 of the standard contains the technical requirements and the“peer review requirements fo
interpal floods.

The fechnical requirements are organized by five technical glements:

Internal Flooding Plant Partitioning (IFPP)

Internal Flood Source Identification and Characterization (IFSO)
Internal Flooding Scenarios (IFSN)

Internal Flood-induced Events (IFEV)

Internal Flooding Accident Sequences and Quantification (IFQU)

The peer review requirements are alse organized by the above five elements.

For gach technical element, high level requirements are defined in the standard, and for each HLR,
suppprting requirements are.defined. A discussion of the intent of each SR requirement is provided,
organized by each technical element and its associated HLRS.

10
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Initiating Events Analysis Section 2-2.1 of the ASME/ANS RA-Sa-2009

The objectives of the initiating event analysis are to identify and quantify events that could lead to
core damage in such a way that:

(a) Events that challenge normal plant operation and that require successful mitigation to prevent
core damage are included.

supporting requirements.

(h) Initinfing events are gmnlnprl nr‘r‘nrding to the mi'rignfinn rnnlnirnmnnfc to facilitate the efficient
modeling of plant response.
(c) Frequencies of the initiating event groups are quantified.

To meet the above objectives, four HLRs are defined in the standard.

Designator Requirement

HLR-IE-A | The initiating event analysis shall provide a reasonably~complete identificatign of
initiating events.

HLR-IE-B | The initiating event analysis shall group the initiating‘events so that events in the pame
group have similar mitigation requirements (i.es~the requirements for most events in
the group are less restrictive than the limiting mitigation requirements for the groyp) to
facilitate an efficient but realistic estimation.af CDF.

HLR-IE-C | The initiating event analysis shall estimate the annual frequency of each initipting
event or initiating event group.

HLR-IE-D | Documentation of the initiating event analysis shall be consistent with the appligable

11
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5.1.1 Supporting Requirements for HLR-IE-A

ASME/ANS Standard Section 2.2.1, Table 2.2.1-2(a), Supporting Requirements for HLR-IE-
A

HLR-TE-A: The initiating event analysis shall provide a reasonably COmplete identification
of initiating events.

Intgnt: To ensure potential initiating events are systematically captured” for
consideration in the PRA

SRq: IE-A1 through IE-A10

12
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Index

No.
IE-A Capability Category | Capability Category II Capability Category |

IE-A1 | IDENTIFY those initiating events that challenge normal plant operation and that require successful

events that account for plant-specific features. For example, such a systematic approach

(FMEA). Existing lists of known initiators are also commonly employed as a starting point.

mitigation to prevent core damage using a structured, systematic process for identifying initiating

may

employ master logic diagrams, heat balance fault trees or failure modes and effects analysis

XPLANATION OF REQUIREMENT

he standard defines an initiating event as “any event, internal or external to the plant,-that per|

e steady state operation of the plant... initiating an abnormal event....” Events that’are expect
esult in an immediate plant trip or immediate shutdown requiring an operator te-trip the plant d

e shutdown process need to be considered. To satisfy this SR, a list.of initiating even
gstablished using a structured process. Although no specific process is defined, the PRA is exp
to demonstrate that, by using a logical, documented and systematic proeess that it has consig
gvents both within and beyond* the plant design basis, events typi¢al ‘'of similar plants and e
otentially unique to the plant. Unique plant-specific initiators gypically arise from support sy
ailures that would cause the plant to trip or create a need for)an immediate plant shutdown
ddversely impact mitigating equipment and are addressed in.JE-Ab5.

The SR identifies three examples of systematic approaches for identifying initiating events: n
logic diagrams, heat balance fault trees or failure modes and effects analysis (FMEA). The m
logic diagram is a summary fault tree that can be constructed to guide the selection and groupi
initiating events. NUREG/CR-2300, “PRA Procedures Guides,” Section 3.4.2.2 describes this pr

eat balance fault trees is a technique that considers the impact of changes in core thermal pq
ore heat removal capacity, heat transfer rom primary to secondary system and secondary
emoval capacity on the initiating plant-transients. No references were identified for the
alance fault tree, nor is the use ofthis"method for identifying initiating events a common pra
frailure Modes and Effects Analyses-are particularly useful for identifying initiating events assog
vith support systems. This method is described in NUREG 1150 [see NUREG/CR-4550 Volu
Revision 1 Section 3.2, “Analysis of Core Damage Frequency Internal Events Methodology]
‘1Severe Accident Risks; An-Assessment for Five U.S. Nuclear Power Plants.”

REGULATORY POSITION
The NRC in\Regulatory Guide 1.200 Revision 2 has “no objection” to this SR.
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1 Events within the design basis may exclude events that exceed the single failure criterion. In order to provide

a sufficiently complete list of initiating events, events that exceed the single failure criterion and other
limitations of the design basis are also to be considered in meeting this requirement.

13
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Index

No.
IE-A Capability Category | Capability Category II Capability Category 111

IE-A2 | INCLUDE in the spectrum of internal-event challenges considered at least the following general
categories.

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

(b) LOCAs. INCLUDE in the LOCA category both equipment and human induced events that
disrupt the plant by causing a breach in the core coolant system with a resulting loss of core
coolant inventory. DIFFERENTIATE the LOCA initiators, using a defined rationale for the
differentiation. Example of LOCA types includes:

(1) Small LOCAs. Examples: reactor coolant pump, seal LOCASs, small pipe breaks
(2) Medium LOCAs. Examples: stuck open safety or relief valves
(3) Large LOCAs. Examples: inadvertent ADS, component ruptures

(4) Excessive LOCAs. (LOCAs that cannot be mitigated by any combination of engineered
systems). Example: reactor pressure vessel rupture

(5) LOCAs Outside Containment. Example: primary system pipe breaks outside containment
(BWRs)

(c) SG TRs: INCLUDE spontaneous rupture of a steam generator tube-(PWRS)

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

(e) Special initiators (e.g., support systems failures, instrument line breaks) [NOTE (1)].

NOTE (1): These initiators may result in either a transient-or a LOCA type of sequence.

EXPLANATION OF REQUIREMENT

This|SR requires the analyst to develop-a comprehensive list of initiating events for inclusion in th
PRA|. In developing that list of events, the analyst should consider all the above categories that appl
to the plant being analyzed. Notg that the term “internal-event challenges” is used in this requiremen
to mean an initiating event due_to causes originating within the plant. By historical convention (a
statefl in Section 1-2.2, Definitions, the loss of off-site power is considered to be an internal even
except when the loss is-caused by an external hazard that is treated separately (e.g., seismic-induce
LOQP), and internal.fire”is considered to be an external hazard. Internal floods have sometimes bee
inclyded with internal hazards and sometimes considered as external hazards. For the standard,
interpal floods are-considered to be separate from internal hazards.

Spegial Initiators are initiating events that can be transients (excluding BOP systems and off-sitg
power) of LOCA-like events that are not otherwise generically identified as initiating events and as @
y

- e~ UJ) ~+ =~ U

system failures. Some unique internal plant electrical system failures may be considered special
initiators. The special initiator designation was used in NUREG/CR-4550 Volume 1, Revision 1
Section 3.2. The special initiator designations have been applied to initiators originating in HVAC,
Instrument Air and cooling water systems as well as with events initiating with failures of the Vital
AC/DC busses. NUREG/CR-4550 also considers Steam Generator Tube Rupture, Interfacing LOCA
and Vessel Rupture as special initiators. While it is required that all relevant initiating events are
identified, it is not required that any of these events be labeled as a special initiator.

14
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REGULATORY POSITION
The NRC in Regulatory Guide 1.200 Revision 2 has “no objection” to this SR.

15
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Index

No

IE—A Capability Category | Capability Category Il Capability Category 111

IE-A3 REVIEW the plant-specific initiating event experience of all initiators to ensure that the list of

challenges accounts for plant experience. See also IE-A7.

EXPLANATION OF REQUIREMENT

This
othe
the
initia
Opel
LER
curre
coul

plant
or of

For
prec

RE
The

ating experience may be obtained from such sources as plant operating logs, plaft‘and industr
5 and plant condition reports. Only consider those challenges that are still ‘applicable to th

I have resulted in an event at power operation that could have caused a-plant trip or an exigen
shutglown (see also IE-A7). Shutdown events that would otherwise have b&ef averted by “at power

Capability Category Il and I11, the review of operating experienee should include initiating even

—

SR requires that the operating experience, including recorded events and events that occurred.g
than at-power operation (IE-A7) are considered in identifying the initiating events applicablet
lant. The purpose of this review is to identify the existence of, or potential for, any unique plan
ting events.

— O

nt plant design and mode of operation. Consider both “at power” and shutdown operation thg

e~ — (U

—

controls need not be considered. Events that are no longer possible resulting from past desig
erational changes need not be included as long as justification isfrovided.

—t

Irsors as addressed by SR IE-A9.

GULATORY POSITION
NRC in Regulatory Guide 1.200 Revision 2 has “no objection” to this SR.

16
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Index
No

IE-A4 Capability Category | Capability Category 11 Capability Category 11

IE-A4 | REVIEW generic analyses of similar plants to assess whether the | REVIEW generic analyses and

list of challenges included in the model accounts for industry | operating experience of si

experience.

milar

experience. plants to assess whether the list
of challenges included in the
model accounts for industry

XPLANATION OF REQUIREMENT

his review is to ensure that events that could potentially occur at your plant (basedos an occur
t a similar plant) are considered for the identification of the plant’s initiating events. The defir
f “similar” as stated in this SR can be rather broad. Similar plants may be selected based on ve
umber of loops and power level. However, in some instances the potential for specific initi
vents may be a result of similarity in specific systems or components”(for example plant i
tructure or RCP seal design, etc.), thus expanding the consideration(of similar to a larger

eneric group. Compilations of initiating events may be found inJother plant PRAS, and se
eports generated under the auspices of the NRC including NUREG/CR 4550 Vol 1, Revisi
‘TAnalysis of Core Damage Frequency: Internal Events Methodology,” NUREG/CR-5750, “Rat|
Initiating Events at U.S. Nuclear Power Plants: 1987 -.1995” and NUREG/CR-6928, “Indy
verage Performance for Component and Initiating Events at U.S. Commercial Nuclear P
lants.” Note that events occurring at “similar” plants may be excluded from consideration

initiating event at the subject plant based on relevant differences in plant design and procedures.

apability Category Differentiation

his identification can be performed to twe different capabilities:
or Capability Category I and 11

equirement is self-explanatory.

or Capability Category 111

In addition to reviewing available IE lists from PRAs for similarly designed plants (Category | af
review of operational gvents from generic material / issues and operating experience of other
is also to be considered.-The use of events occurring at other less similar plants is not expected
xhaustive; howeverit'would likely be expected to cover plants with similar systems or with d
eatures typical of\the target unit. Consider events that have occurred at power and shutdown v

e event could<have caused a plant trip. This task requires reviewing raw data from other plant
is point intime no consolidated source of this information is available.
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EGULATORY POSITION

The NRC in Regulatory Guide 1.200 Revision 2 has “no objection” to this SR.
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Index
No.
IE-A Capability Category | Capability Category Il Capability Category 11
IE-A5 | PERFORM a systematic | PERFORM a systematic evaluation of | PERFORM a systematic
evaluation of each system, | each system, including support systems, | evaluation of each system,
including support systems, | to assess the possibility of an initiating | including support systems, to
to assess the possibility of | event occurring due to a failure of the | assess the possibility of an
an initiating event | system. initiating event occurring
occurring due to a failure of | SE a structured approach [such asa | due to a failure of the
Hie SYStEtt. system-by-system review of initiating | >Y>*!
PERFORM a qualitative | event potential, or a failure modes | DEVELOP a detailed
review of system impacts | and effects analysis (FMEA) or other | analysis of system
to identify  potential | systematic process] to assess and | interfaces.
system initiating events. document the possibility of an | peErRFORM.O4  failurk
initiating ~ event  resulting  from | moges and’effects analysif
individual systems or train failures. (FMEA) “to assess and
documeént the possibility of
an initiating evegt
resulting from individugl
systems or train failures.
EXPLANATION OF REQUIREMENT
This|SR requires a systematic review of all plant systems and their detailed design to determine if the
systgm could trip the plant and thereby contribute to an“ihitiating event. This evaluation may reveal
prev{ously unknown causes of initiating events. .Avsystematic review can be performed at a subr
systgm or component level based on the level of detail and PRA capability category desired. See als

IE-A
betw

Cap
This
stand
discu

Cap

This
level
This
of th
be e

D
6 for additional guidance. Note that beld text within the SR indicates text that is different

een the categories.

ability Category Differentiation

identification can be performed to three different capabilities. The bolded portions of th
ard identify the differences)in requirement expectations among the three categories. A
ssion of the differences_in.capability categories follows.

D

>

ability Category |

category requires:only a qualitative review. Such a review could be performed at the sub-systen
and may be-directed at assessing whether failure of the sub-system could lead to a reactor trig.
approach_is.expected to be structured, but may use screening out of sub-systems to reduce scop
e reviewy Conservative simplifications in the assessment are expected. Such an approach coul
pectéd-to result in conservatively biased initiating event frequencies for these events.

—

13%

o

Cap
This

bility Category 11

category uses a structured approach that is expected to support development of a realistic

initiating event frequency. A methodology for evaluating support system initiating events, EPRI-TR-
1016741,”Support System Initiating Events: Identification and Quantification Guideline,” is publicly

avail
look

able at no charge from EPRIl.com. Such guidance may be considered in developing a structured
for new initiating events. At the time of this writing, this report is believed to represent the best

information source on the treatment of support system initiating events. This report has not been

endo

rsed by the ASME and alternate strategies may be used provided they are justified.

18
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Capability Category 111

In addition to the requirement in Category I, this category requires performance of a detailed analysis
of system interfaces.

REGULATORY POSITION

The NRC in Regulatory Guide 1.200 Revision 2 states that the search for initiators should go deyvn to
the subsystems/train level and that Capability Category Il should consider the usecof “pther
qystematic processes.”

19
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Index

No. . . .

IE-A Capability Category | Capability Category 11 Capability Category 11
IE-A6 | When performing the When performing the When performing the

systematic evaluation required
in IE-A5, INCLUDE initiating
events resulting from multiple
failures, if the equipment

failures result from a common

systematic evaluation required
in IE-A5, INCLUDE initiating
events resulting from multiple
failures, if the equipment

failures result from a common

systematic evaluation required
in IE-A5, INCLUDE initiating
events resulting from multiple
failures, including equipment
failures resulting from

Cause.

cause, darna 1morm Toutine
system alignments.

ranaorm and cormiror Causes,
and from routine system

alignments.

EXPLANATION OF THE REQUIREMENT

This|SR is tied to the system initiating event identification in IE-A5 and initiating event frequenc
calcylation in IE-C2. This SR ensures that system failures consider commien cause factors. Fo
exanpple, while failure of one CCW pump may not cause a reactor transient, failure of all CCW
pumps may. This SR requires that failure modes are considered inya hierarchal fashion wit
incrgasing scope as capability category increases. Note that bold text\within the SR indicates text thg
is different between the categories.

o~

=

Cappbility Category Differentiation
This|identification can be performed to three different capabilities:

Cappbility Category |

This|category is focused on ensuring that commaen“Cause failures with the plant system in a typicgl
aligriment are considered in the IE-A5 system. initiating event review. Hence this failure mode angl
condition is expected to be included in the freguency assessment in IE-C2.

Caphpbility Category 11

In addition to the requirement in Category I, this category requires consideration of common caus
and gpecifically requires that all‘routine plant configurations for that set of equipment be considered.
Routine alignments include consideration of rotating equipment arrangements, periodic monthly an
quarterly surveillances that-disable PRA equipment and common maintenance configurations tha
occur periodically. Alignments that do not disable components in question or are very short (sa
undgr 15 minutes) may- be excluded from detailed consideration. As an example, in a three pum
systgm where twe pump operation is required and one of the three pumps is routinely rotated int
stangby, the analyst needs to explicitly consider initiating event associated with A and B running wit
C in[standhyy B and C running with A in standby and A and C running with B in standby. It i
expected-that in quantifying initiating event frequencies, both the common cause failures and multipl
opergtional alignments will be considered consistent with their utilization.

D

— oL

L3 " v e <

Capability Category 111

This extends the Category Il requirements by including multiple random failures, along with common
cause failures, in assessing failure modes of all the routine system configurations. Inclusion of
multiple random failures will capture lower frequency challenges. Such considerations will also be
captured in IE-C2.

20
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REGULATORY POSITION

The NRC in Regulatory Guide 1.200 R2 includes the following clarifications:

1. When discussing the impact of random and common cause effects, it is emphasized that both
impacts should be considered separately (random OR common cause)

2. Clarification was added to both Category Il and 111 which notes that the alignments to be
considered include those which may result from preventive and corrective maintenance

3. For Category Il the word normal has been deleted implying that both normal and non“hgrmal
alignments would need to be considered.

21
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Index

No.
IE-A Capability Category | Capability Category Il Capability Category 11

IE-A7 | In the identification of the initiating events, INCORPORATE:

(@) Events that have occurred at conditions other than at power operation (i.e., during low-power or
shutdown conditions), and for which it is determined that the event could also occur during at
power operation.

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

EXPLANATION OF THE REQUIREMENT

This| SR provides the requirement that shutdown and low power events be reviewed for potentigl
applicability as an initiating event during power operation. That is, in reviewibg the plant event
experience, events occurring either during the shutdown process, while shutdewi'or during the powey
D
L

ascension process, cannot a priori be discounted as potential initiating events-Even if such events d
not feveal the potential for a new initiator, the resulting information could be considered i
detefmining the plant initiating event frequency (see IE-C2).

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement.of ASME/ANS PRA standard RA-Sa-2009,
has njo objection to the requirement.

22
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Index

No.
IE-A Capability Category | Capability Category Il Capability Category |

IE-A8 No requirements for interviews. | INTERVIEW plant personnel | INTERVIEW plant operations,

(e.g., operations, maintenance, | maintenance, engineering,

and

engineering, safety analysis) to | safety analysis personnel to
determine if potential initiating | determine if potential initiating
events have been overlooked. events have been overlooked.

XPLANATION OF THE REQUIREMENT

It is important that the list of initiating events analyzed in the plant PRA be as complete as prac

hile generic plant reviews and past experience of other plants are very helpful{sge also IE

interviews with a wide range of plant personnel may add additional insights into_plant capabilitie
ulnerabilities. These may in turn help better understand the credibility of selected initiators.

apability Category Differentiation
his identification can be performed to three different capabilities:

or Capability Category |
o0 requirement specified.

or Capability Category 11

tical.
Ag)a
5 and

t this level the PRA staff is required to reach gut“to other plant disciplines to get a brgader

erspective on defining IEs. It is not prescriptive butiincludes recommendations on which plant
ay provide useful insights. This process is nat@s formalized as that performed for Category Il

or Capability Category 111

areas

his category explicitly defines a comprehensive process whereby an effort is made to contact

ultiple disciplines.

EGULATORY POSITION

evision 2 of Regulatery.Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,

as no objection toihe-requirement.
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Index
No. . . .
IE-A Capability Category | Capability Category Il Capability Category 11
IE-A9 | No requirement for precursor REVIEW plant-specific | REVIEW plant-specific and
review. operating  experience  for | industry operating experience

initiating event precursors, for
the purposes of identifying
additional initiating  events
For example, plant-specific

for initiating event precursors,
for the purposes of identifying
additional initiating events.

EXPETTENCTE With imtake
structure clogging  might
indicate that loss of intake
structures should be
identified as a potential
initiating event.

EXPLANATION OF THE REQUIREMENT

Itis
that

categories.

Cappbility Category Differentiation
This
among categories is self-explanatory.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,

has rjo objection to the requirement:

mportant that the list of initiating events analyzed in the plant PRA-be as complete as practical.
This|SR is an extension of IE-A8. Whereas IE-A8 requires interviews, this SR specifically require
he plant-specific operating history be reviewed for precursors=Such reviews may include reviev
of condition reports. Note that bold text within the SR indicates text that is different between th

identification can be performed to three different capabilities:

U =< O

The specific differentiatio

-
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Index
No. . . .
IE-A Capability Category | Capability Category 11 Capability Category 11

IE-A10 | For multi-unit sites with shared systems, INCLUDE multi-unit site initiators (e.g., multi-unit LOOP
events or total loss of service water) that may impact the model.

EXPLANATION OF THE REQUIREMENT

he extent of plant cross ties and interdependencies varies considerably among multi-unit sites., | This
R requires that initiating events at multi-unit sites include the potential for unique site levelinitiators.
ite level initiators differ from unit specific initiators in that common mitigating Systems| and
esources that would be available if only one unit were in distress, may be unavailablg‘to one gf the
ffected units and hence the plant post accident response would be different. Specifically, this SR
equires the PRA staff to look at the likelihood of common LOOP events, plus ether coupling factors
uch as environmental challenges (river temperature, intake cooling watér, condition), common
ontrol rooms and shutdown operations ongoing at one unit to identify unique IEs that may impact
ultiple units on a single site.

his SR is not applicable to plants with a single unit site.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,
as no objection to the requirement.

25
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5.1.2 Supporting Requirements for HLR-IE-B

ASME/ANS Standard Section 2.2.1, Table 2.2.1-2(b), Supporting Requirements for HLR-IE-
B

HLR-IE-B: The initiating event analysis shall group the initiating events so that events in
the same group have similar mitigation requirements (i.e., the requirements fer
most events in the group are less restrictive than the limiting mitigatien
requirements for the group) to facilitate an efficient, but realistic, estimation of

CDF.
Intgnt: To ensure that the grouping of events does not bias the results of-.the'PRA
SRq: IE-B1 through IE-B5

26
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Index

No.
IE-B Capability Category |

Capability Category Il Capability Category 11

IE-B1 | COMBINE initiating events into groups to facilitate definition of accident sequences in the Accident

Section (2-2.7).

Sequence Analysis element Section (2-2.2) and to facilitate quantification in the Quantification

n initiating event analysis of a nuclear power plant can result in thousands of specific.initigting
vents depending on the scope and level of detail in the PRA. However, many will have si
impact on the plant and hence will require the same safety systems to respond in order to.prevent core
amage or a large early release of radioactive material. Grouping initiating events with si
impact, while preserving information about system-event dependencies makes the PRA
anageable by reducing the number of supporting analyses and cut-sets;-and consequently the
anpower to do the PRA. The attributes for grouping are addressed in IE-B2.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-4

as no objection to the requirement.
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Index

No

IE—E Capability Category | Capability Category II Capability Category 11

IE-B2

analysis (FMEA).

USE a structured, systematic process for grouping initiating events. For example, such a systematic
approach may employ master logic diagrams, heat balance fault trees or failure modes and effects

EX

LANATIO
LI

|
N

Mee
orga
incly
cons
that

perfq

comimon operator actions expected during response, impact on Primary Coolant System integrity

simi
attril

comprehensive, viz. all 1Es are accounted for, but disjoint, i.e., non-overlapping, and no gaps. A

systd
imby
strud
succ

RE

Revi
has 1

nized and that the criteria for grouping are clearly defined. Criteria for grouping initiating event
de success criteria, discussed in Section 2-2.3 of the standard, variations in“\potentig
equences and level of detail available. In order to meet this requirement, groupscare defined s
all initiating events included therein share important attributes: similar plant thermal-hydrauli

tured and systematically employed. I1E-B4 addresses other IEs, which have uniquely differen
bSs criteria or potentially large radioactive releases.

GULATORY POSITION
5ion 2 of Regulatory Guide 1.200, in its.endorsement of ASME/ANS PRA standard RA-Sa-2009

7 \T N7\

ing this requirement ensures that the process for grouping the initiating events is clearl

rmance, same requirements for safety systems to maintain core cooling, simidar, timing of events

ar potential end states, viz. high-pressure or low-pressure sequences-JE-B3 requires that th
utes of a group envelope the initiating events included therein. It is important that the groups b

matic process not only ensures comprehensiveness but facilitates peer review and thereb
es confidence in the end product. No specific process is required by the standard as long as it i

0 objection to the requirement.
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Index

No. . . .

IE-B Capability Category | Capability Category Il Capability Category 111
IE-B3 | GROUP initiating events only | GROUP initiating events only | GROUP initiating events only

when the following is true:

(a) Events can be considered
similar in terms of plant
response, success criteria,
timing and the effect on the

when the following is true:

(a) Events can be considered
similar in terms of plant
response, success criteria,
timing and the effect on the

onarahilib and narfarmanca
SperauiHty—=hea—peHeHhanG

when the following is true:

(@) Events can be considered
similar in terms of plant
response, success criteria,
timing and the effect on the

onarahiliband narfor
eperability-and-performance

operabiityand-performance
of operators and relevant
mitigating systems; or

(b) Events can be subsumed
into a group and bounded
by the worst-case impacts
within the “new” group.

of operators and relevant
mitigating systems; or

(b) Events can be subsumed
into a group and bounded by
the  worst-case  impacts
within the “new” group.

DO NOT SUBSUME scenarios
into a group unless:
(1) The impacts are comparable

of operators and, ‘relevant
mitigating systems; or
(b) Events can be, subspmed
into a group~and bounded
by thesWworst-case infpacts
withinthe “new” groug.

DQ.N\NOT ADD initigting
évents to a group and| DO
NOT SUBSUME events into a
group unless the impacts are

to, or less than, those of’the | comparable to those of the
remaining events _~in/ that | remaining events in | that
group group.
AND
(2) It is demonstrated that such
grouping.‘dees not impact
significant accident
seguénces.
EXPLANATION OF THE REQUIREMENT
This SR requires the identification of the circumstances when grouping may be performed and yhen

grouping is not appropriate. Grouping of the initiating events is performed to reduce the number of
dccident sequences to be quantified; therefore, the plant response for the initiating events in a group
as to be similar so as not-to miss a potential accident sequence, bury information about impqrtant
ependencies or not/to-misrepresent the plant response.
subsumed) in a grfoup when the plant response represented by the group is more limiting.

In addition, an event can be included

Such

rouping of dis-similar events is acceptable so long as such grouping does not result in the inabiljty to

etermine the-risk significance of event sequences and cut-sets resulting from the grouped initi

ting

vent. Transients or LOCAS to be selected for inclusion in a particular group are to be repres¢nted
either ditectly or in a bounding way) by the same success criteria. Note that bold text within the SR
indieates text that is different between the categories.

apability Category Differentiation

This grouping can be performed to three different Capability Categories. The capability categories
are meant to reflect the different degrees to which the plant response can be modeled from a more
functional response to a more refined systemic response.

29
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Capability Category |
This grouping will establish a minimal number of functional initiating event groups that is sufficient
to reasonably and conservatively represent the plant risk profile. It will reduce the complexity of the
model at the expense of model detail. By selecting this grouping strategy, it is expected that the
absolute risk predictions will be conservatively biased.

Capability Category 11

This grouping will be more refined than Capability Category | for the purpose of resolving the
significant contributors to risk. As stated in the SR, the criteria for sub-summation are more stringent.
Thergfore, the number of functional initiating event groups will be Targer, the model complexity

greater, but the absolute risk predictions will be less conservatively biased. Significant accident
sequences are defined in Section 1.2 of the Standard.

Caphpbility Category 111
This|grouping will be more refined than Capability Category Il. An initiating event 45 _Subsumed b
another group only when its plant response is comparable to other initiating, events, e.g. sam

response systems and same success criteria. The number of functional initiating.event groups will b
even|larger, the model complexity even greater, but the risk predictions will be_as'realistic as possiblg.

D (D

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has njo objection to the requirement.
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Index

No.
IE-B Capability Category | Capability Category 11 Capability Category 11

IE-B4 | GROUP separately from other initiating event categories those categories with different plant
response (i.e., those with different success rate criteria) impacts or those that could have more severe
radionuclide release potential (e.g., LERF). This includes such initiators as excessive LOCA,
interfacing systems LOCA, steam generator tube ruptures and unisolated breaks outside containment.

XPLANATION OF THE REQUIREMENT

ome initiating events have unique plant responses and as such need to be grouped separately in prder
avoid masking significantly different risk impacts from different initiating events. “For example,
e criteria cited in 1E-B2 for grouping are focused on the impact of IE on core damage frequency.
owever, some IEs might satisfy these criteria and be grouped accordingly. but" their radioactive
elease magnitudes are much larger for one reason or another. This SR requires the application pf an
dditional criterion, viz. release magnitude, for grouping.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,
as no objection to the requirement.
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Index

No.
IE-B Capability Category | Capability Category Il Capability Category 111

IE-B5 | For multi-unit sites with shared systems, DO NOT SUBSUME multi-unit initiating events if they

impact mitigation capability.

EXPLANATION OF THE REQUIREMENT

For multi-unit sites with shared systems, it is possible that a failure in one of those systems can caus
an IE at one or both of the units; such IEs are required to be treated separately. For example,~whe
two binits share a component cooling water system, its failure could trigger a transient at oné or bot
unity. Demands on reactor operators following such a multi-unit initiating event may be much mor
sevefe than would be the case for a similar single unit event. If emergency diesel generators are als
shargd, their availability to mitigate such events could be less. Initiating events at-multi-unit site
with|shared systems require careful analysis.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009
has njo objection to the requirement.

L2 S e § » e g g >
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5.1.3 Supporting Requirements for HLR-IE-C

ASME/ANS Standard Section 2.2.1, Table 2.2.1-2(c), Supporting Requirements for HLR-IE-

LD 1 ol HEE TP + 1 H ball v + +ha £ £ h
LILL =L LI =\ FTcIrmratny  TVTTIU diidiy oo olffdall ToUTTidiT Uic druar  TTeyutTivy Ut T C

initiating event or initiating event group.

Intent: To provide a realistic estimate of the frequency of each initiating eventmodgled
in the PRA
SRs: IE-C1 through IE-C15
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Index

No.
IE-C Capability Category | Capability Category 11 Capability Category 111

IE-C1 | CALCULATE the initiating event frequency accounting for relevant generic and plant-specific data
unless it is justified that there are adequate plant-specific data to characterize the parameter value and
its uncertainty. (See also IE-C13 for requirements for rare and extremely rare events)

EX

It is [mportant that the statistical parameters that characterize the IE frequency (mean and variance) b
basefl on sound statistics. The most relevant data to use as a basis for estimating the initiating eve
freqyency is the plant-specific experience, i.e., the number of events and the number of react
opergting years of service experience at-power. Events, identified pursuant to IE-A5fop condition
other than at-power operation, should be included as appropriate in the plant experience. That is, a
evenf that occurred during off-power as a result of conditions that are fully_ dpplicable to pow
opergtion and would, if the event had occurred at power, resulted in a plantitransient, should b
inclyded as an event in the frequency calculation for the associated initiating.event or initiating event
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freqyency is, say 10 per year. For such IEs,-this SR requires that plant-specific data b
supplemented with relevant generic data. Such data:i$ obtained from the service experience at plants
whoge equipment and operating environment is similar to that of the subject plant. Sources of generi
datainclude: NUREG/CR-5750 “Rates of Initiating Events at U.S. Nuclear Power Plants: 1987
1995,” NUREG/CR-6928 “Industry-Averdge Performance for Component and Initiating Events a
U.S.|Commercial Nuclear Power Plants,”” EPRI’s annual report on loss of off-site power, LERS and
to a Jesser extent, foreign data. IE<C4-requires that plant-specific and generic data be combined b
using a Bayesian update process¢ |E-C13 specifies requirements for rare and extremely rare initiatin
events.

— T CJ) =

<

REGULATORY:POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has njo objection to the requirement.
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Index

No.
IE-C Capability Category |

Capability Category 11

Capability Category 111

IE-C2 | When using plant-specific data, USE the most recent applicable data to quantify the initiating event

frequencies. JUSTIFY excluded data that is not considered to be either recent or applicable (e.g.,
provide evidence via design or operational change that the data are no longer applicable.)

ources of plant-specific data include: plant incident or corrective action reports, Licensee gvent
eports (LERs), summaries of operating experience, control room logs, interviews |with plant
perators. Annual frequencies of initiating events can vary from year-to-year or have positiye or
egative trends. For example, as a plant and its operating team mature, forced outages may be¢ome
less frequent. If such a negative or positive trend is evident, it would be misleading to average in|very

REGULATORY POSITION

old data and then assume that the initiating event frequency in the future is gonstant at this histarical
alue. As another example, repeated failures may result in a corrective-action such as a dgsign
¢hange so that the prior failure data are not applicable to the plant perfarmance today or in the|near
future. So applicability of plant-specific data requires analysis, e.g. time trend required in IE-C|7 for
Capability Category Il1, and judgment. Exclusions and inclusiong of-data are required to be just|fied,
g.g. statistical tests, engineering judgment, consistent with curreht)industry practices.

Revision 2 of The NRC in Regulatory Guide 1.200; in its endorsement of ASME/ANS PRA standard
RA-Sa-2009, has no objection to the requirement:
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Index

No. . . .

IE-C Capability Category | Capability Category Il Capability Category 111
IE-C3 | CREDIT recovery actions [those implied in IE-C6(c), and those implied and discussed in IE-C8

through IE-C11] as appropriate
procedures or training).

JUSTIFY each such credit (as evidenced such as through

EXPLANATION OF THE REQUIREMENT

Somg potential initiating events, especially those associated with support systems or multiple trains
may [not require an immediate shutdown of the plant. This delay allows time for recovery actions
whidh need to be credited in order to estimate a realistic initiating event frequency that<ccounts fo
the gotential of recovery actions and the probability of failure to implement. Operateractions leadin
to recovery are required to be justified by reference to HRA techniques, prior approved procedures

trainjng, and plant experience.

REGULATORY POSITION

Revigion 2 of The NRC in Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standar

RA-$a-2009, has no objection to the requirement.

T
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Index

No.
IE-C Capability Category | Capability Category Il Capability Category |

IE-C4 | When combining evidence from generic and plant-specific data, USE a Bayesian update process or

the basis of industry experience. (see Reference [2-2])

equivalent statistical process. JUSTIFY the selection of any informative prior distribution used on

Reference 2-2, NUREG/CR-5750 “Rates of Initiating Events at U.S. Nuclear Power Plants: 1987 - 1995”

XPLANATION OF THE REQUIREMENT

IE-C1 requires the use of generic and plant-specific data to estimate IE frequencies. This SR req
e use an accepted statistical method when combining such data. An accepted<method fof
urpose is Bayesian analysis. NUREG/CR-6823, “Handbook of Parameter Estimation
robabilistic Risk Assessment,” provides guidance and examples on Bayesianupdating. Uncert]
istributions that can be used to characterize the plant to plant variability:"in the industry se
xperience with initiating events are available in NUREG/CR-5750 “Rates-of Initiating Events at
uclear Power Plants: 1987 - 1995,” and NUREG/CR-6928, “Industry-Average Performanc
omponent and Initiating Events at U.S. Commercial Nuclear Power Plants.” The analyst is req

justify the selection of any informative prior distribution by showing that it is applicable t
vent being estimated, i.e., the plant-specific information lies within the prior distribution.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsefment of ASME/ANS PRA standard RA-Sa-2
as no objection to the requirement.

uires
this
for
pinty
rvice
u.s.
e for
Lired
D the

009,

37



https://asmenormdoc.com/api2/?name=ASME NTB-1 2013.pdf

NTB-1-2013

Index No.
IE-C Capability Category | Capability Category Il Capability Category 111
IE-C5 CALCULATE initiating event frequencies on a reactor year CALCULATE initiating event

basis. [NOTE (1)] INCLUDE in the initiating event analysis the | frequencies on a reactor year
plant availability, such that the frequencies are weighted by the | basis. [NOTE (1)] INCLUDE
fraction of time the plant is at power. in the initiating event analysis
the plant availability, such that
the frequencies are weighted

by the fraction of time the
plant is at power.

INCLUDE differences
between historical plant
availability overthe period
of event occurrences in the
plant database and existing
or expected future plant
availability that could be
different from historical
values.

NOTE (1): For the computation of annual average core damage frequency/large early release frequency (i.e., fo

comy

frequency are events per calendar year, commonly expressed as events.per reactor-year, where a reactor-year i
one full calendar year of experience for one reactor. However, wheh determining total annual plant CDF (g
LERF), which includes contributions from events occurring during power operation as well as during othe

plant
of thg

L
f
t
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from the abieve equation needs to be multiplied by an additional term, say F power,

arison to Reg. Guide 1.174 quantitative acceptance guidelines), the ‘appropriate units for initiating even

operating states, the calculation of the contribution for each operating state must account for the fractio
year that the plant is in that operating state. Two simple examples follow:

Loss of Bus Initiating Event — A loss of bus initiating event can be computed by annualizing the hourl
pilure rate of the bus and associated breakers, «élays, etc. that could lead to loss of power on the bus durin
he time the plant is at power. For example for the bus itself, the initiating event frequency over a full yea
vould be calculated as:

Tous-8760 = A pus * H year

vhere:

fous-s760 = frequency of loss-of bus over a full 8760-hour year
A pus = failure rate of-us per hour, say 1x107/hr

H year = hours ind calendar- or reactor-year, 8760 hrs/yr.

However, to calCulate CDF (or LERF) for events at power only (i.e., for the scope of PRA covered by thi
tandard), it.is necessary to adjust for the fraction of time the plant is at power. Thus, the result obtaine

Vhere;

Fafpower = fraction of year that, on average, the plant is at power, for example 90%.

5= = Ul —~+ =

=

U7

1 ==

hus,
T bus at power = 1X10-7/hr * 8760 hrs/yr * 0.90 = 7.9x10™/reactor year.

e Turbine Trip Initiating Event — Some initiating events, such as a turbine trip initiating event, may be
computed based on plant-specific experience. In this case, the number of events classified as turbine trip
events is in the numerator and the number of applicable calendar years of operation is in the denominator.
The fraction of time at power is implicitly included in the numerator because the turbine trip experience is

imited to at power experience by the nature of the event.

Thus:
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frr = Nvr/Yop
where

frr = frequency of turbine trip events per reactor year
N+t = number of events classified as turbine trip events, for example 27 events

Yor = number of applicable calendar years of plant operation (regardless of operating mode), for example

23 years

frr = 27 events/23 years = 1.2/reactor-year

The number of applicable calendar years should be based on the time period of the event data being
and may exclude unusual periods of non-operation (i.e., if the plant was in an extended forced shutdow

For some applications, such as configuration risk management or analyses that compare specific
during different modes of operation, it may be appropriate to utilize initiating event frequencies that d

referred to as per reactor critical year (i.e., assuming that the reactor operated cantinuously for a year
a more general basis, it could be considered to be per reactor operating state yéar:

In the loss of bus initiating event example above, the term Fy power Wouldqot be included in the compu
of initiating event frequency for these kinds of applications.

EXPLANATION OF THE REQUIREMENT

It is important that units be normalized to a commen one, which is consistent with industry stan
and NRC’s regulatory requirements. This reguirement establishes the common unit as humb
gvents per reactor-year, where a reactor-year is one full calendar year of experience for one re

eighted by the fraction of the year that:the reactor is at power. The note in the Standard pro
qufficient explanation. Note that beld:text within the SR indicates text that is different betwee
¢ategories.

Capability Category Differentiation
his quantification can be performed to two different capabilities:
For Capability Catégory I and 11

he requirement-is stated above.
For Capabitity Category 111

It is additionally required to compare projected plant availability to the historical record.
equirement ensures that the technical basis for the availability parameter is a good estimate of f

In the turbine trip initiating event example above, the value mustbe adjusted by dividing frr by Fat pow|-

used

n).

risks
0 not

consider the fraction of time in the operating state. In these cases, the initiating event“frequency should
simply be per unit of time (i.e., per hour or per year). For at-power operation, this basis is somefimes

. On

ation

Hards
er of
actor
yides
n the

This
uture
riods

REGULATORY POSITION

risk

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,

has no objection to the requirement IE-C5, but has an objection, in the form of a clarification, to
(1). The staff has proposed adding the following words to the note to resolve its objection:

39
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“In the above example, it is assumed the bus failure rate is applicable for at-power conditions. It
should be noted that initiating event frequencies may be variable from one operating state to another
due to various factors. In such cases, the contribution from events occurring only during at-power
conditions should be utilized.”
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Index

No. . . .

IE-C Capability Category | Capability Category 11 Capability Category 111
IE-C6 | USE as screening criteria no higher than the following characteristics (or more stringent

characteristics as devised by the analyst) to eliminate initiating events or groups from further
evaluation:

(@) The frequency of the event is less than 1E-7 per reactor year (/ry) and the event does not
involve either an ISLOCA, containment bypass or reactor pressure vessel rupture

(b) The frequency of the event is less than 1E-6/rv and core damage could not occur unless at least

two trains of mitigating systems are failed independent of the initiator, or

(c) The resulting reactor shutdown is not an immediate occurrence. That is, the event dogs not
require the plant to go to shutdown conditions until sufficient time has expired ‘during which
the initiating event conditions, with a high degree of certainty (based, on supporting
calculations), are detected and corrected before normal plant operation “i§)curtailed (ither
administratively or automatically).

If either criterion (a) or (b) above is used, then CONFIRM that the valué specified in the criferion
meets the applicable requirements in the Data Analysis Sectionw(2-2.6) and the Leyel 1
Quantification Section (2-2.8).

EXPLANATION OF THE REQUIREMENT

It is not practical to model all the initiating events that may'be identified in the enumeration process
nd therefore some level of screening out of initiating,events is normally necessary to complete a
RA. The intent of this requirement is to ensure thatthe screening out of an initiating event does not
esult in the screening out of a significant event sequence, if it were left in. A major goal of
robabilistic risk assessment is the use of probability to focus on the more significant events. | The
creening out of less likely initiating eventsyis an important activity. This Supporting Requirement

pecifies criteria for this screening process.

EGULATORY POSKEION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,

as no objection to the fequirement.
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Index

No

IE—C Capability Category | Capability Category II Capability Category 11

IE-C7 | No requirement for time trend analysis. USE time trend analysis to

account for established trends
(e.g., decreasing reactor trip
rates in recent years).

JUSTIFY excluded data that is
not considered to be either

recent or applicable (g0
provide evidence via design-0
operational change that-the dat
are no longer applicable). On
acceptable methoedology fo
time-trend anafysis”is found i
NUREG/CR-5750 [2-2] an
NUREG/CR-6928 [2-20]

o= U = -

EX

This
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Revi
has 1

PLANATION OF THE REQUIREMENT

requirement supports IE-C2 in justifying the exclusion of data~ In addition to NUREG/CR-5750
bs of Initiating Events at U.S. Nuclear Power Plants: 1987 - 1995,” and NUREG/CR-692§,
Iistry-Average Performance for Component and Initiating>Events at U.S. Commercial Nucleay
br Plants,” time trend analysis is also discussed in NUREG/CR-6823, “Handbook of Paramete
nation for Probabilistic Risk Assessment.”

ability Category | and 11

==

e IS no requirement.
ability Category 111

explanatory.

GULATORY POSITION

sion 2 of Regulatopy.Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to therequirement.
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Index

No.
IE-C Capability Category | Capability Category 11 Capability Category 111

IE-C8 | Some initiating events are amenable to fault tree modeling as the appropriate way to quantify them.
These initiating events, usually support system failure events, are highly dependent upon plant-
specific design features. If fault tree modeling is used for initiating events, USE the applicable
systems-analysis requirements for fault tree modeling found in the Systems Analysis Section (2-2.4)

XPLANATION OF THE REQUIREMENT

s discussed under IE-B4, an effective way to determine the failure modes of support systems and to
stimate their frequencies is the use of fault trees. If fault trees are used for such purposes, the mpdels
re required to satisfy the requirements presented in Section 2-2.4 for Systems Aralysis. Additjonal
equirements for the modeling of support system IE with fault trees are contained in IE-C9 thrpugh

[E-C12.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,
as no objection to the requirement.
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Index

No

IE—C Capability Category | Capability Category 11 Capability Category 11

IE-C9 | If fault tree modeling is used for initiating events, QUANTIFY the initiating event frequency (as

opposed to the probability of an initiating event over a specific time frame, which is the usual fault
tree quantification model described in the Systems Analysis Section (2-2.4). MODIFY, as necessary,
the fault tree computational methods that are used so that the top event quantification produces a
failure frequency rather than a top event probability as normally computed. USE the applicable
requirements in the Data Analysis Section (2-2.6) for the data used in the fault tree quantification.

EX
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computing support system initiating events should: be consulted for guidance. In addition, see recen

EPR
at nqg
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has 11
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PLANATION OF THE REQUIREMENT

requirement is to ensure that the fault tree methodology used to support the quantification of
ting event frequency uses a quantification algorithm that is appropriate for this purpose. Th
tree model for the frequency of an event is not the same as a fault tree model for a systen
@ilability in response to the initiating event. For example, a fault tree foritwo 100% capacit
Ds may have a fault tree for the estimation of the system failure probability that would typicall

minimal cut sets for various independent failures and unavailabilities and common caus
Fes that would be used to model the top event probability of the fault tree. A fault tree for th
of both pumps as an initiating event, however would be differént as it would need to addres
e features such as: a mission time of one year (8760 hours).as opposed to the typical 24 hour
for mitigation systems, operational and maintenance practices that are expected to occur durin
xtended mission time, operational common cause and recovery times for equipment failures thg
onsistent with that needed to prevent a trip. The resaiting calculation of this model would yiel
probability of failure, but rather a frequency of failure. Owners Group activities associated wit

D

—

— - X~ U U (D (D

13%

Report 1016741 December 2008 for a discussion of this issue. This report is publicly availabl
charge from EPRI.com. At the time of this writing, this report is believed to represent the beg
mation source on the modification of the fault tree for addressing initiating events. This repo
ot been endorsed by the ASME.

=

GULATORY POSITION

sion 2 of Regulatory(Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to therequirement.
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Index

No. . . .

IE-C Capability Category | Capability Category 11 Capability Category 111
IE-C10 | If fault tree modeling is used for initiating events, CAPTURE within the initiating event fault tree

models all relevant combinations of events involving the annual frequency of one component failure
combined in a manner with the unavailability (or failure during the repair time of the first

component) of other components.

XPLANATION OF THE REQUIREMENT

ee EXPLANATION OF THE REQUIREMENT discussion for IE-C9.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,

as no objection to the requirement.
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Index

No

IE—C Capability Category | Capability Category 11 Capability Category 111

IE-C11 | If fault tree modeling is used for initiating events, USE plant-specific information in the assessment

and quantification of recovery actions where available, in a manner consistent with the applicable
requirements in the Human Reliability Analysis Section (2-2.5)

EX

LANATIO
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2-2.5
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Revi
has 1
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istent with the requirements in IE-C1, IE-C2 and IE-C3, where available, plant-specifi
mation shall be included in fault trees used to estimate frequencies, and to quantify fecover
ns. Recovery actions stated in the SR refer to those actions taken for recovery from.failureq.
puantification of recovery actions is to be consistent with the applicable requirements in Sectiop
, Human Reliability Analysis. Specifically, High Level Requirement HLR-HR-H statep
overy actions (at the cut-set or scenario level) shall be modeled only if it has been demonstrated
the action is plausible and feasible for those scenarios to which they are<applied. Estimates of
hbilities of failure for these actions shall address dependency on prior~human failures in th
Ario.”

T~

197

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to the requirement.
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Index

No.
IE-C Capability Category | Capability Category 11 Capability Category |

IE-C12 | COMPARE results and EXPLAIN differences in the initiating event analysis with generic
sources to provide a reasonableness check of the results.

data

EXPLANATION OF THE REQUIREMENT

s stated for IE-C1, it is necessary to account for both plant-specific and generic evidencei
stimation of initiating event frequencies. Plant-specific data may be limited and as a resultn
otential initiators may have been experienced. Therefore, it is important and required tha
nalyst compare them to the experience of other similar plants as stated in generic data bases, a
RAs for comparable plants to ensure that the calculated frequencies are consistent oy differency

xplainable. Differences are expected. However, significant differences are<to. be explained.

articular, it is important to confirm that the predicted fault tree generated IEAfrequency is cons
ith plant and/or industry observations. This process is commonly called.*‘a:sanity check.”

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-4
as an objection, in the form of a clarification, to the requirement. The staff has proposed addin
ollowing words to the requirement to resolve its objection:

“An example of an acceptable generic data'sources is NUREG/CR-6928.”
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Index

No. . . .

IE-C Capability Category | Capability Category II Capability Category 11
IE-C13 | For rare initiating events, USE industry generic data and | For rare initiating events, USE

INCLUDE plant-specific features to decide which generic
data are most applicable. For extremely rare initiating events,
engineering judgment may be used; if used, AUGMENT with
applicable generic data sources. Refer to 1-4.3, Use of Expert
Judgment, as appropriate.

industry  generic data and
AUGMENT with a plant-
specific fault tree or other
similar evaluation that
accounts for plant-specific

Iediures. FOr (:‘lel:!”ll:!iy ral
initiating events, engineerin
judgment may be used;-if \used
AUGMENT with | applicabl
generic data sources. * Refer t
1-4.3, Use of Expert Judgmen
as appropriate;

o ="t —D

For this Requirement, a “rare event” might be expected to occur
one or a few times throughout the world nuclear industry over
many years. An “extremely rare event” would not be expected to
occur even once throughout the industry over many years.

For this “\Requirement, a “rar
event?”_-might be expected t
occur~one or a few time
threughout the world nucleg
industry over many years. A
“extremely rare event” woul
not be expected to occur eve
once throughout the industr
over many years. INCLUDE i
the quantification the plant
specific features that could
influence initiating events and
recovery probabilitieg.
Examples of plant-specifi
features that sometimes merif
inclusion are the following:

o0 = O O W

=)

L)

(a) Plant geography, climatg
and  meteorology for
LOOP and LOOP
recovery

(b) Service water intake
characteristics and plant
experience

(c) LOCA frequenc
calculation

EXPLANATION OF THE REQUIREMENT

Generic data refers to industry references which consolidate data from multiple plants in order to
provide a more complete representation of the uncertainty in the parameter value. Sources of such
data include: NUREG/CR-5750 “Rates of Initiating Events at U.S. Nuclear Power Plants: 1987 -
1995,” NUREG/CR-6928 “Industry-Average Performance for Component and Initiating Events at
U.S. Commercial Nuclear Power Plants,” EPRI’s annual report on loss of off-site power, LERsS,
foreign data (as applicable). The ASME Standard’s Section 1-2.2, Definition, states that rare events
might be expected to occur only a few times throughout the world nuclear industry over may years
(e.g., < 1E-4/r-yr) A review of the above references finds that only events such as large and medium
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LOCAs have an estimated frequency in this range. For these events, expert elicitation has been

used

as documented in NUREG-1829, “Estimating Loss-of-Coolant Accident (LOCA) Frequencies
through the Elicitation Process.” For extremely rare initiating events, which are defined as not being
expected to occur even once throughout the world nuclear industry over many years (e.g., < 1E-6/r-
yr), no data will likely to be available. In such a circumstance, engineering judgment may be used.

Such judgment may consider industry practice (e.g., large and medium LOCA frequency). For

non-

generic issues plant-specific expert elicitations associated with rare events may be performed
following the requirements in Section 1-4.3 of the standard. Note that bold text within the SR

indicates text that is different between the categaries

apability Category Differentiation

his quantification can be performed to two different capabilities:
apability Category I and 11

irect use of applicable industry and generic data is expected.
apability Category 111

or rare and extremely rare initiating events, industry generic data is reguired to be augmented
lant-specific considerations that may result in an event being more gr.less likely. For example
OCA frequencies may be impacted by primary coolant material<used (carbon steel vs. stainless
nd pipe wall thickness. Detailed fracture mechanic analyses ‘may also be used if degrad
echanisms are known, modeled and information regarding.the flaw distribution is available.

ategory Il assessments may also directly consider*Pressurized Thermal Shock (PTS) 4
independent analytically established failure frequeney.~Typically in Category | and Il assessm
is failure mode is subsumed into RV failure frequency.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200,# its endorsement of ASME/ANS PRA standard RA-Sa-4
as no objection to the requirement.
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Index

No. . . .

IE-C Capability Category | Capability Category II Capability Category 11
IE-C14 | In the ISLOCA frequency analysis, INCLUDE the following | In the ISLOCA frequency

features of plant and procedures that influence the ISLOCA
frequency:

(a)

Configuration of potential pathways including numbers and
types of valves and their relevant failure modes existence
and positioning of relief valves

analysis, INCLUDE the
following features of the plant
and procedures that influence
the ISLOCA frequency:

(a) Configuration of potential

(b)
(©)
(d)
(€)

Provision of protective interlocks

Relevant surveillance test procedures

The capability of secondary system piping

Isolation capabilities given high flow/differential pressure

conditions that might exist following breach of the
secondary system.

pathways including
numbers and types\ -of
valves and their ~relevant
failure  modes,_eXistencg
and positioping of religf
valves.

(b) Provisions of  protectivg
interloeks

(c) Refevant surveillance tegt
procedures.

Also,

(1) EVALUATE surveillanc
procedure steps

(2) INCLUDE  surveillanc
test intervals explicitly

(3) ASSESS on-lin
surveillance testin
guantitatively

(4) QUANTIFY pipe rupturg
probability

(5) ADDRESS explicitl
valve design (e.g., ai
operated testable chec
valves)

(6) INCLUDE quantitativel
the valve isolatio
capability given the high
to-low- pressur
differential.

D D

117

=

—

T

EXPLANATION OF THE REQUIREMENT

ISLQCAheeds to be treated separately because they represent challenges to the prevention of corg

damage and large early releases.

The tactors listed In this requirement have been determined In

previous ISLOCA analyses to be important for a realistic ISLOCA model. The typical failure in an
ISLOCA exposes low pressure secondary piping to high pressure fluids from the primary system.
When calculating ISLOCA frequencies, IE-C14 requires consideration of the piping system and
fragility, protective interlocks, relevant surveillance test procedures and isolation capability. Care
also needs to be given to the establishment of the appropriate mission times for the plant features
considered in the ISLOCA analysis. Consideration should be given to the expected failure sequences
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and the associated component exposure times during these sequences to full RCS pressure. Note that

bold text within the SR indicates text that is different between the categories.

Capability Category Differentiation
This quantification can be performed to two different capabilities:

Capability Category | and 11

In addition to the items listed in the Explanation Categories | and Il require consideration of the
capability of secondary system piping and isolation capabilities following breach of the secondary

ystem
apability Category 111

In addition to the items listed in the Explanation Categories | and Il require a more riggrous

xamination of the items listed under Capability Categories | and I1l. Specificallypthe surveil
sting procedure is to be assessed in detail, the probability of secondary piping rupture quant
nd isolation valves also assessed in detail.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2
as no objection to the requirement.
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Index No.
IE-C Capability Category | Capability Category Il Capability Category 111
IE-C15 CHARACTERIZE the uncertainty in the initiating event frequencies and PROVIDE mean values
for use in the quantification of the PRA results.

EXPLANATION OF THE REQUIREMENT

The

characterization of uncertainty involves understanding how the PRA can be affected by th

D

sour
sour
crite
prov
Risk
uncg
onc
IE f
seled
PRA
dispe

the fime of this writing, this report is believed to represent thé best information source on th

treat

RE

Revi
has 1

tes of model uncertainty and related assumptions. It includes the identification of the ke
bes of uncertainties to obtain an understanding of these sources of uncertainties on the acceptanc
ia being used for the application. An acceptable approach to characterizing the uncertainty i
ded in NUREG-1855, “Guidance on the Treatment of Uncertainties Associated with*PRAS i
LiInformed Decision Making” and EPRI-TR-1016737 “Treatment of Parameter<and Modelin
rtainty for Probabilistic Risk Assessments.” Section 3 of EPRI-TR-1016737 provides guidanc
haracterizing uncertainties for the baseline PRA model. When characterizing:the uncertainty fo
equency, one would discuss assumptions identified in IE event selection; grouping and dat
tion process. The requirement also addresses the use of mean values insthe quantification of th
results. Characterization of the IE frequency includes a determinatign of the mean value and th
rsion of the uncertainty. The EPRI report is publicly available atno charge from EPRIl.com. A

ment of parameter and modeling uncertainty. This report has hot been endorsed by the ASME.

GULATORY POSITION

s5ion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009
0 objection to the requirement.

O (D (D O = (0O~ Ur (D
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5.1.4 Supporting Requirements for HLR-IE-D

ASME/ANS Standard Section 2-1.4.1, Table 2-1.4.1-2(d), Supporting Requirements for

HLR-IE-D

Intent:

SRs:

B PP £+l HPT P + [ H ball L 1ot + Y
DUCUTTICTIIAtiuim U e rrmuratniy TVUTIU difdaly olo oftdlmT DT CUTTOTOLTTIU VVILIT

applicable supporting requirements.

Intent: To ensure the results can be reviewed and appropriately referenced

applications

IE-D1 through IE-D3

53
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Index

No

IE—b Capability Category | Capability Category 11 Capability Category 111

IE-D1 | DOCUMENT the initiating event analysis in a manner that facilitates PRA applications, upgrades

and peer review.

EXPLANATION OF THE REQUIREMENT

Itis
initig
was
ther
way
upgr

applicable SRs as stated in High Level Requirement IE-D. Although examples arésincluded in SR IE|

D2,
deve
show

RE

Revi
has 1

U

mportant that the documentation includes sufficient information about the approach used forcth
ting event identification, grouping and quantification, such that an analyst or peer reviewer, who
hot involved in the original process could come to similar conclusions regarding the validity of
bsults and the veracity of the initiating event analysis to the as-built and as-operated plant. In thi
an analyst would be able to understand the approach and would be able to support@pplications
hdes, and reviews of the PRA. Furthermore, the documentation is to be consistent with th

1°2}

these do not represent a complete list of all required documentation:” To facilitate th
opment of a complete list, a documentation mapping is provided in the-explanation to SR IE-D
ing the scope of documentation needed to achieve consistency with the applicable SRs.

TO— DT (=

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to the requirement.
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Index

No.
IE-D Capability Category | Capability Category 11 Capability Category |

IE-D2 DOCUMENT the processes used to select, group and screen the initiating events and to mode

this documentation typically includes:
(@) The functional categories considered and the specific initiating events included in each.
(b) The systematic search for plant-unique and plant-specific support system initiators.

