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ABSTRACT

A procedures guide for the performance of probabilistic safety assessment
has been prepared for interim use in the Nuclear Regulatory Commission pro-
grams, It will be revised as comments are received, and as experience 1s
gained from its use, The probabilistic safety assessment studies performed
are intended to produce probabilistic predictive models that can be used and
extended by the utilities and by NRC to sharpen the focus of inquiries into a
range of fssues affecting reactor safety, This first volume of the guide de-
scribes the determination of the probability (per year) of core damage result-
ing from accident initiators internal to the plant (i.e., intrinsic to plant
operation) and from loss of of T-s7te electric power, The scope includes human
reliability analysis, a determination of the importance of various core damage
accident sequences, and an explicit treatment and display of uncertainties for
key accident sequences., The second volume deals with the treatment of the
so-called external events including seismic disturbances, fires, floods, etc,
Ultimately, the guide will be augmented to include the plant.specific analysis
of in-plant processes (i.e., containment performance). This quide provides
the structure of a probabilistic safety study to be performed, and indicates
what products of the study are valuable for regulatory decision making, For
fnternal events, methodology is treated in the guide only to the extent neces-
sary to indicate the range of methods which is acceptable; ample reference 1is
given to alternative methodologies which may be utilized in the performance of
the study. For external events, more explicit guidance 1s given,
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PREFACE

This guide is intended to assist utilities in producing models that can
he used and extended by the utilities and by NRC to sharpen the focus of in-
quiries into a range of issues affecting reactor safety, It has been prepared
for use in the Integrated Safety Assessment Program. The Integrated Safety
Assessment Program is a comprehensive review for operating reactors to address
all of the pertinent safety issues and provide an integrated, cost-effective
implementation plan, This program includes a probabilistic safety assessment
(PSA) of the selected plants to provide safety perspectives of the issues and
a basis for benefit-cost estimates. The actual scope of the PSA will depend
on the schedule defined for a particular plant, Plants involved in near term
evaluation will probably rely on existing studies, while plants schedul »d fur-
ther out in time may implement a broader work scope. The actual workscope for
PSA will be established at the initiation of work on each selected plant,
This workscope may embrace all or part of the procedures set forth in this
guide,

It s widely accepted that PSAs can be extremely valuable in the area of
reactor safety, but it 1s also widely felt that PSAs have not, as a group,
clarified certain issues as much as had been hoped, in spite of much excellent
and sometimes ploneering work, Some of the circumstances which contribute to
this shortcoming are the following, First, the technigues of PSA are stil)
evolving in some areas. Second, a wide variety of methodologies and assump-
tions have been used in different PSAs, making ft difficult to compare their
results, Finally, attempts to modify the model contained in a given study for
the purposes of exploring the effects of changes (or of updating an obsolete
model) are generally discouraged by the great difficulties involved; many PRAs
are presented with the purpose of convincing the reader that the results are
plausible, rather than providing the user with an adaptable model of a plant,

In response to the above considerations, this guide adopts the following
strategy. In areas undergoing significant methodological development of the
applicable methodologies (e.g., systems modeling), great flexibility 1s
allowed. In other areas, where the potential for development appears to be
s1ight but the potential for confusion is substantial, explicit prescription
of the methodology 1s given (e.g., basic event quantification), Generic data
are provided (or suggested) to facilitate analysis in those cases where plant
specific data are scanty or lacking and to enable critical evaluation of the
specific data where 1t seems called for, Finally, the documentation is pre-
scribed with due emphasis on the needs of future users, as well as the needs
of high-level reviewers, This is essential 1f the useful 11fe of the PSA 1s
to extend much beyond the date of fts completion,

The present editfon of this guide is the product of several substantial
evisions, In this process, comments from many persons, both in industry and

at NRC, have been incorporated, However, there remains substantial room for
improvement , and additional comments are we | comed ,
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1.  INTRODUCTION

The overall objective of this guide is to provide NRC and the nuclear in-
dustry with a basis for the construction of a plant mode! that can be used in
a cost-effective manner to assess various risk indices in connection with
safety decisions for nuclear plants,

