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UNITED STATES
NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

July 31, 2001
MEMORANDUM TO: ACRS Members
FROM: Michael T. Markley, Senior Staff Engineer
SUBJECT: ASME STANDARD FOR PRA FOR NUCLEAR POWER PLANT

APPLICATIONS AND SUPPORTING WHITE PAPER

The purpose of this memorandum is to forward Revision 14A of the ASME Standard for PRA for
Nuclear Power Plant Applications and the supporting White Paper for consideration by the
Committee.

Background

The ACRS previously offered comments on the proposed ASME Standard (internal events) in
letters dated March 25, 1999 (Revision 10) and July 20, 2000 (Revision 12). The ASME Project
Team has incorporated stakeholder comments and the proposed Standard has been issued for
a last round of public comments before final approval by ASME.

The ACRS staff suggested and Dr. Apostolakis agrees that there is no need for the Committee
to review Revision 14A of the ASME Standard. It is expected that the NRC staff will consider
endorsing the final version of the ASME Standard in a future revision to Regulatory Guide 1.174
with exceptions and clarifications, as appropriate.

In parallel, it will be important for the Committee to consider the relationship between the ASME
Standard and other ongoing initiatives related to PRA quality, e.g., ANS Standards for external
events and for low-power and shutdown operations, industry peer review certification guidelines
(NEI 00-02), and proposed Revision 1 (Draft Guide 1110) to Regulatory Guide 1.174 (SECY-00-
0162).

Expected Committee Action

No Committee action is expected at this time. Revision 14A to the ASME Standard is provided
for information only. The Committee plans to review a future revision to Regulatory Guide 1.174
endorsing the ASME Standard during a future meeting.

Attachments: ACRS letters 3/25/99 and 7/20/00
ASME Standard Rev. 14A and associated White Paper

cc w/o attach: ACRS Staff and Fellows
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NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
WASHINGTON, D.C. 20555-0001

July 20, 2000

Dr. William D. Travers

Executive Director for Operations
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Dear Dr. Travers:

SUBJECT: PROPOSED FINAL ASME STANDARD FOR PROBABILISTIC RISK
ASSESSMENT FOR NUCLEAR POWER PLANT APPLICATIONS

During the 474™ meeting of the Advisory Committee on Reactor Safeguards, July 12-14, 2000,
we met with representatives of the American Society of Mechanical Engineers (ASME)
Committee on Nuciear Risk Management (CNRM) to discuss the proposed final Standard for
Probabilistic Risk Assessment (PRA) for Nuclear Power Plant Applications. Our Subcommittee
on Reliability and PRA met with the ASME CNRM on June 28, 2000, to discuss this matter. We
previously reviewed a draft version of the ASME Standard and commented in a letter dated
March 25, 1899.

Conclusions and Recommendations

1. The proposed Standard is not a traditional “design-to” engineering standard or a
procedures guide. Consequently, any argument that a PRA should be accepted by the
staff simply because it meets the Standard would not be valid.

2. The Standard should be useful because it provides a framework for the systematic
assessment of PRA elements. This will aid staff reviews by identifying weak elements in
a PRA. Because the Standard can accommodate a wide range of PRA quality,
however, the staff will still need to make a case-by-case assessment of the adequacy of
the PRA. :

3. The three categories of PRA requirements propoéed in the Standard deal reasonably
with the wide range of risk-informed decisions. The differences among the categories
should be delineated more clearly, especially the treatment of uncertainties.

4. The discussion of the categories of requirements needed for particular regulatory

applications that is given in Section 1.5, “Application Categories,” can be misleading and
should be deleted.
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5. More guidance and examples should be given on the circumstances under which

supplementary analyses would be needed and how they would enhance the scope and
level of detail in a PRA.

“Piscussion

The quality of PRA is at the heart of a successful risk-informed regulatory system. The term
"quality” includes many things, such as issues of scope, detail, and technical adequacy of the
analyses. PRAs are very ambitious. To model everything that is relevant in a particular
situation, including hardware failures, human performance, as well as physical and chemical
phenomena, is extremely difficult. Defining PRA quality a prioriis a highly subjective and very
difficult task, given the varied nature of potential risk-informed decisions. Thus, PRA quality
should be evaluated in the context of the decision the PRA supports. i, for instance, a
particular decision is insensitive to recovery actions, a PRA that does not include such actions
would not suffer in quality for that particular decision. :

The Standard recognizes this difficulty and proposes three categories of requirements that
determine the range of applications for which a PRA would be appropriate. The delineation of
the differences among categories is not always clear and this situation is exacerbated by the
fact that the Standard relies primarily on tables with limited accompanying text. More details on
the differences among the categories and further elaboration on the requirements would be
beneficial.

The NRC staff will ultimately have to decide whether the submitted risk information is sufficient
and of adequate quality to support a particular risk-informed decision. The categories and the
associated requirements will facilitate this process by helping all parties involved establish a
common PRA language and by providing a framework within which potential weaknesses of the
PRA could be identified early in the decisionmaking process.

The Standard should not be viewed in the same way as other, more traditional, “design-to”
standards usually associated with ASME. PRAs of a wide range of quality could be said to
meet the requirements of the Standard. Consequently, any argument that a PRA should be
accepted by the staff simply because it meets the Standard is moot. The discussion of the
categories of requirements needed for a particular regulatory application provided in Section 1.5
of the Standard should be deleted to avoid misunderstandings and misleading expectations.
We were told by the ASME representatives that they would consider revising this Section to
avoid these problems.

For a given application, the Standard allows the use of supplementary analyses to augment the
PRA but does not provide guidance on the scope and level of detail of these analyses relative
to that provided for the categories. Lack of such guidance may increase the NRC staff effort
required to assess the appropriateness of the supplementary analyses in risk-informed
decisionmaking.
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We offered a number of detailed comments on the Standard that the ASME représentntives
agreed to consider. We look forward to reviewing the staff’s work related to this matter.

Sincerely, :

| SMQ’RW

Dana A. Powers
Chairman

Beferences: ;

1.

Letter dated June 14, 2000, from G. M. Eisenberg, ASME Intemational, to M. Markley,
ACRS, transmitting Draft #12 of Proposed ASME Standard for Probabilistic Risk
Assessment for Nuclear Power Plant Applications, dated May 30, 2000.

American Society of Mechanical Engineers, "White Paper and Guidance to Reviewers of
the Draft ASME Standard for Probabilistic Risk Assessment for Nuclear Power Plant
Applications,” dated June 13, 2000.

Letter dated March 25, 1998, from Dana A. Powers, Chairman, Advisory Committee on
Reactor Safeguards, to William D. Travers, Executive Director for Operations, NRC,
Subject: Proposed ASME Standard for Probabilistic Risk Assessment for Nuclear Power
Plant Applications (Phase 1).
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March 25, 1999

Dr. William D. Travers

Executive Director for Operations

U. S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Dear Dr. Travers:

SUBJECT: PROPOSED ASME STANDARD FOR PROBABILISTIC RISK ASSESSMENT
FOR NUCLEAR POWER PLANT APPLICATIONS (PHASE 1)

During the 460™ meeting of the Advisory Committee on Reactor Safeguards, March 10-13,
1999, we met with representatives of the American Society of Mechanical Engineers (ASME)
Committee on Nuclear Risk Management (CNRM) to discuss the proposed Standard for
Probabilistic Risk Assessment (PRA) for Nuclear Power Plant Applications (Phase 1). The
purpose of this Standard is to provide a means to ensure that the technical quality of PRAs is
sufficient to support the regulatory review and approval of licensee risk-informed applications.
We also had the benefit of the documents referenced.

Conclusions and Recommendations

1. The proposed Standard has the potential of being very useful to both the industry and
the NRC. Although additional work remains, the overall approach to defining necessary

PRA requirements is good.

2. Subsection 3.5 on the use of expert judgment and the associated nonmandatory
guidance in Appendix A are inconsistent with other parts of the Standard and should be
revised. Subsection 3.5 should identify the major issues involving the use of expert
opinion in a PRA and not focus on a particular approach.

3. We agree with the CNRM decision to move Section 7 to the beginning of the Standard to
present the risk assessment application process early in the document.

4, Consideration should be given in the Standard to recommending participatory peer
review throughout the development or application of the PRA in preference to a

posteriori review.
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Discussion

The move toward a risk-informed regulatory system has increased awareness of the need to
examine the quality of PRA methodologies. Risk information used for regulatory decisions must
be based on credible models and methods.

The lack of confidence in the quality of PRAs will impede their use in the regulatory process.
For example, the Individual Plant Examination (IPE) Insights Report (NUREG-1560) showed
that there is variability in PRA results that can be attributed to different analytical tools used by
licensees. On the basis of its review of licensee |IPEs, the staff determined that assumptions
used by some licensees were unacceptable and requested those licensees to improve their
analyses. The development of a Standard that defines the necessary and minimum
requirements for acceptable PRA quality is, therefore, essential.

Developing this Standard is not a straightforward process. If the Standard is too prescriptive, it
could impede the further development and refinement of PRA models. On the other hand,
simply listing all the methods and models that analysts have used or proposed in the past is not
helpful because it presents all such tools as being equally credible or useful when, in fact,
experience has shown that they are not. ' '

We believe that the CNRM, who developed the proposed Standard, has established an
appropriate balance between specificity and flexibility. The proposed Standard provides
requirements that the CNRM believes are necessary for a quality PRA. Although there are
references to methods in which there is broad consensus on their appropriateness, the CNRM
has wisely refrained from being overly prescriptive in areas where the choice of methods is less
clear. Because the actual methods for satisfying the requirements are not prescribed, merely
meeting the requirements does not guarantee that a PRA will be of acceptable quality. Thus,
the Standard also requires a peer review process to ensure acceptable quality. We agree with
the CNRM that a robust peer review process is at present the best way to assess quality.
Consideration should be given in the Standard to recommending participatory peer review
throughout the development or application of the PRA in preference to just a review after
completion of the work.

An exception to the CNRM decision not to specify methods is the treatment of expert judgment.
Expert judgment has proven to be a ubiquitous element of modem PRAs for nuclear power
plants. Overall, the proposed treatment of expert judgment in the Standard and in the
nonmandatory Appendix A touches on nearly all the points that are needed. It puts an
unwarranted emphasis on a particular approach to expert judgment. Subsection 3.5 should be
revised to be consistent with the remainder of the Standard. Also, since it is not common
practice to employ formal expert judgment methods in Level 1 PRAS, a discussion of the
conditions requiring such treatment, with examples, would be very useful.

Subsection 7.5 requires that the users determine whether the scope and level of detail of the

Standard are sufficient for an application and to provide a technical basis for this determination.
Additional guidance should be provided in the Standard to clarify what is expected of the users.
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To date, the work done to develop the proposed Standard and associated guidance is
commendable. The Standard, when integrated with other industry and NRC initiatives, should
greatly enhance progress toward risk-informed nuclear operations and regulatory
decisionmaking. We applaud the staff for initiating this effort and for actively participating in the
working committees.

We offer detailed comments in the attachment to this letter for the benefit of the CNRM in
developing the proposed final version of the Standard and the NRC staff in considering possible
endorsement. We look forward to reviewing the proposed final Standard following the
reconciliation of public comments.

Sinoerely.

b OL (N Ot

Dana A. Powers
Chairman

References:
1. American Society of Mechanical Engineers, ASME RA-S-1999 Edition Draft #10,

*Standard for Probabilistic Risk Assessment for Nuclear Power Plant Applications,” draft
released for public comment, dated February 1, 1999.

2. American Society of Mechanical Engineers, “White Paper and Guidance for Reviewers

- of the Draft ASME Standard for Probabilistic Risk Assessment for Nuclear Power Plant

Applications,” received February 8, 1999.

3 U.S. Nuclear Regulatory Commission, NUREG-1560, *Individual Plant Examination
Program: Perspectives on Reactor Safety and Plant Performance,” Vols. 1-3, December
1897.

4. U.S. Nuclear Regulatory Commission, NUREG-1150, *Severe Accident Risks - An
Assessment for Five U.S. Nuclear Power Plants,” December 1990.

5. U.S. Nuclear Regulatory Commission, Regulatory Guide 1.174, “An Approach for Using
Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes to
the Licensing Basis,” July 1998.

Attachment: As Stated
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ATTACHMENT

Detailed Commen n Proposed ASME Standard for for Nuclear Power Plant

Applications {(Phase1)
Scope
Subsection 1.1 states that the Standard sets forth criteria and methods for developing

and applying PRA. It should be made clear that the emphasis is on criteria and that
particular methods are not prescribed.

DEFINITIONS

A Section 2 requires a thorough review. Considering the broad range of potential
applications for this Standard, close scrutiny should be given to ensuring that the
definitions are consistent with generally accepted reactor and risk terminology
and that terminology used in each section of the Standard is appropriately
addressed.

B. Many of the listed definitions are not needed. For example, there is no need to
describe a mathematical method such as Monte Cario simulation. Similarly, there
is no need to define a “severe accident.” The inclusion of the words “beyond
design basis” in the definition is not appropriate.

C. Some of the listed definitions are not useful. For example, an “importance
measure” is called a mathematical expression that defines a quantity of interest.

D. Several of the listed definitions are inaccurate or incorrect. Examples of the
former are the definitions of “station blackout,” “core damage frequency,”
“‘unavailability,” and “cut sets.” An example of the latter is the definition of the
“failure rate.”

E. Many terms in the text, which should be included in the definitions, are not
defined in Section 2. Examples are: EOPs, 1&C, ECCS, safety-related SSCs,
aleatory and epistemic uncertainties, and single-failure criterion.

Scope

*Internal Flooding Analysis” is located in the wrong place in Fig. 3.1-1, “Technical
Elements of a PRA Model.”

Plant Familiarization

Page 18: An |mpor1aﬁt example of the plant familiarization that should be made explicit
is crew performance on simulators during known, generic, time-critical sequences. Thns
provides an appropriate understanding of man-machine interaction.
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3.3.1

332

333

3.34

3.3.5

Initiating Event Analysis

A list of the initiating events that have been used in PRAs should be included with
appropriate guidance.

Sequence Development

The explicit description of conditional split fractions and of fault tree linking is appropriate
because they are established and accepted approaches. Similarly, a portion of the
discussion on event sequence diagrams and system dependency matrices should be
removed from the nonmandatory Appendix A and relocated into the main body of the
Standard.

Success Criteria
A. Page 23: The list of high-level functions should also include neutronic shutdown.

B. Page 23: Criteria resulting from neutronic analyses should be added to the list of
requirements.

C. Page 23: The statement that bounding analyses can be used conflicts with Sub-
paragraph 3.3.4.3, “Use of Realistic Success Criteria.”

D. Page 23: Second column: specifies that “Bounding thermal-hydraulic analyses
from the plant’s SAR ... may be used when detailed analyses are not practical.”
This statement conflicts with the word "shall” used in Subparagraph 3.3.4.3 to
ensure that realistic criteria are used.

Systems Analysis

A The Standard should caution users that the calculation of the average
unavailability of systems with redundant trains is not the product of the average
unavailabilities of the individual trains. The time-averaging process introduces
dependencies among train unavailabilities.

B. Page 32: The definition of the term “common-cause equipment failure” is not
consistent with the definition provided in Section 2.
Data Analysis

A. Page 35: Although it is stated that the subjectivist approach to probability ought
to be adopted, the Standard proceeds to discuss frequentist methods
(Subparagraphs 3.3.5.1.4 and 3.3.5.3.5) that are inconsistent with this
recommendation on the subjectivist approach.
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3.36

3.3.8

3.3.9

3.4.2

Page 35: The Standard should be clarified to state when frequen.
can be used and for what purpose. It should state that no PRA that.
uncertainty analysis has considered these methods useful.

Page 40: The Standard should be clarified to state that the analysis of comn..
cause failures will require the use of generic data that are applicable to the
specific plant under analysis.

Human Reliability Analysis

Page 45: The statement in Subparagraph 3.3.6.3.1 that recovery actions shall be limited
to those actions for which some procedural guidance is provided or for which operators
receive frequent training is inconsistent with the statement in 3.3.7.6 that extraordinary
recovery actions that are not proceduralized shall be justified in the analysis.

Level 1 Quantification and Review of Results

A

Page 51: It is not clear what the CNRM means in Paragraph 3.3.8.1.2 by the
exception stating, “If only point estimate quantification is completed, that point
estimate shall be the mean.” Does this mean that the “mean value” should be
calculated using rigorous methods? What does the CNRM mean by “point
estimates™?

Page 51: The requirement in Subparagraph 3.3.8.1.3 that model uncertainty be
evaluated needs additional discussion. This evaluation can range from a quick
estimate of uncertainty to the use of formal methods for expert opinion elicitation,
as was done in NUREG-1150. Furthermore, additional guidance should be
provided to clarify how the sensitivity studies should be done and how the results
may be used.

Level 1 and Level 2 Interface

A

The determination of uncertainty should be given more discussion and a more
prominent position in the Standard.

Page 55: The second example of accident sequence characteristics that should
be considered refers to the “RCS pressure at core damage.” This should be
replaced with the “RCS pressure at the time of vessel penetration.”

There should be a brief discussion on how to extract the Regulatory Guide 1.174
equivalent [large, early release frequency (LERF)] from the results of the detailed
Level 2 PRA analysis.

Mapping of Level 1 Sequences

These risk assessments depend on the adequacy of the user’s modeling of the physical
response of the entire system to accident conditions. For example, whether or not a fan

61







344

3.5

4- .
cooler fails due to internal waterhammer, or waterhammer in a piece of pipe to which it is
connected, depends on many details of the piping geometry, ups and downs, water-
storage tanks, starting transients of pumps when connected to the entire system of
pipes, valves, tees and components, the rate of rise of containment temperature and
humidity, etc. A technical analysis, including evaluation of uncertainties in modeling,
plays the biggest role in assessing failure probability, rather than some characteristics of
the device itself. The PRA is fragile if it is not based on the comprehensive analysis of E;
system response. The Standard should reflect this dependence. :

Radionuclide Release

A Page 62: The last bullet calls for “the size distribution of radioactive material
released in the form of an aerosol.” Isn't this a time-dependent parameter? Is it
to be specified as a function of time or an average? %

B. Table 3.4.4-1 may be overkill with respect to the needs for determining LERF.
Not all of the fission products are significant for LERF although they can be for a
full Level 2 PRA analysis.

C. Page 64: Calls for including the release energy in the radionuclide source term.
Is this the temperature, the enthalpy, the internal energy? Does it include

radioactive energy?

D. Table 3.4.4-2 does not contain all of the key uncertainties. It should be
expanded. .

E. Page 65: Under the first example, the comment is made that “higher retention

efficiencies were attributed to sequences involving low coolant system pressure
than those involving high pressure.” Is this correct? Was it not the inverse?

F. There is a need to discuss the release and effects of non-radioactive aerosols .
from the core. ‘
Expert Judgment

A What are the criteria for deciding when expert judgment must not be used in
order to have a PRA of acceptable quality?

B. When are higher level treatments of expert judgment necessary to ensure that a l
PRA of acceptable levels of quality is produced? If there are not definable ;
occasions when higher order treatment is needed to ensure adequate quality,
why does not the Standard specify the minimum acceptable level of treatment
and leave to guidance (i.e., in the Appendix) the discussion of higher levels of
treatment that are not likely to ever be used?

C. The Standard requires that the problem to be addressed by the experts be
specified in advance. Why is it not required that the experts be allowed to modify
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the problem? This is allowed in the nonmandatory guidance in Appendix A and
would seem to be wise since the experts are very likely to know more about the
issue than the PRA team.

The Standard requires that the degree of importance of the issue be determined,
but provides no quantitative indication of the measure of importance. How can
this be omitted if the goal is to have a PRA of adequate quality? The
nonmandatory guidance provides some qualitative indications of importance that
are sufficiently vague to ensure that all issues can be relegated either to the
lowest or to the highest category of importance. Is it not possible to provide a
specification of the measure of importance of an issue?

The Standard requires also that the complexity of the issue be determined. Here
even the nonmandatory guidance is of no help. In the nonmandatory guidance,
levels of complexity are described. In some cases these levels are described as
“... levels of complexity of the issue under consideration...” (p.103-A-3.5.1[2.2]).
But elsewhere these are described as “... levels of complexity in the use of
experts...” (p.101-A) and it is apparent that this is the real meaning of the terms.
What is the meaning of the “level of complexity of the issue® as specified in
Paragraph 3.5.1(b)? What is the measure of complexity to be used?

Paragraph 3.5.3: The decision to use outside experts rather than relying on the
collective wisdom of the PRA analysis team would seem to be a step in the
direction of the quality of the PRA that may not be needed. The decision to do
this is left completely to the judgment of the team. Surely, it must be known that
there are issues that can be resolved properly for the purposes of producing a
PRA of adequate quality only by using outside experts. Why are the
characteristics of these issues not described?

Paragraph 3.5.4: A crucial step in the formulation of the expert judgment for the
PRA is the aggregation of the various expert judgments. No requirements for this
step are provided. How is this absence of any specification for such a crucial
step consistent with the goal of having a PRA that has adequate quality?

Subparagraphs 3.5.4.1 and 3.5.4.2: Regarding Levels A, B, C, and D, there is no
indication in the Standard of what these Levels are. The nonmandatory guidance
provides some idea of what they are for those who choose to follow this
guidance. What are the meanings of Levels A, B, C, and D for those who elect
not to follow the nonmandatory guidance? People familiar with the formulation of
standards should be added to the group preparing this Standard. Similar flaws
arise throughout the discussion in these Subparagraphs. What are four levels of
consensus? If the guidance in Appendix A is to be followed, the Standard should
require it. Otherwise, revise the Standard so that it stands alone.

Why are requirements for documentation of the expert judgment process not
mentioned by reference in Subsection 3.5?
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4. Documentation

- 6.2

6.5

7.6

The CNRM provides a listing of specific documentation requirements for a PRA that
reflects, one-for-one, the listing of Risk Assessment Technical Requirements provided in
Section 3. Although this listing is redundant, a concise listing of these documentation
requirements would be helpful in avoiding diverse assessments of the Section 3
requirements. A careful review of Section 4 should follow the rewrite of Section 3. Also,
where documentation requirements are stated in Section 4, a more specific statement of
the kind of assessments necessary to satisfy these requirements should be useful, e.g.,
in the evaluation of the consequences of a residual heat removal system train failure, an
adequate thermal-hydraulics analysis of system response is needed.

Review Team Personnel Qualifications
A Define or describe the requirements for "indoctrination on the PRA process.”

B. How were the various experience requirements established? e.g., "The team,
collectively, shall have 15 years of experience in performing the activities related
to the technical elements of the nuclear power plant PRA identified in Section 3 of
this Standard.”

C. The last paragraph is a documentation requirement, which may not belong in
Subsection 6.2.

Review of Technical Elements

Consider a generic approach to defining when detailed or limited review is required.
Consider reducing the redundancy of review guidance.

Determination of Scope and Level of Detail of Standard are Sufficient for Application

We are perplexed by the suggestion in Subsection 7.5 that the users determine whether
the Standard is sufficient. Subsection 7.5 should be expanded to provide detailed
guidance regarding the determination that the Standard is not sufficient to support a
particular application and why alterative methods are needed. Also, a new section
should be added to provide guidance on how users may recommend improvements to
the Standard and for ASME to maintain and update the Standard.







- PREDECISIONAL DRAFT PROVIDED FOR INTERRAL ACRS USE 0"

White paper and guidance for reviewers of the draft
ASME Standard for Probabilistic Risk Assessment for
Nuclear Power Plant Applications

A project team under the ASME Committee on Nuclear Risk Management (CNRM) is
drafting a new standard on the use of PRA to support risk-informed applications at
nuclear power plants. At this point in the development of the standard, the team is
seeking broad review and comment. The feedback received will be considered by the
project team in revising this draft before the standard is submitted to CNRM as part of the
formal ASME consensus process.

To facilitate quality reviews and reviewer understanding of the scope and content of this
draft, ASME will post additional material, in the form of appendices to this draft, on the
ASME website on or before February 17, 1999. Also, a public workshop will be held to
give reviewers an opportunity to meet with members of the project team. Details of this
workshop will be posted on the ASME web site on or before February 1, 1999.

The comment period will end on April 29, 1999. Comments should be submitted to
Jess Moon, ASME staff secretary of the CNRM Project Team, at moonj@asme.org
not later than April 29, 1999.

Background

The origin of this effort is described in the Foreword of the accompanying draft standard.
The purpose of this standard is to provide a way to ensure that the technical quality of a
PRA used to support a risk informed application is sufficiently adequate for that
application, such that the level of regulatory review needed for approval of that
application is minimized. This is done by, first, describing a “reference” PRA in terms of
its technical elements (Section 3), required documentation (Section 4), configuration
control (Section 5) and peer review requirements (Section 6). The standard then describes
a process (Section 7) for:

e determining the extent to which the reference PRA technical elements are necessary
and sufficient to support a particular risk informed application,

e comparing the plant PRA to the reference PRA, and

e evaluating the significance to this specific application of any differences between the
reference PRA and the plant PRA.



It must be emphasized that the “reference” PRA in this standard is meant to be used
only in the context of this process. In particular, it should not be assumed that the
“reference” PRA in this standard is a model for nuclear power plant PRAs. On the
contrary, the standard recognizes that existing plant PRAs, and existing methods for
documentation, configuration control and peer review, will differ from the standard. The
process in Section 7 allows for differences between the standard and a plant PRA, and it
provides for other ways of augmenting an application when the differences are significant
to that specific application. In selecting the technical elements in Section 3, for example,
the project team attempted to describe a PRA model that provides a “reasonable
estimation of core damage frequency.” No attempt was made to quantify the robustness
and value of this PRA outside its use in the above process for risk informed applications.

As explained in the General Requirements (Section 1), this draft of the standard is limited
to Level 1 analysis of internal events while the plant is at full power, and it excludes
internal fires and external events. In addition, it includes a limited Level 2 analysis
sufficient to evaluate the large early release frequency (LERF). It is the intent of the
ASME Committee on Nuclear Risk Management to expand this scope (e.g., to a complete
Level 2 analysis) in later versions of this standard.

The following are specific areas where the project team would appreciate feedback from
reviewers.

General requirements

Are the scope (Section 1.1) and applicability (Section 1.2) clear? Are they consistent with
the background information provided above?

Are the General Requirements in Sections 1.3 to 1.7 an adequate and consistent high level
summary of the detailed requirements in Sections 3-77

Definitions
Are the definitions in Section 2 complete?

Several of the terms in this section are defined differently in various sources. Where there
was a choice, the project team gave priority to the definition currently used by ASME in
risk informed Code Cases. Are any of the proposed definitions technically incorrect? If
there are significant differences from definitions used in other sources, is there a
quantifiable negative impact that would result from using the definition in the draft
standard?



Risk Assessment Technical Requirements

Recognizing that the PRA described in this standard is meant to provide a reference for
comparison with a plant PRA to be used in a variety of risk informed applications, does
the PRA in this section provide a “realistic estimation of core damage frequency?” If not,
what changes should be made? It would be most helpful if reviewers could provide
specific wording where possible.

The project team would like feedback on the use of the words “shall,” should,” and
“may.” In an ASME document, the word “shall” indicates that a statement is a
requirement to be understood as mandatory and leaves no decision to be made by the
reader. The word “should” indicates that a statement is a recommendation, the
advisability of which depends on the facts in each situation. The word “may” means that a
recommendation is to be taken entirely at the reader’s option. If a reviewer would like to
suggest a change to the current draft standard, for example, that a requirement (use of
“shall”’) be made a recommendation (use of “should” or “may” ), the reviewer should
provide sufficient explanation to help the project team evaluate the options.

There are places in the current draft where the project team would like feedback on a
proposed parameter value. For example, Section 3.3.5.3.5 provides for an exception to
the use of plant specific equipment failure rate data based on two numeric criteria. Again,
where a reviewer would like to propose alternates to suggested parameter values, a
detailed rationale and use of examples would be most helpful.

Documentation, configuration control, and peer review

Again, the project team would like feedback on the use of the words “shall,” “should” and
“may” in Sections 3-6 of the draft standard.

Where there are already established methods in these areas, for example the PSA
certification peer review process in use by NSSS Owners Groups, the project team would
like feedback on the compatibility of the requirements in this draft of the standard with
those existing methods. For example, it would be helpful to have quantitative estimates of
the impacts of any significant differences, along with suggestions for wording changes to
the draft that would accomplish the same purpose but minimize any unnecessary negative
impacts on potential users of the standard.

The risk assessment application process
Is the process described in Section 7 clear and logical?

What would be the impact on a user of this standard in applying this process to a variety
of risk informed applications?



For a relatively simple risk informed application (say, risk ranking of components), how
easy or cumbersome would this process be? For example, how many determinations of
“sufficiency” and “significance” would have to be made, and what is the resource impact
on a potential user?

How practical and resource-intensive would this process be in a more complicated risk
informed application?

Does the process as currently described in this draft of the standard provide a reasonable
amount of repeatability and consistency among potential users and regulatory reviewers?

It would be helpful to have feedback based on trial use of this process in actual risk
informed applications.
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FOREWORD

(This Foreword is not part of ASME PRA-S-2001)

The ASME Board on Nuclear Codes and Standards (BNCS) began considering the
development of a consensus Standard for the use of Probabilistic Risk Assessment
(PRA) in risk-informed decision making in the summer of 1997. Newly published
ASME Code Cases for risk-informed applications provided an impetus for a PRA
Standard on the technical capability of a PRA necessary to support risk-informed

changes to nuclear power plant design and operations.
The BNCS and the ASME Council on Codes and Standards evaluated this

consideration in regards to ASME safety criiteria and actlvmes associgted with risk-
informed applications. Given the advancements in deyelap -
Cases issued by the Boiler and Pressure Ves: ‘

ﬁr a Standard to

Mamtenance Commmeg it was dmm‘ ed
nﬂm apphcahﬁmof this emerging

PRAgE ecessaw
'c‘Enol n Codes il Standards, an
ASMIE] W agm were formedyill carly 1998 to
d¢vdopa S woddplﬁ mnon for existing and future risk-
infor{ned oRs le§power plants The Committee and Project Team
c “.m!#mﬁu the stindard received strong support from NRC and Industry,
an i liaison with the American Nuclear Society (ANS), National Fire
Protection Association (NFPA), and Institute of Electrical and Electronic Engineers
(IEEE) nuclear standards developing groups.

The Project Team (i.e. the writing group) was comprised of key individuals
with the direct knowledge and experience to produce a technically adequate
document in a timely manner under the ASME Codes and Standards Redesign
Process. A unique part of this process was the review of two drafts of the Standard
by experts inside and outside the ASME Committee structure. Comments provided
by these reviewers have been addressed by the Project Team and incorporated within
the Standard where they were considered to be appropriate.

The U.S. nuclear industry has developed a Peer Review process for assessing
the technical capability and adequacy of a PRA to support risk-informed regulatory
licensing applications (NEI 00-02). Peer Reviews have. been conducted on most U.S.
nuclear power plants. The guidelines of NEI 00-02 have been considered in the
development of this PRA Standard.

Upon completion of and all reviews, the draft Standard was submitted to the
consensus technical standards committee, the Committee on Nuclear Risk
Management (CNRM), for approval CNRM is responsible for -ensuring that this
Standard is maintained and revised as necessary following its original publication by .
ASME. This includes appropriate linkage to other standards under development for

other risk-informed applications.

CNRM operates under procedures accredited by the American National
Standards Institute as meeting the criteria of consensus procedures for American
National Standards. It was approved by the ASME Board on Nuclear Codes and




Standards and subsequently approved by the American National Standards Institute

on XXXXXX XX, 2001.

iv



PREPARATION OF TECHNICAL INQUIRIES TO THE COMMITTEE ON
NUCLEAR RISK MANAGEMENT

INTRODUCTION

The ASME Committee on Nuclear Risk Management. will consider written
requests for interpretations and revisions to Risk Management Standards and
development of new requirements as dictated by technological dévelopment. The
Committee’s activities in this latter regard are limited strictly to interpretations of
requirements, or to the consideration of revisions to the present requirements on the
basis of new data or technology. As a matter of published policy, ASME does not

“approve,” “certify, ” “rate,” or “endorse” any item, construction, ity device, or
activity, and accordingly, inquiries requiring such copside be returned.

Moreover, ASME does not act as a consultant ce g problems, or
on general application m‘und of the? reqmr&uts If, based on
the inquis infoffhation op1m e8 that the inquirer
ould_seg e, ni renma-mm the ré§omendation that
§2 assi }All qﬂh dau{t prowde the S rmation needed
r the Con;n‘xe"w ‘\(dema‘ﬁc,ﬂg will %
WL NN e

I | =
MORMAT

Inquiries shall be limited strictly to interpretations of the’ requirements or to the
consideration of revisions to the present requirements on the basis of new data or
technology.

Inquiries shall be submltted in the following format:

(a) Scope. The inquiry shall involve a single requirement or closely related
requirements. An inquiry letter concerning unrelated subjects will be returned.

(b) Background. State the purpose of the inquiry, which would be either to obtain
an interpretation of the Standard requirement or to propose consideration of a
revision to the present requirements. Provide concisely the information needed for
the Committee’s understanding of the inquiry (with sketches as necessary), being
sure to include references to the applicable Standard edition, addenda, part,
appendix, paragraph, figure, or table.

(c) Inquiry Structure. The inquiry shall be stated in a condensed and precise
question format, omitting superfluous background information, and where

appropriate, composed in such a way that “yes” or “no” (perhaps with provisos)
would be an acceptable reply. This -inquiry statement- should be technically and
editorially correct.

(d) Proposed Reply. State what it is believed that the Standard requires.. If, in the
. inquirer’s opinion, a revision to the Standard is needed, recommended wording shall
be provided.

