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ABSTRACT

A verification and validation (V&V) process has been performed for the
Svstem Analysis Programs for Hands-on Integrated Reliability Evaluation
{SAPHIRE). SAPHIRE is a set of four computer programs that the Nuclear
Reguiatory Commission (NRC) has developed for the performance of probabilistic
risk assessments (PRAs). These programs allow an analyst to perform many of
the functions necessary to create, quantify, and evaluate the risk associated with
a facility or process being analyzed. The programs included in this set are
Integrated Reliability and Risk Analysis System (IRRAS), System Analysis and
Risk Assessment (SARA), Models and Results Database (MAR-D), and Fault
Tree/Event Tree/Piping and Instrumentation Diagram (FEP) graphical editor,

There were several steps to the V&V. A V&V plan was prepared to
describe the process and criteria by which the V&V would be performed. The
software requirements documentation was reviewed to determine the correctness,
completeness, and traceability of the requirements. A user survey was conducted
to determine the usefulness of the user documentation. Vital and non-vital
features were identified and tested. The testing that was performed and the results
that were obtained were docuinented.

The results indicate improvements are needed in the software requirements
documentation and in the user documentation. The majonty of the results from
the testing were acceptable: however, some discrepancies between expected code
operation and actual code operation were identified. The discrepancies were
provided to the code developers. Modifications that will be made to SAPHIRE
are identified.

FIN L2483—SAPHIRE Verification and Vahdaton
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correct results from SAPHIRE. The non-vital features are graphical fault tree construction. graphical event
tree construction, or database manipulation. Lack of a non-vital feature can add significant ime to a PRA
since the work that would have been performed by that feature will have to be done manually or through
an alternate method.

For SAPHIRE 4.0, 8] vial features and sub-features were identified for testing. However, it was
recognized that performing all 81 tests would not be possible within the time available. Vital features and
sub-features were ranked as high, medium, or low. Only those vital features ranked as high were tested.
The testing covered 49 vital features and sub-features.

Software test records were prepared for all vital features tested. Anomaly reports were prepared for
all discrepancies identified between the way SAPHIRE should operate and actual operation. Discrepancies
were categonzed as either critical or non-critical. A discrepancy was categorized as cntical if the results
were incorrect or the potential existed for the results 1o be misleading. A discrepancy was categonzed as
non-critical if the results were correct but the option was difficult 1o use.

The majority of the results were determuned to be acceptable. However. some critical and non-
cntical discrepancies were identified for both vital and non-vital features. The discrepancies were
provided to the code developers. The following paragraphs discuss each discrepancy and the actions that
will be taken.

The critical discrepancies occurred in four areas: Link Editor (in both vital and non-vital features),
Base Case Update, Uncertainty Analysis, and Process Flags. For the Link Editor option, it was found that
SAPHIRE is not correctly processing event tree sequence linkage rules (under certain conditions). This
discrepanc cannot be corrected in the SAPHIRE 4.0 series.

The quantification results were correct when the Base Case Update option was tested. however, the
report function did not identify whether the printout applied to the base case or the alternate case. Even
though the quantification results are correct. this discrepancy was categorized as critical since the user
could inadvertently use the wrong case. This discrepancy will be corrected with the release of
SAPHIRE 4.17.

There were several discrepancies identified for the uncertainty analysis. SAPHIRE will allow the
user to input improper uncertainty distribution parameters. Even though in some cases SAPHIRE will
display an error message, it will still attempt to perform the uncertainty analysis. For the Monte Carlo
and Latin Hypercube sampling. it also appears that SAPHIRE has an internal arithmetic precision
limitation when distrnibution sampled values are small. In another case, all tests that were defined as
multiples of the chi-square distribution did not give sampling results as a multiple of the chi-squared
distribution. Instead, the results gave only the chi-square distribution part [e.g.. the results were very close
to what would be expected for x*(1). not 2%°(1)]. The anomaly identified for the gamma distribution is
that with a probability value of 1E—4 and an uncertainty value of 10,000, the Monte Carlo sampling
seemed to return the same value, and consequently the sampling distribution results were in error. For
certain Beta distnbutions, SAPHIRE actions ranged from giving runtime errors to giving incorrect results.
These discrepancies will be corrected with the release of SAPHIRE 4.17.

Under the Process Flags option, the Sensitivity Process Flag was not tested since it is an
undocumented feature. and as such no criteria could be developed by« hich to measure results. This
option allows the analyst to vary the probability of an event or group ol ¢vents over a specified range and
plot the change to core damage frequency. Even though this is a menu option. it will not operate by
simply selecting the option from the menu. An anomaly report was generated because the potential exists
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EXECUTIVE SUMMARY

The System Analysis Programs for Hands-on Integrated Rehability Evaluation (SAPHIRE) s a set
of four computer programs that the Nuclear Regulatory Commission (NRC) has developed for the
performance of probabilistic risk assessments (PRAs). These programs allow an analyst to perform many
of the functions necessary to create. quantify, and evaluate the risk associated with a facility or process
being analyzed. The programs included in this set are Integrated Reliability and Risk Analysis Sysiem
(IRRAS). System Analysis and Risk Assessment (SARA). Models and Results Database (MAR-D), and
Fault Tree/Event Tree/Piping and Instrumentation Diagram (FEP) graphical editor.

This report documents the venfication and validation (V&V) of SAPHIRE 4.0. The primary
objective of this project was to determine if the results produced by SAPHIRE are correct. A related
objective was to complete the necessary documentation of the V&V according to accepted standards.

The V&V of SAPHIRE consisted of five major steps:

I, Preparation of a V&V plan

o

Evaluation of the software requirements
3. Evaluation of the user documentation

4. V&V testing

o

Documentation of test results and recommendations

The above steps are consistent with IEEE Standard for Software Verification and Validation Plans
(IEEE Std 1012-1986). The SAPHIRE V&V Plan was prepared for the purpose of describing the process
and criteria by which the V&V would be performed. It was also prepared in accordance with the IEEE
Standard for Software Verification and Validation Plans.

The evaluation of the software requirements found that the SAPHIRE Functional Requirements
Document needs to be rewritten so that requirements and design constraints are more clearly and concisely
stated. It was also found that the methodoiogy employed to contro! both documentation and software
changes needs to be more ngorous.

A survey of users was conducted across NRC, commercial industry, and national laboratories to
determine how well the user documentation is meeting the needs of the users. It is important that he user
documentation be complete. correct, and understandable so that the code will not be used incorrectly and
so that the user can use the code to its fullest poiential. The survey requested users to rate the user
documentation in the categones of helpfulness, technical content. organization, completeness. and overall
usefulness. The results of the survey indicated that improvements are needed to the user documentation.
The majority of users commented that the user documentation needs a much better discussion of how the
coue works Several users suggested that a road map or flow path of how to use the code from a PRA
analysi’s point of view be included in the user documentation.

SAPHIRE features were evaluated and designated either as vital or non-vital features, Vital features
are those that (a) affect the results of a PRA (core damage frequency. top contributors, etc.) and (b) are
essential for completing a PRA analysis (fault tree analysis, event tree analysis, uncertainty analysis, etc. ).
Non-vital features are those whose malfunction or lack of function will not preclude obtaining the final

ix NUREG/CR-6145



correct results from SAPHIRE. The non-vital features are graphical fault tre » construction, graphical event
tree construction, or database manipulation. Lack of a non-vital feature can add significant time 10 a PRA
since the work that would have been performed by that feature will have to be done manually or through
an alternate method.

For SAPHIRE 4.0, 81 vital features and sub-features were identified for testing. However. it was
recognized that performing all 81 tests would not be possible within the time available. Vil features and
sub-features were ranked as high, medium, or low. Only those vital features ranked as high were tested.
The testing covered 49 vital features and sub-features.

Software test records were prepared for all vital features tested. Anomaly reports were prepared for
all discrepancies identified between the wav SAPHIRE should operate and actual operation. Discrepancies
were categorized as either critical or non-critical. A discrepancy was categorized as critical if the results
were incorrect or the potential existed for the results to be misleading. A discrepancy was categorized as
non-critical if the results were correct but the option was difficult to use.

The majority of the results were determined to be acceptable. However, some critical and non-
cniical discrepancies were identified for both vital and non-vital features. The discrepancies were
provided to the code developers. The following paragraphs discuss each discrepancy and the actions that
will be taken.

The crinical discrepancies occurred in four areas: Link Editor (in both vital and non-vital features),
Base Case Update, Uncertainty Analysis. and Process Flags. For the Link Editor option, it was found that
SAPHIRE is not correctly processing event tree sequence linkage rules under infrequent conditions. This
discrepancy cannot be corrected in the SAPHIRE 4.0 senes, since insufficient data are retained. This
problem is to be corrected n the SAPHIRE 5.0 series.

The quantification results were correct when the Base Case Update option was tested; however, the
report function did not identify whether the printout applied to the base case or the alternate case. Even
though the quantification results are correct, this discrepancy was categorized as critical since the user

could inadvertently use the wrong case. This discrepancy will be corrected with the release of
SAPHIRE 4.17.

There were several discrepancies identified for the Uncertainty Analysis option. SAPHIRE will
allow the user to input improper uncertainty distribution parameters. Even though in some cases
SAPHIRE will display an error message, 1t will still attempt to perform the uncertainty analysis. For the
Monte Carlo and Latin Hypercube sampling, it also appears that SAPHIRE has an internal arithmetic
precision limitation when distribution sampled values are small. In another case, all tests that were defined
as multiples of the chi-square distribution did not give sampling results as a multiple of the chi-squared
distribution. Instead, the results gave only the chi-square distribution part [e.g., the resuits were very close
to what would be expected for ¥°(1), not 2x°(1)]. The anomaly identified for the gamma distribution is
that with a probability value of 1E-4 and an uncerainty value of 10,000, the Monte Carlo sampling
seemed to return the same value. and consequently the sampling distribution results were in error. For
certain Beta distnbutions, SAPHIRE actions ranged from giving runtime errors to giving incorrect results.
These discrepancies will be corrected with the release of SAPHIRE 4.17.

Under the Process Flags option. the Sensitivity Process Flag was not tested since it is an
undocumented feature, and as such no criteria could be developed by which to measure results. This
option allows the analyst to vary the probability of an event or group of events over a specified range and
plot the change 1o core damage frequency, Even though this is a menu option, it will not operate by
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simply selecting the option from the menu. An anomaly report was generated because the potential exists
for a user to select this menu option and think that an analysis has been performed. To actually use this
option, a hidden key must be used to gain access to the sensitivity menus and “run” the analysis. For the
“T" process flag, SAPHIRE generated unacceptable results for the case of solving without fault trees.
SAPHIRE complemented the existing system cut set incorrectly. These items will be corrected or the
options will be removed with the release of SAPHIRE 4.17.

Software test records were not prepared for the non-vital features testing. Instead. a test specitication
and a test procedure were developed. and items were checked off the test procedure as they were
completed. All discrepancies identified with the non-vital features were documented in anomaly reports.
For the non-vital features, only one discrepancy was categorized as critical.  As with the vital features,
the sequence linkage rules are not being correctly processed. All other discrepancies were categorized as
non-critical.
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1. INTRODUCTION

1.1 Background

The System Analysis Programs for Hands-on
Integrated Reliability Evaluation (SAPHIRE) is
used in a variety of regulatory applications,
SAPHIRE was developed by the Nuclear Regula-
tory Commission (NRC) to support applications
in the areas of

. Analyzing the nsk implications of plant
designs, systems operations, and procedures

2. Assessing the effectiveness of existing and
proposed regulations, including backfits

3. Evaluating the significance of operational
occurrences

4. Priontizing generic safety issues, research and
licensing programs, and inspection activities

5. Assisting the Committee to Review Generic
Requirements (CRGR) in tracking the prog-
ress that required plant modifications made
toward improved safety levels,

Examples of these areas include the resolution
of generic safety 1ssues (GSIs), examining risk-
based inspection strategies, analyzing a number
of multiplant action (MPA) items, and perform-
ing a sensitivity study on the significance of
motor-operated valve (MOV) failure rates.
Because of the extensive use of SAPHIRE in
regulatory applications, it was determined that
the need existed to verify and validate (V&V)
the operation of the code to ensure that it is
adequate to perform accident frequency and risk
calculations

The primary objective of this project was to
determine via a structured and systematic V&YV
process that the results produced by SAPHIRE
are correct, and 1f not, to identfy any areas
requiring correction. In doing this, the V&V

process would be documented according to
accepted industry standards.

This report documents the V&V of SAPHIRE
Version 4.16. It is the intent of the NRC to
V&YV subsequent versions of SAPHIRE. Les-
sons learned from the V&V of SAPHIRE 4.16
will be incorporated into the V&V of subsequent
SAPHIRE versions,

1.2 Description of the
SAPHIRE Code Package

SAPHIRE is a set of four computer programs
that the NRC has developed for the performance
of probabilistic risk assessments (PRAs). These
programs allow an analyst to perform many of
the functions necessary to create, quantify, and
evaluate the nsk associated with a facility or
process being analyzed. The programs included
in this set are Integrated Reliability and Risk
Analysis System (IRRAS), System Analysis and
Risk Assessment (SARA), Models and Results
Database (MAR-D). and Fault Tree/Event
Tree/Piping and Instrumentation Diagram (FEP)
graphical editor. These programs are "hands-on”
in the sense that they execute on an IBM-
compatible PC. and they are integrated in the
sense that they can communicate with one
another through the MAR-D database.

IRRAS is a program developed for the pur-
pose of performing those functions necessary to
create and analyze a complete PRA. 1t includes
functions to allow the user to create event trees
and fault trees, to define accident sequences and
basic event failure data, to solve system and
accident sequence fault trees, to quantify cut sets,
and to perform uncertainty analysis on the
results. Also included are features that allow the
analvst to generate reports and displays that can
be used to document the results of an analysis.
Since this code is a very detailed technical tool,

NUREG/CR-6145



Introduction

the user should be famihiar with PRA concepts
and the methods used to perform these analyses.

SARA 1s a program that allows the user (o
review the results of a PRA and to perform
himited sensitivity analysis on these results. It 1s
limited primarily to the extent that changes in the
plant model can be accommaodated by using a cut
set editor feature. If other than simple changes
are being simulated, then IRRAS should be used
s0 that new cut sets can be accurately generated.
There are limitations with the use of truncated
cut sets. For example, in performing a sensiti-
vity study that increases basic event probabilities,
it may be possible that cut sets previously trun-
cated would now become dominant if a cut set
generation was performed instead of a cut set
update as in SARA.

MAR-D is a models and results database.
This program defines a common relational
database structure that is used by the cntire set of
programs. This structure allows all of the soft-
ware to access and manipulate data created by
other software in the system without performing
a lengthy conversion. Hence, data created by
IRRAS are immediately available to SARA for

NUREG/CR-6145

sensitivity analysis. The MAR-D program also
provides the facilities for loading and unloading
PRA data from the relational database structure
used to store the data. A sumple ASCII data
format is used for interchange with other PRA
software not included in SAPHIRE. This feature
allows for maximum data interchange. Elements
of the MAR-D software are included with both
IRRAS and SARA 1o allow these programs to
load and unioad data in the MAR-D format.

FEP is a program developed to provide a
common access to the set of graphical tools
developed for performing PRAs. These tools
include the graphical event tree, fault tree, and
piping and instrumentation diagram (P&ID)
editors. The event tree and fault tree editors are
available through IRRAS: however, the P&ID
editor is only accessible through FEP. The event
tree editor allows the analyst to construct and
modify graphical event trees. The fault tree
editor allows the user to construct and modify
graphical fault trees. The P&ID editor allows
the user to construct and modify plant drawings.
These drawings can then be used to document
the modeling used in a PRA.



2. APPROACH

The V&V of SAPHIRE consisted of the
following steps:

1. Preparation of a V&V plan

2. Evaluation of the software requirements
specification

3. Evaluation of the user cocumentation
4. V&V testing

5. Documentation of test results and
recommendations.,

The above steps are consistent with [EEE
Standard for Software Verification and Vahda-
tion Plans (IEEE Std 1012-1986)."  The
SAPHIRE 4.0 Venfication and Validation Plan
was prepared to describe the process and criteria
by which the V&V was 1o be performed. The
software requirements specification was eval-
uated 1o determine the adeoracy of the documen-
tation. The third step was to evaluate the user
documentation. To perform this step, a user
survey was conducted to determine how well the
user documentation s meeting the needs of the
users. The fourth step, which was the major
effort of the project, was to design and perform
software tests.

SAPHIRE features were evaluated and either
designated as vital or non-vital features. Vital
features are those features essential for complet-
ing a PRA analysis such as fault tree analysis,
event tree analysis, or uncertainty analysis. For
vital features, test procedures were developed
that specified input, execution conditions, and
predicted results. Non-vital features are those
features whose malfunction or lack of function
will not preclude obtaining resuits from the
SAPHIRE codes. Non-vital features include
fault tree construction, event tree construction,
and data base manipulation. Lack of a non-vital

feature would increase the user ume required
since the work done by that feature would have
to be done by other means. Non-vital features
were tested for tunctionality and recorded in a
checklist fashion. For both vital and non-vital
features, anomaly reports were generated for dis-
crepancies between expected and actual code
operation,

This report documents the V&V of SAPHIRE
Version 4.0. SAPHIRE 4.0 was onginaily
released to the Energy Science and Technology
Software Center (ESTSC) in March 1992. To
correct software errors, interim versions of
SAPHIRE 4.0 were released 10 ESTSC.
SAPHIRE 4.15 was released in November 1992
and SAPHIRE 4.16 was released in July 1993
To determine the version of SAPHIRE 4.0 on a
computer, the user can enter the PRATOOLS B1
subdirectory in DOS, type dir *.exe. and press
<Enter>. This wiil produce a list of files. The
last column will contain the time of file creation
(e.g., 4.15a).

This report documents the V&V of
SAPHIRE 4.0. Because the V&V was per-
formed over an extended time, different interim
versions were tested. The non-vital features
were tested on SAPHIRE 4.15. The vital fea-
tures were tested on SAPHIRE 4.16. Even
though the non-vital features were tested on an
earlier version of SAPHIRE., the non-vital fea-
tures were not re-tested on SAPHIRE 4,16 since
non-vital features do not affect the accuracy of
the numerical results. No additional important
information would be gamned from re-testing the
non-vital features.