1.1 Objectives

probabilistic risk assessment (PRA) models developed for nuclear power
plants provide valuable information and insight that can make important con-
tributions to the process of evaluating safety issues of regulatory signifi.
cance. This document is written with the purpose of providing guidance in
performing studies intended for use in a program that integrates PRA results
with deterministic studies to permit an integrated assessment of safety issues

at a plant,

In order to prevent undue focus on the bottom |ine results of PRA and to
emphasize this program's responsiveness to current safety issues, the name
“PRA" has been replaced with “Probabilistic Safety Analysis (PSA)",

A key aspect of PSA is its versatility, It can be used for

a) backfitting decisions;

b) tdentification of design and operational weaknesses,

¢) providing PSA {information usable 1in the independent process of

resolving regulatory issues, including the fidentification and
documentation of cases of overregulation in such areas as “backfit "
technical specifications and technical quality assurance;

d) evaluation of significant occurrences.

Other potential uses of PSA include

@) reliability assurance,

f) future safety goal integration and possihle implementation,

g) establishment of priorities for NRC activities,

h) operator training,

1.2 Scope of the PSA Procedures Gulde

In the NREP Options Study (NUREG/CR.2453), Busiik and Bari concluded that
PRAS which have the greatest scope have the greatest safety benefit, Those
studies which include the calculation of offsite consequences and their proba-
pilities and include external initiating events such as earthquakes can be
used for the maximum range of decision making,
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Because of the large uncertainties inherent in the analysis of the risk
posed by external initiating events and because of the cost associated with
performing these studies, the NRC staff initially preferred not to treat the
risk from external initiating events at this time, As a result of the safety
significance of external events that were highlighted in the PRAs for the Zion
and Indian Point plants, however, the staff decided to include external events
in this guide. This is done in volume 2, which begins with Chapter R,

This guide does not in.lude an analysis of in-plant physical processes
(1.e., containment performance) and ex-plant consequences, MHowever, in order
to facilitate the subsequent analysis to be carried out by NRC with core melt.
down computer codes such as MARCH or MELCOR, guidance is provided on the )ink-
age of PSA results to an NRC containment /consequence analysis package, As
consensus 1s gained on the analysis of containment performance, this guide
will be augmented to reflect such consensus, At that time the utilities would
include containment performance and ex-plant consequences as an integral part
of their analyses,

PSAs to be performed will assume that the accidents are initiated while
the reactor is in full power operation, Thus, 1t 1s outside the scope of the
current studies to include accidents initiated from other modes of operation,

Performers of PSA studies are not expected to do detatled mechanistic
analyses associated with their risk studies beyond those already performed for
other purposes. For example, they are not required to do the fracture mechan.
fcs analysis that would be associated with a vessel thermal shock scenarto,
Similarly, thermalohydraulic plant transient analysis (which would yield core
or component thermal conditfons) to establish plant success criteria is at the
discretion of the performers,

In summary, the present version of the procedures guide pertains to stud.
fes with the following scope:

+ Includes internal initiating events,
« Includes accidents initiated only from ful) power operation,
« Does not presume detalled mechanistic analysis of plant behavior,

+ Considers initiating events due to natural and energetic phenomena
Such as earthquakes, tornadoes, fires, floods, explosions, etc,

« Does not cover analysis of in.plant and ex-plant physical phenomena
resulting from a core damage event,

o Includes probabilistic analysis of containment safequards,
Furthermore, guidance 13 given in the following areas:

o Selection of 'm""a%'o events: In addition to the events selected for
evaluation f1n WASH. 1400, this program recognizes that some additional
events should be evaluated; these are discussed 1n the test in connec .
tion with safety fssues \dentified in NRC programs (e.9., Safety fval.
uation Program),




. Use of generic and plant-specific data: For initiating events and sys.
tem and component failure data, information is provided on the use of
data in the evaluation of the probability of accident sequences,

. Recognition of physical processes which may affect accident delinea-
tion: The assumptions to be used for incorporating physical phenomena
which may contribute to core damage are provided,

. MAnalysis of system interactions: Approaches to incorporating systems
interaction in the studies are given,

. Treatment of uncertainties: Uncertainty, sensitivity, and importance
analyses are identified as required ingredients of the PSA studies,