(e) The inquiry shall be submitted in typewritten form; however, legible,
handwritten inquiries will be considered.



(0 The inquiry shall include name, telephone number, and mailing address of the
inquirer.
(8) The inquiry shall be submitted to the following address:

Secretary, Committee on Nuclear Risk Management
The American Society of Mechanical Engineers
Three Park Avenue
New York, NY 10016-5990.
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PREFACE
(This Preface is Not Part of ASME PRA-S-2001)

ORGANIZATION  OF THIS
STANDARD

This Standard is organized into
Sections as follows:

Sections

Introduction

2 Definitions . :
3 Risk Assessment Application
Process

mm& sub&«;‘ mnto

:Y?W Pmsraphs, and with
Bullets and Sub-bullets identified as

follows:

Examples .
Subsections = 3.1
Paragraphs = 3.12

(When Paragraphs are used. to
identify sequential requirements they
will be identified by adding a lower
case letter such as (a), (B), (c), etc.)
Bullets = J
Sub-bullets = =

Tables and Figures provided in this
Standard are identified by the
applicable Subsection, or Paragraph
number for which they apply, with
either “TABLE” or “FIG.” and labeled
sequentially as follows: 3.2.1-1, 3.2.1-
‘2, etc. Each Table or Figure is located
immediately following the Subsection,
or Paragraph text that applies to its
use.

AN
4 Risk Assessmrbm ', [

Wmaw ol ;.a \ {%ﬁrnm
.. -y
& Pyer R i STAND

References are identified sequentially
within the text of each Paragraph as .
follows: [3.1.2-1], [3.1.2-2], or [3.1.2-
3], etc., and then listed at the end of
the Paragraph.

When required by context in this
Standard, the singular shall be
interpreted as the plural, and vice
versa; and th ine, or

$5a) prrBited as such
as apgr@rme
SECTIONS IN

The following descriptions of the
individual Sections in this Standard
are intended to provide the reader with
general information on the scope of
coverage and the rationale applied in
their development.

1 Introduction
This Section summarizes the sco e
g)phcablhty, and contents of t

2 Definitions

This Section identifies and describes
unique terms, abbreviations, and
acronyms that are used in this
Standard.
3 Risk Assessment  Application
Process

This Section describes a process for
determining the capability of a PRA to
support specific risk-informed
applications.

4 Risk Assessment Technical
Requirements



This Section contains Objectives,
High Level Requirements (HLRs) and
Supporting Requirements (SRs) for a
PRA to be used in support of risk-
informed decision-making within the
scope of this Standard.

5 PRA Configuration Control

This Section describes requirements
for maintaining and updating a PRA to
be used in support of risk-informed
decision-making within the scope of
this Standard.

6 Peer Review

This  Section provides

rhopasss SECTION
ANSIONS ‘

. In addition to the criteria provided in
this ‘Standard, consideration will be
given in the future to expanding the
Standard to other risk assessment
methodologies beyond a Level 1
analysis of internal events’ (excluding
fires) while at power and the limited
Level 2 (LERF) analysis provided.

USER RESPONSIBILITY

Users of this Standard are cautioned
that they are responsible for all
technical assumptions inherent in the
use of PRA models, computer
programs, and analysis performed to
'meet the requirements of this
Standard.

CORRESPONDENCE

Suggestions for improvements to
this Standard or inclusion of additional
topics shall be sent to the following
address: - Secretary, Committee on
Nuclear Risk Management, The
American Society of Mechanical .
Engineers, Three Park Avenue, New
York, NY 100 16-5990,

ADDENDA SERVICE

This edition of ASME PRA-S-2001
includes ¢ addenda
¢ seqi to the

g of the edition. The

da subscriptiprgservice includes

new Seltiqps, revisions to

o \\e Sectiong ® and issued
0 tions. interpretations
uded as part of the addenda service

are not part of this Standard.
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INTRODUCTION

1.1 Scope

This Standard sets forth
requirements for probabilistic risk
assessments (PRAS) used to support
risk-informed decisions for
commercial nuclear power plants, and
prescribes a method for applying these
requirements for specific applications.

1.2 Applicability

This Standard applies to PRAs uﬁk
to jCAionYy, of Y

i ternal events while at
power. In addition, this Standard
establishes requirements for a limited
LERF analysis sufficient to evaluate
the ‘large early release frequency
(LERF) for internal events while at
power.

1.3 PRA Capability Categories

This Standard is intended for a wide
range of applications that require a
corresponding range of PRA
capabilities. Applications vary with
respect to which risk metrics are

employed, which decision criteria are
used, the extent of reliance on the
PRA results in supporting a decision,
and the degree of resolution required
. of the factors that determine the risk
significance of the proposed changes.
To determine the needed capabilities,
the application is evaluated by
considering the above attributes, as

& N\ el across

sequfnces or classes of accident
\ﬁzquencw, initiating events, basic

amplified in Subsection 3.2.2. For
example; a proposed change to the
maintenance practice for a given
component may be evaluated in a .
particular application. The
capabilities of the PRA for those
accident ' sequences involving the
failure or unavailability of the
component are relevant to such an
application, whereas the capabilities of
the PRA for other sequences are not as
relevant si no changes
Sosqlv these parts.

uired th:gory of PRA

ilities may ‘ay over different

el of the P within a given
ifferent accident

events, and end states, depending on
the application. While the range of
capabilities required for each part of
the PRA to support an application falls

on a continuum, three Capability
Categories are defined in this Standard

so that requirements can be developed

and presented in a manageable way.

They are designated as PRA
Capability Categories I, II, and IIL
Table 1.3-1 describes the attributes of
a PRA which were used to develop
Section 4.0 requirements for each of
these Capability Categories.

This standard includes High Level
Requirements (HLRs) for each
element that are the same for all
applications, and Supporting
Requirements (SRs) that are specified
for each element that are differentiated .
by Capability Category.. This
differentiation facilitates the
determination of the appropriate
requirements for each part of a PRA
that is necessary to support a given
application,




_ The boundaries between these
" Capability Categories can only be
defined in a general sense. When a
comparison is made between the
capabilities of any given PRA and the
SRs of this Standard, it is expected
that the capabilities of a PRA's
elements or parts of the PRA within
each of the elements will not
necessarily all fall within the same
Capability Category, but rather will be
distributed among all three Capability
Categories. (There may be PRA
elements, or parts of the PRA within
the elements that fail to meet the SRS
for any of these Capabiliity
Categories). While all parts of

Data Analysis (DA)

Internal Flooding am
Quantification «QU)
LERF Analysis (LE)

1.4.2 High Level Requirements. A
set of Objectives and HLRs are
provided for each PRA Element in .
tables of Section. 4. All PRAs using
this Standard shall satisfy each of

‘these HLRs, but to differing degrees,

as explained in Subsection 1.3. The
HLRs set forth the minimum
requirements ~ for ~meeting this

Standard in general and present
the 1 PPIC 1o, ivation of
re each of the PRA

PRA need not_ haves the sathe’y ility Categeri@®. The HLRs
i ul l’\\ reYlegtesiot only'.,tle diversity of
AR that hav® been used to

$p the existifpsPRAs, but also

event” trees istent with the
deeftfbN of initiating event groups.
When a specific application is
undertaken, judgment is needed to
determine which capability Category
is needed for each part of the PRA
and, hence which SRs apply to the
application. (See Section 3)

1.4 Requirements for PRA Elements

1.41 PRA  Elements. The
requirements of this Standard are
organized by nine PRA Elements that
comprise an internal-events, at-power,

Level-1 and Level-2/LERF PRA.

They and their abbreviations are as
follows:

. Initiating Events Analysis  (IE)
Accident Sequence Analysis (AS)
Success Criteria (SO
Systems Analysis SY)
Human Reliability Analysis (HR)

to accommodate future
technological innovations.

1.4.3 Supporting Requirements. The
SRs for each of the nine PRA
Elements are presented in tables of
Section 4 as action statements, using
the three Capability Categories
described in Subsection 1.3. For each
Capability Category, the SRs define
the minimum requirements necessary
to meet that Capability Category. In
these tables, some action statements
apply to only one Capability Category
and some extend across two or three
Capability Categories. @~ when an
action statement extends to more than
one category, it applies equally to each
Capability Category, but the scope of
applicability will be commensurate
with the Capability Category criteria
in Table 1.3-1 and the scope and level '
of detail required by other associated
SRs. It is intended that, by meeting all
the SRs under a given HLR, a PRA
will meet that HLR. Section 4 also
specifies the required documentation



to facilitate =~ PRA applications,

upgrades, and peer review.
The SRs specify “what to do” rather

than “how to do it” and, in that sense;

specific methods for satisfying the
requirements are not prescribed.
Nevertheless, certain  established
methods were contemplated during the
development of these requirements.
Alternative methods and approaches
to the requirements of this Standard
may be used if they provide results
that are equivalent or superior to the
methods usually used and they meet
the HLRs and SRs presented in this
Standard. The use of any particular
method for meeting an SR sha.ll
documented sbnll-be sub]

gwcw- H},ﬂ)e
Wm ‘mﬁkﬁon

The use of a PRA and the Capability
Categories that are needed. for each
part ‘of the PRA and for each of the
PRA Elements will- differ from
application to application. Section 3
describes activities to determine
whether a PRA has the capability to
support a specific application of risk-
informed decision making. Three
different PRA Capability Categories
were described in Subsection 1.3.
PRA capabilities are evaluated for
applicable parts of a PRA and each
associated SR, rather than by

specifying a Capability Category for
the whole PRA. Therefore, only those
parts of the PRA required to support
the application in question need the
. Capability Category appropriate for
that application. For a given
application, supplementary analyses
may be used in place of, or to
augment, those aspects of a PRA that

' 5.)

[ r"'

do not fully meet the requirements in
Section 4. Requirements for
supplementary analysis are outside the
scope of this Standard.

v

1.6 PRA Configuration Control

Section 5 provides requirements for
configuration control of a PRA (i.e.,

.maintaining and upgrading a plant

specific PRA) such that, the PRA

reflects the as-built, as-operated

facility to a degree sufficient to

support the ay@_lignmﬁr which it is
Yo

1 ‘ wkeview Wrementa
m 6 provnd&me requirements

review to determine if the

methodology and its

mplementauon meet the requirements
of Section 4 of this Standard.



CRITERIA

CAPABILITY CATEGORY
I

CAPABILITY CATEGORY

1.. Scone and level of detail:
The degree to which
resolution and specificity are
incorporated such that the
technical issues are
addressed

Resolution and spe{:tﬁmw
sufficient to identify the relative
importance of the coniributors
ak the gystem or train Pevel
ncluding asnuateli buman
actions

CAPABILITY CATEGORY
11

2. _Plant-snecificitv:
The degree to which plant-
specific  information  is

Use of genenic data‘medels
accepeable except for the weed

to account for the unique design

incorporated such that the and operational features of the

as-built and as-operated
plant is addressed

plant

Resolution and  specificity
sufficient to identify the
relative  importance of the
conkributers at the component
level including associated
human actions, as necessary
[see Note (1]

features represented in the
oﬁe‘dfﬁsﬂl[\ model

Use of ptant-specific
data'models to capture to the
extent practical all significant
features represented in the
scope of the PRA model

3. Realism:
The degree to which realisn
is incorporated such that the
expected response of the
plant is addressed

Departures from realism will
h have moderate impact on the
conclusions and risk insights as
supported by good practices
[see Note (2)]

‘ Peq
Departus Rveahsm will

ha E‘Pﬁpam on the
oo:,::lﬁpus and risk mmghts as

suppolicile »m ices

Departures from realism will
have negligible impact on the
conclusions and risk insights
as supported by good
practices [see Note (2)]

NOTES:

(1) The definition for Capability Category II is not meant to imply that the resolutlon
SSC and human action; only those necessary for the specific SR.  Similarly for
that the resolution and specificity is to a level to identify every sub-component for ey

(2)Differentistion from moderate (conservative or acknowledged, potential
by the extent to which the impact on the conclusions and risk insi;
differentiation recognizes that the PRA would generally not be the sole inpnpus to adecii

[see 0(‘2%;

dvi

.
L

specificity is to a level to identify every
Category III, it is not meant to imply
ponent.

to small, to negligible is determined
decision under consideration. This

? A moderate impact implies that the

1mpact (of the departure from realism) is of sufficient size that 1t is likely that a decxslon could be affected; a small 1mpact implies

CIllAmE . Ill-—Hl-1-' 1L < 1 -rjlﬂ- .Ill -‘lllllrllr]'lllllll e LI T T SO 1 -

Table 1.3-i BASES FOR PRA CAPABILITY CATEGORIES



2 DEFINITIONS

The following definitions are provided

to ensure a uniform understanding of
select acronyms and terms as they are

specifically used in this Standard.

ACRONYMS

AOT - Allowed Outage Time

ADS = Automatic Depressurization
System

ARI - Alternate Rod Insertion

ASEP -  Accident Sequence
Evaluation Program

|
Hmﬁency Diesel Generator
EOPs/AOPs - Emergency Operating
Procedures/Abnormal Operating
Procedures
HFE - Human Failure Event
HLR ~ High Level Requirement
HPCI - High Pressure Coolant
Injection
HVAC ~ Heating, Ventilation, and Air
Conditioning
ZSLOCA - Interfacing Systems Loss
of Coolant Accident
LOCA - Loss of Coolant Accident
LOOP - Loss of Offsite Power
MOV - Motor Operated Valve
NPSH -Net Positive Suction Head .
NRC =  Nuclear Regulatory
Commission
NSSS -Nuclear Steam Supply System
P&IDs - Piping And Instrumentation
Drawings (or Diagrams)
PDS - Plant Damage State
PWR - Pressurized Water Reactor
RCP - Reactor Coolant Pump

RCZC - Reactor Core Isolation
Cooling

RCS -~ Reactor Coolant System

RPT -~ Reactor Pump Trip

RPV - Reactor Pressure Vessel
RWST - Refueling Water Storage .
Tank

SAR - Safety Analysis Report

SLCS - Standby Liquid Control
System

SBO - Station Blackout

SGTR - Steam Generator Tube

SORV - Valve
W"%n,s ystems, and

hq.xrements

. :
\W Te:anﬁ For Human

.Rate  Prediction  (see
G/CR-1278)
TS - Technical Specifications

DE NS

accident class - a grouping of severe
accidents with similar characteristics
(such as accidents initiated by a
transient with a loss of decay heat
removal, loss of coolant accidents,
station blackout accidents, and
containment bypass accidents)
accident sequence - a representation
in terms of an initiating event
followed. by a combination of system,
function and operator failures or
successes, of an accident that can lead
to undesired consequences, with a
specified end state (e.g., core damage
or large -early release). An accident
sequence may contain many unique .
variations of events (minimal cut sets)
that are similar.

accident sequence, dominant - an
accident sequence that is usually
represented by the top 10 or 20 events



or groups of events modeled in a PRA
and, accounts for a large fraction of the
core damage or large early release
frequency
accident sequence, modeled - an
accident sequence contained in the
PRA above the model truncation level
accident sequence analysis - the
process to determine the combinations
of initiating events, safety functions,
and system failures and successes that
may lead to core damage or large early
release
at power - those plant operating’states
characterized by the reactor be
cnucal and produc
(ﬁl of cmcal
g.o

ﬁan?l"l es
l‘_}’h

the
cc\mpmﬁ unuulab
— an event in a fault tree
model that requires no further
development, because the appropriate
limit of resolution has been reached
best estimate ~ the point estimate of a
parameter that is not biased by
conservatism or optimism. Generally,
the best estimate of a parameter is
represented as a mean value
common cause failure (CCF) -~ a
failure of two or more components
during a short period. of time as a
result of a single shared cause
community distribution - for any
specific ~ expert  judgment, the
distribution of expert judgments of the
entire relevant (informed) technical
community of experts knowledgeable
about the given issue
containment bypass -~ a direct or
‘indirect flow path that may allow the
release of radioactive material directly
to the environment bypassing the
containment

sﬁ\\

containment failure - loss of integrity
of the containment pressure boundary
from a core damage accident that
results in unacceptable leakage of
radionuclides to the environment
containment performance a
measure of the response of a nuclear
plant containment to severe accident
conditions

core damage - uncovery and heatup
of the reactor core to the point at
which prolonged oxidation and severe

s damagws polr:? cause
nl-m

invol
g ge fRquency (CDF) -

number® & core damage
unit oftina
- depe’dency req ent external to

Yiam and upon which its function
aepends

diagnosis - examination and
evaluation of data to determine either
the condition of a SSC or the cause of
the condition

end state - the set of conditions at the
end, of an accident sequence that
characterizes the impact of the
sequence on the plant or the
environment. In most PRAS, end states
typically include: success states (i.e.,
those states with negligible impact),
plant damage states for Level 1
sequences, and release categories for
LERF sequences

equipment qualification - the
generation and maintenance of data
and documentation to demonstrate that
equipment is capable of operating
under the conditions of a qualification
test, or test and analysis

evaluator expert = an expert who is
capable of evaluating the relative
credibility of multiple alternative
hypotheses, and who is expected to
evaluate all potential hypotheses and



bases of inputs from proponents and
resource experts, to provide both
evaluator input and other experts’
representation  of the community
distribution
event tree - a quantifiable, logical
network that begins with an initiating
event or condition and progresses
through a series of branches that
represent expected system or operator
performance that either succeeds or
fails and arrives at either a successful
or failed end state
event tree top event - the conditions

(i.e., system behavior or operabilgi

human actions, or phenomenolo

;v:;?&m aftonsxdendat'.

m%
information

provided by a techmcal expert, in the
expert’s area of expertise, based on
opinion, or on an interpretation based
on reasoning that includes evaluations
of theories, models, or experiments
Jacilitator/integrator - a single entity
(individual, team, company, etc.) who
is responsible for aggregating the
judgments and community
distributions of a panel of experts to
develop the composite’ distribution of
the informed technical community
(herein called the community
distribution)

failure mechanism - any of the

processes that results in failure modes,
including chemical, electrical,
mechanical, physical, thermal, and
human error

"failure mode - a2 condition or
degradation mechanism that precludes
the successful operation of a piece of
equipment, a component, or a system

a\v

et

failure modes and effects analysis
(FMEA) ~ a process for identifying
failure modes of specific components
and evaluating their effects on other
components, subsystems, and systems
Jailure probability - the likelihood .
that an SSC will fail to operate upon
demand or fail to operate for a specific
mission time

‘failure rate - expected number of
failures per unit of time expressed as
the ratio of the number of failures to a

selected unit of time
JSault tree - gic diagram
g pffficular undesired

Q can oeg.“:; a logical
c.ntiation of o esired events
f merit & yhe quantitative
.obtained w PRA analysis,
to evaluate the results of an
application (e.g., CDF or LERF)
front-line system - an engineered
safety system used to provide core or
containment cooling, reactivity control
or pressure control, and to prevent
cork damage, reactor coolant system
failure, or containment failure
Fussell-Vesely (FY) importance
measure - for a specified basic event,
Fussell-Vesely importance is the
fractional contribution to the total of a
selected figure of merit for all accident
sequences containing that basic event.
For PRA quantification methods that
include . non-minimal cutsets and
success probabilities, the Fussell-
Vesely importance measure calculated
by determining the  fractional
reduction in the total figure of merit
brought about by setting the
probability of the basic event to zero
harsh environment « an . abnormal
environment (e.g., high or low
temperature, humidity, corrosive, etc.)
expected as a result of postulated
accident conditions appropriate for the



design basis or beyond design basis
accidents
human error (HE) - any human

action that exceeds some limit of

acceptability including inaction where
required, excluding malevolent
behavior

human error probability (HEP) - a
measure of the likelihood- that plant
personnel will fail to initiate the
correct, required, or specified action or
response in a given situation, or by
commission performs the wrong
action ’
human failure event (HFE) - an
mtegrated logic descrmgon of

fad i ﬁm%z

ion
. l‘ to
h it,vmwbms RA) a
approach used to identify
potential human failure events and to
systematically estimate the probability
of those errors using data, models, or
expert judgment
initiating event - any event either
internal or external to the plant that

perturbs the steady state operation of

the plant, if operating, thereby
initiating an abnormal event such as
transient or LOCA within the plant.

Initiating events trigger sequences of

events that challenge plant control and
safety systems whose failure could
potentially lead to core damage or
large early release

integrator - a single entity (individual,
team, company, etc.) who is ultimately
responsible for developing the
composite  representation  of the
. informed technical community (herein
called the community distribution).
This sometimes involves informal
methods such as deriving information

relevant to an issue from the open
literature  or through  informal
discussions with  experts, and
sometimes involves more formal
methods .
interfacing systems LOCA (ISLOCA)
- a LOCA when. a breach occurs in a
system that interfaces with the RCS,
where isolation between the breached
system and the RCS fails. An
ISLOCA is usually characterized by
the over-pressurization of a low

pressure sym;,subjected to
RCS fm result in

al eveut &uwent ongmatmg
nuclear floWer plant that,: in

ion wi ‘safety system
faluts, operator efstts, or both, can

\_W the operability of plant systems

and may lead to core damage or large

early release. By convention, loss of
offsite power is considered to be an
internal event, and internal fire is
considered to be an external event

key safety functions - are the
minimum set of safety functions that
must be maintained to prevent core
damage and large early release. These
include reactivity control, core heat
removal, reactor coolant inventory

~ control, reactor coolant heat removal,

and containment bypass integrity in
appropriate combinations to prevent
core damage and large early release
large early release - the rapid,
unmitigated release of airborne fission
products from the containment to the
environment occurring before the
effective implementation of off-site
emergency response and protective .
actions

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



Level 1 analysis - identification and
quantification of the sequences of
events leading to the onset of core
damage

LERF analysis - evaluation of
containment response to severe
accident challenges and quantification
of the mechanisms, amounts, and
probabilities of subsequent radioactive
material releases from the containment
master logic diagram - summary fault
tree  constructed to guide the
identification and grouping of
initiating events and their associated
sequences to ensure completeness
may - used to state_ag, option to

hbmnom

&

the occurrence of any
one precludes the simultaneous
occurrence of any remaining events in
the set

operating time. - total time during
which components or systems are
performing their designed function
performance shaping factor (PSF) -
a factor that influences human error
probabilities as considered in a PRA’s

human reliability  analysis and
includes such items as level of
training,  quality/availability  of

procedural guidance, time available to
perform an action, etc.

plant damage state (PDS) - group of
accident sequence end states that have
similar characteristics with respect to
accident progression, and containment
or  engineered safety  feature
operability

plant-specific data - data consisting of
observed sample data from the plant
being analyzed
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point estimate - estimate of a
parameter in the form of a single
number
post-initlator human failure events -
human failure events that represent the
impact of human errors committed °
during actions performed in response
to an accident initiator
PRA appllcation - a documented
‘analysis based in part or whole on a
plant-specific PRA that is used to
assist in decision making with regard
to the deslgn, li ent,
or
power plant.
update of the
ls to rdlqt plant changes
procedure

br” .chm(ewplantpeﬁmnce(data)
“\_Mnde

- the incorporation into
a PRA model of a new methodology
or significant changes in scope or
capability. This could include items
such as new human error analysis
methodology, new data update
methods, new  approaches to
quantification or truncation, or new
treatment of common cause failure
pre-initiator human failure events -
human failure events that represent the
impact of human errors committed
during actions performed prior to me
initiation of an accident, (e.g., during
maintenance or the use of calibration
procedures)
p r i o r distribution (priors) - in
Bayesian analysis, the expression of
an analyst’s prior belief about the
value of a parameter prior to obtaining
sample data
probabilistic risk assessment (PRA) - .
a qualitative and  quantitative
assessment of the risk associated with
plant operation and maintenance that
is measured in terms of frequency of
occurrence of risk metrics, such as



core damage or a radioactive material
release and its effects on the health of
the public (also referred to as a
probabilistic safety assessment, PSA)
proponent expert - an expert who
advocates a particular hypothesis or
technical position

recovery ~ a general term describing
restoration and repair acts required to
change the initial or current state of a
system or component into a position
or condition needed to accomplish a
desired function for a given plant state
recovery action - a human action
performed to regain equipment or

system operability from a spec#ﬁ\

il b o arden N,
CERTTTarTaN

Rth ility
M mceMg

ty for use in a fault tree,
event tree or cutset
required time = the time that is needed
by operators to successfully perform
and complete a human action
resource expert -~ a technical expert
with knowledge of a particular
technical area of importance to a PRA
response - to react to a cue for action
in initiating or recovering a desired
function
response models ~ represent post-
initiator control-room operator
actions, following a cue or symptom
of an event, to satisfy the procedural
requirements for control of a function

or system

risk - probability and consequences of
an event, as expressed by the “risk
triplet” that is the answer to the
following three questions: (1) What
can go wrong? (2) How likely is it?
and (3) What are the consequences if
it occurs?

L--“
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risk achievement worth (RAW)
importance measure - for a specified
basic event, risk achievement worth
importarrce reflects the increase in a
selected figure of merit when an SSC
is assumed to be unable to perform its
function due to testing, maintenance,
or failure. It is’ the ratio or interval of
the figure’of merit, evaluated with the
SSC’s basic event probability set to
one, to the base case figure of merit.

safety systems - those systems that are

designed to prevent or mitigate a
design-b sw-dmf'-‘
I’Fﬁn condition,
% an initi event, in which
itions am gontrollable at .or
values' s
cy@mg analysiq;}n analysis that
items from further
conslderauon based on their negligible
contribution to the probability of a
significant accident or its
consequences
screening criteria - the values and
conditions used to determine whether
an item is a negligible contributor to
the probability of an accident
sequence oOr its consequences
severe accident - an accident that
involves extensive core damage and
fission product release into the reactor
vessel and containment, with potential
release to the environment
shall - used to state a mandatory
requirement
should -
recommendation
split fraction - a unitless parameter
used -by some PRA analysis
techniques when quantifying an event .
tree. It represents the . relative
frequency or degree-of-belief that
each possible outcome, or branch, of a
particular top event may be expected
to occur

used to state a



station blackout - complete loss of
alternating ‘current (AC) electric
power to the essential and nonessential
switchgear buses in a nuclear power
plant
success  criteria = criteria for
establishing the minimum number or
combinations of systems or
components required to operate,
minimum levels of performance per

or

component during a specific period of

time, to ensure that the safety
functions are satisfied
support system - a system’ that

provides a support function (ea
\

electric power, contmL power,

wzanm oo momer

including, but not limited to, the time
it is disabled for test or maintenance
uncertainty - a representation of the
confidence in the state of knowledge
about the parameter values and models
used in constructing the PRA
uncertainty analysis the
quantification ‘of the imprecision of
the PRA which identifies the sources
of uncertainty in the PRA model and
characterizes their impact on the
overall results of a PRA (i.e., CDF or

LERF)

Mq local areas
e.—p plant where
and Gogmponents are

located®ir8 order to ensure

k44

‘, S, acgugaed of dmwmss,
gi; o= seqlifjment locati
crm ' Qp&Jnvnonmental effects or system

that the

1ts ab111ty to perform all
its required functions; in this case, the
system has not failed.
time. available - the time period from
the presentation of a cue for human
action or equipment response to the
time of adverse consequences if no
action is taken
top event ~ undesired state of a system
in the fault tree model (e.g., the failure
of the system to accomplish its
function) that is the starting point (at
the top) of the fault tree
truncation limit - the numerical cutoff
value of probability or frequency
below which results are not retained in
the quantitative PRA model or used in
subsequent calculations (such limits
can apply to accident sequences/cut
. sets, system level cut sets, and
sequence/cut set database retention)
unavailability - the fraction of time
that a system or component is not
capable of supporting its function
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interaction effects on the equipment
which could occur during accident:
conditions.
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3 RISK ASSESSMENT APPLICATION PROCESS

3.1  Purpose

This section describes required activities
to determine the capability of a PRA needed
to support a particular risk-informed
application. For a specific application, PRA
capabilities are evaluated to determine the
appropriate Supporting Requirements (SRs)
rather than by specifying a single Capability
Category for the whole PRA. Depending on
the application, the required category of
PRA  capabilities. may vary over different
elements of the PRA, within a given

element, across different accident ces
or classes of accigent uences,m?%g
4‘{ 8

Categories to support the application, and
some parts of a PRA may be irrelevant to
the application.

B. The PRA is examined ‘to determine
whether its scope and level of detail are
sufficient for the application. If the PRA
is found lacking in one or more areas, it
may be upgraded or supplemented by
other analyses (Stage E).

C. An evaluation is performed to determine
whether the SRs from the Standard for

each PRA and its identified

' fﬂgory are sufficient to

r‘pﬂa application. If not, the SRs
be

» ented with supplementary

s G=srequiremegt®as described in Stage E.
)

\.‘s o Capabhility Category needed to support

evsuse bugjc enfs, sng gnd stofey.

i to i er*Each part PRA is compared to th
E:f;m“‘?..ﬁm BIRA, | {7 ch e PR s compared 0 e
b ©

a
‘f ! .' f thisgSgandard.
“ b‘s“l ;L “} ot .
F Movh‘bne logical ordering for
th&“pfocess.  However, although the
specified activities, are required, their order
of execution may vary. As shown in the
dashed-line boxes, there are five stages to
the process: . °
A. An application is defined in terms of the
structures, systems and components
(SSCs) and activities -affected by the
proposed change. For the particular
application, the parts of a PRA affected
by the plant change. are determined and
the PRA scope and risk metrics needed to
support the application are identified. By
using an understanding of the cause and
effect  relationship between the
application and the parts of 2 PRA model
that are particularly sensitive to the
proposed change, the  Capability
Categories for each part of the PRA
necessary to support the application are
determined. Different parts of a PRA
within the scope, across the elements and
possibly within each element, may be
required to have different Capability
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the application as determined in Stage A.
It is determined whether the PRA has
adequate capability, needs upgrading to
meet the appropriate set of SRS, or needs
supplementary analyses as described in
Stage E.

E. The PRA, supplemented by additional
analyses if necessary, is used to support
the application. This activity is outside
the scope of this Standard.

It is noted that the scope of the activities in

Figure 3. I-1 determines how to evaluate the

role of the PRA in the application and how

to determine which Capability Categories
are needed for each part of the PRA to
support an application. The criteria for
judging the quality of any supplementary
analyses that are performed in lieu of
upgrading the PRA to meet a desired

Capability Category are outside the scope of

this Standard. Accordingly, to “meet this

standard” means that the parts of the PRA
used in the application meet the High Level

Requirements and SRs for a specified set of

Capability Categories. The determination of

how the PRA is used in the application and



which Capability Categories are appropriate
for each application must be made on a

case-by-case basis.

3.2 Identification of Application and
Determination of Capability Categories
(Stage A)

3.2.1 Identification of Application.
Define the application by:

e evaluating the plant design or

operational change being assessed (Box

offsite power, a single SW pump powered
from its associated EDG will have sufficient
capacity to meet the heat load. The existing
IS require two operable SW loops with each
loop having three operable pumps. This
requirement exceeds single failure criteria
since the second SW pump is required for
neither normal conditions nor the design
basis accident, and the CT SW pump
provides the redundancy for the design
basis LOCA.. The proposed change
redefines an operable SW loop as having
one operable SW pump and one operable

1 of Figure 3.1-1). CT SW pump, removes the AOT
o identifying the SSCs and plant activities requirements o SW pumps, lengthens
affected by the change including the rJh&{ uiregigut for SW pumps in the
cause-effect relationship betwgsn the lowpes Bing it into line with the AOT

| S Jor single O train unavailability and

plant design o; gpesagional c N and

31 -I),
284 provide
e aboVe activities.

Example: A change in technical
specifications (TS) is proposed that
redefines the requirements for an operable
service water (SW) system.  This change
removes the TS requirement for an allowed
outage time (AOT) from one of the three
pumps in each SW loop. . In addition, the
AOT for other selected combinations of
inoperable components is increased. The
changes in TS and/or procedures that are
involved need to be identified in detail.

In order to assess the impact of the
proposed change in the TS, those SSCs,
such as the SW system, affected by the
proposed change need to be identified. The
plant SW system has two redundant loops,
each having two full capacity SW pumps
. that use the ocean as the ultimate heat sink,
and a third SW pump that uses a cooling-
tower and the atmosphere as the heat sink
The SW system is designed such that, in the
event of a LOCA concurrent with a loss of
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thoPRy m &l N Fi N. d ingreases hﬁ Aandby CT SW pump AOT
{ t‘ "i’(RA aﬁ?fp}ug‘ s ededed on its qw‘r risk importance.

’ et v '

’ \_. sllhe proposed change in the AOT impacts

the core damage frequency (CDF). by
increasing the likelihood that a SW pump
would be unavailable due to planned or
unplanned maintenance.  This change is
evaluated by considering the impact on
system unavailability and on the frequency
of sequences involving unavailability of a
single train of SW.

References

{3.2-1] True, D., et. al; PSA Applications
Guide, EPRI Report TR-105396, August
1995.

[3.2-2] Use of Probabilistic  Risk
Assessment  in Plant-Specific, Risk-
informed Decision-making: General
Guidance, NRC Standard Review Plan,
Chapter 19, NUREG-0800, 1998.

322 Determination of  Capability
Categories. Section 4 of this Standard sets
forth SRs for three PRA Capability
Categories whose attributes are described in
Subsection 1.3.  For the application,
determine the Capability Category for each
part of the PRA needed to support the



application (Box 4 of Figure 3. 1-1). This
determination dictates which SRs are used
to evaluate the capabilities of each part of
the - PRA to support the application. To
determine these capabilities, an evaluation
shall ‘be performed of the application to
assess the role of the PRA in supporting that
application. When performing this

data parameters,. system models, human
actions, and quantification process for those
sequences and cutsets impacted by the AOT
changes are in PRA Capability Category II,
and the remaining parts of the PRA needed
to evaluate CDF are in Capability Category
I The LERF is determined to be not needed
for this application based on a qualitative
evaluation and hence does not have to meet

evaluation, the following application
attributes shall be considered: '
(@) Role of the PRA in the application and
" extent of reliance of the decision on the
PRA results;
(b) Risk metrics to be used to support the

any of the capability Categories.