(o) _Thao cvctomatic caaroh £or DOC Avncoirn hondany fatliirnc and tntarfaninn cvctam | OO Ao

| and

quantify the initiating event frequencies, including the inputs, methods, and results. For example,

N} e Iy StC T Ot - SC T T TOT TV SO PTC SStT T oot OOy o o C S oo Tt T o eI g~ Sy St T O O7 Yot

(d) The approach for assessing completeness and consistency of initiating events with

(e) The basis for screening out initiating events.

(f) The basis for grouping and subsuming initiating events.

(g) The dismissal of any observed initiating events, including any credit for.recovery.
(h) The derivation of the initiating event frequencies and the recoveries used.

(i) The approach to quantification of each initiating event frequency:s

(i) The justification for exclusion of any data.

plant-

specific experience, industry experience, other comparable PRAs and FSAR initiating)events.

EXPLANATION OF THE REQUIREMENT

This SR addresses the process documentation used to“implement the initiating event suppg
equirements. It also provides examples of documeéntation associated with the initiating ¢
rocesses and examples of documentation associated with the parameters, constraints and results
implementing these processes. Table 1 (IE-D2-1) provides a discussion of these examples. It sk
e noted that the documentation examples—~do not represent the complete list of all req
documentation, but a list of many of the“documents that are typically included. To facilitat
development of a complete list, a documentation mapping is provided in Table 2 (IE-D2-2) sho
the scope of documentation needed to,achieve consistency with the applicable SRs. Table 2 (IE-
4lso identifies each documentation jtem as either “process” or “SR.” A “process” documentation
primarily supports the procgss requirement which is the focus of this SR while an
documentation item primarily-supports documentation that is consistent with one or more suppg
flequirements as required by IE-D1. A mapping is also provided in Table 1 (IE-D2-1) betwee
gxamples and the documentation list shown in Table 2 (IE-D2-2) and in Table 2 (IE-D2-2) bet
the documentationdtems and the applicable SRs.

rting
bvent
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ould
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D2-2)
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n the
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55



https://asmenormdoc.com/api2/?name=ASME NTB-1 2013.pdf

NTB-1-2013

Table 1 IE-D2-1 SR Examples

SR . . Documentation
Discussion

Example Item

a SR IE-ALl requires the identification of initiating events using a structure, 1,35
systematic process. Several other SRs amplify the requirements including SR
IE-A2 which provides a set of general initiating event categories.

b This example addresses the initiating event identification process with a focus | 1, 8,9
on support system initiators. It is expected that operating experience will be
used to support this review.

C This example addresses the initiating event identification process with a focus | 1
on RCS pressure boundary and interfacing system LOCAs.

d The approach to review plant-specific operating experience is addressed by 2
several SRs.

e The approach to identify a complete set of initiating events should include, if ¥
applicable, any screening criteria.

f Documentation of the approach to grouping events and the results of the 3,5
grouping should be included.

g The dismissal of any observed operating events should be discussed in the 2,8
approach and included in the documentation of operating experience:.

h The derivation of the initiating event frequencies includes several‘key steps: 4,5,6,7,8,9,
the quantification approach and results, the process used to group the initiating | 10, 11
events, the mapping of operating experience to these events,.and the
reasonableness check of the results.

i The approach to the quantification of the initiating-event frequencies is 4
addressed by many supporting requirements.

j Documentation should identify both the apprgach to screening data and the 2,9

data that was excluded.
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Table 2 IE-D2-2 Documentation Mapping

Element | Type | Item Documentation Related SR SR Examples
Document the approach used to include a
IE Process 1 complete  spectrum of internal-event | Al, A2, A5, A6, ab.ce
challenges. Include any initiating event Al0, C6 B
screening out criteria.
e Lo , | Document the approach used fo VW | A3, A4ATA8 |
= A = f’l"“"’_‘“_"ﬂ _""H""""“" hAAEERLLLLLL LS B AL A9 Al HvJ
identification
Document the approach used to group
initiating events. Include the criteria for
grouping events. Note that this is focused
IE Process | 3 on the general process, the specific B1,B2, B3, B4, a, f
; B5
documentation of the bases for a grouped
and/or subsumed event is addressed
separately.
C1;02, C3, C4,
IE Process | 4 Document the approach used to calculate | ¢C5, C7, C8, C9, hi
each initiating event frequency. C10, C11, C12, '
C13,C14, C15
List the identified initiating events andfer
initiating event groups, their frequencies | Al, A2,A5, A6,
IE SR 5 and associated plant impact(s)~(success | A7, Al0, B1, B2, a, h
criteria). Include any events sereened and C6
their screening bases (see SR-C6)
Document the frequeney calculation for C1,C2,C3, C4,
IE SR 6 each initiating event-and/or initiating event ¢5, C7, €8, C9, h
group C10, C11, C13,
C14, C15
Document the"mapping of initiating events
IE SR 7 into groups~and provide the associated B3, B4, B5 h
bases
Liststhe plant-specific trips and show the
mapping of these events to those events
IE SR 8 :elected for PRA model. Provide t_h(_e _bafses A3, A9 b, g, |n
or screened events. Include initiating
event precursor results (helpful, not
required)
List the plants and/or industry experience
reviewed and show the mapping of their
IE SR 9 events to those events selected for PRA A4 b, j
model. Provide the bases for screened
events.
Document the initiatinag avant frooiianecy
IE SR 10 | o T T C12 h
reasonableness check
Document the plant personnel interviews
IE SR 11 | used in the development of the initiating A8 h

events (helpful, not required)
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REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has no objection to the requirement.
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Index

No.
IE-D Capability Category | Capability Category 11 Capability Category 111

IE-D3 | DOCUMENT the sources of model uncertainty and related assumptions (as identified in QU-E1 and
QU-E2) associated with the initiating event analysis.

EXPLANATION OF THE REQUIREMENT

It is important to document the characterization the uncertainties with respect to plant risk. Guidance
or characterizing uncertainties for the baseline PRA is included in NUREG-1855 “Guidance op the
reatment of Uncertainties Associated with PRAs in Risk-Informed Decision Making’] and of BPRI-
R-1016737 “Treatment of Parameter and Modeling Uncertainty for Probabilistic Risk Assessments.”
hese companion documents are intended to provide a technical basis for thetidentification and
haracterization of uncertainty in the baseline risk assessment. Section 3 6f°EPRI-TR-1016737
rovides guidance on characterizing uncertainties for the baseline PRA model: Note that the EPRI
eport is publicly available at no charge from EPRI.com. This report is believed to represent thg best
information source on the treatment of parameter and modeling uncertainty at the time of this writing.
his report has not been endorsed by the ASME.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,
as no objection to the requirement.
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5.2 Accident Sequence Analysis Section 2-2.2 of the ASME/ANS RA-Sa-2009

The objectives of the accident sequence element are to ensure that the response of the plant’s systems
and operators to an initiating event is reflected in the assessment of CDF and LERF in such a way that

(a) Significant operator actions, mitigation systems and phenomena that can alter sequences are
appropriately included in the accident sequence model event tree structure and sequence
definition.

db) Plant-specific dependencies are reflected in the accident sequence structure.

o

c) Success criteria are available to support the individual function successes, mission, times an
time windows for operator actions for each critical safety function modeled in-the"acciden
sequences.

—t

d) End states are clearly defined to be core damage or successful mitigationwith capability t
support the Level 1 to Level 2 interface.

1=}

To meet the above objectives, three HLRs are defined in the standard.

Desipnator Requirement

HLR-AS-A | The accident sequence analysis shall describé<the plant-specific scenarios that can
lead to core damage following each modeled initiating event. These scenarios shall
address system responses and operator actions, including recovery actions that
support the key safety functions necessary to prevent core damage.

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

HLR-AS-C | Documentation of the Ac¢cident Sequence analysis shall be consistent with the
applicable supporting requirements.
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5.2.1 Supporting Requirements for HLR-AS-A

ASME/ANS Standard Section 2.2.2, Table 2.2.2-2(a), Supporting Requirements for HLR-
AS-A

can lead to core damage following each modeled initiating event, N\These
scenarios shall address system responses and operator actions,nincluding
recovery actions that support the key safety functions necessary to'prevent gore
damage.

Intent: To ensure that the accident sequences appropriately include the equipment and
human actions necessary to fulfill key safety functions

SRs: AS-Al through AS-All
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Index No.
AS-A Capability Category | Capability Category 11 Capability Category 111

AS-Al USE a method for accident sequence analysis that:

(a) Explicitly models the appropriate combinations of system responses and operator actions
that affect the key safety functions for each modeled initiating event;

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

(c) Provides a framework to support sequence quantification.

EXPLANATION OF REQUIREMENT

As the accident sequences are a foundational element in determining the combinations_of “initiatin
events, safety functions and system and operator failures and successes that may lead.to<core damag
or Igrge release, it is important that they are faithful to expected plant response;—and reasonabl
complete with regard to addressing the key safety functions. This supporting, fequirement states
general requirement regarding the overall accident sequence analysis methodology; subsequen
suppprt requirements expand on the details for the accident sequence apalysis. The three subj
nts of this requirement address the methodology requirements for agcident sequences. Each of
thesg elements is discussed below.

(@) Explicitly models the appropriate combinations of system responses and operation
ctions that affect the key safety functions for each modeled initiating event.

Diffe¢rent approaches are used in the design of PRAs as_ to~the split of information between thg
contgined in the event trees and that contained in the fault\trees. The term “appropriate” reflects th
need| to match the level of detail and boundary conditions of the system responses and operato
actigns included in the event tree with the selected.@vent tree approach (i.e., small event tree - larg
fault| tree, large fault tree - small event tree or qther combinations) and its supporting analysis. T
meef this requirement, the selected method _is required to support the identification and modeling off
all sgfety functions that can impact the risk metric quantification within the structure of the event treq.
For small event trees, the explicit combinations of system responses and operator actions may b
contgined in fault trees that are supporting the event trees. Although use of the small event tre
apprpach can be used to meet thistrequirement, care is needed to ensure that dependencies that ca
impdct the ability of the mitigating systems or operating actions are addressed in the combined even
tree/fault tree structure.

(b) Includes a graphical-representation of the accident sequences in an ““event tree structur
r equivalent such'that the accident sequence progressions is displayed.

For gmall event tregs, graphical representation of the accident sequences is expected. For large ever
trees, especially:those that question every top event, alternative approaches to displaying the acciden
sequence progressions can be used. Alternatives can include event sequence diagrams that displa
the gventtree structure at a summary level or a narrative description of the event tree structure.

(c) Rravides a framework to support sequence guantification

The selected accident sequence analysis method needs to be able to support the quantification of core
damage frequency and LERF including the ability to account for system dependencies.
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REGULATORY POSITION
The NRC in Regulatory Guide 1.200 Revision 1 has “no objection” to this SR.
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Index No.

AS-A Capability Category | Capability Category 11 Capability Category 111

AS-A2 For each modeled initiating event, IDENTIFY the key safety functions that are necessary to
a safe, stable state and prevent core damage. [See NOTE 1]

reach

NOTE (1): Supporting requirements AS-A2 through AS-A4 deal with defining the model in terms of how the

plant works, but do not address what the model should include. Requirements for modeling detail
addressed in supporting requirements beginning with AS-A5.

S are

XPLANATION OF REQUIREMENT

s it is the expectation that initiating events are grouped such that they are similar in terms of
esponse, success criteria, timing and the effect on the operability and performance of-operator
elevant mitigating systems (IE-B3, IE-B4 and IE-B5), the plant impact that resglts from
initiating event group (referred to in this requirements as “initiating event”) needs\to be reflect

e identification of the key safety functions.

s defined in Section 1-2.2, Definitions, the key safety functions are the minimum set of high
unctions that must be maintained to prevent core damage and large-€arly release. These s
unctions can be used to logically group the system success criteria tosupport the overall reactor
nd containment success criteria. Typical functions as stated/in“the definitions section inc
eactivity control, reactor pressure control, reactor coolant inventory control decay heat remova
ontainment integrity. These functions are similar to these included in NUREG-2300, “
Probabilistic Risk Assessment) Procedures Guide: A Guide-to the Performance of Probabilistic
ssessment for Nuclear Power Plants.” To meet thisyequirement it is necessary to ensure th
afety functions pertinent to achieving a safe, stable ‘state and preventing core damage, giy

plant

and
each
bd in

level
pfety
core
ude:

and
PRA
Risk
at all
en a

odeled initiating event, are identified, which will then enable the identification of a reasomably

g¢omplete set of system (see AS-A3) and operatorresponses. As stated in Note 1, the identificati
key safety functions is used as an input into SR AS-A5 process of defining the accident seqy
hodel.

REGULATORY POSLETION
The NRC in Regulatory Gaide 1.200 Revision 1 has “no objection” to this SR.
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Index No.
AS-A Capability Category | Capability Category 11 Capability Category 111

AS-A3 For each modeled initiating event, using the success criteria defined for each key safety function
(in accordance with SR SC-A3), IDENTIFY the systems that can be used to mitigate the initiator.
[See NOTE (1)]

NOTE (1): Supporting requirements AS-A2 through AS-A4 deal with defining the model in terms of how the
plant works, but do not address what the model should include. Requirements for modeling details are
addressed in supporting requirements beginning with AS-A5.

EXPLANATION OF REQUIREMENT

PRA success criteria are used to distinguish between success and failure for components, ‘huma
actigns, trains, systems, structures, functions and sequences. In the development)of acciden
sequences, functional success criteria are typically defined in terms of the mininium” number o
combinations of systems or components required to operate or minimum levels. of operator o
component performance during a specific period of time and under specificvConditions. Thi
suppprting requirement addresses the systematic identification of systems and*or components (i.e
plant hardware) that are necessary to support the identified safety functions.

This|requirement needs to be considered with AS-A2 through AS-A4.and’is intended to be used wit
thesqg other requirements to capture the specification of the set™of systems and human action
necepsary to meet the key safety function success criteria. It sheuld be noted that different succes
critefia may be required for a given system in order to mitigate all the accident scenarios for whic
they|are credited as providing a mitigation function (e.g.,-number of pumps required to operate i
somg systems is dependent upon the modeled initiating event) (See SY-A10).

As sfated in Note 1, the identification of systems usedito mitigate the initiator is used as an input int
SR AS-AS5 process of defining the accident sequence‘model.
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REGULATORY POSITION
The NRC in Regulatory Guide 1.200.Revision 1 has “no objection” to this SR.
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Index No.

AS-A Capability Category | Capability Category 11 Capability Category 111

AS-A4 For each modeled initiating event, using the success criteria defined for each key safety function

success criteria. [See NOTES (1) and (2)]

(in accordance with SR SC-A3), IDENTIFY the necessary operator actions to achieve the defined

NOTE (1): Supporting requirements AS-A2 through AS-A4 deal with defining the model in terms of how the

plant works, but do not address what the model should include. Requirements for modeling detail
addressed in supporting requirements beginning with AS-A5.

S are

OTE (2): The intent of this requirement is not to address specific procedures, but rather to identify
nctional level, what is required of the operators for success.

XPLANATION OF REQUIREMENT

at a

RA success criteria are used to distinguish between success and failure forscomponents, hjiman

ctions, trains, systems, structures, functions and sequences. In the dévelopment of acc
equences, functional success criteria are typically defined in terms of the minimum numb
ombinations of systems or components required to operate or mimifium levels of operat
omponent performance during a specific period of time and under specific conditions.
equirement is to identify those operator actions using plant-specific emergency operating proced
nd other relevant procedures that are necessary to support the-defined success criteria. Also see
1 and HR-E2. Several responses may be grouped into one*action if the impact of the failu
imilar or can be conservatively bounded (See HR-F1).

his requirement needs to be considered with AS-A2thifough AS-A4 and is intended to be used
ese other requirements to capture the specification of the set of systems and human ag
necessary to meet the key safety function successcriteria. It should be noted that different su
griteria are required for some actions in order t6 mitigate all the different accident scenarios for
they are credited as providing a mitigation:function (e.g., the operator action timing to initiate
gnd bleed given a normal trip may be. much less for a trip due to the loss of main feedwater resy
in a reduced likelihood of success).

A\s stated in Note 2, the identification of the functional operator requirements is used as an inpu
$R AS-A5 process of defining.the accident sequence model.

REGULATORY-POSITION

he NRC in Regulatory Guide 1.200 Revision 1 has “no objection” to this SR.
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Index No.
AS-A
AS-A5 DEFINE the accident sequence model in a manner that is consistent with the plant-specific:

system design, EOPs, abnormal procedures and plant transient response.

Capability Category | Capability Category 11 Capability Category 111

EXPLANATION OF REQUIREMENT

While SR AS-A2 addresses the requirements for identification of the safety functions, SR AS-A3 the
requlrements for the identification of the supporting system functions and SR AS-A4 ih
requirements for the identification of the supporting operator functions, SR AS-A5 utilizes the.inp
from| these other SRs “to define” or in this context “to develop” the plant-specific accident sequencey.
The fevelopment may result in the addition or deletion of functions identified by SR AS-A2, 3 and
that @re not consistent with the as-built, as-operated plant. As noted in these previous three SRs, thei
requirement is focused on how the plant works, not what the model should address.This current SR

addresses the model.

REGULATORY POSITION
The NRC in Regulatory Guide 1.200 Revision 1 has “no objection”{0,this SR.
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Index No.
AS-A Capability Category | Capability Category 11 Capability Category 111
AS-A6 Where practical, sequentially ORDER the events representing the response of the systems and

operator actions according to the timing of the event as it occurs in the accident progression.
Where not practical, PROVIDE the rationale used for the ordering.

EXPLANATION OF REQUIREMENT

unique Teature of event trees and the resulting event sequences over that of Tault trees is its.ability

capture the order of events. At the highest level, an event sequence can be divided into three
) Initiating Event, 2) Mitigation Functions (system functions and operator actions) and 3) End §
equirement AS-AG6 is focused on the order of the mitigation functions and states’that seqy

;Earts:

btate.
ence

iming of an accident scenario is a major consideration to the design of the event tree. For example,

eactivity control functions are typically questioned early in an event sequence as.they are assog
ith the initial plant response. The timing of interest is where the initial demand for the functi
xpected to occur for it is understood that many functions have a mission that spans the 6
uration of the sequence (typically a 24-hour timeframe).

n example event tree for a general transient event associated withia PWR is shown in the
elow to illustrate several points associated with the sequential ordering of events.

iated

jon is

ntire

table

Top Event

Description

IInitiating Event

General Transient

dieactivity Control

Reactor Protection System,(RPS) shutdowns the reactor

Heat Removal

Main or Auxiliary Feédwater provides flow to the steam generators or RCS
and Bleed (once through cooling) is successful

Feed

RCS Integrity

Power Operated-Relief Valves remain closed
Reactor Coolant Pump Seals remain cooled and intact
SG Twbes remain intact

CS Inventory Control —
[Injection

If required, injection provides adequate makeup

IiQCS Cooldown

Control steaming (i.e., Atmospheric Dump Valves or Turbine Bypass V|
lower RCS pressure to Residual Heat Removal entry conditions)

alves

Residual Heat Rémoval

Shutdown heat removal is maintained

Containmentiselation

Containment isolation is achieved

Containment Cooling

Containment pressure and temperature is maintained below containment intg
failure limits

grity

RCS nventory Control

Long-term—injection—is—maintainedthrough recirculationof water fro

h the

Recirculation

containment sump

End State

Defined by the path through the event tree

As can be seen from the above table, the sequence of events is expressed primarily at a functional
level (typical for a small event tree) and reflects the general timing order that would be expected. It
should be noted that in this small event tree two key functions have been split into separate top events.
Heat Removal is divided between Heat Removal and Residual Heat Removal, and RCS Inventory
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Control into Injection and Recirculation. Although not required, subdividing functions can enhance
the sequential ordering of events. Residual Heat Removal is typically implemented late in the
sequence through a separate system from that used for early heat removal and RCS Inventory Control
has two clear modes where injection transitions to recirculation on depletion of stored injection
inventory. Additional division of these functions can be made such as dividing heat removing into its
key systems such as main feedwater, auxiliary feedwater and feed and bleed. These systems can also
be ordered. In addition, key operator actions can be modeled as top events in the event tree. Adding
operatlng actions or system functlons to the event tree enhances the ablllty to reflect order in the

betwleen events. This becomes a significant consideration for modelstthat contain support systen
event trees, but is also applicable to front-line event trees. For support system event trees, the to
event order is typically arranged from least to most dependent/ “This enables the knowledge of
functions questioned early in the event tree to serve as boundary-conditions to those questioned late
in the tree. For example, assume that a support system event tree is developed that includes th
indiyidual 4KV and 480V buses as top events. If a 4K\ bus supports multiple 480V buses the
questioning the 4KV bus before the 480V buses enables one to effectively establish the necessar
bourjdary conditions for the 480V buses. If the 4KV bus fails, then the associated 480V buses ar
failefl. If the 4KV bus is successful, then the™associated 480V bus failure probabilities can b
detefmined assuming its support bus is successful for those pathways where it is successful. If th
oppdsite approach is taken, ordering the events with the more dependent top event questioned first
then|additional care within the event trée,would be required. Using the example above, if the 480
bus is questioned prior to the 4KV hus,.then the status of the 480V cannot be finalized until the statu
of the associated 4KV bus is determined. Systems that are dependent on the 480V bus would alway
requ(re both dependencies (480V-and 4KV) to be questioned.

In symmary, event sequence timing should be a key consideration when ordering the top event withi
the dvent tree. However\.if is understood that other considerations such as managing the number of
event tree nodes (top ‘events), the variations in timing associated with different event tree paths an
the dlependencies detween events that may result in variations in the order of events from tha
assogiated with.the)expected scenario timeline.
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REGULATORY POSITION
The NRC in Regulatory Guide 1.200 Revision 1 has “no objection” to this SR.
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Index No.
AS-A Capability Category | Capability Category 11 Capability Category |

AS-A7 DELINEATE the possible accident sequences for each modeled | DELINEATE the possible

initiating event, unless the sequences can be shown to be a | accident sequences for
non-contribution using qualitative arguments. modeled initiating event.

each

EXPLANATION OF REQUIREMENT

his requirement addresses the need to ensure that the design of the event tree and its resylting

ccident sequences are established with accuracy and in detail, and are consistent with each’mo
initiating event or initiating event group (see SR AS-A2 for a discussion on initiating event gfoup
ote that bold text within the SR indicates text that is different between the categories.

apability Category Differentiation
his identification can be performed to three different capabilities:

or Capability Category | and 11, the requirement allows sequences that'can be shown to be

eled
ing).

non-

ontributors to be excluded. To gain a perspective on this exclusion”criterion, it is helpful to
nderstand the definition of a significant sequence, which would Clearly not meet this exclyision

riterion. In the definition section of the Standard, a significant<accident sequence is defined a
f the set of accident sequences, that when rank-ordered by decreasing frequency, aggregate to
r that individually contribute more than 1% of core damage frequency. Therefore, for a sequen
e considered a “non-contribution” sequence, it would>need to be significantly less than
equirement. As AS-A7 is qualitative, there are two keyquestions to consider.

1) Is the excluded sequence bounded by othensequences? If bounded, then the risk contrib
is being conservatively considered in thé overall results. This bounding approach resu
the loss of detail and potentially an overestimation of risk. Although potentially conserv:
a bounding approach captures the“issue and can be dissected if refinement of the resu
required.

then it is necessary todetermine if the resulting frequency will not be conseque
Therefore, tree branches that are excluded should have a small split fraction proba
(probability of that’ branch occurring) such that the expected contribution of resy
sequence is much’less than 1% (0.01%) of core damage or large early release.

fFor Capability Category 111, the analyst needs to ensure that the design of the event tree a
flesulting accident.:sequences are established with accuracy and in detail.

REGULATORY POSITION
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2) Is the frequency of the excluded event tree sequence unlikely? If the sequence is not bounded,
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The.NRC in Regulatory Guide 1.200 Revision 1 has “no objection” to this SR.
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Index No.
AS-A Capability Category | Capability Category 11 Capability Category 111

AS-A8 DEFINE the end state of the accident progression as occurring when either a core damage state or
a steady state condition has been reached.

accident is under control. It also assumes neither additional failures oceur nor additional actions ar
needed within a reasonable time following the end of the sequence‘and that long-term actions tha
happen well beyond the end of the mission time, such as refilling\water and fuel tanks, have bee
assegsed as being able to be performed. Supporting Requirement SC-A5 states that the minimun
missjon time for PRA accident sequences is 24 hours, therefare recovery actions that occur muc
greater than 24 hours (e.g., greater than 48 hours) can be‘excluded. Recovery actions that need t
occur shortly following the end of the mission time (e.gy; within 30 hours) should be included. Fo
thesg two limits and for the time in between, judgment needs to be used as to the significance of th
potential actions considering that recovery and-the potential for repair become more likely a
additional time is considered. As stated by Stpport Requirement SC-A5, “for sequences in whic
stable plant conditions would not be achieved:by 24 hr using the modeled plant equipment and huma
actigns, ASSUME core damage.”

= = U (D= O30 = =~ (U (D (D=

REGULATORY POSITION
The NRC in Regulatory Guide 1.200 Revision 1 has “no objection” to this SR.
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Index No.
AS-A Capability Category | Capability Category 11 Capability Category 111
AS-A9 USE generic thermal | USE realistic, applicable | USE realistic, plant-specific
hydraulic analyses (e.g., as | (i.e., from similar plants) | thermal hydraulic analyses

performed by a plant vendor
for a class of similar plants)
to determine the accident
progression parameters (e.g.,
timing, temperature, pressure,

thermal hydraulic analyses
to determine the accident
progression parameters (e.g.,
timing, temperature, pressure,
steam) that could potentially

to determine the accident
progression parameters (e.g.,
timing, temperature, pressure,
steam) that could potentially
affect the operability of the

Stearm)that—coutd—potentiatty
affect the operability of the

affectthe—operabitity of the
mitigating systems.

TItgatimg SyStermns.

mitigating systems.

EXPLANATION OF REQUIREMENT

Thermal-hydraulic analyses are performed to determine the conditions durigg the progression g
gccident that could affect the operability of the mitigating systems, and therefore, influence that g

lant-specific calculations are not always necessary. This requirement specifies the degree of
pecificity and realism needed. Note that bold text within the(SR indicates text that is diff
etween the categories.

apability Category Differentiation

his identification can be performed to three differeqt capabilities. The capability categorie
eant to reflect the different degrees to which the thermal-hydraulic analyses can be performed
more generic to a plant-specific.

or Capability Category I, the requirement establishes the worst set of conditions that could 3
e mitigating systems and that conservatively represent the accident progression. Capa
ategory | strategy reduces the complexity of the model at the expense of model detail. By
eneric analyses, it is expected that the absolute risk predictions will be conservatively biased.

or Capability Category I the requirement is more refined over Capability Category 1. As
hile plant-specific analyses are not performed, the analyses used are ones for plants of si
esign and operatior - that is, similar reactor size, available mitigating systems and contain
esign. In this magnner, the accident sequences developed are not conservative.

or Capahility Category Il1, the requirement is for realistic plant-specific.

f the
ctual

dccident sequence development. These analyses are complex and reseurce intensive and defailed

lant-
erent

5 are
from

ffect
Dility
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EGULATORY POSITION

The NRC in Regulatory Guide 1.200 Revision 1 has “no objection with clarification” to this SR.
clarification notes that “The code requirements for acceptability need to be stated.” The RG 1.20

The
0

resolution is to reference SC-B4 in the Category Il and 111 requirements. SC-B4 requires analysis

models and computer codes to have sufficient capability to model the conditions of interest in the
determination of success criteria.
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X]Sd(z( No. Capability Category | Capability Category II Capability Category 11
AS-A10 In constructing the accident In constructing the accident In constructing the accident
sequence models, INCLUDE, | sequence models, INCLUDE, | sequence models, explicitly
for each modeled initiating for each modeled initiating INCLUDE, for each modeled
event, individual eventsin event, sufficient detail that initiating event, each system
the accident sequence significant differences in and operator action required
sufficient to bound system requirements on systems and | for each key safety function.
operation, timing and operator responses are
operator actions necessary Captured. vvnere OiVerse
for key safety functions. systems and/or operator

actions provide a similar
function, if choosing one
over another changes the
requirements for operator
intervention or the need for
other systems, MODEL each
separately.

EXPLANATION OF REQUIREMENT

The PRA Standard Definitions section defines accident sequencé/as a representation in terms of ap
initigting event followed by a sequence of failures or successes.that may lead to core damage or large
early| release. For the sequence of failures or successes, AS-A10 requires the modeling of individugl
events such that all credible system and operator respenses are addressed. Accident sequenc
conditions could impact system response with respect\to: system-level success criteria, system an
train| availability, component reliability, mission times, time windows for system-related operat
actigns and system modeling assumptions. Accident sequence conditions also could impact th
proper performance of a required response consistent with the accident sequence specific timing cue
and fime window for successful completion of the action. The approach to modeling individu
events varies from a Category | bounding approach to the explicit modeling of each system an
opergtor action that is required by Category Ill. This variation is modeling is discussed below. Not
that bold text within the SR indicafes text that is different between the categories.

OO —

Caphpbility Category Differentiation
This|identification can be/performed to three different capabilities:

197

For[Capability Catégery I, a bounding approach is used. When using a bounding approach th
most limiting conditions should be used to ensure that the resulting sequence addresses all potentig
varigtions of system, equipment and operation actions. This approach should result in conservativ

D

For [Capability Category I, the requirement is to address all system operations or operator action
that fesult in significant differences in downstream response of other operations or actions. Thi
category is a refinement of Category | in that the degree of conservatism is reduced with the addition
of greater detail such that all system operations or operator actions that result in changes to the
response of other systems are to be modeled. As with Category I, each model response should bound
the scenarios it addresses. The difference between Category | and Il is that Category | places no
restrictions on the use of a bounding approach while Category Il allows bounding modeling only
when there is no downstream impact.

Ty

7

For Capability Category 111, the requirement is to explicitly model all system and operator actions
required for each system function.
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REGULATORY POSITION

The NRC in Regulatory Guide 1.200 Revision 1 has “no objection with clarification” to this SR. The
clarification notes that “The modifier ‘significant’ does not have a clear definition. Examples provide
a clear understanding.” The RG 1.200 resolution is to modify the Category Il language to: “In
constructing the accident sequence models, INCLUDE, for each modeled initiating event, sufficient
detail that significant differences in requirements on systems and [required — added] operator
respenses [interactions (e.g., systems initiations or valve alignment) — added] are captured.
Where diverse systems and/or operator actions provide a similar function, if choosing one over
gnother changes the requirements for operator intervention or the need for other systems,
IMODEL each separately.”
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Index No.
AS-A Capability Category | Capability Category 11 Capability Category 111
AS-Al11 | Transfers between event trees may be used to reduce the size and complexity of individual event

trees. DEFINE any transfers that are used and the method that is used to implement them in the
qualitative definition of accident sequences and in their quantification. USE a method for
implementing an event tree transfer that preserves the dependencies that are part of the transferred
sequence.  These include functional, system, initiating event, operator and spatial or
environmental dependencies.

EXPLANATION OF REQUIREMENT

Self{explanatory.

REGULATORY POSITION
The NRC in Regulatory Guide 1.200 Revision 1 has “no objection” to this SR
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5.2.2 Supporting Requirements for HLR-AS-B

ASME/ANS Standard Section 2.2.2, Table 2.2.2-2(b), Supporting Requirements for HLR-
AS-B
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and function shall be addressed.
Intent: To ensure that functional dependencies are addressed

SRs: AS-B1 through AS-B7
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Index No.
AS-B Capability Category | Capability Category 11 Capability Category 111

AS-B1 For each modeled initiating event, IDENTIFY mitigating systems impacted by the occurrence of
the initiator and the extent of the impact. INCLUDE the impact of initiating events on mitigating
systems in the accident progression either in the accident sequence models or in the system
models.

EXPLANATION OF REQUIREMENT

The [identification of initiating event impact on mitigating systems includes consideration of. th
initigting events impact on key safety functions (SR AS-A2), mitigating systems and assOCiate
success criteria (SR AS-A3) and operator actions and associated success criteria (SR AS+A4). Th
term|“mitigating systems” refers to those systems that can be used to mitigate the initiator’as define
by SR AS-A3. These elements were considered and included, as appropriate, in thedevelopment o
the accident sequence model (AS-Ab).

It should be noted that different approaches are used in the design of PRAs"as to the split o
information between that contained in the event trees and that contained in_the fault trees. This SH
provjdes an option to include the initiating event impact in the accident seguence models (event trees
or the system models (fault trees). The expectation is to include the initiating event impact at th
location where the level of detail and boundary conditions of the\System responses and operato
actigns are modeled such that the impact is appropriately addressed. For example, SR IE-A]
identifies essentially two categories of initiating events: LOCAS (including SGTRS and ISLOCAS
and fransients (including special initiators). LOCAs result.in“a direct challenge to RCS pressure an
invemntory and therefore will require makeup systems to.mitigate these effects. A large break LOCA
challenge to a PWR often requires accumulators (or injection tanks) to provide rapid core re-flood,
function not needed for other initiating events. Suchva function is typically modeled at the acciden
sequence level. However, a transient that results.from a failure of an electrical bus could be modele
at thg event tree level if a large event tree method is being used. This event would be modeled withi
the fault tree for small event tree methods:

—h == (0D
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REGULATORY POSITION
The NRC in Regulatory Guide-1.200 Revision 2 has “no objection” to this SR.
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Index No.

AS-B Capability Category | Capability Category 11 Capability Category 111

AS-B2 IDENTIFY the dependence of modeled mitigating systems on the success or failure of preceding

the accident sequence models or in the system models. For example:

(a) Turbine driven system dependency on SORV, depressurization and containment
removal (suppression pool cooling);

(b) Low pressure system injection success dependent on need for RPV depressurization.

systems, functions and human actions. INCLUDE the impact on accident progression, either in

heat

XPLANATION OF REQUIREMENT

unique feature of event trees and the resulting event sequences is their ability to capture the

f events. At the highest level, an event sequence can be divided into three parts: 2)/Initiating E
) Mitigation Functions (system functions and operator actions) and 3) End State., "‘Requirement
6 is focused on the order of the mitigation functions and states that sequence timing of an acc
cenario is a major consideration to the design of the event tree. For example, reactivity cg
unctions are typically questioned early in an event sequence as they are’associated with the i
lant response. This requirement explicitly addresses the treatment of the dependent nature of
ees in the development of the accident sequence models and system-models.

wo examples are provided in the supporting requirement. The) first example refers to depend
ssociated with BWRs where the turbine-driven systems (RCIE€ and HPCI) required an adequate
ressure and heat sink to operate. A stuck open relief valve or depressurization of the RCS w
educe the available RCS pressure and may challengecthe ability for these pumps to operate d
insufficient steam pressure. Suppression pool cooling'is used as the heat sink for RCIC and H

Drder
vent,
AS-
dent
ntrol
nitial
pvent

ency
RCS
ould
e to
PCI.

Inadequate suppression pool cooling could challenge the effectiveness of these systems to discharge

eir heat. The second example refers to the dependency of low pressure injection on the pressu
e RCS where injection is being provided.cOften, these pumps require a reduction in RCS pre
provide adequate makeup where the RCS pressure is significantly below the pump’s shutoff

Both examples highlight the dependeney of a system on the actions of other systems and ope
gctions.

REGULATORY POSITION
The NRC in Regulatory Guide 1.200 Revision 2 has “no objection” to this SR.
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Index No.
AS-B Capability Category | Capability Category 11 Capability Category 111

AS-B3 For each accident sequence, IDENTIFY the phenomenological conditions created by the accident
progression. Phenomenological impacts include generation of harsh environments affecting
temperature, pressure, debris, water levels, humidity, etc. that could impact the success of the
system or function under consideration [e.g., loss of pump net positive suction head (NPSH),
clogging of flow paths]. INCLUDE the impact of the accident progression phenomena, either in
the accident sequence models or in the system models.

EXPLANATION OF REQUIREMENT

This|requirement ensures that the accident sequences reflect the phenomenological conditions (i.e
expected observable conditions) that could occur during the accident progression. These-condition
inclyde unique or harsh environmental conditions and process-related conditions as“a result of th
conditions created as a result of the accident progression. The identification of the plienomenologic
conditions can be accomplished through a systematic assessment of each sequencés This assessme
shoulld include a review of the basis for the success criteria and estimated reliability of each top event
in light of the environmental and process conditions expected in the accident-progression. Top evert
success criteria or equipment reliability could change: (1) (unique envitenment) as the result of
redugtion in containment pressure due to containment isolation failure’(potential impact on NPSH a
a result of lower pump suction pressure), (2) (harsh environment)-as-the result of a high temperatur
steam environment (potential impact on component reliability)y(3) (process-related condition) as th
result of abnormal process parameters (e.g., relief’s valves«ahility to close when passing water a
oppdsed to steam), (4) (process-related condition) LOCAstypically require recirculation of injectio
inveptory from the containment sump through sump“screen that may be subject to clogging.
Thergfore, the potential impacts on top event reliability (failure modes, failure rate, number
demands, mission time) need to be reflected in the-accident sequence models and system models.

—_— (D U =

REGULATORY POSITION
The NRC in Regulatory Guide 1.200:Revision 1 has “no objection” to this SR.
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Index No.
AS-B Capability Category | Capability Category 11 Capability Category |

AS-B4 When the event trees with conditional split fraction method is used, if the probability of Event B

is dependent on the occurrence or non-occurrence of Event A, where practical, PLACE Event
the left of Event B in the ordering of event tops. Where not practical, PROVIDE the rationale
for the ordering.

Ato
used

EXPLANATION OF REQUIREMENT

iplit fractions are typically used in large event trees and containment event trees where eacho¢

vent

ee top event may have one or more split fractions. Split fraction is defined in the glessary fs “a

gnitless quantity that represents the conditional (on preceding event) probability of,choosing
direction rather than the other through a branch point of an event tree.” The selection of a
;Eaction value can only be made based on information that proceeds (to the left\of) the top ¢

odels a bus that is required for the pump to operate, the failure of the bus (Event A) results in fg

uestioning of the Event B split fraction that represents the pump’s failure probability given Eve

O == N

oint later in the event tree where the pump is being used to<§upport a system or plant function,
e pump and bus should be questioned together where both must be successful for the pump

REGULATORY POSITION
The NRC in Regulatory Guide 1.200 Revision 1 has “no objection” to this SR.
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quccessful. This approach of questioning both is one means of compensating for the reverse ordey.

one
split
vent

hose split fraction is being determined. For example, if Event B models aspump and Event A

ilure

f Event B (pump). The split fraction for this condition is 1.0. Succéss of the bus results ip the

nt A

5 successful. The split fraction for this condition would be a valuedike 1 x 107 (a typical pump on-
emand failure rate). If the status of the bus is not known when-the pump is questioned, then at $ome

both
0 be
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Index No.
AS-B Capability Category | Capability Category 11 Capability Category 111
AS-B5 DEVELOP the accident sequence models to a level of detail sufficient to identify intersystem

dependencies and train level interfaces, either in the event trees or through a combination of event
tree and fault tree models and associated logic.

achi

sam
inter|
(e.g_.
testl

bein
degr
systg
split
term
of de
fault
tree

RE
The

O O U5 &8 =—

ve the modeled function, (4) shared dependencies where systems or trains are dependent on th
components, subsystems or auxiliary equipment (common failure mode), (5) indirect physicg
ctions, typically environmental in nature, where a failure causes a degraded or-failed conditio
ventilation cooling results in equipment failure due to high temperature), \(6) maintenance an
g interactions where a train in maintenance or test may preclude the other redundant train fron
J in maintenance or test, (7) operator interactions where the failure of an action could prevent o
hde the function one or more systems and/or trains and (8) common(cause dependencies betwee
ms and trains. As noted in the SR, different approaches are used‘in the design of PRAs as to th
of information between that contained in the event trees and that’contained in the fault trees. Th
“through a combination of...” reflects the understanding that the requirement for sufficient leve
tail is met as a result of an integrated modeling approach-that considers both the event trees an
trees. To meet the level of detail requirement, the development process for the event tree/faul
models is required to include methods to identify and"address each type of dependency. 2

O D (D O = = & 5 =

—t

GULATORY POSITION
NRC in Regulatory Guide 1.200 Revision 1 has “no objection” to this SR.

4

Methods to address eachitype of dependency
1) Functional Depefidencies: It is expected that these dependencies will be explicitly incorporated into the event tree branching.
P)  Time-phased-Dépendencies: Addressed by SR AS-B7.

B)  Support.Systems Dependencies: This dependency includes interfaces with various supporting system (e.g., as power, dc powef,
auxilidry ‘eooling water systems, heating, ventilation and air-conditioning systems). Consistent with SR SY-B5, systerh
dependencies should be explicitly modeled and consistent with SR-B6, engineering analyses should be performed to determing
the meed for support systems that are plant-specific and reflect the variability in the conditions present during the postulatef

accidents for which the system is required to function.
StraredDependerncie TS expectettia ared-dependencies wittbeexpticity incorporated-mtotheeve eeS or fau EE

Indirect Physical Interaction Dependencies: SR SY-B11 and SY-B12 provide guidance on modeling support systems including
HVAC.

(6) Maintenance and Testing Dependencies: Addressed by SR AS-B6.
(7) Operator Interactions: SR-B15 requires that operator interface dependencies be included across systems or trains, where

applicable.

(8) Common Cause Dependencies: Common cause failures should be modeled when supported by generic or plant-specific data.

Consistent with SR SY-B1 and SY-B2, intra-system common-cause failures (failure between trains) should be modeled while
inter-system common-cause failures are only required for Category Il when systems are performing the same function.

80
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Index No.

AS-B Capability Category | Capability Category 11 Capability Category 111

AS-B6 If plant configurations and maintenance practices create dependencies among various system

these dependencies, either in the accident sequence models or in the system models.

alignments, DEFINE and MODEL these configurations and alignments in a manner that reflects

EXPLANATION OF REQUIREMENT

xchanger B is supported by Pump B which is supported by Bus B. The, ©Objective of

etween systems and then model these alignments within the event trees or fault tree models.

REGULATORY POSITION
The NRC in Regulatory Guide 1.200 Revision 1 has “no objectien? to this SR.

81

For

xample, assume that a cooling water system has two heat exchangers (Heat Exchanger A and|[Heat
xchanger B) but only requires one for normal operation and for the mitigation of most eyents.
ssume that Heat Exchanger A is supported by Pump A which is supported by Bus. A] and [Heat

this

equirement is to identify the system configurations that have the potential to impact.the dependepcies
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Index No.
AS-B Capability Category | Capability Category 11 Capability Category 111
AS-B7 MODEL time-phased dependencies (i.e., those that change as the accident progresses, due to such

factors as depletion of resources, recovery of resources and changes in loads) in the accident

sequences.
Examples are:

(a) For SBO/LOOP sequences, key time phased events, such as:
(1) _AC power recovery

room

(2) DC battery adequacy (time dependent discharge)
(3) Environmental conditions (e.g., room cooling) for operating equipment and the ‘contrgl

(b) For ATWS/failure to scram events (for BWRS), key time dependent actions suchas:
(1) SLCS initiation
(2) RPV level control
(3) ADS inhibit

(c) Other events that may be subject to explicit time dependent characterization include:
(1) CRD as an adequate RPV injection source
(2) Long term make-up to RWST

EXPLANATION OF REQUIREMENT

The [following table amplifies the list of examples to better illustrate the requirements for modelin

timetphased dependencies.

<

Exampl Description Type Explanation
e
@)(L) | AC power Recover | Likelihood of AC off-site recovery increases as the accident
recovery y progresses where the additional time enables resources to completg
switchyard or highline restoration activities. The initial phase prior
to off-site recovery establishes the mission time for on-site powef
sources. After off-site power is restored, on-site power sources arg
no longer needed in order to achieve a safe-stable state.
(@)(R) | DC battery Depletio | For conditions where the IE batteries are providing load withoyt
adequacy: n chargers (SBO conditions), depletion will limit the battery missiont
time. If depletion occurs during the phase prior to off-site powefr
recovery, then additional and/or modified mitigation actions may bg
required to achieve a safe-stable state or, in some plants, core damagg
may result. The time available before battery depletion can bg
significantly increased by actions to shed non-critical loads.
(@)(3) | Environmental Heatup Loss of room cooling could cause critical temperatures to be reached
conditions such that equipment failure results. The time phase before equipment
(room cooling) failure could be used to initiate recovery actions. Following
equipment failure, additional and/or modified mitigation actions may
be required to achieve a safe-stable state.
(b)(1) | SLCS Initiation | Heatup In response to an ATWS event, the Standby Liquid Control system is
used to insert negative reactivity into the pressure vessel in order to
shutdown the reactor and avoid exceeding safety limits. The time
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Exampl

Description

Type

Explanation

available to perform this action is dependent, in part, on the acti

on to

lower the reactor vessel level (discussed below). Therefore, the time-

dependent success of this action is influenced by the timing of
level action.

RPV

(b)(2)

RPV level
control

Heatup

In response to an ATWS event, reactor vessel level needs to be

maintained at the top of the fuel in order maintain adequate inve

Bl

ntory

+ A tor aonaiar Liabhar aaatar 1oy ol " Y T
are—to—tHmit—reactor—power—Higher—waterevels—rest—a—
power levels. This action requires timely action and, is
performed in conjunction with the SLC injection actiondisc
above. The timing for this action interacts with the SLLC acti
discussed above.

igher
often
Lssed
bn as

(b)(3)

ADS inhibit

Depletio
n

In response to an ATWS event, the operation, of the Auto
Depressurization system may occur automatically and it could
in depressurization of the reactor to below(the shutoff head o
pressure injection systems such asLPCl and core spray i
Action may be required to prevent ADS operation by inhibiting
Action timing is important; hoWwever, action has limited
dependence.

matic
result
f low
hject.
ADS.
bhase

©Q)

CRD as an
adequate RPV
injection source

Decay
Heat

The control rod drive (CRD) hydraulic pumps can provide
pressure or low pressure.coolant makeup. However, flow capac
the CRD pumps is relatively low and this injection source is typ
used when other chigh pressure coolant injection systems ar
available. If high pressure injection fails early, the CRD systemn

high
ity of
cally
b not
may

not be able.to provide adequate makeup as the flow requiremnents

shortly after shutdown are greater than the capability of the
system, “However, later in the event, the CRD system m3
effective.

CRD
y be

©@)

Long term
make-up

Depletio
n

Replenishment of condensate storage tanks used to s
emergency or auxiliary feedwater pumps is an example of long
make-up. The phase prior to depletion requires monitoring d
tank level to ensure adequate time is available to align an alte
source. The shifting of the condensate source marks the tran
between phrases.

Lpply
Hterm
f the
rnate
sition

REGULATORY POSITION
"he NRCin:Regulatory Guide 1.200 Revision 1 has “no objection” to this SR.
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5.2.3 Supporting Requirements for HLR-AS-C
ASME/ANS Standard Section 2.2.2, Table 2.2.2-2(c), Supporting Requirements for HLR-
AS-C

HLR-AS-C: Documentation of the Accident Sequence analysis shall be consistent with the
applicable supporting requirements.

Intgnt: To provide documentation that supports review and update of the system
models consistent with the requirements.

SRq: AS-C1 through AS-C3

84
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Index No.

AS-C Capability Category | Capability Category 11 Capability Category 111

AS-C1 DOCUMENT the accident sequence analysis in a manner that facilitates PRA applications,
upgrades and peer review.

EXPLANATION OF REQUIREMENT
It

is important that the documentation includes sufficient information about the approach used for the

|
q

REGULATORY POSITION
he NRC in Regulatory Guide 1.200 Revision 1 has “no objection” to this SR.

e original process could come to S|m|Iar conclusions regarding the validity of the results.ang the

eracity of the accident sequence analysis to the as-built and as-operated plant. In this wayan arjalyst
would be able to understand the approach and would be able to support applications/upgradeg and
fleviews of the PRA. Furthermore, the documentation is to be consistent with the applicable SRs as
gtated in High Level Requirement AS-C. Although examples are included in SR*AS-C2, these dp not
vlepresent a complete list of all required documentation. To facilitate the development of a complete
list, a documentation mapping is provided in the explanation to SR AS-C2“showing the scope of

ocumentation needed to achieve consistency with the applicable SRs.
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Index No.
AS-C Capability Category | Capability Category 11 Capability Category 111
AS-C2 DOCUMENT the processes used to develop accident sequences and treat dependencies in

accident sequences, including the inputs, methods and results. For example, this documentation
typically includes:

(@) The linkage between the modeled initiating event in the Initiating Event Analysis section
and the accident sequence model;

(b) The success criteria established for each modeled initiating event including the bases for the
criteria (i.e., the system capacities required to mitigate the accident and the necessar

components required to achieve these capacities);

(c) A description of the accident progression for each sequence or group of similar sequence
(i.e., descriptions of the sequence timing, applicable procedural guidance, ‘expecte
environmental or phenomenological impacts, dependencies between systems and operato
actions, end states and other pertinent information required to fully establish the’sequence o
events);

(d) The operator actions reflected in the event trees, and the sequencé/specific timing angl
dependencies that are traceable to the HRA for these actions;

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

(H [When sequences are modeled using a single top event fault-tree] the manner in which th
requirements for accident sequence analysis have been safisfied.

- = == U

1172

EX

This
requ
deve
and

examples. It should be noted that the documentation examples do not represent the complete list of

all r
facil
C2-2
Tabl
docu
“SR]
supp
betw
C2-2

PLANATION OF REQUIREMENT

SR addresses the process documentation used to implfement the accident sequence supportin
rements. It also provides examples of documentation associated with the accident sequenc
opment processes and examples of documentation associated with the parameters, constraint
Fesults from implementing these processes.. Table 3 (AS-C2-1) provides a discussion of thes

O~ U (D&

bquired documentation, but a list of many of the documents that are typically included. To
tate the development of a complete list, a documentation mapping is provided in Table 4 (AS
) showing the scope of documentation needed to achieve consistency with the applicable SRY.
e 4 (AS-C2-2) also identifies-each documentation item as either “process” or “SR.” A *“process|
mentation item primarily supports the process requirement which is the focus of this SR while a

documentation item ¢primarily supports documentation that is consistent with one or mor
prting requirements @s)required by AS-C1. A mapping is also provided in Table 3 (AS-C2-1
een the examples.and the documentation list shown in Table 4 (AS-C2-2) and in Table 4 (AS
) between the documentation items and the applicable SRs.

=}

13%

Table 3 AS-C2-1 SR Examples

SR . . Documentation
Discussion
Example Item

SRAS-BITequites thetdentificatiomof the Tmitigating Systerms mpacted by the 7
occurrence of the initiator and SR AS-A5 addresses the development of plant-
specific accident sequences.

b The system response success criteria are address by SR AS-A3 and the 3,4,6
development of plant-specific accident sequences is addressed by SR AS-A5.
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SR . . Documentation
Discussion
Example Item
c The description of the accident sequence progression should include the model 1,2,3,6
structure (SR AS-ADb), graphical representation (SR AS-Al), sequence timing,
dependencies (SR AS-A3 and A4), and functional and system success criteria
(SR AS-A2 and A3).
d SR AS-A4 addresses the identification of operator actions to achieve the 1,5
defined success criteria. The overall accident sequence process should include
a description of this process to incorporate operation actions into the accident
sequence analysis.
e The interface of the accident sequence models with plant damage states should 1,6
be included in the description of the overall accident sequence process or could
be addressed by the documentation supporting SR LE-A4.
f The manner in which sequences are modeled when using single top event fault 1
trees should be addressed in the description of the overall accident sequence
process.
Table 4 AS-C2-2 Documentation Mapping
Element | Type | Item Documentation Related SR SR Examples
Document the approach used to model the
appropriate combination  of  system
responses and operator actions. Include the
approach used to incorporate” safety
functions and success critefia and the
AS Process 1 selection of thermal-hydratlic analyses. A,lolgA,ZA:gAi:ﬁG' c,dgf
This documentation should*also include the T
rationale used for ordering events and, if
applicable, event ree transfers, and the
approach used for accident sequence end
states.
AS SR 2 Provide ‘graphical representation of the Al c
eventiree structure or equivalent.
Listthe key safety functions and their bases
AS SR 3 ys_eq in the analysis for each modeled A2, A5 b, d
initiating event (can be included as part of
the success criteria documentation).
Document the minimum system
requirements to support each safety
AS SR 4 function for each modeled initiating event A3, A5 b
and their bases (can be included as part of
the success criteria documentation).
Document that sequence specific timing
&S SR 5 gndl dleeer)deDC|es prr tt]e oplera_tor‘ actlonls A4, A5 d
MLIuucu 1 e abLIUutTIvt atlalysts TUT Tdull
modeled initiating event and their bases.
Document the accident sequence structure
AS SR 6 and its bases. Include explanation of all A5 b,c,e
event tree transfers.
AS SR 7 Document initiating event impacts on BL A5 a
mitigating systems and their bases.
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REGULATORY POSITION
The NRC in Regulatory Guide 1.200 Revision 1 has “no objection” to this SR.
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Index No.
AS-C Capability Category | Capability Category 11 Capability Category 111

AS-C3 DOCUMENT the sources of model uncertainty and related assumptions (as identified in QU-E1
and QU-E2) associated with the accident sequence analysis.

EXPLANATION OF REQUIREMENT

It is important to document the characterization the uncertainties with respect to plant risk. Guidance
flor characterizing uncertainties for the baseline PRA IS included in NUREG-1855 ~Guidance.on the
Treatment of Uncertainties Associated with PRAs in Risk-Informed Decision Making” and of -HPRI-
TR-1016737 “Treatment of Parameter and Modeling Uncertainty for Probabilistic Risk Assessments.”
These companion documents are intended to provide a technical basis for the identification and
¢haracterization of uncertainty in the baseline risk assessment. Section 3 of EPRI-TR-1016737

rovides guidance on characterizing uncertainties for the baseline PRA model, “Note that the EPRI
t[iport is publicly available at no charge from EPRI.com. This report is believed'to represent thg best
information source on the treatment of parameter and modeling uncertainty.at-the time of this wrijting.
This report has not been endorsed by the ASME.

REGULATORY POSITION

'he NRC in Regulatory Guide 1.200 Revision 1 has “no oBjection with clarification” to this SR.| The
¢larification notes that “All the sources or uncertainty and-assumptions that can impact the risk profile
of the base PRA need to be documented” and refers;to-the definition of key source of uncertainty for
definition of source of uncertainty. The current version of the standard addresses this concern.
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5.3 Success Criteria Analysis Section 2-2.3 of the ASME/ANS RA-Sa-2009

The objectives of the success criteria element are to define the plant-specific measures of success and
failure that support the other technical elements of the PRA in such a way that

(a) Overall success criteria are defined (i.e., core damage and large early release)

(Ib) Success criteria are defined for critical safety functions, supporting systems, structures,
components and operator actions necessary to support accident sequence development

To meet the above objectives, three HLRs are defined in the standard:

c) The methods and approaches have a firm technical basis

d) The resulting success criteria are referenced to the specific deterministic calculations.

Desipnator

Requirement

HLR-SC-A

The overall success criteria for the PRA and the)system, structure, component angl
human action success criteria used in the PRA shall be defined andg
referenced, and shall be consistent with<the features, procedures and operating
philosophy of the plant.

HLR-SC-B

The thermal/hydraulic, structural andyother supporting engineering bases shall b
capable of providing success criteria“and event timing sufficient for quantification of
CDF and LERF, determination of the relative impact of success criteria on SSC angl
human actions and the impact of'uncertainty on this determination.

13%

HLR-SC-C

Documentation of Success:criteria shall be consistent with the applicable supportin
requirements.

<
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5.3.1 Supporting Requirements for HLR-SC-A

ASME/ANS Standard Section 2-2.3, Table 2-2.3-2(a), Supporting Requirements for HLR-
SC-A

; ; ent
and human action success criteria used in the PRA shall be defined“and

referenced, and shall be consistent with the features, procedures anehoperating
philosophy of the plant.
Intent: Specify the requirements for Success Criteria

SRs: SC-A1 through SC-A6
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Index No.

SC-A Capability Category | Capability Category 11 Capability Category 111

SC-Al USE the definition of core damage provided in Section 2 of this Standard. If core damage has

been defined differently thangin Section 2:
(a) IDENTIFY any substantial differences from the Section 2 definition
(b) PROVIDE the bases for the selected definition

EX

LAMATION.OC DRE
TN O =

Sinc
used
atma
crite

Surr

[
It is
defin
and
aboV

If th
nece
subs
depe
lead

L-7\TN/™\

b success criteria are the minimum requirements for each function (and ultimately, the system
to perform the functions) to prevent core damage (or to mitigate a radioactive release to th
sphere) a precise understanding of what core damage means is needed for developing the succes
ia.

bgates are often used by PRA analysts to represent core damage such as:

Collapse Water Level below top of active fuel or some distance above bottom of active fue
(e.g., 2" above BAF is used by NUREG/CR-4550)

Peak Cladding Temperature >2200F

incumbent upon the analyst to demonstrate that a selected sGrrogate is consistent with th
ition of core damage. Note that this SR is focused on the overall core damage success criteri
he complete core damage definition should be identified._TFhe surrogates or parameters liste
e are addressed by SR SC-A2.

e definition of core damage used is dissimilar to.that in Section 1 of the Standard, this SH
bsitates a justification for the different definition., "I particular, it is important to identify an
antial deviations from the Section 1 definitiop:because the analyses and results of the PR/
nd on the definition. A definition of core damage that is more conservative than another one will

— U DUy

O D

rad

—

out

statement only may require 2 of the 3 te-operate. In addition, it is necessary to provide the bases fo
seledting the definition to ensure that it is technically sound and appropriate. When the chose
definjition diverges from that in Section 1 of the Standard, this SR can be satisfied by identifyin
clearfly and explicitly any substantial differences between them, and documenting the technical base

fort

RE

Revi
has 1

to more stringent success criteria. For example, mitigating an accident scenario may require
f 3 pumps of a system to operate given-one definition of core damage, while a more relaxe

Ty O O = O

e definition chosen.