. Display of results and documentation: The performers of a PSA should
report specific products of their studies, to facilitate their own
further utilizaticn of their work, and to allow comparison and evalua-
tion by NRC and other reviewers,

1.3 Approach of the PSA Procedures Guide and Selected Methodology

The approach taken in this guide has been conditioned by the following
considerations, The usefulness of past PRAs has been limited in part by their
fnscrutability, and by the diversity of assumptions and data employed in dif.
ferent studies, Clearly, to be useful for the purposes described in Section
1.1, the results of PSA studies should be easily assimilable by the community
of reactor safety specialists, In particular, they should lend themselves to
comparison with each other, It should be evident why two PSAs obtain dissimi.
lar results; 1t should be clear whather differences between results computed
for different plants arise because of design, aothodolo?y. model ing assump-
tions, or differences in plant-specific failure data, This cannot be achieved
without a methodological consistency between the studies,

At the same time, 1t 1s inappropriate to prescribe all phases of studies
conducted under this program in great detail, PRA 1s stil] evolving as a dis.
cipline; while there may be some areas in which some consensus exists, there
are many others in which significant developments are occurrisg, anc still
others where there is some controversy, If a highly prescriptive quide were
promulgated, the resulting studies would be deprived of the benefits of on.
going methodological developments, and would be burdened with whatever short.
comings are characteristic of the prescribed methods, Some study flexibility
is therefore essential,

In this quide, the goals of flexibility and intercomparability are
approached in the following way,

. In many areas, thers 15 11ttle or no prescription of methodology., The
structure of the study s prescribed, and outputs of major tasks are
called for as part of the report, but tie method of execution 15 left
to the analysts, For example, this 15 true of the qualitative systems
model ing in the Accident Sequence Definition task,

., In the area of basic event guantification, faltrly explicit quidance 1%
given, Differences in pump failure probabilities for different plants
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will reflect actual differences in the number of failures experi-
enced,

Previous editions of this document have called for a "baseline evalua-
tion" of the plant model, that is, a quantification of the core damage fre-
quency based on generic failure data, as well as a plant.specific evaluation.
"his was described as a sensitivity study, intended to highlight design dif-
ferences between plants by removing the variability in PSA results Tntroduced
by data differences. However, the goal of meaningful “"baseline" comparisons
cannot be reached so easily. In particular, although "realism” is a stated
goal of many analyses, the limits of available resources nearly always dictate
that approximations be made in the modeling, It is frequently considered ob-
ligatory to ensure that the approximations are conservative, In practice,
then, analytical resources tend to be allocated in a way that maximizes effort
(e.9., in justifying credit for operator action) wherever a conservative
approximation gives the least tolerable result, and this can easily lead to a
plant-specific pattern of conservatism and realism,

Examples of areas of possible nonuniformity are the following:

assumptions regarding the availability of nonsafety systems, e.g,, start-
up feedwater pumps;

asumptions regarding nonprocedural or otherwise unusual operator acts;

assumptions regarding operability of components in degraded environments,
€.9., under loss of room cooling,

A PWR with a "high" AFWS unavailability may be inclined to take credit for fts
startup pump, This may have the effect of generating numerical values for
risk indices which compare favorably with those of a plant having a lower AFWS
unavallabiliity as well as a startup pump, Thus, the questions of finterpiant
comparisons and the associated sensitivities are complex and subtle, and de-
pend on a clear recognition of the underlying assumptions and methods, This
accounts for the emphasis on reporting and documentation throuaghout this
guide, and the abandonment of the baseline quantification,

The methods to be used in many of the tasks in the PSAs to be performed
under this program will be chosen by the performers of the PSAs, The LEFE/ANS
PRA Procedures Guide (NUREG/CR-2300) 1s a good compendium of several alterna-
tive procedures that may be selected, For example, the analyst may choose a
large event tree/small fault tree approach to accident sequence definition,
rather than a small event tree/large fault tree approach, This would be
acceptable, finasmuch as the two approaches yleld logically equivalent re-
sults, If the analyst chooses a sufficiently novel approach to some tasks,
then, through an interactive review process, he may be required to demonstrate
and document the equivalence of the nove! approach to a4 standard methodo!oqgy,