Example Variation: If the above example
application was being evaluated at a plant
with a baseline core damage frequency that

application and associated decision was gr’%ﬁnl 0 or baseline LERF
criteria; B or the changes in CDF

(c) Required scope/level of the e Mrc expected to be significant
PRA models fomscaeh part of . u such that Wegree of confidence in the
evaluatign needed to be ‘much greater

‘ ¢ with thd pgevious example, it may be
‘ Y determined (R those parts of the PRA

(e) co:hﬂence in the results that
requu'ed to support the decision; and
() Extent to which the decisions made in
. the application will impact the plant
design basis.
The-Capability Categories and the bases for
their determination shall be documented.

Example: Continuing with the SW pump
AOT change example, the proposed change
is a risk-informed application to justify a
change to an operating license in
accordance with Regulatory Guides 1.174
and 1.177. If the plant has a baseline CDF
and LERF of 2x10°r and 1x10%r
respectively, and it is expected that the
changes in CDF can be shown to be small,
then the parts of the PRA that are impacted
by changes in SW pump unavailability due
to maintenance are determined to require
. PRA Capability Category IL whereas the
remaining parts of the PRA needed to
determine CDF are determined to only
require PRA Capability Category I Hence
the initiating events, accident sequences,
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impacting the change might need to be
upgraded. In addition, in this example, it
might be necessary to expand the
application to include a determination of
LERF to confirm that the impacts on LERF
are acceptable.  This need might mean
expansion of the applicable SRs in the
LERF PRA element in comparison with the

previous example.

3.3 Assessment of PRA for Necessary
Scope, Results, and Models. (Stage B)

3.3.1 Necessary Scope and Results.
Determine if the PRA provides the results
needed to assess the plant or operational
change (Box 5 of Figure 3. 1-1). Ifsome
aspects of the PRA are insufficient to assess
the change, then upgrade them in
accordance with the SRs of Section 4 for its
corresponding capability Category (Box 6a
of Figure 3.1 -1), or generate supplementary
analyses (See Subsection 3.6).

If it is determined that the PRA is
sufficient, the bases for this determination
shall be documented. Any upgrade of the



PRA shall be done and documented in
accordance with Section 5.

Example: The proposed change in the SW
AOT has been determined to affect the SW
unavailability. For the plant in question,
the SW provides cooling to the ECCS
pumps, the Diesel Generators, the
Feedwater Pumps, the CCW system, and the
Radwaste system.  Therefore, the scope of
the Initiating Event Analysis element of the
PRA must include: (I) LOCA initiators,
since the change in SW unavailability will

affect ECCS pump cooling in the

recirculation phase, (2) Loss. of Offsite
Power initiators, since the SW change will

Figure 3. I-l). If the affected SSCs or plant
activities are not modeled, then either
upgrade the PRA to include the SSCs in
accordance with the SRs of Section 4 for
their corresponding Capability Category
(Box 6a of Figure 3.1 -1), or generate
supplementary analyses (See Subsection
3.6).

If it is . determined that the PRA is
sufficient, the bases for this determination
shall be documented. Any upgrade of the
PRA shall be done and documented in
accordance with Section 5.

Ex_amgl?-‘ﬁmnang with the previous
")’ej}. and plant activities

@ systems impacted by the

affect the Diesel Generators, and (3pdoss of e
Feedwater initigtars Singe the r ' L proposed cm in the SW, and which
]

tribute change in CDF, i.e,

AP S hdr\ thou
g T vk stem ere l CS, DGs, ¥egdwater, and CCW, need to
wmal indr syst b\v\ '3 Sbe modeled i PRA. For example, if, as
iP teiafimeti r}e@ @ the Ias}hb is likelv. the loss of feedwater initiator is
Jiatrelly anablind nt to be modeled as one global initiator, then either

cedx in g Sufe shble state; a loss of CCW
m Gtor would not be needed’ for this
application. Also, since the Radwaste
System does not play a part in determining
CDF, it need not be considered. It is
determined that the changes in maintenance
unavailability are too small to consider
significant impacts on the reliability of the
SW pumps that could impact a wider range
of sequences including loss of service water
initiating events and sequences with SW
pump failures These impacts are combined
in the plant model to calculate the change in
CDF. A determination is made that there
are no unique contributions to LERF for
this plant and hence the changes in LERF
are proportional to the changes in CDF.
Since only the ACDF is needed only CDFs
before and after the change in TS are
needed.

3.3.2 Modeling of SSCs and Activities.
Determine if the SSCs or plant activities
affected by the plant design or operational
change are modeled in the PRA (Box 5 of
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the PRA needs to be upgraded to include the
relationship between SW and Feedwater, or
the effect of SW on Feedwater must be
resolved by using supplementary analyses
outside of the standard.

3.3.3 Peer Review. The parts of a PRA
that are needed for an application shall have
been reviewed pursuant to the requirements
of Section 6.

3.4 Determination of the Standard%
Scope and Level of Detail. (Stage C)

Determine if the scope of coverage and
level of detail of the SRs stated in Section 4,
for the corresponding Capability Categories
determined in Paragraph 3.2.2, are sufficient
to assess the application under consideration
(Box 8 of Figure 3.1-1).

If it is determined that the standard lacks
specific requirements, their significance to
the application shall be assessed (Box 9 of
Figure 3.1-1). If the absent requirements

are not significant, the requirements of the



standard are sufficient for the application.
The bases for determining the sufficiency of
this Standard shall be documented. If the
absent requirements are significant,
supplementary requirements may be used
(Box 7 of Figure 3.1-1).

Example:  For the example discussed in
Subsection 3.3, the scope of PRA elements
defined in Section 4 of this Standard are
sufficient and adequate to assess the plant
change.

3.5 Comparison of PRA Model-to
Standard (Stage D)

Determine i

-
e ;?mifwm

et
::%ﬁ i

n@ ot the appllcatlon, the PRA is
acceptable for the application being
considered (Box 1.1 of Figure 3. 1-1). The
bases for this determination shall be
documented. )

If-the PRA dbes not satisfy a SR for the
appropriate Capability Category, then
determine if the difference is significant
(Box 12 of Figure 3.1-1).  Acceptable
requirements for  determining the
significance of this difference include:

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

(b) Modeled accident sequences
accounting for at least 90% of CDF/LERF,
as applicable, are not affected by
appropriate sensitivity studies or bounding
evaluations. These studies or evaluations
should measure the aggregate impact of the
exceptions to the requirements in Section 4
as applied to the application.

Determination of significance will depend
on the particular application being
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considered and may involve determinations
made by an expert panel.

If the difference is not significant, then the
PRA is acceptable for the application. If the
difference is significant, then either upgrade
the PRA to address the corresponding SRs
stated in Section 4 (Box 6b of Figure 3.1- 1),
or generate supplementary analyses (See
Subsection 3.6). Any upgrade of the PRA
shall be done and documented in accordance
with Section 5.

Example: The examples provided under

Subsechlieable.

o Mse of lementary
st Analym/RQ ments (Stage E)
'E'the event e scope of either the PRA

r  the dard is  insufficient,
supplementary analyses or requirements
may be used (Box 7 of Figure 3.1-1). These
supplementary analyses will depend on the
particular application being considered, but
may involve deterministic methods such as
bounding or screening analyses, and

determinations made by an expert panel.
They shall be documented.

Example of supplementary analysis: A
change in testing frequency is desired for
MOVs judged to be of low safety
significance by using a risk-informed
ranking method. Not all MOVs or MOV
failure modes of interest within the program
are represented in the PRA. Specifically,
valves providing an isolation function
between the reactor vessel and low pressure
piping may only be represented in the
interfacing  system  LOCA  initiator

frequency.  The inadequate PRA model
representation can be supplemented by
categorizing the group of high/low pressure
interface MOVs in an appropriate LERF
category. The categorization is based on
PRA insights that indicate failure of MOVs
to isolate reactor vessel pressure have the




potential to lead to a LERF condition. This
example illustrates a process of addressing
SSC model adequacy by using general risk
information ‘to support the placement of
MOVs into the appropriate risk category.

Supplementary requirements shall be drawn
from other recognized codes or standards
whose scopes complement that of this
standard and which are applicable to the
application, but may be generated by -an
expert panel if no such recognized code or
standard can be identified.

Example of supplementary requirements: A

risk ranking/categorization for a plant's ISI
program is being pursued. The c PRA
. model meets the peguimaments se# f¢ Kh in

oa}bx

gor quatd to wppxt‘ '

rankgng.
be wsup ntbe® with an

Vi
t&" determine the safety

mZance of  pipe segments.
Consuieratwns of deterministic and other
traditional engineering analyses, defense-
‘in-depth philosophy, or maintenance of
safety margins could be used to categorize
pipe segments. Use ofpublished industry or
NRC guidance documents on risk-informed
ISI could also be used to supplement the
Standard The PRA model could also be
used to supplement the Standard by
estimating the impact of each pipe
segment’s failure on risk without modifying
the PRA s logic.  This estimate could be
accomplished by identifying an initiating
event, basic event, or group of events,
already modeled in the PRA, whose failures
capture the effects of the pipe segment
Sailure,

. Second __example o f
requirements: It is desired to rank the

snubbers in a plant according to their risk
significance for the purpose of developing a
graded approach to snubber testing.  With
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the exception of snubbers on large primary
system components, snubbers have been
shown to have a small impact on CDF;
therefore, the standard does not require
their failure to be addressed in determining
CDF and LERF. However, snubbers are
considered safety-related and testing
programs are required to demonstrate their
capability to perform their dynamic support
Sunetion. As. shown in reference 3.5-1,
evaluation offailure mechanisms may show
that the safety significance of snubbers can
be approximated by the safety significance
of the components that they support for the

events W snubbers are safety
‘__,,u'gl'ﬁ nt, a b supplementary criterion
‘ of the snubb‘r.’

I.ﬂ

Wﬂ It is desired to replace

ThASs *“certam MOV that are currently considered

rank the safety importance

safety-grade with commercial-grade
equipment when new valves are procured.
The internal-events PRA shows that these
valves have a minor role in important
accident  sequences, and that the only
important failure mode is failure to open on
demand The failure rate of the
commercial-grade valves for this mode is
known through reliable data to be identical
to the failure rate for safety-grade valves.
However, the question arises -about whether
the commercial-grade valves will perform
as well as safety-grade valves during and
after a large earthquake.  The issue of
seismic performance of these valves is
beyond the scope of this Standard. To
address it, supplementary requirements,
found in reference 3.6-2, may be used. By
using the requirements in reference 3.6-2,
the seismic capacity of the commercial-
grade valves can be evaluated and can be

supplementary compared to that of thk safety-grade valves

that they would replace.



If it has been determined that the PRA has

sufficient capability, its results can be used
to support the application (Box 13 of Figure

3. ). If not, the results of supplementary

analyses, some of which may respond to

supplementary requirements, can also be

used to support the application (Box 7 of
Figure 3.1-1). Such supplementary
analyses/requirements are outside the scope
of this Standard.

References
[3.6- 1] “Requirements for Safety

Significance Categorization of Snubbers r“‘"‘ f"—;
using Risk Insights and Testing Sigategies ,‘___.- -
for hsemc:dﬂ'!‘mo{ LWIU&:ver l.. :l'
Plgnis= Cogradp Oper#l apd [P

st Volea Py Pp ok, V= 34

OMM14. § & e b Y o

[d.6L] '.W Evgtf  PRA\Ds &3
l\ﬁ& tandbrd,” W aeribed Nuclear

. V4
Saegy- Stapgard, WR'S-58.21.
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4 RISK ASSESSMENT TECHNICAL REQUIREMENTS

4.1 Purpose into both the strengths and the potential
pitfalls of using experts. A review of expert-
The purpose of this Section is to provide aggregation methods; the different types of
requirements by which adequate PRA consensus, and. issues with resolving
capability can be identified when a PRA is disagreements among experts can be found in
used to support applications of risk-informed Appendix J of (Refererice [4.3-1]).

decision making. This Section also includes

general requirements for in process checking - .
of analyses and calculations and for use of 4.3.1 Objective of Using Expert Judgment.
expert judgment. The PRA analysis team shall explicitly and

clearly define the objectixe of the information
' that is bei w the use of outside
4.2 Process Check e% ﬁimll explain this
ogcfive and gntended use of the
Analyses and/or calrlaiﬂhs‘ﬁwd dire&;.\s\ inforggatipn to the ws)_ .
by the RRATEg., dgeerafiElygs) or uhef WV 1 'y
to supp'ﬂmﬂ’\f\ et Athernpl pydraflibe=<_ N, 30 entification $athe Technical Issue.
calculatpny to JBgsigh ~ suecges™® ™\ WA PR A analysis team shall explicitly and
definitiog) § shall T be o % 2 by clearly define the specific technical issue to .
knowled "ﬁdmdw wh _ bot be addressed by the expert or experts.
perform gthg yses or calculations.

Documentation of this review may take the 4.3.3 Determination of the Need for Outside
form of hand-written comments, signatures or Expert Judgment. The PRA analysis team
initials .on the analyses/calculations, formal may elect to resolve a technical issue using
sign-offs, or other equivalent methods. their own expert judgment, or the judgment

of others within their organization.

The PRA analysis team shall use outside
experts when the needed expertise on the
given technical issue is not available within
the analysis team or within the team’s
organization. The PRA analysis team should
use outside experts, even when such expertise
is available inside, if there is a need to obtain
broader perspectives, for any of the following
or related reasons:

o Complex experimental data exist that the
analysts know have been interpreted
differently by different outside experts

Examples: Use of expert judgment to resolve ¢ Morg than one conceptua! mo‘del eXists
difficddt issues include Pacific Gas and for interpreting the technical issue, and
Electric’s Diablo Canyon seismic study ]udgment‘ is needed as to the applicability
(Reference [434-3]) and the Yucca Mountain of the different models

project’s study of volcanic hazards (Reference

[4.3-4]). These reports provide useful insights

4.3 Use of Expert Judgment

This Subsection provides requirements for
the use of expert judgment outside of the
PRA analysis team to resolve a specific
technical issue.

NUREG/CR-6372 (Reference [4.3-1]) and
NUREG-1563 (Reference [4.3-2]) may be
used to meet the requirements in this
Subsection. Other approaches, or a mix of
these, may also be used.
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o , Judgments are required to assess whether
bounding assumptions or calculations are
appropriately conservative

o Uncertainties are large and significant,
and judgments of outside technical
experts are useful in illuminating the
specific issue

4.3.4 Identification of Expert Judgment
Process, The PRA analysis team shall
determine:

(@ the degree of importance and the level
of complexity of the issue; and

(b)  whether the process will use a single
entity (individual, team, company, etc.) that

will act as an evaluator and integrator and
will be responsible for developing ﬁ\

community distributiog, as » a pane"
expert M megratpr.o
l 5.-‘ \

gclhtaar

n:spons l for

and com utons o

experts the composnte

distributi of the informed technical

community.

4.3.5 Identification and Selection of
Evaluator Experts. The PRA" analysis team
shall identify one or more experts capable of
evaluating the relative credibility of multiple
alternative hypotheses to explain the available
information. These experts shall evaluate all
potential hypotheses and bases of inputs from
the literature, and from proponents and
resource experts, and shall provide:

(a) their own input; and

(b) their representation of the community

distribution.

4.3.6 Identification and Selection of

Technical Issue Experts+ If needed, the PRA

analysis team shall also identify other

technical issue experts such as:

(a) experts who advocate particular

hypotheses or technical positions, for
example, an individual who evaluates
data and develops a particular hypothesis
to explain the data
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'(b) technical experts with knowledge of a
particular technical area of importance to
the issue.

437 Responsibility  for the  Expert
Judgment, The PRA analysis team shall
assign responsibility for the ‘resulting
judgments, either to an integrator or shared
with the experts. Each individual expert shall
accept responsibility for his individual
judgments and interpretations,

References

[4.3-1] R.J. Budnitz, G stolakis, D.M.
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[4.3-3] Pacific Gas and Electric Company,,
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275 and 50-323.

[4.3-4] Geomatrix, “Probabilistic Volcanic
Hazards Analysis for Yucca Mountain,
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2200-00082, 1996

44 PRA Requirements

4.4.1 Derivation. Objectives ‘were
established for each of the nine elements
used to characterize a PRAThe Objectives
reflect substantial experience accumulated
with PRA development and usage, and are
consistent with the PRA Procedures Guide
(Reference [4.4. I-1]) and the NEI-00-02 Peer
Review Process Guidance (Reference [4.4.1-



23). These Objectives form the basis for
- development of the High  Level
Requirements ) for each clement that
were used,, in turn, to define the Supporting.
Requirements (SRs)

In setting the High Level

Requirements for each Element, the goal was
to derive, based on the Objectives, an
irreducible set of firm requirements,
applicable to PRAs that support all levels of
application, to guide the development of
Supporting Requirements. This goal reflects
the diversity of approaches that have been
used to develop existing PRAs and the need
to allow for technological innovations in the
future. An additional goal was to derive a
reasonably small set of High Level
Requirements that capture all the im: \
technical 1ssues that
efforts ‘ﬂ&e

Capability Category and some extend across
two or three Capability Categories. When an
action statement extends to more than one
category, it applies equally to each Capability
Category, but the scope of applicability will
be commensurate with the Capability
Category criteria in Table 1.3-1 ‘and . the
scope and level of detail required by other
associated SRs. It is intended that, by
meeting all the SRs under a given HLR, a

PRA will meet that HLR.

References
[4.4.1-]] A Guide to the Performance

of Probabilistic Ri ents for
N G/CR-2300,
Jﬁ

[M4g-2] Prohl!hsuc Risk Assessment

ﬁm"dmd,t’ \ Pejr@ewiew Proce %mdance, NEI:00-02,

mplem!nm‘O-OZPRA egr Refea::‘_‘\‘ 0! '__

The Leve ‘m 'l.y b ‘J
Woflhe'{}A

“3 [

o Scopeandlevel of detail

a2  model fidelity and realism

e output or quantitative results (if

applicable)
e documentation

Three sets of SRs Were
developed to support the HLRs in the form of
action statements for the various capability
categories in the Standard. Therefore, there
is a complete set of SRs provided for each of
the three PRA Capability Categories
described in Subsection 1.3 :

4.4.2, Requirements. Tables 4.4-1 through
4.4-9 list the HLRs and SRs for each of the
nine PRA Elements. Each Table is preceded
by a statement of the Objectives for the
Elements. = The SRs are numbered and
labeled to identify the HLR that is supported.
For each Capability Category, the SRs define
the minimum requirements necessary to meet
that Capability Category. In these tables,
;some action statements apply to only one
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44.1 INITIATINGEVENTANALYSIS

BJECTIVE& The objective of the initiating event analysis is mldenufzyldﬂmify events that could lead to core damage in such
away that: . =" .

Events that challenge normal plant operation and that require s*{ wto prevent core damage are included.

Initiating events are grouped according to the mitigation requi n#the effkient modeling of plant response.

a Frequencies of the initiating event groups are quantified. (--1 f‘

ARY

TABLE 441 HIGH LEVEL REQUIREMENTS FOR mmx‘tﬁc tvcﬂ'rs ANALYSIS (HLR-IE)

A The initiating event analysi§ shall’ provide a reasonably compléte 1denhﬁennm W

B Th:lmnzmwamal}ﬁsshn]lgtwpdxmmeSommevm ngmuphm\esum]armmmun
requirememnds {ie., (be requirements for most events in the grovp are &esmcm-g the limiting mitigation.
reqmmnentsfnrsheyoup]mfamhmcmdﬁamtbuueahmgmmofcg' :

C The initinting even: analysis shall estimate the annual frequency of each initiating 'Lim ifjtiating event graup.

D The initiating event analysis shall be documented in a manner that facilitates PRA appl

review by describing the processes that were followed to select, group, and
i model and quantify, the initiating, event freguencies, with -assumptions. andbﬁ@,

ns, upgrades, and peer
jating event list and to
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TABEE 44-1a SUPPORTING REQUIREMENTS FOR INITIATING EVENTS ANALYSIS HIGH LEVEL REOUIREMENT A,

IDENTIFICATION
] The imitiating event anajvsis shall vrovide a reasonably cemplete identificg
Index No. CAPABILITY CATEGORY 1 CAPABILITY A ] CAPABILITY CATEGORY I
IE-A : 1 g .
LAl

mester logic diagrams, Bear dalonce favlt trees. or faifure
are alto commonly emploved as @ starting point.

USE a structured, systematic process for identifying idﬁu:;m:mk & systematic approach may emplay

is {FAJEA). Existing lists of lorown intticiors

-
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TABLE 4.4-1a SUPPORTING REQUIREMENTS FOR INITIATING EVENTS ANALYSIS HIGH LEVEL REOUIREMENT _A_,_
. ENT TION.
The initizting event analysia shall provide a reasonably complete identifieation of initisting events. (HLR-TE~-A)
Index No. CAPABILITY CATEGORY I CAPABILITY CATE%II CAPABILITY CATEGORY HI
IE-A . - ]
IE-A2 IDENTIFY those initiating events and event categories that €ha ‘ 40D hind that require successful mitigation to

prevent core damage. In the identification, ACCOUNT FOR the
INCLUDE in the spectrum of internal-event challenges at least the fo ;] cgtgaries, and withim each genecal cateprev
INCORPORATE each initiating event category in the model quantitati el its Telative Froquency. In the categorization,
SEPARATE into different categories based on whether evemis have mwm safety fanctions, and
possibilities for recovery. The following list is not intended to be all- lﬂﬁﬁ r—'i ) .

Dok ﬁc featuwes to influence initiating events.

boundary  intact. .o
LOCAs ’

system with a resulting loss of core coolant inventory. DIFFERENTIATE
defined rationale for the differentiation: "‘-
Small LOCAs
Examples: reactor coolant pump seal LOCAs, small pipe breaks
Medium LOCAs o’
Examples: stuck open safety or relief valves
Large LOCAs
Examgples: inadvertent ADS, component ruptures
Excessive LOCAs (LOCAs that cannot be mitigated bv _ any ination
e: reactor pressure vessel rupture .
LOCAs Outside Containment 1
1 L

Example: pipe breaks outside containment
ISLOCAs
INCLUDE postulated events representing active components in systems inte
operated in such a manner as to result in an uncontrolled loss of core coolant [e.g.,
Special initiators * (e.g., support systems failures, instrument line breaks)
Internal flooding initiators (see IF-D1 and D2)*

* These initiators mav result in either a transient or a LOCA type of sequence

it

LOCAs (ISLOCAs)].

Transients 1 |
INCLUDE among the transients both equipment and human induced events %u‘:’ﬁl’plmtnnd leane the primary system pressure

INCLUDE in the LOCA category both equipment and human induced ev disrupt the plant by causing a breach in the core coolant
: llﬂﬂh:ﬁ into at Jeast the following categories, using a

wolmﬁ'sjmamtaouldﬂjlmbe
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TABLE 4.4-1a SUPPORTING REQUIREMENTS FOR INITIATING EVENTS ANALYSIS

IDENTIFICATION

HIGH LEVEL REQUIREMENT A

The initiating event analysis shall provide 2 reasonably complete identification of initiating events. (HLR-IE-A)

Index No. CAPABILITY CATEGORY I CAPABILITY CATI'I_[W CAPABILITY CATEGORY I
1E-A -
IE-A3 REVIEW the plant-specific initiating event experience of all ini the list-of challenges accounts for plant
experience. REVIEW experience and analyses at similar plants the list of challenges included in the model
accounts for industry experience. .
1E-A4d PERFORM a systematic €valaation of PERF{]RM asy of cach | PERFORM a systematic evaluation of
each system to assess the possibility of each system to assess the possibility of
an initiating event occurring due to a uuhatnges'cnt m%{ of |an initiating event occurring due to a
failure of the system. the system. failure of the system.
PERFORM a qualitative review of USEas&uchmedappmn&(smﬂ‘!f DEVELOP a detailed model of system
system impacts to identify potentially system-by-system review tlatmg event | interfaces including fault tree
risk-significant system initiating events. | potential, or an FMEA [ lﬂdugpd development. PERFORM an FMEA
effects analysis] or fault tree) (failure modes and effects analysis) to
INCLUDE initiating events resulting document the possibility of an w assess and document the possibility of
from multiple failures, if the equipment | event resulting from system fgj ’ an initiating event resulting from
failures result from a common cause. Pig individual systems or train failures.
INCLUDE initiating events psulii ) Y
nmaltiple failures, if the gqm INCLUDE initiating events resulting
result from a common cause.. m multiple failures, if the equipmenl.
failures result from a common cause
IE-AS In the identification of the initiating events, INCORPORATE (i) events that have conditions other than at-power

operation (i.e., during low-power or shutdown conditions); and (ii) events!
prior to reaching low-power conditions, unless it is determined that an €W

appli

Iled shutdown that include a scram
10 af-power operaficn
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TABRLE 4.4-1a SUPPORTING REQUIREMENTS FOR INITIATING EVENTS ANALYSIS HIGH LEVEL REQUIREMENT A,

IDENTIFICATION
The initiating event analysis shall provide a reasonably complete identification of initiating events. (HLR-IE-A)
Index No. CAPABILITY CATEGORY 1 CAPABILITY C‘A;ll'ngBU\'II CAPABILITY CATEGORY Il
IE-A :
IE-A6 INTERVIEW plant o; INTERVIEW nlant anerations
engineering, o d saft el 0 | mamtenance, engmeermg, and’safety
determine if potential ifitia analysis personnel to determine if
been overlooked. Inform&tion potential initiating events have been
interviews conducted at twk ﬂﬂlﬁ%y overlooked.
used.
IE-A7 'or\. ) \ In searching for initiating events,
00 SuetlPls ACCOUNT FOR initiating event
V Seo® precursors, both to help identify
-~ initiating events, and to provide a
t.‘ il TN partial basis for quantlfymg their
' r"’ " frequencies. :
R W
IE-AS In searching for initiating ev: COUNT FOR each system alignment and
alignments of supporting R that cmﬂ influence the likelihood that failures
cause an initiating event, or t}' of the challenge to plant safety
functions that would reswult
IE-A9 INCLUDE support system failures as initi events quantltauvely in the PRA ina
realistic fashion.. TREAT EXPLICITLY ividual support systems (or trains)
that can cause a plant trip. :
IE-A10 | INCLUDE those multi-unit site initiators such as dual unit LOOP events o ce water that may impact the model

at multi-unit sites with shared systems.
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TABLE 4.4-1b SUPPORTING REQUIREMENTS FOR INITIATING EVENTS ANALYSIS HIGH LEVEL REOUIREMENT B
GROUPING
The initiating event’anaiysis shall group the initiating events so that events in the samggroup have similar mitigation requirements

(i.e., the requirements for most events in the group are less restrictive hTﬁ%&L tigation requirements for the group) to

facilitate an efficient+ but realistic esﬁm*ti R-IE-B)

Index No. | CAPABILITY CATEGORY I CAPABILITY C CAPABILITY CATEGORY III
1E-B Cvnwoe’

IE-B1 COMBINE initiating events into groups to facilitate definition of accideateacn s in the Accident Sequence Analysis
element (Section 4.4.2) and to facilitate quantification in the Quarﬁn\o %a# (Section 4.4.8). Functional initiating

event categories refer to initiating events grouped for the purpose of acc ce definition, while quantification

initiating event categories refer to those grouped for separate quan ident sequences. When initiating events:
are not grouped for either of these purposes, PROVIDE a. separate: ce evaluation for each selected initiating

event, . t. -

IE-B2 USEa structured, systematic process for grouping initiating events. For a systematic approach may employ
master logic diagrams, heat balance fault trees, or failure modes and effe s )ﬂs (FMEA).

s

-\

\’..‘--'\
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TABLE 4.4-1b SUPPORTING REQUIREMENTS FOR INITIATING EVENTS ANALYSIS HIGH LEVEL REQUIREMENT B,

GROUPING

The initiating event analysis shall group the initiating events so that events in the same group have similar mitigation requirements

(i.e., the reqmrements for most events in the group are less restrictive than the lj

mitigation requirements for the group) to

facilitate an efficient, but realistic esﬁmﬂlbﬂ of m (FLR-IE-B)

Index No. CAPABILITY CATEGORY 1 CAPABILITY C\ GORY ﬂ ’ CAPABILITY CATEGORY Il
IE-B
IE-B3 GROUP initiating events only when | GROUP initiating events oltly GROUP initiating events only when the

the following can be assured: a)
Events can be considered similar in

terms of plant and operator response,

success criteria, timing, or b) events
can be subsumed into a group and
bounded by the worst case impacts
within the “new” group.

follqwmg can be assur;dmf)liwﬂt!cﬂn‘\e

response, success criteria, Y
effect on the operability X
ta::&& ind®

considered similar in t

bsumed
W

of operators and relevan
systems; or (b) events: can
into a group and bounded b

impacts within the “new” group. v "'0’ »the

‘l
o

following can be assured: (a) Events
can be considered similar in terms of
plant response, success criteria, timing,
and the effect on the operability and
performance of operators and relevant
mitigating systems; or (b) events can be
subsumed into a group and bounded by
worst case impacts within the “new’

group.

o avoid conservatism, DO NOT ADD

at group, or it is demonstrated that

cl{ grouping does not appreciably
-t CDF or LERF.
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TABEE 4.4-1b SUPPORTING REQUIREMENTS FOR INITIATING EVENTS ANALYSIS HIGH LEVEL REQUIREMENT B.
GROUPING
The initiating event analysis shaii group the initiating events so that events in the same group have similar mitigation requirements
(i.e., the requirements for most events in the group are less restrictive than t e ljmising mitigation requirements for the group) to

facilitate an efficient, but reglistic estlmlh'ﬁn _gm (FLR—IE-B)
CAPABILITY c:\?@om{ P , CAPABILITY CATEGORY I

ificantly different plant response impacts or
m ludes such initiators as excessive LOCA,

Index No. CAPABILITY CATEGORY I

IE-B
IE-B4 GROUP separately from other initiating event categories those categ

which could have more severe radionuclide release potential (e.g.,
interfacing systems LOCA, steam generator tube ruptures, and uni:
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TABLE 4.4-1c SUPPORTING REQUIREMENTS FOR INITIATING EVENTS ANALYSIS HIGH LEVEL REQUIREMENT C,

OUANTIFICATION

The initiating event lnalyih shall estimate the annual frequency of each initigﬁmvent or initiating event group. (HLR-IE-C)
- '}

Index No. CAPABILITY CATEGORY 1 CAPABIL‘]" Y I I . | CAPABILITY CATEGORY III
IE-C
IE-CI CALCULATE the initiating event frequency from plant specific data are available. Otherwise, USE generic data
(see IE-C2). USE the most recent applicable data to quantify the inlthatingee?®ft frequencies. CREDIT recovery actionsas -
appropriate; JUSTIFY cach such credit. Data from the initial year mmnerfEﬁemﬁon may be excluded; if excluded,
JUSTIFY. o® . s
IE-C2 If necessary because insufficient plant-specific data are available (see , U? generic If necessary because insufficient
industry data in the quantification of initiating event frequencies. O oA v 2 plant-specific data are available
: V See® (see IE-Cl), USE a Bayesian
.o .| update process of generic industry
t.‘ “teae data in the quantification of
initiating event frequencies. .
IE-C3 CALCULATE initiating event frequencies on a reactor-year basis. Specifi uences initiated at power, ACCOUNT in

the initiating event analysis for the plant availability, such that the weighted by the fraction of time the plant is at-
power. ACCOUNT FOR differences between historical plant availabiliy a¥er the period of event occutrences in the: plant database | -
and present or expected future plant availability which could be different alues. -
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TABLE 4.4-1c SUPPORTING REQUIREMENTS FOR INITIATING EVENTS ANALYSIS HIGH _LEVEL REQQ&MENT G

UANTIFICATION

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

Index No. CAPABILITY CATEGORY I . CAPABWCA;U!‘.G(I{Y 1 CAPABILITY CATEGORY II
IEC :
IE-C4 USE as screening criteria no higher than the following charact (or mop simgent characteristics as devised by the analyst)
to eliminate initiating events from further evaluation: Y ol
(a) the frequency of the event is less than 1E-7 per reactor-year (/ry)andwent does not involve either an ISLOCA,
containment bypass, or reactor pressure vessel rupture; cam=="™)
(b) the frequency of the event is less than 1E-6/ry and core damag oTS‘cu‘ unless at least two trains of mitigating systems;
are failed independent of the initiator. or Jv
(c) the resulting reactor shutdown is not an lmmedlate occurrence. A t does not require the plant to go to shutdown
conditions until sufficient time has expired during which the initi enfeshllitions, with a high degree of certainty (based on

supporting calculations), are detected and corrected before normal plaegoeeration is curtailqd (either administratively or
automatically). Sew

Data-Analysis section (Subsection 4.4.6) and the Level-1-quantification sebti tion 4.4.8).

IE-CS

«»
If either criterion (a) or (b) above is used, then CONFIRM that the vﬂm% criterion meets the requirements in the

USE tiie trend analysis to
( ’ account for established trends,

.- =1 Lol €.8., decreasing reactor trip rates
\---\S \ in recent years. JUSTIFY
exclusion of earlier years that are
not representative of current data.
One acceptable methodology for
time-trend analysis is found in
--"' Reference [4.4.1-1].