The following sections discuss in greater
detail each of the above steps that were per-
formed and the results that were obtained. As
applicable, the version date used for performing
the particular step in the V&V effort 1s specifi-
cally identified.
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3. SAPHIRE V&V PLAN

The SAPHIRE V&V Plan was prepared for
the purpose of describing the process and critera
by which the V&V would be performed. The
SAPHIRE V&V Plan was prepared in accor-
dance with IEEE Standard for Software Venfica-
tion and Vahdation Plans (IEEE Std 1012-1986).
This standard provides uniform and minimum
requirements for the format and content of
software verification and vahdation plans. Even
though this standard applies to all phases of the
software life cycle from the concept phase to the
operation and maintenance phase, the SAPHIRE
V&V Plan was tilored to apply w SAPHIRE

NUREG/CR-6145

that is n the operation and mainienance phase of

the software life cycle.

The SAPHIRE 4.0 V&V Plan, provided in
Appendix A. was prepared and completed in
April 1992, The V&V plan provides the pur-
pose. other binding compliance documents, and
an overview of the V&V, including top level
discussions of the V&V tasks that will be per-
formed as well as those that will not be per-
formed and of the software features to be tested.
The V&V plan also addresses reporting and
administrative procedures.



4. EVALUATION OF THE SOFTWARE
REQUIREMENTS SPECIFICATION

As a part of the V&V activities performed on
SAPHIRE 4.0, the documentation describing the
functionality of ard the requirements for the
software were reviewed. Only one document,
other than user manuals, describing the function-
ality of IRRAS was delivered to the V&YV team.
This document, “Integrated Reliability and Risk
Analysis System (IRRAS), Version 4.0, Func-
tional Requirements Document (DRAFT),” was
reviewed for the purpose of evaluating the
software requirements specification

The IRRAS 4.0 Functional Requirements
Document was reviewed by three individuals.
The major review was performed by E. L.
Capps. a senior engineer whose area of expertise
is software engineering and D. L. Kelly. a senior
engineering specialist in PRA. S. D, Matthews,
a senior engineering specialist in the area of
software quality/V&V. also provided comments
on the IRRAS 4.0 Functional Reguirements
Document. Since E. L. Capps’ review encom-
passes the findings from the other two reviews,
it forms the basis for review of the functional
requirements document. Section 4.1 1s a synop-
sis of the findings and recommendations from
that review. All three reviews are provided in
Appendix B in their entirety and provide more
details on specific changes that should be made.

In addition to the review of the [RRAS 4.0
Functional Requirements Document. a Software
Metrics Analysis was also performed.  The
detailed metrics analysis is provided in Sec-
tion 4.2,

4.1 Findings and Recommen-
dations from the Review of
the IRRAS 4.0 Functional
Requirements Document

Five topics are addressed in the following
synopsis of the review of the Functional Require-
ments Document: functional requirements
documentation. svstem documentation, document
and software configurahon management, user

documentation. and use of the functional descrip-
tion for V&V testing purposes

4.1.1 Functional Requirements Documen-
tation. The IRRAS 4.0 Functional Require-
ments Document is neither a functional descrip-
tion (FD) nor a system requirements specification
(SRS). A functional description provides the
reader an overview or a description of the func-
tions to be performed by the system without
providing low level details. An SRS provides
detail of WHAT the system is to do without
describing HOW it will be accomplished. How
the system 1s to perform is addressed in the
sofiware design document (SDD). The IRRAS
4.0 Funcuional Requirements Document appears
to be a combination of an FD, an SRS, an SDD,
and a description of an earlier version of IRRAS.

The IRRAS 4.0 Functional Requirements
Document definitely presents numerous require-
ments for IRRAS. However, the document 1s
written as though it is descrnibing changes or
enhancements to an earlier version of IRRAS
Several sections contain wording such as "from
now on" that clearly indicate that the document,
or at the very least. portions of the document, is
describing an existing system without clearly
identifying new funcuonality, enhancements, or
changes to the sysiem

It would be desirable if the IRRAS 4.0 Func-
tional Requirements Document were rewritten in
a requirements format. [t is recommended that
this be considered for future versions. The
requirements should be clearly and concisely
stated. Design constraints should be clearly
identified. In many sections, simply rewriting
the requirement as a statement of what must be
accomplished will provide the necessary clanty

Using the rewritten requirements documenta-
ton and existing code. a SDD should be pre-
pared for future versions. IRRAS is a powerfui
and extremely useful system. IRRAS wili
continue to grow and will require that changes
be implemented as technological advancements
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are incorporated into more powerful computer
hardware components. Preparing an SDD will
greatly facilitate applying changes and enhance-
ments to IRRAS in future versions. The lack of
appropriate svstem documentation will be the
source of deficiencies as the software matures,

4.1.2 System Documentation. Documenta-
tion should be prepared for persons that will be
required to maintain the system. This documen-
tation 1s referred to as system documentation and
programmer documentation.  Currently, the
individuals who are responsible for the mainte-
nance of IRRAS have been intimately involved
with the development of the system. Their
knowledge and understanding of the system is
extensive and quite thorough. However. there is
absolutely no guarantee that these individuals, or
individuals with equivalent knowledge and
understanding of the system. will always be
available.  System documentation dctailing
system and performance requirements and
restrictions should be prepared and maintained so
that other individuals. when required, will be
able to understand the system adequa‘ely and
continue developing, enhancing, and maintaining
the svstem.

The system documentation, when combined
with an SRS and SDD. will provide a thorough
view of IRRAS.  The formal reporting and
logging of discovered deficiencies and applied
resolutions will provide a clear view of the
growth and matunty of the system.

4.1.3 Document and Software Configura-
tion Management. it is clear that a number of
software change requests have been submitted to
the development team. However, it is not known
it these requests were to resolve a discrepancy
discovered in the software or to request an
enhancement or change to the system,

The methodology employed to control both
documentation and software changes needs to be
more rigorous. Changes to software should be
reflected in system and user documentation as
new versions are released and deficiencies
corrected.
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4.1.4 User Documentation. All user docu-
mentation should be updated to reflect the status
of the most recently released version. User
documentation updates should be provided as
deficiencies are corrected and enhancements
introduced. As new versions of the system are
released, new versions of (or addinons to) user
documentation should also be released.

4.1.5 Use of the Functional Description
for V&V Testing Purposes. The review ol
the functional requirements document determined
that 1t would be possible to extract considerable
information from this document that would be
useful in preparing test cases and test procedures.
However, it was also determined that many
implied requirements would be overlooked
because they are not explicitly stated. As a
result, some functionalities would not be tested
if the testing relied only on this document.

The reason for this is that the document does
not provide the detail necessary to provide the
traceability necessary to perform thorough testing
of a software system. The document provides
considerable information. but too much detail
must be inferred from improperly stated require-
ments.  Such a subjective interpretation of
requirernents would cause the introduction of
biases into test results,

Even though the Functional Requirements
Document did not provide adequate information
to develop a test procedure. it was used to the
extent possible to define the critenia for such
features as the maximum number of cut sets
saved, mimimal cut set upper bound, and split
fraction,

4.2 Software Metrics Analysis
of IRRAS 4.0

Software Metnics Analysis consists of the
application of various techniques to measure
certain aspects about a software program. As
with anything produced through an applied
process, programmers need to be able to provide
the user. or customer, some measure that will
indicate the level of confidence that can be
placed in the product. how well it will function,
and how complicated the program is.



Software metrics can provide the programmer
useful feedback in identifying areas of the code
that may be too complicated and may need to be
rewritten, areas that should be considered tor
further refinement into sub-programs, and the
complexity of the code, These same measures
will also provide guidance for those analyzing or
testing the program and the program’s output.
Software metrics can provide guidance as to
which portions of the code are the most compli-
cated and therefore require more attention during
testing efforts. Performing software metrics to
determine which portion of the code performs
most of the work identifies those sections of the
code that are most important to the successful
operation of the program. Extra attention can
then be tocused on those sections of the code
during V&V effons.

The following sections provide a discussion
of the application uf softv.are metnics to IRRAS.
Section 4.2.1 provides un overview of the types
of software metnics and their meaning.  Sec-
tion 4.2.2 provides an overview of the applica-
uon of software metrics. Section 4.2.3 provides
details of the methodology employed on IRRAS,
the data obtained from the analvsis, and a
detailed discussion of the findings, Section 4.2.4
provides an interpretation of the analysis results
and draws conclusions based on the analysis data
obtained. Section 4.2.5 presents recommenda-
tions based on the conclusions.

4.2.1 Types of Measures. Software metrics
are measures extracted from program source
code and executable code to provide information
about the code and the program. These mea-
sures can be static or dvnamic

pote metrics are measurements obtained
witih ¢ xecuting or running the program. The
source code 1s examined and analyzed to extract
certain measurements. The most familiar static
measurement 15 the lines of code. or how long
the source code 1s. This metnic provides a ‘feel’
for how big the code 1s. Other metrics identify
the number of umque operators and operands
employed in the program source code and the
vanables that are defined but never used. Other
tools are employed to determine if portions of
the code are unreachable or if there have been
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subprograms developed that are never referenced
or cailed by the main program.

Dynamic metrics are extracled through pro-
cesses that involve executing the program. As
the program is running, the metric analysis tools
obtain information about the program and how it
is executed.  One type of dynamic measure
counts the number of times a certain portion of
the program is actually executed. Other dynamic
analysis tools can identify which portions of the
code perform the most work, if certain logic
branches are never executed, or 1f all statements
have been executed through the application of
test data sets.

Early attempts to identify measures, or soft-
ware metrics, included the number of lines of
code (LOC). This metnc identfies how big a
program 1s, but does little to indicate how diffi-
cult or complex the program 1s. The following
metrics have been defined and implemented to
provide more information and direction.

Halstead's Metrics. The first set of data to
be reviewed includes a set of metrics developed
by Halstead.” Halstead maintained that a simple
count of hines of code would not provide an
accurate measure of the difficulty or complexity
of the code. All programs are composed of
operators and operands, things that perform
actions and things that have actions performed
on them. Halstead proposed that measuring the
number of operators and operands would provide
& better indication of the complexity of the
program.

Halstead defined four parameters, upon which
he based other metrics:

nl - the number of unigue operators
n2 - the number of unique operands
N1 - the total number of operators
N2 - the total number of operands.

Using these measures, he defined the follow-
ing additional metnics:  program vocabulary.
program length. predicted length, punty rato.
and program volume. each of which is discussed
below.
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Program Vocabulary—The vocabulary
of a program, n, 1s defined as the total number of
unique operators and operands and 1s computed
by the equation:

n=nl+n2

Program Length—The length of the
program, N, is the total number of operators and
operands and 1s computed by the equation:

N =Nl + N2

Predicted Length—Fredicted length, N
1s computed by the equation:

A
N= [n]l * log,(nl)] + [n2 * log,(n2)] .

Purity Ratio—Halstead suggested that
programs where the program length is not the
same as the predicted length must contain impu-
rities, with the punity ratio being:

A
PR = N/N

This is a measure of the degree to which impun-
ties exist in a piece of code. A punty ratio of |
indicates the existence of few impurities. The
reported correlation seldom drops below 0.8 in
studies involving traditional programming lan-
guages. When the purity ratio drops below this
value, the reasons should be determined, if
possible.

Program Volume—+frogram volume is
computed by:

V = N * log.(n)

If a program has n unique operators and oper-
ands, it will rake log,(n) “bits” to uniquely
represent each. In this manner, two programs
with an equal total number of uses of operators
and operands can have a measure applied indi-
cating that the program using more different
operators and operands is more complex. Thus,
volume can be used to indicate the complexity of
the program.

Number of Errors Predicted— sing

the metrics described above, software scientists
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have developed formulas to predict the number
of errors likely to exist in the code upon comple-
tion of the coding phase. The formula,

B = [N * log(n)] / EO,

is based on the tendency to make mistakes, on
the average. every EOQ mental comparisons.
Work by psychologists indicates an appropriate
value for EOQ is approximately 3,000-3.200
comparisons.

It 15 obvious that the number of errors in a
program is a factor of more than the number of
operators and operands employed by the pro-
gram. Other items, such as the programmer’s
familiarity with the programming language, the
system in use. the ability of the programmer, and
available support, obviously influence the actual
number of errors. However, B provides a rea-
sonable starting point.

McCabe's Cyclomatic Complexity. The
cyclomatic complexity measure was developed
by McCabe.” McCabe used an alternate
approach to program complexity that considers
the flow of control. McCabe believes that the
cyclomatic number of a program’s control flow
graph provides an accurate measure of how
complex the program is.

A control flow graph contains only nodes for
each basic block within the code. A basic biock
is a segment of code that is entered only at one
point (the top), exited at one point (the bottom),
and has no transters of control within 1. Basic
blocks often begin with decision-making state-
ments and end immediately before another
decision-making statement.

The cyclomatic number can be calculated as
Vigl=e~-n+2
where n is the number of nodes in the graph and
e 15 the number of edges or lines connecting
each node.

The flow graph does not need to be created in

order to compute the cyclomatic complexity.
V(g) can also be computed by counting the



number of decision making statements and
adding one (n+1). This process has been auto-
mated for many programming languages that
have programs to "count” the decision statements
or decision points within them.

Time of Development. [he time required
to develop a system may be connected to the
complexity of the program(s) under development.
However, this metric s u t.oduced for other
purposes at this time.

When considering system analysis and design,
coding, and V&V activities, the time and
resources should be divided 40%, 20%. and
40%. respectively*  This indicates that the
amount of ume, effort, and resources devoted to
V&V activities should equal that dedicated to
analysis and design. Thi. also indicates the
importance of analysis and = :V during the hife
cycle of software development

4.2.2 Appiying Software Metrics. Afrer
idennfying areas and items where metrics can
provide insight into program complexity, how
are these metrics to be uied?  This section
describes how some of the metrics 1e applied to
softw are and how they are interpreted.

Path Testing. McCabe's Cyclomatic Com-
plexity measure is often used to judge how many
path tests might be needed. Path testing involves
identifying a path along the flow graph. deter-
muning the data necessary to execute each step in
the path, and then executing the program to
determine 1if the path is followed and the correct
results achieved at each node, as well as the
overall product as the result of following the
defined path. Path testing strategies include

I. Path testing - where all possible control paths
through the program are executed. Although
this 18 the strongest criterion for path testir 2.
it is generally impossible to achieve.

2. Statement testing - where all statements in the
program are executed at !sast once under
some test. This is the w akest criterion for
path testing and should be considered as
nothing more than the minimum testing activity.
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3. Branch testing - where enough tests are
execuied to ensure that every branch altema-
tive has been exercised at least once. Branch
tesung at 100% branch coverage will aiso
provide 100% statement coverage.

McCabe’s complexity measure indicates the
number of branches to be tested. The Cyclo-
matic Complexity measure, therefore, indi-
cates the minimum number of test cases (o be
considered to provide 100% branch and 100%
statement coverage.

Module Testing. Modules with a higher
complexity should recetve more attention than
those with lower com )y :xity values. The more
complex the code. the more likely it 1s to contain
errors.  The complexity measure is used to
identify those areas that should receive more
attention.

The complexity measure also assists in allo-
cating resources during V&V and testing efforts.

Bug Prediction. Using the predicted
number of bugs wiil certainly provide direction
to those who will be testing the program!
Modules and suhprograms with a high number of
bugs predicted should be exercised ngorously.
The value should also be used by the program-
mer to examine the code before others bugin
testing it.

Halstead's Metrics & Code Analysis.
Programs with very high counts in the number of
unique operands, total number of operands,
number of unigue operators, and total number of
operators should be examined more closely than
those with smaller values. Obviously, the higher
the language value, the higher the probability for
errors to exist in the code simply because there
are more operators and operands for the pro-
grammer to remember and use in the appropnate
manner,

IRRAS Development Effort. Determining
the level of effort required to bring IRRAS to its
current state of development will assist in esti-
mating the eftort required to perform detailed
and thorough V&V activities on the code.
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4.2.3 IRRAS Software Metrics Preliminary
Summary. This section identifies the values of
the metrics obtained when a software metric
program was executed to obtamn measures ot the
IRRAS code. The next section provides a brief
discussion of the implications of these findings.

Methodology. The software metnic tool,
PC-Metnc from Set Laboratories. Inc., was
executed on only the Modula 2 code of IRRAS
Version 4,14, Only the Modula 2 code devel-
oped specifically for IRRAS was evaluated by
software metric analysis. It was determined that
the number of modules wntten in Modula-2
specifically for IRRAS 15 349 This does not
include code to generate screens, display menus,
nor the code of subprograms called from the
Sage librarizs. It was originally believed that
IRRAS could be broken down into collections of
modules and that each of the smaller collections
could be analyzed separately. However, due to
the numerous calls to and from procedures. it
was determined that all 349 modules would have
to be treated as a single program.

Data Produced. The meinc analyzer
generated two reports. The first was an excep-
tion report that identified, on a procedure by
procedure basis within each module, which of
the metrics exceeded accepted lmits in the
Modula-2 module. No summary by module or
entire program was produced.

The second report generated contained
Halstead's and McCabe's metrics. A summary
was not provided for each module. but was
provided for the entire collection of modules.
The results are discussed in the following
section.

Module Data-Regarding the overall size
of the IRRAS Modula-2 files tnat were analyzed,
the 349 files, consist of 4916 procedures/
functions.

Lines of Code—-The total LOC s
228,333, Discussions with the programmers
indicate that this is probably one-half of the total
when the Sage libraries, menus, and screens are
considered. Data from each individual procedure
or module are not included in this analysis.
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Purity Ratio-—-The purity ratio is a
measure of the degree to which impurities exist
in a piece of code, and it seldom drops below
0.8 tor traditional programming languages. For
IRRAS the punty rato of the first set of 122
files 1s 0.37. The ratio for the second set of files
is 0.33. These two numbers indicate that the
combined purity ratio will be less than 0,40,
This indicates that IRRAS should be investigated
further since a low purity ratio indicates that the
code is not written as concisely as possible. A
low purnty ratio indicates the potential for errors
in the code.

Number of Procedures Functions -
The number of procedures and functions, 4,916,
indicates the size and complex nature of the
code. Continued analysis of the results will
identify which of these procedures or functions
warrant further examination and tesung,

Complexity—The Cvclomatic Complex-
ity of the files 1s 15,230, which can be used to
approximate the number of decision points
within the IRRAS Modula-2 code. This repre-
sents the minimum number of test cases required
to exercise each decision point, which also
results in exercising each statement.

A preliminary review of the procedures
and ftunctions indicates that some are of a very
high complexity value. These procedures or
functions will require additional examination
since there is a correlation between complexity
and the potential for errors in the code.

Development Effort—The [RRAS
development team estimated that 25 person-years
have been required to bring IRRAS to the cur-
rent level of development. The development
etfort to reach the first release 1s obviously only
a portion of the total. The current release is
Version 4.14. If we use the verv conservative
estimate that an equal amount of time was spent
for each release, then each release required
6.25 person-years.