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to the requirement.
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ISQ?ZX No. Capability Category | Capability Category 11 Capability Category 111

SC-A2 SPECIFY the plant parameters | SPECIFY the plant parameters (e.g., highest node temperature,
(e.g., highest node core collapsed liquid level) and associated acceptance criteria
temperature, core collapsed (e.g., temperature limit) to be used in determining core damage.
liquid level) and associated SELECT these parameters such that the determination of
acceptance criteria (e.g., core damage is as realistic as practical, consistent with
temperature limit) to be used current best practice. DEFINE computer code-predicted
in determining core damage. acceptance criteria with sufficient margin on the code-
Examples OoT measures 101 catcutated vatues to attow for timitations of the codae,
core damage suitable for sophistication of the models and uncertainties in the.réestlts,

defined in NUREG/CR-4550 | B.
[NOTE (1)]. Examples of measures for core damage suitable for

include:

(@) Collapsed liquid level less thah1/3 core height or ¢
predicted peak core temperature >2,500°F (BWR)

(b) Collapsed liquid level below top of active fuel for a
prolonged period, or code-predicted core peak nod

modeling; or code-predicted core peak node
temperature>1,800°F using a code with simplified
single-node core model, lumped parameter) core
modeling; or code-predicted core exit temperature

madeling (PWR)

Capability Category 11/ 111, that have been tsed in PRASs,

Capability Category | are consistent with the requirements specified under-HLR-4C-

hde-

D

temperature >2,200°F using a code with detailed cqre

(e.g.,

>1,200°F for 30 min using a code with simplified cqre

f the active fuel assemblies is uncoveréd,

ational Laboratories, January 1990Q.

XPLANATIONOF REQUIREMENT

he intent of this«SR is to specify the plant parameters to use in determining core damage, an

given in NUREG/CR-4550.

INOTE (1): NUREG/CR-4550, Vol. 1, Rev. 1, page’ 3-8, uses the following simplified definitions of| core
damage to avoid the need for “detailed thermal-hydraulic calculations beyond the scope and resources ¢f the
work.” For BWRs, “the core is considered to be-in a damaged state when the reactor water level is less than 2 ft
dbove the bottom of the active fuel.” For PWRSs, “the core is considered to be in a damaged state once the top
q

eference: NUREG/CR-4550, “Analysis of Core Damage Frequency, Internal Events Methodology,” Spndia

i the

associated acceptance criteria, and should be consistent with the definition provided in SR SQ-A2.

hose

For Capability Categories Il and I11, the parameters are selected such that the determination of

core damage is as realistic as practical, consistent with current best practice. To achieve this

goal,

thermal-hydraulics analyses are carried out under realistic assumptions about plant performance.
They usually are conducted using best-estimate computer codes able to evaluate phenomena related to

core damage; examples are the latest versions of TRACE, MELCOR and RELAP.
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Each computer code has some limitations on the thermal-hydraulics phenomena that are within its
scope, and the level of detail of its models for each particular phenomenon may differ from simplified
to advanced. Further, the code’s results have epistemic uncertainty due to uncertainties in the
parameters used as input in the calculations in the code’s models, in the models themselves and in the
completeness of the analyses. Hence, for Capability Categories Il and 11, computer code-predicted
acceptance criteria are defined with sufficient margin on the code-calculated values to allow for the
codes’ limitations, the models’ sophistication and uncertainties in the results. For example, if a code
is known to have a simplified model of the core, such as a single-node core model, then this SR
directs using a greater margin for the code-predicted acceptance criteria than if the code modeled the
core|in more detail. Additional margin means that the criteria are somewhat more conservativexin
ordef to compensate for the uncertainty. This SR necessitates consistency between the definition of
acceptance criteria and the requirements specified under HLR-SC-B.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRAsstandard RA-Sa-2009,
has njo objection to the requirement.
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Index No.
SC-A Capability Category | Capability Category 11 Capability Category 111
SC-A3 SPECIFY success criteria for each of the key safety functions identified per SR AS-A2 for each
modeled initiating event, [NOTE (2)]
NOTE (2): Requirements for specification of success criteria appear under high level requirements for other

elements as well, e.g., AS-A, SY-A. These requirements are intended to be complementary, not duplicative.
For example, for accident sequences, supporting requirements AS-A2, SC-A4, (SC-Ada, if applicable), AS-A3,
AS-A4 are intended to be used together to capture the specification of the set of systems and human actions

necessary to meet the key safety function success criteria.

XPLANATION OF REQUIREMENT

s Note 2 above points out, this requirement and requirements in the accident sequence analysis
nd the system analysis (SY) are complementary and need to be implemented that'way. Usin
ey safety functions (as defined in Section 1, the minimum set of safety functions that mu
aintained to prevent core damage and large early release) identified per SRVAS-A2, the require
ere, SC-A3, specifies that the success criteria for these functions needed-to-prevent core damag
eveloped. They are developed by carrying out evaluations determining-the required performan
these functions to prevent core damage (CD). For example, if a medium LOCA is considered,
qafety function is reactor inventory control and a supporting systém function is coolant injection
determine the key safety function’s success criteria, it is peegssary to find out the flow ra
injection that is needed to avoid CD. Once these criteria are established, the system, or combin
Qf systems, that can be used to implement these functions are identified in AS-A3 and the assog
human actions identified as per AS-A4. Success criteria at the system level are then specifi
q
a

o

onjunction with the requirements of the system analysis, such as SY-A2, SY-A10, SY-A-13, S)
nd SY-B9. The success criteria at this level are-established by conducting evaluations proving
the system, or combination of systems, satisfy,the criteria of the key safety functions. The su
g¢riteria need to be established in terms of hardware requirements, as well as human actions. 1dg
e timing at which these functions must\be performed also is determined.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2
as no objection to the-requirement.
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Index No.
SC-A Capability Category | Capability Category 11 Capability Category 111

SC-A4 IDENTIFY mitigating systems that are shared between units and the manner in which the sharing
is performed should both units experience a common initiating event (e.g., LOOP)

EXPLANATION OF REQUIREMENT

This SR only applies to multi-unit sites. At sites with more than one unit, the units may be

L3 >~ > ~

use gach system, given each common IE. This assessment usually involves:engineering analyses, an
poss|bly, detailed calculations verifying that a system or some of its compenents can be shared by tw
or mpre units given a common IE. For example, engineering analyses,already may be available, e.g
in the current Final Safety Analysis Report (FSAR) of a unit, establishing that an EDG can suppl
powgr to some loads in two units. The manner in which units sharé a system, given each common I,
depenhds on the specific IE, the system, and the accident scenario. Further, the components of
shargd system may be available immediately to a unit, or after some delay.

If a dual-unit LOOP occurs, for example, the success criteria for AC power for a specific unit woul
involve relevant information, such as the number of-EDGs available to the unit, and the minimun
numbper of EDGs necessary to support mitigating“the accident scenario triggered by this IE. Th
critefia also would encompass the operator’s action(s) required to make swing EDG(s) (if they exist 3
the dite) available to the unit, and the timing-at which the different EDGs would become availablg.
Assyming that only one EDG is needed.at:a"unit for mitigating a dual-unit LOOP, simplified succes
critefia could be expressed as “1 of 1.dedicated EDG immediately available, or (1 of 2 swing EDG
withlassociated operator action(s) after this action(s) is completed).”

- O S

}==

— (D= &

U U7

REGULATORY POSITION

Revigion 2 of Regulatory’Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has o objection to’the requirement.
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Index No.
SC-A Capability Category | Capability Category II Capability Category 11

SC-A5 SPECIFY an appropriate | SPECIFY an appropriate mission time for the modeled accident
mission time for the modeled | sequences.

accident sequences. For sequences in which stable plant conditions have been
For sequences in which stable | achieved, USE a minimum mission time of 24 hr. Mission times
plant conditions have been | for individual SSCs that function during the accident sequence
achieved, USE a minimum | may be less than 24 hr, as long as an appropriate set of SSCs and
mission time of 24 hr. Mission | operator actions are modeled to support the full sequence
times for individual SSCs that | mission time.

function during the accident | For example, if following a LOCA, low pressure idjection is
sequence may be less than 24 | ayajlable for 1 hour, after which recirculation is(tequired, the
hr, as long as an appropriate | mission time for LPSI may be 1 hour and the rhission tinje for
set of SSCs and operator | recirculation may be 23 hours.

actions are modeled_ o support For sequences in which stable plant conditions would npt be
the full sequence mission time. . - .

) ) achieved by 24 hr using the modeled “plant equipment and
For example, if following a | hyman actions, PERFORM addifional evaluatio| or
LOCA, low pressure injection | modeling by using an appropfiate technique. Examples of
is available for 1 hour, after | apnropriate techniques include:

\rzzluci?ed thfcr:wricszli?)trllogme fcl)? (a) Assigning an appropriate plant damage state for the
! sequence;

LPSI may be 1 hour and the ) o o
mission time for recirculation (b) Extending thie/mission time, and adjusting the affected

may be 23 hours. analyses, ta»the point at which conditions can be
For sequences in which stable shown to\reach acceptable values; or

plant conditions would not be (c) Modehing additional system recovery or opeyator

achieved by 24 hr using the actions for the sequence, in accordance |with
modeled plant equipment and requirements stated in the Systems Analysis| and
human actions, ASSUME Human Reliability sections of this Standard, to
core damage. demonstrate that a successful outcome is achieved.

EXPLANATION OF REQUIREMENT

This SR addresses mission time at the accident-sequence level. For sequences wherein stable plant
onditions have been achieved, this SR establishes using a minimum mission time of 24 hr.
Consistent with the discussion in SR AS-A8, sequences that are considered successful need to regch a
teady state condition-(i.e., stable plant condition) where core damage or the averted release is not
nticipated for the\conditions that are present at the end of the sequence. This steady state condition
plies that the/success criteria are satisfied and the accident is under control. It also assumes ngither
dditional failures occur nor additional actions are needed within a reasonable time following th¢ end
of the sequence and that long-term actions that happen well beyond the end of the mission time,|such
as refiling water and fuel tanks, have been assessed as being able to be performed. A stable
erm-

eeHRg-conReHHOR—E=aER a-SegueRee-cannay WA eR-tHRe ptaHed 3 SR.
The definition of mission time in Section 1 of the Standard corresponds to this SSC-level mission
time. Note that bold text within the SR indicates text that is different between the categories.

—_— 0y (A~ O
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Capability Category Differentiation

This SR distinguishes between Capability Category | and Categories Il and 111 for sequences in which
stable plant conditions would not be reached in 24 hours using the modeled plant equipment and
human actions.

For Capability Category I, this SR simply directs assuming core damage for sequences where a
stable state has not been achieved in 24 hours.

For Capability Category Il and 111, this SR establishes undertaking further evaluation or

mod¢hing vig amappropriate techique, examptes of whitare the fottowimg:

9)

)

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endarsement of ASME/ANS PRA standard RA-Sa-2009,
has njo objection to the requirement.

Assigning to the sequence an appropriate plant damage state (PDS) after 24 hours: "Fo
instance, a PDS could indicate that the RCS pressure or temperature is increasing, lamong
other characteristics of the sequence.

=

Extending the mission time for some specific period beyond 24 hours, and-adjusting th
affected analyses, when engineering analyses can show that the plant.can reach a stabl
condition for a particular sequence. All the analyses of the sequence;would have to b
modified, as needed, to be consistent with the new mission time.

DD (D

Modeling additional system recovery or operator actions for the sequence, in accord with th
requirements in the Standard’s Systems Analysis and Human Reliability sections, to shoy
that such additions lead to a stable plant condition withifi_the 24-hour mission time. Fo
instance, for a sequence with an IE of a loss of a ceoling system, it may be possible t
demonstrate that the plant can attain this condition via.operator actions to recover this system|,

oD
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Index No.

SC-A Capability Category | Capability Category 11 Capability Category 111

SC-A6 CONFIRM that the bases for the success criteria are consistent with the features, procedures
operating philosophy of the plant.

and

EXPLANATION OF REQUIREMENT

As stated in high level requirement SC-A, success criteria not only addresses the overall success for

nalysis (SR SY-A10, All, B7, B9), human reliability analysis (SR HR-E2, F2),dafa analysis
A-A2), large early release analysis (SR LE-C5) and internal flood analysis (SR_IFEV-A2).

he plant-specific focus of this SR is important in that different utilities withdvery similar plants|
ke different approaches for operating a plant and responding to an initiating event. A utility

3 , DUT alS0 that 10T SyStems, Structares, CoOmponents and human actions.  This SR establjshes
e validity of the success criteria for all its applications and requires it to be consistent with the
eatures, procedures and operating philosophy of the plant. This requirement applies to-the sugcess
riteria used to support the development of accident sequences as discussed in SR AS:-A5, sygtems

(SR

may
, for

instance, may have installed additional equipment to mitigate some-specific events. A typical

s the rate of cool down and/or depressurization of the RCS), leading to different success crif

uccess criteria with the features, procedures and gperating philosophy of the specific plant.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200,"in its endorsement of ASME/ANS PRA standard RA-Sa-2
as no objection to the requirement.

99

xample is the installation of additional emergency diesel generators, to better cope with partial or
tal LOOP scenarios. Another example is two similarly designed, plants but with different stratpgies
or mitigating the same or a similar initiating event. For instance,after a steam generator tube rupture
SGTR), a utility may credit the affected generator for decay-héat removal, but another may not. |This
ifference causes dissimilar conditions in the analyses of the‘response of each plant to an SGTR (such

eria.

ccordingly, it is important to verify the consisteney.of the evaluations and analyses supporting the

009,
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5.3.2 Supporting Requirements for HLR-SC-B

ASME/ANS Standard Section 2.2.3, Table 2.2.3-2(b), Supporting Requirements for HLR-
SC-B

HLR-SC-B: The thermal/hydraulic, structural and other supporting engineering bases shall
be capable of providing success criteria and event timing sufficient fer
guantification of CDF and LERF, determination of the relative impact of
success criteria on SSC and human actions and the impact of uncertainty’ on
this determination.

Intgnt: Specify requirements for the analyses supporting the SC

SRq: SC-B1 through SC-B5
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Ingeé:x_BNo. Capability Category | Capability Category 11 Capability Category 111
SC-B1 USE appropriate | USE  appropriate  realistic | USE realistic plant-specific
conservative, generic | generic  analyses/evaluations | models for
analyses/evaluations that are | that are applicable to the plant | thermal/hydraulic,
applicable to the plant. for thermal/hydraulic, | structural and other
structural and other | supporting engineering
supporting engineering | bases in support of success
bases in support of success | criteria requiring detailed
Criteria Tequiting detaited | CompuUter modehing: DO
computer modeling. | NOT USE assumptions| that
Realistic models or analyses | could yield consérvative or
may be supplemented with | optimistic successCriter{a.
plant-specific/generic FSAR
or other conservative
analysis applicable to the
plant, but only if such
supplemental analyses do
not affect the determination
of which combinations of
systems and trains (of
systems are required. to
respond to an (initiating
event.
EXPLANATION OF REQUIREMENT
This SR provides a graduated approach to the engineering analysis used to support the plant’s sugcess
griteria. It allows the analyst to use conservative analysis, more realistic analysis or plant-spgcific
gnalysis depending on the selected capability category. Note that bold text within the SR indicates
xt that is different between the categories.
apability Category Differentiation
he type of analyses and/or evaluations used in determining the success criteria depend on the three
ifferent capabilities, as follaws:
or Capability Category 1, appropriate conservative, generic analyses and/or evaluations
pplicable to the plant-are used. For example, the analyses from Chapters 6 or 15 of the Final Spfety
nalysis Report«{ESAR) of a unit are generally conservative. Generic analyses and evaluations imply
at they werexdeveloped for several plants with some common characteristics, but they should be
pplicable ta the plant, for example an Owners Group generic study. It is generally expected that the
eneric, analysis will be conservatively bounding, i.e. the plants within a generic study may |have
ifferent water levels, inventories and setpoints but the generic analysis uses bounding variablgs for

ese-types of inputs.

For Capability Category 11, appropriate realistic generic analyses and/or evaluations are used that
are applicable to the plant for thermal/hydraulic, structural and other supporting engineering bases in
support of success criteria requiring detailed computer modeling. For example, realistic thermal-
hydraulics evaluations for establishing the success criteria associated with core damage usually are
conducted with computer codes, such as TRACE, MELCOR and RELAP. It should be noted that the
input decks for these codes can be established in a conservative or realistic manner and that care is

required to ensure that the limitations of the codes, and the assumptions and inputs as well

, are

understood (See SR AS-B4). This SR allows supplementing realistic models or analyses with plant-

101



https://asmenormdoc.com/api2/?name=ASME NTB-1 2013.pdf

NTB-1-2013

specific and/or generic FSARs or other conservative analyses as long as it does not affect the
combinations of systems and trains of systems required to respond to an initiating event.

For Capability Category 111, realistic plant-specific models for thermal/hydraulic, structural and
other supporting engineering bases are used to support success criteria requiring detailed computer
modeling. In this case, the analyses and/or evaluations are not only required to be realistic, but also to
be specific to the plant studied. For this Capability Category, this SR prohibits assumptions that
could bias the success criteria conservatively or optimistically. For example, assuming that a
component will operate normally in conditions in which it was not tested could optimistically affect
the spiccess criteria.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standardsRA-Sa-2009,
has njo objection to the requirement.
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Index No.
SC-B Capability Category | Capability Category II Capability Category |

SC-B2 No restrictions regarding the | DO NOT USE expert judgment except in those situations in

requirements in SC-C2 must | condition or response of a modeled SSC, or a lac
be met. analytical methods upon which to base a prediction of

when implementing an expert judgment process.

use of expert judgment, but | which there is lack of available information regarding the

k of
SSC

condition or response. USE the requirements in para. 1-4.3

XPLANATION OF REQUIREMENT

R SC-B2 establishes using this judgment as a function of the Capability Categories. ,Note that
xt within the SR indicates text that is different between the categories.

apability Category Differentiation
xpert judgment may be used as follows:

developing overall PRA success criteria and the supporting enginéering bases, including the i
ethods and results. In particular, an example of SR SC-C2 states that this documentation typi
includes, among other things, reporting the uses of expert judgment within the PRA, and rationa
uch uses.

hich to predict SSC condition or response. . For example, one situation wherein informatior

ould rise and the containment would fail. Further, the operator intentionally may ven

lerger failure probability.than under normal conditions.

hen implementing (an expert judgment process, this SR also calls for using the requiremen
aragraph 1-4.3, “USE OF EXPERT JUDGMENT,” of the Standard for Capability Categories |
Ill. That paragraph provides requirements for using expert judgment outside of the PRA an3
am to resolve a specific technical issue.

EGULATORY POSITION

bold

or Capability Category 1, there are no restrictions on employing expert judgment, buf the
equirements in SR SC-C2 are to be met. SR SC-C2 necessitates documenting the processes enrt[iled

puts,
ally
e for

or Capability Categories Il and 111, expert jadgment is only allowed when there is no
information on the condition or response of a modeled SSC, or a lack of analytical methods [from

and

nalytical methods may be absent is the failurg*of Emergency Core Cooling Systems due to venting
r containment failure in BWRs. Actually(NUREG/CR-4550, Vol. 2 studied this issue using ekpert
judgment, and found that after failure>ef containment heat removal, pressure in the containment

the

ontainment to relieve pressure. .In-each case, as a result of failure or venting of the containment,
any mechanical and electrical components would be subjected to temperature and moisture
nvironments far worse than_those for which they are designed, and would be expected to have a

ts in
and
lysis

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,

has no objection to the requirement.
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Index No.

SC-B Capability Category |

Capability Category 11

Capability Category 111

SC-B3 When defining success criteria, USE thermal/hydraulic, structural or other analyses/evaluations

HLR-AS-B).

appropriate to the event being analyzed, and accounting for a level of detail consistent with the
initiating event grouping (HLR-IE-B) and accident sequence modeling (HLR-AS-A and

EXPLANATION OF REQUIREMENT

This
for ¢

low-

othe
and/
actio
adeq

RE

Revi
has 1

uately model the scenario.

GULATORY POSITION

0 objection to the requirement.

SR necessitates that the thermal/hydraulic, structural or other analyses and/or evaluationsuse
stablishing success criteria are appropriate for the specific event or scenario assessed.) Fo
exanple, in a large LOCA scenario, a relevant analysis may be determining the success criteria of
pressure system providing makeup to the reactor vessel; then, thermal/hydraulic analyses and/
evalyations are suitable. On the other hand, in a LOOP scenario, the success criterialof the EDGs o
emergency sources of AC power are established. In this case, electrical engineering analyse
br evaluations are adequate. In addition, if starting some emergency soufrees requires manu
ns with the consequent delay, then the success-criteria assessments congider these aspects t

sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009

L= a——
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Index No.
SC-B Capability Category | Capability Category 11 Capability Category 111
SC-B4 USE analysis models and computer codes that have sufficient capability to model the conditions

of interest in the determination of success criteria for CDF, and that provide results representative
of the plant. A qualitative evaluation of a relevant application of codes, models or analyses that
has been used for a similar class of plant (e.g., Owners Group generic studies) may be used. USE

computer codes and models only within known limits of applicability.

XPLANATION OF REQUIREMENT

he response of a nuclear power plant during accident conditions can be complex. Accordingly, the
odels and the computer codes employed for analyzing and evaluating such response for |each
initiating event or for a particular accident sequence need enough capability to modelthe conditions
f interest for establishing the success criteria. For example, after a large LOCAthere will be a|very
apid depressurization and reduction of water inventory in the reactor vessel, ‘and low-prespure-
injection (LPI) systems are required to mitigate this accident. A thermal-hydraulic computer [code

apable of modeling these events is used for determining the success critefia-of these systems.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,

as no objection to the requirement.
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Index No.

SC-B Capability Category | Capability Category 11 Capability Category 111

SC-B5 CHECK the reasonableness and acceptability of the results of the thermal/hydraulic, structural o

other supporting engineering bases used to support the success criteria.
Examples of methods to achieve this include:

(a) Comparison with results of the same analyses performed for similar plants, accounting fo
differences in unique plant features

(b) Comparison with results of similar analyses performed with other plant-specific codes

r

r

(C) LheCK DY other medns appropriate to the particular analysls.

EX

SR §
Exan

appr
expe

findi
they

RE

Revi
has 1

exaanIe, if there is plant-specific operating experience related to small LOCAS, then the analyses an

PLANATION OF REQUIREMENT

nples (a) and (b) are self-explanatory. One approach of example (c), checking-by other mean
ppriate to the particular analysis, would be using available plant-specific @r{generic operating
Fience relevant to the scenario being evaluated and applicable to the plant' being studied. Fo

gs from the supporting engineering bases can be compared with this experience to verify thg
are consistent.

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement:of ASME/ANS PRA standard RA-Sa-2009
0 objection to the requirement.

C-B5 cites examples of methods to verify the reasonableness and acceptability<of/the results.

1°2}

— X = T
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5.3.3 Supporting Requirements for HLR-SC-C
ASME/ANS Standard Section 2.2.3, Table 2.2.3-2(c), Supporting Requirements for HLR-
SC-C

HLR-SC-C: Documentation of success criteria shall be documented consistent with the
applicable supporting requirements.

Intent: Documentation must exist for the success criteria

SRs: SC-C1 through SC-C3
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Index No.
SC-C Capability Category | Capability Category 11 Capability Category 111
SC-C1 DOCUMENT the success criteria in a manner that facilitates PRA applications, upgrades and peer

review.

EXPLANATION OF REQUIREMENT

It is important that the documentation includes sufficient information about the approach used for the

deve!opment Of The SUCCESS Criteria, such that an analys[ or peer reviewer WNO Was not Involved inIn

origihal process could come to similar conclusions regarding the validity of the results and\ th
veragity of the success criteria to the as-built and as-operated plant. In this way an analyst would b
able [to understand the approach and would be able to support applications, upgrades and reviews of
the PRA. Furthermore, the documentation is to be consistent with the applicable SR$*as stated i
High Level Requirement SC-C. Although examples are provided in SR SC-C2,“these do ng
reprgsent a complete list of all required documentation. To facilitate the development of a complet
list, ]a documentation mapping is provided in the explanation to SR SC-C2.showing scope of
documentation needed to achieve consistency with the applicable SRs.

REGULATORY POSITION
Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009

has njo objection to the requirement.

TDO—D— (D
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Index No.
SC-C Capability Category | Capability Category 11 Capability Category |

SC-C2 DOCUMENT the processes used to develop overall PRA success criteria and the supporting

typically includes:

level)

engineering bases, including the inputs, methods and results. For example, this documentation

(a) The definition of core damage used in the PRA including the bases for any selected
parameter value used in the definition (e.g., peak cladding temperature or reactor vessel

(b) Calculations (generic and plant-specific) or other references used to establish success

criteria, and identification of cases for which they are used

(c) Identification of computer codes or other methods used to establish plant-specificsu
criteria

codes
(e) The uses of expert judgment within the PRA, and rationale for such-uses

each accident initiating group modeled in the PRA
(9) The basis for establishing the time available for humanctions

accident sequences

CCESS

(d) A description of the limitations (e.g., potential conservatisms or limitations that pould
challenge the applicability of computer models in certain cases) of. the calculatiops or

(f) A summary of success criteria for the available mitigating Systems and human actions for

(h) Descriptions of processes used to define success~Criteria for grouped initiating events or

EXPLANATION OF REQUIREMENT

This SR addresses the process documentation used to implement the success criteria suppd
equirements. It also provides examples ofdocumentation associated with the success cr
evelopment processes and examples of dogumentation associated with the parameters, constr
nd results from implementing these pracesses. Table 5 (SC-C2-1) provides a discussion of
xamples. It should be noted that thé~documentation examples do not represent the complete |
Il required documentation, but a ‘list of many of the documents that are typically included.
acilitate the development of a complete list, a documentation mapping is provided in Table 6
€2-2) showing the scope ofidocumentation needed to achieve consistency with the applicable
[able 6 (SC-C2-2) also identifies each documentation item as either “process” or “SR.” A “pro

‘ISR documentation~item primarily supports documentation that is consistent with one or
qupporting requirements as required by AS-C1. A mapping is also provided in Table 5 (SC-(
hetween the examples and the documentation list shown in Table 6 (SC-C2-2) and in Table 6
C€2-2) between’'the documentation items and the applicable SRs.

Table 5 SC-C2-1 SR Examples

rting
teria
aints
hese
st of

To
(SC-
SRs.
£ess”

documentation item primarily supports the process requirement which is the focus of this SR while an

more
2-1)
(SC-

SR Dicnt tecinm Documentgtion
Example - b Item
a SR SC-Al and A2 address the development of the core damage definition 1
and its associated parameters.
b The requirements for the development of the analysis and calculations could | 1,2,3,4,5,6,7

be considered to be addressed by all the supporting requirements.

The use of computer codes is addressed by SR SC-B4.

The documentation for the supporting analysis should address inputs,
assumptions, applicability and limitations as addressed by SR SC-B4
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SR . . Documentation
Discussion
Example Item
e The use of expert judgment is address by SR SC-B2. To satisfy SR SC-C2, it e
is also necessary to document the rationale for such uses.
f The summary of the success criteria may be addressed by the accident 1

sequence analysis documentation. See SR AS-A3, A4 and A5 and accident
sequence Documentation Items 4 and 5.

g The basis for establishing the time available for human actions should be 3
included as part of the averall success criteria documents and is required hy
SR SC-A6.

h The success criteria for initiating events and accident sequences are 2

addressed by SR SC-A3 and A6.

Table 6 SC-C2-2 Documentation Mapping

Element | Type | Item Documentation Related SR SR Examplep

s SR 1 Document core damage  definition, ALCA? a b
associated plant parameters and bases.
Document success criteria and basis for key

S( SR 2 _safety_ functlops aqd accident sequences A3, AG b.f h
including consideration of all the initiating
event groups included within the analysis.

S( SR 3 Document success criteria and basisfor A6 b f.g

systems, human actions and components.

S( SR 4 pocument the .deflpltlon of safe stable state AB b
including mission time and.basis.

Document supporting _analysis used to
establish success cfiteria. Include a

S( SR 5 description of the~\approach, codes used, A6, B1,B2,B3, b,cd
. : . AP B4
inputs, assumptions and their applicability
and limitations

S( SR 6 Docurr_lent the use of expert judgment and B2 b, e
the rationale for such use.

s SR 7 Document supporting analysis BS b

reasonableness and acceptability checks

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009
has njo objection to the requirement.
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EXPLANATION OF REQUIREMENT

Model uncertainty arises because uncertainty exists about which models appropriately represent the
aspects of the plant being modeled. In addition, there may be no model representing a particular
aspect of the plant. This adds to uncertainty about the PRA findings because it may be unclear
whether the PRA fails to consider a potentially significant contributor. The uncertainty associated
with the model and its constituent parts typically is dealt with by making assumptions. In general,
REE reeratHee—are—adtrecser—hv—deteriiRe A ha—PRA—+ac e—+6 'erent

VU Cl

assumptions or models.
UREG-1855 [NRC 2009] gives guidance for addressing sources of model uncertainty-and reflated
assumptions in the context of the requirements in the ASME/ANS PRA Standard, andhis specifrirally
flocused on accomplishing SRs QU-E1, QU-E2, QU-E4 and LE-F3 that are <elated to npodel
ncertainty. The EPRI report 1016737, “Treatment of Parameter and Model Uncertainty for
Probabilistic Risk Assessments,” [EPRI 2008] also addresses this uncertainty, and in particulgr, its
\ppendix B identifies several sources of this uncertainty to support meeting. SR'SC-C3.

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
as no objection to the requirement.
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5.4 System Analysis Section 2-2.4 of the ASME/ANS RA-Sa-2009

The objectives of the systems analysis element are to identify and quantify the causes of failure for
each plant system represented in the initiating event analysis and accident sequence analysis in such a
way that

(a) System-level success criteria, mission times, time windows for operator actions and
assumptions provide the basis for the system logic models as reflected in the model. A

reasonahlbv comnlete set af svusteam failira and vtnavatlahilitvy madas faor ocach oustam 1
T ||\¢\~l] vvlllr{l T T T v] TOTTIT TOATTOT O o MIIM'MIIMNIII\] TITOUOOIOCUY TOT COTOTT VJ TOTTT Ll

b)

represented.

Human errors and operator actions that could influence the system unavailabilitylor th
system'’s contribution to accident sequences are identified for development as part of the HRA
element.

Different initial system alignments are evaluated to the extent neededvfor CDF and LERF
determination.

Intersystem dependencies and intra-system dependencies including functional, human
phenomenological and

Common cause failures that could influence systemr unavailability or the system's

contribution to accident-sequence frequencies are “identified and included in the systen
models.

To meet the above objectives, three HLRs are.defined in the standard:

3%

=

]

—

Desipgnator Requirement

HLR-SY-A

system failure and unavailability modes represented in the initiating events analysi
and sequence definition.

The systems analysis shalliprovide a reasonably complete treatment of the causes of

1°2}

HLR-SY-B | The systems analysis shall provide a reasonably complete treatment of common caus

failures and intersystem and intra-system dependencies.

HLR-SY-C | Documentation of the systems analysis shall be consistent with the applicabl

supparting requirements.

3%
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5.4.1 Supporting Requirements for HLR-SY-A

ASME/ANS Standard Section 2.2.4, Table 2.2.4-2(a), Supporting Requirements for HLR-
SY-A

causes of system failure and unavailability modes represented in the initiating
events analysis and sequence definition.

Intent: To provide the system logic and basic events (e.g., for component failufes,
unavailabilities, etc.) that represent the defined functions and“mission sucdess
criteria for the as-built/as-operated plant.

SRs: SY-A1 through SY-A24
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Index No.

SY-A Capability Category | Capability Category 11 Capability Category 111

SY-Al DEVELOP system models for those systems needed to provide or support the safety functions

contained in the accident sequence analyses.

EXPLANATION OF REQUIREMENT

This is a general requirement that requires that system models be identified and developed for the

frongfine mi 1gating systems 1daentitied In the event trees (acclaent sequence analysiS) used 10 Mo

pote
is id
SR /£
and

of su
of pg
fault
succ

“Fault Tree Handbook,” U.S. Nuclear Regulatory Commission, January 1981.

RE

Revi
has 11

ntial accident sequences. The success criteria for each safety function modeled in the eventitree
entified per SR SC-A3 and used to identify the frontline systems modeled in the event trees (se
\S-A4). In addition, models for the support systems required by the frontline mitigating system
upport systems required by other support systems are also identified and developed:;” Example
pport systems are identified in SY-B9. System models are required to support the ‘quantificatio
tential accident sequences. System models typically are represented in the form of fault trees. A
tree is a deductive model that identifies the credible ways a system can fail\to meet a specifie
bss criteria.  The process for performing fault tree analysis is documented in NUREG-0492

GULATORY POSITION

5ion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-200
0 objection to the requirement.

| e R v ) B VP LY ¥ A V5
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111
SY-A2 COLLECT pertinent information to ensure that the systems analysis appropriately reflects the as-

built and as-operated systems. Examples of such information include system P&IDs, one-line
diagrams, instrumentation and control drawings, spatial layout drawings, system operating
procedures, abnormal operating procedures, emergency procedures, success criteria calculations,
the final or updated SAR, technical specifications, training information, system descriptions and
related design documents, actual system operating experience and interviews with system
engineers and operators.

XPLANATION OF REQUIREMENT

or the PRA to provide realistic results, the system models need to reflect the actual configurption
nd operation of the system. The system analyst identifies the sources of information’available gt the
lant for each system. Typical plant information sources needed to constructa*system modgl are
listed in this SR. The system analyst is responsible for collecting the m@st recent and accurate

information on a system and to verify that information per the requirements;in SY-A4.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement af ASME/ANS PRA Standard RA-Sa-p009,

as no objection to the requirement.
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111
SY-A3 REVIEW plant information sources to define or establish:

(a) System components and boundaries

(b) Dependencies on other systems

(c) Instrumentation and control requirements

(d) Testing and maintenance requirements and practices
(e) Operating limitations such as those imposed by Technical Specifications

(f) Component operability and design limits
(9) Procedures for the operation of the system during normal and accident conditions

(h) System configuration during normal and accident conditions

EXPLANATION OF REQUIREMENT

The pystem information identified in SY-AZ2 is reviewed to establish operationalparameters necessar
to cgnstruct the system model. The list of items in the SR provides guidange_to the system analyst t

identify the important inputs necessary for a complete system model.
needs will be identified in the course of complying with the SY SRs that-address the requirements fo

devejoping a system model.

REGULATORY POSITION

More specific informatio

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-200
has njo objection to the requirement.
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Index No.
SY-A Capability Category | Capability Category II Capability Category 11
SY-A4 CONFIRM that the system | PERFORM plant walkdowns and interviews with

analysis correctly reflects the
as-built, as-operated plant
through discussions  with
knowledgeable plant
personnel (e.g., engineering,
plant operations, etc.).

knowledgeable plant personnel

(e.g., engineering, plant

operations, etc.) to confirm that the systems analysis
correctly reflects the as-built, as-operated plant.

XPLANATION OF REQUIREMENT

he process of collecting the required system information and using it to generate.a-system model
at reflects how the system can fail to perform its function is referred to as systémvanalysis. Thus,
is SR requires the analyst to confirm that the information used to construct the*system mode| and
e interpretation of that information accurately reflects the actual system configuration and opergtion.
In addition, the system model needs to reflect the correct information. The-confirmation can in¢lude
n independent review of the model by plant personnel most familiar Wwith the system operation and
n independent verification of the system configuration by the system:analyst by performing a plant

alkdown. A peer review process will further confirm that the system model reflects the as-builrlt, as-

perated plant.  Note that bold text within the SR indicates’ text that is different betwee

ategories.

apability Category Differentiation

he capability categories are meant to reflect the different level of detail, plant-specificity and reglism
at can be reflected in the system model. This‘requirement can be performed to two different

apabilities:

the

or Capability Category I, minimal assurance that a system reflects the as-built, as-operated plant

is provided by a review of the system model by knowledgeable plant personnel.

or Capability Categories Il and 111, additional assurance that a system model reflects the as-
uilt, as-operated plant is provided by verifying the system configuration and location reflectged in

rawings used in the model ¢onstruction are accurate by performing walkdowns and interviews.

EGULATORY POSITION

evision 2 of-Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-p009,
as no objection to the requirement.
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Index No. .
SY-A Capability Category |

Capability Category 11

Capability Category 111

SY-A5 INCLUDE the effects of both normal and alternate system alignments, to the extent needed for

CDF and LERF determination.

EXPLANATION OF REQUIREMENT

This requirement ensures that system model reflects the as-operated system. For systems that can be

respective mission success definitions have been identified in the acudent sequence and succes
critefia analyses. Consistent with SR SY-A1 and A7, system models for these different alignment
are flequired. Alternate system alignments refer to a system alignment that is different.from th
normal system alignment for some reason but is still capable of meeting the accident mitigatio
success criteria.  One example of an alternate system alignment involves a multi-train‘service wate
systgm that may be capable of removing heat from essential loads with fewer operating trains if non
essential loads are isolated. A related subject, variable success criteria (i.es,. sticcess criteria thg

change as a function of plant status), is addressed in SY-AL10.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-200

has njo objection to the requirement.
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Index No.

SY-A Capability Category | Capability Category 11 Capability Category 111

SY-A6 In defining the system model boundary [see SY-A3], INCLUDE within the boundary the

components required for system operation, and the components providing the interfaces
support systems required for actuation and operation of the system components.

with

EXPLANATION OF REQUIREMENT

vent (e.g., normally open or closed motor-operated valves and pumps). Other components-i
ystem are not required for the system operation (e.g., normally open or closed manual valves).
R ensures the system boundary defines only those components that are needed for“succe
peration of the system, and therefore, are to be included in the system model. TheSe compo
ithin the system that can adversely impact the system (e.g., by causing a flow diversion) are
included in the model per SY-A11 and SY-A13. In addition, interfaces with required support sys
eeded for the system to actuate and operate are included per SY-B9.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-
as no objection to the requirement.
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Index No.

SY-A Capability Category | Capability Category 11 Capability Category 11

SY-A7 DEVELOP detailed systems models, unless (a) sufficient | DEVELOP detailed system

system-level data are available to quantify the system | models.
failure probability, or (b) system failure is dominated by
operator actions, and omitting the model does not mask
contributions to the results of support systems or other
dependent-failure modes.

For case (a), USE a single data value only for systems with no

equipment or human-action dependencies, and if data exist that
sufficient represent the unreliability or unavailability of the
system and account for plant-specific factors that could
influence unreliability and unavailability.

Examples of systems that have sometimes not been modeled in
detail include the scram system, the power-conversion system,
instrument air and the keep-fill systems.

JUSTIFY the use of limited (i.e., reduced or single data value)
modeling.

EX

For 3
data
refle
systg
hum
cont
gene
or tr
that
mod

(e.0.

available). The analyst provides justification when single data values or simple system models ar

used

Cap

The
that

capa
Fo

—_

PLANATION OF REQUIREMENT

ome systems, the system unavailability can be reflected in.a‘data value obtained from historicq
(e.g., the reactor protection system). For other systems;.a simple model can be generated thg
Cts dominant failure modes and support systems (e.g.cthe power conversion system). For mos
ms included in a PRA, detailed system models that include all of the possible component an
in failures, common cause failures, support system failures and test and maintenance outag
ibutions that would lead to failure of the system to meet its success criterion are required. |
Fal, detailed models are required unless the System unavailability can be determined at the systen
hin level without evaluating the contribution of all individual components; this generally mean
fhe excluded components are uniqueto that system (i.e., there are no dependencies with othe
led systems). In some cases, a.detailed model may not be possible due to limitations in dat
common cause failure probabilities for reactor protection system components may not b

Note that bold text within.the SR indicates text that is different between the categories.

ability Category Differentiation

Capability categories’are meant to reflect the different level of detail, plant-specificity and realisn
can be reflected"in the system model. This requirement can be performed to two differen
pilities:

avai

Capability Categories I and 11, simple system models for some systems can be used whe
ble~information indicates the importance of individual components do not have to b

DD O = Ul = = (D O—~F —+

— =

N

a}

deteimined. Detailed system models that include all of the components in the system boundary will

allow for identification of the importance of each component and its failure mode.

For Capability Category 111, a detailed model is always constructed to identify the importance of
individual components and operator actions.
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REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-2009,
has no objection to the requirement.
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Index No.

SY-A Capability Category | Capability Category 11 Capability Category 111

SY-A8 ESTABLISH the boundaries of the components required for system operation. MATCH the

definitions used to establish the component failure data. For example, a control circuit for a pump
does not need to be included as a separate basic event (or events) in the system model if the pump
failure data used in quantifying the system model include control circuit failures.

MODEL as separate basic events of the model, those sub-components (e.g., a valve limit switch
that is associated with a permissive signal for another component) that are shared by another
component or affect another component, in order to account for the dependent failure mechanism.

EX

To €

component boundaries are generally defined and applied consistently in all of the.8ystem modelq.

The
coul
boun
betw
guan
inclu
systd
com
depe

RE

Revi
has 1

PLANATION OF REQUIREMENT

nsure the system model includes all components necessary for the system operation,” individugl

component boundary may include or not include sub-components (e.g., a motor-driven pum
I include both the motor and the pump or each as separate components). The'defined componen
daries need to match those used in the data analysis (see DA-A2) to ensure there is coherenc
een the boundaries of the components modeled in the system models and the failure data used t
tify the component failure events. For example, failure data forCa“diesel generator typicall
des not only failures of the diesel generator itself, but also failures of the fuel oil system, air sta
m and output breaker. In addition, sub-components that” are shared between multipl
ponents are uniquely defined as separate sub-components.in order to properly capture thei
ndencies in those systems (this is also addressed in the modularization example in SY-A9(e)).

3 ar— o e — - —

=

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endersement of ASME/ANS PRA Standard RA-Sa-2009
0 objection to the requirement.

122



https://asmenormdoc.com/api2/?name=ASME NTB-1 2013.pdf

NTB-1-2013

Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111
SY-A9 If a system model is developed in which a single failure of a super component (or module) is used

to represent the collective impact of failures of several components PERFORM the
modularization process in a manner that avoids grouping events with different recovery potential,
events that are required by other systems or events that have probabilities that are dependent on
the scenario. Examples of such events include:

(a) Hardware failures that are not recoverable versus actuation signals, which are recoverable;

(b) HE events that can have different probabilities dependent on the context of different

accident sequences;

(c) Events that are mutually exclusive of other events not in the module;
(d) Events that occur in other fault trees (especially common-cause events);

(e) SSCs used by other systems.

EXPLANATION OF REQUIREMENT

This requirement ensures that development of a system model is donesin-a fashion such that cqrrect
quantification of the plant model can be performed.
odularization introduces the potential to adversely affect the quantification process if done

Simplification of a system modgl by

incorrectly. Factors to consider in the modularization procéss are identified in this SR and can
influence the potential to correctly model dependencies, recovery potential and sequence-depemdent
robabilities. Additionally, grouping of out-of-service unavailability events (addressed in SYtA19
nd SY-A20) into modules can prevent the elimination of combination of events prohibited by
chnical specifications during the quantification process. Logic flags also cannot be consumed into
odules since doing so would prevent their propetapplication in the quantification process (see|QU-

3).

EGULATORY POSITION

evision 2 of Regulatory Guide'1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-p009,
as no objection to the requirement.
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111

SY-A10 | INCORPORATE the effect of variable success criteria (i.e., success criteria that change as a
function of plant status) into the system modeling. Example causes of variable system success
criteria are:

(a) Different accident scenarios. Different success criteria are required for some systems to
mitigate different accident scenarios (e.g., the number of pumps required to operate in
some systems is dependent upon the modeled initiating event);

(b) Dependence on other components. Success criteria for some systems are also dependent
on the success of another component in the system (e.g., operation of additional pumps-i
some cooling water systems is required if non-critical loads are not isolated);

(c) Time dependence. Success criteria for some systems are time-dependent (e.g., twa pump
are required to provide the needed flow early following an accident initiator, but only on
is required for mitigation later following the accident);

(d) Sharing of a system between units. Success criteria may be affected when both units ar
challenged by the same initiating event (e.g., LOOP).

=3

172

1172

D

EXPLANATION OF REQUIREMENT

The [success criteria for a system can change for different types_ oef<accident sequences and as a
accident sequence progresses requiring the generation of multiple’ models for one system. This SF
identifies example causes of variable system success criteria that-need to be considered. Systems thg
can have different success criteria are identified in the accident sequence analysis (e.g., per AS-Al
and AS-B2) and during the review of system informationsequired by SY-A3. Either multiple model
for these systems are required, or logic flags or dependencies on other components/events can be use
in a $ingle model to incorporate variable success criteria.

| S v p B = S e

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200; in its endorsement of ASME/ANS PRA Standard RA-Sa-2009
has rjo objection to the requirement:
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111

SY-A1l | INCLUDE in the system model those failures of the equipment and components that would affect
system operability (as identified in the system success criteria), except when excluded using the
criteria in SY-A15. This equipment includes both active components (e.g., pumps, valves and air
compressors) and passive components (e.g., piping, heat exchangers and tanks) required for
system operation.

XPLANATION OF REQUIREMENT

his is a general requirement that specifies that a system model include all component failureg that
ould prevent the system from achieving the required success criteria. Additional SY_requirements
in SY-A13, SY-Al4, SY-A18, SY-B1, SY-B9 and SY-B10 provide more detail omywhat failures to
include and also provide criteria for screening out failures. Specific requirements pertaining to
uman errors that can affect the system operation are addressed separately in SY-A16 and SY-AL7.
omponent and system unavailability due to test and maintenance are addressed in SY-A19 and SY-
20.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-p009,
as no objection to the requirement.
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111
SY-A12 | DO NOT INCLUDE in a system model component failures that would be beneficial to system

operation, unless omission would distort the results.

Example of a beneficial failure: A failure of an instrument in such a fashion as to generate a
required actuation signal.

EXPLANATION OF REQUIREMENT

Somg failures can actually result in a positive effect on the operation of a system to mitigate a
accident. However, beneficial failures cannot be counted on to occur during an accident scenarie an
thus [generally are not included in a system model. This is often referred to as the “no mirdeles rule.
Howgever, this SR allows credit for a beneficial failure if not crediting it would substantially alter th
results of the quantitative evaluation of the plant model. Justification for crediting the beneficig
failure would have to be documented.

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-2009
has njo objection to the requirement.
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Index No.

SY-A Capability Category | Capability Category 11 Capability Category 111

SY-A13 INCLUDE those failures that can cause flow diversion pathways that result in failure to meet the
system success criteria.

EXPLANATION OF REQUIREMENT

Some component failures (e.g., pump test line valves failing to close or spuriously opening) in a

Y

ailure of the system to meet its success criteria. A general screening criteria is that any flow~path (or
ombination of flow paths) equal to 10% of the delivery flow path area is considered asya’poténtial
iversion path. However, actual system flow information is preferentially used when available to
etermine the potential for diversion paths, particularly when the flow diversionyapproachgs or
xceeds the 10% screening value. Consistent with SY-A11, this SR ensures_the system boundary

includes those components that can adversely affect the successful operation/function of a sygtem,
rough flow diversions.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-p009,
as no objection to the requirement.
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111
SY-A14 | When identifying the failures in SY-A11 INCLUDE consideration of all failure modes, consistent

with available data and model level of detail, except where excluded using the criteria in SY-A15.
For example:

(a) Active component fails to start
(b) Active component fails to continue to run
(c) Failure of a closed component to open

(d) Failure of a closed component to remain closed

(e) Failure of an open component to close

(f) Failure of an open component to remain open

(g) Active component spurious operation

(h) Plugging of an active or passive component

(i) Leakage of an active or passive component

(1) Rupture of an active or passive component

(k) Internal leakage of a component

() Internal rupture of a component

(m) Failure to provide signal/operate (e.g., instrumentation)
(n) Spurious signal/operation

(o) Pre-initiator human failure events (see SY-AL16)

(p) Other failures of a component to perform its required function.

EXPLANATION OF REQUIREMENT

Congistent with SY-A11, this SR ensures thab a system model considers all failure modes for
component failures and human errors that\would prevent the system from achieving the required
success criteria. The SR provides examples of typical component failure modes. Additional failurge
modes to consider are identified in other SRs and include post-initiator human errors (SY-A17),
component and system unavailahility due to test and maintenance (SY-A19 and SY-A20) ang
comimon cause failures (SY-B1)(_ Which failure modes are included is a function of compliance with
the sgreening out process addressed in SY-A15.

REGULATORY'POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-2009
has njo objection to the requirement.
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category |

SY-A15 | In meeting SY-A1l and SY-Al4, contributors to system unavailability and unreliability

screening criteria is met:

orders of magnitude lower than the highest failure probability of the other components i
same system train that results in the same effect on system operation;

rate or probability for that component, when their effects on system operation dre the sg

(i.e.,

components and specific failure modes) may be excluded from the model if one of the following

(a) A component may be excluded from the system model if the total failure probability of the
component failure modes resulting in the same effect on system operation is at least two

n the

(b) One or more failure modes for a component may be excluded from the systems model [if the
contribution of them to the total failure rate or probability is less than 1% of the total Tailure

me.

EXPLANATION OF REQUIREMENT

gvaluation if their failure probabilities are low compared to other components in the system.
gxample, pipe breaks and other external component leaks or ruptures are low probability event
t[;us can be excluded in most system models if their effect on theSystem operation is negligible
[

gffect as loss of flow in the system. Similarly, specific component failure modes can also be excl
iIf their probability of occurrence is less than 1% of otherfailure modes for the same componen

alve (MQOV) that must be open for system operation:” A spurious closure of the MOV once it g
has the same effect on a system as failure of ¢he MOV to open in the first place. Howevel

This SR provides criteria for excluding components and component failurésmodes from a system
hodel. Some components may be excluded from the model without affecting the system reliability

For
and
(ie.,

ss than 1%) compared to active component failures. Extermal’ system leakage can have the same

uded
that

esults in the same effect on the system. Consider theexample of a normally-closed motor-operated

pens
, the

robability of a random spurious closure of ans\MOV is less than 1% of the failure probability fpr an

OV failing to open. However, if the MOV is normally open, then spurious closure of the MOV

hould be included in the model.

EGULATORY POSKTION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-
as no objection to thefequirement.

009,
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Index No.

SY-A Capability Category | Capability Category 11 Capability Category 11

SY-A16 | In the system model, INCLUDE HFEs that cause the system or | In the systems analysis,

component to be unavailable when demanded. These events | INCLUDE HFEs that cause the
are referred to as pre-initiator human events. (See also Human | system or component to be
Reliability Analysis, para. 2.2.5.) unavailable when demanded.
These events are referred to as
pre-initiator human events. To
avoid  double  counting,

CHECK that the data withiT
the equipment-failure pdat
base that are usedfor th
equipment failure, rates d
not include events ‘that ar
captured in the ‘pre-initiator
HEP calculation. (See als
Human _<Reliability Analysig
para. 2:2:5.)
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PLANATION OF REQUIREMENT

istent with SY-A14 and the general requirement to include alifailure modes that would prevent
m from meeting its required success criteria, pre-initiator human failure events (HFES) ar
ally included in a system model. The pre-accident human errors are included in the systen
| unless they are screened per the requirements inHR-B1. Note that bold text within the SH
ates text that is different between the categories.

AT (D

ability Category Differentiation

Capability categories are meant to reflect the_different level of detail, plant-specificity and realisn
can be reflected in the system model~This requirement can be performed to two differen
pilities:

I

Capability Categories | and. [, unscreened pre-initiator HFEs are explicitly included in th
m model.

Capability Category I11,7an additional effort is required to verify that component failure dat
pt include incidents of\the type of events being modeled in the pre-accident HFEs. If the dat
Ct pre-initiator HFEs, the analyst has options in modeling to avoid double-counting.

1%

==~

GULATORY POSITION

sion 2.0f 'Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-2009
o.objection to the requirement.
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111
SY-A17 | In the system model, INCLUDE HFEs that are expected during the operation of the system or

component or that are accounted for in the final quantification of accident sequences unless they
are already included explicitly as events in the accident sequence models. These HFEs are referred
to as post-initiator human actions. [See also Human Reliability Analysis (para. 2.2.5) and
Accident Sequence Analysis (para. 2.2.2)].

XPLANATION OF REQUIREMENT

uman failure events (HFES) related to initiation or shutdown of systems or components cgn be
odeled either in accident sequence or system models. The necessary operator actions are”identified
er AS-A4 and HR-E2. This SR ensures that the identified HFEs be included in.the approgriate
ccident sequence or system model.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-p009,

as no objection to the requirement.
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111
SY-A18 | INCLUDE in either the system model or accident sequence modeling those conditions that cause

the system to isolate or trip, or those conditions that once exceeded cause the system to fail, or
SHOW that their exclusion does not impact the results.

For example, conditions that isolate or trip a system include:
(a) System-related parameters such as a high temperature within the system
(b) External parameters used to protect the system from other failures [e.g., the high reactor

nraccira vaccal DD\ vaatar Ioval dcnlatinn cianal siond 0 nravant vaatny tnteiicion pnta tha

n 1
PTeIStTCTvCISCI (I v ) vrotCT e v e T rouTmotroTT Sig o oo U tO— P e v et vy o tC T It O S To T HHito—tre

turbines of the RCIC and HPCI pumps of a BWR]
(c) Adverse environmental conditions (see SY-A22).

EXPLANATION OF REQUIREMENT

Degraded component operation, external signals or adverse environmental conditions can result i
protgctive signals that can trip or isolate a mitigating system. Examples of -adverse conditions thg
can isolate or trip are listed in this SR. Other adverse conditions that can fail-a system, but not resul
in tripping the system are addressed in SY-A21. This SR ensures that failure of support systems o
other conditions that can lead to these protective signals be included/in either the accident sequenc
deveJopment or the system models. These failures can be excluded€rom the system model if it can b
shown that they do not impact the system unreliability or unavailability. The criteria in SY-A15 ca
be uged to help make this decision.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endersement of ASME/ANS PRA Standard RA-Sa-2009
has njo objection to the requirement.

—_
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111
SY-A19 | In the systems model, INCLUDE out-of-service unavailability for components in the system

model, unless screened, consistent with the actual practices and history of the plant for removing

equipment from service.
INCLUDE:

(a) Unavailability caused by testing when a component or system train is reconfigured from its
required accident mitigating position such that the component cannot function as required,;

B _MNatntananon aviante ot thn tratn Iyl vphan rann

calatina tha antiva tea

n for

ko roaouurn 1
o) VT e o e v e Tto ot e o T I v eIy e oToOCCOTUTC S TC U S TIoUTot g the o o et

maintenance;

(c) Maintenance events at a sub-train level (i.e., between tagout boundaries,'such

functional equipment group) when directed by procedures.

Examples of out-of-service unavailability to be modeled:
(a) Train outages during a work window for preventive/corrective maintenance;

(b) A functional equipment group (FEG) removed from service/for" preventive/corrg

maintenance;

(c) A relief valve taken out of service.

as a

ctive

EXPLANATION OF REQUIREMENT

The unavailability of components, system trains or whole systems can occur due to either plann
ynplanned test or maintenance. This SR ensures that test:and maintenance unavailability is incl
in the system models when such unavailability results-in’the component, train or system being u

perform its function. This is determined by the review of testing and maintenance requirer
nd practices specified in SY-A3. Out-of-service unavailability events for components cad

ubjected to the screening out criteria in SY-A15.

EGULATORY POSITION
evision 2 of Regulatory Guide-1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-

as no objection to the requirement.
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111

SY-A20 | INCLUDE events representing the simultaneous unavailability of redundant equipment when this
is a result of planned activity (see DA-C14).

EXPLANATION OF REQUIREMENT

Simultaneous unavailability of redundant trains (both within and between systems) may occur but

occurred. Generally, common maintenance outages of multiple trains within a system do not_occu
due |to Technical Specification constraints, but such occurrences can happen for unforesee
circymstances. Simultaneous maintenance of trains in different systems can occur particularly‘as pa
of planned maintenance schedules. Requirements for examining and quantifying theseimultaneou
mairftenance events based on actual plant experience are provided in DA-C14. This'SR ensures thg
the identified events are included in the affected system models using the same’ basic event name.
Simyltaneous outage events are given a unique event name that is different«than the outage even
namé used for each train.

—~ UJ r—+

—

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-2009
has njo objection to the requirement.
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Index No.
SY-A
SY-A21 | IDENTIFY system conditions that cause a loss of desired system function, e.g., excessive heat

loads, excessive electrical loads, excessive humidity, etc.

Capability Category | Capability Category 11 Capability Category 111

EXPLANATION OF REQUIREMENT

As discussed in SR SY-A18, adverse environmental conditions can result in protective signals that
ly to

Y
omponent or system fallure This SR ensures that adverse environmental conditions that can_lepd to
omponent or system failure are identified. SY-A18 requires that the identified cenditior]s be

included in the system model.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS-PRA Standard RA-Sa-p009,
as no objection to the requirement.
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111
SY-A22 | DO NOT TAKE CREDIT for | TAKE CREDIT for system or | TAKE CREDIT for system

system or component | component operability only if | or component operability,
operability when the potential | an  analysis  exists  to | including credit for beyond
exists for rated or design | demonstrate that rated or | design or rated capabilities,
capabilities to be exceeded. design capabilities are not | if  supported by an
exceeded. appropriate combination of:

(a) Test or operational data
(b) Engineering analysis
(c) Expert judgment.

EXPLANATION OF REQUIREMENT

Somg components or systems cannot operate beyond their design basis. The analyst identifies th
basid for taking credit for operability of a system or component if the design:basis is exceeded.
Relajed to this SR is SY-B14, which requires identification of multipleZstructures, systems o
components (SSCs) that may be required to operate in conditions beyond their environmentjl

3%

— — S

qualifications. It is possible to assess if the design basis conditions are-exceeded for each accide
sequence and use logic flags to fail the component or system whenappropriate. Note that bold te
with|n the SR indicates text that is different between the categories:

Caphpbility Category Differentiation

The papability categories are meant to reflect the differentlevel of detail, plant-specificity and realisn
that [can be reflected in the system model. This requirement can be performed to three differen
capapilities:

— -

For [Capability Category I, credit for the operability of a system or component is not allowed whe
therq is a potential that the rated or design eapabilities would be exceeded. Capability Category I i
assigned when the analyst chooses not:te perform an analysis to demonstrate that the desig
capapilities will not be exceeded.

= v p |

For [Capability Category 11, limits credit for operability to when the design capabilities would nat
be ekceeded. An engineering analysis is required to verify that the design basis conditions are ng
reached.