IE-C6

Some initiating évents are amenable to fault-tree modeling as the appro them. These initiating events, usually
support system failure events, are highly dependent upon plant-specific desxgn features. the fault-tree approach is used, USE
the appropriate systems-analysis requirements for fault-tree modeling found in the Systems Analysis section (Subsection 4.4.4).

35




TABLE 4.4-1c SUPPORTING REQUIREMENTS FOR INITIATING EVENTS ANALYSIS HIGH LEVEL REOUIREMENT C,

QUANTIFICATION
The initiating event analysis shall estimate the annual frequency of each initiating event or initiating event group, (HLR-IE-C)

Index No. CAPABILITY CATEGORY 1 CAPABWCAWORY n CAPABILITY CATEGORY III |
IE-C

IE-C7 When using fault tree models for initiating events, QUANT IFY gtmtmg ﬁ'equency (as opposed to the probability of an |

initiating event over a specific time frame, which is the usual faul on model described in the Systems Analysis

section, Subsection 4.4.4.). Thus, MODIFY as necessary the fault ona,l methods that are used so that the top event
quantification produces a failure frequency rather than a top event LY the relevant requirements in the Data
Analysis section, Section 4.4.6, for the data used in the fault-tree q

IE-C8 If fault-tree modeling is used, CAPTURE within the initiating event

the annual frequency of one component failure combined with the;uv&
component) of other components.

all relevant combinations of events involving |

ailure during the repair time of the first
\o-. :

IE-C9 If fault-tree modeling is BOSBplagt-specific information in the assessment and
: quantification of recovery acfo - Jvailable. See Human Reliability Analysis
(Subsection 4.4.5) for further
IE-C10 COMPARE and RESOLVE the results of the initiating event analysis wi c data sources to provnde a reasonablcness check
of the quantitative and qualitative results.
.O‘.. .
"%
Y
on®® L4

r,...-\
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TABLE 4.4-1c SUPPORTING REQUIREMENTS FOR INITIATING EVENTS ANALYSIS HIGH LEVEL REOUIREMENT
OUANTIFICATION

G

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

lEldex No.
IE-C

CAPABILITY CATEGORY 1 "CAP

upﬁ'rm'?qwn

CAPABILITY CATEGORY 1IN

IE-C11

| For rare mmitiating events, USE industry generic data and ACCOUNT for p

rare initiating events, engineering judgment may be used; if used, AUGME
sources. Refer to Section 4.3, Use of Expert Judgment, as appropriate.

For purposes of this Requirement, a “rare event” is au event that might be : e;
throughout the world nuclear industry over many years. An “extremely raye evi
expected to occur even once throughout the industry over many years.

%

or extremely

-”q

-3 m “?uv;dutz?be
o ) )

t:"\i.--"

For rare initiating events, USE industry
generic data and AUGMENT with a plant
specific fault tree or other similar
evaluation that accounts for plant specific
features. For extremely rare initiating
events, engineering judgment may be
used; if used, AUGMENT with
applicable generic data sources. . Refer
to Section 4.3, Use of Expert Judgment,
as appropriate.

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

INCLUDE in the quantification the plant
specific features that could influence
initiating events and recovery
probabilities. Examples of plant specific
features that sometimes merit inclusion
are the following:

Plant geography, climate, and
meteorology for LOOP and LOOP
recovery

Service water intake
characteristics and plant experience

LOCA frequency calculation
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'TABLE 4.4-1¢ SUPPORTING REQUIREMENTS FOR INITIATING EVENTS ANALYSIS HIGH LEVEL REQUIREMENT C,

UANTIFICATION

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

Laboratory, Idaho Falls, February 1999

CAPABILITY CATEGORY Il |

In the ISLOCA frequency
analysis, INCLUDE those features
of plant and procedures that could
significantly influence the
ISLOCA frequency:

EVALUATE surveillance
procedure steps

INCLUDE surveillance
test intervals explicitly

ASSESS  on-line
surveillance testing quantitatively

QUANTIFY pipe rupture
probability
' ADDRESS explicitly valve
design (e.g., air operated testable
check valves)

INCLUDE quantitatively
the valve isolation capability given
the high-to-low-pressure

-y -
Index No. . CAPABILITY CATEGORY 1 . CAPABWC WORY I 1
IE-C S St 8 O
IE-C12 In the interfacing system LOCA frequency analysis, INCLUDE oifeatur&iof'ylﬂﬂi and
procedures that could significantly influence the ISLOCA frequetlcy Seae @? §f
\.-"J
Reference

differential. .
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TABLE 4.4-1d SUPPORTING REQUIREMENTS FO R INITIATINGENENTS ANALYSIS HIGH-LEVEL

applications, upgrades, and peer review

by describing the processes that were followed to select, group,iang screen ghe itiating event list and to model and
quantify the initiating event frequencies, with ass afld Wases stated. (HLR-IE-D)
Index CAPABILITY CATEGORY 1 CAPABILITY CAPABILITY CATEGORY III

No. IE-D corme==V

IE-D1 Selection of Initiating Events K.-} T " "
LIST and JUSTIFY functional categories considered, in accor ep‘lhd& )&fety functions considered in the
accident sequence model. LY 1

For each functional category, DOCUMENT the specific initiating events considered.
DOCUMENT the systematic search for plant unique and plant iﬁ?uw_system initiators, along with the:

resulting support system initiators disposition. ' r--
DOCUMENT the systematic search for RCS pressure boundary fail erfacing system LOCAs.
DOCUMENT the approach for assessing completeness and consi fhitiating events with plant specific
experience, industry experience, other comparable PRAs and FS AK jpftiating events. :
DOCUMENT the assumptions. oo™’ .

IE-D2 Grouping and Screening of Initiating Events L."\l

DOCUMENT the basis for screening out initiators as risk insignificant.
DOCUMENT the basis for grouping and subsuming initiating events. This may i

ace with the required success
criteria from the Systems Analysis section (Subsection 4.4.4) and Success Criteriat

on (Subsection 4.4.3) of this

Standard. o‘.":
DOCUMENT the assumptions. : om0 0
DOCUMENT the dismissal of any observed initiating events, including any credit f& very.
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TABLE 4.4-1d ‘SUPPORTING REQUIREMENTS FOR INITIATING EVENTS ANALYSIS HIGH-LEVEL

REQUIREMENT D, DOCUMENTATION

The initiating event anal&is shall be documented in a manner that facﬂlhtumlppﬁeaﬁons, upgrades, and peer review
Feres

by describing the processes that were followed to select, group. ree initiating event list rind to model and
quantify the initiating event frequencies, with ass stated, (HLR-IE-D)
Index CAPABILITY CATEGORY I CAPABILITY CAPABILITY CATEGORY III
No. IE-D ¢
IE-D3 Quantification of Initiating Event Frequencies Spoe ey
- e

DOCUMENT the derivation of the initiating event: ﬁ'equcncle:amhhfﬂvetlesused in conjunction with the
initiating event.

DOCUMENT the approach to quantification of each initiating, o}'as data analysis or model approach.
EXPLAIN any large deviations (such as an order-of-magnitud m com e generic data.

When fault tree models are used to estimate initiating event &eqt‘clw, APPLY appropriate aspects of system analysis
documentation requirements including any modeling assumptiorg,, * “ o,

When fault trees are used to develop initiating event frequencies, D@MTBOW the applicable system failure
modes are taken into account for each fault tree. v

DOCUMENT the methodology and approach when using data analysli mpﬁods to estimate initiating event
frequencies; also, IDENTIFY the data used. ( v
DOCUMENT the justification for exclusion of any data. _. ooe®®
DOCUMENT the basis for the availability factor used to convert i
IDENTIFY. potential time dependent aspects of the initiating event freq
to obtain average frequencies.

DOCUMENT the process for computing initiating event frequencies. ’
DOCUMENT the important assumptions made in the analysis that affect the re_Sul®.

encies to events per reactor year.
CUMENT assumptions made

IE-D4 Interfaces with Other PRA Tasks ‘0 @
o

DOCUMENT specific interfaces with other PRA tasks for traceablllty, and to facili

nfiguration control when
mterfamqﬂasks are updated. '
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. 4.4.2 ACCIDENT SEQUENCE ANALYSIS

OBJECTIVE: The objective of the accident sequence element is 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: . .q

. . e -
o Significant operator actions, mitigation systems, and phenomena thatu{lﬁ. 3

~ sequence model event tree structure and sequence definition. \ ) )
o Plant-specific dependencies are reflected in the accident sequence -..-‘

‘nces are appropriately included in the accident

o Success criteria are available to support the individual function successe®, nqs and time windows for operator actions for
.‘-‘

each critical safety function modeled in the accident sequences.
+ End states are clearly defined to be core damage or successful miﬁgaﬁon‘hn bl%t’ support the Level 1 to Level 2 interface.

¢ \
Table 442 HIGH LEVEL REQUIREMENTS FOR ACC Wt CE ANALYSIS (HLR-AS)

ad
A. The accident sequence analysis shall describe the plant-specnﬁc scenarios tbs - damage following each initiating
event or initiating event category. These scenarios shall address system respons@ md oﬁ actions, including recovery
actions, that support the key safety functions necessary to prevent core damagc
B. Dependencies due to initiating events, human interface, functional dependencl? qmronmental and spatial 1mpacts and common
cause failures shall be addressed. om®®
C. Documentation shall be performed in a manner that facilitates peer review, g v@l‘ %
PRA by describing the processes that were used, and providing details of the ‘Ro’s

es and applications of the
d their bases.

\'..'---\
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TABLE 4.4-2a .

ACCIDENT SEQUENCE ANALYSIS SUPPORTING REQUIREMENTS (SR-AS):
HIGH-LEVEL REQUIRE

The accident sequence analysis shall describe the plant-specific scenarios@iiat Sanlead t‘ core damage following each initiating event or
initiating event category. These scenarios shall address system responsah! operatq' agtions, including recovery actions, that support

. the key safety functions necessary to prevdnt ¢ore da R-AS-A)
Index No. CAPABILITY CATEGORY I CAPABILITY &ﬂ%ﬁﬂ CAPABILITY CATEGORY III
AS-A Vg :
: P e q

AS-Al CHOOSE a method for Accident Seauence Analysis that explicitly B0 a:?ropnate combinations of system responses
and operator actions that affect the key safety functions for each model Veht and provides a framework to support
sequence quantification. CHOOSE a method that includes an “e:vent M }tl' equivalent such that the accident sequence*
logic (progression) is graphically represented. k Y

AS-A2 For each initiating event group, DEFINE in the model the 1 necessary key safety functions that are necessary 10 reach a safe stable
state and prevent core damage. Sea

AS-A3 For each initiating event group, using the deﬁned success criteria for eac kep ction, IDENTIFY the systems needed to
mitigate the initiator. . "; .

AS-A4 For each initiating event group, using the defined success criteria for each l&y saftty function, IDENTIFY the procedurally
directed operator actions. f' o

AS-AS DEFINE functions and structure of the accident sequence model in a maﬂqg;thabneb tent with the plant specific EOPs,
abnormal procedures, training simulator exercises, and existing plant

AS-A6 Where practical, sequentially ORDER the events representing the response df d operator actions according to the
timing of the event as it occurs in the accident progression. )

AS-A7 DELINEATE the possible accident sequences for each inifiating event group, unless INEATE the possible accident
the sequences can be shown to be a non-contribution using qualitative arguments. eqgences for each initiating event group.

AS-A8 e sthite or a steady state condition has been

DEFINE the end state of the accident progression as occurring when either ‘ocn A
reached. : ™
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- TABLE 4.4-2a
ACCIDENT SEQUENCE ANALYSIS SUPPORTING REQUIREMENTS (SR-AS):
HIGH-LEVEL REQUIREMENT A:
The accident sequence analysis shall describe the plant-specific scenarios that can_!gjjq core damage following each initiating event or
initiating event category. These scenarios shall address system responses pmdtBerator_actions, including recovery actions, that support
the key safety functtions necessary to prevént o€ dam ‘.(HLR-AS-A)

(ndex No. CAPABILITY CATEGORY I CAPABILITY ?fGOR ’) CAPABILITY CATEGORY II
AS-A —eo? o i

AS-A9 JSE generic thermal hydraulic analyses | USE realistic, applicable (1¥., fron} o ey | USE realistic, plant-specific thermal

».8., as performed by a plant vendor for | similar plants) thermal hydrif CMSPJ hydraulic analyses to determine the
t class of similar plants to determine the |to determine the accident pr jony ¥ |accident progression parameters (e.g.,
wiccident progression parameters (e.g., parameters (e.g., timing, ¢ } 'I timing, temperature, pressure, steam) that

iming, temperature, pressure, steam) pressure, steam) that coul could potentially affect the operability of
hat could potentially affect the affect the operability of themitigating the mitigating systems.
sperability of the mitigating systems. systems. foe.

AS-A10 For each initiating group, INCLUDE the | For each initiating eventgrm‘-- For each initiating event group, explicitly
sritical safety function status as the DEVELOP the accident sequende moj’ P lINCLUDE each system and operator.
individual events in the accident to sufficient detail that signifi ®" | action required for each critical safety
sequence. differences in requirements guﬁs function.

and operator responses are . Fol
example, diverse systems prodtil: 3 P
similar function need not be

separately if choosing one over ano!

does not substantially impact the sequence | _g

development. If, however, choosing one l :
over another significantly changes the g¢ » '
requirements for operator interveRuo U e .
 the need for other systems, they should be \

modeled senaratelv.
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TABLE 4.4-2a
ACCIDENT SEQUENCE ANALYSIS SUPPORTING REQUIREMENTS (SR-AS):
HIGH-LEVEL REQUIREMENT A:

The accident sequence analysis shall describe the plant-specific scenarios that uglnd-to core damage following each initiating event or

initiating event category. These scenarios shall address system responseﬂmf 0 U

ns, including recovery actions, that support

the key safety functions necessary to previnticore daqifg (HLR-AS-A)

Index No. CAPABILITY CATEGORY 1 CAPABILITY l CAPABILITY CATEGORY Il
AS-A

AS-All | Transfers between event trees may be used to reduce the size and comp exm'.oﬁqmdual event trees. DEFINE any transfers that
are used and the method that is used to implement them in the d'fniiomof accidént sequences and in their
quantification. USE a method for implementing an event tree edhthe dependencies that are part of the
transferred sequence. These include ﬁmctlonal system, mmagng spatial or environmental dependencies.

L4
one

G~

vn-. :)

‘-"\s

\-__...-\
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TABLE 4.4-2b
ACCIDENT SEQUENCE ANALYSIS SUPPORTING REQUIREMENTS (SR-AS):
HIGH-LEVEL REQUIREMENT B -

Index No.
AS-B

Dependencies that can impact the ability of the mitigating systems to operate and function shall be addressed. (HLR-AS-B)
CAPABILITY CATEGORY I CAPABIL 'T:EGQR" I CAPABILITY CATEGORY III
B .

R |

AS-Bl | For the initiating event, IDENTIFY the mitigating systems mctedm&)ecurrenee of the initiator and the extent of
the impact. INCLUDE the impact of initiating events on achlentp;qgmaon

AS-B2 | For each critical safety function, IDENTIFY its dependence r-thﬂtigwq o; failure of preceding functions.
INCLUDE the impact on accident progression. For example:
e Turbine driven system dependency on SORV, depressurizatj ' s&lta‘nment heat removal (suppressnon pool

cooling). WY

o Low pressure system injection success dependent on need V depressunzatlon

AS-B3 | For each accident sequence, IDENTIFY the phenomenological by the accident progression.
Phenomenological impacts include generation of harsh envn'onments perature, pressure, debris, water
levels, humidity, etc. that could impact the success of the system or der consideration; for example, loss of
pump net positive suction head (NPSH), clogging of flow paths. L E the impact of the accident progression
phenomena. v’

AS-B4 | When the event trees with conditional split fraction method is usedfif of Event B is dependent on the
occurrence or non-occurrence of Event A, PLACE Event A to the left of e ordering of event tops.

AS-RS wrantd tnaan sernbis AA - '~ n Joany, 1 H
Rlentsfy Tnfersysiem dependencies and tram level interfaces, For the tauli ire ethod9F 992t FutliFERL!R and

apply flag settings and mutually exclusive files or eomparable method to ‘rssgly.
configurations and maintenance practices create dependencies amongal OUs
these configurations and alignments in a manner that reflects these d éhdencies.
or set of event trees that accounts for each initiating event or initiating event catego
Analysis element so that initiating event dependencies can be properly modeled.

same dependencies. If plant
ignments, DEFINE and MODEL
VIDE one event sequence model
fined in the Initiating Event
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Dependencies that can impact the ability of the mitigating systems to aparste

TABLE 4.4-2b
ACCIDENT SEQUENCE ANALYSIS SUPPORTING REQUIREMENTS (SR-AS):
HIGH-LEVEL REQUIREMENT B -

function shall be addressed. (HLR-AS-B)

In:esx_ 11;10- CAPABILITY CATEGORY I CAPABILITY q«\'l‘mﬁﬁ ‘n“ CAPABILITY CATEGORY I
AS-B6 | INCLUDE events for which time phased dependencies mi 8 e’
For SBO/LOOP sequences, INCLUDE key timie phased cvents;uch aor “‘\‘
-
o+ AC power recovery "} ¢ .‘
o DC battery adequacy (time dependent discharge) Pid A '
: el

¢ Environmental conditions (e.g., room cooling) for operati uipment and the control room
For ATWS/failure to scram events (for BWRs). INCLUDE keyﬁﬂedmemient actions such as:
e SLCS initiation

o RPV level control

o ADS inhibit

Other events that may be subject to explicit time dependent
o CRD as an adequate.-RPV injection source

Long term make-up to RWST
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TABLE 448 -

ACCIDENT SEQUENCE ANALYSIS SUPPOJ kEQU‘kEMENTs (SR-AS):
HIGH-LEVEL REQ
Documentation shall be performed in a manner that facilitates peer revitw, Ature updates and applications of the PRA by
describing the processes that were used, and providing details of ouunlplfons made and their bases. (HLR-AS-C)

Index No. CAPABILITY CATEGORY ] CAPABILITY{A.’IEGO& . CAPABILITY CATEGORY Il

AS-C ‘
AS-Cl DOCUMENT the results of the Accident Sequence Analysis oons1stent & .ﬂss that was used for its development.
[AS-25] PROVIDE the basis for the accident sequence process. V ‘eape?
AS-C2 DOCUMENT the treatment of each initiator and event tree to support reviews and apphcauons
[AS-26] TSR
AS-C3 DOCUMENT the following interfaces between Accident Sequence Anah‘s RA tasks:

+ A link between the definition of initiating event category in the Initiuti Wyﬂnalys:s section and the event sequence model
o The definition of core damage and associated success criteria that is ﬂ ftent with that documented in the Success Criteria

Task. ) . o ®® asd
o Key definitions of operator actions and sequence specific timing and ‘e;cl ected in the event trees that is traceable to
the HRA for these actions.

® A description of the interface of the accident sequence models with plant damage

e A framework for an integrated treatment of dependencies in the Initiating Eve
Human Reliability Analysis and Level 1 Quantification. : - 0

y&is, Systems Analysis, Data Analysis,
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_ TABLE 4.4-2c
ACCIDENT SEQUENCE ANALYSIS SUPPORTING REQUIREMENTS (SR-AS):
HIGH-LEVEL REQUIREMENT C ~-

Docnmentntion shall be performed in a manner that facilitates peer review, as s vl auﬁture updates and applications of the PRA by

describing the processes that were used, and providing details offtift ass made and their bases. (HLR-AS-C)
Index No. CAPABILITY CATEGORY 1 CAPAB TEGQ! 18 - CAPABILITY CATEGORY Il
AS-C J )
AS-C4 DOCUMENT the following: v son e’
’ ]
(@) the success criteria established for each initiating event cate q:m ‘&bases for the criteria (i.e., the system
capacities required to mitigate the accident and the necessary co 1 ugred to achieve these capacities);

(&) the models used (including all sequences) for each initiating ev .c( W} ’

(c) a description of the accident progression for each sequence or upohﬁul:r sequences (i.e., descriptions of the sequence
timing, applicable procedural guidance, expected environmental or’ menologlcal impacts, dependencms between systems
and operator actions, end states, and other pertinent information req®i 'hilw‘gtabhsh the sequence of events);

(d) any assumptions that were made in developing the accident sequenc@,‘sﬂ}) the bases for the assumptions and their
impact on the final results;

(e) existing analyses or plant-specific calculations performed to amv‘;;awcess cntena and expected sequence phenomena
including necessary timing considerations; PEY Siuivt

() sufficient system operation information to support the modeled d‘l’&a"‘&

(g) calculations or other bases used to justify equipment operability beyond its “ design parameters and for which credit!

event linked fault tree.

has been taken; and ° _
(B) how all requirements for Accident Sequence Analysis have been saﬁSﬁOS\’VW:xl“ Gs are mo@eled using a single top
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- 4.4.3 SUCCESS CRITERIA

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

C Y L il
..O.‘
o Overall success criteria are defined (i.e., core damage and large early relg “ ,
+ . Success cntgna are defined for critical safety functions, supporting sy , ¢ mponents and operator actions necessary to
support accident sequence development. - —ed—
o The methods and approaches have a firm technical basis. . See®
-"q

+ The resulting success criteria are referenced to the specific deterministic c:ttml!ﬂ'o?\..‘ .
-

Table 4.4-3 HIGH LEVEL REQUIREMENTS FORAJ CE CRITERIAAND

SUPPORTING ENGINEERING CALCW R-SC)
. . g- e .
A The overall success criteria for the PRA and the system, structure, component 2ngl Jugiifrasgion success criteria used
in the PRA shall be defined and referenced, and shall be consistent with the f; , and operaﬁng

philosophy of the plant.

B The thermal’hydraulic, structural and other supportmtg engineering bases shall ﬁwﬂﬂe of providing success ‘criteria
and event timing sufficient for quantification of CDF' and LERF, determinatiofydt the 15lgtiwedqmpact of success
criteria on SSC and human action importance, and the impact of uncertainty 0 '

C Documentation shall be performed in a manner that facilitates peer review, aswe es and applications
of the PRA, by describing the processes that were used, and providing details of the p made and their bases.
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Table 4.4-3a .

SUPPORTING REQUIREMENTS FOR SUCCESS CRITERIA AND OTHER ENGINEERING CALCULATIONS HIGH

LEVEL REQUIREMENT A .«

The overall success criteria for the PRA and the system, structure, eopM?ngw Baman action success criteria used in the PRA

shall be defined and referenced, and shall be consistent with the f ules, and operating philosophy of the plant.
ply procegl des perating philosophy P
Index No. CAPABILITY CATEGORY 1 CAPABILITY QA ytﬁ CAPABILITY CATEGORY III
SC-A Vgo® ’
SC-A1

USE the definition of core damage provided in Section 2 (:gfis o
If core damage has been defined differently than in SectioniQe .ﬁ}i ' 0
IDENTIFY any substantial differences from the Section 2 de‘ *:. ?d '
- PROVIDE the bases for the selected definition. ‘:’, g .
e

ﬁ? .

SC-A2 SPECIFY the plant parameters (e.g., highest node re collapsed liquid level) and associated acceptance
criteria (e.g., temperature limit) to be used in determining CO -ea
SELECT these parameters such that the determination of core W@Hsﬁc as practical, consistent with current
best practice. ve
DEFINE computer code-predicted acceptance criteria with s“fﬁw between actual liniits and code-calculated
values to allow for limitations of the codes, sophistication of th ! ls, and inties in the results.

* o N e .

Examples of measures for core damage that have been used in P Bﬁw

o Collapsed liquid level less than 1/3 core height OR code*-predict aKxyoRe temperature > 2500°F (BWR)

o Collapsed liquid level below top of active fuel for a pro longed period, OR code-predicted core peak node
temperature > 2200°F using a code with detailed core modeling, OR cod§°PRedicted core peak node temperature
> 1800°F using a code with simplified (e.g., single-node core mode£ @neter) core modeling, OR
code-predicted core exit temperature > 1200°F for 30 minu'fT'.ﬂ‘m& jth simplified core modeling (P WR)

SC-A3 SPECIFY the minimum set of mitigative functions to prevent core damage or ivity release in the accident

sequences, for each initiating event group.
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Table 4.4-3a

: SUPPORTING REQUIREMENTS FOR SUCCESS CRITERIA AND OTHER ENGINEERING CALCULATIONS HIGH

LEVEL REQUIREMENT A

The overall success criteria for the PRA and the system, structure, componengwdh.lman action success criteria used in the PRA
shall be defined and referenced, and shall be consistent with the fesgufes, ..BW“{“’ and operating philosophy of the plant.

(HLR-SC-4) ¢
Index No. CAPABILITY CATEGORY I CAPABILITY F@ % CAPABILITY CATEGORY II
SC-A - s |
SC-A4 SPECIFY success criteria for each of thethmltlgahngedﬁmctlom ating event group.
e miti, ss criteria.
IDENTIFY systems capable of meeting the specifie w |
SC-AS SPECIFY an approprlate mission time for the modeled. accid

For sequences in which stable plant conditions have been ac hmnnum mission time of 24 hours. Mission

times for individual SSCs that function during the accident uenc¥Miay be less than 24 hours, as long as an

appropriate set of SSCs and operator actions are modeled to ort the full sequence mission time.

For sequences in which stable plant conditions would not be Bﬂ'bgs 24 hours using the modeled plant equipment

and human actions, USE a longer mission time if needed to achieje pﬂxt conditions.

PERFORMaddmonalevaluatlonormodelmgforsequenwsmwlncha statehasnotbeenachlevedbyﬂleendofthe :

mission time defined for the PRA by using an appropriate technique. @ ¢

Examples of appropriate techniques include: ( .

» ussiyn un appropriate plant damage state for the sequence; -- ase®

e extend the mission time, and adjust the affected analyses, 10 X condtttons can be shown to reach
acceptable values; or .

o model additional system recovery or operator actions for the sequence in ccordance With reqmrements stated in
the Systems Analysis and Human Reliability sections of this standard, 1o detioXstrate that o success@ outcome is
achieved.

SC-A6 CONFIRM that the models and inputs for thermal/hydraulic, rting engineering bases are

consistent with the features, procedures, and operating philosoph
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SUPPORT[NG REQUIREMENTS FOR SUCCESS CRITERIA AND OTHER ENGINEERING CALCULATIONS

The thermal’hydraulic, structural and other supporting engineering Ws

Table 4.4-3b .

REQUIREMENT B

‘--q

-

HIGH LEVEL

able of providing success criteria and event

timing sufficient for quantification of CDF and LERF, deter&nation ‘f Qe relatl‘e pact of success criteria on SSC and human

action importance, and the impact of uncertaintyjonyghis det ation. (HILR-SC-B)
Index No. CAPABILITY CATEGORY 1 CAPAB I CAPABILITY CATEGORY 111 |
SC-B Seo®
SC-B1 USE an appropriate combination of | USE an appropriate i .| USE best-estimate, plant specific |
jplant-specific or generic, best- estimate plant-specificer eneric | models (e.g., thermal-hydraulic
estimate or conservative analyses/evaluations (e.g., ic codes such as RELAP , MAAP,

analyses/evaluations that are
applicable to the plant.

_codes such as RELAP, m
SAFER/GESTER, RET. ,orzqm’azem) for

thermal/hydraulic, 3nd other

supporting mm%f
iteria

sueowﬁsn:n requiring ‘e! e?uﬁr

mode o’ 0
Best-estimate models or '
supplemented with plant~
FSAR or other conservative'g Q
to the plant "
q"'
[
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SAFER/GESTER, RETRAN, or
equivalent) for thermal/hydraulic,
structural, and other supporting
engineering bases in support of
success criteria requiring detailed
computer modeling.
Best-estimate  plant-specific
models or analyses may be
supplemented with FSAR or
generic analysis, but onmly if such
supplemental analyses are
applicable to the plant and do not
affect risk significant CDF/LERF
sequences.




Table 4.4-3b

SUPPORTING REQUIREMENTS FOR SUCCESS CRITERIA AND OTHER ENGINEERING CALCULATIONS HIGH LEVEL

REQUIREMENT B

The thermal/hydraulic, structaral and other supporting engineering bases shgllaeempable of providing success criteria and event

timing sufficient for quantification of CDF and LEREF, determmatlonﬁftﬁ

action importance. and the impact of uncertaintd o

‘mpact of success criteria on SSC and human
detérmination. (HLR-SC-B)

analyses/evaluations appropriate to the event being analyzed. t. cae
Examples include:

‘e
o engineering calculations; .',’ )
computer codes with detailedplant models; "

[ ]
o results of tests with conditions corresponding to the accident Wes
o results of generic or plant-specific analyses for similar transiigfls whe‘g e

shown to be appropriate.

“\ \

\‘..'--"\

} Index No. CAPABILITY CATEGORY I CAPABlLI"Y EATEG'RyII CAPABILITY CATEGORY I
[SC-B
SC-B2 MINIMIZE the use of expert judgment in situations where apbham isresults [ DO NOT USE expert judgment
exist, or situations where analysis tools exist and can reaso yegd. in situations where applicable
| f ' 0 analysis results exist, or situations
‘4’ \‘ } 1 where analysis tools exist and can
, i‘ :os </ reasonably be employed.
SC-B3 When defining success criteria, USE thermal/hydraulic, structifal, or other

When defining success criteria,
USE scenario-specific thermal./
hydraulic, structural, or other
analyses/evaluations appropriate
to the event being analyzed.
Examples include:

o engineering calculations;

o computer codes with detailed
plant models;

o results of tests with conditions
corresponding to the accident
sequences;.

o results of plant-specific
analyses for similar transients
where these are shown to be

appropriate.
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Table 4.4-3b

SUPPORTING REQUIREMENTS FOR SUCCESS CRITERIA AND OTHER ENGINEERING CALCULATIONS HIGH LEVEL

REQUIREMENTB

The thermal/hydraulic, structural and other supporting engineering bases slullhqapable of providing success criteria and event
timing sufficient for quantification of CDF and LERF, determinaﬁolpfﬂle rek elimpact of success criteria on SSC and human

action importance, and the impact of uncertainfy olms detprijination. ' (HLR-SC-B)

‘.éndex No. CAPABILITY CATEGORY 1 CAPAB[LIY?!ZATEG» 1] CAPABILITY CATEGORY III

C'B - od U ]

SC-B4 USE analysis models and computer codes that have sufficien™aaped®®y to_model the conditions of interest in the
determination of success criteria for CDF/LEREF, and that prgyidesresti tative of the plant. A qualitative
evaluation of a relevant application of codes, models; or b?nused for a similar class of plant
(e.g., Owner’s Group generic studies) may be ysed. }

)
USE computer codes and models only within known limits OMPIIM&
SC-BS CHECK the reasonableness and acceptability of the resuits om ic, structural, or other supporting
engineering bases used to support the success criteria.
Examples of methods to achieve this include:
COMPARE with results of the same analyses performed for s?, pﬁnts accounting for di ﬁ'erences in unique plant
Jeatures;
COMPARE with results of similar analyses performed with otkang' ol codes;
CIECK by other means appropriate to the particular analysi \'

SC-B6 If 51gn1ﬁcantly conservatlve or If sngmﬁcantly conservatlve or NOT l{SE sxgmﬁcantly conserva_tive
optimistic assumptions have been OptlmlStlc assumptions have been made ptimistic assumptions in performing
made in performing success in performing success criteria analyseg‘, criteria analyses.
criteria analyses, EVALUATE QUANTIFY their impacts on " e .
their impacts on CDF/LERF. CDF/LERF.
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Table 4.4-3c
SUPPORTING REQUIREMENTS FOR SUCCESS CRITERIA AND OTHER ENGINEERING CALCULATIONS

HIGH LEVEL REQ e
Documentation shall be performed in a manner that facilitates-peer r A0’ ‘uture upgrades and appllcatlons of the PRA,
by describing the processes that were used, and providing details bf the assumibtibns made and their bases. (HLR-SC-C)

Index No. CAPABILITY CATEGORY 1 CAPABIL CA 0 YII CAPABILITY CATEGORY Il

18C-C :

SC-C1 DOCUMENT important bases, DOCUMENT each of Waq criteria and the supporting engineering bascs,
references, and assumptions for success | references, and mpﬁons for Success criteria and the supporting
criteria. IDENTIFY significantly engineering calc support of the PRA.
conservative or optimistic assumptions | . ‘IDENTIFY cons;& :)s:u)lstl  Or smphfymg assumptions or
and their general impacts on the results. conditions P

e PROVIDE speclﬁc justification, based on results of evaluation or
quantification, a{dppmmate to the application Category, for use of
conservative, optnﬂillm {fying assumptions or conditions.

+ PROVIDE the basis ﬁn‘ Ms criteria development process and the:
supporting engine tions.

SCcC2 DOCUMENT uses of expert judgment | DOCUMENT uses of ionale for expert judgment. .

s ,

SC-C3 DOCUMENT the rationale used in the application of success cmcri;“2 the PRA for which there is more than
one technical approach, none of which is universally accepted as co;re?t,u proach results in significantly,
different PRA results or insights. .