424 Conclusions. The data presented
above, although not entirely complete. provide
adequate information to form conclusions as to
the effort and types of activities to be performed



during the V&V of the IRRAS and 1o which
activities available resources should be allocated.

Cyclomatic Complexity Metric. The
critical factor considered in these conclusions is
the Cyclomatic Complexity values derived from
the metncs. The combined value for all 349
files examined indicates that approximately
15.000 test cases must be developed to ensure
that every decision point be exercised. As a
result of exercising each decision point, each line
of code would also be exercised. The 15,000
test cases would exercise roughly only one-half
of the code that makes up IRRAS. Even ignor-
ing the menus, and the screens, and the Sage
libraries. or assuming that their prolonged use
and imitial testing have provided adequate testing
to provide the iecessary confidence that they do
indeed funcuion as required, 15,000 test cases
would be needed to ensure 100% path and
statement coverage.

The impact of developing such a high volume
of test cases is adversely impacted by the lack of
documentation that identifies the decision points
and the paths that would be followed as a result
of evaluating the decision mechamsms. Without
such documentation, it is virtually impossible to
conduct path testing that will provide results
from which general conclusions can be derived.
Without the documentation, test case developers
and test executors will be unable to determine
accurately which decision points are being
exercised and which path is taken from a particu-
lar decision point.

The complexity and difficulty of preparing
test cases is further compounded when the effect
of applying a fault tree with more than a few
nodes to the IRRAS 1s considered. The number
of logic paths through a given set of decision
points will increase with the number of nodes in
the fault tree. The 1ssue becomes even more
complicated in considering that a decision point
may be reached from muluple paths.

The data presented indicate that path testing
may not provide adequate results. The lack of
documentation and thie high number of test cases
required indicate that testing efforts and resourc-
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es would be better used if directed to other aieas
of testing and V&Y activities

Development Time. lhe development
team indicated that development required approx-
imately 25 person years, Since the system is
currently in its fourth version, it can be safely
estimated that at least 6 person-years were
necessary to develop the first version. In per-
forming V&V activities during the development
cycle of a software system, the amount of time
and resources expended on V&V  activities
should equai the effort and resources expended
on system development. This practice provides
an indicator of the effort required to perform
thorough V&V activities, where testing is only
one of many activities performed.

Therefore. a remendous effort would have to
be expended to perform thorough testing of
IRRAS. According to the 40-20-40 rule. at least
6 person-vears should have been devoted to
systern V&YV for each version. Although the
V&V of each version has not been performed to
the suggested level of effort pre-release Beta
testing has been performed. This testing in
combination with the present V&V effort are
steps in the right direction.

4.2.5 Recommendations. Based on the data
and conclusion as presented above. the following
recommendations are presented for consideration.

Path and Statement Testing. Instead of
expending resources on attempts to perform
thorough path and statement testing, resources
should be applied to thorough acceptance testing,
to continued identification of potential problem
areas through software metric analysis, to the
creation and execution of test cases 10 exercise
code with a higher probability of errors, and to
analyze the processes in place to provide config-
uraton management and to ensure the correc.
and proper application of error detection, report-
ing. and correction.

Acceptance Testing. Acceptance testing
should also be expanded to provide testers the
opportunity to test areas and functions that,
through application of their experience in testing
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programs, are vulnerable to user errors that may
cause program failure.

The test results from tests performed at other
locations should be obtained and analyzed. The
results of those tests will identify either accurate
results, the need for additional testing in certain
areas, potential errors. or a combination of all
three. The results of tests performed by others
could preclude the necessity of performing the
same set of tests.

Level of Effort. The pre-release Beta
testing and the current V&V effort are steps in
the right direction for improving the level of
effort on V&V activities. V&V acuvities are
important and should focus on determiming that
the results produced by HAPHIRE are correct.
The Beta testing needs to be more structured and
documented. The V&V level of effort should be
increased to ensure thorough testing of IRRAS.
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4.2.6 Actions Taken for SAPHIRE 4.0 V&V.
Rased on the above results and recommendations
from the metric analysis, the SAPHIRE 4.0 V&V
etfort focused on acceptance tesuing. The accep-
tance testing was developed on the basis of
defining vital and non-vital features, as is dis-
cussed in Section 6.0. Given the complexity of
the code and the large number of test cases that
would need to be developed. it was decided that
path and statement testing was not feasible.

The above results from the metnics analysis
may be due to the process that was used to
develop SAPHIRE. From discussions with the
code developers, SAPHIRE was not developed in
the traditional “waterfall” process. Instead, it
was developed in a "cychic” process in which
requirements and coding were developed as the
overall code progressed.



5. EVALUATION OF USER DOCUMENTATION

[t 1s umportant that the user documentation be
complete, correct, and understandable so that the
code will be correctly used to its fullest poten-
tial.  Evaluation of the user documentation 18
recommended i [EEE Sid 1012-1986.  To
evaluate the user documentation, z survey was
conducted for the purpose of determining how
well the user documentation 1s meeting the needs
of the user. The survey questionnaire 1s shown
in Figure 1. The first three questions of the
survey focus on the PRA codes that are used.
how frequently the codes are used, and which
manual is used the most. The fourth question
asks the user to rank the SAPHIRE documenta-
tion in five categones: helpfulness. technical
content, organization, completeness, and overall
usefulness. The fourth question asks the user to
rank the documentation for the hypothetical
“average” PRA code, and the fifth quest:on asks
the user 1o rank the SAPHIRE documentation
against the documentation for the hypothetical
"average” PRA code. The final question requests
input on improvements the user would like to see
made to the user documentation,

Users that participated in the survey represent
such organizations as the NRC Advisory Com-
mittee on Reactor Safeguards (NRC-ACRS),
NRC Office of Nuclear Reactor Regulation
(NRC-NRR). Science Apphication International
Corporation (SAIC), Nuclear Utilities Services
(NUS), TENERA, TGR. Los Alamos National
Laboratory (LANL), and Idaho National Engi-
neering Laboratory (INEL). Of 25 users called,
14 participated in the survey.

In terms of type of orgamzation, two users
from the NRC participated. four users from the
commercial industry, and eight users from the
national laboratories with two from LANL and
six from INEL.

Since the purpose of this survey was to
determine how well the SAPHIRE documenta-
non was meeting the needs of the users. all 14
participants were SAPHIRE users. This was
closely followed by users of CAFTA and SETS.
both with eight participants each.

Under frequency of use, SAPHIRE 1s more
heavily used by the national laboratories. where-
as CAFTA and SETS are more heavily used by
the commercial industry. Of the 14 users, nine
use SAPHIRE every couple of weeks to daily.
but for five participants, it had been awhile since
they had used it.

The full hst of user's manuals 18 located in
Table 1. The manuals that the participants cited
for this survey are as follows:

IRRAS 2.5 (NUREG/CR-5300)
4 participants
IRRAS 2.6 (Draft Repor.)
| participant
IRRAS 4.0 (NUREG/CR-5313)
Y partictpants
SAPHIRE 4.0 (NUREG/CR 5964
| participant
SARA 4.0 (NUREG/CR-5303)
| participant

One user rated the IRRAS 4.0 manual and the
SAPHIRE 4.0 manual separately. Another user
gave a combined rating for the IRRAS 4.0 and
the SARA 4.0 manuals.

On a scale of 1 to 5, where | represents very
poor and 5 represents very good, the IRRAS/
SAPHIRE user documentation was rated as
follows:

Helpfulness 2.1
Technical Content 3.
Organization 29
Completeness 24
Overall Usefulness 2.3

If it i1s assumed that all categories are of equal
weight, the results yield an average rating of 2.6.
On the same scale, the hypothetical "average”
PRA code documentation (excluding SAPHIRE )
was rated at 3,0. When specifically asked to
rank the SAPHIRE user documentation against
the hyvpothetical "average” PRA code documenta-
tion, the SAPHIRE documentation was consid-
ered to be slightly less than equivaient to the
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“average” PRA code documentation with the
ranking of 2.5.

The last question dealt with what improve-
ments the user’s would like made to the docu-
mentation. The majority of users (93%) com-
mented that the documentation needs a much
better discussion of how the code works. This
includes a better discussion of the hierarchy of
the code (which part of the code has precedence

Table 1. User's documentation for SAPHIRE.

over another part), and of the features and
options (what 1s the code actually doing under
event tree analysis, when flags are applied, or
when an uncertainty analysis 1s pertormed).
Most users also commented that the documenta-
tion needs to discuss how 10 use the code when
performing a PRA. Several users suggested that
the user documentation include a road map or
flow path of how to use SAPHIRE from a PRA
analyst’s pomnt of view.

K. D. Russell et al.. Integrated Reliability and Risk Analvsis Svstem (IRRAS) Version 2.5 Reference

Manual. NUREG/CR-5300, EGG-2613, February 1991,

K. D. Russell et al., Integrated Reliability and Risk Analysis Svstem (IRRAS) Version 2.6 Reference

Manual, Draft. December 1991,

K. D. Russell et al., Integrated Reliability and Risk Analysis Svstem (IRRAS) Version 4.0, Volume 1,
Reference Manual. NUREG/CR-5313, EGG-2664, January 1992

K. D. Russell et al., SAPHIRE Technical Reference Manual: IRRAS/SARA Version 4.0, NUREG/

CR-5964, EGG-2694, December 1992

K. D. Russell et al., Svstem Analvsis and Risk Assessment System (SARA) Version 4.0, Volume 1,
Reference Manual. NUREG/CR-5303, EGG-2628, February 1992
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PR SIS S SRS i S S S S S
USER DOCUMENTATION QUESTIONNAIRE
Date
User Name
Company
NRC ~ Commercial Internal Other Lab
1. What PRA codes are you using or have vou used in the past?
tcircle)
IRRAS SARA MAR-D FEP P&ID ED
CAFTA SETS NUPRA REBECCA  RISKMAN
GRAFTER  T-MAC SANET C-TREE AT RISK
UNIRAM LHS EVNTRE PSTEVNT F-TAP
WAM
2. Order codes used from least used to most used:
1 2 3 4 5 New User
s 1 2 3 4 5 New User
| 2 3 4 5 New User
B 1 2 3 4 - New User
o ! 2 3 4 5 New User
| < use very little or has been awhile
2 - use occasionally such as every couple of months
3 - use at least once a month
4 - use every couple of weeks
5 - use daily or weekly
e ——————

Figure 1. User documentation questionnaire.
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Evaluation of User Documentation

rmm_ == ENSS

3. Which SAPHIRE user documentation do you use the most?
(circle)

IRRAS User Guide 1.0 (NUREG/CR-4844)

P&ID Editor 1.0 (Draft)

Event Tree Editor User's Guide March 1989
MAR-D User's Guide 2.0 (EGG-CATT-8249)
Procedures Guide for Loading PRA Data into MAR-D
(NUREG/CR-5520)

IRRAS User's Guide 2.0 (NUREG/CR-5111)

IRRAS Reference Manual 2.5 (NUREG/CR-5300)
IRRAS Reference Manual 2.6 (Draft)

IRRAS Reference Manual 4.0 (NUREG/CR-5313)
IRRAS 4.0 Tutorial (NUREG/CR-5313)

SARA Reference Manual 4.0 (NUREG/CR-5303)
SARA 4.0 Tutorial (NUREG/CR-5303)

MAR-D Reference Manual 4.0 (NUREG/CR-5301)
FEP Reference Manual 4.0 (NUREG/CR-5866)
SAPHIRE Reference Manual 4.0 (NUREG/CR-5964)

4, On a scale of 1 to 5, with | beingz very poor and 5 being very good,
how would you rank SAPHIRE documentation as far as:
Helptulness 1 P 3 4 5
Technical Content | 2 3 4 2
Organization ! 2 3 4 5
Completeness | 2 3 4 5
Overall Usefulness 1 2 3 4 5

Figure 1. (continued),

NUREG/CR-6145 6




Evaluation of User Documentation |
|

5 On a scale of 1 1o 5, with | being very poor and 5 being very good, how
would vou rate user documentation for the hypothetical "average” PRA code
excluding SAPHIRE from the "average?” (circle)

| = 3 4 S New User

6. In comparison to the user documentation for the hypothetical "average” PRA code,
do vou think that SAPHIRE user documentation is:  (circle)

Far worse 1
Worse .
Equivalent 3
Better 4
Far better |

What improvement would you like to see in the SAPHIRE user
documentation?

Figure 1. (continued),

17 NUREG/CR-6145
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6. SOFTWARE TESTING OF VITAL FEATURES

SAPHIRE features were evaluated and desig-
nated either as vital or non-vital features. Vital
features are those [features that (a) affect the
results of a PRA (core damage frequency, top
contributors, etc,) and (b) are essential for com-
pleting a PRA analysis, such as fault tree analy-
sis, event tree analysis, uncertainty analysis,
change set features, and importance measures.
The overall purpose of the vital features testing
was to determine if SAPHIRE 4.0 will produce
the correct results——results that if not correct
could affect the findings and interpretation of a
PRA.

The testing of SAPHIRE 4.0 was limited to
within the normal conditions of a PRA. The
testing did not include such items as entry of
negative or bogus numbers, typing in words
where numerical data are expected, or of the
ability of SAPHIRE to recover from power
larlures or stmilar system failures.

Section 5.1 discuss how the vial features
were established and Section 6.2 provides a
summary of the vital features testing that was
performed

6.1 Establishment of Vital
Features

Table 2 presents the onginal list of vital
features. The list was developed by outlimng the
major tunctions that are generally performed in
a PRA. These include fault tree analysis, event
tree analysis, uncertainty analysis. change sel
features, cut set editor, and importance measures.
These functions are shown in the first column of
Table 2. Vital teatures were then determined for
cach of these functions. The vital features are
shown in the second column of Table 2 and
include such items as cut set generation, quantifi-
cation, event tree sequence generation, and
applying data change sets.

Not all of the documentation for the vital
features testing was performed consistently with
the IEEE Standard tor Software Test Documenta-
tion (IEEE Std 829-1983)." For example, a test

NUREG/CR-6145

design specitication and a test procedure were
not specifically developed. The purpose of a test
design specification 1s to idenufy and summarize
the features to be tested. The purpose of a test
procedure is to wdentify the success cnteria that
the feature must meet. Due to state of the
sofiware requirements documentation, as has
been discussed i Section 4.1.1, it was difficalt
to identify the functional requirements that would
normally form the basis for the success cntena.
To meet the intent of a test design specification
and test procedure, sub-features for each vital
feature were de veloped to identify what aspect of
the vital featw ¢ was to be tested. For each sub-
feature, a descr ption/critenia was developed to
define how the sub-feature was to be tested.
Columns three and four in Table 2 present this
information.

With this process, 81 tests were identified. It
should be recognized that for any one test,
several cases must be tested in order to complete
the test. For example, under uncertainty analy-
s1s, vartous sample sizes had to be tested in order
to complete the testing of the Monte Carlo and
Latin Hypercube sampling techniques used in
SAPHIRE.

It was recognized that performing 81 tests
would not be possible within the tme available
for this project; therefore. it was necessary (o
reduce the original list of vital features. This
was accomplished by having frequent SAPHIRE
users at the INEL rank each sub-feature as high,
medium, or low. Sub-features that were ranked
as medium or low were removed from testing.
The only major group that was completely
removed from testing was the cut set editor
group since all sub-features in this group were
either ranked as medium or low. Table 3 1s the
list of SAPHIRE 4.0 vital features that were
tested.

Once the features and sub-features to be
tested had been identified, a software test record
was developed for each test. The software test
record specifies the input, execution conditions,
and expected results for the test. As each test
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Table 2. SAPHIRE 4.0 vital features.

e e e A

R

Magor Vital Test
funchon teature Sub-features Descnption number
Fault Tree Cut set generation  Cut set probability cutoff Keep only cut sets whose probability is above the cut set probability I
Analysis process cutoff.
Event probabiiity cutoff Keep cut sets where each event in the cut set is above the probabitity 2
cutoff
Starting gaie Generate cut sets from the logic below the designated starting gate. 3
Maximum number of cut The maximum number of cut sets saved in the data is 4
sets
iy (1+0)<32,700
1
where
n = number of events in the 1™ cut set
m = number of minimal cut sets in the sequence.
Correct cut set generation When a fault tree is reduced to cut sets the correct number of cut sets 5
that produce the top event exists,
Size truncation Truncates the cut sets based on the number of events in the cut set. f
Zone truncation With the zone flag set, cut sets will be truncated based en the number of 7
zones w an event.
Cut set Generate minimal cut set This 1s the bounding number for the sum of alt the cut sets. X
quantification upper bound for alternate
process cut sets of the seiected
sysiems
Fault Tree Cut set Equation for mn-cut upper = MC = nunimal cut set upper hound 9
Analysis quantificaiion bound s « C = probability of the i* cut set.
process " - m- = number of mimumal cut sets in the sequence.
MC-i-iffa-c)
1
Analysis of single A fault tree created with This effort is to test the ability of SAPHIRE to solve a single fault tree, 19

fault tree

less than 100 gates and
reduced by hand.

SAUMLAG [RIA JO Funsaj aremyos
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Table 2. (continued).

Major
funcuon

Vital
feature

Sub-features

Description

Tesi
number

Fault Tree
Analys.s

Fault Tree
Analysis

Analysis of
multiple fauit
trees

Editing and
modifymg of

fault tree cui sets.

Analyze large fault trees
{fault tree wath greater than
1500 gates). Include
complemented events in the
tault tree.

Analyze medium faull trees
(fault tree  with greater
than 100 and less than 1500
gates). Include
complemented events in the
fault tree

Analyze small fault trees
where the total number of
gates for each fault tree is
less than 100.

Cut set editor - List all
systems and allow user to
select a system to edit its
base cases or alternate cut
S¢S,

Maximum number of gates for a fault s 2500, Fault trees with greater
than 1500 pates exercise all fault tree reduction functions,

The break between medium and large 15 arbitrary. However, the break

between medinm and small fault is 1o allow a possible reduction by hand.

Small fault tree reduction should be accomplished by hand o possible.

Allows the user to

Add a cut set - Add a brand new cut set

View an existing cut set

Madify cut sei - Change the events that exist in a cut set.
Delete cut set - Delete the entire cut set.

Restore cut set - Restore the last deleted cut set.

Add event to cut set - Add event to existing cut set.

Madify event in cut set - Modify highlighted event name.

Delete event from cut set - Remove the highhighted event from the
cut set.

Restore event - Restore the last deleted event,

Speed search - User can enter a name and the first occurrence of
that name i3 highlighted. The "NEXT” option goes to and
highhights the ne <t matching event.