For | Capability Category Il1, allows credit for operation beyond design basis conditions byt
requ(res analysis to_verify that the component or system can actually operate under those conditiond.
Depé¢nding upon-the circumstances, any of the three methods or combination of the three method
identified in thexSR may be required as a means for justifying operation beyond the design basis. |
the pystem.‘@r,"component cannot operate under beyond-design-basis conditions, more rigorou
analysis isrequired to verify that the design basis conditions are not reached.

—r

—_

T —h )

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-2009,
has no objection to the requirement.
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111

SY-A23 | DEVELOP system model nomenclature in a consistent manner to allow model manipulation and

to represent the same designator when a component failure mode is used in multiple systems or
trains.

EXPLANATION OF REQUIREMENT

the
ccident sequences, e.g., ensure independent events have different basic event identifiers-| The
aming scheme also allows for ease in reviewing, understanding and interpreting the quantification
esults of the PRA. This SR requires that a consistent event naming scheme be developed and inmplies
at it be used in generating the system models.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-R009,
as no objection to the requirement.
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Index No.
SY-A Capability Category | Capability Category 11 Capability Category 111

SY-A24 | DO NOT MODEL the repair of hardware faults, unless the probability of repair is justified
through an adequate analysis or examination of data. (See DA-C15.)

EXPLANATION OF REQUIREMENT

System models generally do not credit repair of component failures since repair times can vary
subsfantially depending on the actual component failure and generally can take longer than 1ng
missjon time for the accident sequence. The availability of spare parts is another issue. This. SR
ensufes that any credit for hardware repair is justified. Data analysis is often used to credit recover
of ofif-site power and diesel generators.

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRACStandard RA-Sa-2009
has gn objection, in the form of a clarification, to the requirement. The staff‘has proposed the
following clarification to resolve its objection:

3%

...I1s justified through an adequate analysis or examination of data collected in accordanc
with DA-C15 and estimated in accordance with DA:D9.
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5.4.2 Supporting Requirements for HLR-SY-B
ASME/ANS Standard Section 2.2.4, Table 2.2.4-2(b), Supporting Requirements for HLR-
SY-B

HI R-SY-B: The systems analysis shall provide a reasonably complete treatment of
common cause failures and intersystem and intra-system dependencies.

Intent: To ensure correct identification of important support systems and compongnts
that can be masked if dependencies treatment is not thorough.

SRs: SY-B1 through SY-B15

139
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Index No.
SY-B Capability Category | Capability Category Il Capability Category 11
SY-B1 MODEL intra-system | MODEL intra-system common-cause failures when supported

common-cause failures when | by generic or plant-specific data. An acceptable method is
supported by generic or plant- | represented in NUREG/CR-5485 [Note (1)].

specific data (an acceptable
model is the screening
approach of NUREG/CR-5485
[Note (1)], which is consistent
With DA-D5)or SHOWthat
they do not impact the
results.

EX

A cgmmon cause failure is a failure of two or more components of the same type during a short
perigd of time that results from a single shared cause (e.g., comimon manufacturing errot,
mairjtenance error or service condition). Typically, intra-system common-cause failures (i.e., within &
systgm) are modeled in a PRA. Per this SR, intra-system common cause failures are to be included ip
a sygtem model when supported by either generic or plant-specific data. Note that bold text within
the §R indicates text that is different between the categories.

Cap

The
that
capa

Fo
gene
ther

—_

For

eithgr generic or plant-specific data are included in the model regardless of their importance to th

resul

RE

Revi

has njo objection to the requirement.

NOTE (1): NUREG/CR-5485, Guidelines on Modeling Common-Cause Failures in Probabilistie Risk
Assessment, November 20, 1998

PLANATION OF REQUIREMENT

ability Category Differentiation

Capability categories are meant to reflect the different level of detail, plant-specificity and realisn
can be reflected in the system model. This. fequirement can be performed to two differen
pilities:

—

=

Capability Category I, intra-system-common cause failures that are supported by eithe
Fic or plant-specific data are included-in‘the model unless it can be shown that they do not impag
esults of the PRA.

—F

Capability Categories Il and 111, intra-system common cause failures that are supported b

132

Its.

GULATORY POSITION
sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-2009
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Index No.
SY-B Capability Category | Capability Category 11 Capability Category 11
SY-B2 No requirement to model inter-system common cause failures. MODEL inter-system common

cause failures (i.e., across
systems performing the same
function) when supported by
generic or plant-specific data,
or SHOW that they do not
impact the results.

XPLANATION OF REQUIREMENT

ommon cause failures of similar components across multiple systems (i.e., inter-system) performing
e same function can also occur (i.e., in addition to intra-system common cause failures). Typigally,
ese types of common cause failures have not been modeled in PRAs. This' SR addressep the
equirements for when to model inter-system common cause failures.

apability Category Differentiation
he capability categories are meant to reflect the different level of detail, plant-specificity and reglism

at can be reflected in the system model.
apabilities:

This requirement «<an be performed to two different

or Capability Categories I and I, inter-system common cause failures do not have fo be
included in the system models.

or Capability Category 111, a higher level of realism and detail is expected and inter-syjstem
ommon cause failures are to be included in thevsystem models if such failures are supportgd by

eneric or plant-specific data, unless it can be.shown that they do not impact the results of the PRIA.

EGULATORY POSITION

evision 2 of Regulatory Guide'$.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-R009,
as no objection to the requifement.
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Inde

x No.

SY-B Capability Category | Capability Category 11 Capability Category 111

SY

-B3 ESTABLISH common cause failure groups by using a logical, systematic process that consider
similarity in:

(a) Service conditions

(b) Environment

(c) Design or manufacturer

(d) Maintenance

JUSTIFY the basis for selecting common cause component groups.

S

Candidates for common-cause failures include, for example:

(a) Motor-operated valves

(b) Pumps

(c) Safety-relief valves

(d) Air-operated valves

(e) Solenoid-operated valves

(f) Check valves

(9) Diesel generators

(h) Batteries

(i) Inverters and battery charger
(J) Circuit breakers

EX
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PLANATION OF REQUIREMENT

mon cause failures are generally identified at the component level as indicated by the example
in this SR. However, not all components in a systeént (or between systems) may be subject t

SR ensures that the system and data analysts establish a logical, systematic structure fo

mon-Cause Failures in Probabilistic:Risk Assessment,” U.S. Nuclear Regulatory Commission
ember 1998.

GULATORY POSITION

sion 2 of Regulatory(Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-200
0 objection to therequirement.

on cause failure mechanisms due to differences.in locations, manufacture, size or other factorg.

ifying common cause failure groups. Some examples of component characteristics are listed.
Additional component characteristics are identified in NUREG/CR-5485, “Guidelines on Modelin

"2

=4
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Index No.
SY-B Capability Category | Capability Category 11 Capability Category 111
SY-B4 INCORPORATE common cause failures into the system model consistent with the common
cause model used for data analysis. (See DA-D6.)

EXPLANATION OF REQUIREMENT

There are different models for estimating common cause failures (see SR DA-D5). Each of these

Typically, a conditional common cause failure probability is multiplied by the-rafjdom
omponent failure probability. To get the correct minimal common cause cut-sets when-solv[ng a
ystem model, the common cause events are properly located at the same location as the radom
ailure of the corresponding components. Furthermore, consistency with the comporient boundaries
nd failure modes (e.g., fail to start versus fail to run) used for evaluating beth the randon] and
ommon cause failures is required. This SR ensures that the identified common cause events are
included in the system models in a fashion that is consistent with the common cause model usgd to

btain the failure probability.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement 6f ASME/ANS PRA Standard RA-Sa-R009,
as no objection to the requirement.
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Index No.
SY-B Capability Category | Capability Category 11 Capability Category 111

SY-B5 ACCOUNT explicitly for the modeled system’s dependency on support systems or interfacing
systems in the modeling process. This may be accomplished in one of the following ways:

(a) for the fault tree linking approach by modeling the dependencies as a link to an appropriate
event or gate in the support system fault tree;

(b) for the linked event tree approach, by using event tree logic rules, or calculating a
probability for each split fraction conditional on the scenario definition.

EXPLANATION OF REQUIREMENT

Frontline mitigating systems that are identified in the accident sequence analysis generally require th
opergition of support systems to provide essential functions, such as motive and contrél power, an
cooling needed for component operation. In addition, the operation of support systems can also b
dependent upon other support systems. Although most support systems are, identified by th
processes required in SY-A2 and SY-A3, some required support systems may-be”identified throug
the processes required in SY-A18 and SY-A21. This SR ensures that.the’ system and acciden
sequence models include those dependencies (the action verb ACCOUNT in this SR mean
INCLUDE). The two approaches provided address how this is typically*done in the fault tree linkin
and |inked event tree models used to meet AS-Al and QU-AL for accident sequence delineation an
quantification.

o O~ = (oD

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-2009
has njo objection to the requirement.
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Index No.
SY-B Capability Category | Capability Category 11 Capability Category 111

SY-B6 PERFORM engineering analyses to determine the need for support systems that are plant-specific
and reflect the variability in the conditions present during the postulated accidents for which the
system is required to function.

EXPLANATION OF REQUIREMENT

fime for the operation of the system(s) for which the support system is required, and the cenditions
(e.g., environmental, process) that would exist for different accident sequences. Consistenbwith the
equirements in HLR SC-B, this SR requires performance of appropriate engineering ranalyses (e.g.,
thermal-hydraulic calculations) to establish the need for support systems for the diffefent conditions
epresented in the accident sequences and their associated success criteria. The €ngineering anglysis
¢an also determine if and when adverse conditions would be reached that isolate or trip the system
(see SY-A18) or result in conditions that fail the system (see SY-A21).and if the availabilify of
qupport system inventories is adequate for the system mission time (per SY=B11).

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement 6fASME/ANS PRA Standard RA-Sa-R009,
as no objection to the requirement.
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Index No.
SY-B Capability Category | Capability Category 11 Capability Category 111
SY-B7 BASE support system | BASE support system | BASE support system
modeling on the use of | modeling on realistic success | modeling on realistic plant-
conservative success criteria | criteria and timing, unless a | specific success criteria and
and timing. conservative approach can | timing.
be justified, i.e. if their use
does not impact risk
significant contributors.
EXPLANATION OF REQUIREMENT

Cong

istent with SC-B1, this SR combined with SY-B6 requires performance of either conservative g

r
realigtic engineering analysis (e.g., thermal-hydraulic calculations) to establish the suc€ess criteria for
suppprt systems for the different conditions represented in the accident sequences. Although timing
is explicitly mentioned in the SR, other sequence-related conditions such as envifehmental conditionp
(e.g.| temperature) or system loading (either electrical or cooling) may be important. Note that bolg
text yithin the SR indicates text that is different between the categories.

Caphpbility Category Differentiation

The |capability categories are meant to reflect the different level of detail, plant-specificity, ang
realism that can be reflected in the system model. This requirement can be performed to threg
different capabilities:

For| Capability Category I, conservative assessments~of support system success criteria arg
suffigient.

For [Capability Category 11, a realistic evaluation of success criteria is required for risk significant
suppprt systems. A conservative assessment is@lowed for non-risk significant contributors.

For [Capability Category 11, a realistic_evaluation of success criteria is required for all suppont
systgms.

REGULATORY POSITPION

Revigion 2 of Regulatory(Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-2009,
has rjo objection to the.requirement.
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Index No.
SY-B Capability Category | Capability Category 11 Capability Category 111
SY-B8 IDENTIFY spatial and environmental hazards that may impact multiple systems or redundant

components in the same system, and ACCOUNT for them in the system fault tree or the acc
sequence evaluation.

Example: Use results of plant walkdowns as a source of information rega

impacts of such hazards.

ident

rding

spatial/environmental hazards, for resolution of spatial/environmental issues, or evaluation of the

XPLANATION OF REQUIREMENT

patial and environmental adverse conditions such as high humidity and temperatures that’occu
esult of other component failures or the internal event accident progression can result in failu
ultiple components in one or more systems. The impacts of these adverse canditions need

included in the accident sequence or system models. The impact from specific hazard groups su
internal flooding, earthquakes and fires are handled separately in the modeling-of those hazards.
R, in conjunction with SY-A21, ensures that adverse conditions evolving over the course

internal events initiator are identified that can cause dependent failure of components ang
included in the PRA models, either in the system fault tree or the accident sequence logic (the a

er SY-A18, adverse environmental conditions that can resultin’tripping or isolating a system 3
e included in the accident sequence or system model.. AS-B3 addresses phenomenolo
onditions created by accident progression. LE-C6 requires development of system models us
e LERF assessment in a manner consistent with the-requirements for modeling systems requir
revent core damage.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200; in its endorsement of ASME/ANS PRA Standard RA-Sa-
as no objection to the requirement,

as a
re of
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ch as
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erb ACCOUNT means INCLUDE in this SR). Several other-SRs also address adverse conditions.
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Index No.
SY-B Capability Category | Capability Category 11 Capability Category 111
SY-B9 When modeling a system, INCLUDE appropriate interfaces with the support systems required for

successful operation of the system for a required mission time (see also SY-A®6).
Examples of support systems include:

(a) Actuation logic

(b) Support systems required for control of components
(c) Component motive power

(d) Cooling of components

(e) Any other identified support function (e.g., heat tracing) necessary to meet the succes
criteria and associated systems.

1°

EX

Fron
oper

cooling needed for component operation. In addition, the operation of suppest systems can also b

depe
accid
are p

RE

Revi
has 1

PLANATION OF REQUIREMENT
tline mitigating systems that are identified in the accident sequence analysis generally require th
tion of support systems that provide essential functions, such as motive and eontrol power, an

ndent upon other support systems. Consistent with SY-A11, this SR.ensures that the system an
ent sequence models include those dependencies. Typical types, of support systems to conside
rovided in the SR.

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement'of ASME/ANS PRA Standard RA-Sa-200
0 objection to the requirement.

= O
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Index No.
SY-B Capability Category | Capability Category II Capability Category

SY-B10 | IDENTIFY those systems that | MODEL those systems that are required for initiation and

(e.g., the initiation and
actuation system can be

are required for initiation and | actuation of a system. In the model quantification, INCLUDE
actuation of a system. | the presence of the conditions needed for automatic actuation
MODEL them wunless a | (e.g., low vessel water level). INCLUDE permissive and
justification is provided. | lockout signals that are required to complete actuation logic.

argued to be tighty Tetiabie
and is only used for that
system, so that there are no
inter-system  dependencies
arising from failure of the
system). In the model
quantification, INCLUDE the
presence of the conditions
needed for automatic actuation
(e.g., low vessel water level).
INCLUDE permissive and
lockout signals that are
required to complete actuation
logic.

EXPLANATION OF REQUIREMENT

0es not cause spurious actuation. _{nisome cases, permissive signals are required to complet
ctuation logic and lockout signals are used to help prevent spurious actuation (e.g., d
haintenance activities). Failure of actuation logic can potentially result in failure of mu
gomponents, trains or systems to automatically actuate. For some accident scenarios, all o
gonditions for actuating the system may not be present and thus the reliability of the actuation
¢ould be reduced. Consistent with SY-A1l, this SR ensures the modeling of actuation log
included in a systep.model where appropriate, including any permissive and lockout signals. |
guantification process, the availability of the conditions leading to actuation is accounted for (e.g
sing logic flags-that sets the part of the logic that is not met in an accident sequence to FAL
ote that beld.text within the SR indicates text that is different between the categories.

(
3
generally highly redundant such that it can inyolve multiple divisions and use multiple paramete
d
q
d

Capability Category Differentiation

For Capability Category 1, the systems required for actuating modeled systems are identified.
identified actuation logic does not have to be modeled if it can be shown that the logic is uniq
one system and is highly reliable.

Dne of the support systems identified in SY-B9 far'possible inclusion in a system model is automatic
ctuation logic. Typically, safety systems have automatic actuation logic. The actuation logic is

s for

ctuation. This redundancy ensures a high probability that the system responds when necessary and

e the
iring
tiple
f the
ogic
ic is
n the
., by
|SE).

hlism
erent

The
ue to

For Capability Categories Il and 111, actuation logic is to always be modeled regardless of the

number of systems that are dependent on the logic.
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REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-2009,
has no objection to the requirement.
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Index No.
SY-B Capability Category | Capability Category 11 Capability Category 111
SY-B11 | MODEL the ability of the available inventories of air, power and cooling to support the mission

time.

EXPLANATION OF REQUIREMENT

An additional factor to consider when including support system dependencies in the accident

tions

ntil a safe stable condition is reached. Some examples include battery life during a station blackout,
ir accumulator inventory when instrument air or nitrogen systems are lost and cooling~when the
Itimate heat sink is lost. Per SY-B6, engineering analyses are performed to ascertain if.and whep the
inventories become inadequate. This SR requires that the results be incorporateddnto the accjdent
equence or system models.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-p009,
as no objection to the requirement.

151



https://asmenormdoc.com/api2/?name=ASME NTB-1 2013.pdf

NTB-1-2013

Index No.
SY-B Capability Category | Capability Category 11 Capability Category 111

SY-B12 | DO NOT USE proceduralized recovery actions as the sole basis for eliminating a support system
from the model; however, INCLUDE these recovery actions in the model quantification. For
example, it is not acceptable to not model a system such as HVAC or CCW on the basis that there
are procedures for dealing with losses of these systems.

EXPLANATION OF REQUIREMENT

It is’typical at most plants to have abnormal procedures that provide recovery actions for situation
when a system fails. In most situations, these recovery actions are not included as part of the,systen
model, but are included in the accident sequence quantification process (see QU-A5)” Th
requ{rements for modeling recovery actions are provided in HLR-HR-H. This SR explicitly specifie
that while there are procedures for dealing with the failure of the support system, it do€s not impl
that [the support system is not required to be modeled to support other components or systen
opergtion. A method for modeling these systems and recovery actions is to include support systen
models in the PRA and to include non-recovery probabilities in the accidentiseguence quantificatio
process.

LV By » e v 5}

e e R

REGULATORY POSITION

Revikion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-2009
has njo objection to the requirement.
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Index No.
SY-B Capability Category | Capability Category 11 Capability Category 111
SY-B13 | Some systems use components and equipment that are required for operation of other systems.

INCLUDE components that, using the criteria in SY-Al14, may be screened from each system
model individually, if their failure affects more than one system (e.g., a common suction pipe

feeding two separate systems).

EXPLANATION OF REQUIREMENT

his SR ensures that components shared by multiple systems are included in those system models. A
eview of the components screened out from individual system models using the criteria\in)SYA14
eed to be performed to ascertain if any screened components are used by multiple systems. Shared

omponents are not screened and are included in the multiple system models.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANSPRA Standard RA-Sa-p009,

as no objection to the requirement.
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Index No.
SY-B Capability Category | Capability Category 11 Capability Category 111
SY-B14 | IDENTIFY SSCs that may be required to operate in conditions beyond their environmental

qualifications. INCLUDE dependent failures of multiple SSCs that result from operation in these
adverse conditions.
Examples of degraded environments include:

(a) LOCA inside containment with failure of containment heat removal

(b) Safety relief valve operability (small LOCA, drywell spray, severe accident) (for BWRs)
(c) Steam line breaks outside containment

(d) Debris that could plug screens/filters (both internal and external to the plant)

(e) Heating of the water supply (e.g., BWR suppression pool, PWR containment sump)“thg
could affect pump operability

(f) Loss of NPSH for pumps

(g) Steam binding of pumps.

—

EX

Som
ident
basis
dete
con

the &
sequ
SSC

RE

Revi
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(n) Harsh environments induced by containment venting or failure that may occur prior to th

PLANATION OF REQUIREMENT

b components or systems cannot operate beyond their design basis. This-fequirement ensures th
ification of structures, systems or components (SSCs) that may ke subject to beyond-design
conditions during an accident sequence. As specified in SY-A22, an assessment is required t
mine when individual components or systems may be subjected to beyond-design-basi
itions. This SR requires that the SSCs be considered (madeled) as failed if this is the result o
nalysis. It is possible that the design-basis conditionstwill not be exceeded for each acciden
bnce where the SSCs are required. For such situationsdogic flags can be used to fail the multipl
5 when appropriate.

197

e B2 AL

D~

GULATORY POSITION

s5ion 2 of Regulatory Guide 1.200, jnits'endorsement of ASME/ANS PRA Standard RA-Sa-2009
n objection, in the form of a clarification, to the requirement. The staff has proposed the
wing clarification to resolve its.0bjection:

Under “Examples of degraded environments include:” add the following example:

13%

nset of core damage:
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Index No.
SY-B

Capability Category | Capability Category 11 Capability Category 111

SY-B15 | INCLUDE operator interface dependencies across systems or trains, where applicable.

EXPLANATION OF REQUIREMENT

Per SY-A16 and SY-ALl7, both pre-initiator and post-initiator human failure events (HFEs) are
included in individual system models. This SR ensures that when these HFEs can impact multiple
ystems, the HFEs be included in each of the system models. T the identified HFEs ar¢ not
ompletely dependent, the amount of dependency is addressed in the quantification of the assodiated
uman error probabilities (HEPS) (see HR-D5 and HR-G7).

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA"Standard RA-Sa-p009,
as no objection to the requirement.
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5.4.3 Supporting Requirements for HLR-SY-C
ASME/ANS Standard Section 2.2.4, Table 2.2.4-2(c), Supporting Requirements for HLR-
Sy-C

HLR-SY-C: Documentation of the systems analysis shall be consistent with the applicable
supporting requirements.

Intgnt: To provide documentation that supports review and update of the system
models consistent with the requirements.

SRq: SY-C1 through SY-C3
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Index No.
SY-C Capability Category | Capability Category 11 Capability Category 111

SY-C1 DOCUMENT the systems analysis in a manner that facilitates PRA applications, upgrades and
peer review.

EXPLANATION OF REQUIREMENT

It is important that the documentation includes sufficient information about the approach used for the

e original process could come to S|m|Iar conclusions regarding the validity of the results.ang the
eracity of the system analysis to the as-built and as-operated plant. In this way an analyst-would be
ble to understand the approach and would be able to support applications, upgrades and revieys of

e PRA. Furthermore, the documentation is to be consistent with the applicablelSRs as statgd in
igh Level Requirement SY-C. Although examples are provided in SR S¥-€2, these dq not
epresent a complete list of all required documentation. To facilitate the development of such a list, a
ocumentation mapping is provided in the explanation to SR SY-C2\showing the scoge of
ocumentation needed to achieve consistency with the applicable SRs.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement 6f ASME/ANS PRA Standard RA-Sa-R009,
as no objection to the requirement.
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Index No.
SY-C Capability Category | Capability Category 11 Capability Category 111

sy-c2 | DOCUMENT the system functions and boundary, the associated success criteria, the modeled
components and failure modes including human actions and a description of modeled
dependencies including support system and common cause failures, including the inputs, methods
and results. For example, this documentation typically includes:

(a) System function and operation under normal and emergency operations

(b) System model boundary

{6 —System—schematic—Hustrating—aH—equipment—ahd—components—hecessary—for—syster

N i 9 Lid i J J
operation

(d) Information and calculations to support equipment operability considerations, ‘angl
assumptions

(e) Actual operational history indicating any past problems in the system operation

(f) System success criteria and relationship to accident sequence models

(g) Human actions necessary for operation of system

(h) Reference to system-related test and maintenance procedures

(i) System dependencies and shared component interface

(J) Component spatial information

(k) Assumptions or simplifications made in development of the systém models

(I) The components and failure modes included in the model and justification for an
exclusion of components and failure modes

(m) A description of the modularization process (if used)

(n) Records of resolution of logic loops developed during fault tree linking (if used)

(0) Results of the system model evaluations

(p) Results of sensitivity studies (if used)

(q) The sources of the above information, (€/g:, completed checklist from walkdowns, note
from discussions with plant personnel)

(r) Basic events in the system fault trees(so that they are traceable to modules and to cut-sets.

(s) The nomenclature used in the system models.

12

EXPLANATION OF REQUIREMENT

This| SR addresses the process dotumentation used to implement the system analysis supportin
requfrements. It also provides éxamples of documentation associated with the system analysi
deveJopment processes and examples of documentation associated with the parameters, constraint
and fesults from implementirig these processes. Table 7 (SY-C2-1) provides a discussion of thes
examples. It should be-reted that the documentation examples do not represent the complete list of
all required documentation, but a list of many of the documents that are typically included. To
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between the examples and the documentation list shown in Table 8 (SY-C2-2) and in Table 8 (SY-
C2-2) between the documentation items and the applicable SRs.
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Table 7 SY-C2-1 SR Examples

SR
Example

Discussion

Documentation

Item

a

SR SY-A1 requires the development of system models that support the accident
sequence analyses and SR SY-A2 requires the collection of pertinent
information to ensure that the systems analysis reflects the as-built and as-
operated systems. SR SY-A5 requires the inclusion of normal and alternate
systems alignments to the extent needed.

3

SR SY-A6 provides guidance on establishing the system model boundary

SR SY-A2 requires the collection of pertinent information to ensure that the
systems analysis reflects the as-built and as-operated systems including P&IDs
and one-line diagrams.

10

SR SY-A3 and B14 address component operating conditions.

SR SY-A19 addresses out-of-service unavailability for components in the
system model and requires the model to be consistent with actual practices‘and
history of the plant.

SR SY-A1 requires the development of system models that support the accident
sequence analyses. Also, within the system analysis element there are many
SRs addressing various aspects of success criteria.

Human actions are required to be included in the system&models by SR SY-
Al7. The identification of the actions is primarily addressed by the accident
sequence and human reliability elements.

1, 3, 13

SR SY-A3 requires the review of plant information sources to define or
establish testing and maintenance requirements.and practices.

1,3, 13

There are multiple requirements addressing“~the need to treat dependencies
including: SR-SY-A3, A6, B5, B6, B9, B12 and B15.

SR SY-B8 requires the identification ‘of spatial and environmental hazards that
may impact multiple systems or redundant components in the same systems.

The objective stated in Sectiom 2-2.4.1 of the Standard include the expectation
for capturing assumptions te~provide the basis for the system logic models.
There are no explicit requirements for assumptions within the system analysis
SRs.

10, 13

SR SY-A14 requires the consideration of all failure modes, consistent with
available data-and-model level of detail.

1, 3, 13

SR SY-A9(addresses the requirements for system modularization.

1,13

The appreach to resolving logic loops should be included in the description of
thesystem analysis approach and in the applicable system models. There are
no “explicit requirements associated with system model logic loops in the
system analysis element.

1,13

The results of the system models should be included in the model
documentation if they are quantified separately from the accident sequence
quantification. There are no explicit requirements associated with system

13

model results in the system analysis element.

The system analysis element of the ASME Standard has no requirement for the
performance of sensitivity studies. However, if sensitivity studies are
performed, they should be documented.

13

SR SY-A4 addresses the performance of plant walkdowns and interviews for
Category Il and I11.

10, 11

SR SY-A8 requires the establishment of component boundaries and the
matching the boundaries to the component failure data. Although there are no

13
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SR . . Documentation
Discussion
Example Item
explicit requirements associated with the need for traceability of basic events to
cut-
sets and modules, such traceability is needed to support the quantification
element.
S SR SY-A23 requires the development of system model nomenclature. 12
Table 8 SY-C2-2 Documentation Mapping
Elenment | Type | Item Documentation Related SR SR Examples
Sy Process 1 Docume_nt the approach ysed for c2 g, hol, M/
developing the system analysis.
Document  the approach for
S Process | 2 establishing common cause failure B3 na
groups.
Document system functions and
operation under normal and accident
S SR 3 conditions, and applicable test and | Al, A2, A3YA5 aeghl
maintenance alignments and
associated operating history review.
Document system (system function) A3/ A6, A0,
Sy SR 4 success criteria including SSCs and {\ A16, A17, Al8, f
operator actions required to support\r A21, A22, B7,
the modeled system functions. B10, B11, B15
Sy SR 5 Document system boundaries, | A3, A6, B5, B6, b.i
dependencies and their bases. B9, B12, B15 '
Sy SR 6 Doc_ument system  spatial  and B8 i
environmental hazards,
s SR 7 Doc_:ume_nt_component operability and A3, B14 q
design limits.
s SR 8 Docgment component bpundarles and A3, A8 na
applicable mapping to failure data.
s SR 9 Documenticomponent common cause B1 na
failure.groups and their members.
s SR 10 Document  inputs qnd assumptions A2 ¢k
(including simplifications).
S SR 11 ~{-Document walkdowns and interviews. A4 q
Sy SR 12 Document the system  analysis A23 s
nomenclature.
Document the system models and their
bases including: results, failure of | Al, A3, A7, A9,
equipment and components that would | All, A12, Al3,
affect system functionality considering | Al4, A15, Al6,
S SR 13 | all applicable failure modes, human | A17 A18 A19_ [g h klmnonp
failures, unavailability due to test and | AZ20, A24, B1,
maintenance, common cause failures, | B4, B5, B9, B10,
system dependencies and inputs and | B11, B13, B15
assumptions.
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REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA Standard RA-Sa-2009,
has no objection to the requirement.
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Index No.
SY-C Capability Category | Capability Category 11 Capability Category 111

SY-C3 DOCUMENT the sources of model uncertainty and related assumptions (as identified in QU-E1
and QU-E2) associated with the systems analysis.

EXPLANATION OF REQUIREMENT

The assumptions and sources of model uncertainty are identified per the requirements in QU-E1 and
. iS Tequires that they De documented. -EZ Tequires
assumptions and model uncertainties on the PRA model be identified (e.g., introduces a new basi
evenf, changes a basic event probability, changes success criteria or introduces a new initiating‘event).
Further qualitative and quantitative assessment may be required for risk-informed applications usin
the ARA models.

<

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS.PRA Standard RA-Sa-2009
has njo objection to the requirement.
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5.5 Human Reliability Analysis Section 2-2.5 of the ASME/ANS RA-Sa-2009

The objective of the human reliability element of the PRA is to ensure that the impacts of plant
personnel actions are reflected in the assessment of risk in such a way that

(a) Both pre-initiating event and post-initiating event activities, including those modeled in
support system initiating event fault trees, are addressed;
{b)y—togicmodetetementsaredefinedtorepresent theeffectof stchpersonnetactionsonsystem

availability/unavailability and on accident sequence development;

(c) Plant-specific and scenario-specific factors are accounted for, including those factorg that
influence either what activities are of interest or human performance;

(d) Human performance issues are addressed in an integral way so that issues of dependency are
captured.

To meet the above objectives, seven HLRs are defined in the standard:

Designator Requirement

Pre-Initiator HRA

HLR-HR-A A systematic process shall be used to,identify those specific routine activities|that,
if not completed correctly, may impact the availability of equipment necessgry to
perform system function modeling in the PRA.

HLR-HR-B Screening of activities that-heed not be addressed explicitly in the model shall be
based on an assessment’ of how plant-specific operational practices limif the
likelihood of errors_in'such activities.

HLR-HR-C For each activity-that is not screened, an appropriate human failure event (HFE)
shall be defihed to characterize the impact of the failure as an unavailability of a
componeqt, system or function modeled in the PRA.

HLR-HR-D The @assessment of the probabilities of the pre-initiator human failure events [shall
be_ performed by using a systematic process that addresses the plant-specifi¢ and
activity-specific influences on human performance.

Post-Initiator-HRA

HLR-HR=E A systematic review of the relevant procedures shall be used to identify the get of
operator responses required for each of the accident sequences.

HER-HR-F Human failure events shall be defined that represent the impact of not properly
performing-therequiredresponses, consistent-with thestructureandtevetof-detail
of the accident sequences.

HLR-HR-G The assessment of the probabilities of the post-initiator HFEs shall be performed
using a well-defined and self-consistent process that addresses the plant-specific
and scenario-specific influences on human performance, and addresses potential
dependencies between human failure events in the same accident sequence.
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Designator

Requirement

HLR-HR-H

Recovery actions (at the cut-set or scenario level) shall be modeled only if it has
been demonstrated that the action is plausible and feasible for those scenarios to
which they are applied. Estimates of probabilities of failure shall address

dependency on prior human failures in the scenario.

Pre- and Post-Initiator HRA

HLR-HR-I

Documentation of the human reliability analysis shall be consistent with the

applicable supporting requirements (HLR-HR-I).

It shpuld be noted that the HRA is performed in an iterative and integral manner with other PRA
elements, and in particular, the accident sequence, success criteria and systems analysis elementy.
Thergfore, the individual SRs cannot be looked at in isolation. For example, the SRs/associated wit
HLR-HA-A, HLR-HA-B, HLR-HA-C and HLR-SY-A, and in particular, SR SY-A16, are to b
consjdered as a group. Similarly, the SRs associated with HLR-HR-E, HLR-HR<F and HLR-AS-A

and in particular, AS-A5 and AS-AB, are strongly related.

=

3%

164



https://asmenormdoc.com/api2/?name=ASME NTB-1 2013.pdf

NTB-1-2013

5.5.1 Supporting Requirements for HLR-HR-A

ASME/ANS Standard Section 2.2.5, Table 2.2.5-2(a), Supporting Requirements for HLR-
HR-A

HI R-HR-A: A systematic process shall be used to identify those specific routine activities
that, if not completed correctly, may impact the availability of equipmjent
necessary to perform system function modeling in the PRA

Purpose: To ensure review of plant practices related to test, maintenance @nd
calibration to identify opportunities for human error to rénder equipment
modeled in the PRA unavailable.

SRs: HR-A1 through HR-A3

INOTE: The tasks necessary to address this HLR are performed in an iterative and intg¢gral
anner with those necessary to address HLR-HA-B, HER*HA-C and HLR-SY-A, and in
;l?articular, SR SY-A16.
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Index No.
HR-A Capability Category | Capability Category 11 Capability Category 111
HR-A1 For equipment modeled in the PRA, IDENTIFY, through a review of procedures and practices,

operational or standby status.

those test and maintenance activities that require realignment of equipment outside its normal

EXPLANATION OF REQUIREMENT

The

tob
perfq
equi
unav
and

unre
ident
how
basis

RE

Revi
has 1

b changed from its normal state, thus rendering a system or part of a system unavailable -t
rm the function required of it in the PRA. The concern is not with the unavailability while th
bment is being tested or maintained, since that is included in the basic events representin
@ilability resulting from test or maintenance (SY-A19). Instead, as addressed in HR-B1, HR-C
BY-AL6, the concern is with the potential that the system or part of a system could be left in a
bealed unavailable state after the completion of the test or maintenancge, “The reason fo
ifying the activities that could lead to the misalignment is that if the nature.of the activity an
it is performed is understood, this provides a basis for screening out fréom ‘consideration or as
for assessing the probability of its occurrence.

GULATORY POSITION

5ion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009
0 objection to the requirement.
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Index No.
HR-A

Capability Category | Capability Category 11 Capability Category 111

HR-A2 IDENTIFY, through a review of procedures and practices, those calibration activities that if
performed incorrectly can have an adverse impact on the automatic initiation of standby safety

equipment.

EXPLANATION OF REQUIREMENT
Tvi - , Nt is
iscalibration of the instruments that results in the associated equipment not operating asnequired
ollowing a demand. In this SR, the focus is on the identification of those calibration activities related
instruments that are necessary to activate or control the mitigating equipment modeled in the PRA.
he instruments of interest are identified as part of requirement SY-A14, and spegifically itemg (m)
nd (n). As with HR-AL, this SR is also related to SR SY-A16.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,
as no objection to the requirement.
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Index No.
HR-A Capability Category | Capability Category 11 Capability Category 111
HR-A3 IDENTIFY which of those work practices identified above (HR-A1, HR-A2) involve a

mechanism that simultaneously affects equipment in either different trains of a redundant
system or diverse systems [e.g., use of common calibration equipment by the same crew on the
same shift, a maintenance or test activity that requires realignment of an entire system (e.g.,

SLCS)].

EXPLANATION OF REQUIREMENT

This|SR recognizes that there can be some aspect of the way that maintenance or calibration activitie
are performed that could lead to the simultaneous unavailability of multiple trains in the same or i
diverse systems as opposed to unavailability of a single train. The SR uses the phrase #involve

mechanism that simultaneously affects equipment in either different trains of a redundant system o
diverse systems.” What is meant by the term mechanism is the nature of the process.used to perforn
the gctivity as clarified by the examples. Such an activity is a more significant edncern than one tha
only|affects one train. Although written as a separate SR, it is almost cerfainly the case that thi
actility will be performed as a part of the review of the relevant procedures.

REGULATORY POSITION
Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009

has njo objection to the requirement.

U~ = = & I O
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5.5.2 Supporting Requirements for HLR-HR-B

ASME/ANS Standard Section 2.2.5, Table 2.2.5-2(b), Supporting Requirements for HLR-
HR-B

be based on an assessment of how plant-specific operational practicesli
the likelihood of errors in such activities

Purpose: To allow screening of those activities for which it can be demonstrated {hat
the likelihood of error leading to unavailability of the equdipment is small.
This is done to avoid unnecessary complexity of models

SRs: HR-B1 through HR-B2
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Index No.

HR-B Capability Category | Capability Category Il Capability Category 11

HR

-B1 | If screening is performed, | If screening is performed, ESTABLISH rules for screening
ESTABLISH  rules  for | individual activities from further consideration.

screening classes of activities | Example: Screen maintenance and test activities from further
from further consideration. | consideration only if

Example: Screen maintenance (a) Equipment is automatically re-aligned on system

and test activities from further demand, or

consideration only if the plant | () Following maintenance activities, a post-maintenance
practices: —are —generally functional test is performed that reveals misalignment,
structured to include or

independent  checking  of | (¢) Equipment position is indicated in the controf~roon,
restoration of equipment to status is routinely checked, and realignment ‘Can bg
standby ~ or  operational affected from the control room, or

status on completion of the

activity. (d) Equipment status is required to be checked frequentl

(i.e., at least once a shift).

EX

Test
equi

com
cont
prov.
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Cap
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activiities as a class. The example rule provided relies on a demonstration that the same plan

pract
for S
prov

Fo

-

level.

requ
redu
used
same

comron in PRAs to screen activities from consideration on the basis that the likelihood of failing t
|

PLANATION OF REQUIREMENT

maintenance and calibration procedures are generally written/to minimize the likelihood of
bment not being restored to the correct standby condition. /This SR reflects the fact that it i

ete the activity correctly is sufficiently small that.such failures would be insignifican
ibutors to system unavailability. The SR requires the sereening out criteria to be established, an
des some examples. Note that bold text within the 'SR indicates text that is different between th
ories.

OO Oy

ability Category Differentiation
SR differentiates between Capability Category | and Capability categories Il and I1I:

Capability Category I, the screening out is done for a class of activity, e.g., maintenanc
ices apply to the class of activities screened. The example screening criterion provided allow

creening of all maintenanee-and test activities under the specified conditions. No example i
ded for screening calibration activities.

U UJ —~+ (D

Capability Categery/Il1 and 111, the screening out is typically performed on a specific activit

This is a marg~comprehensive and detailed approach. Although not explicitly stated, thi
rement does sot preclude the grouping of activities into similar types, e.g., maintenance o
hdant trainsof'a specific multi train system, or recognizing that the same restoration practices ar
for all qmaintenance activities, and treating these as a group when they are known to have th
charagteristics.

DD = Ul

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has no objection to the requirement.
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Index No.
HR-B

Capability Category | Capability Category 11 Capability Category 111

HR-B2 DO NOT screen activities that could simultaneously have an impact on multiple trains of a
redundant system or diverse systems (HR-A3).

EXPLANATION OF REQUIREMENT
An activity that could result in a single train of a system being unavailable may be screened under
ple rains of a redumdant
ystem or of multlple diverse systems becoming unavailable should not, because of their icommon
ause failure potential, be screened without further analysis.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS RRA"standard RA-Sa-20009,
as no objection to the requirement.
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5.5.3 Supporting Requirements for HLR-HR-C

ASME/ANS Standard Section 2.2.5, Table 2.2.5-2(c), Supporting Requirements for HLR-
HR-C

HLR-HR-C: For each activity that is not screened, and appropriate human failure event
(HFE) shall be defined to characterize the impact of the failure as_an
unavailability of a component, system or function modeled in the PRA

Purjpose: To identify and define the basic events to include in the system logic,models

SRq: HR-C1 through HR-C3
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Index No.
HR-C Capability Category | Capability Category 11 Capability Category 111

HR-C1 For each unscreened activity, DEFINE a human failure event (HFE) that represents the impact of
the human failure at the appropriate level, i.e., function, system, train or component affected.

EXPLANATION OF REQUIREMENT

Each of the unscreened activities has the potential for a human error that results in equipment being
these
rrors are included in the system models as human failure events (HFES), as requwed in SY-A16!| The
FE is generally defined as leading to the unavailability of a component, train, systemcor-fungtion.
he level at which the impact is modeled (i.e., component, train, system or function) is'determingd by
n understanding of how the activity affects the operational configuration of the plagtsystems, and is
ddressed in SR HR-C2.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,
as no objection to the requirement.
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Index No.

HR-C Capability Category | Capability Category Il Capability Category 11

HR-C2 INCLUDE those modes of | INCLUDE those modes of unavailability that, following

unavailability that, following | completion of each unscreened activity, result from failure to
completion of each unscreened | restore:

activity, result from failure to | () Equipment to the desired standby or operational status

restore: _ (b) Initiation signal or set point for equipment start-up or
(&) Equipment to the de_swed realignment
standby or operational | oo o
i {eyAutomaticreahgnrimert-orpower

ADD failure modes identified during the collection of plant
specific or applicable generic operating experience that Jeav
equipment unavailable for response in accident sequences.

(b) Initiation signal or set
point for equipment start-
up or realignment

(c) Automatic realignment or
power.

1172

EXPLANATION OF REQUIREMENT
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SR identifies specific mechanisms for failure to return equipment to“its operational state. Thi
mation is used in HLR-HR-D as the basis for estimating the likelihood of the failure occurringd.
that bold text within the SR indicates text that is different between the categories.
ability Category Differentiation

SR differentiates between Capability Category | andCapability Categories Il and I1l. For all
capability categories, three specific failure mechanisms are identified.

Capability Category Il and 111, there is af“additional requirement, namely the addition of
re modes that have been identified as a result of the analysis of operational experience.

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to the requirement.
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Index No.
HR-C Capability Category | Capability Category 11 Capability Category 111
HR-C3 INCLUDE the impact of miscalibration as a mode of failure of initiation of standby systems.

EXPLANATION OF REQUIREMENT

Self-explanatory (See HR-A2).

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard\RA-Sa-4

as no objection to the requirement.

009,
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5.5.4 Supporting Requirements for HLR-HR-D

ASME/ANS Standard Section 2.2.5, Table 2.2.5-2(d), Supporting Requirements for HLR-
HR-D

HLR-HR-D: The assessment of the probabilities of the pre-initiator human failure events
shall be performed using a systematic process that addresses the plant-
specific and activity-specific influences on human performance

Intgnt: To evaluate HEPs to take into account specific plant practices

SRq: HR-D1 through HR-D7
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Index No.
HR-D

Capability Category | Capability Category 11 Capability Category 11

HR-D1 ESTIMATE the probabilities of human failure events using a systematic process. Accept
methods include THERP [NOTE (1)] and ASEP [NOTE (2)].

able

NOTE (1): NUREG/CR-1278, Handbook of Human Reliability Analysis with Emphasis on Nuclear Power

Plant Applications; A.D. Swain and H.E. Guttmann; August 1983 (THERP)

NOTE (2): NUREG/CR-4772, Accident Sequence Evaluation Program Human Reliability Analysis Procedure;

A.D. Swain; February 1987 (ASEP)

XPLANATION OF REQUIREMENT

systematic process is one that uses the same approach to quantify all the HEPs. Use of a-systematic
rocess ensures that the HEPs are assessed in a consistent manner and that the HEPS are ranked
ppropriately. This means, for example, that those HFEs for which there are multiple opportunities

h

or error will have higher HEPs than those for which there is only a single opportunity for ¢
imilarly, HFEs for which there are multiple opportunities for recovery willhave lower HEPs
ose which have fewer or no opportunities for recovery. The most commonly used methods fg

rror.
than
r the

uantification of HEPs for pre-initiator HFEs are THERP and ASEP., However, SR HR-D2 for CC Il

llows the less significant HFEs to be addressed using screening (values as opposed to a deﬂailed
icant

nalysis. Even though the non-risk-significant HEPs are treated differently from the risk-signi
EPs, this is still a systematic approach, since, within each group; the same method is used.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endersement of ASME/ANS PRA standard RA-Sa-4
as no objection to the requirement.

009,
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Index No.
HR-D Capability Category | Capability Category 11 Capability Category 111
HR-D2 USE screening estimates in | For significant HFEs, USE | USE detailed assessments in

the quantification of the pre- | detailed assessments in the | the quantification of pre-
initiator HEPs. quantification of pre-initiator | initiator HEPs for each
HEPs. USE screening values | system.

based on a simple model,
such as ASEP in the
quantification of the pre-

inmitiator— HEPS—for—_Ton-
significant human failure
basic events. When bounding
values are used, ENSURE
they are based on limiting
cases from models such as
ASEP.

EX

PLANATION OF REQUIREMENT

Pre-i
failu

a defailed HRA for each pre-initiator HFE, which can be resource’/intensive, may not, in some cases
be the optimal use of resources. It is, therefore, acceptable to.use screening values to estimate th
HEPp for some pre-initiator HFES. These screening estimates are expected to be somewhg
consgrvative. This is evident in the final sentence in CC:Hy“which uses the term bounding values thg
are fo be based on limiting cases. Such limiting cases generally assume the most unfavorabl
conditions associated with the activity being evaluated consistent with the understanding of th

acti
evids

the categories.

Cap
This
Fo
For

—_

signifficance is determined by their importance to the results (see definition of significant basic event)

Fo
The
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RE

Revi

nitiator HFEs have rarely been found to be significant contributors to’component, train or systen
Fe, compared to mechanical failures or other modes of unavailabifity. Consequently, performin

— (D - L3

—t

ity. For example, the possibility of recovery would not be assumed if there was no cled
ence that it was possible. Note that bold text'within the SR indicates text that is different betwee

- =D (D

ability Category Differentiation
SR differentiates the three capability categories in a manner consistent with the Table 1-1.3-2:

Capability Category I, Screening estimates are sufficient for all pre-initiator HEPs.

D

Capability CategoryH, detailed estimates are expected for the significant HFEs, wher

Capability Category 111, all estimates are performed using detailed analyses.
bubsequent.SRs for HR-D give more details on what is required of the quantification process.

GULATORY POSITION
sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,

has no objection to the requirement.
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Index No.

HR-D Capability Category | Capability Category II Capability Category 11

HR-D3 No requirement for evaluating | For each detailed human error probability assessment,

procedures, administrative | information:

interfaces. and administrative controls (for independent review)

the quality of  written | INCLUDE in the evaluation process the following plant-specific
controls or human-machine | () The quality of written procedures (for performing tasks)

(b) The quality of the human-machine interface, including
both the equipment configuration and instrumentation and

control layout.

EXPLANATION OF REQUIREMENT

dependent on the quality of the written procedure, administrative controls and human-ma
interface. The SR requires that these be assessed when estimating the HEPSs.

$ince, in SR HR-D2, for Capability Category I, a screening estimate is tsed for the probability g
gperator failing to successfully perform the action, the evaluation’ of the quality of the w
rocedures, etc., is not required in HR-D3 for Capability Categary.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2
rovides the following clarification. The intent‘f the clarification is to provide additional guid

in the form of examples, of what is meant by quality of procedures, administrative controls an
uman-machine interface:

Cat 11, 11I:
a) The quality (e.g., format,ogical structure, ease of use, clarity and comprehensiveness) of w

review (e.g., configuration control process, technical review process, training processes

review)

(3)] and:results of any quantitative evaluations of performance per functional requiremg
incldding both the equipment configuration and instrumentation and control layout.

INote=(8) NUREG-0700, Rev. 2, Human-System Interface Design Review Guidelines; J.M. O’Hara,

The operator’s ability to successfully perform the needed action is generally “considered to be

hine

f the
ritten

009,
hnce,
0 the

itten

procedures (for perforging tasks) and the type of administrative controls that support indepemndent

and

management emphasis on adherence to procedures) of administrative controls (for indepemndent

(b) The quality of the human-machine interface (e.g., adherence to human factors guidelines [[Note

nts),

W.S.

EFrown, P.M. Lewis, and J.J. Persensky, May 2002.
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Index No.
HR-D Capability Category | Capability Category 11 Capability Category 111
HR-D4 | When taking into account self-recovery or recovery from other crew members in estimating HEPs

for specific HFEs, USE pre-initiator recovery factors consistent with selected methodology. If
recovery of pre-initiator errors is credited:

(a) ESTABLISH the maximum credit that can be given for multiple recovery opportunities
(b) USE the following information to assess the potential for recovery of pre-initiator
(1) Post-maintenance or post-calibration tests required and performed by procedure

(£) Ihdependent Vertrication, using a Written cneck-ort TIst, Which Veriry component statu

following maintenance/testing

(3) Original performer, using a written check-off list, makes a separate check of camponen
status at a later time

(4) Work shift or daily checks of component status, using a written check-off Aist.

U

—

EXPLANATION OF REQUIREMENT

THHERP and ASEP are the most commonly used approaches to the quantifieation of pre-initiatin
event HEPs. Both of these approaches are based on performing a task apalysis. Plant procedures fo
test, | maintenance and calibration activities generally include provisions for checking and/o
verification that may be taken into account in the quantification.{ _This SR provides details of th
information that can be used in assessing the potential for.recovery that is provided by thes
provjsions.

REGULATORY POSITION
Revigion 2 of Regulatory Guide 1.200, in its endarsement of ASME/ANS PRA standard RA-Sa-2009

has njo objection to the requirement.

D (D == — &
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Index No.
HR-D Capability Category | Capability Category 11 Capability Category 111

HR-D5 | ASSESS the joint probability of those HFEs identified as having some degree of dependency (i.e.,
having some common elements in their causes, such as performed by the same crew in the same
time-frame).

EXPLANATION OF REQUIREMENT

ains of a single system to operability. Assuming that these HFEs are independent is potentially|non-
onservative. There may be factors that could increase the likelihood of multiple failures, and
erefore, these HFEs may not be statistically independent. For there to be a dependeney, there needs

be some common elements in the reasons for failure. Examples include a faultyin a procedure
hich is a hard-wired common failure cause, or a simple error on the part of thé ‘erew, that is more
likely to affect multiple trains when the activities on the separate trains are_ performed by the same
rew within the same shift. This SR requires that in those cases the causes of“dependency should be
identified, and their impact assessed.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement af;ASME/ANS PRA standard RA-Sa-20009,
as no objection to the requirement.
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Index No.

HR-D Capability Category | Capability Category 11 Capability Category 111

HR-D6 PROVIDE an assessment of the uncertainty in the HEPs consistent with the quantification

approach. USE mean values when providing point estimates of HEPs.

EXPLANATION OF REQUIREMENT

The uncertainty characterization is needed to comply with requirement QU-E3 to provide uncertainty

char

cterization ot the total CDF assocClated with parameter uncertainties.

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard*RA-Sa-2009

prov

This
the |
guan

des the following clarification.

HEPs consistent with the quantification approach, and PROVIDE mean”values for use in th
tification of the PRA results.

SR should be written similarly to HR-G9: CHARACTERIZE the uncertaifty in the estimates of

3%
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Index No.
HR-D Capability Category | Capability Category 11 Capability Category 11
HR-D7 No requirement to check reasonableness of HEPs in light of the | CHECK the reasonableness of
plant’s experience the HEPs in light of the plant’s
experience.

EXPLANATION OF REQUIREMENT

easonableness check is considered good PRA practice. However, data on pre-initiator jerrqrs is
pically scarce, and since they do not usually play a significant role in the determinationf CDF, the
heck for reasonableness is not required for Capability Categories I and I1.

or Capability Category 111, a search for plant experience is required. ,<To perform the
easonableness check would require processing of this data.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
as no objection to the requirement.
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5.5.5 Supporting Requirements for HLR-HR-E
ASME/ANS Standard Section 2.2.5, Table 2.2.5-2(e), Supporting Requirements for HLR-
HR-E

HLR-HR-E: A systematic review of the relevant procedures shall be used to identify the
set of operator responses required for each of the accident sequences

Intgnt: To understand the role of the operators in responding to plant' jupset
conditions and identify opportunities for error

SRy: HR-E1 through HR-E4
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Index No.

HR-E Capability Category | Capability Category 11 Capability Category 111

HR-E1 | When identifying the key human response actions, REVIEW:

AOPs, annunciator response procedures) in the context of the accident scenarios.

interfaces with the system is obtained.

(a) The plant-specific emergency operating procedures and other relevant procedures (e.g.,

(b) System operation such that an understanding of how the system(s) functions and the human

XPLANATION OF REQUIREMENT

he identification of the responses required of the plant operators in response to an initiating eve

ntis

crucial element in the development of the logic model. Some of the responses are included in
eveloping the accident sequence models, while others are included in the system,madels. As $uch,

is SR is related to SRs AS-Al, AS-A5 and SY-A17 in that they all address the inclusion of

key

uman response actions in the PRA logic model. In this context the key human ‘response actions are
ose that influence the accident sequence development (see, in particular, SRVAS-A5). The HRA for
ost-initiator events, the development of the accident scenarios and the system models all depend on

n understanding of the plant operating procedures.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement'of ASME/ANS PRA standard RA-Sa-2
as no objection to the requirement.
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Inde

x No.

HR-E Capability Category | Capability Category 11 Capability Category 111

HR-E2 IDENTIFY:

control, isolate or terminate those systems and components used in preventing o
mitigating core damage as defined by the success criteria (e.g., operator initiates RHR)

used in the performance of a response action as identified in HR-H1

(a) Those actions required to initiate (for those systems not automatically initiated), operate,

r

(b) Those actions performed by the control room staff either in response to procedural
direction or as skill-of-the-craft to recover a failed function, system or component that is

EX

The
thosg
the i
and
cont
desig
thosg

RE

Revi
has 1

PLANATION OF REQUIREMENT

Fesponses that are required to be taken into account when developing the plant logic' model ar
that have an impact on the initiation and operation of the systems that are required-to respond t

nitiating event. These are typically identified in the various procedures, such-as the EOPs, AOP

nnunciator response procedures. In addition to those actions that are required-to initiate, operat
ol, isolate or terminate systems in accordance to procedural direction,“there are those that ar
ned to recover from a failure that are not necessarily addressed by procedure. In general, onl
that can be considered skill-of-the-craft are credited in PRAS.

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsementf ASME/ANS PRA standard RA-Sa-2009
0 objection to the requirement.

O DU O (D
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Index No.
HR-E

Capability Category |

Capability Category II

Capability Category 11

HR-E3

REVIEW the interpretation
of the procedures with plant
operations  or  training
personnel to confirm that
interpretation is consistent
with plant operational and
training practices.

TALK THROUGH (i.e,,

review in detail) with plant

operations and training personnel the procedures and
sequence of events to confirm that interpretation of the
procedures is consistent with plant observations and

training procedures.

XPLANATION OF REQUIREMENT

lant emergency operating procedures are written in a relatively consistent format.across sipnilar
lants, in accordance with the vendor’s guidelines. However, the manner in whi€¢h“they are applied
an differ in subtle ways that can only be identified by discussions with plant operations staff. There
ay be even more variability in the other procedures that are developed inaplant-specific manner.

ote that bold text within the SR indicates text that is different between the ¢ategories.

apability Category Differentiation

his requirement is different for Capability Category | and Capability Categories Il and I1I:

or Capability Category I, the requirement is to review’ the interpretation with operations or
aining staff in enough detail that it can be established:that the plant operational practiceq and
aining practices are understood, in order that the intent'of the procedures is captured correctly in
eveloping the plant logic model.

or Capability Category 11 and I11, the requirement is to specifically include a talk through gf the
rocedures as they are applied to specific accident sequences.

EGULATORY POSITION

evision 2 of Regulatory Guide't.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,
as no objection to the requifement.
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Index No.
HR-E Capability Category | Capability Category Il Capability Category 11
HR-E4 No requirement for wusing | USE simulator observations or talk-throughs with operators to

simulator observations or talk- | confirm the response models for scenarios modeled.
throughs with operators to
confirm response models.

EXPLANATION OF REQUIREMENT

In ad

simulator and talking through the scenarios of interest with the control room operating staff t

asce
addi
PRA

Cap
This

For
throd

For

pers

RE

Revi
has 1

acti\;l:ties result in a more robust and credible logic model that reflects the plant operating staff’

dition to discussions with training staff and plant operations staff, observations in the traiin

tain how it would respond given the specific scenarios modeled in the accident sequences giv
ional information that adds to the credibility of the representation of human responses in th
logic model.

ability Category Differentiation
requirement is different for Capability Category | and Capability Categories 11 and Il1:

Capability Category 1, there is no requirement to observe simuldtor actions or perform talk
ghs with the plant operating staff.

Capability Category Il and 111, the additional insights_that' can be gained by the require

ectives.

GULATORY POSITION

s5ion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009
0 objection to the requirement.

DD O

o

Lv2)
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5.5.6 Supporting Requirements for HLR-HR-F

ASME/ANS Standard Section 2.2.5, Table 2.2.5-2(f), Supporting Requirements for HLR-
HR-F

HLCR-AR-F: Human failure evenis shall be defined that represent the impact of |not
properly performing the required responses, consistent with the structure’and
level of detail of the accident sequences

Intent: To define the HFEs so that they are included appropriately in/the plant Iqgic
model, and to ensure that the evaluation of HEPs is performed on a plant- and

scenario-specific basis

SRs: HR-F1 through HR-F2
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Index No.
HR-F Capability Category | Capability Category 11 Capability Category 11

HR-F1 | DEFINE human failure events (HFEs) that represent the impact | DEFINE human failure events
of the human failures at the function, system, train or | (HFEs) that represent the
component level as appropriate.  Failures to correctly | impact of the human failures at
perform several responses may be grouped into one HFE if | the function, system, train or
the impact of the failures is similar or can be conservatively | component level as
bounded. appropriate.