=
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Table 4.4-3¢

SUPPORTING REQUIREMENTS FOR SUCCESS CRITERIA AND OTHER ENGINEERING CALCULATIONS

HIGH LEVEL REQUIREMENT C

Documentation shrill be performed in a manner that facilitates peer-review, as wellasfuture upgrades and applications of the PRA,

SC-C

by describing the processes that were used, and providing deta jls 'Y flons made and their bases. (HLR-SC-C)
Index No. CAPABILITY CATEGORY 1 CAPAB ATE YII CAPABILITY CATEGORY III |

SC-C4

DOCUMENT the following, to the extent they are not incl

L
Wmﬂﬁm under AS-C4 and SY-CI:
the definition of core damage used in the PRA including th® r m.selected parameter value used in the

definition (e.g., peak cladding temperature or rea ctor ves,

calculations (generic and plant-specific) or other referencgh!a :m\bhqh success criteria, and identification of cases,
for which they are used; 1

identification of computer codes or other methods used to. t;ﬁeciﬁc success criteria;

a description of the limitations (e.g., potential conservatis or limitations that could challenge the applicability of
computer models in certain cases) of the calculations or .

identification of important assumptions used in establishing ooy

a summary of success criteria for the available mitigating system%alcr .actlons for each accident initiating group
modeled in the PRA;

the basis for establishing the time available for human actions;
descriptions of processes used to define success criteria for

s Y.
"0.

ents or accident sequences.
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44.4 SYSTEMS ANALYSIS

OBJECTIVE: The objective of the systems analysis element is tq identify and quantifthe causes of failure for each plant system
represented in the initiating-event analysis and accident-sequence analysxsp!d:ﬂawq‘ﬂht

. System-level success criteria, mission times, time windows m*‘ »and assumptions provide the basis for the
system logic models as reflected in the model. A reasonabl system failure and unavailability modes for
each system is represented. Semoos’

) ~ Human errors and operator actions that could influence the sy ty or the system’s contribution to accident

sequences are identified for development as part of the HRA e '

Different initial system alignments are evaluated to the extent needd r C F §nd LERF determination.

Intersystem dependencies and intra-system dependencies incl human, phenomenological, and common-
cause failures that could influence system unavailability or the *$¢81tribution to accident-sequence frequencies are
identified and accounted for. t_ -~

- b T
Table 444 HIGH LEVEL REQUIREMENTS FOR SYJTEMSARMLYSIS (HLR-SY)
] ' o’

A The systems analysis shall provide a reasonably complete treatment of the eauésf systcln ure and unavallablhty modes
represented in the initiating events analysis and sequence definition. -" oe®
d

B The systems analysis shall provide a reasonably complete treatment of common can intersystem and intra-system

dependencies.

and peer review by describing

C The systems analysis shall be documented in 2 manner that facilitates PRA éppllcatlons, ,
mptions and bases shall be

the processes that were followed to select, to model, and to quantify the system

[}
stated. e
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TABLE 4.4-4a
SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REQUIREMENT A

The systems analysis shall provide a reasonably complete treatment of the causes of system failure and unavailability modes

Index No.
SY-A

represented in the imitiating events analysis QWI. (HLR-SY-A)
CAPABILITY CATEGORY 1 CAPABILITY C ‘_BY{I |‘ CAPABILITY CATEGORY III
] .

([ ]
SY-Al DEVELOP system models for those systems needed to providefor Ezport the s’fcty functions contained in the sequence
analyses. ved |
Vg
SY-A2 COLLECT pertinent information to ensure that the system analysj Jeflects the as-built and as-operated svstem.
Examples of such information include: ' eeq

\
System P&IDs, one-line diagrams, instrumentation and control drawﬁs, - fayout drawings, system operating
procedures, abnormal operating procedures, emergency proceduresd yRc ig¥ia calculations, the Final or Updated SAR,
technical specifications, training information, system descriptions reld @ design documents, actual system operating

experience and interviews with system engineers and operators.
E e
ALY
L) " 0
g
’
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TABLE 4.4-4a
SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REQUIREMENT A

The systems analysis shall provide a reasonably complete treatment of the causes of system failure and unavailability modes

represented in the initiating events analysis and seqlgigemmon. (HLR-SY-A)
Index No. CAPABILITY CATEGORY 1 CAPABILITY Cfl'Eﬂb CAPABILITY CATEGORY I
SY-A . :
SY-A3 REVIEW plant information sources to define or establish:
(a) system components and boundaries; \ L... .l
(b) dependencies on other systems; Spono’
(c) instrumentation and control requirements; com=o"™\
(d) testing and maintenance requirements and practices; Ceeq e= 0
(¢) operating limitations such as those imposed by technical specificgliogs; 1 0
(f) procedures for the operation of the system during normal and mitions; and
(g) system configuration during normal and abnormal conditions ‘oo’
SY-Ad PERFORM plant walkdov&é%&htqu’ews with system engineers and plant operators
to confirm that the systems sCly reflects the as-built, as-operated plant.
SY-A5 | In the system model, INCLUDE those conditions that prevent the system‘fngr g the desired system function. INCLUDE
the effects of both normal and alternate system alignments, to the extemt for CDF and LERF determmatlon
" 4 :
SY-A6 In defining the system model boundary (see SY-A3(a)), NCLUDE withi the components required for system

operation, support systems interface required for actuation and operati aPTfy mponents, and other components

whose failures would degrade or fail the system.
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. TABLE 4.44a
SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REQUIREMENT A
The systems analysis shall provide a reasonably complete treatment of the causes of system failure and unavailability modes

represented in the initia events sis and sequen tion. (HLR-SY-A)
Index No. CAPABILITY CATEGORY 1 CAPABILITY C LU I‘ CAPABILITY CATEGORY III
SY-A ' | W il T :
SY-A7 DEVELOP detailed systems models, unless sufficient system-l vey data aregvailable to quantify the system failure probability,
or system failure is dominated by operator actions, and omi not mask contributions to the results of support
systems or other dependent-failure modes. Seme ‘

..--"q

A single data value may be used for systems with no equipment & ncﬂ)n"lependencles, if data exist that sufficiently
represent the unreliability or unavailability of the system and account ﬁr lan)sp'cxﬁc factors that could influence unreliability

d ilab
and unavailability. V \‘.‘. /
A system model may be developed in which several fmlutes ined into super components. In such a "reduced” model.
RETAIN the major contrlbutors to system unavailability, and INC Wents or support systems shared with other
modeled systems. ' 3 T )
Ve /’ o’

Examples of systems that have sometimes not been modeled in detail i 4& séram system, the pOWer-conversion system,
instrument air, and the keep-fill systems.
on oo™ -

JUSTIFY the use of limited (i.e., reduced or single data value) modeli Lk

SY-A8 IDENTIFY the boundaries of the components required for system operati TQH fhe definitions used to establish the
component failure data, or JUSTIFY an alternative assumption. For example. a contPol circuit for a pump does not need to be
included in the .system model if the pump failure data used in quantifying the system I include control circuit failures.

MODEL separately portions of a component boundary that are shared by t or affect. another component, in
order to account for the dependent failure mechanism..
SY-A9 . ' If a detailed system model is developed, MODEL separately all trains of a multi-train
system in the fault tree models.
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" TABLE 4.4-4a
SUPPORTING REQUIREMENTS FOR SYSTEMS.ANALYSIS HIGH LEVEL REQUIREMENT A
The systems analysis shall provide a reasonabiy complete treatment of the causes of system failure and unavailability modes

represented ia the initisting events analysis m:%“gﬁniﬁon. (HLR-SY-4)
[ ]

Index No. CAPABILITY CATEGORY 1 CAPABILITY CATEGORNJI \ CAPABILITY CATEGORY Il

SY-A KA )

SY-A10 | If super components or modules are used to simplify system fa ltlkes, PE the modularization process in a manner that
avolds grouping evemts with different recovery potential, even -re lﬂyted by other systems, or events that have
probabilities that are dependent on the scenario. : S
Examples of such events include: cae==""\

s hardware failures that are not recoverable versus actuation :%rmﬂ»t

' .
c;x‘prg recoverable
HE events that can have different probabilities dependent on the t ogdigerem‘ accident sequences

[ ]
s events which are mutually exclusive of other events not in the - ‘.:’,
o events which occur in other fault trees (especially common-cai¥e events)
o SSCs used by other systems o
SY-A11 | INCORPORATE the effect of variable success criteria into the systen?™ny; " -
Example causes of variable system success criteria are: { )

. .. , ' @
o Different accident scenarios - different success criteria are requiredfor so,e!'y:wﬁs to mitigate different accident scenarios (e.g., the
number of pumps required to operate in some systems is dependent uponphe pecident initiating event category

o Dependence on other components - success criteria for some Syst are g ndent on the success of another
-

component in the system (e.g., operation of additional pumps in "solﬂ; CWlinp systems is required if non-critical
loads are not isolated) : s :
o Time dependence - success criteriafor some systems are time-dependent (e.g.,

required to provide the needed flow
early following an accident initiator, but only one is requiredfor mitigation later foll

accident).
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TABLE 4.4-4a
SUPPORTING REQUIREMENTS FOR SYSTEMS. ANALYSIS HIGH LEVEL REOUIREMENT A

The systems analysis shall provide a reasonably complete treatment of the causes of system failure and unavailabilitv modes

represented in the initiating events analysis and sequ L on. (HLR-SY-A) ’
Index No. CAPABILITY CATEGORY 1 CAPABILITY Ca G qll‘ CAPABILITY CATEGORY HI
SY-A C [ )
SY-A12 INCLUDE in the system model the equipment and compon seT’lil\je yould affect system operability (as identified in

the system success criteria), except when excluded using the

This equipment includes both active components (e.g., pumps, valv&lrmlfr compressors) and passive components (e.g.,
piping, heat exchangers, and tanks) required for System operatlo .0“"

DO NOT INCLUDE in a system model component failures that woul}o\t:en’ﬁtjal to system operation, unless omission
would distort the results. ' .

\QO‘

Example of a beneficial failure: A failure of an instrument in such. aSthn as to generate a required actuation signal.
.. -
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. TABLE 4.4-4a
SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REQUIREMENT A
The systems analysis shall provide a reasonably complete treatment of the causes of system failure and unavailability modes

represented in the initiating events analysis and ;&Mﬁo& (HLR-SY-A)
g;l;x No. CAPABILITY CATEGORY 1 . CAPABILITY (h OM‘II ' CAPABILITY CATEGORY I
SY-A13 | INCLUDE failure modes for components contained in the moc*l, (mststen) w,h available data and model level of detail,
except where excluded using the criteria in SY-A14. \
For example (not a comprehensive list): . MY L
o active component fails to start ..—“’.“
s active componentfails to continue to run ' gy | f'-“ “
Jailure of a closed component to open . ‘) \. i
failure of a closed component to remain closed C’o\.‘: < /!
failure of an open component to close :
failure of an open component to remain, open t- e
active component spurious operation ', “-‘
plugging of an active or passive component ,o’
leakage of an active or passive component ‘

rupture of an active or passive component
internal leakage of a component

internal rupture of a component ' L S
failure to provide signal/operate (e.g., instrumentation) \

spurious signal/operation
pre-initiator human failure events
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' B TABLE 4.4-4a '
SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REOUIREMENT A

The systems analysis shall provide a reasonably complete treatment of the causes of system failure and unavailability modes

represented in the initiating events analysis and seque tion. (HLR-SY-A)
Index No. CAPABILITY CATEGORY 1 CAPABILITY Og = “ CAPABILITY CATEGORY Il
SY-A A E | W :
SY-Al4 | In meeting SY-A12 and SY-A13, contributors to system una jlity and pnrgliability (i.e., components and specific failure
modes) may be excluded from the model if one of the follow‘im‘ $ ﬂa is met: '
Vg™
s A component may be excluded from the system model if the ﬁﬂh?,.‘r‘o\abﬂity of the component failure modes
resulting in the same effect on system operation is at least tw mggnjtude lower than the highest failure probability
of the other components in the same system train that results in ece on system operation.
o One or more failure modes for a component may be excluded model if the contribution of them to the total
failure rate or probability is less than 1% of the total failure pro'&ﬁﬁity for that component, taking into account the
same effect on system operation, or .o .
o The screened contributors are position faults for components (sugm s thgs occur during or following test and
maintenance activities) for which the component receives an automagicysty lace it in its required state and no other

. 4 o
position faults exists (e.g., pulled breakers) that would preclude the nﬁw from receiving the signal, or
o It is shown that the omission of the contributor does not have a si gpi saf impact on the results.

trains of a system.

' °
DO NOT SCREEN components or failure modes using criteria (a) (b):efﬁ.‘ff:“fail multiple systems or multiple:
@
Y

=en
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TABLE 4.4-4s
SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REQUIREMENT

The systems analysis shall provide a reasonably complete treatment of the causes of system failure and umnavailability modes

represented in the initiating events anglysis and sequen ition. (HLR-SY-A)
Index No. CAPABILITY CATEGORY | CAPABILITY cp@_y,p I‘ CAPABILITY CATEGORY I
SY-A , : I et .
SY-A15 | In the system model, INCLUDE HFEs that cause the system ony nent 2 In the systems analysis, INCLUDE HFEs
' unavailable when demanded. These events are referred to as p'lﬁ i that cause the system or component to be
events. (See also Human Reliability Analysis.) o wo unavailable when demanded. These events
' ee=®® ™V e referred to as pre-initiator human events.
e "“ % To avoid double counting, CHECK that the
J \‘ l data within the equipment-failure data base
l‘.‘ .) P that are used for the equipment failure rates
V %e®® " | do not include events that are captured in
- the pre-initiator-HEP calculation. (See also
~ Soe Human Reliability.)
SY-A16 In the system model; INCLUDE HFEs) that are expected during the o ystem or component or that are accounted
for in the final quantification of accident sequences unless they are alre inthe Accident Sequence Analysis. These:
HFEs are referred to as post-initiator human actions. P
(See also Human Reliability Analysis and Accident Sequence Analysis{ o’ .
. ' . am ®® :
SY-A17 INCLUDE in either the system model or accident sequence modeling tiow cause the system to isolate or trip, or

those conditions that once exceeded cause the system to fail, or SHOW that n does not to impact the results.

For example, conditions that isolate or trip a system include:

° system-relatedparameters  such as a high temperature within the system

. external parameters used to protect the system from other failuresf.g‘;‘
level isolation signal used to prevent water intrusion into the turbines iPYe

® adverse environmental conditions.

r&actor pressure vessel (RPY) water
CI pumps of a BWR)
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TABLE 4.4-4a

SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REOUIREMENT A
The systems analysis shall provide a reasonably complete treatment of the causes of system failure and unavailability modes

represented in the initiating events analysis and sequencg definition. (HLR-SY-A)

Index No. CAPABILITY CATEGORY 1 CAPABILITY QA‘!"E._ R‘ll!‘ - CAPABILITY CATEGORY III

SY-A % :

SY-A18 In the systems model, INCLUDE In the systems model AINCLUDE éut' f-service unavailability for components in the
out-of-service unavailability for system model, unless ng&m with the actual practices and history of the
components due to testing and plant for removing equip! m mice
maintenance, unless screened, INCLUDE: et :
consistent with the actual practices e unavailability causeSBY wheg a component or system train is reconfigured.
and history of the plant for removing from its required accideg¥mii position such that the component cannot

equipment from service.

function as‘ required. c’.\‘-: ! 'l

e maintenance events at in level when procedures require isolating the entire
mair ' ) p q g
train for maintenance. - '..‘-.
ey o

AW '\ ' '
e maintenance events at a subytrii jp'fel (i.e., between tagout boundaries, such as a
functional equipment gro 'wlﬁn directed by procedures.

v' - :
Examples of out-of-service dzl‘w modeled:
e Train outages during a w Tw eventive/corrective maintenance
) re

e A functional equipment group from service for )
preventive/corrective  maintenance
o A relief valve taken out of service
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TABLE 4.4-4a
SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REOUIREMENT A

The systems analysis shall provide a reasonably complete treatment of the causes of system failure and unavailability modes

represented in the imitiating events analysis and se Mnmon. (HLR-SY-A)

Index No.

SY-A

CAPABILITY CATEGORY 1 CAPABILITY CAPABILITY CATEGORY Il

SY-A19

Yﬁl ‘
MODEL explicitly system conditions that cause a loss of desng‘ MODEL explicitly system conditions that
by using realistic functional requirements that are supponed r cause a loss of desired system function by

analysis. using realistic functional requirements that
are supported with engineering analysis.

_o"q
For example: excessive heat loads, excessive electrical loads, etc[ro rt \ |
continued operation of the system for the required mission time that

o

plant-specific or acceptable generic analyses.

For example:, excessive heat loads,
excessive electrical loads, etc. to support.
continued operation of the system for the .
If engineering analyses are not available, ASSUME that the equi System required mission time that are based on
fails with a probability of 1.0 or JUSTIFY the assumed failure probbi '..ﬁ « Jplant-specific or acceptable  generic

. : ®

»-"

\ "} lyses.
SY-A20 DO NOT TAKE CREDIT for system or component operability beyon or design capabilities unless justified, based on an
appropriate combination of: (o7 . :
o test or operational data . c:’ e
o calculations o \ } -\
e vendor input ' :
o expert judgment. - .
JUSTIFY the basis for any credit taken. cn®® .1
-e® :
SY-A21 DEVELOP system model nomenclature in a consistent manner to allow model manip and to represent the same
designator when a component failure mode is used in multiple systems or trains.
SY-A22

In the support-state approach, ASSIGN support states to account properly for system dependencies on other systems.
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TABLE 4.4-4a

SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REQUIREMENT A
The systems analysis shall provide a reasonably complete treatment of the causes of system failure and unavailability modes

represented in the initiating events analysis and

Index No.
SY-A

CAPABILITY CATEGORY 1

tion. (HLR-SY-A)

CAPABILITY H
ABILITY GRIAEORIY

CAPABILITY CATEGORY Il

SY-A23

DO NOT MODEL the repair of hardware faults, unless the

analysis or examination of data.For example, see reference 4.4Y4-2"we=*?

References

[4.4441] NUREG/CR-2728 Interim Reliability Evaluation Program Procedures
4.44-2 NSAC-161, Faulted Systems Recovery Experience, May 1992

,.-"q

| e

‘o"

c-- .
| "}

""' 1\

i&ﬂy of tma, is justified through an adequate recovery
- #

{M’c’ 3, 1983.

| P -"\
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TABLE 4.4-4b

SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYS B
The systems analysis shall provide a reasonably complete. treatment .[‘Eo Qn\e failures and intersystem and intra-system

dependencm. -B)

Index No.
SY-B

CAPABILITY CATEGORY 1

CAPABILITY A‘(EGORY 9 CAPABILITY CATEGORY Il

SY-B1

MODEL intra-system common-cause

failures when supported by generic or
plant-specific data, or SHOW that they
do not impact the results.

MODEL, intra-system cbmndﬂi usg{allures when supported by generic or plant-
o ®
specific data. c oo r,.\ ,
o ‘

MODEL inter-system c f ures (i.e., across systems performing the
. same function) when s A c or plant-speciﬁc data, or SHOW that they-
)

do not impact the resu}

An acceptable method is ;pqs!gm‘my{JREG/CR-SRS (Reference [4.4. 4-2])

'
Candidates for common-causé{aﬂﬁ;oﬁwlude , Jor example:

w  motor-operated valves

® pumps en®®

a safety-relief valves

o air-operated valves " \j .\\
w  solenoid-operated valves

o check valves

circuit breakers

diesel generators
barteries ...o!
inverters and battery charg‘ ae -"‘\
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TABLE 4.4-4b
SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REQUIREMENT B

The systems analysis shall provide a reasonably complete treatment of commo Caugqe failures and intersystem and intra-system
dependencies.

g‘.{dex No. CAPABILITY CATEGORY I CAPABILITY A CAPABILITY CATEGORY HI
-B

SY-B2 ESTABLISH common cause failure groups by using a logxcal
® service conditions

that considers similarity in:

[ J
s environment --":_“‘.
s design or manufacturer B

+ maintenance.

JUSTIFY the basis for selecting common cause component groups

SY-B3 ACCOUNT explicitly for the modeled system’s dependency on swm& {he modeling process. This may be

accomplished by: -~ ' t.?
o fault tree linking 1 200
e dependency matrices that are translated into event tree structure, ev oglc rules, or conditional split fractions

affect the system model.

¢ an evaluation that demonstrates that excluding the dependency d

Reference

[4.4.4-3] NUREG/CR-5485 Guidelines on Modeling Common-Cause Failures in Probvm‘ﬁw i
November 20, 1998. '
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TABLE 4.44b .

SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REOUIREMENT B
The systems amalysis shall provide a reasonably complete treatment of commgn,eawge failures and intersystem and ilntra-system

dependencies. (HLRIY"B), ' ,

;r{;lt]!;( No. CAPABILITY CATEGORY 1 CAPABILITY ORY CAPABILITY CATEGORY III

SY-B4 PEl.lFORM engineering analyses of support systems that are plaét?s&dﬂé’}gdﬁ‘eﬂect the variability in the conditions present
during the postulated accidents for which the system is required to fmeti8n. Boygding or generic engineering analyses g.e.,
tests, operational experience. or calculations) may be used when IW&W t these analyses would interfere with the
realistic quantification of CDF or LERF. “'} )

)

SY-BS BASE support system modeling on the | BASE support system B, ¢" | BASE support system modeling on
use of conservative success criteria and realistic succéss criterig timing, = | realistic success criteria and timing.
timing. Realistic criteria and timing may |unless a conservative ap[‘nqh can be '
be used when available. justified. —_ e

SY-B6 IDENTIFY spatial and environmental hazards that may impact system o ;o'ﬁd‘t\CCOUN'I' for them in the system fault

tree or the accident sequence evaluation.

For Example: Use results of plant walkdowns as a source

impacts.

[ Bt

’
of informati&and resg

[ 4
ae *®

of issues in the evaluation of their

n

L-,u'

r_,....\




TABLE 4.4-4b.
SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REQUIREMENT B

The systems analysis shall provide a reasonably complete treatment of commwe failures and intersystem and intra-system

densndencise (HLAXY TH

g?e; No.|  CAPABILITY CATEGORY I cArAnn.n‘ci'l‘ﬂ:‘&w ~ CAPABILITY CATEGORY I
SY-BS INCLUDE explicit treatment of containment vent effects (B @mt failure effects on system operation in the

consideration of possible hazards. Neoe - '

. e eee

SY-B9 When modeling a system, INCLUDE the support systems reqtﬁat peratlon of the system for a required mission

time. . }

o
& A ® ’

Examples: ' - V veee’

e actuation logic, *ea

o support systems requiredfor control of components, t .

o component motive power, d )

+ cooling of components ,

any other identified support function (e.g., heat tracing) necessary( goﬂ the success criteria and associated systems.

Exceptions: The treatment of circular logic may require approaches thEm‘

mply with this criterion.

SY-B10

INCLUDE support systems required to supply motive power for continuous

operation of components in
accordance with the success criteria in the system model (e.g., AC power to a motor

pump).

\-,_-...\
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SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REOUIREMENT B

The systems analysis shall’ provide a reasonably complete treatment of commqpeegse failures and intersystem and intra-system

dependencies. (HpR-SY- )

lndcle; No. CAPABILITY CATEGORY I CAPABILITY C& GOR - * CAPABILITY CATEGORY III
SY- it
SY-B10 | IDENTIFY those systems that are MODEL those s “;:ﬁwd for initiation and actuation of a system. In
required for initiation and actuation ofa | the model quantlﬁcatlm; the presence of the conditions needed for
system. MODEL them unless a automatic actuation ( r level). INCLUDE permissive and
justification is provided. In the model lockout signals that at& toycognplete actuation logic.
quantification, INCLUDE the presence , } \
of the conditions needed for automatic s
actuation (e.g., low vessel water level). : V Sen®
INCLUDE permissive and lockout -
signals that are required to complete : t. il T
actuation logic. ° “ r-o} \
R Patlal
SY-B11 COMPARE the available inventories of air, power, and cooling with th pqmred to support the mission time. TREAT these
inventories in the model unless a justification is provided. o’
:- "...‘ : i
SY-B12 | DO NOT USE proceduralized recovery actions as the sole basis for eli a system from the model. However,

INCLUDE these recovery actions in the model quantification.

SY-B13

Some systems use components and equipment that are required for operation of other &y . INCLUDE components that may
otherwise be screened from a system model, if their failure affects more than 1 one§ .g., @ common suction pipe feeding
two separate systems) Co
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The systems analysis shall provide a reasonably complete treatment of commopgaqse failures and intersystem and imtra-system

TABLE 4.44b .
SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REOUIREMENT B

dependencies. (HIRR2SY.E)

Index No.

SY-B

CAPABILITY CATEGORY 1 cuun.mc.fﬂéﬁm “CAPABILITY CATEGORY III
\

SY-B14

IDENTIFY SSCs that may be required to operate in conditions theit nmental qualifications. INCLUDE
dependent failures of multiple SSCs that result from operation in conditions.

co="® ot
Examples of degraded environments include: ' Ceen "" "
LOCA inside containment with failure of containment heat rem
safety relief valve operability (small LOCA, drywell spray, seve&w _w BWRs)
steam line breaks outside containment ¢
debris that could plug screens/Jilters (both internal and externa he lans),
heating of the water supply (e.g., BWR suppression pool, PWR i;:q-
loss of NPSH for pumps

steam binding of pumps.

that could affect pump operability

e © 6 & 0o 0 o

SY-B15

INCLUDE operator interface dependencies across systems or trains, 1
=\

g -"\
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TABLE 4.4-4¢
SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REQUIREMENT C
The systenis analysis shall be documented in a manner that fa

cilities P lications, upgrades, and peer view b
Describing the process that were followed to select, to model, and to X B}:q"y.*em :n;:'ailability., Assul:np:ions an{l bases
shall be stated \ :

A
IndexNo. R Y3
TSY-C Wm CAPABILITY i GBRY’II CAPABILITY CATEGORYIII
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o TABLE 4.4-4¢c
SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REQUIREMENT C
The systems amalysis shall be documented in a manner that facilities PRA applications, upgrades, and peer view by
Describing the process that were followed to select, to model, and to _qg%guhq‘_tem unavailability. Assumptions and bases
shall be stated - 4

SY-Cl1 DOCUMENT the system model used in the PRA system ¢t i ¢ bourkdagy, the assotiated success criteria, the modeled
components and failure modes including human actions, and a ion o n'l,deled dependencies including support system
and common cause failures. o od
This documentation typically includes: oo
o system function and operation under normal and emergency ocnrdmm::‘_‘.

o system model boundary e=q € v )

o system schematic illustrating all equipment and.components nece 'or ystgm operation

«+ information and calculations to support equipment operability and assumptions

o actual operational history indicating any past problems in the sYstem operation

o system success criteria and relationship to accident sequence m svd.p.%

. o «»

o human actions necessary for operation of system e Peo ‘~\

o reference to system-related test and maintenance procedures ' " 'o’ P

o system dependencies and shared component interface 'l'

« component spatial information o’

o assumptions or simplifications made in development of the system m@ds..-ﬂ' ]

o a list of all components andfailure modes included in the model, al‘vg '}Y&‘%onfor any exclusion of components
and failure modes 1 .

o a description of the modularization process (if used) '

o records of resolution of logic loops developed during fault tree linking (if used) e

o results of the system model evaluations 'l

o results of sensitivity studies (if used) "-":. .

¢ (q) the sources of the above information, (e.g., completed checklist froIMlﬂiowns, from discussions with plant
personnel ,
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TABLE 4.4-4¢
SUPPORTING REQUIREMENTS FOR SYSTEMS ANALYSIS HIGH LEVEL REQUIREMENT C
The systems analysis shall be documented in a manner that facilities PRA applications, upgrades, and peer view by.
Describing the process that were followed to select , to model, and to quantify the xxgtem unavailability. Assumptions and bases
- shall be stated (HLR (] '

Index | CAPABILITY CATEGORYI |CAPABILITY GA O CAPABILITY CATEGORY Il

No. SY-C L)

SY-C2 | DOCUMENT basic events in the system fault trees so that they {ge

SY-C3 | DOCUMENT the nomenclature used in the system models. e b
ey
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445 HUMAN RELIABPJ'B\* AALYSIs"
omo®®

\
W)

Objective: The objective of the human reliability element of the PRA is to ensﬁem‘a‘f me.llchts of plant personnel actions are reflected in the
assessment of risk in such a way that: S L -
Cooq o=

\,
both pre-initiating event and post-initiating event activities, including thoseﬁ eled yn S‘Jpport system initiating event fault trees, are
addressed, o

logic model elements are defined to represent the effect of such personn&ﬂctloﬁ,m%tem availability/unavailability and on accident
sequence development,

plant-specific and scenario-specific factors are-accounted for , including ﬁ&eﬁ@rs that; influence either what activities are of interest or
human performance, and

human performance issues are addressed in an integral way so that issues of d@mdsﬁ A captured.

Table 4.4-5  High Level Re?m{emgnts

Pre-Initiator HRA ) oon®®

\--0 ‘
A « A systematic process shaii be used to identify those specific routine activities which; X c@ed correctly, may impact the availability of
equipment necessary to perform system function modeling in the PRA.

B = Screening of activities that need not be addressed explicitly in the model shall be based on an asslss ent of how plant-specific operational
practices limit the likelihood of errors in such activities. cnmn®?®

o
o ® -
C - For each activity that is not screened, an appropriate human failure event (HFE) shall be defined &h cterize the impact of the failure as an
unavailability of a component, system, or function modeled in the PRA. ’

D . The assessment of the probabilities of the pre-initiator human failure events shall be performed by using a systematic process that addresses
the plant-specific and activity-specific influences on human performance
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Post-Initiator HRA ST L
v r “ '
. . ’ ' e )
Table 4.4-5  High Level Requirements (cont’d) t 3 ]
4
R
E - A systematic review of the relevant procedures shall be used to identify the%dvl"bﬁor ponses required for each of the accident
sequences ‘ __...---"‘e’Z
. (.. 1 r“ { ]
F - Human failure events shall be defmed that represent the impact of not proper! rmi tffrequired tesponses, consistent with the structure
and level of detail of the accident sequences. o’ od / ’
0\‘.‘.'

G - The assessment of the probabilities of the post-initiastor HFEs shall be perfo w¥ed using a well defined and self-consistent process that
addresses the plant-specific and scenario-specific influences on human performaEO,.M gddresses potential dependencies between human failure

. et . ‘
events in the same accident sequence ~a '.-,.-.)
. . . ' o
H - Recovery actions (at the cutset or scenario level) shall be modeled only if it has that the action is plausible and feasible for
those scenarios to which they are applied. Estimates of probabilities of failure shall lency on prior human failures in the scenario
o’ '
v
-

Pre- and Post- initiator ERA L - ooe®® .
~ -
o0
I « The HRA shall be documented in a manner that facilitates PRA applications, upgmd&suee% w by describing the processes that were

used, and providing details of the assumptions made and their bases.

(1) The following reference provides useful background information for Human Reliability Analyis? * .
D.T.Wakefield, G.W. Parry, GW. Hannaman, A.J.Spurgin, “Sharp 1 -Revised systew ction Reliability Procedure” EPRI Report
TP-101711 (1992y \‘_ - .-s\ -
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Table 44-5a HLR-HR-A: A systematic process shall be used to 130 pc‘;:lﬁc routine activities which, if not completed
correctly, may impact the availability of equipmen ‘l Morm system function modeling in the PRA.

A

Index No. CAPABILITY CATEGORY I CAPABILITY C@_!)BXD CAPABILITY CATEGORY HI

HR‘A : ‘-..q

HR-Al For equipment modeled in the PRA, IDENTIFY, throuigh a reg and practices, those test and maintenance
activities that require realignment of equipment outside its normal | standby status.

HR-A2 IDENTIFY, through a review of procedures and practices, those ivities that if performed incorrectly can have an
adverse impact on the automatic initiation of standby safety Sgo®

HR-A3 IDENTIFY those work gractices that could introduce a mechanism which simultaneously affects equipment in either different

trains of a redundant system or diverse.systems (e.g., use of com{dn salibpation equipment by the same crew on the same  shift,
a maintenance or test activity that requires realignment of an entire e SACS)).

]
l" .l
.l‘

80



Table 4.4-5b HLR-HR-B: Screening of activities that need no
how plant-specific operational pmt:rm

in the model shall be based on an assessment of
of errors in such activities.

cummy‘t}{‘;mn{n

Index No. CAPABILITY CATEGORY I CAPABILITY CATEGORY IIL
HR-B owe® - q
HR-B1 ESTABLISH rules for screening classes | ESTABLISH rulds £ ividual actwmes from further consideration.
of activities from further consideration. For Example: Screen e'zmd test activities from further consideration only
| For Example: Screen maintenance and gf.'
test activities only if the plant practices ® equipment is auVm‘}dbvm:gned on system demand, or
are generally structured to include o following maintenance activities, a post-maintenance functional test is performed
independent checking of restoration of that reveals muetgm or
equipment to standby or operational e equipment position ' Wdisg control room, status is routinely checked and
Status on completion 0f the activity. reahgnmt can bee % control room, or
e equipment status is r ;d o be checked frequently (i.e., at least once a
shift
HR-B2 DO NOT screen activities that could simultaneously have an lmpac'bn mmbdﬂ ofa redundant system or diverse systems

V! -

=S
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Table 44-S5¢ HLR-HR-C: For each activity that is not screemed out, an appro

characterize the impact of the failure as an w
' v t"‘"" \

te human failure event (HFE) shall be defined to
fAtomponent, system, or function modeled in the PRA.

index No. CAPABILITY CATEGORY 1 CAPABILITY GOlEx]i) CAPABILITY CATEGORY III
HR-C E -
EIR-CI DEFINE HFEs at a level of detail consistent with that of the = nce models.
HR-C2 For each unscreened activity, INCLUDE those modes of una For each unscreened activity, INCLUDE
following completion of each unscreened activity, multﬁ'omfmlu’ those modes of unavailability that,
o equipment to the desired standby or operational status P following completion of each unscreened
e initiation signal or set point for equipment start-up or activity, result from failure to restore:
+  automatic realignment or power o cquipment to the desired standby or
t-. operational  status
LTS « initiation signal or set point for
= '..") ) equipment start-up or realignment
" \',0' + automatic realignment or power
s’ ADD failure modes discovered through
v' on] the review of plant specific or applicable
. -". generic operating experience that leave
il g equipment unavailable for response in
accident sequences. .
HR-C3 INCLUDE the 1mpact of miscalibration as a mode of failure of initiation of systems.
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Table 4.4-5d. HLR-HR-D: The assessment of the probabilities of the pre-initiator hgman failure events shall be performed by using a
systematic process that addresses the plant-speciﬁc nlam influences on human performance.