The "PREVIOUS" option goes to and highlights the mrevious
matching event.

$aIMILA,; [BILA JO Sunsa] aem1jos
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Tabie 2. (continued),

Mayor

function

Vital
feature

Sub-teatures

Test

Descripuon number

Fault Tree
Analysis

Event Tree
Analysis

Editing and
modifying of
fault tree cut sets.

Sequence Process
Generation

Options

Generate sequences

View evenats with mask - User enters a set of attributes as a mask i4
and views any matching events with those attnbutes. The "NEXT"
option looks at the next matching event. The "PREVIOUS” opuon
looks at the previeus matching event.

Find - Finds the cut set(s) that contains a given hist of events and
performs the following  functions:

Insert - Add the specified event 1o the cut set

Replace - Replace a list of events with the specified event

Delete - Delete the found cut set.

Copy/Add - Create a copy of the found cut set and i that copy,
replace the list of events with the specified event.

Delete - Delete the found cut set.

Copy/Add - Create a copy of the found cut set and in that copy,
replace the list of events with the specified event.

Number of cut sets to look through on find options. 15
Toggle 10 ask for modify confirmation or modify without

confirmation.

Toggle to ask for delete confirmation or delete without

confirmation,

Generate the possible sequences for an event tree or fist of evemt i6
trees.

Generate all logic for cach sequence.

All sequences have logic generated except (1) those with "OK.”
"SUCTESS,” or "IGNORE" as end states and (2) those whose end
states  begin with the character "@".

Add mutually exclusive top (if non-blank top exist) as a successful
top to each sequence logic.

Name of list file - Output the logic generated in a report form to
the screen, printer, or user named file.

Numbers - Use sequence numbers as the name of cach generated
seqguence.

Names - Sequence name contained in the event tree as the name of

each generated.

saimeaq [BIA JO Sunsaj aremijos
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Table 2. (continued).

Major Vial Test
function feature Sub-features Description nunber
Seyuence Cut Set Cut set probability cutoff Discard any cut sets whose probability is less than this value. 19
Generation Cut set probability of failure is equal 10 the product of the falure
probability of each event.
Event Tree Seguence Cut Set  Event probability cutoff Do not discard cut set of 20
Analysis Generation Cut set’s fanlure probabiiity is greater than the cutoff.
Fatture probability for cach event in the cut set 15 greater
than or cqual 1o the event probability cutoff.
Size truncation Throw away any cut sets whose size exceeds a specified size. 21
Zone truncation Throw away any cut sets whose number of zone events exceeds the 22
specified zone size.
Evem Tree Seguence Cut Set  Selve sequence with tauit Maximum of 10,000 cvents and gates per combined failed logic. 23
Analysis Generation trees - Combine the fault Maximum of 18000 events and gates per combined successful
tree logic for all referenced logic.
saccessful and faled Maximum of 2,500 gates per combined failed logic.
systems, generate cut sets, Maximum of 2,500 gates por combined successful logic.
and solve using fault tree
cut set generation
algonthm.
Solve sequence with system Combine the cut sets for all referenced systems to generate the 24
cut sets SEqUence cut sets.
Referenced system cut sets must exist at this point. :
Maximum pumber of cut n = number of evemts in the i* cut set. 5 :
sets that can be saved i m = number of minmmal cut sets i the sequence.

the database for one
sequence is calculated as
follows:

(Y (140 )<32,700
t
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Table 2. (continued).

Major Vital
function feature Sub-features

Test
Description number

Evemt Tree Sequence Cut Set Default flag (change Set)
Analysis Generation

Event Tree Sequence Cut Set Update cut sets
Analysie Generation

Event Tree Sequence Cut Set Quantify cut sets
Analysis Generation

Each sequence can have a change set that applies only 10 it during 26
the cut set geperation.
. The default change set histed here will overwrite any change sets
that are specifically tied to the sequence.
. Keyword "NONE" will cause cut sets to be generated without any
seguence change set,

. Reevaluate existing cu? sets based on the current data and these 27
parameters:
- Cut set probabality cutoff
- Discard any cut sets whose probability of failure is less than
the cutoff value.
The probability of fatlure 1s equal to the product of the
probability of each event in the cut set.
- Size truncation - Throw away any cut sets whose size
exceeds a specified size.
Zone truncation - Throw away any cui sets whose number of
zone events exceeds the specified zone size.
. Use base case or alternate case - Use base case cut scts or alternate
case cut sets as the basis for the evaluation.

. Generate muimimal cut set upper bound for the alternate cut sets of 28

the selected sequence or sequences.
. Equation for min-cut upper bound is

mMc-1-i[f 1)
1

where
MC mumimal cut set upper hound
C probability of the i™ cut set
m

aumber of mmimal cut sets in the sequence.

o
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Table 2. (continued).

Major Vital Test
function feature Sub-features Description number
Quantifying . Generate minmmal cut MO = minimal cut set upper bound 32
Process set upper bound for . € = probability of the i cut set
the alternate cut sets . m = number of minimal cut sets in the sequence
ot the sclected
sequence or
sequences.
. Eguation for min-cat
upper bound 15
Mc-1-iJ] a1-C)
t
Event Tree Capabibty of Perform analysis on event . Maximum of 19,600 cvents and gates per combined failed logic. 13
Analysis performung the tree using fault trees. . Maximum of 10,000 events and gates per combined successful
analysis on a fogic.
single event tree . Maximum of 2,500 gates per combined failed fogic
. Maximum of 2,500 gates per combined suecessful logic.
Perform analysis on event . Combine the cut sets for all referenced systems 1o generate the 34
free using cut sets. sequence cut sets.
. Referenced system cut sets must exist at this point.
Capabiinty of Perform analysis on two . Maximum of 10,000 events and gates per combined failed logic. as
performing the event trees using fault tree o Maximum of 10,080 events and gates per combined successful
analvsis on method logic.
multiple evem . Maximum of 2,500 gates per combined failed logic.
trees. . Maximum of 2,500 gates per combined successfal logic.
Event Tree Capability of Perform analysis on five . Maximum of 10,000 cvents and gates per combined failed logic. 36
Analysis performing the cvent rees using fault ree o Maximum of 10,600 cvents and gates per combined successful
analysis on method logic.

multple event
rees.

Maximum of 2,500 gates per combined failed logic.
Maximum of 2,500 gates per combimed successful logic.
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Table 2. (continued).

Major Vital
function feature

Sab-features

Description

Test

Event Tree Editing and

Analysis modifying of
evemt trec
seguence cut sets

Cut set edhtor - hist all
sequences and atlow user 1o
select a sequence to edit its
base case or aiternate cut
Sets.

View existing cut sets.

Add cut set - Add a brand new cut set.

Madify cut set - change the events that exist in a cut set.

Delete cut set - Delete the entire cut set.

Restore cut set - Restore the last defeted cut set.

Add event to cut set - Add event to existing cul set.

Modify event in cut set - modify highlighted event.

Delete event from cut set - Remove the highlighted event from the

cut set.

Restore event - Restore the last deieted event.

Speed search - Allow user to enter a name and highlight the first

event that matches that name.
Next - Highlight the next matching event.

- Previous - Look at the previous event that matches that name

View events with mask

- Enter a set of event attributes as a mask and view any
matching events along with their atributes.

- Next - Look at the next event that matches.

- Previous - Look at the previous event that matches.

Find - Find cut set(s) that contains a given list of events and

perform the following functions:

- Insert - Add the specified event to the found cut set.
Replace - Replace the hist of events with the specified event

Delete - Delete the found cut set.
Copy/Add - Create a copy of the found cut set and m that
copy, replace the list of events with the specified event.
Options
- Number of cut sets 1o look through on find operations.
Toggle to ask for modify confirmation or modity without
confirmation.
Toggle 16 ask for delete contirmation or delete without
confirmation.
Exit without saving changes.
Exit while saving changes.

42

42
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Table 2. (contnued).

o
= Mayor Vital Test
f‘oﬂ function feature Sub-feanres Description number
; Add event o cut set Add event 1o existing cut set. 64
_6_: Cut 3et Maodify event i cut set Modify highlighted event name. 65
o “di
. e Delete event from cut set Remove the highlighted event form the cut set. 66
Restore event Restore the last deleted event. 67
Cut Set List all sequences  Speed search User can enter a name and the first occurrence of that name is 68
Editor and allow user to highlighted. The "NEXT" option goes to and highlights the next
select a sequence matching event. The "PREVIOUS” option goes to and highlights the
to edit its base previous matching event.
sase Hermate
::::;:a View events with mask User enters a set of attributes as a mask and views any matching evenis n9
- with those attributes. The "NEXT" option looks at the next matching
event The "PREVIOUS" option looks at the previous matching event.
. Find Finds *he cut set(s) that contains a given hist of events and performs the 10
t2 foliowiig functions:
Insert - Add the specified event to the cut set
Replace - Replace a hst of events with the specified event.
Delete - Delete the found cut set.
Copy/Add - Create a copy of the found cut set and in thar copy.
replace the list of events with the specified event.
Importance “alcutate Fussell-Vessely . Pttop)-P(top/A=0) 71
Measures importance Fv- P
, (top)
measures with:
Pltop) -
Probabihity that : v :
the top event Risk Reduction Ratio v Pltop) 72
OCCuTS. Plrop/A-0)
PiA) -
Probabihity of
event A (the Risk Increase Ratio Pltop/A-1) 73

event of interest.

RIR -
Ptop)
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Table 2. (continued).

Major Vitai Test
function feature Sub-features Description number
Exclude basic events that Matching criteria follows: 78
match vanous critena. Primary name
Group Name
System
Train
Type
Failure mode
Location
Initiating event
Attributes
Importance Select basic Complement Basic events that were not included or marked are now the selected 79
Measures events to show events.
their importance.
This selection is Reset Make all events selected. RG
accomplished
through various -

selection
techmigues.

View events

Rasic »vents that are marked ("*') will be selected.
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6.2 Summary of Vital Features
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6.2.1 Fault Tree Analysis
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Table 3. SAPHIRE 4.0 vital features tested.

Cross-Ret Test
Minjos No. to Record
function Vital feature Sub-features Description Table 1 No.
Fault Tree Cut set Cut set probability cutoff Keep only cut sets whese probability is above the cut sct | i
Analysis Generation probability cutoff.
o Maximum number of cut The maximum number of cut sets saved n the data is -+ 2
sets
iy (1+n)<32,700
]
where
n = number of events n the i cut set.
m = number of minunal cut sers i the sequence.
Correct cut set generation When a fault tree s reduced to cut sets, the correct number of 5 3
cut sets exist that produce the top event exists.
Cut set Generate minimal cut set Thas is the bounding number for the sum of all the cut sets. b 3
guantification upper bound for altemate
process cut sets of the selected
systems
Fault Tree Cut set Equation for nun-cut upper . MC = minimal cut set upper bound. 9 b
Analysis quantification bound is C = probability of the i cut set.
progess o - m = number of mnimal cut sets in the seguence.
Analysis of MC-1 -,'[I (1-C)
single fauit tree i
v el A fault tree created with less  This effort is o test the ability of SAPHIRE to solve a single 10 6
multiple fault g 100 gates and reduced  fault tee.
— by hand.
Analyze large fault trees Maximum number of gates for a fault is 2,500, Fault trees 8 7

(fault tree witi: greater than
1.500 gates). Include
complemented events in the

fault wree.

with greater than 1,500 gates exercise all fault tree reduction
functions.
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Table 3. (continued).

Cross-Ret Test

Major No. to Record
function Vital featore Sub-teatures De serption Table 1 No.
Fault Tree Analysis of Analyze medium fault trees The break between mediom and large s arbitrary. However, 12 R
Analysis multiple fawt (fault tree with greater then  the break between medium and small faulht three s 10 allow a
trees 100 and less than 1,500 possit iz reduction by hand.
gates). Include
complemented events n the
fault tree.
Analyze small fault rees Small fault tree reduction should be accomphished by hand of 13 9
where the total number of possible.
gates for ecach fault tree 15
less than 1060,
Event Trec Sequence Gencrate sequences . Generate the possible sequences for an event tree or hst i6 10
Analysis Process of event trees.
Generation . Ganerate all logic for each seguence
. All sequences have logic generated except (1) those with
"OK." "SUCCESS,” or "IGMORE" as end states and (2}
those whose end states begin with the character '@
. Add mutu: Hy exclusive top (f non-blank top cxist) as a
successful top to each seguence logic.
. Name of hist file - Output the jogic generated in a repon
form to the screen, printer, or user named file.
. Numbers - Use sequence numbers as the name of each
. Names - sequence name coniained in the event tree as the
name of each generated
Event Tree Seguence Sequence editor - Allow . Frequency 17 It
Analysis Process user to change the end state . Look up sequence mimmum cut set upper bound
Generanon header and fieids for a given for marked/hitghlighted sequences (0L0 &s detault)

event tree.

Add frequency o the event tree drawing.
Changed header for the third column to be

frequency,

saImeay [enA Jo 3unsa) Ammiyjos
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Table 3. (continued).

g
=
Cross Ref Test £
Major No. Record %
function Vital feature Sub-features Description Table | No. #
@
‘@’ status - Change the end state Lame 1o be generated §
{without '@’ in the first character) or not generated (with -
‘@’ n the {irst character) for each highlighted/marked 2,
sequence. <
Line edit - Change any highlighted line. 8
Follow transfer - If transier event tree exists, edit it -
logic. g
Gilobai replace - Given the column number and a search 5
string, replace any occurrences of the search string in the v
given column number with the replace string.
Header edit - Change the header for the drawing.
Change transfer - Toggle logic between being a transfer
path or a termination path.
Event Tree Sequence Link Editor - Allows user to Multiple branches - If more than one farled branch evists IR 12
Analysis Proce«s enter links (exceptions) that and an exception applies '~ at least one of them, then all

Ge cration are to be apphied durning

sequence logic genperation

branches must have a replaced top and replacement top.
Defimitions
Ruie - A rule of replacement contains a number of
conditional tops, tops to be replaced, and tops to
replace.
- Entry - A cell in a rule (conditional top, repiaced
top. or replacement top).
Add RULE - Compiete rule.
ENTRY - Add an entry at the highlighted cell.
- Maodify RULE - Complete rule.
ENTRY - Add an entry at the highlighted cell.
- Delete RULE - Complete rule.
ENTRY - Highlighted entry.
Restore RULE - Last deleted complete rule.
Entry - Last deleted entry.
Copy RULE - Make a copy of an existing rule at
user specified location.
Discard any cut sets whose probability is less than this
valie.



Table 3. (continued).

The probability of fatlure s egual to the product of
the probability of each event in the curt set.

Cross-Ref Test
Major No. to Record
function Viiai feature Sub-features Description Table | No.
Sequence Cu Cut set probability cutoff . Cut set probabiliy of failure 1s equal to the product of 19 13
Set Generation the failure probability of each event.
Event Tree Solve sequence with fault - Maximum of 10,000 cvents and gates per combined 23 14
Analysis trees - Combine the fault failed [ogic.
tree Jogic for all refereniced . Maximum of 10006 events and gates per combined
successful and failed suceessfal logic.
systems, generate cut sels, . Maximum of 2,500 gates per combined failed logic.
and solve using fauit tee . Maximum of 2,500 gates per combined successful logic.
cut set generation algorithm,
Solve sequence with system  * Combine the cut sets for all referenced systems to 24 &)
cut sets generate the sequence cut sets.
. Referenced system cut sets must exist at this pont.
& Maximum nuntber of cut . n = number of events in the i cut set. 25 16
sets that can be saved in the m = number of minumal cui sets in the sequence.
database for one sequence 18
calculated as follows:
1y (1em)<32,700
1
Event Tree Sequence Cut Default flag (change Set) . Each sequence can have a change set that applies only o 26 17
Analy:is Set Generation it during the cut set generation.
. The default change set fisted here will overwrite any
change sets that are specifically tied to the sequence,
Z . Keyword "NONE" will cause cut sets to be generated
::CU without ary sequence change set.
m . Reevaluate existing cut sets based on the current data and
Q these parameters:
g - Cut set probability cutoft
N - Discard any cut sets whose probability of filure is
oy less than the cutoff value.
o
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Tabie 3. (conitnued).

Cross-Ret Test

Major No. to Record
function Vital feature Sub-features Description Table 1 No.
. Size truncation - Throw away any cul sets whose size 27 is

Event Tree Sequence Cut
Analysis Set Generation

Event ‘iree Sequence Cut
Analysis Set Generation

Update cut sets

Quantity cut sets

Cul set uncertainty -
Perform uncertainty analysis
on the sequence(s) based on
the fellowing:

exceeds a specified size.
. Zone truncation - Throw away any cut sets whose
number of zone events exceeds the specified zone size.
. Use base case or alternate case - Use basc case cut sets
or allernate case cut sets as the basis for the evaluation.

. Generate minimal cut set upper bound for the alternate 28 19
cut sets of the selected sequence or sequences.
. Equation for min-cut upper bound 1s

e | KRS
1

where
MC = minimal cut set upper hound
cC = probability of the i cut set
m = number of minimal cut sets m the seguence.
. Sampling technigques 29 20

Monte Catlo
i.atin Hypercube
. Sample size
. Random number seed
. Probability distribution of each event i the cut set

. Level
Single - Perform uncertainty on each
mghlighted/marked sequence ndividually.
Group - Perform uncertainty analysis on a group of
highhghted/marked cequences.
End State - Perform uncertainty analysis on the
group of sequences that belong to the same
highlighted end state.
Family - Perform uncertainty analysis on all
sequences as a group in the family.

saimeag [PIA JO Sunsa] aemios
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Table 3. (continued).

Cross-Ref Test
Major No. 10 Record
function Vital feature Sub-features Description Tabie 1 No.
Event Tree Sequence Cut Spht fract:on . Calculate the split fracton for the highlighted/marked 30 21
Anaiysis Set Generation sequences.
. Split fraction 18 an approximation of the munmmuam cut set
upper bound for a seauence.
» The equation s
SE=GL] ¢t-sMC e ]| mc)
' '
where
SF = split fraction
sMC = minimal cut set upper bound of the *
successful system
n = number of successful syse s
MC = minimal cut set upper bound of the 1 failed
system
m = number of failled systems
Event Tree Sequence Cut Base case update . Cepy the alternative cut set information 1o the base case. 31 22
Analysis Set Generation . information includes the cut sets. quanufied values, and
the uncertanty values.
Quantifying . Generate mmimal cut . MC = miremal cut set upper bound 32 23
Process set upper bound for . € s probability of the i™ cut set
the alternate cut sets . m = number of aummal cut sets in the sequence

of the selected
seguence or
SEQUERCES.