EXPLANATION OF REQUIREMENT

The human failure events are the events that represent the impact of the failures of the opefators t
respond appropriately as required by the procedures. The representation of a human failure in th
PRA| model can be in terms of the failure of a function (e.g., depressurization) or“of a specifi
component, train or system as appropriate. In some cases, the response may require:a succession o
different actions. The failures to perform these different actions may have thé same or differen
impdcts on the plant. The failures to perform several actions can be grouped inte a single HFE whe
theirlimpact on the accident sequence development is the same or similar. The’decision of when it i
apprppriate to group human failures is done as part of the accident sequénce development since it i
necepsary to know the consequences of not performing each of the respenses correctly to determin
whether there are potential differences that should be captured in theymodel. This will be a functio
of the level of detail required. For example, to control power in an ATWS in a BWR, the procedure
diredt the operators to lower the RPV water level, inject.baron, and then raise the level agair.
Becduse ATWS scenarios are low frequency scenarios, it is;sometimes assumed that failure of any of
thesg actions results in loss of control of power, and they:are combined into one HFE.

This|requirement does not specifically call out errorsiof commission. It has been accepted practic
that grrors of commission are not modeled.

Note that bold text within the SR indicates textthat is different between the categories.

=h ) (D O

U = D Uy U S5 —~+

197

Cappbility Category Differentiation
This|requirement is different for Capabitity Categories | and Il and Capability Category IllI:

For [Capability Category | and:H, grouping of individual human failures is allowed as long as it
can e argued that the impact of each of the failures on the plant and the scenario development is th
samg, or the impact on the/plant and the scenario development is modeled as the bounding impag
takem over the group.

Cappbility Category Il represents a more detailed model of the human failures and plant respons
in that it does not allew the grouping of response failures. Each response failure is its own HFE.

=
— (U

197

REGULATORY POSITION

Revi - oYal :
has no objection to the requirement.
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Index No.
HR-F Capability Category | Capability Category 11 Capability Category 111
HR-F2 COMPLETE THE | COMPLETE THE | COMPLETE THE

DEFINITION of the HFEs by
specifying
(a) Accident sequence
specific timing of cues,
and time window for
successful completion

DEFINITION of the HFEs by
specifying
(a) Accident sequence
specific timing of cues,
and time window for
successful completion

DEFINITION of the HFEs by
specifying
(a) Accident sequence
specific timing of cues,
and time window for
successful completion

squjence

(b) Accident sequence (b) Accident sequence (b) Accident
specific procedural specific procedural specific precddural
guidance (e.g., AOPs guidance (e.g., AOPs guidance ¢(eg., fOPs
and EOPs) and EOPs) and EOPs)

(c) The availability of cues (c) The availability of cues (c) The“availability off cues
and other indications for and other indications and * other indications

detection and evaluation

for  detection and

for detection and

errors evaluation errors evaluation errors
(d) The complexity of the (d) The specific high level (d) The specific defailed
response. tasks (e.g., train level) tasks (e.g., at the|level
(Task analysis is not required to achieve of indivjdual
required.) the goal pf\< the components, such as

response. pumps or valves)
required to achieve
the goal of | the
response.
EXPLANATION OF REQUIREMENT
HR-F1 essentially addresses the failure_ mode represented by the HFE, i.e., the impact of the hiiman
failure as the unavailability of a component, train, system or function in a manner consistent with the

dccident sequence definition. The contextual information addressed in this requirement is needed for
the assessment of the probability .of the HFE, i.e., the HEP. (a) For each response action, the
gperators must have some ipdication that they need to respond (i.e., a cue), and must complete the
gction within a time that preyents the undesirable irreversible impact on the plant component, syistem
¢r function. The timingof-the cues, and the time available, varies from accident sequence to accjdent
dequence. The detailéd timing itself is addressed in HR-G4, and will draw on information addr¢ssed
:E SC-B3. (b) Therprocedural guidance has already been used in HLR HR-E and HR-F1 to idgntify

e failure modes-that can occur, but is also the source for identifying the cues. (c) Because plant
gonditions change relatively slowly in many scenarios, there is opportunity to identify and rectify
initial errgrs as long as there are cues or other indications that the plant is not behaving as expected.
This is‘an“important factor in determining the HEP. Note that bold text within the SR indicateg text
atGs different between the categories.

Capatitity Category Differemntiation
For this SR, the capability categories are differentiated with respect to item (d) which is related to the
complexity of the response:

For Capability Category I, it is sufficient to assess the complexity in a holistic manner. In the
context of this SR, the term complexity is to be understood as being determined by a qualitative, high
level of assessment of what is required, but something less than the high level task analysis performed
for CC Il.
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For Capability Category 11, a relatively high level task analysis is required. This can be done at
the train level, for example.

For Capability Category 111, a detailed task analysis is required.

This distinction is primarily related to the characterization of the HFE in preparation for
guantification, since even for Capability Category I it is necessary to understand how the task is to be
performed in order to identify the items in (a) through (c). For Capability Category I, the
guantification approach can be at a relatively high level, whereas for Capability Categories Il and IiI,

the task analyses need tg be taken into account

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has njo objection to the requirement.
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5.5.7 Supporting Requirements for HLR-HR-G

ASME/ANS Standard Section 2.2.5, Table 2.2.5-2(g), Supporting Requirements for HLR-
HR-G

HCR-AR-G: The assessment of the probabilities of the post-initiator HFES shall| be
performed using a well-defined and self-consistent process that addresses|the
plant-specific and scenario-specific influences on human performance, and
addresses potential dependencies between human failure eventshin ‘the sgme
accident sequence.

Intent: To evaluate the HEPs so that their relative values are/consistent taking into
account the scenario-specific factors that influence human performance

SRs: HR-G1 through HR-G8
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Index No.
HR-G Capability Category | Capability Category 11 Capability Category 111
HR-G1 USE conservative estimates | PERFORM detailed analyses | PERFORM detailed analyses

(e.g., screening values) for the | for the estimation of HEPs for | for the estimation of human

HEPs of the HFEs in accident | significant HFEs. USE | failure basic events.
sequences that survive initial | screening values for HEPs for
quantification. non-significant human failure

basic events.

EX
This
guan
each
be tf
HEP
requ
cons
Cap
This
Fo
expe

Fo

-

-

signifficance is determined by their importance to theesults (see definition of significant basic event)

Fo
The

-

RE

Revi

has njo objection to the requirement.

PLANATION OF REQUIREMENT

SR defines the nature of the approach to quantification of the HEPs. Requirements for th
tification process are provided in the subsequent HR-G SRs. Performing a detailed HRA fo
post-initiator HFE is resource intensive, and, depending on the intended use of the\PRA, may ng
e optimal use of resources. It is, therefore, acceptable to use screening valuésto estimate th
5 for some post-initiator HFES depending on the capability category. +As” indicated in th
rement for capability Category I, in this context a screening value-is intended to be
brvative value.

DD (D~ =% (D

ability Category Differentiation
SR differentiates the three capability categories in a manner consistent with the Table 1-1.3-2:

Capability Category I, screening estimates are sufficient:for all HEPs. Screening estimates ar
cted to be somewnhat conservative.

D

D

Capability Category Il, detailed estimates are“expected for the significant HFEs, wher

Capability Category 111, all estimates are_performed using detailed analyses.
bubsequent SRs for HR-G give more details on what is required of the quantification process.

GULATORY POSITION
sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
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Index No.
HR-G Capability Category | Capability Category 11 Capability Category 111
HR-G2 USE an approach to estimation of HEPs that addresses failure in cognition as well as failure to

execute.

EXPLANATION OF REQUIREMENT

This SR recognizes that for all response actions there is some element of cognition involved. As a

s failing to take an action or taking an incorrect action can.
etection of a problem, diagnosis and decision-making. Some level of cognitive activity,is'reqpired
ven for symptom based procedures in that there has to be an understanding of the plant conditipn as
indicated by the monitored parameters and of the course of action specified in the procedures. Ohe of
e reasons for including the cognitive failures is that they can be a cause of_dependency betyveen
FEs.

EGULATORY POSITION

way
The cognitive actlvmes in¢lude

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,
as no objection to the requirement.
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Index No.
HR-G Capability Category | Capability Category Il Capability Category 11
HR-G3 USE an approach that takes | When estimating HEPs EVALUATE the impact of the
the following into account. following plant-specific and scenario-specific performance
(a) The complexity of the | shaping factors.
response (a) Quality [type (classroom or simulator) and frequency]
(b) The time available and of the operator training or experience
time required to (b) Quality of the written procedures and administrative
complete the response controls
(c) Some measure of (c) Awvailability of instrumentation needed to ,takg
scenario-induced corrective actions
stress. (d) Degree of clarity of cues/indications

The ASEP Approach is an | () Human-machine interface

acceptable approach. () Time available and time required_to™complete th
response

(g) Complexity of the required response

(h) Environment (e.g., lighting, -heat, radiation) unde
which the operator is working

(i) Accessibility of the equipment requiring manipulation
() Necessity, adequacy_and availability of special toolq,
parts, clothing,etc.

D

-

EX

The
factd
requ
the S

Fo
namd
appr
For
to th

—_

comprehensive, though:not exhaustive set. See NUREG-1792 for more discussion.

RE
The

PLANATION OF REQUIREMENT

guantification of the HEPs should be performed to take account of the performance shapin
rs that are generally accepted as being important, with a distinction being made between what i
red for Capability Category | and for Capability Categories Il and 111. Note that bold text withi
R indicates text that is different between-the categories.

- ) &2

Capability Category I, a high fevel approach is acceptable that identifies only four PSF§
ly complexity, time available,\time required and stress. These are consistent with the ASER
pach which is identified as an acceptable approach.

=4

Capability Category(ll-and Il1, a broader scope of PSFs is included that is more appropriat
e more detailed HRA methods. These PSFs are generally accepted as being a reasonably

D

GULATORY POSITION
NRC-ih Rev. 2 to Regulatory Guide 1.200 has the following clarification,

M Lo\ L S 1L Ll 'l o o ) A L by | | £ 4l - £ il b
In item (U) Or CU T, T, Clality Uidal - Clality  TETETS U1e TTedinmyg ur uie CUcS, €tl.

In item (a) of CC | and item (g) of CC II, Ill, clarify that complexity refers to both determining the

need
with

for and executing the required response,
the following proposed resolution.

Catl:

(a) The complexity of detection, diagnosis, decision-making and executing the required response

) ...
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Cat I, and II:

(d) Degree of clarity of the cues/indications in supporting the detection, diagnosis and decision-
making give the plant-specific and scenario-specific context of the event.

(g) Complexity of detection, diagnosis and decision-making and executing the required response.
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Ingg(_go. Capability Category | Capability Category 11 Capability Category 111
HR-G4 BASE the time available to | BASE the time available to | BASE the time available to
complete actions on | complete actions on | complete actions on plant-
applicable generic studies | appropriate realistic generic | specific  thermal/hydraulic
(e.g., thermal/ hydraulic | thermal/ hydraulic analyses, | analysis, or simulations.
analysis for similar plants). | or simulation from similar | SPECIFY the point in time at
SPECIFY the point in time at | plants (e.g., plant of similar | which operators are expected
which operators are expected | design and  operation). | to receive relevant indications.
{0 TECEIVE Tefevantinaications. | SPECHF Y the poimt i time at
which operators are expected
to receive relevant indications.
EXPLANATION OF REQUIREMENT
The [operator actions required to respond to a plant disturbance have to be completed before ap
irreversible change of the plant state takes place. The time available to complete the response is an
impgrtant element of the success criterion associated with an HFE. The time-available is determined
using the same thermal-hydraulic analyses used to generate the functional<success criteria (See SC-B).

The [last sentence of the requirement for each capability category recognizes that, while the plan
disturbance may occur at a specific point in time, the time at which‘he operators receive the cues that
initigte their response may occur at a later time. Thus the time_ available for successful response ma
be shorter than the time evaluated from the initiation of the.plant disturbance. Note that bold text

with
Cap
This
Fo

Fo
cons
and

Fo

—_

-

—_

RE
The

Reqy
fore

—r

n the SR indicates text that is different between the categories.

ability Category Differentiation
SR has three different capabilities, and is simifarto the differentiation in SR SC-B1.:

Capability Category I, generic studies arg-acceptable,

Capability Category 1, either gengfic studies as long as they are realistic as opposed to bein
brvative with respect to the calculation of time, or simulation from similar plants are acceptabl

4

D

Capability Category 111 plant-specific studies are required.

GULATORY:POSITION

NRC in Rev:2%0 Regulatory Guide 1.200 has the following clarification.

irements.concerning the use of thermal/hydraulic codes should be cross-referenced. Therefore,
ach CChinclude after the first sentence a reference to SC-B4, as follows.

BAS

E:..”(See SC-B4.) SPECIFY the point in time....

198



https://asmenormdoc.com/api2/?name=ASME NTB-1 2013.pdf

NTB-1-2013

Index No.

HR-G Capability Category | Capability Category 11 Capability Category 111

HR-G5 When needed, ESTIMATE | When needed, BASE the | When needed, BASE

actions. The approach | actions for significant HFEs | actions on action
described in ASEP is an | on action time | measurements in e
acceptable approach. measurements in  either | walkthroughs  or

the

the time required to complete | required time to complete | required time to complete

time
ither
talk-

walkthroughs  or  talk- | throughs of the procedures
throughs of the procedures | or simulator observations.

Or Simutator OpSErvations.

EXPLANATION OF REQUIREMENT

fFor many HFEs it is necessary to assess the time required to carry out the actions. This mg
eeded, for example, so that the time available for diagnosis can be evaluated by-subtracting the
equired for execution from the time available (see HR-G4). Estimating the time requirs
important for the more complex tasks, such as performing the switchever to sump recircul
owever, for some tasks, the time needed to actually carry out the task‘once it has been decided
0 is very short. This would be the case for activating the depresstrization system in a BWH
xample. Thus the requirement recognizes, by the use of the words “when needed,” that this ma
Iways be necessary. Note that bold text within the SR indicates text that is different betwee
ategories.

apability Category Differentiation
his SR has three different capabilities:

or Capability Category I, the time required.isestimated,

or Capability Category 11, the timée)is evaluated in plant-specific manner, using 4
alkthroughs, talk-throughs (see HR-E4)tor simulator observations for the significant HFEs and

or Capability Category 111, theltime is evaluated in a plant-specific manner for all HFEs.

EGULATORY PQSITION

evision 2 of Regulatery-Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2
as no objection toihe-fequirement.

y be
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Index No.
HR-G Capability Category | Capability Category 11 Capability Category 111
HR-G6 CHECK the consistency of the post-initiator HEP quantifications. REVIEW the HFEs and their

final HEPs relative to each other to check their reasonableness given the scenario context, plant
history, procedures, operational practices and experience.

EXPLANATION OF REQUIREMENT

The

judgment. The performance of the complete quantification may take place over a prolonged peried
time| Therefore, it is considered good practice to perform a review for internal consistency to.mak
sure|that the HEPs are ranked appropriately with respect to the difficulty associated\ with th

contgxtual information provided by the definition of the HFEs performed to meet HLR HAZF.

REGULATORY POSITION
Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANSPRA standard RA-Sa-2009

has njo objection to the requirement.

132
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Index No.

HR-G Capability Category | Capability Category 11 Capability Category 111

HR-G7 For multiple human actions in the same accident sequence or cut set, identified in accordance with

including:

(b) Factors that could lead to dependence (e.q., common instrumentation, common proce

supporting requirement QU-C1, ASSESS the degree of dependence, and calculate a joint human
error probability that reflects the dependence. ACCOUNT for the influence of success or failure
in preceding human actions and system performance on the human event under consideration

(a) Time required to complete all actions in relation to the time available to perform the actions

ures,

increased stress, etc.)
(c) Availability of resources (e.g., personnel) [NOTE (1)]

INOTE (1): The state of the art in HRA is such that the assessment of dependency is largely based o
gnalyst’s judgment. While it should be expected that there will be a progressively more detailed treatmé
dependency in going from CC I to CC IlI, the distinction is not made at the level of this"SR. Instead
gxpected to follow from the increase in the level of detail in the analysis of HFEs in going-from CC | to CC

EXPLANATION OF REQUIREMENT

HRA models provide estimates of HEPs for individual HFEs. Since‘many HEP values are quite
Wwhen multiple HFEs occur in the same cut-set, multiplying theirMdEPS together independently ¢
flesult in very low cut-set frequencies. It is generally accepted-that the probability of failure

q
iLe., the HEPs in a cut set are not necessarily independent:Therefore the joint human error proba
will generally be different, and higher, than the product of the individual HEPs. This SR doe
4pecify an approach to incorporating this joint probability in the PRA quantification. As the
gssociated with this SR recognizes, there is ne>accepted approach to addressing this depend
Therefore, this SR requires that the analyst provide his assessment of dependency and in the
dentence, beginning with “ACCOUNT forZ\identifies some factors that need to be taken into ac
\vhen assessing the dependency.

REGULATORY POSETION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2
has no objection to thetequirement.
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Index No.
HR-G Capability Category | Capability Category 11 Capability Category 111

HR-G8 CHARACTERIZE the uncertainty in the estimates of the HEPs consistent with the quantification
approach, and PROVIDE mean values for use in the quantification of the PRA results.

EXPLANATION OF REQUIREMENT

The uncertainty in the HEPs is required so that the treatment of HEPs is consistent with that of the
othefDasiC events in the model. Furthermore, an assessment of the uncertainty of the HEPS_ ip
necepsary in order to meet SRs QU-A3 and QU-E3.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has o objection to the requirement, except to point out that the action verb “characterize” should b
capifalized.
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5.5.8 Supporting Requirements for HLR-HR-H

ASME/ANS Standard Section 2.2.5, Table 2.2.5-2(h), Supporting Requirements for HLR-
HR-H

HI R-HR-H: Recovery actions (at the cut-set or scenario level) shall be modeled only if it
has been demonstrated that the action is plausible and feasible forcthpse
scenarios to which they are applied. Estimates of probabilities of faiture shall
address dependency on prior failures in the scenario. (Note 1)

Intent: To limit consideration of recovery actions to those that can‘be reasonaply
expected to be performed and that dependency on those HFEs already in [the
model is addressed

SRs: HR-H1 through HR-H3

NOTE (1): Recovery actions are actions taken in addition to thése normally identified in the
review of emergency, abnormal and system operating proceddres, which would normally be
addressed in HR-E through HR-G. They are included to atfow credit for recovery from failures
in cut-sets or scenarios when failure to take credit would distort the insights from the risk
analysis. The potential for recovery (e.g., manually<epéning a valve that had failed to open
automatically) may well differ from scenario to scenario or cut-set to cut-set. In this context,
recovery is associated with work-arounds but does.not include repair, which is addressed in SY -
A24 and DA-C15.
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Index No.
HR-H Capability Category | Capability Category 11 Capability Category 111
HR-H1 INCLUDE operator recovery | INCLUDE operator recovery | INCLUDE operator recovery

actions that can restore the
functions, systems or
components on an as needed

actions that can restore the
functions, systems or
components on an as needed

actions that can restore the
functions, systems or
components to provide a

basis to provide a more | basis to provide a more | realistic evaluation of
realistic evaluation of CDF | realistic evaluation of | modeled accident sequences.
and LERF. significant accident

sequerices.

EX

This
ident
spec
HLR

to unrealistic results. Note that bold text within the SR indicates text that»is” different between th

categ
Cap
This
actio

For
CDH
that

For

evalfiation of significant accident sequences,” which, with the definition of significant acciden

sequ
Fo

-

RE

Revi
has 1

PLANATION OF REQUIREMENT

SR acknowledges that potential recovery actions can be identified for many-of.the failure
ified as contributing to the accident sequences. Recovery actions are includedas corrections t
fic cut-sets rather than included at a higher level in the model, when they would be addressed b
-HF. The SR permits their inclusion on an as-needed basis, when not ingltiding them would lea

"2

=y

o

D

ories.

ability Category Differentiation

SR is written to three different capabilities; represent different degrees of credit for recover
ns:

Capability Category I, recovery actions are included-to “provide a more realistic evaluation of
and LERF” which could be achieved by recovering-failures in the dominant cut-sets, i.e., thos
Contribute the greatest contribution to CDF/LEREF.

13%

Capability Category 11, the recoverycactions are included “to provide a more realisti

TY

—t

ence, would require recovery actions-for’relatively low frequency sequences.

Capability Category I11, the requirement extends to all sequences.

GULATORY POSITION

sion 2 of Regulatary)Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection totherequirement.
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Index No.
HR-H Capability Category | Capability Category 11 Capability Category

HR-H2 CREDIT operator recovery actions only if, on a plant-specific basis:
training, or justification for the omission for one or both is provided

training or skill-of-the-craft exist
(c) Attention is given to the relevant performance shaping factors provided in HR-G3

(a) A procedure is available and operator training has included the action as part of crew’s

(b) “cues” (e.g., alarms) that alert the operator to the recovery action provided procedure,

(a) rnere s surricient manpower to pertorim the action.

EXPLANATION OF REQUIREMENT

This SR limits the type of recovery actions that can be considered in the final evaluation of the

PRA

esults. The conditions are self-explanatory. For the allowed recovery actionssithis expected that an

FE representing a failure to perform the recovery will be defined, and.the corresponding
valuated.

EGULATORY POSITION

HEP

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,

as no objection to the requirement.
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Index No.
HR-H Capability Category | Capability Category 11 Capability Category 111
HR-H3 | ACCOUNT for any dependency between the HFE for operator recovery and any other HFES in

the sequence, scenario or cut-set to which the recovery is applied (see HR-G7).

EXPLANATION OF REQUIREMENT

This SR recognizes that, in principle, a recovery action is no different from the post-initiating event

actigns considered in HCR-AR-F, in that the probability of failure will D€ dependent on prior operaio
successes and failures, or the associated activity may be affected by similar PSFs. Therefore; th
dependency between the HFE associated with recovery and those associated with the responsejaction

addressed in HR-E through HR-G are to be assessed.

REGULATORY POSITION
Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRACstandard RA-Sa-2009,

has njo objection to the requirement.

UT D
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5.5.9 Supporting Requirements for HLR-HR-I

ASME/ANS Standard Section 2.2.5, Table 2.2.5-2(i), Supporting Requirements for HLR-
HR-1

HCR-AR-T: Documentation of the human reliability analysis shall be consistent with |the
applicable governing supporting requirements.

Intent: To ensure that the basis for the analysis is reproducible and can*he reviewed
and updated as necessary

SRs: HR-11 through HR-13
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Index No.
HR-1 Capability Category | Capability Category 11 Capability Category 111

HR-11 DOCUMENT the human reliability analysis in a manner that facilitates PRA applications,
upgrades and peer review.

EXPLANATION OF REQUIREMENT

It is important that the documentation includes sufficient information about the approach used for the

be consistent with the applicable SRs as stated in High Level Requirement HR-1. Although example
are ipcluded in SR HR-I2, these do not represent a complete list of all required . documentation. T
facil(tate the development of a complete list, a documentation mapping is provided in the explanatio
to SR HR-12 showing the scope of documentation needed to achieve consistency with the applicabl

D= OO D

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has njo objection to the requirement.
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Index No.
HR-1 Capability Category | Capability Category 11 Capability Category |

HR-12 DOCUMENT the processes used to identify, characterize and quantify the pre-initiator,

For example, this documentation typically includes:
(a) HRA methodology and process used to identify pre- and post-initiator HEPs
(b) Qualitative screening rules and results of screening

and howva thav vinra tnoornaratad tntn thn apiantifinatinn nrasnce
THCTTOVY T y v e e icOTrpoTrttC O itotric—gquar it et o Prottss

(d) Quantification of HEPs, including:
(1) Screening values and their bases
(2) Detailed HEP analyses with uncertainties and their bases
(3) The method and treatment of dependencies for post-initiator actigns

initiating event and function
(5) HEPs for recovery actions and their dependency with-other HEPs.

post-

initiator and recovery actions considered in the PRA, including the inputs, methods and results.

(c) Factors used in the quantification of the human action, how they were derived (their bases),

(4) Tables of pre- and post-initiator human actions evaluated by model, system,

EXPLANATION OF REQUIREMENT

This SR addresses the process documentation used to impfement the human reliability ang

eliability analysis development processes and examples of documentation associated with
;larameters, constraints and results from implementing'these processes. Table 9 (HR-12-1) provi
discussion of these examples. It should be noted:.that the documentation examples do not repr

included. To facilitate the development of .a complete list, a documentation mapping is provid
Table 10 (HR-12-2) showing the scope of-documentation needed to achieve consistency wit
gpplicable SRs. Table 10 (HR-12-2)-also identifies each documentation item as either “proces
TSR.” A “process” documentation item primarily supports the process requirement which is the 1
of this SR while an “SR” documentation item primarily supports documentation that is cons
Wwith one or more supporting-requirements as required by HR-I11. A mapping is also provid

tpe complete list of all required documentation/but list of many of the documents that are typically
i

lysis

qupporting requirements. It also provides examples of documentation associated with the hyiman

the
fes a
bsent

bd in
n the
5" or
ocus
stent
bd in

Table 9 (HR-12-1) betweenthe examples and the documentation list shown in Table 10 (HR-12-2) and
in Table 10 (HR-12-2) hetween the documentation items and the applicable SRs.
Table 9 HR-12-1 SR Examples
$R . . Documentation
A Discussion
Example Item

The identification process of pre-initiator, post-initiator and recovery actions 1,6
is addressed by several SRs including: SR HR- A3, C1, C2, C3 and E2, F1,
F2, H1. In addition, the identification of response and recovery actions is

Q)

addracend v, CDo vapthin tha ansidant canninnen alamant

TCOT COoC U0y o T o v It tic T CCIOT i ST Ut HCT T Ie et

b SR HR-B1 addresses screening rules for pre-initiators and SR HR-D2 and G1 | 2,7
address the use of screening values.
c The quantification process for pre-initiator, post-initiator and recovery actions | 2,4,7,9

is addressed by several SRs including: SR HR- Al, A2, A3, B1, B2, C1, C2,
C3,D1, D2, D3, D4, D5, LE-C7 and E1, E2, E3, E4, F1, F2, G1, G2, G3, G4,
G5, G7, G8, H1, H2, H3

d(1) SR HR-D2 and G1 address the use of screening values. 2,7
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SR . . Documentation
Discussion
Example Item
d(2) The quantification of the HEPs is addressed by high level requirements D, G 4,9
and H, and their associated supporting requirements.
d(3) The treatment of dependencies is addressed by SR HR-D5 for pre-initiator 2,4,7,9
actions, SR HR-G7 for post-initiator actions and SR HR-H3 for recovery
actions.
d(4) Although there are no explicit requirements for presenting the HR resultsina | 4,9
tabular fashion it is expected that the results will he presented in a manner
that supports the understanding of the approach and supports applications,
upgrades and reviews.
dp) High Level Requirement HR-H addresses recovery actions and the assessment 7,9
of dependencies with other HFEs.
Table 10 HR-12-2 Documentation Mapping
Element | Type | Item Documentation Related SR SR Examples
Pre-initiators - Document the approach
for identifying maintenance, test and
HR Process 1 calibration errors including mechanism | A3,,C1,.C2, C3 a
impacting multiple trains, failure to
restore equipment and miscalibration.
Pre-initiators - Document the screening AL A2, A3, BL,
HR Process | 2 rules and the approach used -for B2, C1, C2, C3, b, c, d3
quantification D1, D2, D3, b4, o
' D5, LE-C7
HRR SR 3 Pre-initiators - Document the-review of AL A2
procedures and practices.
Pre-initiators - Document HEPs and
HR SR 4 supporting calculations including an D1, B2, D3, D4, c,d1,d2,d3, d4, db
. D5, D6
assessment of the Uncertainty.
Pre-initiators (- yDocument the plant
HR SR 5 experience . reasonableness  check D7 na
(Category-H1 only).
Post-initiators -  Document  the
HIR Process | 6 gp_p_roach for identification of post- E2. F1, F2, H1 a
initlator Response and  Recovery
Actions.
Post-Initiators -  Document the | E1, E2, E3, E4,
approach for post-initiator action | F1, F2, G1, G2,
HIR Process )~ 7 screening (rules) and the approach used | G3, G4, G5, G7, b, ¢, d3
for quantification. G8, H1, H2, H3
HIR SR 8 Post-Initiators - Document the_rewew E1 E3, E4 na
of procedures and system operation.
Post-Initiators - Document HEPs and | G1, G2, G3, G4,
HR SR 9 supporting  calculations  including | G5, G7, G8, H2, | c, d1, d2, d3, d4, d5
uncertainty. H3, LE-C7
HR SR 10 Post-Initiators -  Document  the G6 na

consistency and reasonableness check.
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REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has no objection to the requirement.
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Index No.
HR-1 Capability Category | Capability Category 11 Capability Category 111

HR-I3 DOCUMENT the sources of model uncertainty and related assumptions (as identified in QU-E1

and QU-E2) associated with the human reliability analysis.

EXPLANATION OF REQUIREMENT

Model uncertainty arises because uncertainty exists about which models appropriately represent the

aspefts of the plant being modeled. In addition, there may De No model Tepresenting a particuld
aspeft of the plant. This adds to uncertainty about the PRA findings because it may be unelea
whether the PRA fails to consider a potentially significant contributor. The uncertainty associate
with|the model and its constituent parts typically is dealt with by making assumptions. In genera
modgl uncertainties are addressed by determining the sensitivity of the PRA results’to differen
assumptions or models.

NUREG-1855 [NRC 2009] gives guidance for addressing sources of model uneertainty and relate
assumptions in the context of the requirements in the ASME/ANS PRA Standard, and is specificall
focuged on accomplishing SRs QU-E1, QU-E2, QU-E4, and LE-F3 that-are related to modg
uncertainty. The EPRI report 1016737, “Treatment of Parameter and' Model Uncertainty fo
Probpbilistic Risk Assessments,” [EPRI 2008] also addresses this uncertainty, and in particular, it
Appendix B identifies several sources of this uncertainty to supportdneeting SR HR-13.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009
has njo objection to the requirement.
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5.6 Data Analysis Section 2-2.6 of the ASME/ANS RA-Sa-2009

The objectives of the data analysis elements are to provide estimates of the parameters used to
determine the probabilities of the basic events representing equipment failures and unavailabilities
modeled in the PRA in such a way that

(a) Parameters, whether estimated on the basis of plant-specific or generic data,
appropriately reflect that configuration and operation of the plant

(b) Component or system unavailabilities due to maintenance or repair are accounted for
(c) Uncertainties in the data are understood and appropriately accounted for.

To meet the above objectives, five HLRs are defined in the standard:

supporting regquirements.

Designator Requirement

HLR-DA-A Each parameter shall be clearly defined in terms of\th€ logic model, basic ¢vent
boundary and the model used to evaluate event probability.

HLR-DA-B Grouping components into a homogeneous<population for parameter estimgation
shall consider both the design, environmental and service conditions of the
components in the as-built and as-operated-plant.

HLR-DA-C Generic parameter estimates shall . Ge chosen and plant-specific data shall be
collected consistent with the parameter definitions of HLR-DA-A and the groyping
rationale of HLR-DA-B.

HLR-DA-D The parameter estimates shall'be based on relevant generic industry or plant-sp¢cific
evidence. Where feasible; generic and plant-specific evidence shall be integrated
using acceptable methods to obtain plant-specific parameter estimates. [Each
parameter estimate shall be accompanied by a characterization of the uncertainty.

HLR-DA-E Documentatien~ of the data analysis shall be consistent with the appligable
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5.6.1 Supporting Requirements for HLR-DA-A
ASME/ANS Standard Section 2.2.6, Table 2.2.6-2(a), Supporting Requirements for HLR-
DA-A

HLR-DA-A: Each parameter shall be clearly defined in terms of the logic maodel, basic
event boundary and the model used to evaluate event probability.

Intgnt: To define each parameter in terms of the piece of equipment and failure mode
to which it applies, and the data required for its estimation (e.qg., # failures and
# demands). This definition needs to clearly describe theArélationships
between the parameter, the basic events in the PRA model assogiated with the
parameter and the probability model used to calculaté<{the basic event
probability using the parameter. The term “boundary™:is used to ensure
consistency between component boundaries impliediin-the definition of the
basic event and the component boundaries assumed in the collection and
analysis of data supporting the estimation of the parameter.

SRq: DA-A1 through DA-A4
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Index No.
DA-A Capability Category | Capability Category 11 Capability Category 111
DA-Al IDENTIFY from the systems analysis the basic events for which probabilities are required.

Examples of basic events include:

(a) Independent or common cause failure of a component or system to start or change state on

demand

(b) Independent or common cause failure of a component or system to continue operating or

provide a required function for a defined time period

(N Eonnmannt pinavadlohln o nnarfaron te enonpend foanation A 0 bhaina At A

cory :inC for

(C)=quiprcht ooy oHoioe —to— P T o T o Ty o C U Tometror— oot —to— ot g —oouT Ot

maintenance
(d) Equipment unavailable to perform its required function due to being in test modé
(e) Failure to recover a function or system (e.g., failure to recover off-site-power)
(f) Failure to repair a component, system or function in a defined time perioé:

JCT VT

EXPLANATION OF REQUIREMENT

IMeeting this SR determines the scope of the parameter estimation task~to ensure that a proba
will be estimated for every basic event in the PRA model.

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2
fhas no objection to the requirement.

nility
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Index No.
DA-A Capability Category | Capability Category 11 Capability Category 111
DA-A2 ESTABLISH definitions of SSC boundaries, failure modes and success criteria consistent with
corresponding basic event definitions in Systems Analysis (SY-A5, SY-A7, SY-A8, SY-A9
through SY-Al14 and SY-B4) for failure rates and common cause failure parameters, and
ESTABLISH boundaries of unavailability events consistent with corresponding definitions in
Systems Analysis (SY-A19).
EXPLANATION OF REQUIREMENT
The purpose of this SR is to establish a traceable interface between the systems analysis task-and th

data
para

analysis task. The data analyst needs to know how each basic event is defined to ensure that th
meters estimated are appropriate for determining the probabilities of those basic events. For

component failure for example, the data analyst needs to understand what piece pafts are include

with
data

n a component boundary and how failure is defined (i.e., what failure criterion is'used to analyz
to determine the number of failures) so that he can determine that the data.Cellected or generi

esti
furt

ates are appropriate. As indicated by the way the SR is written, the definitions are addresse
r in other SRs, such as SY-A8 for component boundaries, and SY;A%4 and DA-C4 for failur

modes and failure definition respectively. For common cause failure parameters, the analyst needs t
identify the common cause component grouping (SY-B3) in addition to the component boundarie
and the definition of failure. The component boundaries and definition of failure used to deriv

com
the ¢

RE

Revi
has 1

on cause failure parameters need to be the same as those-for the individual components withi
roup (See DA-D6).

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009
0 objection to the requirement.

- (DU O OO o oD (D
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Index No.
DA-A Capability Category | Capability Category 11 Capability Category 111

DA-A3 USE an appropriate probability model for each basic event. Examples include:
(a) binomial distributions for failure on demand
(b) Poisson distributions for standby and operating failures and initiating events.

EXPLANATION OF REQUIREMENT

he purpose of this SR is to ensure that the appropriate probability model is used for data anglysis
at is used to support the estimation of parameters associated with basic events. Two examplgs are
iven. The probability models referred to here are probability models for predicting the likelihopd of
e number of failures that are expected over a number of component demands for (a) ora number of
omponent hours of service for (b). For the failure mode of failure on demand, thegénerally acc¢pted
ssumption is that of a constant probability of failure on demand, the underlying=model for which is
at, in successive series of trials, the failures are binomially distributed. It is‘aecessary to understand
is to determine what data is needed to estimate the parameter, whethér-one is using a clagsical
tatistical approach or the Bayesian approach ensure. When using the Bayesian approach, knowledge
f the underlying statistical model is necessary to ensure that the appropriate likelihood functipn is
sed when applying Bayes’ theorem. In either case, the data required for estimation is the number of
ailures in the total number of trials. For operating failtres or initiating events the typical
ssumptions is that they are uniformly distributed in time. .The underlying probability model fof this
is that, in successive series of trials, failures are distributed according to the Poisson distribution.| The
ata required for parameter estimation is then the number of failures in the total time on trial. Dgtails
f the estimation process can be found, for example,"in NUREG/CR-6823.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200;i# its endorsement of ASME/ANS PRA standard RA-Sa-2009,
as no objection to the requirement.
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Inde

x No.

DA-A Capability Category | Capability Category 11 Capability Category 111

DA-A4 IDENTIFY the parameter to be estimated and the data required for estimation. Examples are a

follows:
the number of failures given a number of demands;

and the data required are the number of failures in the total (standby or operating) time;

(o) _aor vnavaalabalitng, Aiin t0 tnct Ay manintnnanan tha navamantar 1o tha ooy aalabalingy A dapans
T =} TTST TC a trt OTITC O

S

(a) For failures on demand, the parameter is the probability of failure, and the data required are

(b) For standby failures, operating failures and initiating events, the parameter is the failure rate,

and the alternatives for the data required include:

(1) The total time of unavailability OR a list of the maintenance events with)thei
durations, together with the total time required to be available; OR

(2) The number of maintenance or test acts, their average duration and-thé total tim
required to be available.

T/ T o ooV ooty - o toOtC ST OT o it o et e oara Tic te 1o CTOT Tt Vo oioTey — Ot crrorty,
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examples given are for the most commonly used models for basic events. When generic estimate

only
unde
HLR
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PLANATION OF REQUIREMENT

purpose of this SR is to ensure that, when data is collected for parameter estimation, it is of th
ct form in terms of the information required to estimate each,type of parameter, given th
rlying probability model for the basic event, which is requiréd to meet DA-A3. The thre

are used, the parameter estimates may be provided directly, without providing details of th
rlying data. Further requirements related to the collection of plant data are dealt with unde
-DA-C.

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in<its-endorsement of ASME/ANS PRA standard RA-Sa-2009
0 objection to the requirement.

= (DU (U (D (D
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5.6.2 Supporting Requirements for HLR-DA-B

ASME/ANS Standard Section 2.2.6, Table 2.2.6-2(b), Supporting Requirements for HLR-
DA-B

HCR-DA-B: Grouping COmMpoNeNnts INt0_a homogeneous population for _parameter
estimation shall consider both the design, environmental and_Iseryice
conditions of the components in the as-built and as-operated plant.

Intent: To enable sparse data to be grouped where possible to provide a basis [for
parameter estimation without masking significant variability~in performance
among the components.

SRs: DA-B1 through DA-B2
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Index No.
DA-B Capability Category | Capability Category 11 Capability Category 111
DA-B1 For parameter estimation, | For parameter estimation, | For parameter estimation,
GROUP components | GROUP components | GROUP components
according to type (e.g., motor- | according to type (e.g., motor- | according to type (e.g., motor-
operated pump, air-operated | operated pump, air-operated | operated pump, air-operated
valve). valve) and according to the | valve) and according to the
characteristics of their usage | detailed characteristics of
to the extent supported by | their usage to the extent
data: SUppoTted by data:
(a) Mission type (e.g., | (a) Design/size
standby, operating) (b) System charactefistics
(b) Service condition (e.g., (1) Mission type (e.g.,
clean vs.  untreated standby, operating)
water, air) (2) Service condition
(e,9., clean vs.
untreated water,
air)
(3) Maintenance
practices
(4) Frequency of
demands
(c) Environmental
conditions
(d) Other appropriate
characteristics
EXPLANATION OF REQUIREMENT

The
same
in te
is im
mem
Groy
Inap
inco
be 1
char
bold

Cap

burpose of this requirement is to define a component group for which the parameter(s) will be th
for all members of that group.. This means that the performance of components within a grou
ms of their reliability and availability characteristics is not expected to vary significantly. Thi
portant because once the grouping is fixed the data parameter estimates will be the same for eac
ber of the group and such averaging could mask a significant variability if not done properly.
ping has an advantage in that it broadens the pool of data available for parameter estimatiory.
propriate grouping can result in estimating a failure probability of a component group that doe
rectly represent the reliability of an individual component within the group. The grouping ca
nore high level to more detailed, but still needs to encompass components with similg
cteristicss—-At a minimum level, only components of the same type are to be grouped. Note thg
text within the SR indicates text that is different between the categories.

= U (D

— = =’

The
the ¢

For

characteristics defining a component group.

ahitity Category Differentiation
Capabitity categoriesare meant-toreftect-thedifferent degreeof reatismrthat- wittbe-estimated-f
omponent reliability and availability.

Capability Category |, the intent of the grouping is meant to establish the minimum
Capability Category | strategy will reduce the

complexity of the model at the expense of model detail. By selecting this grouping strategy it is

expe

cted that the absolute risk predictions will be conservatively biased.
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For Capability Category 11, the intent of the grouping is meant to be more refined over Capability
Category I. As such, a component group is defined by the type of component under consideration
and two general characteristics of the component usage: mission type and service condition.

For Capability Category 111, the intent of the grouping is meant to be more refined over Capability
Category Il. As such, a component group is defined by the type of component under consideration
and seven detailed characteristics of the component usage: (1) design and size, (2) mission type, (3)
service condition, (4) maintenance practices, (5) frequency of demands, (6) environments conditions
and (7) other appropriate characteristics.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
as no objection to the requirement.
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Inde

x No.

DA-B Capability Category | Capability Category 11 Capability Category 11

DA-B2 DO NOT INCLUDE outliers in the definition of a group (e.g., | DO NOT INCLUDE outliers in

do not group valves that are never tested and unlikely to be | the definition of a group (e.g.,
operated with those that are tested or otherwise manipulated | do not group values that are
frequently) never tested and unlikely to be
operated with those that are
tested or otherwise
manipulated frequently).

When warranted b
sufficient data, USHE
appropriate hypothesisJtest
to ensure that data” fron
grouped components ar
from compatible‘populations
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Cap
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components that are sufficiently different in some aspect of their)design or operation, that the)iI'
t

PLANATION OF REQUIREMENT

grouping characteristics in DA-B1 are fairly general for capability. categories | and Il. Th
pse of this requirement is to exclude from the groups identified-according to SR DA-B1, thos

DD

pility would not be representative of that group. Note that.bold text within the SR indicates te
s different between the categories.

ability Category Differentiation

Il three capability categories, the requirement is\written in terms of what not to include in ¢
b based on the identification of the component.eing an outlier.

Capability Category 11, there is an additional requirement to perform hypothesis tests t
e that the grouping of components is appropriate, when sufficient data is available to make thos
feasible. The hypothesis tests would-give statistical weight to the lack or existence of outlig]
vior.

= U O

GULATORY POSJTION

sion 2 of RegulatoryyGuide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to thewrequirement.
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5.6.3 Supporting Requirements for HLR-DA-C

ASME/ANS Standard Section 2.2.6, Table 2.2.6-2(c), Supporting Requirements for HLR-

DA-C

HLCR-DA-C: Generic parameter estimates shall be chosen and plant-Specific data shalll be
collected consistent with the parameter definitions of HKR-DA-A_and’[the
grouping rationale of HLR-DA-B.

Intent: To ensure that the data collected is consistent with the requirements for |the
parameter estimation and that there is consistency between“the generic and
plant-specific data with respect to failure modes, suceess' criteria and basic
event boundaries.

SRs: DA-C1 through DA-C16

]

The scope of parameters for which plant-specific data is to-be collected is determined by HLR-D
nd specifically SR DA-D1, and differs with capability’category. Thus, SRs DA-C2 through D
6 are applied to the parameters within the scope determined by DA-D1.

(Vithin this HLR, it is helpful to group some ofithe SRs by the aspect of data collection they addr

DA-C4 and DA-C5 address counting the number of failures

DA-C6 and DA-C7 address-counting the number of demands which is needed for

estimation of the probability of failure on demand for standby components

A-D,
A-C-

ESS.

the

DA-C11 through DA-C14 are related to the estimation of unavailability due to plgnned

activities such as maintenance.
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Index No.

DA-C Capability Category | Capability Category 11 Capability Category 111

DA-C1 OBTAIN generic parameter estimates from recognized sources. ENSURE that the parameter

definitions and boundary conditions are consistent with those established in response to DA-A1 to
DA-A4. [Example: some sources include the breaker within the pump boundary, whereas others
do not.] DO NOT INCLUDE generic data for unavailability due to test, maintenance and repair
unless it can be established that the data is consistent with the test and maintenance philosophies
for the subject plant.

Examples of parameter estimates and associated sources include:

(a) Component failure rates and probabilities: NUREG/CR-4639 [NOTE (1)], NUREG/CR
4550 [NOTE (2)]

(b) Common cause failures: NUREG/CR-5497 [NOTE (3)], NUREG/CR-6268 [NOTE (4)]
(c) AC off-site power recovery: NUREG/CR-5496 [NOTE (5)], NUREG/CR-5032 [NOTE (6)]
(d) Component recovery.

NOT
NOT

NOT
NOT
NOT

NOT

EX

Whe
of th
diffe
diffe
the F

repalr, unless it can be established that the data is consistent with the test and maintenance

philg

In ofder to meet this requitement, the applicability and consistency of the generic data in terms of

failu

RE

Revi
has 1

F (1): NUREG/CR-4639, Nuclear Computerized Library for Assessing Reactor Reliability (NUCLARR),
Vols. 1-5, 1994

F (2): NUREG/CR-4550, Vol. 1, Analysis of Core Damage Frequency: InternallEvents Methodology,
January 1990

F (3): NUREG/CR-5497, Common-Cause Failure Parameter Estimations

F (4): NUREG/CR-6268, Common Cause Failure Database and Analysis System, Vols. 1-4, 1998

F (5): NUREG/CR-5496, Evaluation of Loss of Offsite Power Evenfs at Nuclear Power Plants; 1980-
1986

F (6): NUREG/CR-5032, Modeling Time to Recover and Initiate*Even Frequency for Loss-of-Offsite
Power Incidents at Nuclear Power Plants, March 19838

PLANATION OF REQUIREMENTF

n choosing parameter estimates from generic sources, they need to be compatible with the need
e PRA model. As the example given ilustrates, the parameters in various sources may represen
Fent boundary conditions for the events:” Some generic data may not apply if there are significan
Fence in design between the plants represented in the generic data and the plant being analyzed i
RA. The requirement not to use generic data for unavailability due to test, maintenance and

-~ e~ )

sophies of the plant, is simply a reflection of the potential differences between plant practices.

F'e modes, success criteria and component boundaries needs to be justified.

GULATORY POSITION

sion 2.0f Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
o.0bjection to the requirement.
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Index No.

DA-C Capability Category | Capability Category 11 Capability Category 111

DA-C2 COLLECT plant-specific data for the basic event/parameter grouping corresponding to
defined by requirement DA-AL, DA-A3, DA-A4, DA-B1 and DA-B2.

that

EXPLANATION OF REQUIREMENT

The collection of plant-specific data is done in such a way as to be compatible with the estimation of

the parameter appropriate 1o the definition of the basic event. For Dbasic events represeﬁting

navailability resulting from test or maintenance, the unit to which the unavailability is.applied,
omponent, segment or train needs to be defined. The requirements under DA-B{dg¢termine W
lant-specific data can be grouped for the purposes of parameter estimation. For‘example, the
or all pumps in the same system are typically grouped. The advantage of grouping the data fo

q
9
U
q

enerally highly reliable, and there are typically very few failures.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement'of ASME/ANS PRA standard RA-Sa-2
as no objection to the requirement.

225

omponent failures, the definition includes the boundary of the component, the failure mode.anfl the
uccess criteria. The success criteria are addressed more fully in DA-C4. For basic events-relatgd to

e.g.,
hich
data
like

¢omponents is that it expands the pool of data, which in turn reduces the statistical uncertainty op the
arameter estimate. This is particularly important because nuclear pewer plant component$ are

009,
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Index No.

DA-C Capability Category | Capability Category 11 Capability Category 111

DA-C3 COLLECT plant-specific data, consistent with uniformity in design, operational practices and

experience. JUSTIFY the rationale for screening or disregarding plant-specific data (e.g., plant
design modifications, changes in operating practices).

EXPLANATION OF REQUIREMENT

unce|
or dg
This
if so
disti
inter
unce|
equi

RE

Revi
has 1

fic data should correspond to the current status of the plant. Because the PRA modelm
pach typically assumes constant parameter values, the analyst needs to have confidence/that the

nding the time frame of data collection to enlarge the pool of data, in order,t05teduce the
Ftainty in parameter estimates. However, it is recognized that plant practices may have changed,
sign modification made, that would have an effect on the failure probabilities or unavailability.
SR provides the conditions for expanding the time base for data collection. Mt"also requires that,
me data is not included, the reason for its exclusion should be given{-and it should relate tp
nct changes in plant practices or design. Hence, meeting this requirement requires a balancing o
bsts between the desire on the one hand to collect statistically Significant data to minimiz
rtainty, and on the other hand the downside associated with ‘masking significant trends i
bment or plant performance.

3%

—

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to the requirement.
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Index No.

DA-C Capability Category | Capability Category 11 Capability Category 111

DA-C4 | When evaluating maintenance or other relevant records to extract plant-specific component failure

event data, DEVELOP a clear basis for the identification of events as failures.
DISTINGUISH between those degraded states for which a failure, as modeled in the

occurred (e.g., slow pick up to rated speed).

Include all failures that would have resulted in failure to perform the mission as defined
PRA

PRA,

would have occurred during the mission and those for which a failure would not have

in the

EXPLANATION OF REQUIREMENT

Maintenance records are typically the best source of data on equipment failures.</The majority of

aintenance records are not representative of the failures assumed in the PRA, although they are|used
estimate unavailability due to maintenance (see DA-C11). Counting all the maintenance re¢ords
ould give a very conservative estimate of failure probabilities or failure «ates. Component failures
in PRA models are associated with a failure to perform the function_required to meet the sugcess

riteria assumed in the PRA. Catastrophic failures are clearly counted as failures, some deg
tates may be, but incipient failures, i.e., very slight degradation ‘“would typically not be.

ffaded
$ome

judgment is needed to interpret whether the degree of degradation ' would constitute failure in the PRA
ense. For example, if a pump is only delivering 300 gpm, Wwhen the success criteria would refjuire

00 gpm, it can be classified as a failure, but when the pump-is delivering 490 gpm, it is not so ¢
uch, particularly if the success criteria are somewhat conservative.

EGULATORY POSITION

learly

evision 2 of Regulatory Guide 1.200, in itsendorsement of ASME/ANS PRA standard RA-Sa-2009,

as no objection to the requirement.
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Index No.
DA-C Capability Category | Capability Category 11 Capability Category 111
DA-C5 COUNT repeated plant-specific component failures occurring within a short time interval as a

COUNT only one demand.

single failure if there is a single, repetitive problem that causes the failures. In addition,

EXPLANATION OF REQUIREMENT

In sqMETasEs, there may e a mumber of Tefated farture Tecords thatare Teftective of the fact that th

prob
This

em was not fixed at a first attempt, and counting them as separate failures would be conservativ
is because the PRA models for basic events assume that each component is brought back.to a

*as good as new” condition following maintenance or repair. The situations addressed in this*SR ar
indidative of a single failure that was not adequately repaired. The alternative provided here is t

rega

d this series of failures as evidence of a single cause of failure, one of the many cautises that coul

result in failure, as long as it can be ascertained that there is indeed only one cause for each of th

SUCC

bssive failures. In this context, a short time interval is one that is less thanvthe expected tim

betwleen demands for the component for a standby component or less than jts-normal operating cycl
for ah operating component.

RE

Revi

GULATORY POSITION
5ion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009

has njo objection to the requirement.

O (o & O D—= (b (D
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Index No.
DA-C Capability Category | Capability Category 11 Capability Category 111

DA-C6 DETERMINE the number of plant-specific demands on standby components on the basis of the
number of:

(a) Surveillance tests

(b) Maintenance acts

(c) Surveillance tests or maintenance on other components
(d) Operational demands.

DO NOT COUNT additional demands from post-maintenance testing; that is part)of the
successful renewal.

EXPLANATION OF REQUIREMENT

The term “standby component,” as used in this and other requirements in this.section of the stanplard,
is used to identify those components whose failure probability is evaluated:as a failure on demand.
As indicated in DA-A4(a), the number of demands is needed to estimateCthe probability of failufe on
demand. This SR gives a list of the sources of demands that should ke taken into account. Derands

at are part of the repair process, such as from post-maintenance testing are excluded because|they
just provide confirmation that that component is brought backto as “good as new” conditign as
ssumed in PRA modeling.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
as no objection to the requirement.
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Index No.
DA-C Capability Category | Capability Category Il Capability Category 11
DA-C7 ESTIMATE  number of | BASE number of surveillance tests on plant surveillance

surveillance tests and planned | requirements and actual practice. BASE number of planned
maintenance  activities on | maintenance activities on plant maintenance plans and actual
plant requirements. practice. BASE number of unplanned maintenance acts on
actual plant experience.

EX
This

activfities identified as being required in DA-C6. Note that bold text within the SR indicates text tha

is dif
Cap
For

activfities on the basis of the documents that specify the required frequency of-the associated activitie

For

dem
cons
unpl

Fo
most
that
is sf

-

estinpation of the number of demands.

RE

Revi
has 1

LANATION OF REQUIREMENT

SR elaborates on the estimation of the number of surveillance tests and plant maintenhanc

D

—

ferent between the categories.
ability Category Differentiation

Capability Category 1, the requirement is to estimate the number of tésts”and maintenanc

—_— ) (D

Maintenance activities in particular, this would result in a potential underestimate of the totd
nds, since only planned maintenance activities are specified. Such anapproach would result in
brvative assessment of failure probabilities, all other things beipg.equal. However, the number o
hnned maintenance activities is typically not large for reliable.components.

Capability Category Il and 111, the estimation is based-on the specific plant practices. Th
accurate source for this information would be the plant surveillance and maintenance record
jvould include both planned and unplanned events involving unavailability. The plant experienc
ecified as the source for unplanned maintenange activities. This provides a more accurat

—h D

D (U Uy D

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to the requirement.
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Index No.
DA-C Capability Category | Capability Category Il Capability Category II

DA-C8 | When required, ESTIMATE | When required, USE plant-specific operational records to

configured in their standby | standby status.
status.

the time that components were | determine the time that components were configured in their

EXPLANATION OF REQUIREMENT

wo approaches are frequently used for the modeling of standby component failures; the failufe on

emand model or the standby failure rate model. Either approach is sufficient for most purposes,

but

e latter is used less frequently than the former, hence the phrase “when required.” As indicated in

A-A4(b), the total number of component hours in the standby mode is needed-to estimate

the

standby) failure rate for standby components. Note that bold text within the SR-indicates text that is

ifferent between the categories.
apability Category Differentiation
or Capability Category I, an estimation of the time in standby is adequate, whereas,

or Capability Category 11 and 111, plant-specific records arérequired to be reviewed. This
e a more accurate assessment of the time on standby.

EGULATORY POSITION

will

evision 2 of Regulatory Guide 1.200, in its endarsement of ASME/ANS PRA standard RA-Sa-2009,

as no objection to the requirement.
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Index No.
DA-C Capability Category | Capability Category 11 Capability Category 11
DA-C9 ESTIMATE operational time from surveillance test practices | DETERMINE operational
for standby components, and from actual operational data. time from surveillance test
records for standby

components, and from actual
operational data.

EXPLANATION OF REQUIREMENT

As indicated in DA-A4(b), the total operating time is needed to estimate the operating failure-fate fo
components both for normally operating components and for standby components when they“are i
opergtion. For standby components, the operating time consists of two contributionsyfirst there i
somg operating time associated with the surveillance tests on the systems themselves\inwhich cas
the tptal time in operation during the tests needs to be determined, and second, there'is operating tim
whern the standby system is in operation as a result of an actual demand, whether<it be automaticall
or a[manually initiated. For example, the suppression pool cooling systemdin~a BWR is a standb
systgm, but may be used to cool the pool in hot weather and also used during testing of steam drive
systgms such as HPCI and RCIC. Note that bold text within the SR indicates text that is differen
en the categories.

O (U U 9 —

— <<

—t

Cappbility Category Differentiation

For [Capability Category | and |1, the component associated with the surveillance tests for standb
components can be estimated on the basis of test practic€s. The test procedures may or may no
spec|fy the minimum duration of the test. These tests:\typically provide a short amount of operatin
time| When standby components are operated as a.result of a demand, the times are typically longel
though the instances may be considerably fewer,

For | Capability Category Ill1, a more accurate estimate for standby components is based on
supplementing the operational history with-data from actual plant surveillance test records.

= O o~

—

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has njo objection to the requirement.
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Index No.
DA-C Capability Category | Capability Category 11 Capability Category 111
DA-C10 | When using surveillance test | When using surveillance test | When using surveillance test

data, REVIEW the test
procedure to determine
whether a test should be
credited for each possible
failure mode. COUNT only
completed tests or unplanned

data, REVIEW the test
procedure to determine
whether a test should be
credited for each possible
failure mode. COUNT only
completed tests or unplanned

data, REVIEW the test
procedure to determine
whether a test should be
credited for each possible
failure mode. COUNT only
completed tests or unplanned

operationat demands——as | operationat gemands——as | operationat gdemamgs|  as
success for component | success for component | success for comppnent
operations. operation. If the component | operation. DECOMHROSE

failure mode is decomposed
into sub-elements (or causes)
that are fully tested, then
USE tests that exercise
specific sub-elements in their
evaluation. Thus, one sub-
element sometimes has many
more successes than anothet.

[Example: a diesel generator-is
tested more frequently:than the

load sequencer. IF the
sequencer was toxbe included
in the diesel generator

boundary, theZhumber of valid
tests wauld be significantly
decreased.]

the component failure ode
into sub-elements (or cquses)
that are< fully tested,| and
USE «tests that exqrcise
specific sub-elements in|their
evaluation. Thus, one|sub-
element sometimes has many
more successes than andther.

EXPLANATION OF REQUIREMENT

This SR provides additional requiréments associated with using surveillance test data to estimate the
umber of demands. The motivation behind this SR is that there are different types of surveillance
sts for a particular component;‘and not all of them necessarily test each piece part of the compgnent
gs it is defined in the PRA((DA-A2). Furthermore, a particular test may only reveal a specific fgilure
ode of the component and not other failure modes.

In addition, a given test on a system or |train

ay not provide anfindication that all the components in the system or train have succesgfully
performed their functions. For example a pump discharge check valve that is supposed to reflose
following a pump-test may not provide a positive indication that the valve had reclosed during the test.
herefore, the)nature of the test has to be understood to correctly count the number of denfands
associated with a component, piece part or failure mode whose occurrence can actually be obsg¢rved
during.thetest.