, cno® R
-
Index No. | CAPABILITY CATEGORY I CAPABILITY "EQOBH’[L) CAPABILITY CATEGORY III
HR-D IR
HR-D1 ESTIMATE the probabilities of human failure events using Fﬂs Acceptable methods include THERP” and
ASEP®. E.--\
HR-D2 USE screening estimates in the USE detailed assmsmen& the 'y ‘ USE detailed assessments in the
quantification of the pre-initiator quantlﬁcatlon of pre-i quantification of pre-initiator HEPs for
HEPs. ' dominant system col&butomo Da'&mng each system.
values may be used in the quantification
of the pre-initiator Hqs'forqatems that
] do not appear in the donTtiyni
HR-D3 : For each detailed human assessment, INCLUDE in the evaluation
ualf OHOYW%E‘{ onnmg tasks) ‘and administrativecontrols
(for independent and
(b) the quality of the ﬁ terface, including both the equipment
configuration, anm n §nd control layout.




Table 4.4-5d .

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 phnt-speciﬁe an drw‘mmﬂlelm on human performance.

el B
IndexNo. | CAPABILITY CATEGORY I CAPABILITY %ﬁ@“‘l ) CAPABILITY CATEGORY III;
HR-D g :
»
HR-D4 When taking into account self-recovery or recovery from oth Wm&rsﬁ estimating HEPs for specific HFEs, USE pre-
initiator recovery factors consistent with selected methodolo: J‘qmo initiator errors is credited:
(2) ESTABLISH the maximum credit that can be give m for multipld rtunities, and
(b) USE the following information to assess the potential for regsf ingtiator:
¢ post-maintenance or post-cahbratxon tests required and perfo?ﬂ
+ independent verification, using a written check-off list, whicl verify component status following mamtenance/testmg
+ original performer, using a written check-off list, makes a of component status at a later time
* work shift or daily checks of component status, using a m -2! hss‘
]

HR-DS ASSESS the joint probability of those HFEs identified as having dependency (i.c., having some common
elements in their causes, such as performed by the same crew in the

HR-D6 PROVIDE an assessment of the uncertainty in the HEPs. USE m viding point estimates of HEPs

- .

HR-D7 CHECK the reasonableness of the HEPs in light of the plant’s hmok ional practices, and experience.
Operating experience may be used"to support quantification of impact ce and calibration activities have on
overall system unavailability.

References: A '
(1) NUREG/CR-1278, Handbook of Human Reliability Analysis with Emphasis on N i ROW Applications, A D. Swain and H.E.
Guttmann, August 1983 (THERP) Y L

(2). NUREG/CR-4772, Accident Sequence Evaluation Program Human Reliability Analysis Proced D. Swain, February 1987 (ASEP)
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Table 4.4-5¢ HLR-HR-E: A systematic review of the relevant proeedﬁ;:

aeo®™

to identify the set of operator responses required

for each of ti afcldent sejucpces.
d
W\
\TReORTT
Index No. CAPABILITY CATEGORY 1 CAPABILITY CATRE -.I‘I,.‘ CAPABILITY CATEGORY III
HR-E £ o= b —
HR-El When identifying the key human response actions: 1
(a) REVIEW the plant-specific emergency operating proceduregpind g;)‘el,Vant procedures (e.g, AOPs, annunciator
response procedures) in the context of the accident :soen? ae?
(b) REVIEW system operation such that an understanding of H6w the system(s) functions and the human interfaces with the
system is obtained. t- - .
HR-E2 INCLUDE those actions required to INCLUDE :

initiate (for those systems that are not
automatically initiated), operate,
control, isolate, or terminate systems
and components used in preventing or
mitigating core damage as defined by
the success criteria (e.g., operator
initiates RHR as required by the EOPs
to maintain suppression pool
temperature below the defmed limit

(BWR)).

L T ]
(a) those actions required to ‘u&mfzr ose systems not automatically initiated),
operate, control, isolate, or tgJminsfé those systems and components used in
preventing or mitigating (vfsdﬁnage as defined by the success criteria (e.g,, operator

initiates RHR);, and LSt L, | '
(b)those actions performed8y m staff either in response to procedural
direction or as skill-of-the-craft iled function system or component that:

is used in the performance of a

in dominant sequences (e. g, manual
start of a standby pump following failure

0 2uto-start).

cecerd

\.oo




Table 4.4-S¢

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 ces.
. ] o® 3

Index No | CAPABILITY CATEGORY I CAPABILITY CATRGORY 3 ' CAPABILITY CATEGORY III

HR-E s’ )

HR-E3 REVIEW the Interpretatiomf the il) with plant operations and training personnel
procedures with plantoperations or to confirm that interpretation of the procedures is
training personnel toconfirm that consistent with plant {raining procedures.
interpretationis consistentwith plant
operationalandtrainingpractices

HR-E4 USE simulator observ&ifns oPmik® USE simulator observations or talk-

through with operators to confirm throughs with operators to confirm thg

| response models for scenarios modeled.

- | response models for %0:)

S

r_,...,\
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Table 4.4-5f HLR-HR-F: Human failure events shall be defin g
required responses, consistent with the structure a ¢
'\

2t the impact of not properly performing the
Of the accident sequences

,,_)

and EOPs), and

. the availability of cues and other indications for detectio

(Task analysis is not required)

and
o the availability of cues and other

Index No. | CAPABILITY CATEGORY I CAPABILITY C LFDM CAPABILITY CATEGORY III

HR-F .-—"‘"‘ :

HR-F1 Define a set of Human Failure Events (HFEs) as unavallabllmt«)f or components as appropriate to the level
of detail in the accident sequence and system models. Failures to ogm several responses may be grouped into one

HFE if the impact of the failures is similar or can be conservativ: o

AR-F2 COMPLETE THE DEFINITION of COMPLETB THE D the | COMPLETE THE DEFINITION of the
the HFEs by specifying: HFEs by specifying: HFE:s by specitying:

. accident sequence specific timing of | ® accident sequence o 'accident sequence specific timing of
cues, and time window for cues, and time window Ty WM) cues, and time window for successful
successful completion, and completion, and . 'o’ » completion, and

. accident sequence specific * accident sequence specifi 1 | o accident sequence specific procedural
procedural guidance (e. g, AOPs, guidance (e. g., AOPs, s), and guidance (e. g., AOPs and EOPs),

« the availability of cues other e

indications for detection and errors, and '\ indications for detection and
evaluation errors, and  the specific high level tasks (e ’" ain evaluation errors, and :
o the complexity of the response. level) required to achieve the goal of o the specific detailed tasks (e.g.,
the response. *\ component level) required to achieve

oe? the goal of the response.
o

87




Table 44-5¢ 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-specifig gnd pecific influences on human performance, and
addresses potential dependencies betw h‘mnnl'-llre gvents in the same accident sequence.

ndexNo. | CAPABILITY CATEGORY I CAPABILITY AQEOB)) I’) CAPABILITY CATEGORY Il
1IR-G1 USE conservatiwe estiinates or PERFORM detail msaﬂm estimation of the HEPs of the HFEs included in
PERFORM detailed analyses for the the model. "}
estimation of the HEPs of the HFEs in , L
dominant accident sequences. ,
Screening values may be used for the . ‘one?

probabilities of HFEs in non-dominant

sequences. L o
HR-G2 USEanapptoachtoestnmatnonoflrlEPsthataddmsesfaxlurem #has failure to execute

HR-G3 USE an approach that takes the When estnmatmg HEPsE impact of the following plant-specific and
following into account: scenano- specific performal gnpmg factors:
v the complexity of the response quality (type q;loom or simulator) and ﬂ(quency) of the operator
+ the time available and time required training or ence... °
to complete the response o' quality of the and administrative controls
v some measure of scenario-induced e availability o to take corrective actions
stress e degree of clarity of tfit ¢ tions . '
¢ . human-machine interface
The ASEP Approach is an acceptable ¢ Time Available and Time
approach e complexity of the requi :
e environment (e. % iation) under which the operator is
working -
e accessibility of the equipment ing manipulation
[ ]

necessity, adequacy, and availability of special tools, parts, clothing, etc.




HR-G4

. BASE the time available to complete

BASE the time available to complete actions on plant-specific

thermal/hydraulic

actions on applicable generic studies annlysxs, or snmulaaons. SIEQW the point in time at which operators are expected
(e.g., thermal/hydraulic analysis for to receive mlev{t indjcgsionsy 'y
similar plants). SPECIFY the point in ] : i
time at which operators are expected to \ )
receive relevant indications. Y

HR-GS ESTIMATE the time required to BASE the requlred'tihc mpl BASE the required time to complete
eomplete actions. The approach actions in dominan _ﬁd actions on actual time measurements in
described in ASEP is an acceptable time measurements either walkthroughs or talk-throughs of
approach. . walkthroughs or talk- e the procedures or simulator observations.

Procedures or simulatgr® ,,

HR-G6 CHECK the consistency of the post-initiator HEP quantificati e HFEs and their final HEPs relative to each other
to check their reasonableness 31'\Len the scenario context, plant hi , procedures, operational practices and experience.

HR-G7 For multiple human actions in the same accident sequence »ASSESS the degree of dependence. ACCOUNT
for the influence of success or failure in preceding human actio performance on the human event under
consideration including: ! P o
o the time required to complete all actions i relation to the time: availgble bﬁerfonn the actions
o factors that could lead to dependence (¢.g., common instrumen sommon procedures, increased stress, etc.)

HR-GS DEFINE and JUSTIFY the minimum probability to be used for the jQip multiple human errors occurring in a given
cutset. eo®

HR-G9 Characterize the uncertainty in the estimates of the HEPs, and PROVIDE &ml or use in the quantification of the PRA

results

y

\'..‘--'-\
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Table 4.4-Sh. HLR-HR-H: Recovery actions (at the cutset or scenario level) shall be modeled only if it has been demonstrated that the

action is plausible and feasible for those scenarios to whi] . Estimates of probabilities of failure shall
address dependency on pfior hppew in the scenario.
Index No. CAPABILITY CATEGORY I CAPABILITY CAPABILITY CATEGORY III
HR-H
HR-II1 INCLUDE human INCLUDE human recovery actions that
can restore the can restore the functions, systems, or
components contributing i components.
sequences.
HR-H2 CREDIT operator recovery actions only if, on a plant-specific  basis:
o a procedure is available and operator training has included the Qﬁmm;tofcre\\’s training, or justification for the omission
for one or. both is provided e W
o “cues” (e.g., alarms) that alert the operator to the recovery action , training, or skill of the craft exist
HR-H3

ACCOUNT for any dependency between the HFE for recovery and ?&r@(ﬁl’ﬁs in the sequence, scenario or cutset to which
o

the recovery is applied. s




Table4.4-5i HLR-HR-I: The HRA ghall be documented in a manner that facilitates PRA applications, upgrades and peer review by describing the
‘processes that were used, and providing details of the assumptions made and their bases.

Index No. |‘CAPABILITY CATEGORY I CAPABILITY ' CAPABILITY CATEGORY III
HR-I ' 'O...‘ ‘.

IIR-11 DOCUMENT the HRA in enough detail to reproduce results ’ @mﬂw’erstounderstand limitations imposed by the
models, assumptions, and data, including the following:
o HRA methodology and process used to identify pre- and POSt-

o Generic and plant specific assumptions that were made in ‘l@m
= the bases for the assumptions
= their impact on the CDF and LERF results o° \. ) )

® o
o Factors used in the quantification of the human action, M oy wer€ derived (their bases),
and how they were incorporated into the quantification process

»
® «Source(s) of data used to quantify human actions, including: t ;.'. .h .a

= screening values and their bases 1 :} ‘
= best estimates with uncertainties and their bases b PR
:> the method and treatment of dependencies for post-i initiay aglfous
= all pre- and post-initiator human actions evaluated by mdcldm- g event and functlon

= all HEPs for each post-initiator human action and si lgmﬁ@m

.---\
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- ' - 44.6 DATA ANALYSIS

Objective: The objective of the’data analysis element is to provide estimates of used to determine the probabilities of the basic events
representing equipment failures and unavailabilities modeled in.the PRA in ﬁl?h wﬁm‘

.. parameters, whether estimated on the basis of plant specific or genen\ Wn’ely reflect the configuration and operation of the plant

. component or system umavailailiities die t meinttemmme: o rogadir are Mﬁfeﬁ" U -
o |\
) uncertainties in the data are undlerstiood andl gyEiiatdly auounted t‘ort } ¢ v )
AR
: V ....' .
Table 44-6 HIGH IEEVELRPPUIRREMENTS:¥OR DATA ANALYSIS (HLR-DA)

t. St Bk TS

»
A. Bach parameter shall be clearly defined in terms of the logic model, basic evemgm',;ww the model used to evaluate event

probability. y*,e

’
. . . o . . .
B. Grouping components into a homogeneous population for the purposes of p &n on shall consider both the design,
environmental, and service conditions of the components in the as-built and as

C. Generic parameter estimates shall be chosen and plant-specific data shall be coll with the parameter definitions of
HLR A and the grouping rationale of HLR B.

D. The parameter estimates shall be based on relevant generic industry or plant specific q@n’ ere feasible, generic and plant
specific evidence shall be integrated using acceptable methods to obtain plant imates. Parameter estimates
for the important parameters shall be accompanied by a characterization of the uncertaimty.

E. Documentation shall be performed in a manner that facilitates peer review, as well as future upgrades and applications of the PRA
by describing the processes that were used, and providing details of the assumptions made and their bases.
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Table 4.4- 6a SUPPORTING REQUIREMENTS FOR DATA ANALYSIS HIGH LEVEL REQUIREMENT A
Each parameter shall be clearly defined in terms of the logic model, basic event boundary,
and the model used to evaluate event probability. (HLR-DA-A)

P Y .
Index No. CAPABILITY CATEGORY 1 CAPAB I'l? EMﬁ . CAPABILITY CATEGORY III
DA-A
DA-A1 IDEN'I'IFY from the Systems Analysls the basic events for m t| are required. ESTABLISH definitions of SSC
houndaries, failure modes, and mission success criteria co; .r?pondmg basic event definitions in Systems Analysis
(SY- A4, SY- A7, and SY-A8) for failure rates and commorefiSe parameters, and ESTABLISH boundaries of
unavailability events consistent with corresponding definitions ut%sa% is (SY-A19)
Basic events typically include: - - L’
*  independent or common cause failure of a component or system to start: o,
*  independent or common cause failure of a component or system to contin ﬂl’pmwdc a required fimction for a defined time period'
e  equipment unavailable to perform its required function due to being out o service for maintenance
*  equipment unavailable to perform its required function due to being in test L
* failure to recover a function or system (e.g. failure to recover offsite-power) % " .~ ad
» failure to repair a component, system or function in a defined time period. L] . ‘
DA-A2 USE an appropriate probability model for each basic event. Examples include: v t’ ;
«  binomial distributions for failure on demand )’
* _ Poisson distributions for standby and operating failures and initiating events (‘
DA-A3

IDENTIEFY the parameter ta he actimated and tha data required Fva ag i ;
»  For failures on demand or unavailability due to test or maintenance, the pﬂn‘m i of failure or unavailability on demand, and the
data required are the number of failures given 8 number of demand .

*  For standby failures, operating failures, and initiating events, the parameter is the fai
total (standby or operating) time

data required are.the number of failures in the
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. Table 4.4- 6b SUPPORTING REQUIREMENTS FOR DATA ANALYSIS HIGH LEVEL REQUIREMENT B

The rationale for grouping components into a homogeneous population for the purposes of parameter estimation shall consider

the design, environmental, and service conditions of the components in the as-built and as-operated plant. (HLR-DA-B)
P o |
Index No. CAPABILITY CATEGORY I CAPABIL (;mGQRﬁ CAPABILITY CATEGORY I
DA-B ] \
DA-B1 For purposes of parameter estimation, |For purposes % For purposes of parameter estimation,
GROUP components according to type GROUP compon to type GROUP components according to type
(e.g, motor-operated pump, air- | (e.g., motor-opcrated (e.g., motor-operated pump, air-
operated valve) valve) and accordm 'an-:tqun operated valve) and according to the
of their usage: detailed characteristics of their usage:
e  mission g\. ju’dby, o design/size
| operating), ooe? » system characteristics
e  service conditi (e g, clean vs. = mission type(e.g., standby,.
untreated water, air)) t- - operating),
“e
b T .J = service condition(e.g., clean vs.
R ,I: Ps untreated water, air)
g => maintenance practices
( o’ = frequency of demands
._ .--“ e environmental conditions
_ﬁo e other appropriate characteristics
DA-B2 DO NOT INCLUDE obvious outliers in the definition of a group (e.g., do DO NOT INCLUDE

valves that are never tested and unlikely to be operated w1th those that are tested

otherwise mampulated frequently)

\'..'---1

obvious outliers

in the definition of a group (e.g., do not
up valves that are never tested and

ikely to be operated with those that
tested or otherwise manipulated
uently)

When warranted by sufficient data,
USE appropriate hypothesis tests to
ensure that data from grouped

components gare from compatible
populations
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Table 4.4- 6¢ SUPPORTING REQUIREMENTS FOR-DATA ANALYSIS HIGH LEVEL REQUIREMENT C
Generic parameter estimates shall be chosen and plant-specific data shall be collected in accordance

with the parameter definitions of HLR A and thef grownale of HLR B. (HLR-DA-C)

, \ T 3 "
I
Index No. CAPABILITY CATEGORY 1 CAPABIL _}W’ CAPABILITY CATEGORY III
DA-C &f
DA-C1 COLLECT generic parameter estimates from recognized so

BN IEYahe derivation process and source of the generic

parameter estimates, DETERMINE that the parameter (bﬁmtlo:m gonditions are consistent with those determined
in response to SR-DA-A13. USE=generic data for unavail to g¢esy, maintenance, and repair with caution since
different plants can have different test and maintenance philosophiies. , } \

A
Examples of parameter estimates and assocnated sources’include:
s Component failure rates and probabilities — NUREG/ CR- 463 erence 4.4.6- 1], NUREG/CR-4550

¢+ Common cause failures = NUREG/ CR- 5497 [Reference 4.4.6- -6268
¢+ AC off-site power recovery = NUREG/CR-5496, NUREG/CR-SO32‘ '{Pl
¢ Component recovery = NSAC-161 ,
( . - |
DA-C2 COLLECT plant-specific data for the basic event/parameter grouping (“. t defined by requirement DA-A1.
DA-C3 COLLECT pla'nt-speciﬁc data from as broad a time period as possible, Consi ith uniformity.in design, operational
practices and expenence JUSTIFY the rationale for scteenmg or dlsregardm t-specific data (e. g., plant design
modlﬁcatlons, changes in operating practices). ' :
DA-C4 When eval y maintenance or other relevant records to extract plant-goecifios ent failure event data DEVELOP a
clear basis for identification of events as failures: ‘ - .:l B
DISTINGUISH between those degraded states for which failure, as modeled in the PRA, would hav on demand (e.g., an operator discovers
that a pumnp has no oil in its lubrication reservoir), and those that would not (¢.g., siow pick-up to ).
» INCLUDE as failures all events which would have resulted in a failure to perform the mission as defined in the PRA
DA-C5S COUNT repeated plant-specific component failures occurring within a short time interval as a single failure if there is a single,

repetitive problem that causes the failures. In addition, COUNT only one demand.
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Table 4.4- 6c SUPPORTING REQUIREMENTS FOR DATA ANALYSIS HIGH LEVEL REQUIREMENT C
Generic parameter estimates shall be chosen and plant-Specific data shall be collected in accordance
. with the parameter defmitions of HLR A and the grouping rationale of HLR B. (HLR-DA-C)

oo™

Index No. CAPABILITY CATEGORY I CAPABILIT“' Cm?'n CAPABILITY CATEGORY IIT

DA-C 3

DA-c!6 DETERMINE the number of plant-specific demands on stan c@pongtl ofj the basis of the number of:

. surveillance tests - 4

. maintenanceacts Saee oo

. surveillance tests or maintenance on other components. t.---’.‘ '

. operational demands eeqy € ' 0

DO NOT COUNT additional demands from post-maintenance of the successful renewal.)

DA-C7 ESTIMATE number of surveillance BASE number of surv n plant surveillance requirements and actual
tests and planned maintenance activities | practice. BASE number plannea maintenance activities on plant maintenance plans
on plant requirements. and actual practice. BAtEgm&er of unplanned maintenance acts on actual plant

experience. - '.:-.
e ))

DA-C8 When required, ESTIMATE the time When required, USE pl ant- ¢ b&rational records to determine the time that
that components were configured in gomponents were confi, 'thGir standby status
their standby status _u

DA-C9

DETERMINE operational time from
urveillance test records for standby
mponents, and.from actual operational

ESTIMATE operational time from surveillance test pmctlces‘?ﬂ!
components, and from actual operational data. .
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Table 4.4- 6c SUPPORTING REQUIREMENTS FOR DATA ANALYSIS HIGH LEVEL REQUIREMENT C
Generic parameter estimates shall be chosen and plant-specific data shall be collected in accordance
with the parameter definitions of HLR A and the grouping rationale of HLR B. (HLR-DA-C)

o ‘.’q

CAPABILITY CATEGORY III

)
e ® .o
Index No. CAPABILITY CATEGORY 1 Ca mn,m\c TEGOR'Yﬂ
DA-C
DA-C10 |When using surveillance test data,| When using sunﬁll data,
REVIEW the test procedure to REVIEW the testprocemlre to_gigienine
determine whether a test should be whether a test shoul:dge. &pr gach
credited for each possible failure mode.| possible failure mod&.° QOUNT
Only COUNT complete tests or ¢omplete tests or unpl idnal
unplanned operational demands as |demands as- ‘ \penent
success for component operation. operation. If the compdhent f;ﬂure mode
is decomposed into ents (or
causes) that are fully @(Li
tests that exercise specific su cn?ﬂs j
their evaluation. Thus, one %letient
sometimes has many more
another. . ,: e
DA-C11 | When using data on maintenance and testing durations to estimate j

required by the system model, only INCLUDE those maintenance or test

system unable to perform its function when demanded. .

When using surveillance test data,
REVIEW the test procedure to
determine whether a test should be
credited for each possible failure mode.
Only COUNT complete tests or
unplanned operational demands as
success for component operation.
DECOMPOSE the component failure
mode into sub-elements (or causes) that
are fully tested, and USE tests that

t | exercise specific sub-elements in their
than | evaluation. Thus,

one sub-element

sometimes has many more successes
than another.

component, train, or system level, as
t could leave the component, train, or

e
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Table 4.4- 6c SUPPORTING REQUIREMENTS FOR DATA ANALYSIS HIGH LEVEL REQUIREMENT C
Generic parameter estimates shall be chosen and plant-specific data shall be collected in accordance
with the parameter definitions of HLR A and the grouping rationale of HLR B. (HLR-DA-C)

I Y e |
. , o [} :
Index No. CAPABILITY CATEGORY I CAPABIL TEGORY II " CAPABILITY CATEGORY IIII
DA-C J
DA-C12 | EVALUATE the duration of the actual | EVALUATE the dukatio¥S; time that the equipment was unavailable for
time that the equipment was unavailable | each contributing activVify” Since puaiptenance outages are a function of the plant
for each contributing activity. Since | status, only INCL ujring during plant at power. Special attention
maintenance outages are a function of | should be paid to the i-plant site with shared systems, when the
the plant status, only INCLUDE outages | Specifications (TS) requj ¥¢ different depending on the status of both
occurring during plant at power. Special | plants. Accurate mod ads to a particular allocation of outage data
attention should be paid to the case of a | among basic events to ¥ike this mode dependence into account. In the case that
multi-plant site with shared systems, | reliable estimates or d finish times are not available, INTERVIEW the
when the Technical Specifications (TS) | plant maintenance and generate estimates of ranges in the
requirements can be different depending | unavailable time per main vf components, trains, or systems in dominant
on the status of both plants. Accurate | accident scenarios. DO NOT',:M ate time periods to avoid specific maintenance
modeling generally leads to a particular | events.
allocation of outage data among basic P
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. )
DA-C13 | EXAMINE coincident outage times for redundant equipment (both m? gnd y em) based on actual plant experience.
CACULATE outage unavailabilities that reflect actual plant experience.
DA-C14 | IDENTIFY instances of plant-specific component repair and for each repair, COLL “the associated repanr time with the
repair time being the period from identification of the component failure until the component is returned to service.
DA-C15 | Plant-specific data on recovery from loss of offsite power, loss of service water, etc. is 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 component failure until the component is returned to service.
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_ Table 4.4- 6d SUPPORTING REQUIREMENTS FOR DATA ANALYSIS HIGH LEVEL REQUIREMENT D
The parameter estimates shall be based on relevant generic industiy and plant specific evidence. Where feasible, generic
and plant specific evidence shall be integrated using acceptable methods to obtain plant specific parameter estimates.

Each parameter estimate shall be accompanied by a cha.rgﬁealﬁn‘ of the uncertainty. (HLR-DA-D)
[ndex No. CAPABILITY CATEGORY 1 CAPABILITY ¥ GORY ‘CAPABILITY CATEGORY Il
DA-D
DA-D1 | USE plant-specific parameter estimates | CALCULATE ;;“ﬁimn CALCULATE realistic = parameter
for the unique design or operational | estimates for dominant® by | estimates for dominant contributors by
features exist with generic information | using Bayesian u d&)ﬁ% using Bayesian updates. ADJUST prior
for remaining events. distribution to acco 14nt- distribution to account for plant-to-plant
variability. CALCULAJ}M variability.
estimates for the re
industry generic info Seo® For cases where plant-specific data from
- a number of other plants is available,
t. -, USE 2-stage Bayesian updating.
N e ”
DA-D2 | If neither plant-specific data nor generic parameter estimates are avmla w: #ift parameter associated with a specific basic
event, USE data or estimates for the most similar equipment avai )djustmg if necessary to account for differences.
| Alternatively, USE expert judgment and document the rationale behi choxce of parameter values.
DA-D3 PROVIDE a characterization of the| PROVIDE a mean

uncertainty intervals for the estimates of
those parameters used for estimating the
probabilities of the basic events that ¢
contribute measurably to CDF and A
LERF.  Example  characterizations
include:

o Qualitative discussion

e Sensitivity analyses

statistical representation ofuae

ontribute measurably to CDF and LERF. | estimates.
Acceptable systematic methods include:
Bayesian updating, frequentist m og,-q

expert judgment.

PROVIDE a mean value of and a
atistical representation of the
ertainty intervals for the parameter
Acceptable systematic
Tkthods include: Bayesian updating,
frdquentist method, or expert judgment.
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Table 44- 6d SUPPORTING REQUIREMENTS FOR DATA ANALYSIS HIGH LEVEL REQUIREMENT D
The parameter estimates shall be based on relevant generic industiy and plant specific evidence. Where feasible, generic
and plant specific evidence shall be integrated using acceptable methods to obtain plant specific parameter estimates.

Each parameter estimate shall be

accompanied by a clm)m of the uncertainty. (HLR-DA-D)

9 L1
Index Mo, CAPABILITY CATEGORY 1 CAPABILITY CAP ABILYTY CATEGORY IH
DA-D
DA-D4 When the Bayesian to derive a distribution and mean value of a
parameter, PERFORM* 8¢ follaming tests to ensure that the updating is
accomplished co Wc parameter estimates are conSisterit with
the plant- specific app
» CONFIRM that the B}shu’damg does not produce a posterior distribution
with a single bin hi pply
* EXAMINE the of any unusual postenor distribution shapes
. EXAMINE inconsisgms.ﬂeenthe prior distribution and the plant- specific
evidence to confirm priate;
« CONFIRM that the Bayelii. ik algorithm provides valid results over the
range of values being co ;07
. CONFIRM the reaso: of the posterior distribution mean value.
DA-DS USE the Beta-factor approach or an |USE one of the followu&'modelib5

equivalent for the estimation of CCF
parameters.

USE one of the following models for

ting CCF parameters
Alpha Factor Model
Basic Parameter Model

Multiple Greek Letter Model
Binomial Failure Rate Model

pstimating CCF  param .
CCF contributors e \

. AlphaFactor Model
Basic Parameter Model
Multiple Greek Letter Model
Binomial Failure Rate Model S

JUSTIFY the use of alternative methods

TIFY the use of alternative:
ods.
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Table 4.4- 6d SUPPORTING REQUIREMENTS FOR DATA ANALYSIS HIGH LEVEL REQUIREMENT D
The parameter estimates shall be based on relevant generic industry and plant specific evidence. Where feasible, generic
and plant specific evidence shall be integrated using acceptable methods to obtain plant specific parameter estimates.

Each parameter estimate shall be accompamedbyachmgw of the uncertainty. (HLR-DA-D)

C e\
ndex No. CAPANILITY CATEGORY 1 CAPABILITY IQ‘EGORX 9 CAPABILITY CATEGORY III
JA-D
JA-D6 USE generic common cause failure JUSE realistic common eS8 probabilities consistent with available plant-
probabilities. specific data, suppo %ﬂﬁc screening and mapping of dominant
commUIPeie” even yle.approach is provided in NUREG/CR-5485.
DETERMINE that the sy models are consistent.
ll ‘: o¥ ¢
DA-D7 If modifications to plant design or If modifications to plan®esign or 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:

If the modification involves new equlpment
or a practice where significant generic
parameter estimates are available, USE the
generic parameter estimates updated with
plant-specific data as it becomes available
for unique design or operational features, or;
If the modification is unique to the extent
that generic parameter estimates are not
available and only limited experience is
available following the change, then
ANALYZE the impact of the change and
assess the hypothetical effect on the
historical data to determine to what extent

the data can be used.

LIMIT the use of old data:

generic parameter estimates
plant-specific data as it becomes &
dominant contributors, or;

impact of the change and assess
hypothetical effect on the hiitori:
determine to what extent the data can
used.

If the modification mvolve:?’ew
or a practice where signifi lgﬁeﬁc

parameter estimates are availible, UST the® i

. Ifﬂ:emodnﬁcatlomslmnquet.oﬂleemntthat

cpmmeteratnmmarenotavmlahle
and only limited experience is available

following the change, then ANALYZE thee ®

il

operating practice lead ndition operating practice lead to a condition

where past data are no lo ™ o wq | Where past data are no longer

representative of currentperf ',‘ representative of current performance,
v’

LIMIT the use of old data:

ment If the modification involves new eqmpment
or a practice where significant generic
parameter estimates are available, USE the
generic parameter estimates updated with
plant-specific data as it becomes available,
or. '

If the modification is unique to the extent
that generic parameter estimates are not
available and only limited experience is
available following the change, then
ALYZE the impact of the change and
the hypothetical effect on the

rical data to determine to what extent
thedatacanbeused.

le

be
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Table 4.4- 6¢ SUPPORTING REQUIREMENTS FOR DATA ANALYSIS HIGH LEVEL REQUIREMENT E
Doenmentation shall be performed in a manner that facilitates peer review, as well as future upgrades and applications of the PRA
by describing the processes that were used, and providing details of the assumptions made and their bases. (HLR-DA-E)

Index No. CAPABILITY CATEGORY I | CAPABWORYII CAPABILITY CATEGORY I
DA-E

DA-El DOCUMENT the following: ,

(a) system and component boundaries used to establi gh .yuxeprobabnhtles,
(b) the model used to evaluate each basic eyent probability?e ==

(c) sources for generic parameter estimates, eam==2

(d) the plant-specific sources of data, ' C.en f’.“ '.

(e) the time periods for which plant- specific data were M ! a
(f) key assumptions made in the interpretation of data gfbased on engineering, systems modeling, operatxons

and statistical knowledge) supporting its use-in parameth’estimBiion;
() justification for exclusion of any data;

(h) the basis for the estimates of comhmon cause failure probnnl*ﬁg'mohd‘g Jusuﬁcatlon for screening or mapping of generic
and plant- specific data;

(i) the rationale for any distributions used as priors for Bayesxan %m apphcable, and
(j) parameter estimate including the characterization of
.. ‘..“

r..----\
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4.4.7 INTERNAL FLOODINQ‘

Objective: | ‘
| ]
The objective of the internal flooding element is to ensure that the . . : : .
system failure is evaluated in such a way that: 1y \untﬂlﬁﬁmdmg as the cause of either an accident or a
Vo™
o=
the water sources within the plant that could flood plant o= " e
plant equipment arc identified locatlon[m eﬁ‘ie conditions that could damage mitigative
the flood scenarios/sequences that contribute to the core damage
quantified. q £, Wﬁﬂ(ﬂrgeearly release frequency are identified and
U=~
ad
e )
&" '
0-...
& \

r_,...\
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TABLE 44-7 HIGH LEVEL REQUIREMENTS FOR INTERNAL FLOODING (HLR-IF)

A Different flood areas of the plant and the SSCs locatéd within thwenﬂﬂ‘be identified

-AO.“
B The potential flood sources in the plant and thelr associated ﬁng mec&nkms shaii be identified.