. Equation for mm-cut
upper bound 1s

MC - ?H(l»(‘,)
I
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Tabie 3. (continued)
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Major
function

Vital feature

Sub-features

Descrintion

Cross-Ref
No. ¢

Table |

Fvent Tree
Analysis

SP19-4O/OFUNN

Event Tree
Analysis

Event Tree
Analysis

Capabihty of
performing the
analysis on a
single event
tree

Capability of
performing the
analysis on
multiple event
trecs.

Capability of
performing the
analysis on
multiple event
trees.

Capability of
performing
analysis on
multiple event
trees

Perform analysis on event
tree using fault trees.

Perform: analysis on event
tree using cut sets.

Perform analysis on two
event trees using fault tree
method

Perform analysis on five
event trees using fauli tree
method

Perform analysis on 1wo
event trees usmg system cut
set miethod

Perform analysis on five
event trees using systesn cut
set method

Maximum of 10,080 cvents and gates per combined
failed logic.

Maximum of 10,000 cvents and gates per combined
successful logic.

Maximum of 2,500 gates per combined failed logic.
Maximum of 2,500 gates per combined successful logic.

Combine the cut sets for all reterenced systems to
generate the sequence cul sets.
Referenced system cut sets must exist at this point.

Maximum of 10,000 cvents and gates per combined
failed logic.

Maximum of 10,000 events and gates per combined
successful fogic.

Maximum of 2,500 gates per combined failed logic.
Maximum of 2,500 gates per combined successful logic.

Maximum of 10,000 events and gates per combined
failed logic.

Maximum of 10,000 events and gates per combined
successful logic.

Maximum of 2,500 gates per combined failed logic.
Maximum of 2,500 gates per combined successful fogic.

Combine the cut sets for all referenced systems 10
generate the sequence cut sets.
Referenced system cut sets must exist at this point

Combimne the cut sets for all referenced systems 1o
generate the sequence cut sets.
Referenced system cut sets must exist at this pont

3

34

35

36

IR

39

-
Test g
Record =]
No. ]
s
24 =
¥.. 5
ag
=}
—”
<
—
X
1
&
25 =3
h1
o
w
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Table 3. (continued).

Major
function

Vital feature

Sub-festures

Description

Cross-Ref
No. to
Table |

Test
Record
No.

Imporntance
Measures

Caiculate
Varous
importance
measures with
the following
definitions:
Pitop) -
Probability that
the top event
OCTurs.

PlA) -
Probabiiity of
event A (the
event of
mterest.
Plitop/A=1) -
Probability that
the top evemnt
occurs given A
always occurs
(Probability of
A=1).
Pltop/A=0)
Probability that
the top event
occurs given
event A never
oceurs
(Probability of
A=0),

Fussell- Vessely

Risk Reduction Rano

Risk Increase Ratio

Bimbaum importance

Risk Reduction Interval

Risk Increase Interval

_ Pitop)-Pltop/A-0)
Pitop)

FY

Pltop}

RDR=— - 0
Pirop/A-0)

_ Pitop/A-1)
Plrop)

RIR

BB-P(top/A-1)-Pitop/A=0)

RRI-Pttop)-Plrop/A -0

RHI=Pirop/A-=1)-Plrop)

71

13

74

75

76

44

45

47

48

49
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set report fempty ex¢ . for the date. ume, and
page numberi 1s produced from the Report
Maodule even when there are no cut sets avail-
able. It mught be better 10 produce the same
message that appears under the Display Option,
"No cut sels available.” Software test records |
through 9 1n Appendix C address the testing
performed tor the vital features of Fault Tree
Analysis,

Cut Set Generation Process—Maximum
Number of Cut Sets Saved. The formula
provided 1n the IRRAS Version 4.0 Functional
Requirements Document ( Draft, dated December
1992} tor the maximum number of cut sets saved
was tested (software test record 2). The formula
provided 1s incorrect. It states that the total
number of events plus the number of cut sets
saved will be one less than 32.700. The correct
value was found to be one less than 32,000, The
discrepancy appears to be a nusinterpretation of
the space provided for the storage of cut sets.
The impact is considered to be non-critical;
however, the user documentation should be
changed to reflect the correct storage capacity of
the code. The maximum number of cut sets
saved was alse a probiem under Event Tree
Analysis (software test record 16).

Cut Set Quantification Process—Large
Fault Tree. A test was performed (software
test record 7) to determine 1f SAPHIRE would
correctly quantify a large fault tree (between
1500 and 2500 gates). Even though the quantifi-
cation and cut set results from SAPHIRE com-
pared well with the results from CAFTA,
SAPHIRE and CAFTA reported a different
number of gates per tree. CAFTA recognized
1856 gates, while SAPHIRE recogmzed only 612
gates. By changing the amoumt of RAM memo-
ry. the size of the tree that could be analyzed
would change. However, after maximizing
memory to 627K out of 640K, it was not possi-
ble to analyze a tree past 612 gates without
receiving the error message,. "Too many gates in
this tree!” Therefore. the maximum number of
gates (2.500) was never reached and is mislead-
ing because the total number of gates is depen-
dent on the amount of available RAM. Since the
total number of gates that SAPHIRE calculated
for this test was less than 3 times the number of

Software Testing of Vital Features

gates that CAFTA calculated. there 1s a problem
with the gate counter. The impact was catego
rized as non-critical.  The error message does
lead the user to believe that the problem may be
in a different area other than memory. In addi-
tion, SAPHIRE will corrupt the database and
recovery actions will be necessary if SAPHIRE
is unable to process the tree. The appropnate
documentation shouid be changed.

6.2.2 Event Tree Analysis. [he vital fea
tures for the major group of Event Tree Analvsis

dare

l. Sequence generation process

2

Sequence cut set generalion process
3. Quantifying process

4. Capability of performing analysis on a single
event tree

o

. Capability of performing analysis on multiple
event trees.

Software test records 10 through 29 in Appen-
dix C address the testing performed for the vital
features of Event Tree Analysis. The majonty of
the results were acceptable.  The following
discrepancies were identified for Event Tree
Analysis,

Sequence Generation Process—Link
Editor. The Link Editor sub-feature was tested
(software test record 12) to determine 1f correct
sequence logic would be generated when linkage
rules were invoked. This sub-feature or option
allows the user to define linkage rules and
generate sequence logic.

To test the linkage rules, an event tree with
multiple branches was developed. The user
selects muluple branches to consider more than
one possibie failure path for an event tree top
event. For example, a user can set one safety
relief valve to reseat and a separate failure path
tor failure of more than one safety relief valve to
reseat.  Figure 2 shows the event tree used for
this test. Table 4 reflects the linkage rules that
were imposed (the input file). According to the
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IE-1 A B C | SEQ#
1
2
B 3
B1 4
5
6
IE-1
Tests Multiple Branches
on a Fault Tree
ZOABWHT 1063 01a
Figure 2. Link editor discrepancy.
Table 4. Linkage rules. Table 5. Output file for link editor test.
Sequence
5 anD L 5 name System  System Svstem
1 /A B = ;
B =B1 1 /A /B /C
"
2/A Bl ke =Cl - A - v
3 /A B
4 /A B /IC
rules in Table 4, when A succeeds, B can fail in substitutes Bl
two ways: either as B or B1. Or, when A suc- 5 /A B c
ceeds and B1 fails, C should be designated as C1 subs;itulcs ) B1
instead. Table 5 shows the output file after
processing by SAPHIRE. All sequences are 6 A

correct except for Sequence 5. This sequence
should have been A succeeds, B fails and is then
replaced by B1, and C fails and is then replaced
by Cl. SAPHIRE did not replace C with Cl.
Anomaly report AR-12-0893-001 was generated
to document this problem.

As a further test, an "@" symbo! was placed
on the end state of Sequence 3. Therefore, no
logic was generated for this sequence. Table 6
shows the output files after processing by
SAPHIRE. All sequences are correct except for
Sequences 4 and 5. Sequence 4 should have
been A succeeds. B fails and is then replaced by
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B1l, and C succeeds and is then replaced by Ci.
SAPHIRE did not replace B with B! and C with
Cl. Sequence 5 should have been A succeeds,
B fails and is then replaced by BIl, and C fails
and 1s then replaced by C1, SAPHIRE did not
replace B with B] and C with C1.

From these two tests, SAPHIRE 1s not cor-
rectly processing event tree sequence linkage
rules for event trees with multiple branches.
Given the potential for some PRA analvsts to



Table 6. Output file for link editor test with @
symbol.

Sequence
name System System System
I /A /B i~
2 /A /B C
4 /A B /C
5 /A B C
6 A

develop event trees with more than one possible
failure path for an event tree top event. this
discrepancy was categorized as critical

Sequence Cut Set Generation
Process—Maximum Number of Cut Sets
Saved. A separate anomaly report was not
generated for the maximum number of cut sets
saved under ¢vent tree analysis (software test
record 16) since the same problems were
encountered here as in the fault tree analysis sec-
tion on the maximum number of cut sets saved
(see software test record 2 and anomaly report
AR-2-07-93-001).

Sequence Cut Set Generation
Process—Split Fraction. From the test of
the sphit fraction calculation (software test record
21). SAPHIRE is not rounding the results cor-
rectly. SAPHIRE results may be truncated after
three decimal places. The problem appears to be
due to incorrect or lack of rounding technigues.
This discrepancy was categorized as non-critical;
however. i could be an important factor if
rounding 1s treated in the same manner in other
portions of SAPHIRE. such as in the quantifi-
cation modules. (The rounding problem was
also noted in software test record 23 on the
minimal cut set upper bound calculation.)

Sequence Cut Set Generation
Process--Base Case Update. Fven though
SAPHIRE correctly performed the quantification
when the base case update function was tested
(software test record 22), the report function
printed out the alternate change set values

49
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instead of the base case probabilities, Since the
report function does not identify whether the
printout is for the base case or the aliernate case,
the user could inadvertently use the wrong case.
This discrepancy was categorized as critical since
the user could inadvertently use the wrong case.

6.2.3 Uncertainty Analysis. The vial
features for the major group of Uncenainty
Analysis are

I. Single event sampling
2. Uncertainty analysis of sequences.

Each of these features and their associated sub-
features were tested. Software test records 30
through 33 in Appendix C address the testing
performed for the vital features of Uncertainty
Analysis. The uncertainty analysis was checked
for both the Monte Carlo and Latin Hypercube
sampling. For both of these sampling tech-
niques. single event analysis (1.e., a single basic
event) and mulitiple event analysis (i.e., a group
of basic events. such as systern or sequence cut
sets) were investigated. Additionally. the ran-
dom number generator used in SAPHIRE was
checked for its suitability. The following dis-
crepancies were identified for Uncertainty
Analysis.

For the single event uncertainty analysis, all
SAPHIRE available distributions were checked.
These distributions are uniform, exponential.
lognormal, chi-square. normal, gamma, beta, and
histogram. Out of these eight distributions. only
one passed all the acceptance criteria tests (the
specific acceptance criteria is spelled out in the
particular software test record). The predominant
reason why seven of eight distributions failed
some of the acceptance criteria tests was that
SAPHIRE allows the user to wnput improper
distribution  parameters. In some cases,
SAPHIRE will print an error message indicating
that improper distribution parameters were used,
but still attempt to perform the uncertainty
analysis using the improper parameters. This
could lead to incorrect results, and consequently,
was categorized as a critical discrepancy for each
appropnate distribution.  Avomaly reports AR-
30-0893-001 (exponential), AR-30-0893-005
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(chi-square), AR-30-0893-008 (beta), AR-30-
0893-010 (normal), AR-30-0893-011 (gamma),
AR-30-0893-012 (lognormal), and AR 30-0893.
013 (uniform) discuss the lack of parameter
validation for the respective distnbutions.

For those test cases that did not use improper
distributicn parameters, anotier generic problem
was found for both the Monte Carlo and Latin
Hypercube Samphng. The problem 1s that
SAPHIRE appears to have an internal anthmetic
precision limitation when distnbution sampled
values are small (approximately 1E-14 to 1E-15
or smaller). When a small value i1s generated by
SAPHIRE. the value 1s rounded down to zero.
It is assumed that this problem appears because
of the arithmetic operations in the min-cut upper-
bound approximation. This discrepancy was
categorized as critical for both Monte Carlo and
Latin Hypercube Sampling. Anomaly reports
AR-30-0893-002 and AR-30-0893-003 give
additional detail on this generic problem.

The chi-square distribution has a discrepancy
that could result in confusion. When using the
chi-square distribution, the SAPHIRE Technical
Reference Manual: IRRAS/SARA Version 4.0
(NUREG/CR-5964), states that the chi-square
distribution that 1s sampled (Y) is given by

Y =aX |

where X is distributed as ¥°(k), k is the uncer-
tainty value, and a = (probability value)/
(uncertainty value). Thus, if the probability
value equals 2 and the uncertainty value equals
1. then the sample chi-square distribution results
should equal 2y°(1)

All the tests that were set up as a multiple of
the chi-square distribution did not give sampling
results as a multiple of the chi-square distribu-
tion. Instead, the results only seemed to give the
chi-square distribution part {e.g.. the results were
very close to what would be expected for x(1).
not 2x°(13]. Other than this discrepancy of not
resulting in a multiple of the chi-square distribu-
tion, the chi-square sampling for n degrees of
freedom seemed to be close to tabulated values
of chi-square percentiles. Consequently, if the
user ignores the probability value and uses only
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the uncertainty value as the degrees of freedom
for the chi-square distributicn, the results should
be as expected. This discrepancy was catego-
rized as critical.  See anomaly report AR-30-
0893-004 for details on the test results.

The gamma distribution had two anomalies.
one categorized as non-critical and one as c¢nti-
cal. The non-critical anomaly 1s that when the
uncertainty value equals n/2 (where n equals the
degrees of freedom) and the probability field
equals 2*(uncertainty value). then the gamma
distribution will be chi-square distributed with n
degrees of freedom. Consequently, it would be
eapected that the sampling for identical gamma
and chi-square distributions should be exactly the
same. The Monte Carlo sampling for the gamma
distributions, which are x*(1) and ¥°(2), differs a
little from the Monte Carlo sampling for the
correspouding chi-square distributions.  This
inconsistency could cause some confusion. The
Latin Hypercube Sampling for the gamma/chi-
square distributions does not display this incon-
sistency. See anomaly report AR-30-0893-007
for details on the test results.

The critical anomaly for the gamma distribu-
tion is that with a probability value of 1E-4 and
an uncertainty value of 10,000, the Monte Cario
sampling seemed to retumn the same value (7.06-
8E-6) for each sample. Consequently, the
sampiing distribution results were in error. Also,
no error messages were displayed alerting the
user to the problem. Two other statistical pack-
ages (@RISK and SAS) were used to see if the
choice of parameters tor the gamma distribution
1s a generic problem. Both @RISK and SAS
correctly handled the gamma distribution with
these parameters. Thus, some parameter values
for the gamma distribution could result in errone-
ous results. The users of SAPHIRE should
exercise caution and test specific gamma distri-
butions if the gamma distribution must be used.
See anomaly report AR-30-0893-006 for details
on the test results.

The exponential distribution had a discre-
pancy that was categorized as non-critical.
When using the exponential distribution, the
distribution results should be the same as those
from the gamma distnbution (when the
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uncertainty value parameter equals 1 in the
gamma distribution),  For the Latin Hypercube
Sampling analysis, the sampling for EXP(O) is
not exactly the same as GAMMA(O. 1), while for
the Monte Carlo sampling the two distributions
produce exactly the same sampling. This is not
a critical error (since both sampling methods for
the Latin Hypercube Sampling distnbutions seem
to produce accurate results). However, to be
consistent, the EXP©®) and GAMMA(©O,1)
sampling for Latin Hypercube Sampling should
be the same, (This could also be labeled as
another anomaly for the gamma distribution. )
See anomaly report AR-31-0893-001 for details
on the test results.

The beta distribution has a discrepancy that
was categorized as enitical, For the beta distribu-
tion, the parameters that were specified for
several distnibutions fe.g.. (1) prob. value =
0.001. uncertainty value = 0.2; (2) prob. value =
IE-6, uncertainty value = 2; and (3) prob. value
= |E-6. uncertainty value = RO0000] should
result in legitimate beta distributions. For these
beta distributions, SAPHIRE actions ranged from
giving runtime errors (causing the need to recov-
er the database) to seemingly running correctly
bui giving nonsensical results.  Thus. some
parameter vitlues for the beta distribution could
result in erroneous results.  Tro users of
SAPHIRE shoula exercise caution and test
specific beta distributions if the beta distribution
must be used. See anomaly report AR-30-0893-
009 for details on the test results,

No anomalies were found for the muluple
event uncertainty analysis (note: only distribu-
tions and parameters that checked out correctly
from the single eveni uncertainty analysis tests
were used for the multiple event uncertainty
analysis tests),  Also, tests checking the random
number generator did not reveal any anomalies.

6.24 Change Set Features. The il
features for the major group of Change Set
Features are

{. Creating change sets

2. Applying changes o models

Software Testing of Vital Features
3. Flags to be applied in change set events,

Software test records 34 through 43 in Appen
dix C address the testing performed for the vital
Change Set features. The majority of the results
were acceptable.  The following discrepancies
were dentified tor Change Set Features.

Creating Change Sets—Class Method.
A test (software test record 36) was performed to
evaluate the Class Method sub-feature. This sub-
teature or option 18 used when a large number of
events need to be changed The user establishes
a search critena. and the software will search the
database for all events that meet that criteria and
automatically apply the change definition. The
restilts obtained from this test were correct;
however, an anomaly report (AR-36-0793-001)
was generated since the menus and the user
documentation do not explamn how to mark a
class of events. This discrepancy between how
the code actually works and the documentation
was categorized as non-cnitical.

Flags to be Applied to Change Set
Events. The Sensitivity Process Flag ('S” Flag)
was not tested since it is an undocumented
feature and has no criteria by which to measure
results. This flag allows the analyst to vary the
probability of an event or group of events over
a specified range and plot the change to core
damage frequency. To use this option, the
hidden key “P" must be used to gain access to
the sensitivity menus. This feature could be very
useful and needs to be documented. The dis-
crepancy between how the code actually works
and the documentation was categorized as criti-
cal. It users do not know about the hidden "P"
key, they could mark the flag. run the option,
and think that an analysis had been performed by
the code when. in actuality, the analysis would
not have been performed. Users could then
interpret the results as the event or group of
events having very little effect on the core
damage frequency. Anomaly report AR-39-07-
93-002 was generated to document this problem.