The IREP Procedures Guide (NUREG/CR-2728) 1s a helpful example of a
specific approach to performing a PSA study, In particular, it develops an
Input/output approach to tasks which facilitates the interfacing between
tasks, Mence the [REP Guide may be used by the analyst as a specific
;rocodurol approach 1in those areas in which this guide allows the analyst

Texibility in selecting procedures or methods,
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1.3.1 Factors Conditioning Choices of Methodology and Scope in PSA Studies

Within the framework described in this guide, there is substantial free-
dom in choice of methodology, in details of applying chosen methodologies, and
in deciding how far beyond requirements to pursue the analysis. However,
owing to a number of special requirements of this program, and in light of an-
ticipated extensions, some choices are less desirable than others, Following
is a discussion of some of the considerations which affect planning of a PSA
study.

1.3.1.1. The Sensitivity Studies

As discussed in Section 6, sensitivity studies are to be performed to
assess the effect of hypothetical intercomponent dependences on system relia-
bility and on core damage frequency. This requires fairly complete informa-
tion on component location and on applicable test and maintenance procedures,
and the searches which are called for might influence choice of computer
codes,

1.3.1.2. Special Reporting Requirements

A list of spectal reporting requirements is given in Table 7.1, The
fault trees and event trees should be so constructed as to lend themselves to
these applications, Choice of computer codes could be affected by this re-
quirement,

1.4 Documentation of a PSA Study

A PSA involves assembling a vast amount of information, Past PRAs have
met with varying degrees of success in presentation of this information, Most
reports contain passable statements of the general conclusions of the study,
and may adequately lend themselves to high-leve! peer review, but in some
cases, 1t 1s very difficult to verify results in detail, Typically, the large
quantity of necessary information {s either not given, or 1s given in a way
that discourages 1ts use, It 1s especially important that this program avoid
such pitfalls, This program is intended to produce a risk-predictive mode)
that can be used and extended by the licensee, by others in industry, and by
NRC, This places special demands on the documentation; rather than merely es-
tablishing the plausibility of the results, the documentation must support
efforts by persons other than the report's authors to verify, and even to mod-
ify, the results, One function of the report is therefore to serve as a
“user's guide” for the plant model which {s developed for the study, Of
course, not all readers will become involved in manipulating the model; the
report must contain a summary which meets the needs of a high-level peer
reviewer,

A number of excellent suggestions appear in a forthcoming EPRI report, in
a section entitled "PRA Documentation Features In Support of High Level Peer
Review and Detailed Technical Review," Some of these suggestions have been
incorporated into the guidance for documentation of studies performed under
this program, Certain details of that treatment do not apply here, because of
the rather more specific quidance provided for these studies, The main fea.
tures of the suggested documentation will be summarized below, with changes
appropriate to this program, A noteworthy and desirable feature of the EPR]
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prescription is its emphasis on “road maps" to help the reader/user find what
he needs in the report.

The EPRI approach calls for a three-level report:

1) a summary, which serves to communicate the essential features of tno
scope, an%hods. results, and conclusions, and which contains directions to
the rest of the report;

2) a main report, which contains an “integration" of the entire study, de-
taTTed descriptions of all the tasks, and the detailed conclusions;

3) acollection of appendices, which contain detailed computations and biocks
of Information supporting models and analyses presented in the Main
Report.

The summary will meet most of the needs of a high-level peer reviewer,
althougn even a preliminary NRC audit must venture far enough into the main
report to verify that the prescribed task outputs are present, The main re-
port and the appendices must suffice for the detailed technical review and for
the subsequent users of the study. To allow for recalculation or alteration
by the users, input decks for whatever computer calculations are performed in
the study should be provided, both in printed form and in machine-readable
form (e.g., magnetic tape). It is anticipated that many of the computer codes
used in P5As of this program will be generally available (e.g., those |isted
in tnis guide); codes used in PSA studies which are not generally available
should be documented and made avatlable to NRC as part of the study,

The three segments of the report are discussed in more detail in Chapter
7 of this guide,