One approach to addressing the dlfferences between piece parts would be to decompose the

modes of the sub- components However thls requwement is wrltten as if the subcomponents are all

Dasic
lilure

included in the component boundary, and the failure probability (or rate) would be composed of
different contributions, each estimated with the appropriate data. Note that bold text within the SR
indicates text that is different between the categories.
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Capability Category Differentiation

For Capability Category I, the SR only addresses the applicability of the test to the failure mode.
It also specifies that for a test to be counted as a success, the test had to be completed.

For Capability Category 1, in addition to what is required for CC I, this requirement addresses the
possibility that different tests may only exercise certain piece parts of the component, and that the
number of successes for the piece parts can be different. The classic example is that of the diesel
generator component, for which the boundary is often defined to include the load sequencer. The
sequpreeris-typicaly-only-tested-on-the—station-blackeout—test—and-not-on-the-manual-startsthatarp

performed more frequently. For capability category 1, the decomposition is optional.
Fo

-

Capability Category 111, the decomposition is required.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRAsstandard RA-Sa-2009,
has njo objection to the requirement.
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Index No.
DA-C Capability Category | Capability Category 11 Capability Category

DA-C11 | When using data on maintenance and testing durations to estimate unavailabilities
component, train or system level, as required by the system model, only INCLUDE

function when demanded.

at the
those

maintenance or test activities that could leave the component, train or system unable to perform its

EXPLANATION OF REQUIREMENT

A-C11 through DA-C14 can be considered together. SR DA-C11 is focused on identification

af the

ctivities that lead to unavailability. DA-C12 and DA-C14 are focused on how to dccount for

ifferent maintenance durations, and DA-C13 is addressing the evaluation of the unavaiable

time.

he data required to estimate the unavailability due to test or maintenance is identified in DA-A4(c).
he only way to get an accurate estimate is through plant records. However, not all’maintenange or

st activities leave the component, train or system unavailable to perform its function should

it be

emanded, and such records should not be used to determine the unavailableitime. Only those|time
eriods when the component, train or system was unable to perform its@unction in accordance|with
e specified success criteria used in the PRA model should be countedin the estimation of tgst or

aintenance unavailability.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,

as no objection to the requirement.
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Index No.
DA-C Capability Category | Capability Category 11 Capability Category 111
DA-C12 | When an unavailability of a front line system component is caused by an unavailability of a

support system, COUNT the unavailability towards that of the support system and not the front
line system, in order to avoid double counting and to capture the support system dependency

properly.

EXPLANATION OF REQUIREMENT

This|is self-explanatory.

REGULATORY POSITION
Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,

has njo objection to the requirement.
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Index No.
DA-C Capability Category | Capability Category II Capability Category 11
DA-C13 | EVALUATE the duration of | EVALUATE the duration of the actual time that the equipment

the actual time that the
equipment was unavailable for
each contributing activity.
Since maintenance outages are
a function of the plant status,

was unavailable for each contributing activity.

Since

maintenance outages are a function of the plant status,
INCLUDE only outages occurring during plant at power.
Special attention should be paid to the case of a multi-plant site
with shared systems, when the Specifications (TS) requirements

INCLUDE only outages | can be different depending on the status of both plants.
OCCUITINg_Quring—_ptant—at | Accurate modeting generalty teadstoa particatar attocatipn of
power. Special attention | outage data among basic events to take this mode depenglence
should be paid to the case of a | into account. In the case that reliable estimates or-the staft and
multi-plant site with shared | finish times are not available, INTERVAEW | the
systems, when the Technical | knowledgeable plant personnel (e.g., engineering, plant
Specifications (TS) | operations, etc.) to generate estimates 0f ranges in the
requirements can be different | unavailable time per maintenance act foi~components, tfrains
depending on the status of | or systems for which the unavailahilities are significant pasic
both  plants. Accurate | events.
modeling generally leads to a
particular allocation of outage
data among basic events to
take this mode dependence
into account. In the case that
reliable estimates of the start
and finish times of periods of
unavailability are not
available, provide
conservative estimates.
EXPLANATION OF REQUIREMENT
This requirement is largely self-explanatory. It does recognize that the maintenance practice$ can
ary significantly with plant operating status. For example, some plants may do major overhauls on
gritical equipment during an_gutage, whereas others may do them on-line. Since this standard {s for
gt-power status, only the upavailable times during at-power operations should be counted.
It also recognizes that the,start and end times that are obtained from plant records, such as the cdntrol
oom logs, may not provide an accurate assessment of the unavailable time. For example, the entries
in the log may refer.to the period the equipment was tagged out, rather than the period in which the
quipment was)physically unavailable. Note that bold text within the SR indicates text that is
ifferent betveen the categories.
apabifity Category Differentiation
or @allthree capability categories, the major part of the requirement is common. The only diffefence
etween the capability categories is in response to the recognition that in very many cases, the prgcise

starting and ending time of the activities of interest is unknown.

For Capability Category 1, conservative estimates of the duration of the activity shoul
provided

d be

For Capability Category Il and 111, a more thorough assessment is obtained by interviewing
knowledgeable plant staff, to try to establish more realistic ranges of times of unavailability. Because
this could be very time consuming, this is only required for the cases that are significant basic events.
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REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has no objection to the requirement.
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Index No.
DA-C Capability Category | Capability Category 11 Capability Category 111
DA-C14 | EXAMINE coincident unavailability due to maintenance for redundant equipment (both

intrasystem and intersystem) that is a result of a planned, repetitive activity based on actual
plant experience. CALCULATE coincident maintenance unavailabilities that are a result of a
planned, repetitive activity that reflect actual plant experience. Such coincident maintenance
unavailability can arise, for example, for plant systems that have “installed spares,” i.e., plant
systems that have more redundancy than is addressed by tech specs. For example (intrasystem
case), the charging system in some plants has a third train that may be out of service for extended

PETToUS Of time CoImMTitent Wit one of the other traimns and yet 1S T compiiance Wit tech 1pecs.
Examples of intersystem unavailability include plants that routinely take out,mu

tiple

components on a “train schedule” (such as AFW train A and HPI train A at.a'PWR, or
RHR train A and LPCS train A at a BWR).

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
fhas no objection to the requirement.

EXPLANATION OF REQUIREMENT
[his SR is self-explanatory, and is related to SY-A20.
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Index No.

DA-C Capability Category | Capability Category 11 Capability Category 111

DA-C15 | For each SSC for which repair is to be modeled (see SY-A22), IDENTIFY instances of plant-

specific or applicable industry experience and for each repair, COLLECT the associated repair
time with the repair time being the period from identification of the component failure until the
component is returned to service.

EXPLANATION OF REQUIREMENT

Repg
scen
relat
systg
scarg
statis
base
ident
ther

RE

Revi
has

repalr (SY-A24). As written, it could be interpreted as allowing plant-specific data to be discounte

in fa
insuf
follo
insu
and 1

ir of component failures is typically only modeled for a limited number of systems, and_ o
hrios in which there is a significant time before the effect of the failure becomes irreversibl
ve to the expected repair time. Repair is sometimes modeled for diesel generators and for RHH
ms where the time available to effect the repair is several hours. Data on repainis relativel
e on a plant-specific basis and a broader industry perspective may be necessary to obtain
tically meaningful sample. This SR focuses on specifying how the data should be collecte
 on the underlying assumption that the repair model is applied from the timethat the failure i
ified. If the repair model used in the PRA is applied from the time oféé@mponent failure, the
bpair time needs to also include the time to detect the need for repair.

= U 2T AU DT =

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009
provided the following qualification. This SR providés a justification for crediting equipmen

vor of industry data. In reality, for such components as pumps, plant-specific data is likely to b
ficient and a broader base is necessary. Therefore, the qualification is to rewrite the SR in th
wing way: ...IDENTIFY instances of<plant-specific experience er and, when that i
[ficient to estimate failure to repair-consistent with DA-D9, applicable industry experienc
or each repair, COLLECT....

DU (D (O O =
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Index No.
DA-C Capability Category | Capability Category 11 Capability Category 111
DA-C16 | Data on recovery from loss of off-site power, loss of service water, etc. are rare on a plant-specific

basis. If available, for each recovery, COLLECT the associated recovery time with the recovery
time being the period from identification of the system or function failure until the system or
function is returned to service.

EXPLANATION OF REQUIREMENT

he first sentence is a simple recognition that this type of data is not expected to be abundant|on a
lant-specific basis. However, if it is available and is to be used, this requirement addressep the

pecification of the end points of the time intervals required.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANSPRA standard RA-Sa-20009,

as no objection to the requirement.
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5.6.4 Supporting Requirements for HLR-DA-D

ASME/ANS Standard Section 2.2.6, Table 2.2.6-2(d), Supporting Requirements for HLR-
DA-D

HLR-DA-D: The parameter estimates shall be based on relevant generic INdusiry or plani-
specific evidence. Where feasible, generic and plant-specific evidence shaH
be integrated using acceptable methods to obtain plant-specific parameter
estimates. Each parameter estimate shall be accompanied\ by a
characterization of the uncertainty.

Intgnt: To ensure that the most relevant evidence is used as a basis for deriving the
parameter estimates and that the estimation techniques are\used appropriately
and provide a characterization of uncertainty. The“€stimates need to be
accountable to both generic and plant-specific experieénce both respect to the
point estimate and the uncertainty. One component of uncertainty is plant to
plant variability which requires the use of generie data.

SRq: DA-D1 through DA-D8

242


https://asmenormdoc.com/api2/?name=ASME NTB-1 2013.pdf

NTB-1-2013

Index No.
DA-D Capability Category | Capability Category 11 Capability Category 111
DA-D1 USE plant-specific parameter | CALCULATE realistic | CALCULATE realistic
estimates for events modeling | parameter  estimates  for | parameter estimates based on

the  unique  design  or | significant basic events based | relevant generic and plant-
operational features if | on relevant generic and plant- | specific evidence unless it is
available, or wuse generic | specific evidence unless it is | justified that there are
information  modified as | justified that there are | adequate plant-specific data to
discussed in DA-D2; USE | adequate plant-specific data to | characterize the parameter
QETIETiC _IM{OTMation for e | CHaracterize  the  parameter | value —and—1tS UTCETtinty.
remaining events. value and its uncertainty. | When it is necessary to

When it is necessary to | combine  evidence = [from

combine  evidence  from | generic and plant-specifi¢ data

generic and plant-specific data
USE a Bayes update process
or  equivalent statistical
process that assigns
appropriate  weight to the
statistical significance of the
generic and plant-specific
evidence and provides f(@n
appropriate characterization of
uncertainty. CHOOSE prior
distributions as <either non-
informative, of<representative
of variabilitycin industry data.
CALCULATE  parameter
estimates for the remaining
events’ by using generic
industry data.

USE a Bayes, update prpcess
or  eguivalent  statistical
process that agsigns
appropriate  weight to| the
statistical significance off the
generic and  plant-spgcific
evidence and provides an
appropriate characterizatipn of
uncertainty. CHOOSE |[prior
distributions as either |non-
informative, or representative
of variability in industry data.

EXPLANATION OF REQUIREMENT

This SR recognizes that theresare a humber of approaches to parameter estimation. However
only for capability categories_l and Il that the approaches are identified. The SR also addressgs the
yse of generic versus plantspecific data. Plant-specific data is preferable for a realistic assessmgnt of
the plant risk. Howeyer;-because of the high reliability of the system components, it is not plentiful,
gnd therefore, may_be supplemented by generic industry wide data.
gxhibit a high_degree of plant to plant variability which contributes to the uncertainty fof the
tLarameter at-a.specific plant. Hence, even though the best evidence available for the point estimate

ay be the-plant-specific evidence, generic data is useful to characterize the plant to plant variahility.
\Vhen hoth generic and plant-specific evidence is applied, there needs to be an acceptable methpd to
lace “statistical weight on each source.
ccomplish this objective. When using Bayes’ methods it is acceptable to use a non-informative prior,
€ plant to plant variability in the

Bayes’ methods provide

it is

In addition, some paramieters

one acceptable approagh to

industry data. Note that bold text within the SR indicates text that is different between the categories.

Capability Category Differentiation
The differentiation between the capability categories follows precisely the differentiation under plant-

specificity in Table 1.11-3.2. In addition:

For Capability Category I, there is no requirement related to the approach to be used for parameter

estimation.
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For Capability Categories Il and 111, a Bayes or equivalent approach to combining plant-specific
and generic data is specified. Furthermore the types of prior distribution for a Bayes approach are
specified.

REGULATORY POSITION
Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,

has na nhjprfinn to the rpqllirpmpnf
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Index No.
DA-D

Capability Category | Capability Category 11 Capability Category 111

DA-D2

If neither plant-specific data nor generic parameter estimates are available for the parameter
associated with a specific basic event, USE data or estimates for the most similar equipment
available, adjusting if necessary to account for differences. Alternatively, USE expert judgment
and document the rationale behind the choice of parameter values.

EXPLANATION OF REQUIREMENT

or some plants, there might be unique systems for which there are no generic industry’|data.
urthermore, if the system is reliable, there may be no plant-specific data. In this case, ether means
re required to generate the estimate. This SR identifies two different methods that jareacceptable
gether with a requirement to provide the necessary justification. Requirements forthe use of expert

judgment are presented in Section 1-4.3 of the standard.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,

as no objection to the requirement.
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Index No.
DA-D

Capability Category |

Capability Category 11

Capability Category 111

DA-D3

PROVIDE a characterization
(e.g., qualitative discussion)
of the uncertainty intervals
for the estimates of those
parameters used for
estimating the probabilities
of the significant basic

PROVIDE a mean value of,
and a statistical
representation of the
uncertainty intervals for, the
parameter  estimates  of
significant  basic  events.
Acceptable systematic

PROVIDE a mean value of,
and a statistical
representation of the
uncertainty intervals for, the
parameter estimates.
Acceptable systematic
methods include Bayesian

eVverL.

metnoas

nciude —Bayesian
updating, frequentist
method or expert judgment.

updating, frequenti
method or expert judgment)

EX

Parameter uncertainty is one of the three classes of epistemic uncertainty identified as needing to b

addr

needed to meet SR QU-E3 and, by reference, LE-E4. When uncertainty-is quantified using
probpbility distribution, there is a requirement that the mean value be used.as a primary parameter fo
use in the subsequent point estimate quantification of CDF and LERFE,as specified in the QU and L

requ
an a
para
don
with

Cap
For

evengs.

Fo

-

reprgsentation of the uncertainty in parameter estimates is required for the significant basic event.

Fo

—_

reprgsentation of the uncertaintyis required for all parameters.

For

makes sense in the suljectivist or Bayesian framework. This is the generally accepted practice fo

para

RE

Revi

has r

PLANATION OF REQUIREMENT

bssed in an application of the PRA results. This characterization of parameter uncertainty i

rements. The reason for this is that point estimate quantification using mean values will provid
pproximation of the mean CDF and LERF when full uncertainty quantification is used. Othe
meters such as medians and specific percentiles when used\for point estimates of CDF and LER}
bt relate the same parameters of the CDF and LERF ungertainty distributions. Note that bold tex
n the SR indicates text that is different between the:Categories.

T — (D 1Y —= D U (D

—

ability Category Differentiation

Capability Category I, a qualitative discussian is sufficient, and that only for the significant basi

L4

Capability Category 11, in addition'to specifying the mean value of the parameter, statistical

Capability Category 111, in)addition to specifying the mean value of the parameter, a statisticdl

apability categories thand 11, acceptable methods are identified. However, the mean value onl

=

meter estimationsin‘PRAS.

GULATORY POSITION

5ion-2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 Objection to the requirement.
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Index No.
DA-D Capability Category | Capability Category II Capability Category 11
DA-D4 No requirement for use of When the Bayesian approach is used to derive a distribution and

plant-specific application include the following.

Bayesian approach. mean value of a parameter, CHECK that the posterior
distribution is reasonable given the relative weight of evidence
provided by the prior and the plant-specific data. Examples of
tests to ensure that the updating is accomplished correctly and
that the generic parameter estimates are consistent with the

(a) Confirmation that the Bayesian updating dee
produce a posterior distribution with a single
histogram

(b) Examination of the cause of any ™unusual
multimodal) posterior distribution shapes

(c) Examination of inconsistencies\between the
distribution and the plant-specific evidence to confir
they are appropriate

(d) Confirmation that the.Bayesian updating algo
provides meaningful wesults over the range of V
being considered

(e) Confirmation a@f‘\the reasonableness of the pos
distribution mean‘value.

not
bin

(e.q.,

prior
n that

rithm
alues

terior

EXPLANATION OF REQUIREMENE

'he SR addresses the need to make sure that the-posterior distribution is reasonable. It is incl
ecause there have instances in the past where.applying the Bayesian approach without sufficient
as resulted in posterior distributions that dé_not make sense. The specific checks listed in this S
intended to identify situations in whichixthe generic data may not be applicable to the plant-spé
arameter being estimated, the uncertainty in the generic data may have been underestimateo
omputer program used to apply Bayes’ theorem may have a bug or may have been applig
arameters that are out of range of the program, or the parameter scale into bins has not been pro
et up.

apability Category Differentiation

his SR differentiates-between capability categories in the following way:

or Capability ‘Category I, since DA-D1 and DA-D3 do not require the Bayesian approach,
iis no requirement.

or Capability Category Il and 111, the requirement is the same. The scope of the applicati
e Bayesian approach is differentiated between Capability Categories Il and 11l in DA-D1 and
3.

uded
care
R are
cific
, the
ed to

perly

there

bn of
DA-

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,

has no objection to the requirement.
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Index No.
DA-D Capability Category | Capability Category 11 Capability Category 111

DA-D5 USE the Beta-factor | USE one of the following | USE one of the following
approach (i.e., the screening | models for estimating CCF | models for estimating CCF
approach in NUREG/CR- | parameters for significant | parameters:

5485) or an equivalent for | CCF basic events: (a) Alpha Factor Model
estimating CCF parameters. (a) Alpha Factor Model (b) Basic Parameter Model
(b) Basic Parameter (c) Multiple Greek Letter
Madel Modet
(c) Multiple Greek Letter | (q) Binomial Failure Rate
(d) Binomial Failure Rate | jUsTIEY the ~use of
Model alternative methods (i.e

JUSTIFY the use of | provide evidence of pee
alternative methods (i.e., | review or verification of th
provide evidence of peer | method.which demonstrate
review or verification of the | its aeceptability).
method which demonstrates
its acceptability).

L"2 Y * B e

EXPLANATION OF REQUIREMENT

Therg are a number of approaches for modeling common cause failure. The simplest is the Beta
factgr approach which models the CCF as always affeeting all trains of a multi-train systen
simultaneously. The more sophisticated models, such, as the ones identified for CC Il and CC I
inclyde CCF terms for two trains of a three or four, train system, and three trains for a four trai
systgm, as well as the so-called global CCF term-that affects all redundancies. Each of the model
has 4 defined approach to estimating the CCFparameters. Alternative methods may be used as lon
as justification is provided. This SR is referred to in SY-B4, which requires that the CCF events b
inclyded in the system models in a manner consistent with the approach to parameter estimatio
addressed in this SR. Note that bald text within the SR indicates text that is different between th
categories.

—

D= (o=~

Caphpbility Category Differentiation
For [Capability Category)l; the simple Beta-factor approach is adequate

o

For [Capability Category 11, a number of different models may be used, but they are only require
for tie significant-CCF basic events.

For [Capability-=Category 111, consistent with Table 1-1.3-2, the detailed modeling, using one of th
identified madels, is required to be used for all CCF basic events.

D

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has no objection to the requirement.
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Index No.
DA-D Capability Category | Capability Category 11 Capability Category 111
DA-D6 USE generic common cause | USE generic common cause | USE realistic common cause

consistently with the

component boundaries.

EVALUATE the common
cause failure probabilities

failure beta factors or | failure probabilities | failure probabilities
equivalent. ENSURE that | consistent with available | consistent with available
the beta factors are evaluated | plant experience. | plant-specific data,

supported by plant-specific
screening and mapping of

consistent with the component | industry-wide  data

for

boundaries. Significant
events.
approach is
NUREG/CR-5485
D1 EVALUATE
common cause fa
probabilities consistent

the,component boundarie

An

[N

comimon-gause
example

provid;L

in
OTE

the
ilure
with

D.

INOTE (1): NUREG/CR-5485, Guidelines on Modeling Common-Cause Failures in Probabilistic
Assessment, November 20, 1998

EXPLANATION OF REQUIREMENT

Common cause failure probabilities can be significant contfibutors to the PRA results. Typically
data or generic parameter estimates for CCF probabilitiés’or rates are obtained from specific
elated documents, and the data or parameter estimates for the independent failure probabiliti
ates are obtained from a different set of documents. “For the PRA model to be internally consiste
iis necessary that the component boundary and failure mode definitions are the same for both the
vents representing the independent failures,and for the members of the corresponding
omponent groups. This is addressed in<the last sentence of the SR for each capability cate
UREG/CR-5485 provides additional guidance on how to calculate CCF probabilities and hg
stimate the CCF model parameters-Note that bold text within the SR indicates text that is diff
etween the categories.

apability Category Differentiation
his SR differentiates betweén the three capability categories:

or Capability Category I, generic parameter values are acceptable. They are generally rega

Risk

, the
CCF
bs or
nt, it
Dasic
CCF
jory.
W to
erent

\rded

s potentially conservative for plant-specific application, unless the plant in question has a partigcular

ulnerability to"CCFs.

or Capability Category 11, generic CCF probabilities are acceptable, but a check is need
nsure that the estimates are consistent with available plant experience. The motivation for
dditional phrase is to make sure that there is no evidence of an increased or otherwise unigque

bd to
this
CCF

otential by comparison with the generic experience.

For Capability Category 111, a plant-specific approach to parameter estimation, such as

that

described in NUREG/CR-5485, is required. As discussed in SR DA-D7, this requires an analysis of
the independent failures and the CCF failures to be acceptable. This type of analysis is resource
intensive, and requires considerable judgment. This in turn leads to a significant uncertainty on these

parameter values.

Recognizing the importance of CCFs and the significant uncertainty in the parameter values, the
guidance for risk-informed applications of PRAs typically includes the need to perform sensitivity
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analysis on the CCF parameters, to make sure that important risk insights are not obscured by CCF
parameters that are too conservative, or too optimistic.

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has no objection to the requirement.
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Index No.

DA-D Capability Category | Capability Category 11 Capability Category 111

DA-D7 If screening of generic event data is performed for plant-specific estimation, ENSURE that

used to generate the CCF parameters.

screening is performed on both the CCF events and the independent failure events in the database

NOTE (1): NUREG/CR-5485, Guidelines on Modeling Common-Cause Failures in Probabilistic
Assessment, November 20, 1998

Risk

XPLANATION OF REQUIREMENT

he approach to parameter estimation addressed by this SR involves the review of eyent da
ommon cause failures to identify those events that are applicable to the plant in question.
pically results in removing some of the events from the database used for quantification. The
arameters are estimated using the relative numbers of CCF to independent failure events.
independent events therefore also need to be screened for causes that are not.relevant to the pla
uestion. Alternatively, if a CCF event from a given plant is screened outj-then all the CCH
independent events from that same plant may be screened out to avoid biasing the results. Other
e CCF parameters would be non-conservative, since the numerator would be decreased wherea
enominator would not.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-4
as no objection to the requirement.

a on
This
CCF
The
ntin
and
vise,
s the

009,
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Index No.
DA-D Capability Category | Capability Category 11 Capability Category 111
DA-D8 If modifications to plant | If modifications to plant | If modifications to plant

design or operating practice
lead to a condition where past
data are no longer
representative  of  current
performance, LIMIT the use
of old data:

design or operating practice
lead to a condition where past
data are no longer
representative  of  current
performance, LIMIT the use
of old data:

design or operating practice
lead to a condition where past
data are no longer
representative  of  current
performance, LIMIT the use
of old data:

(@) If the modification (@ If the  modification (@) If the modificatio
involves new equipment involves new equipment involves new equipment
or a practice where or a practice where or a practicey\Wwher
generic parameter generic parameter generic pafamet
estimates are available, estimates are available, estimates care availablg,
USE the generic USE the generic USE the generi
parameter estimates parameter estimates parameter estimate
updated with  plant- updated with  plant- updated with plan
specific data as it specific data as it specific data as it
becomes available for becomes available for becomes available; or
unique  design  or significant basic events; (b) If the modification if
operational  features; or unique to the extent that
or (b) If the modification., js generic parametef

(b) If the modification is unique to the extent that estimates are nat
unique to the extent that generic parameter available and  only
generic parameter estimates are not limited experience ip
estimates are not availablescvand  only available following the
available and  only limited \ experience is change, then ANALY ZE
limited experience is availabte following the the impact of the changg
available following the change, then ANALYZE and assess the
change, then ANALYZE the impact of the change hypothetical effect on
the impact of the change and assess the the historical data tp
and assess the hypothetical effect on the determine to what extent
hypothetical effect on historical data to the data can be used.
the historical data, to determine to what extent

determine to what\extent
the data can be used.

the data can be used.

EXPLANATION.OF REQUIREMENT

This| SR recognizes that, as plant design or operating practices change, some historical data ma
become irrelevant. Counting data from time periods that are no longer representative of the plan
conflguratieh/or performance may yield inaccurate estimates and also may result in understating th
uncertaipty.® This is true because if Bayes’ updating is being performed the resulting posterio
distr{butions may be too narrow as well as incorrect if evidence from unrepresentative time periods i

U == D+

cou

Capability Category Differentiation

This SR differentiates between the three capability categories in item (a) consistent with the plant-
specificity line of Table 1-1.3-2:

edNote thatbotdtextwithimthe SRndicates text that is different between the Categories.

For Capability Category I, use plant-specific data for unique items,

For Capability Category 11, use plant-specific data for significant basic events, and
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For Capability Category 111, use plant-specific data for all basic events.
In all other aspects the requirement is identical.

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has no objection to the requirement.
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Index No.
DA-D Capability Category | Capability Category 11 Capability Category 111

DA-D9 For each SSC for which repair is to be modeled, ESTIMATE, based on the data collected in DA-
(RG 1.200) | C15, the probability of failure to repair the SSC in time to prevent core damage as a function of
the accident sequence in which the SSC failure appears.

EXPLANATION OF REQUIREMENT

Regu -200; ' T DADY Wi ,

capapility categories, “For each SSC for which repair is to be modeled, ESTIMATE, based ot
the data collected in DA-C15, the probability of failure to repair the SSC in time to preventicor
dampge as a function of the accident sequence in which the SSC failure appears.”

DO——— (D

13%

The jntent of this new SR is to complement DA-C15, which only requires that the data on repair b
collgcted, but not that the probability of failure to repair be estimated on the basis of that data.
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5.5.5 Supporting Requirements for HLR-DA-E

ASME/ANS Standard Section 2.2.6, Table 2.2.6-2(e), Supporting Requirements for HLR-

DA-E

HLCR-DA-E: Documentation of the data analySiS shall De consiStent with
applicable supporting requirements. (HLR-DA-E).

Intent: To ensure that the basis for the analysis is reproducible .and can
reviewed and updated as necessary

SRs: DA-E1 through DA-E3

he

be
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Inde

x No.

DA-E Capability Category | Capability Category 11 Capability Category 111

DA-E1 DOCUMENT the data analysis in a manner that facilitates PRA applications, upgrades and peer

review.

EXPLANATION OF REQUIREMENT

Itis
data
coul
anal
appr
the ¢
DA-
requ
prov
cons

RE

Revi
has 1

important that the documentation includes sufficient information about the approach used for the

I come to similar conclusions regarding the validity of the results and the veracity of therdat
ysis to the as-built and as-operated plant. In this way an analyst would be able to understand th

pach and would be able to support applications, upgrades and reviews of the PRA. Furthermor
ocumentation is to be consistent with the applicable SRs as stated in High LevellRequirement
E. Although examples are included in SR DA-E2, these do not represent a complete listing of all
red documentation. To facilitate the development a complete list, a documentation mapping ip
ded in the explanation to SR DA-E2 showing the scope of documentation'needed to achieve
stency with the applicable SRs.

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009
0 objection to the requirement.
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Index No.

DA-E Capability Category | Capability Category 11 Capability Category 111

DA-E2 DOCUMENT the processes used for data parameter definition, grouping and collection including

documentation typically includes:
(a) System and component boundaries used to establish component failure probabilities
(b) The model used to evaluate each basic event probability
(c) Sources for generic parameter estimates

parameter selection and estimation, including the inputs, methods and results. For example, this

(@) The plfant-Specific SOUrces of data
(e) The time periods for which plant-specific data were gathered
(f) Justification for exclusion of any data

(9) The basis for the estimates of common cause failure probabilities, including, justificatid
screening or mapping of generic and plant-specific data

(h) The rationale for any distributions used as priors for Bayesian updates;-where applicabl
(i) Parameter estimate including the characterization of uncertaintyas.appropriate.

n for

D

EXPLANATION OF REQUIREMENT

his SR addresses the process documentation used to implement the data analysis suppg
equirements. It also provides examples of documentation associated with the data ang
evelopment processes and examples of documentation associated with the parameters, constr
nd results from implementing these processes. Table-11 (DA-E2-1) provides a discussion of
xamples. It should be noted that the documentation.examples do not represent the complete |
Il required documentation, but a list of many ef the documents that are typically included.
acilitate the development of a complete list, a.documentation mapping is provided in Table 12
2-2) showing the scope of documentation-needed to achieve consistency with the applicable
able 12 (DA-E2-2) also identifies each doeumentation item as either “process” or “SR.” A “pr

rting
lysis
aints
these
st of
To
DA-
SRs.
hcess”

ocumentation item primarily supports the process requirement which is the focus of this SR while an

‘ISR documentation item primarily)supports documentation that is consistent with one or
upporting requirements as required by DA-E1. A mapping is also provided in Table 11 (DA-E

more
2-1)

etween the examples and the~documentation list shown in Table 12 (DA-E2-2) and in Table 12 (DA-
£2-2) between the documentation items and the applicable SRs.
Table 11 DA-E2-1 SR Examples
SR . . Documentation
2 Discussion
Example Item
a SR'DA-A2 requires the establishment of SSC boundaries, failure modes and 5
success criteria.
b SR DA-D1 requires the calculation of parameter estimates. SR DA-D5, D6 1,2,3
and D7 address the requirements for quantifying common cause.
c SR DA-C1 provides the requirement for obtaining generic parameter estimates 7
from recognized sources.
d Several SRs address the requirements for collection and use of plant-specific 2,8
data. These requirements include: SR DA- A4, C2, C3, C4, C5, C6, C7, C8,
C9, C10, C11, C12, C13, C14, C15, C16 and D8
e SR DA-C3 provides requirements for the collection of plant-specific data. The 9
requirement does not explicitly identify the need for the data collection time-
frame however it does provide the expectation for the design, operational
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SR . . Documentation
Discussion
Example Item
practices and experience and as such the identification of the data collection
time frame would be expected.
f SR DA-C3 provides requirements for the collection of plant-specific data and 9
explicitly requires the rationale for screening or disregarding data.
g SR DA-D5, D6 and D7 address the requirements for quantifying common 3,4
cause.
f SR—DA-D4—provides—the—reguirement—for—checking—that—the—posteriot 116
distributions are reasonable.
The requirement to calculate parameter estimates, SR DA-D1, includes a 4
requirement to provide the appropriate characterization of uncertainty.
Table 12 DA-E2-2 Documentation Mapping
Element | Type | Item Documentation Related SR SR Examplep
Document the approach for quantifying | A2, A3/A4, B1,

DA Process 1 independent failure and unavailability basic | B2, C4;C2, C4, b h
events including the bases for selection of | C15,C16, D1, D2, '
models used for quantification. D3, D4

A4, C2, C4, C5,
o C6, C7,C8, C9
Document the approach for plant-specific PSR
DA Process | 2 data collection. C10, C11, C12, b, d
C13, C14, C15,
C16

DA Process 3 Document the approach fory quantifying D5, D6, D7 b g
common cause.

List the probabilities~- independent,

DA SR 4 common cause, l_mavailai_JiIity, recovery a_nd Al D1 g i
repair, and their “associated uncertainties
and their associated bases.

DA SR 5 Document SSE/boundaries, failure modes A2 C4 a
and success,criteria. '

Document the basic event/parameter
grodping (i.e., component mapping to

DA SR 6 parameters) used for plant-specific data Bl ha
collection.

DA SR ve Document the Generic Data and associated c1 c
sources.

C2, C3, C6, C7,

DA SR 8 Document  plant-specific  data and | C8, C9, C10, C11, q

associated sources. C12, C13, C14,
C15, C16, D8
Document plant-specific data collection

DI‘\ SR g app“uab;“ty (;Ilhludillu \,u”cut;un CS <, f
period(s))and exclusions.

Document the verification that posterior

DA SR 10 | distribution is reasonable, when Bayesian D4 h
approach is used (Category Il and 111 only).
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REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has no objection to the requirement.

Index No. . . .
Canabilitv Cateaorl CanabilitvCateaor L CapabilitvCategor]Il
I,A—I ~ J 9 J Lad J J J ~ J J J

DA-E3 DOCUMENT sources of model uncertainty and related assumptions (as identified in QU-E[ and
QU-E2) associated with the data analysis.

EXPLANATION OF REQUIREMENT

Mlodel uncertainty arises because uncertainty exists about which models appropriately represerjt the
spects of the plant being modeled. In addition, there may be no modekrepresenting a particular
spect of the plant. This adds to uncertainty about the PRA findings~because it may be unclear
vhether the PRA fails to consider a potentially significant contributor. The uncertainty assodiated
vith the model and its constituent parts typically is dealt with by making assumptions. In general,
odel uncertainties are addressed by determining the sensitivity of the PRA results to diffgrent
ssumptions or models.

UREG-1855 [NRC 2009] gives guidance for addressing’sources of model uncertainty and reflated
ssumptions in the context of the requirements in the-ASME/ANS PRA Standard, and is spech:rally
ocused on accomplishing SRs QU-E1, QU-E2; QU-E4 and LE-F3 that are related to npjodel
ncertainty. The EPRI report 1016737, “Treatment of Parameter and Model Uncertainty for
robabilistic Risk Assessments,” [EPRI 2008): also addresses this uncertainty, and in particulgr, its
ppendix B identifies several sources of this-uncertainty to support meeting SR DA-E3.

—- e 0y Q) —

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,
as no objection to the requirement.
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5.7 Quantification Section 2-2.7 of the ASME/ANS RA-Sa-2009

The objectives of the quantification element are to provide an estimate of CDF based upon the plant-
specific core damage scenarios, in such a way that:

e The results reflect the design, operation and maintenance of the plant.

¢ Significant contributors to CDF are identified such as initiating events, accident sequences,

ad-lbact vartetacitaraaiti-aaviadabilitveand oo £l ranta)
AU UAdoTU TVUTTLS (CHUTUTTICTTIU UTTiavarmaurmiity arfu TTarmiarm Tarmurc TVETIS /.

¢ Dependencies are accounted for.

¢ Uncertainties are understood.

To meet the above objectives, six HLRs are defined in the standard:

Dgsignator Requirement

HLR-QU-A The Level 1 quantification shall quantify core damage frequency and shall support
the quantification of LERF.

HLR-QU-B The quantification shall use appropriate modelsiand codes, and shall account for
method-specific limitations and features.

HLR-QU-C Model quantification shall determine that all\identified dependencies are addressedl
appropriately.

HLR-QU-D The quantification results shall be reviewed and significant contributors to CDH

such as initiating events, accitent sequences, basic events (equipmen
unavailabilities and human failure-events) shall be identified. The results shall b
traceable to the inputs and assumptions made in the PRA.

D+ =

HLR-QU-E Uncertainties in the PRA. results shall be characterized. Sources of mode
uncertainty and related.assumptions shall be identified, and their potential impag
on the results understead.

—F

13%

HLR-QU-F Documentation..af. the quantification shall be consistent with the applicabl
supporting redquirements.
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5.7.1 Supporting Requirements for HLR-QU-A

ASME/ANS Standard Section 2.2.7, Table 2.2.7-2(a), Supporting Requirements for HLR-
QU-A

HLCR-QU-A: The Cevel T quantification shall quantify core damage frequency and-shall
support the quantification of LERF.

Intent: Provide the key metrics used for PRA applications

SRs: QU-AL through QU-A5
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Index No.
QU-A Capability Category | Capability Category 11 Capability Category 111
QU-A1 INTEGRATE the accident sequence delineation, system models, data and HRA in the

arrive at accident sequence frequencies.

quantification process for each initiating event group, accounting for system dependencies, to

EXPLANATION OF REQUIREMENT

The
com
achig

Boollean expressions that yields an estimate of the core damage frequency. System models ar

inco

solutiions of system fault trees that model the failure of each safety function defined by‘the event tre

top §
in a
initia
from
AC {

HRA
both
sequ
reco

RE
The

inations of system failures and unsuccessful operator actions (i.e., cut-sets) that are required-t
ve a core damage end-state through the event tree, and a numerical quantification ef.thos

porated into the event tree top events through the incorporation of system Jlevel Booleal

vents. System dependencies are accounted for by the sequencing of top events'in the event tre
cordance with the SRs for the Accident Sequence analysis (AS). For.eéxample, in transien
ting event trees, top events for low pressure injection systems are incérporated “downstream
high pressure injection top events. In event trees for LOOP, top events for systems requirin
lectrical power are located “downstream” from the top events for the’emergency power systems.

events are either embedded into the specific system fault trees)in accordance with the SRs fo
pre-initiator and post initiator HRAS or are incorporated.after the development of the acciden
bnce Boolean solution at the cut-set level, in accordanee with the SRs of HLR-HR-H fo
ery actions.

GULATORY POSITION
NRC in Regulatory Guide 1.200 has stated no objections to the SR as written.

S+ (D (D = (U (OO

4

=t =
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Index No.
QU-A Capability Category | Capability Category 11 Capability Category |

QU-A2 PROVIDE estimates of the individual sequences in a manner consistent with the estimation of

reflected. The estimates may be accomplished by using either fault tree linking or event trees
conditional split fractions.

total CDF to identify significant accident sequences/cut-sets and confirm the logic is appropriately

with

EXPLANATION OF REQUIREMENT

f accident event trees results in numerous core damage end-states, each with a specific)acc

Do o

(Vithin each initiating event group, accident sequences are evaluated to ensure that.non-minima
duplicate cut sets are eliminated from the combined equation for each initiating event group.
esult is that the total core damage model can be represented as the sum_of dll individual acc
equence frequencies, each sequence being a unique combination of cut-sets, and each cut-set

This SR is to quantify estimates of the core damage frequency for individual sequences. The.solption

dent

equence equation. The total core damage model is the combination of all accident” seqyence
quations, and the CDF estimate is the numerical quantification of that total core»-damage mpdel.

and
The
dent
is a

nigque combination of an IE, basic events and HRAs. Consequently, each sequence can represgnt a
pecific portion of the core damage model, and its associated frequency can be used to identify its
umerical contribution to the total CDF. Similarly cut-sets cap-bé ranked as to their contributipn to

DF.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200 in its endoysement of ASME/ANS PRA standard RA-Sa-R009

as no objections to the requirement.
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Ingfj(_xa Capability Category | Capability Category 11 Capability Category 111
QU-A3 ESTIMATE  the point | ESTIMATE the mean CDF | CALCULATE the mean
estimate CDF accounting for the “state-of- | CDF by propagating the
knowledge” correlation | uncertainty  distributions,
between event probabilities | ensuring that the “state-of-
when significant [NOTE (1)]. | knowledge” correlation

between event probabilities
is taken into account.

NOTE (1): When the probabilities of a number of basic events are estimated by using the same data, th
probabilities of the events will be identical. When an uncertainty analysis is performed by using a Monte Carl
sampling approach, the same sample value should be used for each basic event probability, since the\state of
knowledge about the parameter value is the same for each event. This is called the state of rknowledg
correjation and it results in a mean value for the joint probability that is larger than the product-of the mea
valugs of the event probabilities. This result is most important for cut-sets that contain multiplé“basic event
whosg probabilities are based on the same data, and in particular when the uncertainty on the'‘parameter value i
large| It has been found to be significant in cut-sets contributing to ISLOCA frequency:that involve rupture g
multiple valves, for example. [Ref. G. Apostolakis and S. Kaplan, “Pitfalls in Risk-Calculations,” Reliabilit
Engifeering, Vol. 2, pp. 135-145, 1981]

D

o

—h O U = D

EXPLANATION OF REQUIREMENT

The jntent for this SR is to quantify the core damage frequency.and to provide, to different degreeg
the Igvel of realism in the quantification for the various Capability Categories. Note that bold text
with|n the SR indicates text that is different between the categories.

Cappbility Category Differentiation
This|grouping can be performed to three different capabilities.

For [Capability Category I, only a point estimate calculation is being performed. Previous SRs fo
Capgbility Category I, for example, do not réguire a mean value of, and a statistical representation o
the Uncertainty interval for, the parameterestimates. Further, generic data, conservative grouping, et
is allowed in previous related SRs for ‘€apability Category I. It is expected that the absolute ris
pred|ctions will be conservatively biased as a result of this quantification.

For | Capability Category W,-this quantification is meant to be more refined over Capabilit
Catepory I. Previous SRs for, Capability Category Il, for example, do require a mean value of, and
statigtical representation @fthe uncertainty interval for, the parameter estimates; however, only for th
significant basic eventS. ) As such, it is the intent that the CDF quantified is as realistic as can b
achigved if, at a minimum, a mean is quantified taking into the SOKC for significant basic events.

For [ Capability._Category 111, this quantification is meant to be more refined over Capabilit

Catepory Il./Previous SRs for Capability Category Ill, for example, do require a mean value of, and

statigtical srepresentation of the uncertainty interval for, the parameter estimates. As such, it is th
ic without any

Ul =h =S

D~ (D U

< (U D
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REGULATORY POSITION
The NRC in Regulatory Guide 1.200 has provided two clarifications:

o A clarification that the requirements in QU-A2 apply to both CDF and LERF; and
e The State of Knowledge Correlation is accounted for all probabilities (not just “when
significant” as noted for the Category Il requirement statement).
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Index No.
QU-A Capability Category | Capability Category |1 Capability Category 111
QU-A4 SELECT a method that is capable of discriminating the contributors to the CDF commensurate
with the level of detail in the model.

EXPLANATION OF REQUIREMENTS

The accident sequence quantification method creates results that can be analyzed to identify which
types of failures that dominate the CDFE and to dp\/plnp an ||ndprqmnding of \A/hy those failures ar

a)

dom
CDH
indiv
sequ
(e.0.
initia

RE

Revi
has 1

nate. The process allows for the identification of the contribution of individual sequences*t

idual cut-sets and basic events. The process is capable of identifying the contribution
bnces, cut-sets, initiating events and basic events regardless of the level of detail of the modelin

ting event types). The process allows for the calculation of important measuressfor basic events

GULATORY POSITION

5ion 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-200
0 objections to the requirement.

, the contribution of accident sequence types (e.g., Large LOCAs, LOOP) and the contribution (o)l;

detailed component basic events vs. system train level events, specific initiating events vg.

D
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Index No.

QU-A Capability Category | Capability Category Il Capability Category Il

QU-A5 INCLUDE recovery actions in the quantification process in applicable sequences and cut
[see HR-H1, HR-H2 and HR-H3)]

sets.

EXPLANATION OF REQUIREMENTS

HRA events that represent recovery actrons by plant personnel to restore Iost or degraded safety

and HR H3 The mtent of thls requwement is to recognize, conS|stent Wlth the SRs for HLR-H
at recovery actions should be identified on a cut-set by cut-set basis, although the nature of, acc|
dequence models often results in common failures and plant damage conditions suchithat §

flecovery actions can be applied to large numbers of cut-sets within a particular accident sequeng
gven groups of accident sequences. Care is taken to ensure that assumptions associated with
particular recovery action are realistic given the dependencies between failure nodeled in the cu
gnd other plant equipment and the physical environment resulting from the'failures defined b
qut-set (e.g., ingress and egress into areas by equipment operators must' be achievable and

hibited by life-threatening conditions).

H
dent

bome
€S or

any

-sets
y the

not

R-H1 delineates the scope of the recovery analysis for each Capalility Category, HR-H2 identifies

ertain criteria regarding plant-specific practices for procedures, alarms and staffing tha
onsidered when defining recovery actions and HR-H3 addreSses the need to consider depende
etween any proposed recovery actions and other HFES in a:sequence, scenario or cut-set.

EGULATORY POSITION

are

ncies

evision 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-p009

as no objections to the requirement.
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5.7.2 Supporting Requirements for HLR-QU-B

ASME/ANS Standard Section 2.2.7, Table 2.2.7-2(b), Supporting Requirements for HLR-
QU-B

HLR-QU-B: The quantification shall use appropriate models and codes, and shall account for

methHod-specific limitations and features.
Intent: To ensure that the results can be interpreted and validated by the stakeholder community

SRs{ QU-B1 through QU-B10
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Index No.
QU-B Capability Category | Capability Category Il Capability Category Il

QU-B1 PERFORM quantification using computer codes that have been demonstrated to generate

specific limitations and features that could impact the results.

appropriate results when compared to those from accepted algorithms. IDENTIFY method-

EXPLANATION OF REQUIREMENTS

PRA analysis. For example, meeting SR QU-A2 and QU-A4 requires the ability to identify.and

that is capable of propagating uncertainty through the solutions using sampling_fmethods sug
onte Carlo or LHS is required.

dpatial transformation feature, then the spatial transformation of basic events into spatially-deper
gvents would have to be performed manually at the cut-set level. This type of limitation is iden
and the manual process needs to be developed.

REGULATORY POSITION

as no objections to the requirement.

quatlons need to have the approprlate capabllltles to generate useful results to meet the mtent gf the

individual sequences and cut-sets based on their contribution to CDF. The contribution of pasic
gvents to CDF is identified by the calculation of important measures. To meet SR QU-A3, a|code

h as

Codes can have limited capabilities for certain features that can impact thé way analysts adfiress
gertain issues. For example, if a code is being used for a flood or fire analysis but the code lagks a

dent
ified

Revision 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-P009
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Index No.
QU-B Capability Category | Capability Category Il Capability Category Il

QU-B2 TRUNCATE accident sequences and associated system models at a sufficiently low cutoff value
that dependencies associated with significant cut-sets or accident sequences are not eliminated.
NOTE: Truncation should be carefully assessed in cases where cut-sets are merged to create a
solution (e.g., where system level cut-sets are merged to create sequence level cut-sets).

EXPLANATION OF REQUIREMENTS

The puantification of accident sequence equations can cause the generations of an enormous numbe
of clit-sets, such that the solution can impose computational limitations on computer resourees 0
result in an unmanageable number of cut-sets for post-quantification review and documentation.” Fo
certain codes, this may not be an issue if the codes have been developed to take advantage of state-of|
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initigting events. Since, with the exception of certain transient initiators;initiating event frequencie
are less than 1.0/yr and recovery action probabilities are less thans1, the final frequency of th
trungated cut-sets — if they were retained for the complete solutiops>would only be even less than th
valug of their probability when truncated. Hence, the major quantitative portion of the cut-sets, an
the resulting accident sequence solutions, will be retained if the-truncation level is selected properly.

o> Uur = -

REGULATORY POSITION

Revikion 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-2009
has rjo objections to the requirement.
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Index No.
QU-B Capability Category | Capability Category |1 Capability Category 111

QU-B3 ESTABLISH truncation limits by an iterative process of demonstrating that the overall model
results converge and that no significant accident sequences are inadvertently eliminated.

For example, convergence can be considered sufficient when successive reductions in truncation
value of one decade result in decreasing changes in CDF or LERF, and the final change is less
than 5%.

alculate initial point estimate CDF estimation by using a non-conservatively high truncationVfalue,
ithout application of recovery actions. Then, lower the truncation value by a decade. Comparg the
esults. If the CDF estimate increased by 5% or more reduce the truncation factor by another degade.
ontinue this iterative process until subsequent reductions in the truncation value result in an incfease
in CDF estimate of less than 5%.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-R009
as no objections to the requirement.
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Index No.
QU-B Capability Category | Capability Category |1 Capability Category 111

QU-B4 | Where cut-sets are the means used in quantification, USE the minimal cut-set upper bound or an
exact solution. The rare event approximation may be used when basic event probabilities are
below 0.1.

For solving em fau ee equa al to use the e olu alculating
obabilities. That is, all applicable probabilistic cross-terms are included in the quantificatiomo
the qut-sets. This yields the most accurate numerical solution. However, this can be beyand“th
capapilities of the code being used for accident sequence quantification.

Another accepted method for quantifying cut-set probabilities for solving system fault, trees is th
minimal cutest upper bound method. The minimal cut set upper bound cafculation is a
apprpximation to the probability of the union of the minimal cut sets for the fault tree:

The pquation for the minimal cut set upper bound is:
m

S=f1-[]@a-Cy
i=1

whelle
S = minimal cut set upper bound for the fault tree unavailability,
C; = probability of the ith cut set, and

m = the number of cut sets.

Example: If the cut sets for a fault tree are X = A [] B [.J-€X(i.e., the union of three events, A, B, and
C); then the cut sets can be written as X = A + B + C with the plus symbol indicating union. The fault
tree Pnavailability computed from the minimal cut.set,;upper bound approximation isthen X =1 - (1}
A)(Y-B)(1-C).

3%

3%

=

The Jminimal cut set upper bound works-well with fault trees containing only AND and OR gate
withput complemented events or NOT Qates. With noncoherent fault trees, that is, trees that contai
NOT| gates and/or complemented everits, the minimal cut set upper bound can produce results that ar
consgrvative. The magnitude of the'overestimation will depend upon the structure of the tree.

The pare event approximation{method, in which the probabilistic cross-terms are dropped out of th
calcylation, can be used when‘the basic event probabilities for the events in the cut-sets are all les
than|0.1. The net effect.of this method is that the sequence probability (before the inclusion of th
initigting event) is cdlculated by summing the probabilities of all of the cut-sets in the sequenc
Boolean expression.

LY v 5

DD U (D

REGULATORY POSITION

Revikion-2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-2009
has no objections to the requirement.
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Index No.

QU-B Capability Category | Capability Category |1 Capability Category 111

QU-B5 Fault tree linking and some other modeling approaches may result in circular logic that must be

AVOID introducing unnecessary conservatisms or non-conservatisms.

broken before the model is solved. BREAK the circular logic appropriately. Guidance for
breaking logic loops is provided in NUREG/CR-2728 [Note (1)]. When resolving circular logic,

NOTE (1): NUREG/CR-2728, Interim Reliability Evaluation Program Procedures Guide, March 3, 1983

upport system dependencies upon other support systems can introduce circular logic situationg
esult in unsolvable equations for accident sequence quantification codes. In fact{most
uantification codes would generate an error message in such case. For example, it"is a con
eature that diesel generators require water cooling provided by the SWS. In¢sueh cases,
onstructing the EDG fault tree the SWS is modeled as a support system tothe EDG. How
ithin the SWS the electrical systems are modeled as a support system to the¢SWS. Hence, in L
equences a logic loop in which the EDGs depend upon the SWS which:depends upon the H
ould be created.

o remedy this issue, the electrical dependency loop is “broken” by-teveloping a special SWS
ee that is used to model the SWS function just for the EDG fault tree. In this SWS fault tre
ystem’s dependency on electrical power is eliminated. This practice is valid because in L
equences the sources of AC power for the SWS are the EDGS: So, the only way for the SWS tq
C power (and hence fail the EDGSs) is for the EDGs themselves to fail. There are many wa
hich the EDGs could fail, but the EDGs cannot fail’due to a loss of AC power to their su
ystems like the SWS because the EDGs themselves‘are the sources of power to their support sys

he breaking of this circular logic is done carefully to avoid losing important and still valid poté

aults in the LOOP sequence. For example, electrical power supplied by the EDGs reaches its
rough many of the same electrical cableS;’buses, switchgear and motor control centers as fo
ormal emergency AC power. Thus, if-such SSCs are explicitly modeled in the system models,

eatures need to be kept in the model when breaking the circular logic. The loss of such SSCs d
LOOP sequence could still be a-valid failure mechanism for the SWS, and hence ultimately fg
DGs and other SSCs.

EGULATORY.POSITION

evision 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-
as no objectians to the requirement.

that
PRA
mon
when
ever,
OOP
DGs

fault
e the
OOP

lose
ys in
pport
tems.
ential
oads
r the
these
iring
r the

009

273



https://asmenormdoc.com/api2/?name=ASME NTB-1 2013.pdf

NTB-1-2013

Index No.
QU-B Capability Category | Capability Category |1 Capability Category 111

QU-B6 | ACCOUNT for system successes in addition to system failures in the evaluation of accident
sequences to the extent needed for realistic estimation of CDF. This accounting may be
accomplished by using numerical quantification of success probability, complementary logic or a
delete term approximation and includes the treatment of transfers among event trees where the
“successes” may not be transferred between event trees.

—t

D

Gengrally, there are three ways to account for success of an event tree function{such that th
successes are propagated through the accident sequence solutions as well as the failures:

Numerical quantification of success probabilities,

D

Complementary logic and
Cut set matching (delete term) approximation.

Numjerical quantification of success probabilities can be problematic for PRAs using the Large-Fault
Tree[Small-Event-Tree approach due to the large dependencies between system faults trees typical t
that ppproach. Numerical quantification of success probabilities.can be straightforward if the Small
Fauli-Tree/Large-Event-Tree approach is employed. For that-method, the individual fault trees ar
typidally fully independent, and the success of a top event-¢an simply be calculated by subtracting th
failure probability of that top event by 1.0. It is crucial; though, that independence between even
treeglis verified.

The pse of Boolean complementary logic, wherein‘the success of events is explicitly modeled in th
fault| trees through the use of Boolean complements to the failure events, is valid but can b
computationally cumbersome. However,.that issue can be alleviated through the use of NOT ANL
and NOT OR gates, which allow the use of regular failure events to model success.

A cyt set matching approximation « also referred to as “delete term” — is the most straightforwar
apprpach for many computer code packages. In a delete term approximation, all solutions involv
only|failure events. If an accident sequence end-state involves the success of top event A and th
failufe of top event B, thenthe equation for that end state can be calculated by a two-step procesy.
First} the cut-sets for “Failure of B” are solved for minimal cut-sets. Then, the fault tree for “Failur
of A" is solved for minimal cut-sets. The cut-sets for A are compared — in an automated fashio
using the accident sequence quantification software — with the cut-sets for B. If any of the cut-sets fo
A fofm a subset 0f)any cut-set for B, then that cut-set in the solution for B is deleted from the solutio

Lastly, care iS'taken to ensure that if accident sequence solutions are being transferred from one even
tree [to anether, then the successes embodied in the former trees are likewise embodied in th
subsgquent trees. For example, in the case where certain end states of a Transient-Stuck-Open

Rellr f\/abhsprocrdtin acmall 1 OVC A _thno ancidant cnaninnen naiatinne Aanantifind 1n thn Trancinnt tra
CH—vaveTeouttito ot = o S/ tHeaEeiae it sthguthite-CauatorsHuartrcomtic T arstertoe

for those end states are transferred to the small LOCA event tree for the accident sequence
guantification to continue. The small LOCA event tree (or more specifically, the system fault trees
relevant to that event tree) is modified as necessary so that all successes in the initial transient tree are
replicated in the small LOCA tree.

oD (D —~ (D (DT O T

O— DX

DT U~ I = T (D
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REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-2009
has no objections to the requirement.
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Index No.

QU-B Capability Category | Capability Category |1 Capability Category 111

QU-B7 IDENTIFY cut-sets (or sequences) containing mutually exclusive events in the results.

QuU-B8 CORRECT cut-sets containing mutually exclusive events by either:

(a) Developing logic to eliminate mutually exclusive situations, or
(b) Deleting cut-sets containing mutually exclusive events.

EX

Depgnding on how system fault trees are constructed, it is possible to generate cut-sets that contai
with|n the same cut-set two events that are mutually exclusive. Mutually exclusive events are define
in the Standard as: a set of events where the occurrence of any one precludes the simultaneou
occuprence of any remaining event in the set. A typical example is in a multiple train system wherei
a tesf-and-maintained outage failure event is modeled as one of the failure mechanism:fer each train.
In sych cases it is possible to generate cut-sets that would involve the “failure” of multiple trains ou

for
spec

concerned, are not realistic from an operational sense. Hence the multiple:T:&M failures within th
samg system are considered mutually exclusive. SR QU-B7 directs the. analyst to investigate th
results of accident sequence quantification to ensure that cut-sets with mutually exclusive events ar
identified if they exist. SR QU-B8 directs the analyst to correct this.issue, either by deleting such cut

sets
sequ
ensu

or sgquence level cut-sets as appropriate between the original and altered models to verify that all

legit

issug by identifying and deleting from the solution all"such cut-sets.

RE

Revi

has njo objections to the requirements.

PLANATION OF REQUIREMENTS

- U=

C—r—3

st or maintenance at the same time. However, if such combinations Miolate the technicq
fications for a plant, then such cut-sets, although logically valid as far"as Boolean algebra i

T (D (DD U7

from the results or changing the logic models to preclude.thé occurrence of such cut-sets in th
ence solution. However, such changes to logic models arecarefully implemented and verified t
e that other valid cut-sets are not lost. This can be dane by performing a comparison of systen

- O (D

mate cut-sets remain. The analysts can also cheose to retain the original logic and address th

3%

GULATORY POSITION
sion 2 of Regulatory Guide 1,200 in its endorsement of ASME/ANS PRA standard RA-Sa-2009
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Index No.
QU-B Capability Category | Capability Category Il Capability Category Il

QU-B9 | When using logic flags, SET logic flag events to either TRUE or FALSE (instead of setting the

of cut-sets.

event probabilities to 1.0 or 0.0), as appropriate for each accident sequence, prior to the generation

EXPLANATION OF REQUIREMENTS

gquations, but another attribute of this SR isto S|mpI|fy the computatlonal burden of the solutlo
also to simplify the results of the analysis. Logic flags that set basic events to logical values-of T|
¢r FALSE are actually changing basic events from random variables to actual statements of

RE does not even exist. A basic event set to FALSE is an indication that thatsparticular SSC,
¢or event CANNOT contribute to a core damage sequence, and in effect is pfeventing a core da
gnd state from occurring.

he use of logic flags can reduce the computational resources needed for sequence solutions.
gvent probability is set to 1.0 instead of TRUE, that event will still appear in cut-sets along with
gvents. However, setting the event probability to TRUE results.ificthe generation of the same cu
gxcept that the term evaluated as TRUE does not appear imthe cut-sets. Conversely, if an ¢

and
RUE
fact.
$ince fault trees are failure models, a basic event set to TRUE indicates that the, SSC, HRE has
absolutely no possibility of impacting the accident progression. Hence, it is astheugh the SYC or

HRE
nage

If an
bther
-sets
pvent

probability is set to 0.0, the logical solution involving -all “cut-sets with that event will still be

generated and quantified, and the basic event will appear<irall relevant cut-sets, regardless of th
that the cut-set probability is 0.0. Even with truncationy’the code will still generate and quantify
qets before eliminating them from the output. However, if the event probability is set to FALSE,
all logical combinations of events involving.that event are eliminated from the solution wi
guantification.