The "I" process flag uses the failure of system
logic on the event tree failure path and the
success of system logic on the event tree success
path. This feature was tested under software test
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record 42. A change set was created, and
sequence logic and cut sets were generated both
with and without fault trees, "With fault trees”
means that the fault tree logic was used to
generate the sequence logic. “"Without fault
trees” signifies that SAPHIRE used existing fault
tree cut sets to generate the sequence logic.
Unacceptable results were generated for the
without fault trees case. The cause appears to be
that SAPHIRE complemented the exisung system
cut sets incorrectly. SAPHIRE did not account
for the event tree success logic in generating
sequence cut sets.  Anomaly Report AR-42-
0793-001 was generated. This discrepancy was
categonzed as critical since 1t could provide the
user with incorrect results.

6.2.5 Importance Measures. S« importance
measures are avatlable in SAPHIRE: Fussell-
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Vesely, Risk Reduction Ratio, Risk Increase
Ratio, Bimbaum Importance. Risk Reduction
Interval, and Risk Increase Interval. The impor-
tance measures were examined using three
shghtly different approaches.  First, IRRAS
caleulations for the CSS system in the DEMO
family were independently checked using a
LOTUS i-2-3 spreadsheet. Second, importance
measures for an event in the LOSP eveat tree in
the DEMO family were compared with impor-
tance measures calculated by hand. Last. IRRAS
calculations using a SARA-level database of the
LaSalle PRA" were compared against importance
measures published in the LaSalle PRA docu-
mentation.  All results were determined to be
acceptable. Software test records 44 through 49
in Appendix C address the testing performed for
IMportance measures,



7. SOFTWARE TESTING OF NON-VITAL FEATURES

SAPHIRE features weve evaluated and either
designated as vital or non-vital features. Non-
vital features are those features whose malfunc-
tion or lack of function will not preciude obtain-
ing the final correct results trom SAPHIRE. The
non-vital features are fault tree construction,
event tree construction, database manipulation,
histograms. results display. and general capabili-
ties. Lack of function of a non-vital feature can
add many additional hours to an analysis since
the work that would have been performed by that
feature will have to he performed manually or
through an alternate method.

Non-vital features were tested for functional-
ity. The first step was to prepare a test design
specification to identify and summarize the non-
vital features to be tested. The non-vital features
test design specification is provided in Appen-
dix E.

The next step was to prepare a iest procedure
to identify the success criteria that the feature
must meet. The non-vital features test procedure
is provided in Appendix F.

The final step was to apply the test proce-
dures to SAPHIRE. Software test records were
not generated for the non-vital features. Instead
the test procedure was followed and items were
checked off as they were completed. All dis-
crepancies identified with the non-vital features
were documented on anomaly reports,

The non-vital features testing was performed
on SAPHIRE 4.15. Except for one discrepancy.
all other discrepancies identified were catego-
rized as non-critical. The one discrepancy
categorized as critical was the link editor prob-
lem that was also identified during the vital
features testing and discussed in Section 6.2.2.
The anomaly reports for the non-vital features
are provided i Appendix G.
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8. CONCLUSIONS AND RECOMMENDATIONS

Section 8.1 discusses the V&V findings that
are directly applicable to SAPHIRE and provides
recommendations for these findings. Section 8.2
discusses the findings from the V&V process
that was used and provides recommendations for
improving this process.

8.1 Conclusions and Recom-
mendations from the
SAPHIRE V&V

A consistent comment that was heard during
the V&V of SAPHIRE/IRRAS was that it is a
very powerful and extremely useful PRA code.
This comment was received from NRC, comimer-
cial industry, and national laboratory users.
However, in almost ail cases there was the
caveat statement that the code is difficult to use
and that the user documentation 1s not helpful.
Correction of many of the following findings
could improve this situation,

The following summarizes the major findings
from each task and. it appropnate. recommends
actions that need to be taken.

8.1.1 Software Requiremenis Documenta-
tion. As discussed in Section 4.1.1, the Func-
tional Requirements Document is neither a
functional descrniption nor a system requirements
specification. [t will be desirable to rewnite the
Functional Requirements Document so that
requirements and design constraints are clearly
and concisely stated. It is recommended that this
be considered for future SAPHIRE versions.
Using the rewntten Functional Requirements
Document, a Software Design Description (SDD)
should be prepared. Prepaning an SDD would
greatly tacilitate applying changes and enhance-
ments o future versions,

Overall, the methodology employed to control
both documentation and software changes needs
to be more ngorous. Changes to software should
be reflected in system and user documentation as
new versions are released and deficiencies cor-
rected. System documentation detailing system
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and performance requirements and restrictions
should be prepared and maintained so that other
code developers could continue developing,
enhancing. and maintaining the code if the
current code developers were not available

8.1.2 User Documentation. [t i< important
that the user documentation be complete, correct,
and understandable so that the code will be used
correctly and to its fullest potential. Evaluation
of the user documentation is recommended in
IEEE Std 1012-1986. As discussed in Sec-
tion 5.0, to evaluate the user documentation.
users were surveyed across NRC. commercial
industry, and natonal laboratories to determine
how well the user documentation meets the
needs of the users. Users rated the SAPHIRE
documentation for helpfulness, technical content,
organization, completeness, and overall useful-
ness. This survey determined that the SAPHIRE
user documentation needs improvement. The
majority of users commented that the documenta-
tion needs a much better discussion of how the
code works, which includes a better discussion
of the code hierarchy and of the features and
options. Most users also commented that the
documentation needs to discuss how to use the
code to perform a PRA. Several users suggested
that the user documentation include a road map
or flow path of how to use SAPHIRE from a
PRA analyst’s point of view

8.1.3 SAPHIRE V&V Testing and Code
Discrepancies. As discussed in Section 6.1,
not all vital features were tested due to the time
avatlable to V&Y SAPHIRE 4.0. To reduce the
original list of vital features, frequent INEL users
were asked to rank each sub-feature as high,
medium, or low. Only those sub-features that
were ranked as high were tested. For the V&Y
of SAPHIRE 5.0, it is planned that all vital
features will be listed again, including any new
vital features that resalt from changes or en-
hancements to SAPHIRE 5.0, 1t is expected that
all vital features will be tested for SAPHIRE 5.0.

Discrepancies between the way SAPHIRE

should operate and actually operates were



e ——

e

R R =,

identified.  All discrepancies identified were

either considered to be of moderate or minor

significance. Section 6.2 presented discrepancies
that were dentuified during the V&V testing of
vital features. The discrepancies were provided
to the code developers for modifications to
SAPHIRE 4.16. Brietly. the following discrep-
ancies were categorized as critical:

Link Editor. SAPHIRE is not correctly
processing event tree sequence hinkage rules tor
event trees with multiple branches (see Sec-
tion 6.2.2). This discrepancy cannot be corrected
in the SAPHIRE 4.0 series,

Sequence Cut Set Generation Process
—Base Case Update. Even though
SAPHIRE correctly performed the quanufication
when the base case update function was tested,
the report function did not wdentity whether the
printout was for the base case or the alternate
case (see Section 6.2.2). This discrepancy was
categorized as critical since the user could inad-
vertently use the wrong case. This discrepancy
will be corrected with the release of
SAPHIRE 4,17,

Uncertainty Analysis. Several discrepan
cies were identified with the uncertainty analysis
that are considered to be of moderate signifi-
cance (see Section 6.2.3). The first is that
SAPHIRE will allow the user to input improper
distribution parameters. In some cases SAPHI-
RE will print an error message indicating that
improper distribution parameters were used, but
it will still attempt to perform the uncertainty
analysis,

Another moderate significance discrepancy
was the generic problem for both Monte Carlo
and Latin Hypercube Sampling. It appears that
SAPHIRE has an internal arithmetic precision
limitation when distribution sampled values are
small

All the tests that had a multiple of the chi-
square distribution did not give sampling results
as a muluple of the chi-square distnbution
Instead. the results seemed only to give the chi-
square distribution part [e.g.. the results were
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very close to what would be expected for (1),
not 2%°(1)].

The anomaly for the gamma distribution 15
that with probability value of 1E— and uncer-
tainty value of 10,000, the Monte Carlo sampling
seemed to return the same value (7.068E-6) for
each sample. Consequently, the sampling distri-
bution results were i error.  Also, no error
messages were displayed alerting the user to the
problem.

For certain beta distributions, SAPHIRE
actions ranged from giving runtime erors (caus-
ing the need to recover the database) to running
seemingly correctly but giving nonsensical
results.

All discrepancies associated with uncertainty
analysis will be corrected with the release of
SAPHIRE 4.17.

Process Flags. The Sensitivity Process
Flag ("S" Flag) was not tested since it Is an
undocumented teature and has no criteria by
which to measure results. This flag allows the
analyst to vary the probability of an event or
group of events over a specified range and plot
the change to core damage frequency. Even
though this 1s a menu option. it will not operate
by simply selecting the option from the menu.
An anomaly report was generated because the
potential exists for a user to select this menu
option and think that an analysis has been per-
formed. To use this option, 4 tudden key must
be used to gain access to the necessary menus
and “run” the analysis (see Section 6.2.4). This
feature could be very useful and needs to be
documented.

For the "I process flag, unacceptable results
were generated for the "without fault trees” case
because SAPHIRE complemented the existing
svstem cut sets incorrectly.  SAPHIRE did not
take into account the event tree success logic in
generating sequence cut sets. This discrepancy
was categorized as critical since it could provide
the user with incorrect results (see Section 6.2.4).
All discrepancies assoclated with process flags
will be corrected as the options will be removed
with the release of SAPHIRE 4.17.
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8.2 Conclusions from the V&V
Process

The lessons iearned during the V&V are
discussed below along with any changes that
should be incorporated into the V&V process for
SAPHIRE 5.0.

The V&V Plan provided a definite structure
to the V&V effort and ensured that all testing
had a purpose and was documented. However,
in one case the V&V plan wasn't followed to the
letter, and this deviation was not documented.
Initially, a SAPHIRE V&V committee of senior
PRA analysts was formed according to the V&V
Plan to supplement the expenience and knowl-
edge of the personnel performing the V&V,
However, for the vital features testing. it was
decided to use senmior PRA analysts, thus negat-
ing the need for the V&V committee, The
SAPHIRE 5.0 V&V Plan should allow for the
V&V committee to be optional. based on the
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experience and knowledge of the personnel
performing the V&V,

Reproducing the results 1s very important in
any technical analysis, including a V&Y. To
ensure that results can be reproduced. the code
version must remain the same throughout the
V&Y. Every effort should be made to use the
same code version during the V&V  of
SAPHIRE 5.0.

The description/criterta column of the vital
features list did not always provide well-defined
criteria and test conditions for all features and
sub-features. Some tests were also bounded by
other tests or were imbedded within other tests.
To eliminate any redundancies and inconsisten-
cies for the V&V of SAPHIRE 5.0, the list of
vital features tested should be revised to ensure
that the best test of a feature has been deter-
mined and is properly described.
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Verification and Validation
Plan for SAPHIRE 4.0

This document defines the software verification and validation (V& V) plan to be used for the System Analysis
Programs for Hands-on Integrated Reliability Evaluation (SAPHIRE) 4.0 code suite. This V&YV plan is based on
ANSIIEEE Sid 1012-1986. However, not all the sections outlined in this standard for a life-cy le V&V will be
applied because SAPHIRE 4.0 1s an existing code. All the sections that will not be applied will e so indicated.

SAPHIRE is a set of four computer programs that the NRC has developed for the performanc: of probabilistic
nsk assessments (PRAs). These programs allow an analyst to perform many of the functions necessary to create,
quantify, and evaluate the risk associated with a facility or process being analyzed. The programs included in this
set are Integrated Rehability and Risk Analysis System (IRRAS), System Analysis and Risk Assessment (SARA),
Models and Results Database (MAR-D), and Fault Tree/Event Tree/Piping and Instrumentation Diagram (FEP)
graphical editor. These programs are "hands-on" in the sense that they execute on an IBM-compatible PC, and they
are integrated in the sense that they can communicate with one another through the MAR-D database.

To ensure an adequate review and completeness of tests, a team of expert users and code developers has been
assembled. Henceforth, this assemblage will be known as the SAPHIRE V&V committee. The purpose of the
SAPHIRE V&V committee 1s to ensure that this V&V Plan and the resulting test plans and test procedures are
adequate to test the specified SAPHIRE capabilities, that the procedures are uniform and will actually verify the

items being checked, and that data from the tests meet the acceptance criteria. This team is necessary to supplement
the expenence and knowledge of the performers of the V&V.

A-1. PURPOSE

A documented V&V of SAPHIRE 4.0 is necessary to demonstrate that the software is adequate for expected
production applications. Although SAPHIRE 4.0 is an existing code and it has been extensively Beta tested, no
formal V&V presently exists. This V&V plan is proposed for the purpose of completing a documented V&V effort
that shows that SAPHIRE 4.0 is adequate to perform safety related frequency and nsk calculations.

A-2. REFERENCED DOCUMENTS
This V&V plan shall comply with the following documents:
I ANSVIEEE Std 1012-1986, "IEEE Standard for Software Verification and Validation Plans"”
2. ANSIVASME NQA-| Supplement 115-2, "Supplementary Requirements for Computer Program Testing"
Documents referenced by this V&V plan are.

1 ANSUVANS-10.4-1987, "Guidelines for the Verification and Validation of Scientific and Engineering
Computer Programs for the Nuclear Industry"

2 ANSVIEEE Std 829-1983, "Test Documentation”
Supporting documents required to supplement or implement this V&V plan are:

1 The software requirements specification for SAPHIRE 4.0.
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2. The system environment specification of the SAPHIRE 4.0 version. DOS versions 3.31 to 5.0 are
compatible with SAPHIRE 4.0; any of these DOS versions are acceptable. Hardware requirements are
an 8088-based through 80486-based or 100% compatible machine with 640K main memory,
SAPHIRE 4.0 was wnitten on a Stoneybrook compiler dated September 30, 1990, and Sage development
environment version 3.1 dated November 30, 1990.

3. The SAPHIRE 4.0 users manual

A-3. DEFINITIONS
In the context of this V&V plan, the following definitions apply.

Anomaly. Anything observed in the documentation or operation of software that deviates from expectations based
on previously verified software products or reference documents. A critical anomaly is a failed vital feature and
must be resolved before the V&V effort can proceed.

Beta testing. Testing and notification of anomalies provided by software users.

Vital feature. A vital feature is a feature that is essential for completing the PRA analysis. If this feature failed,
it would be impossible to get final PRA results from the SAPHIRE 4.0 PRA workstation.

Life-cycle phase. Any period of time during software development or operation that may be characterized by a
primary type of activity (such as design and testing) that is being conducted.

Non-vital feature. Non-vital features are those features whose malifunction or lack of function will not preclude

getting the final results from the SAPHIRE 4.0 workstation. Lack of function of a non-vital feature can add many

additional hours, days, or months to an analysis since the work that has been done by that feature will have to be
done by hand.

Software requirements specification. Documentation of the essential requirements (functions, performance, design
constraints, and attributes) of the software and its external interfaces.

Test case specification. Documentation specifying inputs, predicted results, testing procedures, and a set of execution
conditions for a test item.

Test design specification. Documentation specifying the details of the test approach for a software feature or
combination of software features and identifying the associated tests.

Validation. The process of evaluating software at the end of the software development process to ensure compliance
with software requirements obtained from the software requirements specification.

Verification. The process of determining whether or not the products of a given phase of the software development
cycle fulfill the requirements established during the previous phase.

A-4. VERIFICATION AND VALIDATION OVERVIEW
A-4.1 Organization

To be completed by the principal investigator (P1).

A-4.2 Master Schedule

To be completed by the Pl.
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A-4.3 Resources Summary

The iesources, such as staffing, facilities, tools, finances, and special procedural requirements, shall be defined
by the Pi. Emphasis will be piaced on the most important software elements with the scope of the V&V being
balanced with cost and schedule constraints,

A-4.4 Respcnsibilities

The responsibilities of the Pl and the SAPHIRE V&V committee are defined in this section. The Pl has
responsibi®‘ty for specifying and meeting budget, schedule and V&V plan requirements. The Pl will direct and
ovr.sce performance of the V&V, The SAPHIRE V&V committee is responsible for the follov ~g items:

. Review and approval of the V&V plan
. Approval of features to be tested
. Review, approval, and recommendation of actions for anomaly reports

. Review and app ov of the final V&V report.

A-4.5 Tools, Techniques, and Methodologies

Test cases will be developed to test major features, and the testing will focus on expected usage as predicted
by the V&V performers. Where possible, test results will be compared with theoretically-based hand calculations.
Where hand calculations are not practical, existing codes such as CAFTA and PC-SFTS software will be used to
mevide computer-assisted results for comparison. Although neither CAFTA nor PC-SETS are V& Ved, it is deemed
upy opriate that correlation of results with SAPHIKE signifies correct operation of the software since the three codes
use different coduig techmques and methodologies.

A-5. LIFE-CYCLE VERIFICATION AND VALIDATION
A-5.1 Management of V&V

L. Software Verification and Validation Plan Generation. This document will serve as the software V&V
plar, and can be revised by the Pl and V&V commitiee as necessary.

2. Baseline Change Assessment. All V&V tests must be performed on one version of the code. The
current V&V plan does not accommodate an iterative cycle of producing anomaly reports and updating
the code. However, if a critical anomaly is found, the SAPHIRE V&V committee can recommend
wsodifying the code and performing V&V on the new version. In this circumstance, (he impact on the
V&V schedule and budget would have to be assessed. Following the code modificacion, tests may have
to be rerun.

3. Management Review. The Pl will provide V&V progress reports, test design specification, test case
specifications, anomaly reports, test summary reports, and the final V&V report 10 the SAPHIRE V&V
committee.

The SAPHIRE V&V committee will review these items and provide a written summary of actions to
all cor.mittee members and the PIL

4. Review Support. The SAPHIRE V&V commitiee (or member(s) appuited by the committee} will

review and evaluate V&V progress reports, test design specification, test case specifications, anomaly
reports, test summary reports, and the final V&V report. Other reviews may be requested by the PI such
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as independent reviews or external reviews. The Pl should conduct reviews as required by the Quality
Program Plan that the project s conducted under. Documentation of reviews will include as a minimum
an internal correspondence summarizing what was reviewed, findings, and who performed the review.

Applicable Life-cycle Phases. Because SAPHIRE 4.0 15 an existing code, not all life-cycle phases of
V&V stipulated by IEEE Std 1012-1986 are applicable to this plan. Therefore, the following sections
of the IEEE Std 1012-1986 report format are not applicable fo this plan

A-5.2 Concept Phase V&V

Not applicable.