1.5 Urganization of the PSA Procedures Guide

A PSA to be performed under this program will consist of five major tasks
(Figure 1.1). This section contains a brief summary of each major task and
fts relation to the other tasks, The section of tnis guide 1n which each ma-
Jor task 1s described is also shown in Figure 1.1,

1.5.1 Plant/PSA Familiarization and Scoping

In this task, the overall scope of the PSA 15 examined, Assuming that
not all team members are PSA practitioners*, the team as a whole hecomes
acquainted witnh how PSA confronts certain basic issues, The plant 15 sur-
veyed, and the portion of 1t which needs to be analyzed is defined. Initiat-
Ing events are considered. Frontline and support systems are defined, Lvents
relevant to current licensing and regulatory 1ssues are incorporated,

1.5.2 Accident sequence Definition

This task encompasses the matn activities required to obtain qualitative
definitions of the accident sequences which may lead to core damaye,

W5ee, Tiowever, the section on Personnel 2.2.2.



Functional event trees are developed which describe how the various safety
functions protect core integrity.

The impact of the human, through procedural and problem-solving or
“cognitive" errors, is developed in this task., The PSA approach includes
problem-solving human errors concerning recovery of equipment during acci-
dents.

The impact of physical phenomena on accident sequence definition is also
incorporated in this major task, Because of the current scope of this pro-
gram, only those phenomena affecting the events leading to core damage (and
not those related to a post-core meltdown containment environment) are incor-
porated in the accident sequence development, The containment heat removal
and postaccident radicactivity removal systems are, however, included in the
analysis,

Guidance on the development of systemic event trees and their related
fault trees is given in this task., (Qualitative dependence analysis is dis-
cussed here.

1.5.3 Reliability Data Assessment and Parameter Estimation

Tnis major task 1is concerned with the quantitative information needs
(1.e., d1ata and related models) that will be input to the Accident Sequence
Quantification task, The data requirements will be defined by the analysis
and information needs that were developed in the Accident Sequence Definition
task,

Tnis task includes guidance on data handling for accident initiators and
for failures thet would be incorporated in the loyic trees, Guidance is pro-
vided on the use of plant-specific and generic data and on the documentation
of data.

1.5.4 Accident Sequence Quantification

This task receives input from the Accident Sequence Definition task and
the Reliability Data Assessment and Parameter Estimation task in order to ob-
tain the major quantitative results of the NREP study. This task consists of
five main subtasks: generation of Boolean Equations for Accident Sequences;
accident sequence classification; sequence quantification; importance and Sen-
sitivity analyses,

1.5.5 Qisplay and Interpretation of Results

This task provides guidance on the display and interpretation of results
of the study. The report will display the frequency of core damage and the
operability of the containment safo,uardt for each accident sequence, Error
bounds and measures of importance will be displayed. In addition, reporting
requirements of specitic products of the study are summarized in the various
sections of the guide. Much of this information is detatled in the previous
tasks and 1s summarized in Section 7,
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(Section 3)

PLANT/PSA

FAMILIARIZATION
SCOPING

(Section 4) (Section 6) (Section 7)
ACCIDENT ACCIDENT DISPLAY AND
SEQUENCE 5 SEQUENCE INTERPRETATION
DEFINITION QUANTIFICATION OF RESULTS

(Section 5)

RELIABILITY DATA
ASSESSMENT AND
PARAMETER ESTIMATION

Figure 1.1 Major PSA tasks.




2.  PSA ORGANIZATION AND MANAGEMENT

2.1 Introductory Remarks

The aim of PSAs is to provide versatile descriptive and predictive models
(of nuclear power plants and their cperations) which can be used, varied, and
refined by both NRC and its licensees in their safety evaluations* (and the
attendant risk considerations).