REGULATORY POSITION

Revision 2 of Regulatory Guide\1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-
as no objections to the requirement.
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cut-
then
thout

P009

277



https://asmenormdoc.com/api2/?name=ASME NTB-1 2013.pdf

NTB-1-2013

Index No.
QU-B Capability Category | Capability Category |1 Capability Category 111
QU-B10 | If modules, sub-trees or split fractions are used to facilitate the quantification, USE a process that

allows:
(a) Identification of shared events
(b) Correct formation of modules that are truly independent
(c) Results interpretation based on individual events within modules (e.g., risk significance).

EX]

The
than
Boo
to e
inde

accident sequence quantification software has features that allow for independence to be verified, fg
example, a feature that can identify sub-trees within larger fault trees as truly.independent and solv
then.

RE

Revigion 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-2009
has njo objections to the requirement.

use of modules, sub-trees and split fractions represent a less granular level of modeling-detail
highly detailed system fault trees. When such model simplifications are used, the power

lean reduction for accounting for dependencies between top events is lost. Extreme care is take
lrsure that the underlying attributes of each module, sub-tree or split fraction sepresent trul
pendent SSCs and failures. Such simplifications can be implemented with confidence if th

D= (0 < =

GULATORY POSITION
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5.7.3 Supporting Requirements for HLR-QU-C

ASME/ANS Standard Section 2.2.7, Table 2.2.7-2(c), Supporting Requirements for HLR-
QU-C

HCR-QU-CT Model quantification shall determine that all identitied dependencies are adaresped
appropriately.

ntent: To ensure that the impact of dependencies are adequately understood in the results (suppgort
qystems, HFEs, data)

$Rs:  QU-C1 through QU-C3
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Index No.
QU-C Capability Category | Capability Category |1 Capability Category 111
QU-C1 IDENTIFY cut-sets with multiple HFEs that potentially impact significant accident

sequences/cut-sets by requantifying the PRA model with HEP values set to values that are
sufficiently high that the cut-sets are not truncated. The final quantification of these post-initiator
HFEs may be done at the cut-set level or saved sequence level.

EXPLANATION OF REQUIREMENTS

Cut-
failu
coul
gene
coul
parti
prob
cont
suffi

RE

Revi
has 1

bets that include more than two HFEs require special attention. Since cut-sets often involverth
Fe of multiple SSCs it is possible to identify numerous human actions and recovery actions tha
I address the multiple safety function losses represented in any particular cut-set. However, it i
rally recognized that allowing for multiple recovery actions and human actions simultaneousl
I result in an unrealistic reliance on recovery actions to correct all problems associated with

cular cut-set or accident sequence. Adding multiple HREs to a cut-set ceuld result in it
Ability falling below the truncation limit, resulting in the loss of importantdnsights to potentig
ibutors to CDF. To prevent this, the PRA model is requantified with: HEP values set t
Ciently higher values to ensure that the cut-sets are not truncated.

U U U —~+ (D

L= ar—

GULATORY POSITION

sion 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-2009
0 objections to the requirement.
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Index No.
QU-C Capability Category | Capability Category |1 Capability Category 111

QuU-C2 ASSESS the degree of dependency between the HFEs in the cut-set or sequence in accordance
with HR-D5 and HR-G7.

EXPLANATION OF REQUIREMENTS

The intent of thls SR is to brlng to the analyst s attention the |mportance of addressing dependency

¢ut-set or sequence are mdependent For example, it is generally accepted that the probability of
failure of an operator action in a sequence of events will be influenced by the prior operator agtion
quccesses and failures. Thus if HFEs occur in the same cut-set it is not assumed, that they are
independent. The discussion in Section 5.5 Human Reliability Analysis for HR-D5"and HR-G7
address this issue.

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-P009
as no objections to the requirement.
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Index No.
QU-C Capability Category | Capability Category |1 Capability Category 111
QU-C3 | When linking event trees, TRANSFER the sequence characteristics (e.g., failed equipment, flag

settings) that impact the logic or quantification of the subsequent accident development, as well as
the sequence frequency. For example, sequence characteristics can be transferred to another event
tree by using the appropriate cut-sets.

EXPLANATION OF REQUIREMENTS

All Juccesses, flags and conditions of initial events are ensured to be accurately modeled as welh.i
subsgquent fault trees when linking event trees. For example, in the case of a Transient-Stuck:Qpen
Religf-Valve event tree end state that transfers to a small LOCA tree, care is be taken to ensure thg
the gmall LOCA tree reflects the circumstances of the transient tree. Take the case of HPI activatio
in a BWR. HPI activation is designed to happen for low reactor water level or high drywell pressur
as prfotection against LOCAs. However, if the source of inventory loss is a stuck-epen relief valve
then|there would be no cause for a high drywell pressure indication as the religfvalve would blov
down into the suppression pool. So, the settings on the HPI fault tree used ip-the'small LOCA even
tree pre appropriately modified from typical LOCA conditions to the spegial’ circumstances of th

stuck-open relief-valve sequence.

REGULATORY POSITION
Revigion 2 of Regulatory Guide 1.200 in its endorsement of, ASME/ANS PRA standard RA-Sa-2009

has rjo objections to the requirement.
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5.7.4 Supporting Requirements for HLR-QU-D

ASME/ANS Standard Section 2.2.7, Table 2.2.7-2(d), Supporting Requirements for HLR-
QU-D

HLR-QU-D: The quantification results shall be reviewed and significant contributors to CDF, such
as initiating events, accident sequences, basic events (equipment unavailabilities and human failure
vents) shall be 1dentified. The results shall be traceable to the inputs and assumptions madg 1 the
RA.

ntent: To identify and understand metrics which provide risk insights, and to ensure that the anglysis
is providing logical results

$Rs:  QU-D1 through QU-D7
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Index No.
QU-D Capability Category | Capability Category |1 Capability Category 111

QU-D1 REVIEW a sample of the significant accident sequences/cut-sets sufficient to determine that the
logic of the cut-set or sequence is correct.

EXPLANATION OF REQUIREMENTS

This is a most important and useful way to perform a quality check on the fault trees, event trees and

ematic results: on the one hand “obvious” or “expected” cut-sets can reaffirm the analyst
apprpach to developing the models; on the other hand peculiar or unexpected cut-sets can-rais
questions regarding the validity of models and assumptions. In the former case, even though the cut
sets (nay appear “obvious” it is an important to verify the results against the fault tree and event tre
modgls. In the latter case, the results are investigated to determine if an error exists in.the models o
to dgtermine if the results, though unexpected, are in fact correct. This process of inspecting cut-set
against the actual models can lead to some of the most insightful revelations regarding systen
interpctions.

D—U7

= U) —= O T

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-2009
has rjo objections to the requirement.
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Index No.
QU-D Capability Category | Capability Category |1 Capability Category 111

QU-D2 REVIEW the results of the PRA for modeling consistency (e.g., event sequence models
consistency with systems models and success criteria) and operational consistency (e.g., plant
configuration, procedures and plant-specific and industry experience).

EXPLANATION OF REQUIREMENTS

d €SDEeCId c IL-S€
qequences, to ensure that the results reflect accurately the as-built, as-operated configuratiom-gf the
plant as well as the operational procedures and philosophy of the plant. Cut-sets and\ accident
dequence solutions that are logically correct given the models are still validated for correcfness
against the actual plant. Seeing the results in the form of cut-sets and sequence equations can|be a

ore powerful way of verifying the veracity of the models than when one only hasdult tree drawings

\s an example, BWR systems have multiple pathways for low pressure injegtion, but the operatjonal
hilosophy of the reactor operators might dictate certain preferences by operators in certain situagions,
gven though other pathways may seem perfectly acceptable. Thus, a review of cut-sets may rg¢veal
the existence of what are essentially unrealistic cut-sets involving injection paths that the openrators
ould only use to recover from the loss of other — preferred — injéetion paths.

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-P009
as no objections to the requirement.
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Index No.
QU-D Capability Category | Capability Category |1 Capability Category 111

QU-D3 REVIEW results to determine that the flag event settings, mutually exclusive event rules and
recovery rules yield logical results.

EXPLANATION OF REQUIREMENTS

The intent of this SR is to direct the analyst to review the PRA results, especially the cut-sets and
sequences to ensure that the results reflect accurately the assumptions regarding flag event settings,
mutdally exclusive event rules and recovery rules as intended by the analysts. Seeing the results-i
the fprm of cut-sets and sequence equations can be a more powerful way of verifying the veracity o
the models than when one only has fault tree drawings to review.

o

REGULATORY POSITION

Revikion 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRAstandard RA-Sa-2009
has njo objections to the requirement.
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Index No.
QU-D Capability Category | Capability Category Il Capability Category Il
QU-D4 No requirements to compare | COMPARE results to those from similar plants and IDENTIFY

results to those from similar
plants.

causes for significant differences. For example: Why is LOCA
a large contributor for one plant and not another?

EXPLANATION OF REQUIREMENTS

kK for potential i in the re Itis

plants are well understood as they-(
gither indicate potential flaws in a PRA or they could be indicators of subtle systemcdesig
gperational practices, the understanding of which will enhance the utility of the PRA results:

Capability Category Differentiation
his identification can be performed to three different capabilities:
For Capability Category I, No requirement for comparing results is required:.

For Capability Category 11 and 111, This SR is a natural way to check for potential issues i
esults. By comparing the results of a PRA for one plant with thase for other similar p
remendous insights can be gathered regarding possible flaws in the PRA as well as insights rega
qubtle differences in system design and configurations that lead\fo unexpected differences bet
PRA results of similar plants. Additionally, results are cheeked for plants of dissimilar desig
that share commonalities for certain aspects of the PRAX "For example, some plants may
different fundamental designs, but they may have similar designs for key safety features, su
gmergency AC power, or certain weather related and. jnitiating event characteristics may be simil

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200 inlits endorsement of ASME/ANS PRA standard RA-Sa-
as no objections to the requirement.
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Index No.
QU-D Capability Category | Capability Category |1 Capability Category 111
QU-D5 REVIEW a sampling of non-significant accident cut-sets or sequences to determine they are
reasonable and have physical meaning.

EXPLANATION OF REQUIREMENTS

QU D1 focuses on rewewmg 5|gn|f|cant cut-sets and sequences However the Ioglc here is the same,

the rg
interp
signi
featu

A rg
mod
In th
the ¢
errof
proc
reve

RE

Revi
has 1

view of non-significant cut-sets or sequences can lead to insightful revelations-regarding syste
ctions. This can lead to a greater understanding as to why certain-plant features are ng
icant to the PRA results, a perspective that is just as valuable as understanding why certai
res are significant.

view of a sample of the cut-sets will both reaffirm the analysSt’s approach to developing the
bls and raise questions as well when peculiar or unexpected egmbinations of events are observed.
e former case it important to verify the results against the fault tree and event tree models despitg
bvious nature of the cut-sets. In the latter case, the results are investigated to determine if a
exists in the models or to determine if the results, though unexpected, are in fact correct. Thip
bss of inspecting cut-sets against the actual models can lead to some of the most insightful
ations regarding system interactions.

GULATORY POSITION

s5ion 2 of Regulatory Guide 1.200 inits endorsement of ASME/ANS PRA standard RA-Sa-2009
0 objections to the requirement.
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Index No.
QU-D Capability Category | Capability Category Il Capability Category Il
QU-D6 IDENTIFY significant | IDENTIFY significant contributors to CDF, such as initiating

initiating  events, accident | failures and operator errors. INCLUDE SSCs and ope

common cause failures and | event mitigation.
operator errors.

contributors to CDF, such as | events, accident sequences, equipment failures, common cause

rator

sequences, equipment failures, | actions that contribute to initiating event frequencies and

XPLANATION OF REQUIREMENTS

he intent of this SR is to develop an understanding of what the results are and why the, result
hat they are in the context of the models that were built and assumptions made that are.fundam

the PRA. A true understanding of the PRA results involves more than just‘knowing wh
ignificant and what is not, it involves understanding why things are so. Note-that bold text w
e SR indicates text that is different between the categories.

apability Category Differentiation
his identification can be performed to three different capabilities:

S are
ental
at is
ithin

or Capability Category I, The significant contributors to CDF are identified in terms of the

pecific accident sequences, types of accident sequences (e.g., KOOP, Loss-of-Feedwater), equip
ailures, operator errors and special types of failures such as cemmon cause failures. Initiating e
dnd accident sequences can be assessed directly by comparing the overall CDF to the percent g
CDF that is accounted for by certain sequences individually or by groups of sequences.
gignificance of specific equipment, human actions;arSpecial events (e.g., common cause) g
developed through the use of importance measures:such as Fussell-Vessely.

fFor Capability Category Il and 111, The idea’is the same as for Capability Category I, excep
4 greater level of understanding is required:) SSCs and operator actions, the failure of which c3
linked to certain significant initiating events, are identified. This requires that root causes of initi
gvents be sufficiently understood sothat the failure of specific components and/or operator ag

the initiating event.

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-
has no objections-to the requirement.
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P009

289



https://asmenormdoc.com/api2/?name=ASME NTB-1 2013.pdf

NTB-1-2013

Index No.

QU-D Capability Category | Capability Category |1 Capability Category Il

QU-D7 REVIEW the importance of components and basic events to determine that they make logical

sense.

EXPLANATION OF REQUIREMENTS

The intent of this SR is similar to that of QU-D1. Just as it is useful to review the results in terms of

cut-
stud
as
signi

contgxt of a plant’s design, actual layout and operation. As with cut-sets and sequences,-certain basi
events and SSCs would be expected to be significant for specific types of accident sequences and fo

the @
inve
rega
asce

depenhdency, or a potential flaw in a model or assumption.

Impg

RE

Revi
has 1

ing the significant contributors to CDF in terms of the individual SSCs and basic events is usef
ell. This is another SR designed to facilitate an intimate understanding of not just what i
icant, but why it is significant and that its significance (or non-significance) is logical within th

verall CDF. It is verified that such events and SSCs are significant, or, if not,“the models ar
tigated to ascertain if their low significance is correct or an indication of aflaw in the model o
ding an assumption. Likewise, unexpected significant basic events and SSCs are investigated t
tain whether their significance reveals a subtle but crucial role inUplant safety or a subtl

rtance measures are a useful tool for this type of review.

GULATORY POSITION

5ion 2 of Regulatory Guide 1.200 in its endorsement-of ASME/ANS PRA standard RA-Sa-2009
0 objections to the requirement.
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5.7.5 Supporting Requirements for HLR-QU-E

ASME/ANS Standard Section 2.2.7, Table 2.2.7-2(e), Supporting Requirements for HLR-
QU-E

HCR-QU-E.  UNcertainties in the PRA results shall” be characterized. sources of magdel
yncertainty and related assumptions shall be identified, and their potential impact on therresplts

understood.

ntent: To ensure the results are appropriate for use in applications

$Rs:  QU-EL through QU-E4
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Index No.
QU-E Capability Category | Capability Category |1 Capability Category 111

QU-E1 IDENTIFY sources of model uncertainty.

EXPLANATION OF REQUIREMENTS

The understanding and treatment of sources of model uncertainty and assumptions (see QU-E2) are a
critical part of an accurate understandmg of the potentlal range within WhICh the actual estlmatlon of
risk pae :
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are two fundamental types of uncertainties — aleatory, or random, and epistemic uncertainties
formulation of the PRA model (that is, uncertainty in the knowledge of something). This SR
focuges on epistemic uncertainty, as the purely random uncertainty associated with well understoo
but random variables is accounted for in QU-A3, DA-D3 and DA-D4. In Chapter 2 of NUREG-1855,
threq types of epistemic uncertainty are defined:

e parameter
o model
o completeness

Parafneter uncertainty relates to the uncertainty in the computation of the input parameter values usegl
to gyantify the probabilities of the events in the PRA logicamodel. The random nature of the failurge
probpbility or the frequency of many basic events and initiating events is well known for many eventp
and |n those cases the uncertainty is aleatory, not epistemic. The probability distributions used foy
thos¢ events are well characterized and accepted among PRA analysts and do not represent
S
3
Y

| ==~y

uncertainty regarding the analysts’ knowledg€.) However, for numerous basic events, epistemi
uncertainty exists as to what is the actual characterization of uncertainty. For such basic events, th
proppgation of uncertainty through thexaccident sequence quantification for CDF estimatio
reprgsents a source of model uncertainty” The use of a different characterization of uncertainty for
partipular parameter could yield different PRA results. Such parameter sources of model uncertaint
need|to be identified.

Model uncertainty arises because different approaches may exist to represent certain aspects of plan
response and none is clearly-more correct than another. Examples of such assumptions include thos
mad¢ concerning: 1)<how a reactor coolant pump in a PWR would fail following a loss-of-seq
cooling, 2) the apprdach used to address common cause failure in the PRA model and 3) the approac
used|to identify and\quantify operator errors.

pleteness uncertainty relates to risk contributors that are not in the PRA model. These types of
unceytainties.either are ones that are unknown but not included in the PRA or ones that are not knownp
and therefore not in the PRA model. Both types are important. Examples of the former are: Th
scopg af the PRA does not include certain classes of initiating events, hazards or modes of operation.
Examples of the latter are: No agreement exists on how a PRA addresses certain effects, such as the
effects on risk resulting from aging or organizational factors, or the analysis may have omitted
phenomena, failure mechanisms or other factors because they are unknown.

NUREG-1855 discusses all three types of model uncertainty, and EPRI TR 1016737 provides a list of
example sources of model uncertainty. However, the process of reviewing the PRA results according
to the SRs for HLR-QU-D provides an excellent opportunity to revisit the choices made for
parametric and model uncertainties and to contemplate possible completeness issues.
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REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has no objections to the requirement.
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Index No.
QU-E Capability Category | Capability Category |1 Capability Category 111

QU-E2 IDENTIFY assumptions made in the development of the PRA model.

EXPLANATION OF REQUIREMENTS

In NUREG-1855 the phrase “sources of model uncertainty and related assumptions” is frequently
used. ThIS illustrates that inherent to any model uncertainty are the |mpacts of underlylng

of thys SR is that the analyst fuIIy understands not Just how but why, a model uncertalnty was treatej
in a particular manner and how the characterization of that model uncertainty might be impacted,by a
different assumption.

The giscussion under QU-E1 applies completely for QU-E2.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS-RRA standard RA-Sa-2009,
has rjo objections to the requirement.
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Index No.
QU-E Capability Category | Capability Category |1 Capability Category 111
QU-E3 ESTIMATE the uncertainty | ESTIMATE the uncertainty | PROPAGATE  parameter

interval of the CDF results.
Provide a basis for the

interval of the CDF results.
ESTIMATE the uncertainty

uncertainties (DA-D3, HR-
D6, HR-G8, IE-C15), and

estimate consistent with the | intervals associated with | those model uncertainties
characterization of | parameter uncertainties | explicitly characterized by a
parameter uncertainties. | (DA-D3, HR-D6, HR-G8, IE- | probability distribution
(DA-D3, HR-D6, HR-GS8, IE- | C15), taking into account the | using the Monte Carlo
S15)- “state-ef-knewledge™ appreach oF other
correlation. comparable mEans.
PROPAGATE uncerta|nties
in such a way thatthe “state-
of-knowledge” ™ correlation
between .€vent probabllities

is taken’into account.

EXPLANATION OF REQUIREMENTS

$Rs DA-D3, HR-D6, HR-G8 and IE-C15 direct that the uncertainty,of estimates for the probabilities
of basic event parameters, including failure of SSCs and humanlactions, and for the frequencigs of
initiating events, be characterized by a representation of an uncertainty range and a point estijmate
alue. In conjunction with QU-A3, those SRS allow thesreguirements of QU-E3 to be achig¢ved,
hich is the characterization of the uncertainty in the PRA)Calculation of CDF, which represents the
ropagation of the basic event, HFE and initiating event uncertainties through the accident seqyence
uantification process. Note that bold text within the SR indicates text that is different betweep the

ategories.
apability Category Differentiation
his identification can be performed to threedifferent capabilities:

or Capability Category I, the patameter uncertainty of the basic events, HFEs and initiating

vents is not explicitly propagated through the accident sequence quantification. DA-D3 allows
ualitative characterization of uhcertainty intervals, and SRs HR-D6, HR-G8 and IE-C15 allow f
ncertainty characterization (“in a manner consistent with the quantification approach...”” acro
ree Capability Categories, )Hence, for Capability Category I, the foundation for the characteriz

for a
Dr an
s all
ation

f parameter uncertainty)is DA-D3. DA-D3 stipulates that some sort of characterization of the

ncertainty interval~for each significant event (qualitative treatments are allowed) is requ
owever, HR-D6,'\FHIR-G8 and IE-C15 also dictate that the point estimate value used for each rels
arameter (i.eSAHFE or initiating event) in the quantification of the PRA results be a mean val
at event based on a characterization of its uncertainty.

U-AE&eguires that a point estimate of the CDF be calculated. However, as indicated by thi
QU-E3) an estimate of the uncertainty intervals for this CDF point estimate is developed cons

ired.
bvant
le of

5 SR
stent

ith-the manner by which the parameter uncertainties were characterized (e.g., qualitative discus

sion).

For Capability Category I, DA-D3 requires a mean value and a statistical representation of the
parameter uncertainty interval (see DA-D3 for details). Thus, according to HR-D6, HR-G8 and IE-

C15, the HFE and initiating event uncertainty intervals are characterized in a manner consistent

with

the quantification approach, and thus all basic events have a mean value and a statistical
representation of their uncertainty. QU-AS3 requires that a mean value of CDF be calculated (using
the mean values for parameter values is allowed for the estimate of the CDF mean) and that the state-

of-knowledge correlation be accounted for in the quantification of basic events (see Note (1) for
A3), as does this SR (QU-E3). Since the underlying SRs for the basic events, HFEs and initi

295
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events require that their uncertainty intervals be characterized with a statistical distribution the
uncertainty inherent to those parameters will be accounted for in the calculation of their mean values.

Thes

e mean values are used to calculate CDF in the accident sequence quantification. Thus, through

the use of mean parameter values calculated from statistical uncertainty representations and the state-
of-knowledge correlation, the uncertainty of the parameters will be accounted for in the estimate of
the CDF.

For

Capability Category 111, DA-D3 requires a mean value and a statistical representation of the

parameter uncertainty interval (see DA-D3 for details). Thus, according to HR-D6, HR-G8 and IE-

C15,
the

reprq
prop
requ
such
prop
COrre
of p
statis
CDFH

RE

Revi
has 1

v v afty V v 0 C a v Oon W

guantification approach, and thus all basic events have a mean value and a statistiCa
sentation of their uncertainty. QU-A3 requires a mean value for CDF be calculated b
hgating the parameter uncertainties through the accident sequence quantification proeess: Tha
rement is corroborated by this SR (QU-E3) by the requirement that a statistical sampling metho
as Monte Carlo be used to sample the uncertainty distributions of the parameters to facilitate th
hgation of uncertainty through to the estimate of CDF. Further, the state-of-knowledg
lation is accounted for in the quantification of basic events (see Note (1) forhQU-A3). The result
ropagation the parameter uncertainty through the accident sequence Guantification will be &
tical characterization of the uncertainty intervals of CDF and an estimate of various statics op
such as the mean and median.

O (U L~

GULATORY POSITION

sion 2 of Regulatory Guide 1.200 in its endorsement @fASME/ANS PRA standard RA-Sa-2009,
0 objections to the requirement.

296


https://asmenormdoc.com/api2/?name=ASME NTB-1 2013.pdf

NTB-1-2013

Index No.

QU-E Capability Category | Capability Category |1 Capability Category 111

QU-E4 For each source of model uncertainty and related assumption identified in QU-E1 and QU-E2,

event) [NOTE (1)].

respectively, IDENTIFY how the PRA model is affected (e.g., introduction of a new basic event,
changes to basic event probabilities, change in success criterion, introduction of a new initiating

NOTE (1): For specific applications, key assumptions and parameters should be examined both individually and

in logical combinations.

XPLANATION OF REQUIREMENTS

onsistent with the philosophy of all of the SRS for HLR-QU-D, it is not sufficient to simply idg
nd catalog the sources of model uncertainty and related assumptions (QU-E-1 and '‘QU-E2).
amifications and potential impacts of other possible models and assumptions upofi the PRA rg
re understood. Hence, for each source of model uncertainty and related assumptions, the natu
e impact of a different hypothesis or a different assumption is identified. That is, would a diff
ypothesis or assumption result in a change in the probability distributien,'of one (or more)
vents, would new basic events be introduced into the logic models, would-thanges to success cr
and hence fault trees) be introduced or would new accident sequenées‘be introduced either thr
hanges in current event trees or the introduction of new initiating-events?

ote (1) refers to key assumptions and parameters, and that thgy)are examined both individually
logical combinations. The concept of analyzing a PRA model for key sources of model uncert
nd related assumptions (as well as the definition of ¢‘key”) is discussed in NUREG-1855,
illustrated in both NUREG-1855 and EPRI TR 1016737. The idea of examining assumptions

or example, the probabilities for several basic:&vents) are characterized on the basis of the
ypothesis or assumption. This concept also is\discussed in NUREG-1855.

EGULATORY POSITION

evision 2 of Regulatory Guide.1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-
as no objections to the requirement.

ntify
The
sults
re of
erent
nasic
teria
pugh

and
pinty
and
and

arameters “in logical combinations” refers to the situation when numerous aspects of a PRA njodel

bame

P009
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5.7.6 Supporting Requirements for HLR-QU-F
ASME/ANS Standard Section 2.2.7, Table 2.2.7-2(f), Supporting Requirements for HLR-
QU-F

HLR-QU-F: Documentation of the guantification shall be documented with the applicable
suppprting requirements.

Intent: To ensure the results can be reviewed and appropriately referenced for applications

SRs] QU-F1 through QU-F6
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Index No.

QU-F Capability Category | Capability Category |1 Capability Category 111

QU-F1 DOCUMENT the model quantification in a manner that facilitates PRA applications, upgrades

and peer review.

EXPLANATION OF REQUIREMENTS

It is important that the documentation includes sufficient information about the approach used for the

of the results and the veracity of the quantification to the as-built and as-operated plant. _Inthis

development of a complete list, a documentation mapping is provided in the\€xplanation to SR
2 showing scope of documentation needed to achieve consistency with theapplicable SRs.

REGULATORY POSITION

as no objections to the requirement.

quan QN Q D na alale) ne quan Qn Q R N that an an Qr peer reviewer

ho was not involved in the original process could come to similar conclusions regarding the validity

way

an analyst would be able to understand the approach and would be able to support applications,
pgrades, and reviews of the PRA. Furthermore, the documentation is to be consistent with the
applicable SRs as stated in High Level Requirement QU-F. Although examples-are‘included in SR
QU-F2, these do not represent a complete listing of all required documentation: To facilitatg the

QU-

Revision 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-R009
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Index No.
QU-F Capability Category | Capability Category |1 Capability Category 111
QU-F2 DOCUMENT the model integration process including any recovery analysis, and the results of
the quantification including uncertainty and sensitivity analyses. For example, documentation
typically includes:
(a) Records of the process/results when adding non-recovery terms as part of the final
quantification
(b) Records of the cut-set review process
(c) A general description of the quantification process including accounting for systems
suecesses—the-truncation-valdes-used-how-recovery-aha-post-initiatortk i
(d) The process and results for establishing the truncation screening values for  fingl
quantification demonstrating that convergence towards a stable result was achieved
(e) The total plant CDF and contributions from the different initiating events and" accident
classes
(f) The accident sequences and their contributing cut-sets
(g) Equipment or human actions that are the key factors in causing thé.accidents to bg
nondominant
(h) The results of all sensitivity studies
(i) The uncertainty distribution for the total CDF
(j) Importance measure results
(k) A list of mutually exclusive events eliminated from the resulting cut-sets and their bases for
elimination
() A symmetries in quantitative modeling to prowvide’ application users the necessar
understanding regarding why such asymmetries are present in the model
(m) The process used to illustrate the computer code(s) used to perform the quantification will
yield correct results process.
EXPLANATION OF REQUIREMENTS
This| SR addresses the process documentation used to implement the quantification supporting
requjrements. It also provides examplestof documentation associated with the quantification
processes and examples of documentation-associated with the parameters, constraints and results from

impl

14 (

documentation item primarily supports the process requirement which is the focus of this SR while a
“SR’l documentatief item primarily supports documentation that is consistent with one or mor
suppprting requitements as required by QU-F1. A mapping is also provided in Table 13 (QU-F2-1
between theéexamples and the documentation list shown in Table 14 (QU-F2-2) and in Table 14 (QU
F2-2)) between the documentation items and the applicable SRs.

It
should be noted that the documentation examples do not represent the complete list of all requiregl
documentation, but a list of many ‘of the documents that are typically included. To facilitate the
deveJopment of a complete list, a documentation mapping is provided in Table 14 (QU-F2-2
showying the scope of documentation needed to achieve consistency with the applicable SRs. Tabl

bmenting these processes. Table 13 (QU-F2-1) provides a discussion of these examples. |

197

PU-F2-2) also identifies each documentation item as either “process” or “SR.” A “process

=

3%
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Table 13 QU-F2-1 SR Examples

SR
Example

Discussion

Documentation
Item

a

SRs QU-C1 and QU-C2 describe the area of quantification that this element
addresses.

5

b

SR DA- D1, D2, D3, D5 and D7 provide review requirements to ensure that
the sequences / cut-sets / basis events are correct.

14

This element is a broad requirement that addresses the scope of all of the HLRs
for Quantification, but there is a strong emphasis on HLR-QU-B and HLR-

oLl Cc b

1

ebadar " tha tnanaria that nadal Baal P - Aot
\{\J oy VWITTUTT UTTUTTOUVUTT O UT'IC IIII'JUI Wwrot At tric 1TiuuTTo arnmu LUuUT o UoLu 1im uie
quantification process are used appropriately and their limitations are
accounted for.

SR QU-B2 and B3 provide the requirements for establishing the truncation
limit.

2,3

The value of PRA results lies not simply in the estimating of a single risk
metric such as CDF, but in understanding the nature of the various accident
sequences that lead to that estimation is crucial for understanding the dydamics
of plant systems and their responses to initiating events. To this ends«the-types
of accidents and their contributors to the risk metric are be reported-”Note that
there is no SR that requires the development of accident classes:

This element is similar to (e). The granularity of the presentation of results is
at a finer level of detail, going down from the types of aceidents to the specific
accidents and the dominant combinations of failures(cut-sets) that make up
these sequences.

All of the SRs in support of HLR-QU-D aré>designed to facilitate the
understanding of not only what are the dominant contributors to CDF, but also
why and how those contributors are dominant. Sensitivity studies may be
required to determine key equipment or human actions.

11,13

QU-E4 directs that key assumptionsiand sources of model uncertainty are
examined. NUREG-1855 presentsa method for determining what constitutes
key model uncertainties and assumptions. Basically, model uncertainties and
assumptions that have the potential to impact a regulatory decision regarding a
risk-informed application (Using the results of a PRA are key. That is, the
uncertainty associated with the issue could result in significantly different PRA
results if the issue was freated differently.

13

For Capability Category I, a qualitative treatment of the uncertainty range of
the CDF estimate/is adequate, as specified in QU-E3 through DA-D3. For
Capability Category Il and 11 a statistical representation of the uncertainty of
the CDEestimate is required by QU-E3 and DA-D3.

QU-D6\requires the identification of significant contributors to CDF and
Importance Measures are useful tools for this.

10

QU:B8 requires that cut-sets containing mutually exclusive events be
corrected, the actual cut-sets deleted from the analysis and the basis for their
elimination is documented.

No explicit guidance is provided in the SRs for the treatment of asymmetries
beyond that provided in this example. However, the SRs do require the

13

identification of assumptions and evaluation of how these affect the PRA.

SR QU-B1 requires quantification to be performed using computer codes that
have been demonstrated to provide appropriate results.

12
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Table 14 QU-F2-2 Documentation Mapping
Element | Type | Item Documentation Related SR SR Examples
Document the approach for CDF (and
LERF) quantification including treatment | Al, A4, A5, B4,
QU Process 1 of circular logic, system failures and | BS5, B6, B7, B8, c
successes, mutually exclusive events and B9, B10, C3
logic flags (if applicable)
QU Process 2 Docum_ent _the_ approach for selecting the B2, B3 q
truncation limit
QU SR 3 Document the truncation limit B2 d
Document all mutually exclusive events
QY SR 4 and the bases for their elimination. B7, B8 K
Document the identification and assessment
QY SR 5 of Sequences/Cut-sets with multiple HFES CL.e2 a
QU SR 6 Document assumptions E2 na
QU SR 7 Document the sources of model uncertainty El na
Results - Document CDF and its
QU SR 8 contributions  from initiating  events, A2,\A3, A5 e f
accident sequences, cut-sets
al SR 9 R_esu_lts - Document CDF Uncertainty 3 i
distribution
QU SR 10 | Results - Document Importance measures D7 j
Results - Document Significant contriblitors
QU SR 11 to CDE D6 g
ol SR 12 Dog:um_ent Quantification Computer Code B1 m
validation
Sensitivity Studies - Document sources of
QU SR 13 | model uncertainty andcrelated assumptions E4 g, hl
and how the PRA model is affected
Review - Documént sequence/cut-set/basic
event Review) to confirm logic is
al SR 14 appropriate ‘and sequences are consistent | A2, D1, D2, D3, b
with syStem models and success criteria. D5, D7
Include— a review of non-significant
sequences/cut-sets.
Review - Document results comparison to
QU SR 15 those from similar plants (Category Il and D4 na
111 only)
REGULATORY POSITION
Revigian 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-2009

has no objections to the requirement.
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Index No.

QU-F Capability Category | Capability Category Il Capability Category Il

QU-F3 DOCUMENT the significant | DOCUMENT the significant contributors (such as initiating

PRA results summary.

contributors (such as initiating | events, accident sequences, basic events) to CDF in the PRA
events, accident sequences, | results summary. PROVIDE a detailed description of
basic events) to CDF in the | significant accident sequences or functional failure groups.

he intent of this SR is to ensure that the results of the accident sequence quantificatiop.achieved
rough the requirements of HLR-QU-A, HLR-QU-B, HLR-QU-C and the insights gained thrpugh

e review and study of those results as required through HLR-QU-D and HLR-QU-E are clearly
ell documented.

apability Category Differentiation
his identification can be performed to three different capabilities:

and

or Capability Category I, the significant contributors to the CDF-¢Stimate are documentgd, in
rms of initiating events, basic events, as well as significant aécident sequences. A detailed

escription of the accident sequences is not required.

or Capability Category Il and 11l, the significant confributors to CDF, including initiating

vents, basic events and accident sequences are documented. Significant accident sequeng
unctional failure groups are provided so that it is clearly.documented that not only what sequé
re significant, but why and how those sequences are significant is documented.

EGULATORY POSITION

e or
nces

evision 2 of Regulatory Guide 1.200 i, its endorsement of ASME/ANS PRA standard RA-Sa-P009

as no objections to the requirement.
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Index No.
QU-F Capability Category | Capability Category |1 Capability Category 111

QU-F4 DOCUMENT the characterization of the sources of model uncertainty and related assumptions (as
identified in QU-E4).

EXPLANATION OF REQUIREMENTS

QU-EA4 directs that key assumptions and sources of model uncertainty are examined. NUREG-1855
presents a method for dptprmining what constitutes kpy madel uncertainties and nqcllmlm‘innc,
Basitally, model uncertainties and assumptions that have the potential to impact a regulatory decisien
regafding a risk-informed application using the results of a PRA are key. That is, the uncertaint
assogiated with the issue could result in significantly different PRA results if the issue was Itreategl
differently. The results of any sensitivity studies performed to assess whether or not sources of mode|l
uncertainty and assumptions are key or not are documented.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS.PRA standard RA-Sa-2009
has rjo objections to the requirement.
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Index No.
QU-F Capability Category | Capability Category |1 Capability Category 111

QU-F5 DOCUMENT limitations in the quantification process that would impact applications.

EXPLANATION OF REQUIREMENTS

The limitations of the accident sequence quantification method and computer tools identified as
required by QU-B1 are documented.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard " RA-Sa-R009
as no objections to the requirement.
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Index No.
QU-F Capability Category | Capability Category |1 Capability Category 111
QU-F6 DOCUMENT the quantitative definition used for significant basic event, significant cut-set and

alternative.

significant accident sequence. If other than the definition used in Section 2, JUSTIFY the

EXPLANATION OF REQUIREMENTS

The

basic

significant accident sequence, significant basic event and significant contributor to a cut-set ar

defir
defir
than
alter

RE

Revi
has 1

=il olf al ISEA repealed Arougnouy ] ] ontributo d
icant to CDF are identified and the reasons for their significant contributions are determinedfo
events, initiating events, accident sequences, human actions and equipment. The definition o

ed quantitatively in Section 1-2 of the Standard. The use of these definitions as_the“basis fo
ing significant contributors is stated in the documentation. If significant is defined’ differentl
as it is in Section 1-2, then the alternative definition is documented, and the basis for tha
native definition is explained and justified.

GULATORY POSITION

sion 2 of Regulatory Guide 1.200 in its endorsement of ASME/ANS PRA standard RA-Sa-200
0 objections to the requirement.

r

— == (D
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5.8 LERF Analysis Section 2-2.8 of the ASME/ANS RA-Sa-2009

The objectives of the LERF analysis element are to identify and quantify the contributors to large
early release, based upon the plant-specific core damage scenarios, in such way that

(a) The methodology is clear and consistent with the Level 1 evaluation, and creates an adequate
transition from Level 1.

(b) Operator actions, mitigation systems, and phenomena that can alter sequences are

npprnprinmly included.inthe | ERE ovent tree structure and seguence definition

(c) Dependencies are reflected in the accident sequence model structure, if necessary.

supporting requirements.

(d) Success criteria are available to support the individual function successes, mission‘times and
time windows for operator actions and equipment recovery for each critical safety fungtion
modeled in the accident sequences.

(e) End states are clearly defined to be LERF or non-LERF.

To meet the above objectives, seven HLRs are defined in the standard:

Designator Requirement

HLR-LE-A Core damage sequences shall be grouped inte.plant damage states based on |their
accident progression attributes.

HLR-LE-B The accident progression analyses shall inelude an evaluation of contributors [e.g.,
phenomena, equipment failures and human actions) to a large early release.

HLR-LE-C The accident progression analysis«shall include identification of those sequénces
that would result in a large early.release.

HLR-LE-D The accident progression analyses shall include an evaluation of the containment
structural capability for those containment challenges that would result in a Jarge
early release.

HLR-LE-E The frequency of different containment failure modes leading to a large parly
release shall be quantified and aggregated.

HLR-LE-F The quantification results shall be reviewed and significant contributors to LERF,
such as plant damage states, containment challenges and failure modes shall be
identified.,~ Sources of model uncertainty and related assumptions shall be
identified and their potential impact on the results understood.

HLR-LE-G The_documentation of LERF analysis shall be consistent with the appli¢able
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5.8.1 Supporting Requirements for HLR-LE-A

ASME/ANS Standard Section 2-2.8, Table 2-2.8-2(a), Supporting Requirements for HLR-
LE-A

HLR-CE-AT Core damage sequences shall be grouped Into plant damage states based on their
accident progression attributes.

Intent: To ensure that the appropriate information is transferred from the Level 1 model to the
LERF model.

SRs] LE-A1through LE-A5
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Index No.

LE-A Capability Category | Capability Category |1 Capability Category 111

LE-Al IDENTIFY those physical characteristics at the time of core damage that can influence LERF.

Examples include:
(a) RCS pressure (high RCS pressure can result in high pressure melt ejection)

extensive Core Concrete Interaction)

(d) Status of containment heat removal

(&) _Containmeaent intaaritv (o o vantad hvnaccad ar farlad)
St H e gty (S-9-ver oy P O—ateer)

(b) Status of emergency core coolant systems (failure in injection can result in a dry cavity and

(c) Status of containment isolation (failure of isolation can result in an unscrubbed release)

crIeeTy

(f) Steam generator pressure and water level (PWRS)
(g) Status of containment inerting (BWRS)

EXPLANATION OF REQUIREMENT

[his SR identifies those characteristics (RCS pressure, RCS/containment integrity, water lg

therefore in the determination of LERF. These states are selected based on the impact of
¢onditions on the potential for containment challenges and radiological releases. Some of
¢haracteristics will become attributes of the plant damage states. (The list identified in the §
gommon, but not exhaustive. Plant unique conditions may be_ added to this list. An example i
gtatus of the isolation condenser in a BWR plant that is so{equipped or igniters for ice cond
designed PWRs.

he identification of the relevant characteristics fulfillssa need to reduce the number of acc
rogression scenarios developed from the large numbgrof Level 1 cut-sets so as to make the nu

vels,

¢ontainment inerting) of plant systems that are likely to be important for the‘accident progression and

these
these
R is
s the
Enser

dent
mber

f deterministic analyses used in the large early.\release calculations practical. Ultimately, mmany

evel 1 sequences with similar characteristics<relevant for LERF will lead to a similar acc
rogression, i.e., they can be grouped together as discussed in LE-A5.

his SR and the others under this HLR -are the same across all three capability categories. How
is and the other SRs are related to_many subsequent LE SRs that do differentiate among Capa
ategories. Therefore the level of‘\détail at which these SRs are met should be commensurate
e Capability Categories selected to support subsequent SRs (for instance those in HLR-LE-B),
xample, if the LERF analysis)is carried out in accordance with NUREG/CR-6595, as is permis
or Category |, the analyst_can ascertain the characteristics referred to in LE A-1 by looking 3
uestions asked in theé_simplified containment event tree template in NUREG/CR-6595 fo
ontainment type being'analyzed. For the other categories a more thorough search for character
is needed. In any tase, a search for plant unique characteristics is always necessary.

EGULATORY POSITION
evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2

dent

ever,
Dility
with

For
sible
t the
- the
stics

009,

as-no-objection-to the requirement
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Index No.
LE-A Capability Category | Capability Category Il Capability Category Il
LE-A2 IDENTIFY the accident sequence characteristics that lead to the physical characteristics
identified in LE-Al. Examples include:
(@) Type of initiator
(1) Transients can result in high RCS pressure
(2) LOCAs usually result in lower RCS pressure
(3) ISLOCAS, SGTRs can result in containment bypass.
(b) Status of electric power: loss of electric power can result in loss of ECC injection
{e)—-Status—ef—econtainment—safety—systerms—such—as—sprays—Fan—coelers—igriters—er—venting
systems: operability of containment safety systems determines status of containment hegt
removal
The references in Notes (1) and (2) provide example lists of typical characteristics.
NOTE (1): Nuclear Power Plant Response to Severe Accident, IDCOR Technical Summary Report, Atomi¢

Indus
NOT
Dece

EX

The
ident

Levgl 1 sequences are to be propagated and binned consistently. The operability of systems tha

play
for e
may
redu
influ
prod
ener
attril
lead

RE

Revi
has 1

trial Forum, November 1984
F (2): NUREG 1150, Severe Accident Risks: An Assessment for Five U.S. Nuclear *Power Planty,
mber 1990

PLANATION OF REQUIREMENT

identification of the accident sequence characteristics that result.in“the physical characteristicp
ified in LE-A1 facilitates the “binning” of the Level 1 sequefices into plant damage states. Alll

t
d a role in the core damage sequences, as well as systems which did not, but could be important
vents beyond core damage, are examined. Some systems which failed to prevent core damagg
still provide benefit by allowing for potential reduction in the release of fission products. If the
Ction is sufficiently great this may impact the bifning of the event as a LERF contributor. The
ence of accident sequence characteristics on_the status of barriers to, and mitigators of, fission
Lict release include: accident timing, pathways for fission products transport and depositior],
)y released into containment. As in LUE-Al, some of these characteristics will become PD$
utes. Plant unique accident sequence eharacteristics are also addressed in the examination thagt
to the identification.

GULATORY POSIPION

sion 2 of Regulatory(Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to the.requirement.
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Index No.
LE-A Capability Category | Capability Category Il Capability Category Il
LE-A3 IDENTIFY how the physical characteristics identified in LE-Aland the accident sequence

characteristics identified in LE-A2 are addressed in the LERF analysis. For example,

(a) Which characteristics are addressed in the level 1 event trees,
(b) Which characteristics, if any, are addressed in bridge trees and

(c) Which characteristics, if any, are addressed in the containment event trees.
JUSTIFY any characteristics identified in LE-A1 or LE-A2 that are excluded from the LERF

analysis.

XPLANATION OF REQUIREMENT

his SR assures that the characteristics identified in LE-Al and LE-A2 as important\to the LERF
ssessment can be explicitly linked to Level 1 parameters or containment systems. status informption

such a manner that the accident progression characteristics may be either ‘passed on tp, or
scertained in, the accident progression analysis which leads to the LERF determination. Leyel 1
nalysis may be used to characterize RCS conditions and the status of some.plant systems and ppwer
vailability. Level 1 analyses do not consider containment systems”that are not involvgd in
reventing core damage, therefore the status of these systems needs te be defined separately. The SR

alls for a systematic accounting of how and where the characteristics’/identified in LE-Al and LE-A2
ill be developed for use in the LERF analysis. If a previously,identified characteristic is dropped
rom consideration, justification for the omission needs to“ke provided. For example, it mgy be
ossible to subsume a particular characteristic under anotherone.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
as no objection to the requirement.
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Index No.

LE-A Capability Category | Capability Category Il Capability Category Il

LE-A4 PROVIDE a method to explicitly account for the LE-Al and LE-A2 characteristics and ensure

that dependencies between the Level 1 and Level 2 models are properly treated. Examples
include: treatment in Level 2, expanding Level 1, construction of a bridge tree, transfer of the
information via PDS or a combination of these.

EXPLANATION OF REQUIREMENT

This
cont
the i
this
cont
The
prefe
Ab)
infor
Some
analy
meth
Reg3
incly
cont
accid
tob
com
(incl
not K
systd
after

RE

Revi
has 1

SR develops the process for integrating the Level 1 results with supporting informationcf
hinment and beyond core damage characteristics identified in LE-Al and LE-A2 and transferrin
nformation to the containment event tree developed in HLR-LE-C. Level 2 aspects required f
SR are related only to LERF. That is all non-LERF states associated with intact and lat
hinment failures are not required to be differentiated.

mechanism for integrating and transferring this information is to be adapted based on the us
rence. Example means of transferring this information include manual assembly and PDS (L

mapping, creation of bridge trees to integrate Level-1 informationwith required Level
mation and direct linking of Level 1 information with Level 2 fault trees. There is likely to b
iteration between the decisions made for LE-A3 and the methods developed for LE-A4, i.e., th
st may change the way some characteristics are handled based.on the ease or convenience
od development.

rdless of the method used, the dependencies between the Level 1 and Level 2 models need to b
ded in the model. Information from the core damage-sequences needs to be coupled wit
hinment system availability information to arrive at.the”initial and boundary conditions used foj
ent sequence progression development to determine'LERF. Level 1 sequence information need
b extended to account for dependencies of the,systems important for LERF, such as share
ponents (containment spray system and low-pressure injection, for example), support system
Liding possible recovery of some lost systems like AC power) and prior human actions. It ma
e sufficient to classify system status.as Simply operating or failed. For example, a low pressur
m may be dead-headed at core damage because of high reactor pressure, but may be availabl
vessel failure to flood the reactor-cavity.

U XU = — (D

DD

GULATORY POSJTION

sion 2 of RegulatoryyGuide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to the\requirement.
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Index No.
LE-A Capability Category | Capability Category Il Capability Category Il
LE-A5 DEFINE plant damage states consistent with LE-A1, LE-A2, LE-A3 and LE-A4.

EXPLANATION OF REQUIREMENT

This SR requires that the characterizations of the plant status used to carry out the accident
progressmn analy5|s are carrled out in a manner consistent W|th those attrlbutes identified as

eflnlng plant damage states (PDSs) using the characterlstlcs and dependenmes |dent|f|ed in L
through LE-A4, and binning the Level 1 core damage sequences into the appropriate PDSS, but
ethods, such as direct linking of the Level 1 and Level 2 analysis can be used as well., Inithese
dpproaches, plant states at core damage that have similar characteristics may only be impl
grouped for eventual use in display of end results. When PDSs are used, each PDS.ought to reprgsent

4 unique set of initial and boundary conditions (i.e., conditions at core damage) from whic
dccident progression sequences for the LERF analysis are developed. Each«PDS ought to be de

!{rge early release needs to be brought to the LERF analysis via‘the PDSs. The analyst may

requency of the PDSs ought to account for the entire core' damage frequency from the Le
gnalysis. The binning of the Level 1 information usually*eeds to be carried out at the cut-set le
grder to account properly for such issues as: (1) support system failures and other dependencie

jcitly
F-Al
Dther
Dther
citly

N the
fined

in a way that all the accident sequences binned into it can be treated in asitmilar manner in the UERF
gnalysis. In most cases this means that their progression can be analyzed-with the same containment
gvent tree. All the information from the plant model that is important-for assessing the likelihood of a

need

ome deterministic calculations to properly group similary‘accident sequences. The summed

el 1
el in

Py (2)

ecoverable versus non-recoverable failures and (3),operator actions modeled in the Level 1 analysis.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200,un its endorsement of ASME/ANS PRA standard RA-Sa-20009,

as no objection to the requirement.
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5.8.2 Supporting Requirements for HLR-LE-B

ASME/ANS Standard Section 2-2.8, Table 2-2.8-2(b), Supporting Requirements for HLR-
LE-B

HL LR T relant H ] balls | | ] 1 £ ferlos b L
LD, FTIC dLLTUTTIU JTUYTToOTUTT dildiy oTo ofdlm Trieiuut alt Tvaruativlim ur CUTIUTUuturo ©.y.,

phenomena, equipment failures and human actions) to a large early release.
Intent: To ensure that the model includes a reasonably complete set of LERF contributors.

SRs] LE-B1 through LE-B3
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Index Capability Categor

No. Capability Category | P {I gory Capability Category 111
LE-B

LE- | IDENTIFY LERF contributors from | IDENTIFY LERF | INCLUDE LERF contributors
Bl the set identified in Table 2-2.8-9. An | contributors from the | sufficient to support

acceptable approach for identifying
contributors that could influence
LERF for the various containment
types is contained in NUREG/CR-

G6EQE _Octabar 2004

set identified in Table
2-2.8-9.

INCLUDE
appropriate,

lecuac
1S5St

as
unique

nlant ac
TaHt

development of realistic accident

progression

seque

nces.

ADDRESS those contributors
identified by IDCOR [2-14] and

NUREC 11EQ0.[2 1E]
™NOTE T

\"A~AA-IEA~—aviav)~ivl s vy o

INCLUDE as appropriate, unique plant

o

P
determined by expert

TOUTZ=TO7T"

INCLUDE as appropriate’, *u

issues as determined by expert
judgment and/or engineering analyses.

judgment and/or
engineering analyses.

plant issues as determine
expert judgment a
engineering analyses.

nique
by
nd/or

EXPLANATION OF REQUIREMENT

The objective of this supporting requirement is to systematically identifyc(i.e., establish or detern
he large early release frequency (LERF) contributors by examining the factors that can influenc
likelihood and magnitude of a large early release of fission products to'the environment (and ther
he large early release frequency), given that a severe accidentihas occurred. Note that bold
ithin the SR indicates text that is different between the categories.

Capability Category Differentiation
his identification can be performed to three different capabilities:

For Capability Category I, the establishment or determination of the possible contributors to L
iis expected to be simplistic and can be performed from a pre-established list as shown in Table 2
9 of the standard, or using the approach cantained in NUREG/CR-6595 (October 2004).
approach is expected to be conservatively hiased.

For Capability Category I, the establishment or determination of the possible contributo
ERF is intended to be more inclusive than Capability Category I.
UREG/CR-6595 do not produge’sufficient resolution for meeting the SR at this Capability Catg
evel. At this level a realisticireatment of most important large early release contributors is exp

For Capability Category jI1l1, the establishment or determination of the possible contributo
ERF is intended to be(more inclusive than Capability Category 1. To meet Capability Categor|

development of theraccident sequences can be performed. Further, the IDCOR and NUREG-
qtudies are considered to be state-of-the-art in this area, and, as such, the contributors identifi
these studies\need to be examined to determine if they are applicable.

fror all three capability categories, it is necessary to search for unique plant factors that may infly
a largesearly release given the as-designed, as-built and as-operated plant. An example would b
identification of a containment/reactor cavity floor drain whose location may make it vulnerak

nine)
e the
efore
text

ERF
-2.8-
This

rs to

The simplified methods of

gory
boted.

s to
111,

the search for paossible contributors needs to go beyond Table 2-2.8-9 to ensure a redlistic

1150
bd in

ence
e the
le to

REGULATORY POSITION

t.

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,

has no objection to the requirement.
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Index

No.

LE-B Capability Category | Capability Category |1 Capability Category 111

LE- | DETERMINE the containment | DETERMINE the containment | DETERMINE the containment

B2 | challenges (e.g., temperature, | challenges (e.g., temperature, | challenges (e.g., temperature,
pressure loads, debris | pressure loads, debris | pressure loads, debris

impingement) resulting from
contributors identified in LE-B1

using  applicable  generic
\'I\Ilh nnnnnn Leabla

impingement) resulting from
contributors identified in LE-B1
using applicable generic or

nlant cnacific analvicac for
ot = T TOT

impingement) resulting from
contributors identified in LE-B1

in a realistic manner.
CONSIBER differential

uuuuuuuuu Vhere—appheable
generic analyses are not

available, conservative plant-
specific analyses may be used.

plart-speeifie
significant containment

challenges. USE conservative
treatment or a combination of

T ATy T

pressure loadings on the RC
and support \EssH
capabilities  during' | vesss

failure and blowdown, i
order to address whethe
RCS motions, *may impadg
containment integrity.

conservative and  realistic
treatment for non-significant
containment challenges.  If
generic calculations are used
in support of the assessment,
JUSTIFY applicability to the
plant being evaluated.

An acceptable alternative is
the approach in NUREG/CR-
6595, October 2004 [NOTE

)

S D — — U=

NOTE (1) Document referenced is a revised version of NUREG/CR-6595 issuedJanuary, 1999.

EXPLANATION OF REQUIREMENT

Oncg applicable LERF contributors have been identified in LE-B1, the challenges to the plant bein
analyzed resulting from the severe accident phenomena they-represent need to be established. Th
type [and magnitude of the containment challenges for thecptant being examined are determined unde
this PR, using appropriate supporting engineering analyses as required in LE-B3. The challenge
deteqmined here include direct containment pressurecchallenges where peak containment pressure wil
be compared to the containment structural capability determined in HLR-LE-D. This SR als
invo|ves identification of other containment failure modes, as applicable for the capability category.
Sincg severe accident phenomena containcsignificant uncertainties, assumptions in modeling thei
effeqts are necessary and these will neéd,to be identified to meet the requirements of LE-F3. Not
that pold text within the SR indicates text that is different between the categories.

O "= &

=

13%

Caphpbility Category Differentiation
This|determination can be performed to three different capabilities:

For[Capability Category) T, the containment challenges from the identified contributors to LER
can be derived from generic analyses performed for similar plants with a similar containment typg.
Simifar containment_types can be characterized by containment type, size, wall thickness and desig
presgure. Use af(generic analyses is expected to be conservatively biased and, where gaps exist, ca
be sypplemented with conservative plant-specific analyses. Such conservative plant-specific analysi
is expectedito”be needed for plant unique issues, for example. When the approach contained i
NUREG/ER-6595 is used, the challenges are embedded in the simplified event trees developed in th
document. Low probability containment failure modes (such as those associated with in vessel steai
explosions and “rocket” failure) can be included with more likely failure modes and not explicitly
tracked.

For Capability Category I, the determination of the containment challenges is to be more realistic
for the significant challenges than for Capability Category I. Requirements for Capability Category Il
are self-explanatory.

For Capability Category 111, the determination of the containment challenges is intended to be
more inclusive than Capability Category Il. All the challenges to containment integrity are treated in
a realistic manner. In most cases plant-specific analyses of the severe accident phenomena will be
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needed. Structural interactions between the RCS and its connections to the containment with
surrounding systems need to be addressed as they may create a loss of containment isolation
condition. When expert judgment is used a formal process should be utilized. The NUREG-1150
study is considered to be state-of-the-art in this area.

For all three capability categories, unique plant factors identified in LE-B1 that may influence a large
early release are required to be addressed and the corresponding challenges determined. Also, for all
three categories the assumptions used in the analyses of the challenges need to be tracked.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,
as no objection to the requirement.
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Index No.
LE-B Capability Category | Capability Category |1 Capability Category Il
LE-B3 UTILIZE supporting engineering analyses in accordance with the applicable requirements of Table
2-2.3-3(h).

EXPLANATION OF REQUIREMENT

Analyses/evaluatlons are ut|I|zed to determme the contamment challenges in LE BZ and may also be

contributors and thelr challenges rests on engineering analyses or evaluatlons includin
extrgpolations of representative experiments (if available). The needed technical analyses can coyver
widg range of technical areas, including RCS thermal hydraulics and heat transfer, hydrogen burn

== =N v p R < » < =y § D

strugtural analysis (both RCS and containment). In many instances, integrated computéer’ codes suc
as MAAP, MELCOR and RELAP-SCDAP can provide considerable engineering guidance.
Computer tools should be used within their range of applicability. Experimentaliinformation may b
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In Cppability Category Il the use of conservative (or a combination of conservative and realistic]
analyses/evaluation for non-significant containment challengesis acceptable, i.e., not only realisti
analyses/evaluations, as stated in SC-B1, are acceptable.