C  The potential flooding scenarios shall be developed for each

identifying the propagation path(s) of the water
and the affected SSCs.

o o..q
o s o . Coeq °9 .V
D  Flooding-induced initiating events shall be identified and their fRe estintated.
o
E  Flood-induced accident sequences shall be quantified. (:"\"’2 s
F  The internal flooding analysis shall be documented in a manner agwEtes PRA applications, upgrades, and peer review
by describing the processes that were followed,. with assumptions and&qﬂ‘pﬂ.“-;
e
P
—'—t‘-v‘

‘-'\:

\-_,....\
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TARLE 434;1;
SUPPORTING REQUIREMENTS FOR INTERNA‘.. I‘YG HIGH LEVEL REQUIREMENT A
Different flood areas of the plant and the SSCs lott{ withint h,arm shall be identified. (HLR-IF-A)

Index CAPABILITY CATEGORY I - CAPABIL _CAIEGQRY 1| CAPABILITY CATEGORY III

No. : pOREPT :

IF A 0 v

IF-Al DEFINE flood areas by dividing the plant into physically sepffa Wre a flood area is generally viewed as “independent”
of other areas in terms of flooding effects and flood propag#i EBINY: flood areas by using:.

O the presence of physical barriers (e.g., walls, floors, dik:es
O mitigation features (e.g., sumps, drains), and g T -
a propaggtion pathways (e.g., open hatches or doors). ‘ Peoq _

IF-A2 IDENTIFY the SSCs located in each flood area, including their tbﬂgdlon in the area and any flooding mitigative features
(e.g. shleldmg) INCLUDE SSCs modeled in the PRA as part o vﬂccess criteria and SSCs that can challenge normal plant
operation requiring successful mitigation to prevent core fta ﬂoog can be screened out using the requirements in
element IF-CS5, then there is no requirement to identify SSCs wﬂmﬂﬂ! : '

IF-A3 USE plant information sources to support development of flood areas to tify the SSCs located within each flood area.

IF-Ad4 CONDUCT a plant walkdown to verify the accuracy of information obtained plant information sources and to obtain or

verify: .
O spatial information needed for the development of flood areas, ' 1
O SSCs located within each flood area, and .-,0':
0 potential flood sources within each flood area. e o®
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TABLE 4.4-7Tb
SUPPORTING REQUIREMENTS FOR INTERNAL FLOODING HIGH LEVEL REQUIREMENT B -

The potential flood sources in the phnt and their associnte‘(.l flgoding nﬂhanisms shall be identified. (HLR-IF-B)

.O ha |
Index CAPABILITY CATEGORY 1 CAPABILTT:TE jY | | CAPABILITY CATEGORY Il
No.
IF-B
IF-B1 For each flood area, IDENTIFY the potential sources of fl WW&‘Bmclude: .
. equipment (e.g., piping, valves, pumps) located in the area :ﬁ&ﬁl t‘ fluid systems (e.g., circulating water system,
service water system, component cooling water system, feedwater n,d jpactor coolant system),
, plant internal sources of water (e.g., tanks or pools) located in thy
_ plant external sources of water (e.g., reservoirs or rivers) that nneeMYo the area through some system or structure.
IF-B2 For each potential source of flooding water, IDENTIFY the ﬂoodcu g:echamsms that would result in the release of water.
INCLUDE:
. failure modes of components such as pipes, tanks, gaskets, expans:;rﬁo ﬁ, , seals, etc.; :
. human-induced mechanisms that could lead to overfilling tanks, diversiod 'ﬂ&v through openings created to perform
maintenance; inadvertent actuation of fire suppression system; and L
| other events releasing water into the area. ( '
IF-B3 For each source and its identified failure mechanism, IDENTIFY th istic Of water release and the capacity of the
source; INCLUDE:
. a characterization of the breach, including type (e.g., leak, rupture, y) fo ., & five foot cone-shaped spray
discharging to the northeast), .
, flow rate of water, and ' x
_ capacity (¢.g., gallons of water source). (1.
IF-B4 In each flood area, IDENTIFY any floor drains (i.e., any physical ) ion as a drain) or sumps (i.e., any

physical structure that allows for the accumulation and retention of water). DETE the capacity of the drains and the
amount of water retained by the sumps. If these are larger than a flood source in the area and the flood source cannot cause
additional equipment damage or failure (see IF-C4), then the flood source may be eliminated.
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The potential flooding scenarios shall be developed for each

TABLE 4.4-T¢ L on

SUPPORTING REQUIREMENTS FORINTEESG DING HIGH LEVEL REQUIREMENT C
ool "¥0:

\irce dentifying the propagation path(s) of the water and
the affected

Index CAPABILITY CATEGORY 1 CAP ORY 11 CAPABILITY CATEGORY Il
Neo. . Vyo® -
IF-C ' com==2 '
IF-C1 , Ly '

For each flood source, IDENTIFY the propagation path from Jﬂe \(iod}o‘rce area to its accumulation point; INCLUDE:

the normal flow path from one area to another via drain lmﬁ“ of ¢

connected via back flow through drain lines involvingWiled omek &lves, pipe and cable penetrations (including cable
trays), doors, ‘t. oa .
E::W' Ils, hatchways, and HVAC duits. - : -..‘
. [ ™
L)

INCLUDE potential for structural failure (e.g., of doors or walls :’ﬂﬁzdmg loads.
IF-C2 IDENTIFY plant design features or operator actions that have 3ﬁﬁty to terminate the flood propagation.

INCLUDE the availability of flood alarms, flood dikes, curbs, SUIR , spray shields, water-tight doors, and

operator actions. : .S‘.ﬂ.'. - '

JUSTIFY any credit given, particularly any credit given for non- or barriers, and credit for isolation of a flood

source including the:method of detection, accessibility to the isolatio i time available to perform actions.
TR TNENTIRYV the enerentihility af sach SKC in a fland area tn fland.inducad fai

mechanisms.

INCLUDE failure by submergence, jet impingemerit, spray, pipe whip, humi gfiensation, temperature concerns, and any
other identified failure modes in the identification process. ome®?
JUSTIFY exclusion of any SSC’s susceptibility to a flood-ind i
as test or experimental data, equipment qualification data, or other analyses. If

on appropnate documented criteria such
ibility information .cannot be ascertained,,
environment.

ASSUME the equipment will fail in the presence of the associated flood-ind

.‘)1:

107




TABLE 4.4-7¢
SUPPORTING REQUIREMENTS FORINTERNAL FLOODING HIGH LEVEL REQUIREMENT C
The potential flooding scenarios shall be developed for each flood source by identifying the propagation path(s) of the water and

the affected SSCs. M-C)

;ndex CAPABILITY CATEGORY 1 CAP ch RY II - CAPAREATY. CATEGORY IIT |
o.
IF-C \\_../)0
IF-C4 | DEVELOP flood scenarios by examining potential propag!hon'mqug credit for appropriate flood mitigation systems or
operator actions, and identifying susceptible SSCs. t..— ; i
VERIFY any information used from documents during plant w§ '
& ‘\ ® }

. L 4

IF-CS USE as criteria to screen out flood areas one or more of the ﬁollowing:

e an area (including adjacent areas where flood sources ‘pnmate) with no mitigating equipment modeled in the PRA;
a flood within the area does not cause an initiating event, ualscram,or

o an area with no significant flood sources (i.c., an area where &ht; flood sources or where the volumes of the flood
sources are insufficient to cause failure of eqmpment)

e an area with mitigation systems (e.g., drains or sump pumﬂoﬁable of preventmg unaoceptable flood levels and other
flooding effects are expected to be insignificant. '

o-..
JUSTIFY any other qualitative screening criteria; _
IF-C6 USE potential human mitigative actions | USE potential human miti DO NOT SCREEN flood scenarios that
as additional criteria for screening if all | as additional criteria forscreemng rely on operator action to prevent
the following can be shown: the following can be shown: challenges to mormal plant operations.

an area that has small or modest flood . an area that has small or modest ﬂ

sources that is not in a propagation path | sources that is not in a
from small or modest sources, from small or modest .

the time to the damage of safe shutdown |. the mitigative action can be perform
equipment is greater than 2 hours for the | with high reliability for the worst

worst flooding initiator, flooding initiator,

flood indication is available in the . flood indication is available in the
control room, and control room, and

the flood sources in the area can be . the flood sources in the area can be:
isolated. isolated.
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TABLE 4.4-7d
SUPPORTING REQUIREMENTS FOR INTERNAL FLOODING HIGH LEVEL REQUIREMENT D
. Flooding-induced initiating events shall be identified and then' @quenem estimated. (HLR-IF-D)

p-m-
gldex CAPABILITY CATEGORY I CAPABImATq}QRY | CAPABILITY CATEGORY Il
o.
IF-D \ \...-‘
IF-D1 USE a structured, systematic process to identifying those flood sam&o's’ggtqaﬂenge normal plant operation and that require
successful mitigation to prevent core damage. INCLUDE the pptemm opding-induced transient or LOCA.
IF-D2 In searching for flood-induced initiating events, REVIEW the xmpact ‘p lan§-specific initiating event precursors and system
alignments, INCLUDING aligriments of supportihg systems. \
[F-D3 GROUP flooding-induced initiating events | GROUP flooding! GROUP flooding-induced  initiating
only when: events only when: events only when:
| Events can be considered similar in terms of | Events can be consﬂ?red'aunuar in '| Events can be considered similar in
plant response, success criteria, and timing; | terms of plant respon;?‘ ia, | terms of plant response, success criteria,
or . and timing, and the effest & go and timing, and the effect on the
. Events can be subsumed into a group and operability and performghce o2 operability and performance of operators
bounded by the worst case impacts within operators and releva%&iﬁatmg and relevant mitigating systems; or
the “new” group. systems; or °. - R L . Events can be subsumed into a group
| Events can be subsum and bounded by the worst case impacts
and bounded by the worst within the “new” group.
within the “new” group. .
“¢*% | To avoid conservatism, DO NOT ADD
To avoid excess conservatism, Dw initiating eventsto a group and DO NOT'
ADD initiating events to SUBSUME events into a group unless
DO NOT SUBSUME evmﬂ.\ the impacts are comparable to or less
group unless the impacts are than those of the remaining events in
comparable to or less than those of the that group, or is demonstrated that such
remaining events in that group. grouping does not appreciably impact
CDF or LERF.
IF-D4 For multi-unit sites with shared systems or For multi-unit sites with shared systems or structures, TREAT quantitatively dual
structures, PERFORM 2 qualitative unit internal flood initiators.

evaluation to determine that the relative risk
significance of modeled SSCs is not

109




TABLE 4.4-7d

SUPPORTING REQUIREMENTS FORINTERNAL FLOODING HIGH LEVEL REQUIREMENT D
. Flooding-induced initiating events shall be identified and their faqueneies estimated. (HLR-IF-D)

.o“‘. q
Index CAPABILITY, CATEGORY I . CAPABI{H?'Cﬂ#QRY m CAPABILITY CATEGORY IIL
No.
IF-D I
distorted if dual unit internal flood initiators .—-‘J‘
are excluded from the analysis. If the P L |
qualitative evaluation cannot show that the t--'\ e
relative risk significance of modeled SSCs . J \." .‘
is not distorted, then INCLUDE dual unit l"\ ' N
initiators. ) V 14
IF-D5 DETERMINE the flood initiating event DETERMINE the: initiating event frequency by using the applicable
frequency by using the applicable requirements in D ne of the following:

requirements in DA-C and one or more of
the following:

| an assessment of applicable generic

operating experience of internal flooding,

| an evaluation Of pipe, component, and tank

rupture failure rates from generic data
sources,

a probabilistic fracture mechanics
evaluation of the probability of pipe leaks or
ruptures representative of plant-specific
conditions,

. a combination of operating experience, and

generic pipe and component failure rates, or

. a combination of one of the above

approaches with expert judgment.

e an assessment of gu&fb"g}lant-speciﬁc operating experience of internal
flooding, 142, _
. an evaluation of pipe:dgpﬂnmt, and tank rupture failure rates from generic data
plant: i '

sources enhanced by information,

. & probabilistic ﬁ-actu;;ﬂc T
ruptures using plant- Sihdi
, a combination of operating

rates, or
. a combination of one of the above
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TABLE 4.4-7¢
SUPPORTING REQUIREMENTS FOR INTERNAL FLOODING HIGH LEVEL REQUIREMENT E

Flood-induced accidents sequences shall be quagfified. (HLR-IF-E)

Ho e i
Index CAPABILITY CATEGORY I 'CAPABILITY CATEQORYN | CAPABILITY CATEGORY I
No. '
11F-E \. \.,..0' ,’
IF-E1 REVIEW the accident sequence results obtained by foll,owing‘tﬂe-apﬁx.cgl uirements described in Section 4.4.2 and
MODIFY sequences as necessary to account for any flood-ind v .
IF-E2 PERFORM any necessary engineering calculations for fl ood rehcHvulnerable equipment, and the structural capacity
of SSCs according to the requirements described in SC-B1 thro )
IF-E3 MODIFY the systems analysis results obtained by following the@ﬁh erfuirements described in Section 4.4.4 to include
flood-induced failures identified by IF-C3.
- -
IF-E4 PERFORM any additional data analysis to the applicable require &E_&mwm Section 4.4.5.
IF-E5 PERFORM any human reliability analysis to the applicable requirem (re?ﬁ in Section 4.4.6 (HLR-HR-E through HLR-
HR-G), and INCLUDE the following scenario specific PSFs for comntrdl %6, ex-control room actions as appropriate:
. additional workload and stress (above that for similar sequences nott y internal floods),
. uncertainties in event progression (e.g., cue availability and timing y flood), and
. effect of flood on mitigation, required response, and recovery activi (E . ility restrictions, possibility of physical
harm) -
Q Iflooding-specific job aids and training (e.g., procedures, training exerci )
JUSTIFY the use of extraordinary recovery actions that are not proceduralized.
IF-E6 PERFORM internal flood sequence quantification in accordance with thig gnpléca¥l irements described in Section 4.4.8,
including any quantitative screening. an® !
INCLUDE the combined effects of failures caused by flooding and those coincidentit the flooding due to independent causes.
including equipment failures, unavailability due to maintenance, and other credible causes.
INCLUDE both the direct effects of the flood (e.g., loss of cooling from a service water train due to an associated pipe rupture)
and indirect effects such as submergence, jet impingement, and pipe whip.
IF-E7 REVIEW the LERF analysis results obtained by following the applicable requirements described in Section 4.4.9 and MODIFY

as necessary to account for any flood-induced phenomena.
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TABLE 4.4-7f

SUPPORTING REQUIREMENTS FOR INTERNAL.FLOOD GH LEVEL REQUIREMENT F
The internal flooding analysis shall be documented in a manner Afal applications, upgrades, and peer review by
describing the processes that were followed, wii m‘b‘ao ind bases stated. (HLR-IF-F)

Index No. CAPABILITY CATEGORY 1 CAPAB )RYII CAPABILITY CATEGORY III
IF-F

IF-F1 DOCUMENT the process used to identify flood sources, ﬂoom.*l qulhmys. flood scenarios, and their screening, and

internal flood model development and quantification. "’"
IF-F2 DOCUMENT the following results:

. flood sources identified in the analysis, any rulés used to screen &ém’es and the resulting list of sources to be further

examined; Py 4

. flood areas used in the analysis and the reason for eliminating afiy of these areas from further analysis;
. propagation pathways between flood areas and any assumptuon{ﬁlwlﬁlons. or other bases for ellmmatmg or justifying any of

these propagation pathways;

bl Y
. accident mitigating features and barriers credited in the analysis, the : ‘xttgﬂ ;Ach they were credited, and associated’

justification,;

. component fragilities and any associated assumptions or calculati m in the determination of the impacts of submergence,

spray, temperature, or other flood-induced effects on equipment

bilgees

_ screening criteria used in the analysis;
. flooding scenarios considered, screened, and the remaining scenanos, };l oy the internal event analysis models were
ysis;

modified to model these-remaining scenarios for the internal flooding an

. flood frequencies, component unreliabilities/unavailabilities, and HEPs used in ysis (i.e., the data values unique to the

flooding analysis);

. any calculations or other analyses used to support or refine the floodi :
. results of the internal flooding analysis including results from each sults from the combined accident

sequence model (i.e., the total plant model), results from sensitivity and uncertaintyfandllyses, and results from importance
measure calculations.
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4.4.8 QUANTIFICATION

.—_’.M

OBJECTIVE: The objective of the quantification element is to provide an eﬁr‘ngMCﬁF W upon the plant-specific core damage scenarios, in
suckk a ‘wiy that: ' \

)
The results reflect the design, operation, and maintenance of the plLt‘ “‘::."
Important contributors to CDF are identified in terms of initiating even&,"acgidenqquences, equipment failures, and operator errors
Significant dependencies are accounted for t::: e

Uncertainties are understood and appropriately quantified

Table 44-8 HIGH LEVEL REQUIREMENTS FOR THE LEVEL .

RESULTS INTERPRETATION
— . : e
A. The level 1 quantification shall quantify core damage fkquency. N pee ™
B. The quantification shall use appropriate models and codes, and shall account for m&h #fic limitations and features.
C. Model quantification shall determine that all identified dependencies are addressed priately.
D. The quantification results shall be reviewed and important contributors to CDF , initiating events, accident sequences, equipment failures
and operator errors, shall be identified. The results shall be traceable to the mputrﬂ‘ng made in the PRA.
E. Uncertainties in the PRA results shall be characterized. Sources of model ptions shall be identified, and their potential
impact on the results understood. : .
F. Documentation shall be performed in & manner that facilitates peer review, as well as future up and applications of the PRA by describing,

the processes that were used, and providing details of the assumptions made and their bases.

==\
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TABLE 4.4-8a

SUPPORTING REQUIREMENTS FOR QUANTIFICATION HIGFM aU]REMENT A: The level 1 quantification shall
quantify core damage frequency and shall support the quantiﬁutiol‘of T QLR-QU-A)

Index No. CAPABILITY CATEGORY 1 l CAPABILT'% tgm?b?{ CAPABILITY CATEGORY I

QU-A L

QU-Al INTEGRATE the accident sequenoe dehneatlon, system modelg M.ﬂm in the c  quantification process for each initiating
event group, accounting for system dependencies, to arrive atfgccidengStdberlce frequencies.

QU-A2 ESTIMATE the overall CDF from internal events. QUANTIFY ing B¢ es in order to identify dominant sequences
and confirm the sequence logic is appropriately reflected. The egtfngtdg.mdy Ye accomplished by using either fault tree linking
or event trees with conditional split fractions. V o ad

QU-A3 SELECT a method that is capablea'amcnmmanng the contri to the CDF commensurate with the level of detail in the
model.

QU-A4 INCLUDE recovery actions in the quantification process in appli and cut sets. Recovery actions credited in the
evaluation may be cither proceduralized or have reasonable likelihoodl c‘ assuming that trained and qualified personnel
are performing the recovery action(s). 2 '

o® ..-

\

. "\
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TABLE 4.4-8b

" SUPPORTING REQUIREMENTS FOR QUANTIFICATION HIGH LEVEL REQUIREMENT B: The quantification shall use .

appropriate models and codes, and shall account for method-specific limitations and features. (HLR-QU-B)
’.’q

Index No. CAPABILITY CATEGORY 1 ]' CAPABIL WEG‘RYI[ . CAPABILITY CATEGORY I

QU-B

"QU-BI PERFORM quantification using computer codes that have : emo to generate appropriate results when compared to
those from accepted algorithms. IDENTIFY method-spec ifi d features that could impact the results.

QU-B2 TRUNCATE accident sequences and associated system models asﬂﬁuﬂlﬂy low cutoff value that significant dependencies
are not eliminated. —-| '

QU-B3 SELECT initial truncation limits (e.g. system level, sequence level) the quantified result converges toward a stable
value. EVALUATE truncation effects both before and after reco tig a}e applied in order to avoid discarding important:
cutsets and sequences. ESTABLISH final truncation limits by- gfe iyeprécess of demonstrating that the overall model
results are not significantly changed and that no. impo.rtant accident sequences are inadvertentlv, _eliminated..

QU-B4 Where cutsets are the means used in quantification, USE the t upper bound or an exact solution. The rare event
approximation may be used when basic event probabilities are be ovm At Y

QU-BS Fault tree linking and some other modeling approaches may result in wc that must be broken before the model is
solved. BREAK the circular logic appropriately. Guidance for breakip 9glc loops is provided in NUREG/CR-2728
(Reference [4.4.4-1]). When resolving circular logic, AVOI D introgfcis$ significant conservatisms or non-conservatisms.

QU-B6 ACCOUNT for system successes in addition to system failures in tHee 8]13&0! 8fhccident sequences to the extent needed for
realistic estimation of CDF and LERF. This accounting may be a g numerical quantification of success
probability, complementary logic, or a delete term approximation and inc lgdes thi tment of transfers among event trees
where the “successes” may not be transferred between event trees..

QU-B7 IDENTIFY cutsets (or sequences) containing mutually exclusive events in the res CORRECT by either:

(a) designing path-dependent logic to eliminate mutually exclusive situations, or ‘!
(b) deleting cutsets containing mutually exclusive events. --""
am o 0¥

QU-BS When using logic flags, SET logic flag events to either TRUE or FALSE (instead o ing the event probabilities to 1 .O or
0.0), as appropriate for each accident sequence, prior to the generation of cutsets.

QU-BY If modules, subtrees, or split tractions are used to facilitate the quantification, USE a process that allows:

o Identification of shared events.
o Correct formation of modules that are truly independent.
o Results interpretation based on individual events within modules (e:g., risk significance).
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TAB —--"
SUPPORTING REQUIREMENTS FOR QU EHHONX] H LEVEL REQUIREMENT C:
Model quantification shall determine that all iden depen mles are addressed appropriately.
.-‘ . ‘

Index No. CAPABILITY CATEGORY 1 CAPAB CAPABILITY CATEGORY HI

QU-C -9 \

QU-CI IDENTIFY cutsets with multiple HFES. Avoid premature c\lsds with multiple HFEs, by selecting appropriate
HEP screening values in the initial quantifi cation. The final q f,hm post-initiator HFES may be done at the
cutset or saved sequence level. ....

QuU-C2 ASSESS the degree of dependency between the HFES in the m accordance with HR-D5 and HR-G7.
INCLUDE both the cognitive aspects, and the constraints im “s@ﬁ e or shared equipment. ESTIMATE the
combined probability of the HFES taking into account the dependen S '} p

QuU-C3 TRANSFER the important sequence characteristics between ev: 4 not just the sequence frequency. For example,

sequence characteristics can be transferred to another event tree : b;
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TABLE 4.4-8d

SUPPORTING REQUIREMENTS FOR QU. CA"HON H LEVEL REQUIREMENT D:
Thk quantification results shall be reviewed and important co Wﬂcx.lsuch as initiating events, accident sequences,
equlpment failures and operator errors, shall be identified. The res ts ahall be thadeable to the inputs and assumptions made in the
PRA. (HLR . _‘ .

Index No. CAPABILITY CATEGORY 1 CAPABILITY A CAPABILITY CATEGORY Il

QU-D ol‘ \ ’

QU-D1 REVIEW the dominant cutsets or sequences to detenmne that of &utset or sequence is reasonable and to identify
that there are no anomalies in the results. REVIEW the results of)h fodeling consistency (e.g., event sequence
models consistency with systems models and success criteria consnstency (e.g., plant configuration,
procedures, and plant-specific and industry experience). RE: results to determine that the flag event settings, mutually
exclusive event rules, and recovery rules.yield logical results. t' “emo

i e

QU-D2 IDENTIFY the modelmg assumptions that drive the results. QUESTI assumptions, asking if conditions outside
those modeled could occur and, if so, could success criteria or other Sns change. QUESTION modeled human actions
for consistency with plant procedures and the range of conditions M wéuld be obtained in the associated PRA sequence.

PY L b
QU-D3 COMPARE results to tho COMPARE results to those from similar
plants and CONFIRM vahdlty plants and REVIEW significant
outliers. differences. -
QU-D4 REVIEW a sampling of non-dominant accident cutsets or sequences to determine are reasonable and have physical
B meaning.
QU-DS IDENTIFY lmportant contributors to IDENTIFY important contri , Sich as, lnit]atmg events, accident

CDF, such as, initiating events,

accident sequences, equipment failures,

common cause failures, and operator
errors. An acceptable approach is the
use of importance measures.

sequences, equipment fail ity failures ,and operator errors. An.
acceptable approach is the use of impo easures. EXAMINE the importance of
SSCs that contribute to initiating event frequencies. REVIEW the importance values
for components and basic events to determine they make logical sense.
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SUPlfORTINd REQUIREMENTS FOR QUANTIFIC ATION HIGHJ EVEE
shall be characterized. Sources of model uncertainty-and key
results understoo.dl\

TABLE 4.4-8¢

Index No.

UIREMENT E: Uncertainties in the PRA results
pe identified, and their potential impact on the

CAPABILITY CATEGORY 1 CAPABIL A Y II CAPABILITY CATEGORY Il
QU-E - > -
QU-E1 CHARACTERIZE parameter uncertainty ¢onsistent with DAQI!I...‘ e=
L V0
QU-E2 IDENTIFY key sources of model uncertainty, dnd the assumpti 'Q%:d'g*aels adopted In response to those uncertainties.
1 4
QU-E3 ESTIMATE the uncertainty interval of | ESTIMATE the uncmi.nterval of | PROPAGATE parameter uncertainties
the overall CDF results. Provide a the overall CDF resu@.'ﬁmATE the |and those model uncertainties explicitly
basis for the estimate. uncertainty intervals M'ﬁdﬂr characterized by a probability
parameter uncertainties anfj distribution using the Monte Carlo
the uncertainty associated i approach or-other comparable means.
model uncertainties. ( o’ PROPAGATE uncertainties in such a
v’ » @oe®®9 | way that the “state-of-knowledge”
S eq O correlation between event probabilities is
. taken into account.
r
Y A

\‘..'---'\
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TABLE 4.4-8¢

* SUPPORTING REQUIREMENTS FOR QUANTIFICATION HIGH LEVEL REQUIREMENT E: Uncertainties in the PRA results
shall be characterized. Sources of model uncertainty and key assumptions shall be identified, and their potential lmpact on the
results nnderstoodrmm

owe®®

Index No. CAPABILITY CATEGORY 1 CAPABM‘VCATEG?M I CAPABILITY CATEGORY I

QU-E ‘

QU-E4 PROVIDE an assessment of the impact | EVALUATE the *nam results | EVALUATE the sensitivity of the results
of the key model uncertainties on the to uncertain model boun.q;u Gomdigions | to uncertain model boundary conditions
results of the PRA. and other key s b and other key assumptions using

sensitivity analyses. e’ sensitivity analyses. EXAMINE key
assumptions and assumptions and parameters both
individually andml?nﬁl mﬁlons individually and in logical combinations.
For example, a sensitivity analysis of For example, sensitivity analyses of
.| logical combinations ate the logical combinations may evaluate the
combined effects of mMOTRngng &= combined effects of modeling
assumptions, HEPs, CCFw assumptions, HEPs | CCF probabilities,
and safety function success i and safety function success criteria
'0' unless such sources of uncertainties have:
® emenn? been adequately treated in the
[ ]

quantitative uncertainty analysis.
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TABLE 4,48= =*=™

SUPPORTING REQUIREMENTS FOR QMU &H LEVEL REQUIREMENT F:
Documentation shall be performed in a manner that facilitates peeryresiew, as wellas future upgrades and applications of the PRA
by describing the processes that were used, and providing d the gﬂ-nmons made and their bases. (HLR-QU-F)

Index No. CAPABILITY CATEGORY 1 CAPAB]LITY'CTI"E-@!L)IIﬁ 1 | CAPABILITY CATEGORY Il
QU-F : o 3 )
QU-F1 DOCUMENT the model integration process. INCLUDE any reco sks, and the results of the quantification including

uncertainty and sensitivity analyses. Documentation typicully i : ]

(a) records of the process/results when adding non-recovery Qﬁe final quantification;

(b) records of the cut set review process;
(c) a general description of the quantification process includin(mmng for systems successes, the truncation values used,

how recovery and post-initiator HFESs are applied; '...

(d) the process and results for establishing the truncation scmw for final quantlﬁcatlon demonstrating that
convergence towards a stable result was achieved;

(e) the total plant CDF and contributions from the different muaufg glents and accident classes;.

(f) the accident sequences and their contributing cut sets; _ am®

(g) equipment or human actions that are the key factors in causing @ non-dominant;

(h) the results of all sensitivity studies;
(i) thc uncertainty distribution for tho total CDF;

(j) importance measure results;
(k) a list of mutually exclusive events eliminated from the resulting cut sets and
- e

s for eliminatibn

QU-F2 DESCRIBE the key contributors to DESCRIBE the key contrib
CDF in the PRA results summary. detailed description of dominant accidcnt

e PRA results summary. PROVIDE a
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Documentation shall be performed in a manner that facilitates peer review, as well as

TABLE 4.4-8f

SUPPORTING REQUIREMENTS FOR QUANTIFICATION HIGH LEVEL REQUIREMENT F:

future upgrades and applications of the PRA

by describing the processes that were used, and providing detaﬂ;gf.thosg@pmm made and their bases, (HLR-QU-F)

awe® Y
glge; No. CAPABILITY CATEGORY I CAPABlL ﬂATEGPRY I CAPABILITY CATEGORY Il
QU-F3 . aee’ DOCUMENT important assumptions and_
’.‘.- S causes of uncertainty, such as: possible
(::_‘ rcq | optimistic or conservative success
criteria, suitability of the reliability data,
} possible modeling uncertainties
V‘\.‘_. (modeling limitations due to the method
selected), degree of completeness in the
t- .a selection of initiating events, possible
R - . Ce, spatial dependencies, etc.
QU-F4 DOCUMENT asymmeuws in quantitative modeling to provide apph&aioy e necessary understanding regarding why:
‘ such asymmetries are present in the model.
QU-F5 DOCUMENT the process used to illustrate the computer code(s) ;(pcrform the quannﬁcatlon will yield correct results
process.
QU-Fé6 DOCUMENT limitations that would impact applications. ‘_., .\.L

| g -o!\
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. 449 LERF ANALYSIS

OBJECTIVE: The objective of the LERF analysis element is to identify and quantify the contributors to large early releases, based upon the plant-specific

core damage scenarios, in such a way that: . ST |

]
. . —na® B
¢ The methodology is alraa and aansisseat.with the Level 1 evaluation, and ¢ an ad&n\at&m;m:. from Lovalil

o Significant operator actions, mitigation systems, and phenomena that can al ﬁuenc&q}n’appropnately included in the LERF event tree structure and
sequence definition o

+ Dependencies are reflected in the accident sequence model structure, if necessarye =

o Success criteria are available to support the individual function successes, sta%q&me windows for operator actions and equipment recovery
for each critical safety function modeled in the accident sequences \‘

End states are clearly defined to be LERF or non-LERF

Table 4.4-9 HIGH LEVEL REQUIREMENT%OR.LERF ANALYSIS (HLR-LE)

»
Plant Damage Analysis t Ny -
A Core damage sequences shall be grouped into plant damage states based on thelraan mWnnon attributes

Accident Progression Analysis

B LERF evaluations shall include an analysis of the credible severe accident phenov
C  LERF evaluations shall include an analysis of containment system performance. ‘-
D  LERF evaluations shall include an analysis of contaimnent structural capability. "\‘

LERF Ouantification
E  The frequency of different containment failure modes leading to a large early release shall be : q
F  LEREF shall be quantified in a manner that captures factors important to risk and sup uportsan

and aggregated..
ing of the sources of uncertainty.

umentati r"' -®

G  The documentation of the LERF Analysis shall be performed in a manner that facilitates peer rev A well as future upgrades and applications of the
PRA by describing the processes that were used, and providing details of the assumptions made and their bases.
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TABLE 4.4-9a
SUPPORTING REQUIREMENTS FOR LERF ANALYSIS HIGH LEVEL REQUIREMENT A
Core damage sequences with similar accident progression attributes shall be grouped into plant damage states  (HLR-LE-A)

Index No.
LE-A

CAPABILITY CATEGORY I APABILITY CATEGORY.“ CAPABILITY CATEGORY I

P

LE-Al

IDENTIFY those physical characteristics of Lovel 1 end states thd o influcack LYRF. Examples include:
o RCS pressure at core damage (high RCS pressure can result Ikzr. I:rg‘re JleIt Ejection)
*  status of emergency core coolant systems (fatlure in injection cammmlm;v cavzty and extensive Core Concrete Interaction)

e status of containment isolation (failure of isolation can result mtﬁmfarhba‘ rdease)

status of containment heat removal

LE-A2

IDENTIFY the accident sequence characteristics that lead to the physj sl\rht:éey'j:idemiﬁed in LE-Al . Examples include:
o Type of initiator
=>  Transients can result inhigh RCS pressure, t' ) o
= LOCAs usually result in lower RCS pressure, 1t & )
=  ISLOCAs, SGTRs can result in containment bypass. | %

o status of electric power Pid

g
oo
* status of containment sqfety systems such as sprays, fan coolers, igniters, or ms

o loss of electric power can result in loss of ECC injection

« operability of containment safety systems determines status of containment heat removaL
References [4.4-9-1'] and [4.4-9-2] provide lists of typical characteristics

LE-A3

SELECT a method for binning the accident sequences into plant damage sta arf d include extension of the accident
sequences, development of a “bridge tree,” or some other approach e @

LE-A4

Either EXPAND the accident sequences, CONSTRUCT the bridge tree, or TRANSFER the Level 1 information to explicitly account for the
LE-Al and LE-A2 characteristics and ensure that dependencies are properly treated.

LEAS

DEFINE plant damage states based upon information in AS-AS8, LE-Al, LE-A2, LE-A3, and LE-A4..