Discussions of the organization and management of PSAs are given in the
IEEE/ANS Procedures Guide (NUREG/CR-2300) and in the IREP Procedures Guide
(NUREG/CR-2728). These documents give useful descriptions of, and guidance
on, the composition and required background and qualifications of the analysis
team, on the schedules and manpower needs of the various tasks, on the report-
ing and documentation of the results, and on the assurance of quality. These
are all areas of primary importance for the successful conduct of a PSA, and
the cited cocuments provide much of their basic framework for both general and
specific applications. In addition, a number of other documents dealing with
more limited aspects of PSA serve to supplement and illuminate these ques-
tions. The more prominent of these are given in the reference list,

Since PSAs must be reviewed by NRC (and will probably be subject to more
general external scrutiny), it is essential that they be clearly written, with
well defined assumptions, amply documented (and justified) methods, perspicu-
ously presented data, and with supporting tools (such as computer codes) read-
ily accessible or verifiable., It is also desirable that their general content
and format be in a sufficiently compatible form to enable them to undergo such
reviews in a convenient and efficient way.

The remainder of this chapter deals (broadly) with the way these quali-
ties may be attained, It discusses the general characteristics of a PSA, the
assurance of technical quality, and the (related) topic of interactive re-
views.

2.2 General Aspects

2.2.1 Management and Organization

In addition to the normal requirements for technical direction and admin-
istrative efficacy (and diplomacy), the management and organization of a PSA
need special emphasis in the areas listed below. This is to ensure that the
PSA will properly serve its function (which may vary somewhat depending on the
plant and other circumstances) at a tolerable economic and manpower cost., The
particular points requiring careful attention are:

. choice of levels of detail in relation to the desired output;

. balancing of technical and manpower resources;

*When properly executed in the manner described in this document, they will
also serve as an effective tool for (internal) technical and economic power
utility purposes.
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. assurance of technical quality and external interaction and review;

. scheduling of the work, and timing of extraneous feedbacks and re-
views.

The first two of these depend on the individual character of the PSA and
the considerations which underlie them are implicit in the remainder of this
guide. Depending on the circumstances of the particular PSA, the quality and
experience of the PSA team, and the availability of relevant information, it
should be possible to streamline the PSA to achieve its desired output with
the least effort and the most effectiveness,*

The third topic, assurance of technical quality and external interaction
and review, is the subject of the next sections, 2.3 and 2.4, An important
aspect of technical quality assurance is continual (or at least regular) re-
view and reexamination by a dedicated part of the PSA team, This area is ex-
plored in section 2.3. The whole process is further strengthened by interac-
tive review by relevant external organization (e.g., NRC), This is discussed
in section 2.4

The fourth point, relating to the scheduling of work and the timing of
external intervention, does merit additional comment, As indicated below, the
assurance of technical quality involves both internal and extraneous feedbacks
and scrutiny. In order that the overall work flow of the PSA be smooth, it is
essential that these external interventions be properly planned and executed.
It would be natural to consider reviewing each of the major tasks defined in
Figure 1.1 as soon as a reasonably complete set of task results became availa-
ble. Other, more subtle, stopping points may involve interfaces between dif-
ferent "functional" activities (see 2.3.2 below), if these are sequential, as
well as the transition from the "internal" to the “external"™ analysis if this
is done in two distinct phases.

2.2.2 Personnel

PSA requires an unusual combination of analytic grasp, computational
skill, and sound and relevant engineering judgment, in order to select, trans-
form, and categorize existing data, to fill any gaps, and to manipulate this
material in an efficacious and perspicuous manner, There is little substitute
for job experience in this regard, though systematic reviews of other PSAs can
help substantially. The PSA project team must demonstrate sufficient relevant
experience in key management and analysis roles and sufficient documental
training in bulk analysis and support roles to ensure an udequate balance be-
tween analytic capability and integrational and practical skills, The cited
references supply substantial information on the requirements for personnel,
Further comments are given in section 2.3 below on the interaction between the
PSA team and the technical quality assurance requirements,

*ColToquially expressed, to produce a "Smart" PSA,
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2.2.3 Technical Organization

This subsection outlines the technical structure and major elements of a
PSA which are required to attain its desired output, and to be subject to re-
view and manipulation for a variety of safety (and other) applications,

This structure is best summarized in Figure 2.1.