Tr

=

While no explicit category definition is provided,-the information provided should be consistent wit
the capability category used to support LE-B1 ‘and LE- B2.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 14.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has njo objection to the requirement.
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5.8.3 Supporting Requirements for HLR-LE-C

ASME/ANS Standard Section 2-2.8, Table 2-2.8-2(c), Supporting Requirements for HLR-
LE-C

Ces

at would result in a large early release.

ntent: To ensure that a reasonably complete set the accident sequences is included in the LHRF
hodel.

$Rs: LE-C1 through LE-C13
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Index

No.
LE-C Capability Category | Capability Category Il Capability Category IlI
LE-C1 | DEVELOP accident | DEVELOP accident sequences | DEVELOP accident sequences

sequences to a level of detail
to account for the potential
contributors identified in LE-
Bl and analyzed in LE-B2.

to a level of detail to account
for the potential contributors
identified in LE-B1 and
analyzed in LE-B2. Compare

to a level of detail to account
for the potential contributors
identified in LE-B1 and
analyzed in LE-B2. Compare

Containment event trees | the containment challenges | the containment challenges
davaolanad 1n NILIDEC/CD anabizad 1n 1 D vaath tha anabizad a1 £ D aath  tha
developed—n—NUREG/CR——analyzed—in—E-B—with—the——analyzed—n—E-B—with J
6595 [NOTE (1)] (with | containment structural | containment structargl

plant-specific modifications,
if needed) are acceptable.

capability analyzed in LE-D
and identify accident
progressions that have the
potential for a large early
release.

JUSTIFY any generic or
plant-specific calculations or
references used to categorize
releases as non-LERF
contributors based on release
magnitude or timing.
NUREG/CR-6595, App~“A
[NOTE (1)] provides “ an
acceptable  definition®  of
LERF source terms.

capability analyzed in~LE-ID
and identify accident
progressions that ‘have the
potential for ca{large earl
release.

CALCUIATE source termp
for accident progressions thaf
havethe potential for larg
earlyreleases.

D

NOTE (1): NUREG/CR-6595, Approach for Estimating the Fréquencies of Various Containment Failure Mode

and Bypass Events, October, 2004.

EXPLANATION OF REQUIREMENT

This|SR requires the development and maodeling of the accident progression sequences to be used i
the LERF analysis. The model logic for-the accident progression sequences is developed at the leve
of dptail appropriate for the Capability Category being pursued (consistent with the Capabilit
Category used for LE-B1 and LE-B2). The remaining LE-C SRs support this accident sequenc
The level of detail of the development differs considerably from one capabilit
category to another. Note'that bold text within the SR indicates text that is different between th
categories.

deveJopment.

Cappbility Category Differentiation

This|development can be performed to three different capabilities:

For|Capability Category I, simplified event trees, such as those found in NUREG/CR-6595, arg

used

1°2

< =

For Capability Category II, the simplified event trees of the NUREG/CR-6595 type are
insufficient and accident progression sequences need to be developed to a level of detail that allows
the contributors identified in LE-B1 and their challenges, as identified in LE-B2, to be accounted for
as either leading to a large early release or not. An essential part of this analysis is the comparison of
the identified challenges to containment integrity with the containment structural capacity analyzed in
HLR- LE-D. Since Capability Category Il does not require the calculation of source terms, by default
LERF consists of the total frequency of all releases that occur due to early containment failure or
containment bypass. Releases in these containment failure mode categories designated as non-LERF
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contributors should be justified as such. Justification could be based on either magnitude and/or
timing of the release or both. Therefore the accident progression sequence development needs to be
at a level of detail which allows mitigating factors for both magnitude and timing to be analyzed.
Containment release estimates may be established based on MAAP or MELCOR scenarios, or results
of prior generic studies for similar plants.

For Capability Category 111, the level of detail of the accident progression sequences is even
greater than that discussed for Category II, since in Category Il source terms that have the potential
for a large early release need to be calculated. Therefore the level of detail is to include aggravating
ftigati i T tion,

ource term composition, magnitude and duration of release.

or all three capability categories, plant-specific factors, if significant for large release determination,
ust be included.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANSPRA standard RA-Sa-20009,
as no objection to the requirement.
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Index
No.

LE-C Capability Category | Capability Category Il Capability Category IlI

LE-C2 | INCLUDE conservative | INCLUDE realistic treatment of feasible operator actions
treatment of feasible operator | following the onset of core damage consistent with applicable
actions following the onset of | procedures, e.g., EOPs/SAMGs, proceduralized actions, or
core damage. An acceptable | Technical Support Center guidance.
conservative treatment of
operator actions is provided
ir—the—event—trees—of
NUREG/CR-6595 [NOTE
D].

NOTE (1): NUREG/CR-6595, Approach for Estimating the Frequencies of Various Containment Failure Modep

and H

EX
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Note
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been
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Revi
has 1

ypass Events, October 2004.

PLANATION OF REQUIREMENT

SR supports the accident progression sequence development by requiring the identification an

that bold text within the SR indicates text that is different between the categories.

ability Category Differentiation
identification and inclusion can be performed to different-capabilities:

simplified event trees of NUREG/CR-6595 have built into their structure some top events whic
pe influenced by operator actions, for example, the top event of “RCS Depressurized.” Th
ssion in the document of the top events or ‘questions indicates where operator actions may b
dered. NUREG/CR-6595 calls for justification whenever an operating procedure is assumed t
rried out.

Capability Category Il and I1l; this SR calls for realistic treatment of feasible operato
ns subsequent to core damagetso-that realism in the development of the accident progressio
bnces is preserved. In order for operator actions to be considered feasible, they need to b
pnstrated not to be improvised, i.e., they must be documented in plants EOPs, SAMGs or othe)
lished guidance. RIS£2008-15 notes that B.5.b actions can also be considered if actions hav
trained on.

GULATORY POSITION

sion 2 of\Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009
0 objection to the requirement.

sion of those operator actions in the development that can have a significant effect on LERF.

Capability Category I, operator actions subsequent-fa core damage are treated conservatively.

o=

D= (D = ==
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Index
No

LE-C Capability Category | Capability Category Il Capability Category IlI

LE-C3 | No requirement to address | REVIEW significant accident progression sequences resulting in a

credited. JUSTIFY credit given for repair (i.e., ensure that
conditions do not preclude repair and actuarial data exists
which to estimate the repair failure probability [see SY-A24,
C15 and DA-D8]). AC power recovery based on generic

annlicahla 10 tha nlant ic accantahla
P PG EEtHE-PraRtHS Pate-

repair. large early release to determine if repair of equipment can be

plant
from
DA-
data

EXPLANATION OF REQUIREMENT

In the Capability Categories where this SR applies, it refers to significant accident progrepsion

dequences, which are defined in the Glossary as one of the set of accident sequences contributipg to

lerge early release frequency resulting from the analysis of a specific hazard-group that, when

ank-

ordered by decreasing frequency, sum to a specified percentage of the large early release frequgncy,
or that individually contribute more than a specified percentage of largé-garly release frequency for
at hazard group. For the current version of the Standard, ASME/ANS RA-Sa-2009, the sumimed
ercentage is 95% and the individual percentage is 1% of the applicable hazard group. (See Hart 2
equirements LE-C3, LE-C4, LE-E5, LE-C10, LE-C12, LE-D1,"[E-D4, LE-D5, LE-D7 and LE}E2.)
or hazard groups that are analyzed using methods and assumptions that can be demonstrated {o be

onservative or bounding, alternative numerical criteria may-be more appropriate, and, if used, sf
e justified.

apability Category Differentiation

his determination can be performed to different.capabilities:

or Capability Category I, there is no reguirement to address repair of equipment and this nf
at if any credit for repair is taken it has ta:be carried out in a manner that satisfies at least Cate
Il requirements.

ould

eans
gory

or Capability Category Il and lll, this SR calls for realistic treatment of equipment repair

onsistent with requirements for_repair used under Level 1 the core damage sequences SRs

isted

bove, i.e., SY-A24, DA-C15and DA-D8. Note that SR DA-D8 differentiates in its requirement

etween Capability Categary Tl and I11.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-4
as no objection to the requirement. In evaluating the compliance with this SR, also reviey
egulatory positions for SY-A24, DA-C15 and DA-D8.
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Index
No.
LE-C Capability Category | Capability Category Il Capability Category IlI
LE-C4 | INCLUDE  model logic | INCLUDE model logic | INCLUDE model logic
necessary to provide accident | necessary to  provide a | necessary to provide a realistic

progression sequences

realistic estimation of the

estimation of the acciden

t

resulting in a large early | significant accident | progression sequences
release. Containment event | progression sequences | resulting in a large early
trees developed in | resulting in a large early | release. INCLUDE
NUREG/CR-6595—NOTFE=—+elease- INCLEUBE——mitigating actons by
(1)] (with  plant-specific | mitigating actions by | operating staff, effect off
modifications, if needed) are | operating staff, effect of | fission product scrubhing*on

acceptable.

fission product scrubbing on
radionuclide release and
expected beneficial failures in

significant accident
progression sequences.
PROVIDE technical
justification (by plant-specific
or applicable generic
calculations  demonstrating

the feasibility of the actions;
scrubbing  mechanisms~or
beneficial failures)
supporting the inclusion of
any of these featurges.

radionuclide release,,” an

expected beneficial™ failureq.
technicq

PROVIDE
justification_(by* plant-specifi
or applicable generi
calculations  demonstratin
the feasibility of the actiong
scrubbing mechanisms o
beneficial failures) for th
inclusion of any of thes
features.

1=~

L1”ZNEY * R SR S o R ap

NOTE (1): NUREG/CR-6595, Approach for Estimating the Fréquencies of Various Containment Failure Mode
and Bypass Events, October 2004.

EXPLANATION OF REQUIREMENT

This

SR requires that the model logicuséd in the PRA representation of accident progressio

sequences that lead to a large early release is detailed enough to provide the level of realisn
demanded in the Capability Category ‘being pursued. Model logic consists of the event tree an
assogiated fault tree logic necessany to support the development of the model to propagate the plan
statep determined in HLR-LE-A) through the accident progression to the LERF end states. Note thg
bold|text within the SR indicatés text that is different between the categories.

Cappbility Category Differentiation

This|model logic canibe developed for three different capabilities. In general the Category | mode

logidg
Fo

—_

is less complex than that of Category Il or IlI.
Capability Category I, simplified event trees with their simplified model logic, such as thos

founf in NUREG/CR-6595, are used. The simplified trees of NUREG/CR-6595, developed for th
variqus_plant and containment types, contain conservative model logic for the plant and containmen

1°2

~— o~ = J J

und

captured in the generic model logic.

For Capability Category 11, the accident progression sequences that result in a large early release
need to be developed to a level of detail that allows the mitigating factors in the significant accident
sequences to be modeled in a way that leads to a realistic estimate. The mitigating factors can be
operator actions, various fission product scrubbing mechanisms or beneficial failures such as failures
that depressurize the RCS before vessel failure, for example. The mitigating factors credited in an
accident progression sequence need to be justified with appropriate calculations demonstrating their

applicability under the conditions produced by the sequence under consideration.
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rather than plant-specific, calculations are used, their applicability to the analysis being
conducted has to be demonstrated.

For Capability Category 111, the level of detail of the accident progression sequences resulting in a
large early release is even greater than that discussed for Category Il, since in Category Ill a realistic
estimate is needed not only for significant accident progression sequences, but for all those that have
a non-negligible impact on LERF.

;thLAl()HY FOSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA*Sa-20009,
as no objection to the requirement.
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Index
No.
LE-C Capability Category | Capability Category Il Capability Category IlI
LE-C5 | USE appropriate | USE  appropriate  realistic | USE appropriate realistic
conservative, generic | generic  or  plant-specific | plant-specific system success
analyses/evaluations of | analyses for system success | criteria.
system success criteria that | criteria for the significant
are applicable to the plant. accident progression
sequences. USE conservative
ar o comhbinatinn aof
conservative and realistic
system success criteria for
non-risk significant accident
progression sequences.
EXPLANATION OF REQUIREMENT
This|SR requires engineering analyses to establish the success criteria at the appropriate level of detaill
for the capability category. Note that bold text within the SR indicates textthat is different between

the categories.
Cappbility Category Differentiation
Thege analyses can be carried out for three different capabilities:

Fo

Fo
reali

= =

signifficant accident progression sequences.

For

all the accident progression sequences. Post core damage success criteria can use state-of-the-ar
toolq and experiments.

Itis
the |
Tabl

In Cppability Category Il the“use of conservative (or a combination of conservative and realisti]
analyses/evaluation for suecess criteria is acceptable, i.e., not only realistic analyses/evaluations, as
statefl in SC-B1, are acceptable.

The

under severe accident environments than it is for the Level 1 analysis.

RE

Revi

Capability Category I, conservative, generic analyses may be used.

Capability Category 11, the success criteria analyses, whether generic or plant-specific, ar
tic for the significant accident progression sequences, but can be conservative for the non-ris

13%

Capability Category 111, the success criteria analyses are both realistic and plant-specific fo

— =

hcceptable to use the capability category differentiation found in Table 2-2.3-2(b) as guidance fo
pvel of detail of the analysis appropriate for the different categories. However, if the guidance of
p 2-2.3-2(b) is used for LE-C5)the following should be noted:

=

Lise of expert judgment is likely to be more prevalent when dealing with system success criterig

GULATORY POSITION
sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,

has no objection to the requirement.
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Index
No.

LE-C Capability Category | Capability Category Il Capability Category IlI

LE-C6 | DEVELOP system models that support the accident progression analysis consistent wit
applicable requirements for para. 2-2.4, as appropriate for the level of detail of the analysis.

h the

EXPLANATION OF REQUIREMENT

isolation, and B.5.b components. This SR ensures that the development or extension of these m
is consistent with the HLRs and SRs of the System Analysis requirements in paragraph,2:2.4.

he System Analysis (SY) capability category differentiation is stated in the’SRs listed in Tabl

pdels

Es 2-

2.4-2(a) through 2-2.4-4(c). It should be noted that the system analysis capability category to bé met
is the capability category of the LERF model, which may be a different ‘eapability category from the

¢ore damage frequency (Level 1) model.

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement'of ASME/ANS PRA standard RA-Sa-2009,
as no objection to the requirement. In evaluatingthe compliance with this SR, also review the

egulatory position on the Systems Analysis related\SRs for applicability.
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Index
No.
LE-C Capability Category | Capability Category Il Capability Category IlI
LE-C7 | In crediting HFEs that support the accident progression analysis, USE the applicable requirements
of para. 2-2.5 as appropriate for the level of detail of the analysis.

role [in he impat of addtin

pers(
Relig

Cap

The

Tabl
categ
cate(

RE

Revi
has
regu

bnnel actions is performed in a manner consistent with the HLRs and SRs of the Huma
\bility Analysis requirements in paragraph 2-2.5.
ability Category Differentiation

Human Reliability Analysis (HR) capability category differentiation is stated in the SRs listed i
ps 2-2.5-2(a) through 2-2.5-10(i). It should be noted that the human reliability capabilit
ory to be met is the capability category of the LERF model, which may be a-different capabilit
ory from the core damage frequency (Level 1) model.

GULATORY POSITION

5ion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009
N0 objection to the requirement. In evaluating the compliance with this SR, also review th
atory position on the Human Reliability Analysis related SRs for applicability.

-

1%
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Index
No.
LE-C Capability Category | Capability Category Il Capability Category |

LE-C8 | INCLUDE accident sequence dependencies in the accident progression sequences consistent
the applicable requirements of para. 2-2.2, as appropriate for the level of detail of the analysis.

with

EXPLANATION OF REQUIREMENT

intent of LEC8 is to ensure that the dependenmes are accounted for consistent with the HLR<
$Rs of the Accident Sequence Analysis requirements in paragraph 2-2.2.

Capability Category Differentiation
he Accident Sequence Analysis (AS) capability category differentiation is stated jinthe SRs list
ables 2-2.2-2(a) through 2-2.2-4(c). It should be noted that the accident sequence analysis capa
¢ategory to be met is the capability category of the LERF model, which may_be a different capa
¢ategory from the core damage frequency (Level 1) model.

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2
as no objection to the requirement. In evaluating the cempliance with this SR, also reviev
egulatory position on the Accident Sequence Analysis related SRs for applicability.

The
and

ed in
Dility
Dility

009,
V the
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Index
No. Capability Capability
LE-C Capability Category | Category Il Category Il

LE-C9 | DO NOT TAKE CREDIT for continued equipment | JUSTIFY any credit given for

operation or operator actions in adverse environments | equipment survivability or human
(i.e., beyond equipment qualification limits).  An | actions under adverse environments.
acceptable approach is NUREG/CR-6595, October
2004 [NOTE (1)].

NOTE (1): NUREG/CR-6595, Approach for Estimating the Frequencies of Various Containment Failure Modes

and B

EX
This
justif
previ
oper
diffe
Cap
This
Fo
or fo

—_

6595.

For
envi
the ¢

RE

Revi
has 1

mace Dyvnnte Ootahay 2004
Y POST VeIt S, U CtOUCT T o0

PLANATION OF REQUIREMENT

SR requires that in developing realistic analyses, credit should be given, when appropriate an
ied, for equipment operation or operator actions in the presence of severe accident condition
hiling at the time of the accident progression that the equipment is assumed, to function or th
htor action is assumed to be carried out. Note that bold text within the SR\indicates text that i
Fent between the categories.

ability Category Differentiation
crediting of equipment survivability or human actions can be performed to different capabilities

Capability Category I, no credit is taken for equipment oferation beyond qualification limit
r operator actions in adverse environments. This is consistent with the approach of NUREG/CR

L72 BN » R v 5 gy = =

1°2}

Capability Category Il and 111, credit forcontinued equipment operation in harsh
onments, or the initiation of equipment operationsin conditions beyond the qualification limits of
quipment is be justified as required in LE-C10;

GULATORY POSITION

sion 2 of Regulatory Guide 1.200; in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to the requirement:
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Index
No. Capability Category

LE-C | Capability Category Il Capability Category Il
LE- | No requirement; | REVIEW significant accident progression | TREAT containment

C10 | credit for equipment | sequences resulting in a large early release | environmental impacts on

survivability or | to determine if engineering analyses can | continued operation

adverse environments | operator  actions  during  accident | actions in a rea
is  precluded by | progression that could reduce LERF. USE | manner based

] E CQO consarvatina or a combination of | anainoaring ana b/cac
= g Ot

coOTIotTvotrv e Tt COTTToT oot Ot cHgrrceTr g ary otor

conservative and realistic treatment for
non-significant  accident progression
sequences.

of

human actions in | support continued equipment operation or | equipment and operator

listic
on

dnd Bypass Events, October, 2004.

EXPLANATION OF REQUIREMENT

indicates text that is different between the categories.
apability Category Differentiation
hese engineering analyses can be performed to three different capabilities:

INOTE (1): NUREG/CR-6595, Approach for Estimating the Frequencies of Various Containment Failure Modes

This SR requires engineering analyses to justify credit for mitigating equipment operation or hyiman
gctions under severe accident conditions credited in LE-C9. Note-that bold text within th¢ SR

or Capability Category I, no credit is taken for equipment operation beyond qualification Ijmits

r for operator actions in adverse environments. This:is consistent with the approach of NUREG
595.

or Capability Category 11, equipment survivability or human actions in a harsh environmen
rovide mitigating factors in the significant-accident sequences need to be justified with approy
alculations or reference materials (manufacturer specifications, experimental results) suppd
eir applicability under the conditions produced by the sequence under consideration. The
ound in Table 2-2.3-2(b) for this category could be used as example guidance for the approy
level of detail of the analysis«{but note that for LE-C10 the use of conservative analyses/evalu
or non-significant LERF sequences is acceptable).

or Capability Category 111, the engineering analyses supporting equipment survivabili

CR-

that
riate
rting
SRs
riate
ation

y or

uman actions under.adlverse environments are conducted in a realistic manner. Realistic analyses

hould be based on-best estimate containment conditions. The MAAP or MELCOR codes ma
sed for realistic-beyond design basis containment atmosphere analyses. The SRs found in Taj
.3-2(b) for_this category could be used as example guidance for the appropriate level of detail
nalysis,

y be
le 2-
f the

EGULATORY POSITION

1S =7

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,

has no objection to the requirement.
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Index
No. Capability Capability
LE-C Capability Category | Category Il Category Il
LE- | DO NOT TAKE CREDIT for continued operation of | JUSTIFY any credit given for equipment
C11 | equipment and operator actions that could be impacted | survivability or human actions that could

by containment failure. An acceptable alternative is | be impacted by containment failure.
the approach in NUREG/CR-6595 October 2004
[Note (1)].

NOTE (1): NUREG/CR-6595, Approach for Estimating the Frequencies of Various Containment Failure Modes

and B

EXPLANATION OF REQUIREMENT

This

partipularly harsh environment created by containment failure. Containment failure.results in rapi
depressurization of the containment and flashing of fluid in the sump. Such conditions create man
equipment challenges including potential cavitation of liquid in the emergency.sump. Human actionp

unde

stresp. As such it requires that credit given for equipment operation or operator actions credited undey
containment failure conditions address the impact of containment failuré.on such operation or actior.

Note

Cappbility Category Differentiation

This
For

be impacted by containment failure. This is consistent.with the approach of NUREG/CR-6595.

Fo
imp3

—_

RE

Revi
has 1

mace Dyvnnte Ootahay 2004
Y POST VeIt S, U CtOUCT T o0

13%

SR focuses on a special case of the adverse environments considered under LE-C9, for th

o

r conditions of containment failure would be expected to take place under an extreme level of

that bold text within the SR indicates text that is different between the categories.

crediting of equipment survivability or human actions can.be performed to different capabilities
Capability Category I, no credit is taken for equipmeént operation or operator actions that coulgl

3%

Capability Category Il and 111, credit fof’ continued equipment operation that could b
cted by containment failure is to be justified as required in LE-C12.

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to the requirement.
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Index
No Capability Category

LE-C | Capability Category Il Capability Category Il

LE- | No requirement; credit | REVIEW significant accident progression | TREAT containment

C12 | for post-containment | sequences resulting in a large early release to | failure  impacts

on

failure operability of | determine if engineering analyses can support | continued operation of
equipment or operator | continued equipment operation or operator | equipment and operator

indicates text that is different between the categories.
apability Category Differentiation

hese analyses can be performed to three different capabilities:
or Capability Category 1, no credit is taken for equipment operation beyond qualification I

actions is precluded by | actions after containment failure that could | actions in a realistic
LE-C11. reduce LERF. USE conservative or a | manner based on
camhination  af caoncorvuativua  and roaalictic anainaarina analbicae
combination—ef—econservative—and—realist c—engineering-analyses.
treatment for non-significant  accident
progression sequences.
EXPLANATION OF REQUIREMENT
This SR requires engineering analyses to justify credit for equipment operation or human action$ that
gould be impacted by containment failure and credited in LE-C11. Analyses” include calculations,

gquipment capability assessments and manufacturer evaluations. Note that bold text within the SR

mits

r operator actions impacted by containment failure.*This is consistent with the approagh of

UREG/CR-6595.

or Capability Category Il, equipment survivability or human actions that could be impactdd by
ontainment failure and that provide mitigatingfactors in the significant accident sequences negd to

e justified with appropriate calculations demonstrating their applicability under containment fa

ilure

onditions. The SRs found in Table 2-2,3=2(b) for this category could be used as example guidance
or the appropriate level of detail of thie analysis (but note that for LE-C12 the use of conservative

nalyses/evaluation for non-significant' LERF sequences is acceptable).

or Capability Category LI¥, the engineering analyses supporting equipment survivabilify or
uman actions that could bé impacted by containment failure are conducted in a realistic mapner.
he SRs found in Table 2-2.3-2(b) for this category could be used as example guidance for the

ppropriate level of detailof the analysis.

EGULATORY POSITION

evision’2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2
as ne-objection to the requirement.
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Ind

No

ex

LE-C Capability Category | Capability Category Il Capability Category IlI

LE-C13 | TREAT containment bypass | PERFORM a containment bypass analysis in a realistic

events in a conservative | manner. JUSTIFY any credit taken for scrubbing (i.e.,
manner. DO NOT TAKE | provide an engineering basis for the decontamination factor
CREDIT for scrubbing. An | used).

acceptable alternative is the
approach in NUREG/CR-

6505 INOTE (1)1
e ARG D

NOT
and H

EX
This

Containment bypass events are likely to be LERF contributors as they lead to_the“potential for cor

releg
inter
brok
radia
prod
This
LER
Justi
that

Cap
This
Fo
cons
Fo
requ
justif
cons

—_

—_

applicable to the plant and conditions being analyzed.

RE

Revi
has 1

12}

|
F (1): NUREG/CR-6595, Approach for Estimating the Frequencies of Various Containment Failure Mode
ypass Events, October, 2004.

PLANATION OF REQUIREMENT

SR requires that containment bypass events be considered in the LERF assessment.

ses to bypass the containment into the environment. Containment bypass events include th
facing system LOCA and the SGTR with a stuck open secondary side¢Safety relief valve in th
en SG. Whether or not bypass events will contribute to LERF is dependent on the size of th
tion release and the potential for effective scrubbing. In selected events scrubbing of fissio
Licts via water pools, sprays or filters may be sufficient to assess a bypass event as non-LERH.
SR provides requirements in treating this class of LERFs and requires that exclusion of potentid
- bypass events by consideration of fission produet” filtering mechanisms be justified.
fication may include analysis, applicable experimentalresults or a combination of both. Not
pold text within the SR indicates text that is different'between the categories.

ability Category Differentiation
analysis can be performed to different capabilities:

Capability Category I, no credit is taken for scrubbing for containment bypass events. This i
stent with the approach taken in NUREG/CR-6595.

Capability Category Il and. I'll, bypass analysis is carried out in a realistic manner whic
res that scrubbing of the elease is accounted for in the analysis. This also means thg
ication for the credited scruibbing is required. The decontamination factors used needs to b
stent with pool scrubping models and/or reactor building retention models used in analyse

= (D (D (D (D

13%

1°2}

L2 3 » r—

GULATORY POSITION

sion 2 ef Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objéction to the requirement.
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5.8.4 Supporting Requirements for HLR-LE-D

ASME/ANS Standard Section 2-2.8, Table 2-2.8-2(d), Supporting Requirements for HLR-
LE-D

ent

tructural capablllty for those containment challenges that would result in a large early release

ntent: To ensure that the containment structural capabilities are appropriately addressed with

espect to LER

$Rs: LE-D1 through LE-D7
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Index No.
LE-D Capability Category | Capability Category Il Capability Category Il
LE-D1 DETERMINE the | DETERMINE the containment
containment ultimate | ultimate capacity for the cont?irllzn-gsnﬁl\lﬂlllt'i\lnlwzate ca actir;e
capacity for the containment | containment challenges that pacity

challenges that result in a
large early release. USE a

result in a large early release.
PERFORM a realistic

for the containment challenges
that result in a large early

! - . . . | release. PERFORM a
conservative  containment | containment capacity analysis o .

. . S : realistic containment
capacity analysis for the | for the significant containment - Ivsi f
sigrificant contaiment——chalenges USE & capacity an;':l )I/IS 5 8 r

: . - containment challenges
challenges. If generic | conservative or a combination g /

assessments formulated for
similar plants are used,
JUSTIFY applicability to the
plant  being evaluated.
Analyses may consider use
of  similar  containment
designs or estimating
containment capacity based
on design pressure and a
conservative multiplier
relating containment design
pressure and median ultimate
failure pressure. Quasi-static
containment capability
evaluations are acceptable
unless hydrogen
concentrations are expected
to result in  potential
detonations. Such
considerations need to be
included for small volume
containments, such as the
ice-condenser  type. An
acceptable alternative is the
approach in NUREG/CR-
6595 [NOTE (1)].

of conservative and realistic
evaluation of containment
capacity for non-significant
containment challenges. If
generic calculations are used
in support of the assessment,
JUSTIFY applicability to the
plant being evaluated. Analyses
may consider use of similar
containment designs or
estimating containment capacity
based on design pressure and’/a
realistic ~ multiplier .relating
containment design pressure and
median ultimate failure pressure.
Quiasi-static containment
capability _evaluations  are
acceptable . unless  hydrogen
concentrations are expected to
result<in potential detonations.
Such-considerations need to be
included for small volume
containments such as the ice-
condenser type.

using plant-specific _input.
PROVIDE static andcdynami
failure capabilities; al
appropriate.

T CJ

NOTE (1): NUREG/CR-6595{Approach for Estimating the Frequencies of Various Containment Failure Mode

and Bypass Events, January(1999.

EXPLANATION OF REQUIREMENT

This| SR requires the determination of the containment capacities to establish containment fragility
curves. Fragility curves relate containment pressure to the probability of containment failurg.
Capdcity~/analyses can be established via plant-specific structural response calculations of

1°2

Tha lnvunl Af Ant~il AF thh

extrcnnlﬁfir\nn hacad AN ctriintiiral Aanalvenc AfF cimilary ~antatnmAnte

PUTRt OIS DUotU— U St Ot arnary ot s~ O S SOt iicTitos

TTIC—ICVCT Ul gttt O oic

analyses necessary to characterize containment performance limits is consistent with that of the
containment load analyses against which containment capacity will be compared. Note that bold text
within the SR indicates text that is different between the categories.

Capability Category Differentiation

This determination of containment capacity can be performed to three different capabilities:

For Capability Category I, a conservative analysis is used and can be based on analyses performed
for similar plants if the applicability to the containment being analyzed is sufficiently justified.
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Quasi-static analyses are sufficient for assessing containment capacity to withstand loads including
hydrogen combustion. Dynamic analyses are relevant only if hydrogen detonations are a possibility.
Assumptions such as assuming containment failure upon a detonation are consistent with this
capability category I. If the approach in NUREG/CR-6595 is used, conservative conditional
probabilities of containment failure (split fractions) are provided for some events in the simplified
containment-type-specific CETs.

For Capability Category 11, the analyses of the containment ultimate capacity is realistic for the
significant containment challenges, but can include conservatisms in the analyses for non-significant
Ta aftarySeS—at€ oCusSet—or—Pran spectftc—contatnmer petTormance,—ant wwhie the
application of reference plant analyses may be strong justificatign of
applicability is needed, otherwise it is likely to be inadequate. The analyses consider desigh deta
the containment structure such as free-standing steel shell, concrete-backed steel shell, pre-stre
post-tensioned or reinforced concrete. Discontinuities in the containment structure’ due to ghape
gransitions, wall anchorage to floors, changes in steel shell thickness or concrete réinforcemertt are
also considered, as are the interactions between the containment structure and neighboring strugtures
quch as the reactor vessel and pedestal, auxiliary buildings and other intérpal walls. Quasi-static
analyses are sufficient for assessing containment capacity to withstand-Joads including hydrogen
¢ombustion. Dynamic analyses are relevant only if hydrogen detonations are a possibility. When
ydrogen detonations in containment are low probability, conservative assumptions with regard to
¢ontainment integrity following detonation are acceptable.

For Capability Category 111, state-of-the-art analyses “of "the containment ultimate prefsure
¢apacity is performed using a plant-specific, finite-element model of the containment pregsure
boundary including sufficient detail to represent major discontinuities. Plant-specific data for
qtructural materials and their properties are used:{“The influence of time-varying containment
atmospheric temperatures and pressures is taken into account. To the extent that internal
emperatures are anticipated to be elevated for’ long periods of time (e.g., during the periqd of
aggressive core-concrete interactions), thermal growth and creep rupture of steel containment
qtructures is taken into account. Quasi-static analyses are supplemented with dynamic analysgs as
appropriate.

REGULATORY PQOSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
as no objection to the requirement.
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Index No.
LE-D Capability Category | Capability Category Il Capability Category Il
LE-D2 EVALUATE the impact of | EVALUATE the impact of | EVALUATE plant-specific
containment seals, | containment seals, penetrations, | behavior of:
penetrations, hatches, | hatches, drywell heads (BWRs), (a) Containment seals
drywell heads (BWRs) and | and vent pipe bellows and (b) Penetrations
vent piping bellows and | INCLUDE as potential (c) Hatches
INCLUDE as potential | containment  challenges, as (d) Drywell head (BWRs)
containment challenges, as | required. If generic analyses (e) Vent  pipe  bellows
reguired——An—asceeptableare—dsed—in—suppert—ef—the BWRs}fer-beyend-the
alternative is the approach | assessment, JUSTIFY design basik
in NUREG/CR-6595 | applicability to the plant being temperature angl
[NOTE (1)]. evaluated. pressure conditions.
NOTE (1): NUREG/CR-6595, Approach for Estimating the Frequencies of Various Containment Failure Modep

and H

EX
The

ypass Events, January 1999.

PLANATION OF REQUIREMENT

hatc

could result in a large early release. This SR calls for evaluating thistimpact, since it may govern th
ultimate containment capacity for certain challenges.
penefration sizes, types and their distribution (equipment and personnel hatches, piping penetrations
electrical penetration assemblies, ventilation penetrations), and.looks at penetration seal configuratio
and materials. Note that bold text within the SR indicates text that is different between the categories.

Cap
This
self-

RE

Revi
has 1

Litimate containment capacity can be impacted by the capacity of the ‘tentainment penetrationg
es, drywell heads and vent pipe bellows to withstand the identified potential challenges tha

The analysis assesses the full range o

ability Category Differentiation
evaluation can be performed to three different-capabilities: Category specific requirements ar
explanatory.

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009
0 objection to the requirement.

=h (D

—

-

D
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Index No.
LE-D Capability Category | Capability Category Il Capability Category Il
LE-D3 When containment failure | When  containment  failure | When containment failure

location [NOTE (2)] affects
the classification of the
accident progression as a
large early release, DEFINE
failure location based on a
conservative containment

accacomant wwhich occnnintc
Ret—AHHEH— HHRS

location [NOTE (2)] affects the
event classification of the
accident progression as a large
early release, DEFINE failure
location based on a realistic
containment assessment which
for

acoarintc nlant cnacific
) T e

location [NOTE (2)] affects
the event classification of the
accident progression as a large
early release, DEFINE failure
location based on a realistic
plant-specific ~ containment

accaccomant
TTeTItT

for plant-specific features.
JUSTIFY applicability of

TTCTOTTTT T OPeT

features. If generic analyses
are used in support of the

generic and other analyses. | assessment, JUSTIFY
Analyses may consider | applicability to the plant being
comparison with similar | evaluated.

failure locations in similar
containment designs. An
acceptable alternative is the
approach in NUREG/CR-
6595 [NOTE (1)].

INOTE (1): NUREG/CR-6595, Approach for Estimating the Frequencies of Marious Containment Failure I
dnd Bypass Events, January 1999.

INOTE (2): Containment failures below ground level may not be a large early release even if the timing is
$uch failures may arise as a result of failures in the basemat region,

EXPLANATION OF REQUIREMENT

[his SR addresses the fact that it may be important to assess the location of the containment fg
hecause of the implications the location may have for LERF. For example, given the same in-V
and ex-vessel releases inside containments'an early failure in the drywell of a Mark Il contain
¢ould typically result in a large early release to the environment, while an early failure in the we
airspace may allow justification that;the release is sufficiently scrubbed so as not to contriby
ERF. As noted in the note of the SR basemat melt-through can often be treated as not contrib
LERF because of the protracied times involved as well as the predicted radionuclide retenti
he soil. For large dry containments, early above ground containment structural failures resy
from a core damage event are considered contributors to LERF regardless of the postulated break
ote that bold text within’the SR indicates text that is different between the categories.

Capability Category Differentiation

qelf-explanatary in the differentiation:

Justified, but accounts for plant-specific features, is used. If the approach in NUREG/CR-659
sed;"the location evaluation is conservatively subsumed in the split fraction values assigng

his identification of failure location can be performed to three different capabilities and the $

-or Capability Category I, a conservative assessment, which can use applicable generic analy$

lodes

parly.

ilure
essel
ment
twell
te to
Liting
DN in
Iting
size.

d O
addressed.

For Capability Category Il, a realistic assessment, which can use applicable generic analyses if

justified, and accounts for plant-specific features, is used.
For Capability Category 111, a realistic, plant-specific assessment is used.
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REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has no objection to the requirement.
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Index No.

LE-D Capability Category | Capability Category Il Capability Category Il

LE-D4 | USE a conservative | PERFORM a realistic | PERFORM a  realistic
evaluation of interfacing | interfacing  system  failure | interfacing system failure
system failure probability for | probability analysis for the | probability analysis for the
significant accident | significant accident progression | accident progression
progression sequences | sequences resulting in a large | sequences resulting in a large
resulting in a large early | early release. USE a | early release. USE plant-
release. conservative or a combination | specific input.
H generic analyses—of—conservative—and—realistie—INGEUDE—behavior,  of
generated for similar plants | evaluation of interfacing | piping, relief valves,*pump
are used, JUSTIFY | system failure probability for | seals and heat exchanggrs at
applicability to the plant | non-significant accident | applicable temperature and
being evaluated. Analyses | progression sequences | pressure conditions.
may consider comparison | resulting in a large early | PROVIDE static and
with similar interfacing | release. dynamic.failure capabilities,
systems in similar | INCLUDE behavior of piping | as appropriate.

relief valves, pump seals and
heat exchangers at applicable
temperature and pressure
conditions.

containment designs.

EXPLANATION OF REQUIREMENT

arriers between low and high pressure systems that«can result in a pathway for a large early re

This SR requires the evaluation of potential containment bypass scenarios arising from failurgs of

ease

the environment. If a bypass of containment, sugh as an interfacing systems LOCA, is predicted to

ccur, then its effective size and location (e.g.,.frobability that the break is submerged in watel
Iso estimated in order to determine if it is a.contributor to LERF.

ize can be credited as a basis for binning accident sequences as non-LERF when the geometry ¢

elease path to the environment is known (such as through a non-isolated or ruptured pipe). Fof

) are

f the
this

ituation the LERF/ non-LERF ‘“boundary size would consider the source of the refease

RCS/containment) and other factors (See for example LE-D4). The basis for the binning sh
include consideration of the definition of LERF and the basis should be documented.

valuation of ISLOCAs assumes the ISLOCA pathway considers the statistical issues associated
e failure of common.valves. Specifically, at all capability category levels, the ISLOCA moq
gxpected to considerthe state-of-knowledge correlation in assigning the correct failure probabil
the ISLOCA line-failure rate. When the probabilities of a number of basic events are estimats

Eerformed by-using a Monte Carlo sampling approach, the same sample value should be used for
asic event probability, since the state of knowledge about the parameter value is the same for
gvents:This is called the state-of-knowledge correlation, and it results in a mean value for the

ould

with
el is
ty to
d by

ysing the samé data, the probabilities of the events will be identical. When an uncertainty analygis is

each
each
joint

robablllty that is Iarger than the product of the mean values of the event probabllltles ThIS resplt is

5 the

same data, and in partlcular when the uncertalnty on the parameter value is large. It has been found to
be significant in cut-sets contributing to ISLOCA frequency that involve rupture of multiple valves.
Additional information on the state-of-knowledge (or epistemic) correlation can be found in NUREG-
1855 or EPRI 1016737. The requirement for considering the state-of-knowledge correlation arises

from the LE —F3 SR, which refers back to Table 2-2.7-6(¢) of the Standard.
Note that bold text within the SR indicates text that is different between the categories.

Capability Category Differentiation

341



https://asmenormdoc.com/api2/?name=ASME NTB-1 2013.pdf

NTB-1-2013

This evaluation can be performed to three different capabilities:
For Capability Category 1, conservative, generic analyses can be used if shown to be applicable.

For Capability Category 11, realistic analyses are used for the significant accident progression
sequences, while conservative elements can be introduced for the analysis of non-significant accident
progression sequences. Plant-specific input for the type of system interfaces and capacities, as well as
appropriate temperatures and pressures are preferred.

For Capability Category 111, realistic analyses with plant-specific data are used for all the accident
prog@m@&wwwwmmms
applicable.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has njo objection to the requirement.
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Index No.
LE-D Capability Category | Capability Category Il Capability Category Il
LE-D5 | USE a conservative | PERFORM a realistic | PERFORM  a  realistic
evaluation of secondary side | secondary side isolation | secondary  side isolation
isolation  capability  for | capability analysis for the | capability analysis for the
significant accident | significant accident progression | accident progression
progression sequences | sequences caused by SG tube | sequences caused by SG tube
caused by SG tube failure | failure resulting in a large early | failure resulting in a large
resulting in a large early | release. USE a conservative or | early release. INCLUDE
release—H-generic—analysesa—eombiration—ofcenservativebehavier—eof—rehef— and
generated for similar plants | and realistic evaluation of | isolation valves at applifable
are used, JUSTIFY | secondary  side isolation | temperatures and- prepsure
applicability to the plant | capability for non-significant | conditions.
being evaluated. Analyses | accident progression
may consider comparison | sequences resulting in a large
with  similar  isolation | early release. JUSTIFY
capability in similar | applicability to the plant being
containment designs. evaluated. Analyses may
consider realistic comparison
with similar isolation
capability in simidar

containment designs.

EXPLANATION OF REQUIREMENT

This SR evaluates the ability to isolate the secondary-side in accident progression sequences
qteam generator tube failures. The ability to isolate the secondary side in a timely manner h
fimportant impact on whether a large early reléase will occur. Note that bold text within th
indicates text that is different between the categories.

apability Category Differentiation

his evaluation can be performed to-three different capabilities:

or Capability Category I, conservative estimates for secondary side isolation are used throug
esulting in a conservative contribution to LERF from SG tube rupture sequences.

with
iS an
e SR

hout,

or Capability Category I, realistic estimates for secondary side isolation is used for signifjicant

ccident progression seéquences with SG ruptures to obtain a more realistic contribution of
equences to LERF,

or Capability.Category 111, realistic analyses for secondary side isolation capability are cg
ut for all SGitube rupture sequences resulting in the most realistic estimate of the contributi
ese sequences to LERF.

these

rried
bn of

EGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,

has no objection to the requirement.
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Index No.
LE-D

Capability Category |

Capability Category Il

Capability Category Il

LE-D6

PERFORM a conservative
analysis of thermally-induced
SG tube rupture that includes
plant-specific procedures.
An acceptable alternative is
the approach in
NUREG/CR-6595 [NOTE

VAR

PERFORM an analysis of
thermally-induced SG  tube
rupture that includes plant-
specific procedures and design
features and conditions that
could impact tube failure. An
acceptable approach is one

that arerinoc At o Nlant cnacifis
o e T

PERFORM a realistic
analysis of thermally-induced
SG tube rupture that includes
plant-specific procedures and
key design features. Use
appropriate computer codes
to calculate the plant-

cnacific canditiane
c-coraTtrortos

\-/1

Tt T o [Tt OPtT

split fractions by selecting the
SG tube conditional failure
probabilities based on
NUREG -1570 [NOTE (2)] or
similar evaluation for induced
SG failure of a similarly
designed SGs and loop piping.
SELECT failure probabilities
based on:

(a) RCS and SG post-
accident conditions to
sufficient to describe the
important risk outconjes;

(b) Secondary side
conditions including
plant-specific ~, treatment
of MSSV{*and ADV
failures,

JUSTIFY: (assumptions and
selection~of key inputs. An
acceptable justification can be
obtained by the extrapolation
of*" the information in
NUREG-1570 to obtain plant-
specific  models, use of
reasonably bounding
assumptions or performance
of sensitivity studies indicating
low sensitivity to changes in
the range in question.

SdsAazan

NOT
and H
NOT
Marg

F (2):
h 1998.

EX

EAMATION OFE
X T OO

F (1): NUREG/ER=6595, Approach for Estimating the Frequencies of Various Containment Failure Mode|
ypass Events;January 1999.
NUREG-1570, Risk Assessment of Severe Accident-Induced Steam Generator Tube Rupturd,

1°2

L7"\T'N

The TI-SGTR is a highly complex issue. The SR ensures that thermally induced steam generator tube
rupture (TI-SGTR) is treated appropriately since such an event can provide a containment bypass path
and thus be an important contributor to LERF. TI-SGTR event analyses may require analyses to
determine the weakest RCS components and likelihood of a stuck open ADV. Such analyses may be
performed by a variety of severe accident analysis computer codes. Analyses simulate the post core-
damage RCS temperature distribution and creep failure properties of materials exposed to high RCS
pressures and temperatures. A significant resource for the understanding and modeling of TI-SGTR
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issues is NUREG-1570. Other sources of information are available from EPRI and the PWROG as

well as in some plant-specific PRA submittals. As knowledge in this area is still evolving, in

developing TI-SGTR models the developer may include insights from recent scenario simulations.

Uncertainties associated with TI-SGTR are considered in LE-F3. Note that bold text within the SR

indicates text that is different between the categories.

Capability Category Differentiation

This analysis can be performed to three different capabilities:

For Capability Category |, a conservative analysis is carried out. If the approach in NURE/CR-
595 is used the containment-specific simplified event trees contain conservative analyses of ISGTR.
or Capability Category I, the SR is self-explanatory and the guidance in NUREG-1570 can be
ollowed to obtain acceptable results.

or Capability Category 111, a realistic analysis under plan-specific conditions is<alled for.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-20009,
as no objection to the requirement.
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Index No.
LE-D Capability Category | Capability Category Il Capability Category Il
LE-D7 PERFORM containment | PERFORM containment | PERFORM containment
isolation analysis in a | isolation analysis in a realistic | isolation analysis in a realistic
conservative manner. | manner for the significant | manner. INCLUDE
INCLUDE consideration of | accident progression | consideration of both the
both  the  failure  of | sequences resulting in a large | failure of containment
containment isolation | early release. USE | isolation systems to perform
systems to perform properly | conservative or a combination | properly and the status of
ane—the—status—of—safety —of —conservative—er—realistie—safety—systems—that—de—nat
systems that do not have | treatment for the non- | have automatic isolation
automatic isolation | significant accident | provisions.
provisions. progression sequences
resulting in a large early
release. INCLUDE
consideration of both the failure
of containment isolation systems
to perform properly and the
status of safety systems that do
not have automatic isolation
provisions.
EXPLANATION OF REQUIREMENT

The
plant
asce
phys
cont
asce

examined regarding their isolation statuscif their failure to isolate represents a potential releas

path
Cap
The

state

RE

Revi
has 1

objective of this SR is to ensure that containment isolation failures contribute to LERF in th
being analyzed. The proper performance of the-containment isolation system should b
tainable from the plant damage state analysis carried out under the LE-A SRs. One of th
cal characteristics which can influence LERF:that LE-AL requires to be identified is the status of
hinment isolation.  Similarly, the status of~“most safety systems in terms of operability i
tained for the plant damage state analysis=“In the LE-D7 SR the safety systems may be furthe|

DD (D

D == )

vay. Note that bold text within the(SR indicates text that is different between the categories.
ability Category Differentiation

solation analysis can be performed to three different capabilities and the differentiation is clearly
d in the SR and is self-explanatory.

GULATORY POSITION

sion 2 of Regulatory’Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
0 objection to'the requirement.
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5.8.5 Supporting Requirements for HLR-LE-E
ASME/ANS Standard Section 2-2.8, Table 2-2.8-2(e), Supporting Requirements for HLR-
LE-E

HLR-LE-E: The frequency of different containment failure modes leading to a large early
ietease statt e quantified-and-aggregated:

ntent: To ensure that important contributors to LER are included and quantified

$Rs:  LE-E1 through LE-E4
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Index

No.
LE-E Capability Category | Capability Category |1 Capability Category 111
LE-E1 | SELECT parameter values for equipment and operator response in the accident progression analysis

severe accident plant conditions, as appropriate for the level of detail of the analysis.

consistent with the applicable requirements of paras. 2-2.5 and 2-2.6 including consideration of the

EXPLANATION OF REQUIREMENT

This
appr
also

were

Cap

While this SR is the same for all Capability Categories, the level of detail and realism appropriate fog

the (
reali
LER

RE

Revi
has
regu

SR requires that the equipment and human failures in the accident progression analysiscar
ppriately quantified, consistent with the HR and DA requirements found in the Standard. The-SK
cautions that plant conditions, which are likely to be more severe post-core-damage than the
pre-core-damage, be kept in mind when parameter values are selected.

ability Category Differentiation

Capability Category to which LERF is determined will be affected by the.level of detail an
bm of HR and DA requirements which this SR refers to. Note that the Capability Category of th
- determination may differ from that of the CDF determination.

GULATORY POSITION

sion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa2009
N0 objection to the requirement. In evaluating the-¢ompliance with this SR, also review th
atory position on the Human Reliability and Data related SRs for applicability.

137

ravd

o=

1%
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Index
No.
LE-E Capability Category | Capability Category Il Capability Category 111
LE-E2 | USE conservative parameter | USE realistic parameter | USE  realistic ~ parameter
estimates to  characterize | estimates to characterize | estimates to  characterize
accident progression | accident progression phenomena | accident progression
phenomena. A conservative | for significant accident | phenomena.
data set for some Kkey | progression sequences
parameters is included in | resulting in a large early
NUREG/CR-6595 PNOTFE—release—USE-conservative-ora
D] combination of conservative
and realistic estimates for non-
significant accident
progression sequences
resulting in a large early
release.
INOTE (1): NUREG/CR-6595, Approach for Estimating the Frequencies of Various' Containment Failure

Modes and Bypass Events, January, 1999.

EXPLANATION OF REQUIREMENT

This SR requires appropriate parameter estimates for severe ac€ident phenomena. Characterizati
devere accident parameters is often complex and involves. significant uncertainty. Param
¢haracterizing severe accident phenomenological processes are used in the determination of
ractions/basic events and associated quantification of.the accident progression analysis. Notg
old text within the SR indicates text that is differenthetween the categories.

apability Category Differentiation
his estimation can be performed to three different capabilities:

or Capability Category |, conservative parameter estimates are used and if the approag
UREG/CR-6595 is used then the .split fractions provided in the containment-specific simp
vent trees already provide conservative estimates for much of the phenomena.

or Capability Category I, realistic parameter estimates are needed for the significant acc
rogression sequences leading)to a large release. Therefore, parameter estimates for phenomen
ased on appropriately_realistic generic or plant-specific analyses regarding thermal/hydraul
hemical processes and:structural capacities in these significant sequences.

or Capability ,Category 111, realistic parameter estimates are needed for the all acc
rogression seguences. Therefore, parameter estimates for phenomena are based on appropri
ealistic generic or plant-specific analyses regarding thermal/hydraulic or chemical processes
tructural capacities.

or all three capability categories, the use of expert judgment is likely to be prevalent when de
ith-the complexities of severe accident phenomena.

bn of
eters
split
that

h of
ified

dent
A are
c or

dent
ately
and

aling

REGULATORY POSITION

Revision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,

has no objection to the requirement.
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Index
No.

LE-E Capability Category | Capability Category Il Capability Category 111
LE-E3 INCLUDE as LERF | INCLUDE as LERF contributors | INCLUDE as LERF
(new) contributors potential large | potential large early release | contributors potential large

early release (LER) sequences | (LER) sequences identified | early release (LER) sequences
in a conservative manner; | from the results of the accident | from the results of the
i.e., designate early | progression analysis of LE-C | accident progression
containment failures, bypass | except those LER sequences | analysis by carrying out the
segHences—ane——iselation——justified as reoR-EERF—appropriate—sodree—term
failures as LERF | contributors in LE-C1. calculations.
contributors. The LER
sequences identified in
NUREG/CR-6595 [NOTE
(1)] provide an acceptable
alternative.
NOTE (1): NUREG/CR-6595, Approach for Estimating the Frequencies of Various/Containment Failurg
Modgs and Bypass Events, January, 1999.
EXPLANATION OF REQUIREMENT
This|SR ensures that accident progression sequences with the poténtial for a large early release arg
apprppriately included as LERF contributors. LERF contributors'are to be consistent with the mode|l
devejoped in HLR-LE-B and HLR-LE-C. Note that bold text within the SR indicates text that is

diffe
Cap
This
For
desig
ident
For
releq
in L
Cate

estinpates based on scrubbing,/hold-up, etc.

Fo
sequ

—

RE

Fent between the categories.

ability Category Differentiation
identification can be performed to three different,Capabilities:

Capability Category I, all sequences with a potential early release to the environment ar
nated as LER F contributors. If the approach of NREG/CR-6595 is used LER sequences ar
ified from the containment-specific sithplified event trees.

Capability Category 11, all accident progression sequences identified as potential large earl
se sequences in LE-C are considered LERF contributors unless there was justification provide
F-C1 that a sequence can be(excluded because of release magnitude or timing. In this Capabilit
jory release magnitudestare not based on actual source term calculations, but on coarse

Capability Catggory 111, actual source terms are calculated for the accident progressio
bnces and theip-magnitude and timing determines their contribution to LERF.

GULATORY POSITION

b R = ma DD

=

Revi

510n-2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009

has no objection to the requirement.
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Index
No.
LE-E Capability Category | Capability Category Il Capability Category

LE-E4 QUANTIFY LERF consistent with the applicable requirements of Tables 2-2.7-2(a), 2-2.7-3(b) and

2-2.7-4(c).
NOTE: The supporting requirements in these tables are written in CDF language. Unde

requirement QU-A2 addresses the calculation of point estimate/mean CDF. Under this require

tha annhicatian of OLLA2 vwarld annh o tha auantificatinn Af naint actimata/maan | ERE
tHE-a PP HEHE - oW thaaPPHytotRe-guahtHcaHOR-0H P e+ EeSHate e = T

r this

requirement, the applicable quantification requirements in Tables 2-2.7-2(a) through 2-2.7-5(d)
should be interpreted based on the approach taken for the LERF model. For example, supporting

ment,

EXPLANATION OF REQUIREMENT

the Standard. The requirement applies only to the quantification of LERF states.. Non-LERF s

demonstrating that the sum of LERF and non-LERF states are sufficiently close to the CDF valu

pically lose sequences due to roundoff.

EGULATORY POSITION

evision 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard
a-2009, has no objection to the requirement. In:evaluating the compliance with this SR,
eview the regulatory position on the Quantification related SRs for applicability.

This SR requires quantification of LERF consistent with the QU-A, QU-B and QU-Cequirements of

ates,

Ithough not explicitly discussed, may be tracked to help validate the solution schemg¢ by

e. A

trict equality may be established for a PDS approach, however alternate’ numerical schemes will

RA-
also
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5.8.6 Supporting Requirements for HLR-LE-F

ASME/ANS Standard Section 2-2.8, Table 2-2.8-2(f), Supporting Requirements for HLR-
LE-F

Intent: To identify and understand metrics that provide risk insights, and to ensure that'the analysis
is providing logical results

SRs] LE-F1 through LE-F3
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Index No.
LE-F Capability Category | Capability Category |1 Capability Category Il
LE-F1 IDENTIFY the significant | PERFORM a quantitative evaluation of the relative

contributors to large early | contribution to LERF from plant damage states
releases (e.g., plant damage | significant LERF contributors from Table 2-2.8-9.
states, containment failure
modes).

and

his SR requires that results be reviewed to determine insights regarding the plant risk in termsaf the

ignificant contributors to LERF. LERs are important from the perspective of public)safety
erefore insights at this level can help formulate better emergency response procedures

and
and

identification of areas where procedure improvement or modest design changesnay be helpful.

esults at this level also provide a basis for a sanity check (see also LE-F2)=—Note that bold
ithin the SR indicates text that is different between the categories.

apability Category Differentiation
his identification can be performed to three different capabilities:

text

or Capability Category I, a qualitative assessment of the contributors is carried out to provide

insights regarding plant vulnerability from a particular plant{damage state or containment fé
ode.

ilure

or Capability Category Il and 111, quantitative contributions to LERF are provided accordipg to
ifferent groupings, e.g., by plant damage states, by containment failure modes, by contributors [from

able 2-2.8-9, by phenomena, etc.
or all three capability categories, any plant uniguie contributors are identified.

EGULATORY POSITION

evision 2 of Regulatory Guide 1:200, in its endorsement of ASME/ANS PRA standard RA-Sa-2
as no objection to the requirement.

009,
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Index No.
LE-F Capability Category | Capability Category |1 Capability Category Il
LE-F2 REVIEW contributors for reasonableness (e.g., to assure excessive conservatisms have not
skewed the results, level of plant-specificity is appropriate for significant contributors, etc.).

EXPLANATION OF REQUIREMENT

This SR ensures that the analysis is providing logical results so that the insights gained are legitimate.
This.task is a formal Qanify check of the | ERFE results The SR also implim a check that the level of

plant-specificity is appropriate for the Capability Category to which the LERF analysis has been
perfgrmed.

REGULATORY POSITION

Revigion 2 of Regulatory Guide 1.200, in its endorsement of ASME/ANS PRA standard RA-Sa-2009,
has njo objection to the requirement.
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Index No.
LE-F Capability Category | Capability Category |1 Capability Category Il
LE-F3 IDENTIFY and CHARACTERIZE the LERF sources of model uncertainty and related

assumptions, consistent with the applicable requirements of Tables 2-2.7-5(d) and 2-2.7-6(g).

NOTE: The supporting requirements in these tables are written in CDF language. Under this
requirement, the applicable requirements of Table 2-2.7 should be interpreted based on LERF,
including characterizing the sources of model uncertainty and related assumptions associated
with the applicable contributors from Table 2-2.8-9. For example, supporting requirement QU-
D6 addresses the significant contributors to CDF. Under this requirement, the contributors

waordd-bhaidantifiead - hacad an-thair cantributionto-l ERE
WotHeoetaeHtHHea SHteH—-GOHtHBHHOH O~

EGULATORY POSITION

EXPLANATION OF REQUIREMENT

This SR requires identification and characterization of sources of model uncertaifity and related
gssumptions consistent with the QU-E requirements of the Standard. The uncertainty assessmant is
focused on characterize the uncertainties so that the plant staff understands“the implications of
gssumptions and parameter selections embedded in the LERF model. Sensitivity studies may be|used

demonstrate impact of parameter selection alternatives. Guidance ‘for the treatment of njodel
ncertainty can be found in NUREG 1855 and EPRI 1016737.

evision 2 of Regulatory Guide 1.200, in its endorsement'of ASME/ANS PRA standard RA-Sa-2009,

as no objection to the requirement.
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