[References: :

[4.4-9-1]
[4.492]

Nuclear Power Plant Response to. Severe Accident IDCOR Technical Summa'!y Report, Atomic Industrial Forum, November, 1984
NUREG 11 50,”Severe Accident Risks: An Assessment for Five U.S. Nuclear Power Plants”, USNRC, December , 1990

123




TABLE 4.4-9
SUPPORTING REQUIREMENTS FOR LERF ANALY. ﬂsmn LEVEL REQUIREMENT B
. LERF ANALYSIS (HLR-LE-B): LERF evaluations shall incjpdc’an Msl‘of the credible severe accident phenomena.

I

B

Tndex
No.
LE-B

CAPABILITY CATEGURY 1

CAPAB

CAmcbgv T

“‘.

CAPABILITY CATEGORY Il
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TABLE 4.4-9b

SUPPORTING REQUIREMENTS FOR LERF ANALYSIS HIGH LEVEL REQUIREMENT B
LERF ANALYSIS (HLR-LE-B): LERF evaluations shall include an analysis of the credible severe accident phenomena.

conservative for significant challenges to
containment. An acceptable altemative
is the approach in NUREG/CR-6595.
Realistic loads may be used when
available.

when possible for significant challenges
to containment. Conservative treatment
may be used for non-dominant LERF
contributors.

Index CAPABILITY CATEGORY 1 CAPABILFY(ZATQMY 11 CAPABILITY CATEGORY III
No. on® l
LE-B '

LE-B1 INCLUDE potential severe accident INCLUDE po kh&gys;’ aﬂident INCLUDE all severe accident
phenomena that are important LERF phenomena tha amplct LERF | phenomena sufficient to support -
%(;r;)tlrib}‘ltf);;(fr)om the set identified in from the set identifi Bt 4- development of a realistic containment

e 4.4-9(a). 9(a). This is the rhing - be event tree.
An acceptable approach for identifying cc(nZsidered. sat({‘
severe accident phenomena that could INCLUDE as appro ant | INCLUDE all applicable postulated
influence failure modes of various | issues as determined¥y expert jJudgement failure modes. Consider those identified
containment types is outlined in the and/or past plant by IDCOR or in NUREG-1150. Known

. . . - * . . .

LERF event trees contained in Eu Rl plant specific failure modes, not included
NUREGICR-6595. | Y\ Toep") |in the proceding evaluations, should also
+ INCLUDE as appropriate, unique Sy ’o' be included.

plant issues as determined by expert s’ '

judgement and/or past plant analyses. .o' om®
+ EVALUATE qualitatively those v

severe accident phenomena that are . \’ )

not quantified in NUREG/CR-6595

(e.g., induced steam generator tube

rupture)

LE-B2 | USE containment loads (e.g., USE containment loads (.8, o0 #®** SE containment loads (e.g.,
temperature, pressure) that are temperature, pressure) that §1g acabisti®* , pressure) that are realistic

hen possible for significant challenges .
to containment.
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TABLE 4.4-9b
SUPPORTING REQUIREMENTS FOR

LERF.ANALYSIS HIGH LEVEL REQUIREMENT B

LERF ANALYSIS (HLR-LE-B): LERF evaluations shall include an analysis of the credible severe accident phenomena.

- [
Index CAPABILITY CATEGORY 1 CAPAB . CAPABILITY CATEGORY Il
LE.B \ ) -
LE-B3 USE available containment analyses USE plant specifi§ colvas hydraulic analyses t0 model containment
from generic or plant specific sources. and RPV/RCS sexqe accident progression.
An acceptable alternative is the approach c.-"::‘ ' .
in NUREG/CR-6595. s B O
‘ﬂ \ ]
o ’
iy
o~
-“ '..;.‘
Vel
o’
’
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Table 4.4-9(a): Potential LERF Contributors to be Considered

Containment D:q“

Potential LERF Contributor

Large Dry and
Subatmospheric

Ice Condenser

l BWR Mark II

BWR Mark Il

Containment Isolation Failure

Containment Bypass

- ISLOCA

v/

- SGTR

WAL

- Induced SGTR

Energetic Containment Failures

- HPME

NS

v
v

- o

| -Hydrogen Combustion

- De-inerted Operation

NS

-Core Debris Impingement

2

Steam Explosion

Shell Melt-through

Suppression Pool Bypass

RPV and/or Containment Venting

Isolation Condenser Tube Rupture

Vacuum breaker failure

Hydrodynamic Loads under severe
accident conditions

Containment flooding

N INYN YN

In-vessel recovery

ATWS-Induced Failure

NN NYNSNNN NN Y

NN

(1) Dry Well (DW) Isolation Failure

(2) Steel shell designs

NOTE: Combinations of phenomena should also be considered where appropriate
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TABLE 4.4-9¢

SUPPORTING REQUIREMENTS FOR LERF ANALYSIS HIGH LEVEL REQUIREMENT C
LERF evaluations shall include an analysis of containment s:m performance (HLR-LE-C)

(CET) or equivalent structure(s) to
propagate plant damage states in order to

e="
Index No. - CAPABILITY CATEGORY I CAPABILI'!Y G R I CAPABILITY CATEGORY I
. LE-C
LE-CI DEVELOP containment event tree(s) DEVELOP contai

) (CET) or equivalent structure(s) to propagate

]
C ?s
plant damage states lho ldemify LERF scenarios in a manner consistent with

the eontainm_entc

identify LERF scenarios in a manner -"l f
consistent with the containment \“
challenges and failure modes and '
intended level of detail. Seo®
Containment event trees developed in t..
NUREG/CR-6595 (with plant specific g TN
modifications, if needed) are acceptable. ‘\ r':'v 9
L] ‘ '.

modes and intended level of detail.

LE-C2

INCLUDE conservative treatment of
feasible operator actions following the
onset of core damage. An acceptable
conservative treatment of operator
actions is provided in the event trees of
NUREG/CR-6595.

USE HFEs consistent with EQPs/Severe
Accident Mapagement Guidelines
(SAMGs), proceduralized actions or
Technical Support Center guidance.

INCLUDE realistic trea m feasible
operator actions follo ﬂleongaafo

R Ui |

®
USE HFEs consistent with _.,..l

EOPs/SAMGs, gotioms®
Technical Support Center guidance.

INCLUDE realistic treatment of feasible
operator actions following the onset of
core damage. Repair of equipment may
be considered if appropriately justified.

SE HFEs consistent with
OPs/SAMGs, proceduralized actions or
echnical Support Center guidance.
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TABLE 4.4-9¢
SUPPORTING REQUIREMENTS FOR LERF ANALYSIS HIGH LEVEL REQUIREMENT C
LERF evaluations shall include an analysis of containment system performance (HLR-LE-C)

Index No.

CAPABILITY CATEGORY I

CAPABn.lrrEme' I

CAPABILITY CATEGORY I
_LE-C 1
LE-C3 INCLUDF; those .(li)ranch pomtsf INCLUDE those bragch pomt’ o INCLUDE those branch points necessary
i%;ssa?;ﬁ;alzirgzl € a conservafive to provide a reali °‘ l to provide a realistic LERF calculation.
It is acceptable to ive . c e
Containment event trees developed in mitigating aéﬁonsg ”mﬁ IN_CLUDE risk significant mitigating
NUREG/CR-6595 (with plant specific | effect of fission product ghrbbi actions by operating staff, effect of
modifications, if needed) are acceptable. | radionuclide release, fission product scrubbing on radionuclide,
beneficial failures, le!ﬂa'cfmcal release, and expected beneficial failures.
justification suppo Hi ﬁle.inclusi on of ?R{)YIDE fteCth?lt }]]ustlf}catltli)n for the
| { any of these featuru.‘ .‘N:..- inclusion of any of these features.
-LE-C4 USE conservative system success criteria | USE realistic system succeys USE realistic system success criteria.
Realistic criteria may be used. Conservative system succegp may
be used for non-dommmf;BKF
contribution. v oeaw?® _
LE-C5 DEVELOP system models which support LERF consistent with the ents of Table 4.4-4, as appropriate for the:
level of detail of the analysis. ’
iLE-C6 DEFINE HFEs which support LERF consistent with the applicable requirements o le 4.4-5, as appropriate for the level of
detail of the analysis.
ILE-C7 INCLUDE accident sequence dependencies in LERF event trees consistent with the gpflicable requirements of Table 4.4-2, as
appropriate for the level of detail of the analysis. onet?
LE-C8 TREAT containment environmental TREAT containment enviro: | T containment environmental

impacts on continued operation of
equipment & operator actions in a
conservative manner. An acceptable
alternative is the approach in
NUREG/CR-6595. A realistic treatment
may be used.

impacts on continued operation of
equipment & operator actions in a
realistic manner when possible.
Conservative treatment may be used for
non-dominant LERF contributors.

#hpacts on continued operation of
equipment & operator actions in a
realistic manner when possible.
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TABLE 4.4-9¢

SUPPORTING REQUIREMENTS FOR LERF ANAL-YSIS HIGH LEVEL REQUIREMENT C
LERF evaluations shall include an analysis of contammentsystem performance (HLR-LE-C)

Index No.

LE-C

CAPABILITY CATEGORY I

CAPABILI’H’ _yaqlq |

CAPABILITY CATEGORY HI

)

\.—.
.---‘.q

C.oq L W

TREAT containment failure impacts on
continued operation of equipment &
operator actions in conservative manner.
An acceptable alternative is the approach
in NUREGICR-6595. A realistic
treatment may be used.

TREAT containment faifwe pn
continued operation g
operator actions in a fflistic’hSnner

when possible. Co: guve treatment
may be used for non EF-
contributors, if their use dogs'

"LE-CI0

TREAT containment bypass events in
a conservative manner. DO NOT TARE
CREDIT for reducing the class of the
release by considering scrubbing. An
acceptable treatment of containment
bypass is in NUREG/CR-6595. A

TREAT containment failure impacts on
continued operation of equipment &
operator actions in a realistic manner
when possible.

insights. 'y |
TREAT containment o¥pee€ in a
realistic manner. JUS any cregdit

taken for reducing the ck
release by scrubbing ®

TREAT containment bypass events in a
realistic manner.
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TABLE 4.4-9d

SUPPORTING REQUIREMENTS FOR LERF ANALYSIS HIGH LEVEL REQUIREMENT D
LERF evaluations shall include an analysis of containment structural capability (HLR-LE-D)

Index No. CAPABILITY CATEGORY 1 CAPABILITY CATEGORY II CAPABILITY CATEGORY HOI
LE-D - comme™
LE-D1 DETERMINE the containment ultimate | DETE t ultimate’ | DETERMINE the containment ultimate |
capacity for the dominant challenges that capacl.ty for the qominant ghajlenges that capacity for the dominant challenges
result in LERF. ‘| resultin LERK. - that result in LERF.,
USE : luation of liERFORMa PERFORM a realistic containment
A conservative e}/a ugtlon_ 0 capacity analys capacity analysis for dominant
containment capacity for dominant containment failure containment failure modes by using
containment failure modes. A realistic may include som lant specific input. INCLUDE
evaluation may be used. parameters. gehavioli of - put-
) - . | ¢ containment seals,
If generic assessments formulated for . If generic calcula dMuggq in support | , penetrations
similar plants are used, JUSTIFY of the assessment, JU w ility | . hatches ’
| applicability to the plant being evaluated. to the plant being evaldatggle” ,# +  drywell head (BWRs)
Analyses may consider use of similar '0' and vent pipe bellows‘ (BWRs)
containment designs or estimating Quasi-static containﬁ‘wﬂ capablhtx beyond the design basis temperature
containment capacity basgd on d§s1gn evaluations are oy and pressure conditions
pressure and a conservative multiplier hydrogen concentra S to P '
relating containment design pressure and result in potential detonati

median ultimate failure pressure.

Quasi-static containment capability
evalwtions are acceptable unless
hydrogen concentrations are expected to
result in potential detonations. Such
considerations may need to be included
for small volume containments , such as
the ice-condenser type.

An acceptable alternative is the approach
i n NUREG/CR-6595.

Such considerations may need to be .
considered for small volume i
contaimnents , such as the. i

type.

PROVIDE. static and dynamic failure
capabilities, as appropriate.
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TABLE 4.49d

SUPPORTING REQUIREMENTS FOR LERF ANALYSIS HIGH LEVEL REQUIREMENT D
LERF evaluations shall include an analysis of containment structural capability (HLR-LE-D)

. Index No. CAPABILITY CATEGORY 1 CAPABILITY CATEGORY 11 CAPABILITY CATEGORY III
LE-D

LED2 When failure location " affects the event Whien fail ects the event classification as a LERF, DEFINE fajlure
classification as a LERF, DEFINE failure location | location b?dmﬂstv plant specific containment assessment.
based upon aconservative plant-specific
containment assessment. JUSTIFY applicability
of generic and other analyses. An acceptable -..0
alternative is the approach in NUREG/CR-6595. \

LE-D3 USE a conservative evaluation of interfacing ‘PERFORM a realistic i failure PERFORM a realistic interfacing system failure
system failure probability for dominant failure probabi!ity anal- ure modes. probability analysis for dominant failure modes.
modes. A realistic evaluation is acceptable. Evaluation of f ilitygay include USE plant-specific input.

conservatisms. ) \
@
INCLUDE behavig#t p. M.Qﬂi‘f valves, INCLUDE behavior of piping, relief valves,
pump seals, and heat exchanges at applicable pump seals, and heat exchanges at applicable
laempcmmreandpnt'wgg temperature and pressure conditions.
- -
If generic analyses generated for similar plants are | 1 generic anatyses ilgdplants | PROVIDE static and dynamic failurc
used, JUSTIFY applicability to the plant being are used, JUSTIFY applichb plant capabilities, as appropr)’::te.
evaluated. being evaluated. .

LE-D4 USE a conservative evaluation of secondary side PERFORM a realistic side isohtion PERFORM a realistic secondary side isolation
isolation capability for dominant SG tube failure capability analys.;is for .capability analysis for dominant SG tube failure
modes. A realistic evaluation may be used. modes. E.valuatlon of modes.

conservatisms,
INCLUDE behavior of relief and isolation
If generic analyses generated for similar plants are | If generic analyses genei'md for similar valves at applicable temperature and pressure
used, JUSTIFY applicability to the plant being are used, JUSTIFY applicability to the p conditions.
evaluated. being evaluated.

LEDS TREAT induced SG tube rupture in a TREAT induced SG tube rupture TREAT induced SG tube rupture in a realistic
conservative manner. A realistic treatment may manner, when practical. manner..
be used. may be used , when justi o .

LE-D6 TREAT containment isolation i a conservative TREAT containment isolation in a realistic W ¥ | TREAT containment isolation in a realistic
manner. A realistic treatment may be used.. manner. Conservative treatment may be used for manner.

non-dominant  contributors.
: o INCLUDE consideration of both the failure of
INCLUDE consideration of both the failure of INCLUDE consideration of both the failure of containment isolation systems to perform
containment isolation systems to perform properly | containment isolation systems to perform properly | properly and the status of safety systems which
and the status of safety systems which do not have | and the status of safety systems which do not have | do not have automatic isolation provisions.
automatic isolation provisions. automatic isolation provisions.

(1) Containment failures below ground level may not be LERFs even if the timing is early. Such failures may arise as a result of failures in the basemat region.
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TABLE 449

SUPPORTING REQUIREMENTS FOR LEVEL 2 QUANTIFICATION HIGH LEVEL REOUIREMENT E

The frequency of different containment failure modes leading to a large early relesg‘shall be quantified and-aggregated (HLR-LE-E)

for the level of detail of the analysis.

|‘l "

o“
Index No. CAPABILITY CATEGORY 1 CAPABIL!I'\! 'llﬁq)‘YI[ CAPABTLTTY CATEGORY HI
LE-E

LE-El SELECT parameter values used in LERF analysis consistent tbthe.appmle requirements of Tables 4.4-5 and 4.4-6 7
including consideration of the severe accident plant conditi ons pment and operators, as appropriate for the level of
detail of the analysis. ---"'\

LE-E2 USE conservative parameter estimates USE realistic parameter estimates when
for determination of CET branch points.. possible.
A conservative data set for some key
parameters is included in NUREG/CR- .o
6595.. t. e

LE-E3 Starting with plant damage states, QUANTIFY LERF consistent withﬂwe requirements of Table 4.4-8, as appropriate
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SUPPORTING REQUIREMENTS FOR LEVEL
LERF shall be quantified in a manner that captures factors impo: toginl®

TABLE 4.4-9f
2,QuU

cXfIGN HIGH LEVEL REQUIREMENT F
an understanding, of, spuras,of  uncertainty

(HLR-
Index No. CAPABILITY CATEGORY 1 CAPAB CAPABILITY CATEGORY II
LE-F1 LIST the dominant contributors to LERF (e.g., HPME, steam ploy o 1 A). |PERFORM an importance analysis to
REVIEW for reasonableness. ‘) i ) \ identify the dominant contributors to
LE-F2

g

PROVIDE a qualitative assessment of
the key sources of uncertainty.

Examples:
v Identify bounding assumptions,

o Identify conservative treatment of
phenomena

' I' A 2 |IERF.
PROVIDE . un i analysn’s which identifies the jke-y sources of tmcertainty and

includes sensitivity stﬁ@ .fﬁ dominant cantributors to LERF.
- -

\ peul®
112
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TABLE 449

SUPPORTING’ REQUIREMENTS FOR LEVEL 2 QUANTIFICA HIGH LEVEL REQUIREMENT G
The documentation of the LERF analysis shall be performed in a manner that facilitates poer re¥%e®, %8 wel as future upgrades and applications of the PRA by describing
the processes that were used, and providing details of MW their bases. (HLR-LE-G)

‘Index No. CAPABILITY CATEGORY 1 CAPABIL TEyRﬁI - CAPABILITY CATEGORY Il
LE-G
LE-GI DOCUMENT: e
The physical characteristics and accident sequence characmr‘spaﬂo group the accident sequences into plant damage
states
+ The method used to bin the accident sequences into plant M
+ The plant damage states and their attrbutes, as used in the ....l

LE-G2 DOCUMENT the potential LERF contributors considered, where appropnate including:

o containment isolation failure iy -y

« containment bypass “ ""-’.'\

¢ cnergetic containment failures BN W 4

o hydrogen related phenomena ) ,"

o liner melt-through (Mark I containment) 1 -e

+ containment failure at vessel breach e

« induced SGTRs (PWRs) '.““'

¢ containment venting . - '
« suppression pool bypass mechanism (BWRs)

containment _flooding (BWRs)

LE-G3 DOCUMENT treatment of key factors influencing containment capability, for the level of ‘detail of the analysis,
including: ‘-’. Y La
o design details (i.e., heat sink distribution, circulation paths, ignition sources, ailability, and gravity drain paths,
cavity geometry)
e cquipment survivability credited beyond desi Sign basis envelope
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“ TABLE 4.4-9g

‘SUPPORTING REQUIREMENTS FOR LEVEL 2 QUANTIFICATION HIGH LEVEL REQUIREMENT G
The documentation of the LERF analysis shall be perfonned in a manner that facilitates peer review, as well as future upgrades and applications of the PRA by describing.
the processes that were used, and providing details of the assumptions m:d.e‘ and their bases. (HLR-LE-G)

- maw- =%
Index No. CAPABILITY CATEGORY I CAPAB Wﬁ"ﬂ . CAPABILITY CATEGORY III
| LE-G 3
LE-GS DOCUMENT, as appropriate for the level of detail of the analylis: .-.or')
+ containment challenges treated d ) m@&&
o containment failure modes identified . e 00®
o containment Event Tree (CET) and basis for event tree nods.- f"“ “
» containment capacity and its basis ') \. ) \
+ containment failure locations and probabilities O A e o
o basis for parameter estimates V toe®
®e
- C ey
L. S . e
LE-G6 DOCUMENT the model integration process. INCLUDE the results o ;mmadﬁ' cation including uncertainty and sensitivity
analyses, as appropriate for the level of detail of the analysis. Doc’ ion typically includes:
o a general description of the quantification ,0' -m® '
o important assumptions : ow @ :
o the total plant LERF and contributions from the different plant Mﬁa *uident classes;
e equipment or human actions that are the key factors; : ,
o the results of all sensitivity studies, (as applicable).
LE-G7 DESCRIBE the key contributors to DESCRIBE the key contributors to OVIDE a detailed description of
LERF ' dominant plant damage states and aci ssion sequences.
LE-G8 : i sources of uncertainty
LE-G9 IDENTIFY limitations that would impact applications.
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5 PRA CONFIGURATION CONTROL

5.1 Purpose

This Section provides requirements
for configuration control of a PRA to
be used with this Standard to support
risk-informed decisions for nuclear

power plants.

§2 PRA Configuration Control
Program

A. PRA Configuration Control
Program shall be in place. It shall

contain the following key clemnus:ﬁ‘

¥k 1\

a g process

is considered when
_ applying the PRA
e a process that evaluates the impact

changes

of changes on previously
implemented risk-informed
decisions that have used the PRA

® a  process that . maintains

configuration control of computer
codes used to support PRA

quantification
e documentation of the Program

5.3 Monitoring PRA Inputs and
Collecting New Information .

The: PRA Configuration Control
Program shall include a process to
monitor changes in the design,
. operation, maintenance, and industry-
wide operational history that could
affect the PRA. These changes shall
include inputs that impact operating

procedures, design configuration,

initiating event frequencies, system or
sub-system unavailability, and
component failure rates. The program
should include monitoring of changes .
to the PRA technology and industry
experience that. could change the
results of the PRA model.

Maintenance and

54 PRA
Upgrades

be evaluated to determine whether
such information warrants PRA
maintenance or PRA upgrade. (See
Section 2 for the distinction between

PRA maintenance and PRA upgrade.)
Changes that would impact risk-
informed decisions should be
prioritized to ensure that the most
significant changes are incorporated as

soon as practical. Changes that are
relevant to a specific application shall

meet the Supporting Requirements
pertinent to that application as
determined through the process
described in Section 3 .5.

Changes to a PRA due to PRA
maintenance  shall meet the
requirements of Section 4. Upgrades
of a PRA shall satisfy the peer review
requirements specified in Section 6,
but limited to aspects of the PRA that’
have been upgraded.

5.5 Pending Changes
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This  Standard recognizes
immediately following a plant change,
or upon identification of a subject for
model improvement, a PRA may not
represent the plant until the change is
incorporated. Therefore, the PRA
configuration control process shah
consider the cumulative impact of
pending changes on the application
being performed. = These changes

should be addressed in a fashion

similar to the approach used in Section
3 to address Elements that are
determined to be inadequate.

‘56 Previoss PRA Applications

that

evidence that the aforementioned
process is active

descriptions of proposed changes
description of changes in a PRA
due to each PRA upgrade or PRA
maintenance )

record of the performance and .
results of the appropriate PRA
reviews '

record of the process and results
used to address the cumulative
impact of pending changes

record of the process and results
used to evaluate changes on

LSS

5.7 Use of Computer Codes

The computer codes used to support
and. to perform ‘PRA analyses shall be

controlled to ensure consistent,

reproducible results.

5.8 Documentation
Documentation of the

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

. The documentation typically includes:

+ a description of the process used to
monitor PRA inputs and collect
new information
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6 PEER REVIEW

‘6.1 Purpose

This section provides requirements for
peer review of a PRA to be used in risk-
informed decisions for commercial
nuclear power plants. PRAs used for
applications applying this Standard
be peer reviewed. The peer review shall
assess the PRA against the Elements
contained in Section 4 to the extent
determine  if” the

necessary to

6.1.1 Frequency. ‘Only a single
complete peer review is necessary prior
to using a PRA. In addition, Section 5
of this’ Standard requires peer review for
upgrades of a PRA. When peer reviews
are conducted on PRA upgrades; the
latest review shall be considered the
review of record. The scope of an
additional peer review may be confined
to changes to the PRA that have
occurred since the previous review.

6.1.2 Methodology. The review shall
be performed using a written
methodology that  assesses the
requirements of Section 4 and addresses
the requirements Section 6.

The peer review methodology shall
consist of the following elements:

(a) a process for selection of the peer

review team;

(b) training in the peer review process;

"%\ off s atcepinbi
f_:‘;;ul;-ﬁ’ﬂ b diffgahons

(c) an’approach to be used by the peer
review team for assessing if the

PRA meets the supporting
requirements of Section 4 of this
Standard;

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

(e) an approach for reviewing the PRA

configuration ¢ ; and

shall

',
[6.1.2-18 pgovides an example
: methodaology;
becaeen the -

N Wydbarting requirements of Section 4.0 of

Standard and the supporting
requirements of Appendix B, Reference
6.1.2-1 shall be evaluated.

References
[6.1.2-1] Probabilistic Risk
Assessment (PRA) Peer Review Process

Guidance, NEI-00-02.

6.2 Peer Review Team Compesition
and Personnel Qualifications

6.2.1 Collective Team.  The peer

review team shall consist of personnel

whose collective qualifications include:

(a) the ability to assess all the PRA
Elements of Section 4 and the
interfaces between those elements;
and

() the collective knowledge of the plant
NSSS design, containment design,
and plant operation.

6.2.2 General. The peer review team
members individually shall:
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(a) be knowledgeable of the The peer review team shall have a

requirements in this Standard for team leader to lead the team in the

their area of review; and performance of the review. The team
(b) be experienced in performing the leader ‘need not be the technical

activities related to the PRA integrator.

Elements for which the reviewer is The team members assigned to review

assigned. the HRA and LERF Analysis shall have

experience specific to these areas and be
When a peer review is being capable of recognizing the impact of

performed on a PRA upgrade, reviewers plant specific features on the analysis.

shall have knowledge and experience The peer review should be conducted

appropriate for the specific PRA by a team with a minimum of five

Elements being reviewed. However, the members, and shall overa

other requirements of this Section shall week, If the

also apply w ‘ a particular PRA
The peer review Lea bmsshapq such as & raview urnnupgraﬂc

& team with a
oftwn'humbm performed -

Iy Elmm thent the

ﬂyr noj, be @ ‘ \ 0‘ peer review

(.5) ula time necessary to address the
b‘i ¥a ]ﬁ# W -specxﬁc PRA Element.

ssh-ﬁmm:: OF CRrear Exceptions to the requirements of this
ve or disincentive that subsection may be taken based on the
may influence the outcome of the availability of. appropriate personnel to
peerreview. . develop a team. All such exceptions
shall be documented in accordance with

6.2.3 . Specific. The peer reviewer shall Subsection 6.6 of this Standard.

also be knowledgeable (by direct
experience) of the specific methodology,

code, tool, or approach (e.g., accident 6.3 Review of PRA Elements to
sequence support state approach MAAP Confirm the Methodology
code, THERP method) that was used in
the PRA Element assigned for review. The peer review team shall use the
Understanding and competence in the requirements of this Subsection for the
assigned area shall be demonstrated by PRA Elements being reviewed to
the range of the individual’s experience determine if the methodology and the
in the number of different, independent implementation of the methodology for
activities performed in the assigned area, each PRA Element meet the
as well as the different levels of requirements of this Standard. Some
complexity of these activities. -paragraphs of 6.3 contain specific
One member of the peer review team suggestions for the review team to
(the technical integrator) shall be consider during the review.. Additional
familiar with all the PRA Elements material for those Elements may be
identified in this Standard and shall have reviewed depending on the results
demonstrated the capability to integrate obtained. = These suggestions are not
these PRA Elements. intended to be a minimum or
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comprehensive list of requirements. The o the definition of core damage used

judgment of the reviewer shall be used in the success criteria evaluations
to determine the specific scope and and the supporting bases
depth of the review in each PRA o the -~ modeling of conditions
Element. corresponding to a safe stable state
The results of the overall PRA and the o the core and containment response’
results of each PRA Element shall be conditions used in defining LERF
reviewed to determine their and supporting bases
reasonableness given the design and o the core and containment system
operation of the plant (e.g., investigation success criteria used in the PRA for
of cutset or sequence combinations for mitigating each modeled initiating
reasonableness). event

The High Level Requirements and the e the gemeric {including
composite of the supporting M establish the
Requirements of Section 4 shall be used coneth ? systems credited

by the peer review tean to assess
c o E‘ ; 'f?“‘ |' {he PRA sl she ap;ﬂmal:[htjr o
=== N oar~” .
E.glrﬁb _ -1 J‘ |1ir1|1mt bases {including
Thy edjtire infinté et

?ﬂ‘m,, “a wistem success criteria of systems

be ""1"""“‘ '. 4 credited in the PRA
. e calculations performed specifically
6.3 a-m Sequence Analysis for the PRA, for each computer code
- (AS). A review shall be performed on used to establish core cooling or

selected accident sequences.
The portion of the accident sequences
selected for review typically includes:
o accident sequence model for a
balance-of-plant transient

decay heat removal success criteria
and accident sequence timing

» calculations performed specifically
for the PRA, for each computer code
used to establish support system

e the ?c.mdent sequence model success criteria (e.g., a room heat-up
containing LOOP/Station Blackout calculation used to establish room
considerations cooling requirements or a load

o accident sequence model for a loss of shedding evaluation used
a support system initiating event ~ determine battery life during a SBO)

o LOCA accident sequence model = the .  containment response

o ISLOCA accident sequence model calculations, performed specifically

e the SGTR accident sequence model for the PRA, for the dominant plant

~ (for PWRs only) damage states

e ATWS accident sequence model e expert judgments used in

establishing success criteria used in

6.3.3 Success Criteria (SC). A review the PRA

shall be performed on success criteria

definitions and evaluations. 6.3.4 Systems Analysis (SA). A review

The portion of the success criteria shall be performed on the systems
selected ffor review typically includes: analysis
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Sy, Sabsumprions) ubed to establish the -

to



The portion of selected system models
selected for review typically includes:

« dominant systems contributing to the
CDF or LERF calculated in the PRA,

o different models reflecting different
levels of detail

o front-line system for each mitigating
function (e.g., reactivity control,
coolant injection, and decay heat
removal)

+ each major type of support system,
(e.g.,, electrical power, cooling water,
instrument air, and HVAC)

o coniplex system Wwith variable
success criteria {€.g., a cooling water

the
The portion of the HRA selected for

review typically includes:

¢« HEP;s for dominant human actions
contributing to the CDF or LERF
calculated in the PM

» the selection and implementation of
any screening HEPs used in the PRA

& post-accident HEPs

e pre-initiator HEPS for both
instrumentation misc.alibration and
failure of equipment

» HEPs for the same human action but
with different times required for
success

« HEPs for dependent human actions.

® HEPs less than 1E-4

= HEPs involving remote actions in
harsh environments

6.3.6 Data Analysis (DA). A review

shall be performed on the data analysis.
The portion of the data analysis

selected for review typically includes:
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e data values for component failure
modes contributing to the CDF or
LERF calculated in the PRA

® common cause failure values

# the numerator and denominator for
one data value for each major failure
mode (e.g., failure to start, failure to
run, and ' test and maintenance
unavailabilities)

# equipment repair and recovery data

6.3.7 Internal Flooding (IF). A review

shall be perﬁgnued on. the internal
X memaf flooding
_ iew typically

tofglle CDF or LERF.

-~ “\: ‘mculmd inthe PRA

»
e the screening of any flood areas

e internal flood initiating

frequencies

internal flooding scenario involving

each identified flood source

» internal flooding scenarios involving
flood propagation to adjacent flood
areas

s« internal flooding scenario that
involves each of the flood-induced
component failure mechanisms (i.e.,

event

one flood scenario for each
mechanism)
e one internal flooding scenario

involving each type of identified
accident initiator (e.g., transient and
LOCA)

6.3.8 Quantification (QU). Level 1
Quantification results shall be reviewed.
The portion of Level 1 quantification
process selected for review typically
includes:
e appropriateness of the computer
codes used in the quantification

o+ the truncation values and process



o the recovery analysis

e model asymmetries and sensitivity

~ studies

¢ the process for generating modules
(if used)

o logic flags (if used)

e the solution of logic loops (if
appropriate)

6.3.9 LERF Analysis (LE). The LERF
analysis and the Level 1/LERF interface
process shall be reviewed.

The portion of Level 1 and LERF
interface process selected for a detailed.

The Yorfion of the LERF amalysis

selected :for review typically includes:

# . the LERF analysis method;.

s demonstration that the phenomena
that impact = radionuclide release
characterization of LERF have been
appropriately considered .

s« human action and system success
considering adverse conditions that
would exist following core damage,
the sequence mapping’

& evaluation of containment
perfcrmemce under severe accident
conditions
the definition and bases for LERF -
inclusion in the containment event
tree of the functional events
necessary to achieve a safe stable

. containment endstate

6.4 Expert Judgment
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The use of expert judgment to
implement requirements in this Standard
shall be reviewed using the
considerations in Section 4.3.

6.5 PRA Configuration Control

The pee; review team shall review the
‘process, including implementation, for
upgrading the PRA against the
configuration control requirements of
this Slandard."_'

" b
63 acmnnt:ﬂriz
| - L3

wIhe Beer review *s documentation -

that the review process

‘happwpﬁam]}' implemented the 1eview

requirements.

Specifically, the

documentation, shall

following:

(a) identification of the version of the
PRA reviewed,

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

(c) a brief resume on each team member
describing the individual’s emgployer,
education, PRA training, and PRA

peer  review
include the

and PRA Element experience and

expertise;

(d) the elements of the PRA reviewed by
each team member,

(e) a discussion of the extent to which
each PRA Element was reviewed,

() results of the review identifying any
differences between the requirements
in Sections 4 and 5 of this Standard
and the methodology implemented,
defined to a sufficient level of detail
that will allow the resolution of the
differences;



(g) identification  of exceptions and
deficiencies with respect to
Supporting Requirements and their

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

(i) recommended  alternatives for
resolution of any differences.

6.6.2 Resolution of Peer Review Team
Comments. Resolution of Peer Review
Team comments shall be documented.
Exceptions to the  alternatives
recommended by the Peer Review team
shall be justified.
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