Methods
& Models,

T

Mathematical
Structure,

}.___._L
Documenta- | Implementa-
tiong tion,

Resultsg

Data &
Information,

Figure 2.1 PSA technical structure,

The six major facets of the PSA shown in Figure 2.1 are briefly defined
below:

1. Methods & Models: This involves the general description of the physical,
engineering, and operational bases of normal and anomalous nuclear power
plant behavior. The relationship between real plant bzhavior and the models
used must be established and confirmed, and special attention must be given to
the verification of performance, systems, and functional success criteria.
Careful consideration must also be given to the modeling of operator action
(or inaction!). In this regard, reference should be made to NUREG/CR-2254 and
EPRI NP 3583, (See reference 'ist for details.)

2. Mathematical Structure: This involves the analytical and mathematical
techniques used to describe and quantify the models, and must reflect in a
physically valid and mathematically corect and convenient form the model
structure used.

3. Data and Information Acquisition: This includes not only the static and
operational characteristics of components and systems, but also P&IDs, plant
procedures, and operational information, including operator actions. Of par-
ticular importance is a thorough 1ist of "initiators" (initiating events), and
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a proper correlation of actual plant data, plant specifications, and PSA input
data (via “"walkdowns").

4, Implementation: This concerns the computational effectuation of the meth-
odology established., It must properly correspond to the methods, must be in-
ternally consistent and accurate; must be flexible enough to deal with all
reasonable applications; and must be able to handle questions of sensitivity
and uncertainty,

5. Results and Presentation: This area (obviously) is crucial in providing a
clear, comprehensive, and usable description of the PSA,

6. Documentation: Finally, it is most important to have a complete and acces-
sible description of the detailed elements of (1) through (4) and part of (5)
(the overall results) to make possible review, verification, and extended in-
vestigation (if desired or necessary).

It may be noted that while items (1) through (4) (and part of (5)) con-
cern the primary substance of a PSA, items (5) and (6) are crucial to its
utilization, comprehension, and verification,

2.3 Technical Quality Assurance*

2.3.1 General Definition and Objectives

The technical quality assurance (TQA) of a PSA involves the planned and
systematic application of scientific and technical skills and management tech-
niques to achieve a desired level of quality, and depth of understanding, and
to provide assurance through objective evidence that it is being done effec-
tively.

The TQA is thus concerned with

+« the formal structure;

« the execution;

« the personnel;

« the methods; and

« the documentation

of the PSA, When these have been properly handled, the performers, users and
reviewers of the PSA will be able

« to extend and update the PSA;

*This 1s referred to as TOA (Technical Quality Assurance) in the remainder of
this section; it has a broader concept and different orientation to QA as
once practiced in the older manufacturing and engineering industries,
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+ to apply various aspects of it to safety, operational and regulatory
concerns;

» to determine, examine, and, if desired, vary the underlying data,
assumptions and methods used; and

+ to verify the guantitative results and to weigh their objective and
subjective (i.e., judgemental) features,

These questions are discussed at greater length in Appendix B,

2.3.2 Formal TQA Requirements

The “formal™ TQA program consists of several basic elements:

1. A published procedure

2. A TQA organization

3. A defined set of analytical tools and computational programs
4, A calculational file,

The detail and scope of these elements must depend on the needs of the
PSA staff particularly the effort to be exerted, and on desired use(s) of the
PSA,

These elements are described more extensively in Appendix B, together
with samples of their formal implementation.

The above brief discussion (2.3.1 and 2.3.2), together with the exempli-
fication given in Appendix B, is designed to illustrate the major characteris-
tics of a TQA program. The prescriptive structure described in Appendix B,
can help focus the attention of reviewers and other PSA users on the (limited)
number of items cited. Other equally acceptable approaches are possible and
useful provided they are designed and defined in the light of the PSA objec-
tives,

2.4 Interactive Review

The discussion of TQA given above has indicated both implicitly and ex-
plicitly the importance of internal feedback and interaction in the conduct of
a PSA. This section discusses the benefits of an interactive review with an
appropriate external organization (in the first instance, the NRC), Since the
NRC is generally the primary "customer" for the PSA, the objective is to en-
hance its usefulness for various NRC purposes. The timing and depth of such
interaction must therefore be coordinated between the PSA project group and
the NRC.

There are two major reasons for employing interactive review in this pro-
gram, The<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>