A-5.3 Requirements Phase V&V

Not applicable.

A-5.4 Design Phase V&V

Not applicable.

A-5.5 Implementation Phase V&V

Not applicable.

A-5.6 Test Phase V&V

Not applicable.

A-5.7 Installation and Checkout Phase V&V

Not applicable.

A-5.8 Operation and Maintenance Phase V&V

5.8.1 V&V Tasks

The following V&V tasks will be perforined on  SAPHIRE 4.0:

.PJ

Evaluate completeness and correctness of the software requirements specification. Generate an anomaly
report for any discrepancies found. Summanize completion of this task in an internal correspondence
to the SAPHIRE V&V committee.

Throughout the V&V, evaluate completeness and correctness of user documentation, particularly with
regard to preventing code misuse. Generate an anomaly report for any discrepancies found. (See
itern 4.)

Design and perform software tests. Software featwures that are designated as vital features are to be
tested using the requirements stated in Section 5.X.4. Software features designated as non-vital features
are 10 be tested for functionality. The functionality tests will be recorded as a checklist and any
anomahes will be reported. Any untested features will be histed. The SAPHIRE V&V committee should
approve the d signation of vital, non-vital, and untested features

Tasks that are not planned include the following:
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(a) Comprehensive inspection of source code; however, source code listings should be available for
inspection.

(b)  Comprehensive review of user documentation; however, anomalies detected should be reported.

5.8.2 Software Features to be Tested

The following vital features will be tested:

Fauit Tree Analysis: Test cases will be designed to test the fault tree cut set generation process, the
quanufying process, and the capability to perform the analysis on a single fault tree or on multiple fault
trees. The editing and modifying of fault tree cut sets are also tested in this process.

Event Tree analysis: Test cases will be designed 1o test the event tree sequence generation process,
sequerce cut set generation process, the quantifying process, and the capability of performing the
analysis on & single event tree or on multiple trees. The event tree rules and editing and modifying of
event tree sequence cut sets are also tested in this process.

Uncertainly Analysis: Test cases will be designed to test the uncertainty analysis for the whole "family"
(SAPHIRE designation for a entire PRA model) using both the Latin Hypercube and the Monte Carlo
simulation processes. The effect of sample size and seed number on the results will also be tested.

Change Sets Feature: Test cases will be designed to test the change sets feature and similar features
used to perform sensitivity analyses.

Cut set editor: Test cases will be designed to test the cut set editor.

Non-vital features to be tested are as follows:

Fault Tree construction: Tests will be performed to test fault tree construction, including logic symbols
and the functions in the Build Fault tree menu (e.g.. alpha to graphics, pager, text fonts, scaling, and
printing capabibity).

Event Tree construction: Tests will be performed to test the event tree construction, including logic,
sequences, plant damage states, and the functions in the Create Event tree menu (e.g.. alpha to graphics,
add/delete branch, add/delete top events, text fonts, scaline, and printing capability).

Data Base Manipulation: The adding and deleting of basic events, event trees or fault trees, the base
case update feature, and the change sets update feature will be tested.

Histogram: The percentage and range format of the histograms will be tested.
Results Display: The result displays and reports on screen and on hard copy will be tested.

General Capabilities: The general capabilities of SAPHIRE, such as the on-line help features, the error
messages, and the locate function (F5), will be tested.

5.8.3 Procedures for V&V

The V&V performers under the direction of the P1 are expected 1o follow the basic outline below:

1.

Evaluate the software requirements specification and add or clarify requirements if necessary to complete
the V&V.
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2. Develop test design specifications following the requirements of Section 5.8.4. For tasks that require
a deviation from the V&V plan, create a deviation report. Develop and document test case specifications
that define input, predicted results, testing procedures, and execution conditions.

3. Circulate the test design and test case specifications for the SAPHIRE V&V committee review and
approval.

4. Execute the tests.

5. Report anomalies and progress.

6.  Receive review of anomaly reports from the SAPHIRE V&V committee.

7. Complete documentation of V&V and retain records as required in Section 7.4,
5.8.4 Testing Requirements

Testing objectives will be documented in a test design specification report for each group of features to be
tested. The test design specification describes the testing approach. The report will contain tables that document
the coverage of test cases with regard to the requirements and features being tested. Test case specifications will
be created that specify input, predicted results, testing procedures, and execution conditions. Documentation of
predicted results will include a description of how the results were generated and appropnate references,

For each test case (or test segment) a software test record (STR) form will be completed and the following
information will be provided:

STR number for tracking

test identification

computer system and operating environment
description of segment being tested

input data files

output data files

batch or operator entries

output listings

date of test

test performer.

A test summary report will be created for each test case that includes a summary of results and variances,
summary of activities, comment on adequacy and coverage of the test and appropriate approvals.

A numbening system for the test cases, STRs, and anomaly reports, and a filing system for testing materials
will be established. Configuration control of test cases, input and output files, and all project matenals is required.

Subsequent revisions to SAPHIRE can use the test design specifications generated in this V&V effort to test
features that have not charged. Such usage results in a cost saving on subsequent SAPHIRE V&Vs.

A-6. SOFTWARE VERIFICATION AND VALIDATION REPORTING

The documents 1o be created during the V&V effort are described below. Their distribution for review is
described in Section 5.1.

1 V&V Progress Reports. EG&G, Idaho, Inc., will prepare a monthly letter status report, including
recovery data, in accordance with the current NRC Manual Chapter 1102.

NUREG/CR-6145 A-8



Appendix A

2. Anomaly Report. Anomaly reports shall be generated each time an anomaly is detected by the V&V
effort. Each report shall include the control number for tracking purposes, description and location of
the anomaly, its impact and cause (if known), its criticality (as described in Section 7.1 of the V&V
plan), recommendations, and resolution decision. Following review by the SAPHIRE V&V committee,
each anomaly report should be signed by tae Pl and SAPHIRE V&V committee representative.

3. Test Design Specification. The test design specifications will be documented in a format that is suitable
for review and should be included in the final V&V report. Contents of the test design specification are
described in Section 5.8.4.

4. Test Case Specification. The test case specification documentation specifying inputs, predicted resuits,
testing procedures, and a set of execution conditions for a test item will be documented in a format
suitable for review and use.

5. Test Summary Reports. Test summary reports should be provided in internal correspondence format.
Contents of the test summary reports are described in Section 5.8.4

6. V&V Final Report. A V&V final report using the NUREG/CR format will be generated. This report
will summarnize all life-cycle V&V tasks performed, all task results, test design specification reports, all

anomalies identified and resolutions, assessment of overall software quality, and appropriate
recommendations.

A-7. VERIFICATION AND VALIDATION ADMINISTRATIVE
PROCEDURES

A-7.1 Anomaly Reporting and Resolution

Anomaly reports will be created by the V&V performers, and shall be submitted to the SAPHIRE V&V
committee. Anomalies shall be ranked into one of three categones to assess the significance from a user’s viewpoint
as 1o the ability to produce accurate results:

| Critical

2. Moderate significance

3. Minor significance.

The significance category of the anomaly and correctness of the assessment of the anomaly shall be reviewed
by the SAPHIRE V&V comuuittee. Acceptaace ... the stated anomaly by the SAPHIRE V&V committee shall be

shown by a committee representative signature on the anomaly report. Recommendations for resolution can be made
by the SAPHIRE V&V committee,

A-7.2 Task iteration Policy
An anomaly that is judged by the SAPHIRE V&V commitiee to be critical may require stoppage of the V&V

to correct the code. (See Section 5.1) However, the current V&V plan does not accommodate an iterative process,
and the V&V plan would have to be modified.

A-7.3 Deviation Policy

Deviations from the finalized V&V plan must be documented on a deviaton form. Deviations shall be
reviewed by the SAPHIRE V&V commuttee.
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A-7.4 Control Procedures

All relevant matenals (listings and files on magnetic media) including codes, reports, test plans, test case
listings, and test input/output shall be retrievable and organized by a documented filing system. The records should
be kept to aid future V&V needs as well as to provide quality records for the present project.

A-7.5 Standards, Practices, and Conventions

An appropriate Quality Program Plan (QPP) shall be created as designated by the PI.
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SOFTWARE TEST RECORD

STR No.
Date
Oniginator

Test Number:
Test Description:

T T T T e T T T TP —

Computer system description (attached):

Batch job or operator commands (attached):

Expected values/acceptance critena (attached):

Input data file names and listings (attached):

Output data file names and listings (attached):
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ANOMALY REPORT

Anomaly Report No.

Test Record No.

Date

Onginator

Source/Location:

Description:

Criticality Scale: | 2
Critical Moderate
Significance
Recommendations:

3
Minor
Significance

Requested Resolution Date:

Resolution:

Principal Investigator

Signature

Committee Representative

Date
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Apperdix B

Functional Requirements Document Review
B-1. INTRODUCTION

As part of the verification and validation activities (V&V) performed on the Systems Analysis Program
for Hands-on Integrated Reliability Evaluation (SAPHIRE), in particular the Integrated Reliability and Risk Analysis
System (IRRAS), the documentation describing the functionality of and requirements for IRRAS were to be
reviewed.

Only one document, other than user manuals, describing the functionality of IRRAS was delivered to the
V&V team. This document, a draft of the “Integrated Reliability and Risk Analysis System (IRRAS) Version 4.0
Functional Requirements Document,” was completed in December 1991 by S. Ted Wood and Kenneth D. Russell,
two key people in the development of IRRAS.

B-2. PURPOSE AND SCOPE

A review of the document was conducted as a part of an independent verification and validation (IV&YV)
project conducted on [RRAS. The review of the Functional Requirements Document was conducted to determine
correctness, completeness, and traceability of the requirements and to determine how useful the document will be
in developing test cases and test procedures for use in executing tests on the IRRAS code. As the Functional
Requirements Document for IRRAS was examined, the reviewer noted observations concerning the document that
impact the ability to perform tests on the IRRAS as well as the completeness and correctness of the requirements,
where possible.

The purpose of this document is to present the findings of the review and to provide reviewer observations
of the content of the Functional Requirements Document. This document contains a summary of those observations
as applied to the entire Functional Requirements Document. This document also contains suggestions and
recommendations based on the observations made.

No attempt is made to specifically identify functional tests to be executed on the IRRAS. Additional
document reviews must be conducted before providing any testing suggestions based on the Functional Requirements
Document.

B-3. ACRONYMS

FD Functional Description

INEL Idaho National Engineering Laboratory

IRRAS Integrated Risk and Reliability Analysis System

V&V Independent Verification and Vahdation

PRA Probability Risk Assessment

SAPHIRE System Analysis Program for Hands-on Integrated Reliability Evaluation
SDD Software Design Document

SRS Software Requirements Specification

B-4. NMETHODOLOGY

As the document was reviewed to identify functionalities as well as specific items for testing, the document
was examined 1o determine the testability of the requirements. The requirements presented were also examined for
completeness, correctness, and traceability.
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The original intent was to review each subscction in the same manner as the Functional Requirements
document structure and provide observations and comments about each subsection. However, upon completion of
the Fault Tree Graphical Editor, it was determined that such a detailed report was not necessary. The same
observations, or the same comments are valid for the entire section. Therefore, from that point on, observations are
presented that refer to an entire section with subsections specifically addressed only when clarification is achieved
or required.

B-5. OBSERVATIONS

Ths section presents the observations of the reviewer as the Functional Requirements document was examined.
The observations are grouped to correspond with the paragraph numbering system employed in the Functional
Reguirements, A summary of observations is presented below,

B-5.1 General

This section contains requirements that apparently are to be applied throughout IRRAS. Information regarding
the scope of this section is missing.

B-5.1.1 General Capabilities

Section A describes the general capabilities to be present in IRRAS. The section describes help features, locate
functions, marking functions, escape sequences, hot keys, error messages, and wamning messages.

The section is written as a description of changes to be implemented on an earlier version of IRRAS without
identifying that version or which items constitute changes or enhancements.

B-5.1.1.1 On-Line Help. On-line help is required on any form showing <*1> as an option. No specific
forms are identified.

B-5.1.1.2 Field Specific Help. Field specific help is required in designated places. The designaled
places are not identified.

B-5.1.1.3 Locate Function. A locate function is required on any form that displays a list of names and
shows <F5> as an option. Specific forms are not identified.

B-5.1.1.4 Marking Functions. Marking functions are required on any form displaying a list of names
and showing the function keys <F2>, <F3>, and <Fd>. No specific forms are identitied.

B-5.1.1.5 Error Messages. Error messages are to be provided that inform the user of incorrect data.
invalid option selection, of failure of operation. No format or other specifics are provided.

B-5.1.2 Data Base
This section of the Functional Requirements addresses the data base associated with TRRAS.

This section apparently describes the information to be displayed when the user seicuis options displayed on
menus relating to families or plants, event trees, systems, end states, or basic events.

The requirements are not clearly stated. Apparently the requirements have been written as modifications and
enhancements to a previous version of IRRAS. No previous version is identified nor referenced in this section.

It is also apparent that very specific requirements are contained and/or referenced in this section. However,
they are not clearly stated as such,
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B-5.2 Disclaimer Notice

This section describes the contents of a disclaimer that must be displayed when IRRAS is initially invoked.
Additional specifics could be provided, but probably would not enhance this requirement.

B-5.3 Seleci Family

Apparently the requirements have been written as modifications and enhancements to a previous version of
IRR AL, Version 2.5 data apparently must be upgraded before it can be used with Version 4.0,

This section clearly contains numerous requirements for IRRAS. However, they are not stated in a clear and
concise manner. Several subsections are worded in such a way as to imply a requirement without explicitly stating
the requirement.

Numerous design issues are presented in this section.

B-5.4 Generate Current Event Data
B-5.4.1 Definitions
This section contains information indicating that all defined fields must have field specific help available,
The section presents definitions that are field descriptions. However, it is not readily apparent if the user must
supply all of the data or if the system will process existing data or use data just entered to provide the data required

in other ficlds. No description of processing activities is provided.

This section clearly contains numerous requirements for IRRAS. However, they are not stated in a clear and
concise manner. Many are implied.

Numerous design issues are presented in this section.
B-5.4.2 List Existing Change Sets

This section contains no information, only a section heading.
B-5.4.3 Add Change Set

This section clearly contains numerous reguirements for IRRAS. However, they are not stated in a clear and
concise manner. Many are tmpiied.

Design issues are presented in this section.
B-5.4.4 Modify Change Set

This section clearly contains numerous requirements for IRRAS. However, they are not stated in a clear and
concise manner. Many are imphed.

Design 1ssues are presented in this section.

B-5.4.5 Delete Change Set

The requirement, as stated, appear to be understandable. However, design issues are presented.
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B-5.4.6 Probability

This section clearly contains numerous requirements for IRRAS. However, they are not stated in a clear and
concise manner. Many are implied.

Design issues are presented in this section.
B-54.7 Class

This section clearly contains numerous requirements for IRRAS, However, they are not stated in a clear and
con¢ise manner. Many are implied.

Design issues are presented in this section.
B-5.4.8 Generate

This section clearly contains numerous requirements for IRRAS. However, they are not stated in a ciear and
concise manner. Many are implied.

Design issues are presented in this section.

B-5.5 Reports

No report formats are specified. This is not consistent with the type of information presented in previous
sections, specifically design details.

This section clearly contains numerous requirements for IRRAS. However, they are not stated in a clear and
concise manner. Many are implied.

Design 1ssues are presented in this section,
B-5.5.1 Base Case and Function Keys

The remaining sections present enough information for the sections to be undersiandable without any

ambiguities. However, the language is such that some requirements are implied rather than explicitly stated. Design
issues are also presented.

B-5.6 Build Fault Trees

This section describes the output devices to be supported and a limited number of functions to be performed,
apparently when using the fault tree editor. However, several requirements are implied rather than explicitly stated.

B-5.7 Fault Tree Graphical Editor

The graphical fault tree editor requirements are presented in this section. However, in many cases the language
used does not exphicitly state the requirements. Design issues are interspersed throughout the section. No easily
dentifiable list of inputs, outputs, or processing is provided.

The section begins by identifying the need for mouse support as well as arrow key support.
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B-5.7.1 Menus
Three requirements are listed, but numerous others are implied. Apparently when certain menu items are
selected, an additional pop-up menu will be invoked that must satisfy the listed requirements as well, Design issues

are raised but not resolved.

The section provides enough information to provide the basis for an understanding of the intended functions
but does not provide the detail required for thorough evaluation of the functionalities presented.

B-5.7.2 Exit and Show Options

Without explicitly stating the requirement, these two sections provide enough information to imply the
requirements to be implemented.

B-5.7.3 Build
The symbols to be provided and used by the editor are described. An illustration would be appropriate,

B-5.7.4 Edit

This section describes the options to be provided when the user selects the edit option, However, this is not
exphcitly stated but is implied.

Apparently there are mulitiple options that are to be made available to the user.
B-5.7.5 Text

This section provides information cuncerning editing operations on text and shape names. Most requirements
are implied rather than explicitly listed and clearly defined.

B-5.7.6 View

This section presents information that apparently describes the options to be provided if a user seiccts the view
option from a higher level menu. The requirements are presented as definitions rather than stated as requirements.

B-5.7.7 File

The options that are apparently to be made available as file operations are described. The section appears to
be a description of an existing system. It is not clear if new functionality has been introduced.

B-5.7.8 Name

The options that are apparently to be made available as 'name’ operations are described. The section appears
to be a description of an existing system. It is not clear if new functionality has been intruduced.

B-5.7.9 Level of Detail Changed
At this point 15 was determined to not provide comments and observations on each subsection because the

comments were becoming redundant. The remaining sections would be described in the same fashion as the previous
two. The information provided is descriptive in nature. Many requirements are implied rather than explicitly stated.
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Appendix B
Many design issues are addressed, giving the perception that an existing system is being described.

B-5.10 Create Event Trees

This section describes and/or lists the requirements for creating event trees. No introductory paragraph is
provided to clearly state the intent or purpose of this section,

B-5.10.1 Link Event Trees

The requirements have a few design issues imposed in them. Requirements appear to be descriptive of an
existing system, describing what functionality is desired when menu options are selected, but not explicitly stating
the requirements.

B-5.10.2 Event Tree Plotter
The requirements identify the drawing output destination and required drawing formats.
B-5.10.3 Remaining Options
The remaining options, Load Event tree Graphics and Logic, Extract Event Trees, and Define Plotter Pens

appear to be descriptions of existing menu options. However, the requirements listed, also described as existing
menu options, are fairly clear and understandable.

B-5.11 Event Tree Graphical Editor

This section does not contain an introductory paragraph that explains the intent of the section or describe the
function being discussed.

B-5.11.1 Definitions and Cursor Control
The first two sections contain definitions and identify cursor control requirements.
B-5.11.2 Menus

This section apparently discusses actions that the user may perform on menus. Only familiarity with the
system provides meaning to the section. Several pop-up menus are displayed as certain options are selected from
other menus. Each of the pop-up menus may be repositioned on the screen. The menus may be removed from the
screen when desired.

B-5.11.3 Exit

This section identifies two ways to exit the screen without saving changes. The requirement is not explicitly
stated, appears 10 describe existing functions, and presents design issues.

B-5.11.4 Additional Menu Options

The remaining subsections appear to be descriptions of options found on existing menus or to be placed on
menus as options. Requirements are not explicitly stated, but many are worded in such a manner to make the
meaning tairly clear. However, even some of the requirements that appear to be stated in a clear manner could have
requirements derived from them. For example, section H, Ends, indicates that the user is to be able to edit the end
states for any sequence. This implies that the user shouid be able 1o edit each field of the end state as well as each
of the attributes associated with the end state or with each of the contained fields.
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Section N, Text Justification, contains wording that makes it very apparent that an existing system will have
changes applied to it.

B-5.12 Event Tree Analysis

This section, s implied by the title, discusses the requirements associated with event tree analysis. There is
no introductory paragraph providing a high level overview or descniption of the section and the planned functionality.

B-5.12.1 Analyze Sequences

This secuon indicates that tools are 1o be provided to allow the user to create and manipulate cut sets. It is
not clear if the tools mentioned are the code that will be produced to satisfy the requirements, but it is implied in
the way the requirements are organized and stated.

The section 1§ subdivided into eight subsections. The first is a definition. The second indicates that all
operations are 10 be performed on highlighted/marked events. Apparently the operations to be performed are
described 1n the following sections. It is implied that the user will be able to highlight or mark events in some
manfer.

The third section contains requirements for generating minimal cut sets using the parameters listed. Many of
the parameters listed contain ‘nformation that imply that certain activities have been or must be performed.
Restrictions for the generation of cut sets are also provided.

The remaining sections are similar o the third in that requirements are provided. However, many contain
enough information to imply that other activities have or will take place or that the user should have aiready
performed some action to prepare parameters for the function to be performed.

B8-5.12.2 Display Results
This section inawc2'»s that toc.s are to be provided to allow the user to obtain different views of the cut sets.

Neither the tools nor the views are explicitly identified. Apparently the "tools" to be provided are the functions that
are described in the subsections of Section B.

This section provides considerable information concemning the selection and displaying of results. Sections

appear to be descriptions of existing functionalities and how they are performed instead of describing what is to be
done.

B-5.13 Modify Data Base

There 1s no introductory statement identifying what is to be described in the following sections. Only
familiarity with the system allows the reader to understand many of the functions described.

B-5.13.1 Family

The information required 1o identify a family is presented as field descriptions. providing considerable design
information.

The second subsection identifies functions, apparently to be performed on families. The add function does
not indicate if all of the previously defined fields must have data entered. The reader should assume so.

B-5.13.2 Event Tree

Similar to the previous section, this section identifies the data that is contained in an event tree and then the
function section apparently describes the activities Giat the user is 1o be allowed to perform on event trees.
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Some requirements are not explicitly stated. Some requirements imply that the user has already performed
or will perform some action in order to implement the current function.

B-5.13.3 Remaining Sections

The remaining sections, Systems, End States, Basic Events, Attributes, Gates, and Graphics are similar to the
two described. Each presents a list of data fields to be included followed by a list of functions that the user will be
able to perform. Considerable detail is provided but, in some cases. detail is also missing.

B-5.14 Reports

This section presents the requirements associated with producing reports using the IRRAS. All reports are
output to the screen printer, or a user named file.

Reports are to be produced on highlighted/'marked families, basic events, systems, event trees, sequences, and
end states. Therefore, it 1s implied that the user be provided a mechanism whereby these items can be marked or
highlighted.

The items to be included in the various reports are itemized. No report formats are specified.

B-5.15 Utilities

This section lists and describes the utility options to be provided for the user. No introductory paragraph is
provided to give a high level overview of the functions 10 be included in "utilities."”

B-5.15.1 Load MAR-D Data

This section is concerned with loading data for and into the IRRAS systern. Valid formats for various file
types are provided in an appendix.

The information appears to be fairly clear, but the section does contain instances where it is implied that the

user has already performed some action or will perform 1t in order tc continue with or initiate the function being
described. These actions are not explicitly stated.

B-5.15.2 Remaining Subsections

Similar 1o the preceding subsections, the remaining subsections present information that is fairly clear but
requires the user, or permits the user, to imply other, additional requirements. Some requirements are not explicitly
stated while others are.

B-6. SUMMARY
B-6.1 Functional Requirements

The Functional Requirements Document is neither a functional description (FD) nor a system requirements
specification (SRS).

A functional description provides the reader an overview or a description of the functions to be performed by
the system without providing low level details. An SRS provides detail of WHAT the system is to do without
describing HOW it will be accomplished. How the system is to perform is addressed in the software design
document (SDD).

The Functional Requirements Document appears to be a combination of an FD, an SRS, an SDD, and a
description of an earlier version of IRRAS.
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B-6.2 Functional Requirements or Enhancements

The Functional Requirements Document definitely presents numerous requirements for the IRRAS. However,
the document is wnitten as though it is describing changes and/or enhancements to an earlier version of IRRAS,
Several sections contain wording such 'from now on’ that clearly indicate that the document, or at the very least,
portions of the document, is describing an existing system without clearly identifying new functionality,
enhancements, or changes to the system.

B-6.3 Descriptive Introductions

In most sections there is no introductory paragraph that presents an overview of the contents of the current
secvon and what the overall purpose of the function is. This can cause confusion. The lack of an introductory

paragraph makes 1t difficult for another, not familiar with the system, to fully undersiand what information 1s being
presented.

B-6.4 Using the Functional Description for Testing

It is possible to extract considerable information from this document that will be useful in preparing test cases
and test procedures However, many implied requirements will be overlooked because they are not explicitly stated.
As a result, some functionalites will not be tested.

Although very useful in the development of test cases and test procedures, the document does not provide the
detail necessary to provide the traceability or audit trail necessary to perform thorough and detailed testing of a
software system. The document provides considerable detail but too much detail must be denived from improperly

stated requirements. Such a subjective interpretation of requirements will cause the introduction of biases into test
results.

This does not mean that the Functional Requirements Document does not or will not provide adequate
information (o perform a variety of functional tests of the IRRAS. As stated, the document does provide sufficient
data to perform considerable testing. The results cannot be interpreted to indicate that the IRRAS performs all
indicated functions as required, even if all of the tests developed from the Functional Requirements Document are
successful.  Successful completion of all tests developed from the Functional Reguirements will indicate that the
IRRAS performs all of the functions identified by the test script writer. It is possible that the subjective
interpretation of the requirements has overlooked critical and non critical functionalities.

The Functional Requirements document can and should be used for testing purposes and the results will be

beneficial. Testing will be prolonged as implied requirements are extracted, requiring more time for test preparation
and execution.

B-6.5 Requirements Language

Many sections present considerable information without explicitly stating requirements.  The language used
implies requirements without explicitly stating the requirements. As indicated earlier, many sections appear to
describe an existing systemn without providing ad* quate detail.

Many of the deficiencies, perceived or otherwise, are caused by the language used in preparing the document.
For example, Subsection B, Display Results, of Section X1, Event Tree Analysis, states "Provide tools to obtain

different views of cut sets.” The document does not indicate that the tools mentioned are to be developed as part
of the system. Nor does it explicitly identify the "differemt views" that are to be provided.

B-6.6 Design Issues

Numerous design issues are presented within requirements without a clear and concise description 1t is not
readily apparent when design issues are presented as requirements or as design constraints.
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If the document describes enhancements to an existing system, or even it is describing an existing system, that
fact should be clearly stated and the version of software referenced identified.

B-6.7 General Capabilities

Function keys and functionalities described in the General Capabilities section are identified throughout the
remaining sections of the Functional Description. However, the General Capabilities section does not identify the
forms to display function key mappings and provide the described functions nor does it indicate that those forms
requiring the capability will indicate that it is required. It is not possible, therefor, to determine if the requirement
has been satisfied.

Those sections tiiat will not implement the general capabilities of the system should explicitly state the
omission of the capabilities just as those sections that will implement the general capabilities should explicitly
identify their use.

B-6.8 Traceability

No other source of functional requirements has been provided. Neither is the reviewer knowledgeable enough
in probabilistic nsk assessment techniques and methodologies to provide a determination pertaining to tracing the
functions identified to accepted standards and/or methodologies and practices.

It 1s clear that a number of software change requests have been submitted to the development team. However,
it is not known if these requests were to resolve a discrepancy discovered in the software or to request an
enhancement or change to the system.

Even though the Functional Requirements Document appears to describe existing system functionalities, the
reviewer must assume that this functional requirements document is at the root of the document hierarchy for the
TRRAS project. Other project documentation should be traced to the functional requirements if no other
documentation exists,

B-6.9 Completeness

When the number of implied requirements, or the need 10 derive requirements from the information contained
in the Functional Requirements Document, is considered, the Functional Requirements Document is not complete.

If the functions required to perform probabilisuc risk assessments (PRAs) will be used as a measure to
determine completeness, the reviewer has neither the training nor the expertise to perfurm that activity. No
conclusions as to completeness of functionality for the IRRAS system for performing PRA activities will be
attempted in this review.

B-6.10 Correctness

When the number of implied requirements, or the need 10 derive requirements from the information contained
in the Functional Requirements Document. is considered, the Functional Reguirements document cannot be
considered 100% correct. Neither can the document be considered as completely incorrect.

If the functions required to perform PRAs will be used as a measure to determine correctness, the reviewer

has neither the training nor the expertise to perform that activity. No conclusions as o correctness of functions
described for the IRRAS system will be artempted in this review.
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B-7. SUGGESTIONS AND RECOMMENDATIONS

B-7.1 Rewrite Requirements Document

The Functional Requirements Document should be rewritten in a requirements format. The requirements
should be clearly and concisely stated. Design constraints should be clearly identified.

In many sections, simply rewriting the requirement as a statement of what must be accomplished will provide
the necessary claritv.

B-7.2 Prepare Design Documentation

Using the rewnitten requirements documentation and existing code, a Software Design Description (SDD)
should be prepared. IRRAS is a powerful and extremely useful system. IRRAS will continue to grow and will
require that changes be implemented as technological advancements are continually incorporated into more powerful
computer hardware components. Preparing an SDD will greatly facilitate applying changes and enhancements to

the JRRAS in future versions. The lack of appropriate system documentation will be the source of deficiencies as
the software matures.

B-7.3 Document and Software Configuration Management

The methodology employed to control both documentation and <« ,are changes needs to be more rigorous.
Changes to software should be reflected in system and user documentation as new versions are released and/or
deficiencies corrected.

B-7.4 User Documentation

All user documentation should be updated to reflect the status of the most recently released version. User
documentation updates should be provided as deficiencies are comrected and enhancements introduced. As new
versions of the system are released, new versions of user documentation shouid also be released.

B-7.5 System Documentation

Documentation should be prepared for those that will be required to maintain the system. This documentation
is referred to as system documentation and programmer documentation.

Currently the individuals who are responsible for the maintenance of IRRAS have been intimately involved
with the development of the system. Their knowledge and understanding of the system is extensive and quite
thorough. However, there is absolutely no guarantee that these individuals, or individuals with equivalent knowledge
and understanding of the system. will always be available. Systern documentation detailing system and performance
requircments and restrictions should be prepared and maintained so that other individuals, when required, will be able

1o acquire an understanding of the system adequate to allow them to continue developing. enhancing, and maintaining
the system.

The system documentation, when combined with an SRS and SDD will provide a thorough and complete view
of the IRRAS. The formal reporting and logging of discovered deficiencies and applied resolutions will provide a
clear view of the growth and maturity of the system
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"Providing research and development services 1o the government"
INTEROFFICE CORRESPONDENCE
Date: August 4, 1992
To: J. L. Jones, MS 2406
From: D. L. Kelly, Ms 2405 L)1 0¥
Subject: COMMENTS ON IRRAS 4.0 DRAFT FUNCTIONAL REQUIREMENTS DOCUMENTS
DLK-20-92

I have reviewed the draft IRRAS 4.0 functional requirements document
transmitted in your Jetter of July 22 (JLJ-13-92). 1 reviewed selected
portions of the document, but became rather discouraged and did not
completely review all sections because I found Tittle discussion of how
IRRAS goes about its business. 1 feel that this is more of an outline of a
requirements document. However, it is a much belated step in the right
direction. Unfortunately, it appears to have not kept up with the IRRAS
(SAPHIRE) code development.

Overall, I think the document may be too sparse in detail to help much in
the development of vital feature tests. Also, the limitations of the code
are not entireiy clear to me after reading this document. To write an
intelligent test plan, one needs to understand exactly what is being done by
the code. As an example, in uncertainty analysis, what are the differences
between single, group, and endstate analyses? In generating sequence
cutsets, are there circumstances in which IRRAS will truncate the results?
If so, what are the indicators that such has occurred? [ could list many
more similar examples.

I close with a number of specific comments tied to particular sections of
the document. [ have avoided being repetitious. For example, comments made
about importance analysis in one section apoly generally to importance
analysis in other sections.

Specific Comments

1) References to IRRAS 2.6 should be changed wherever they occur.

2) The 1imit of 10,000 sequences per family stated under B.3 on p.4 is
overly restrictive, particularly for a large event tree/small fault
tree PRA. What happens if this 1imit is exceeded?

3) B.11 on p.5 contradicts B.4.b on p.4.
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DLK-20-92

Page 2

4) In the definitions on pp. 7 and 8, there are several errors:
a) "p" is not a failure probabiliiy in calculation type 9,

b) failure rates and times do not have to be input in hours,

c) tau is also used as a surveillance test interval in calculation
types 6 and 7,

d) the equation for calculation type 5 is incorrect,

e) calculation type S is not discussed,

f) process flags W, K, and L are not discussed.

5) On p. 11, the discussion of cascaded events is too vague to tell what
the actual requirements are.

6) Under VI.E on p.l4, are there any limits to the number of gate inputs?
7) On p. 15, numbers 11 and 12, "undefined" should be "undeveloped.,"

g8) On p. 20 the definition or "cut set" is actually the definition of a
minimal cutset.

9) Under VIII.A.3 on pp. 20 and 21:

3) For "tvent Probability Cut Off," cutsets are not discarded if
conditions (a) and (b) are met,

b) What is a "zone event?"

c) The equation under (f) is a "constraint," not a "calculation."
This is a very severe constraint. Is it a result of using swall
integer arrays in the programming? If so, how difficult would
it be to fix by going to huge integer arrays? What does the
code do if this limit is exceeded?

10) Under VIII.A.6.a on p.22, “"sample size" is not a sampling technique.

11) Under VIII.B.2 on p. 23, the definitions of the importance measures
are incorrect in some cases and vague in all cases. The requirements
document should, I think, specify the equations used to calculate each
importance measure. Also, where is the discussion of uncertainty
importance, one of the options available in the "Define Constants"
menu (it is mentioned in passing on p.5%4)?

12)  Under VIII.B.3 on p.24, what sample estimators are used for the
uncertainty measures reported by IRRAS? How are the confidence
intervals on the quantiles estimated? Are the same estinators used
for both Monte Carlo and Latin hypercube sampling?
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J. L, Jones
August 4, 1992
DLK-20-92

Page 3

13)

14)

15)

CGC1

Under IX.B on p. 27:

a) What is the limit on the number of sequences in each event tree?
How are transfer event trees counted in this 1imit? What does
the code do if the limit is exceeded?

b) The description of the link editor is incorrect for the editor
in IRRAS 4.11.

Under XI.A.7 on p. 37, the equation for calculating sequence frequency
using split fractions is incorrect. It is correct if "MC" is the
minimal cutset upper bound of the system instead of the cutset. Also,
the terminology is non-standard; "split fraction" normally refers to
the probability of an event tree branch, not to the frequency of a
sequence.

Under XI1.J.2 on p. 47, the discussion of histograms does not match
what is currently in IRRAS 4.11. In IRRAS, the percentage format
gives a discrete probability distribution, not a histogram. The range
format gives 4 histogram, but one of the inputs is the height, not the
range probability. The area format also gives a histogram; it is not
mentioned in the requirements document.

J. H. Bickel, MS 24057043
S. A. Eide, MS 2406

T. A. Thatcher, MS 2406
Central Files, MS 1651

D. L. Kelly File
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“Providing research and cevelopment services 10 the government”

INTEROFFICE CORRESPONDENCE

Date:
To:
From:

Subject:

November 2, 1992

T. A. Thatcher, M5 2406

S. D. Matthews, MS 2408 %

REVIEW OF IRRAS 4.0 FUNCTIONAL REQUIREMENTS DOCUMENT - SDM-11-92

After reviewing the IRRAS 4.0 Functional Requirements Document (FRS),
December 1991, I have the questions listed below.

1.

10.

NUREG/CR-6145

1s the FRS conformable to any standard? If so, what? If not,
what is being used and why? (I would recommend ANSI/IEEE Std 830-
1984.)

What quality level is required for IRRAS 4.0 and the IRRAS 4.0
FRS? (Is the desired quality level documented?) If IRRAS 4.0 must
have greater than quality level C, is a requirements traceability
matrix being developed to provide traceability and auditability?

What is the purpose of the FRS and who is the intended audience
for the FRS?

What are the user characteristics? (Are legitimate user
complaints documented and considered in this FRS?) How much
training will be required for the users?

Are there any related software packages?

Are there any reference documents?

What are the general constraints, e.g., hardware, regulatory
policies, and interfaces to other applications?

what are the design constraints?

Are there any requirements for maintainability, portability,
training, or testability?

Are there any external interface requirements, i.e., software,
hardware, and/or user? For example, what are the required report
contents? The required screen formats? Are there any required
software packages such as a DBMS?
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Appendix C

Vital Features Verification and Validation
Software Test Records

C-1. INTRODUCTION

The following sections describe the tests that were performed for each vital features and associated sub-feature.
The software test record number has the following formar:

STR-VEN-XXX-MMYY

where
ST = Three-letter acronym for Software Test Report.
VEN = Two-digit vital feature number (i.e. 01 to 49)

XXX = Three-digit sequential test number assigned by the tester that represents the set of data being used
1o test the feature (features may be tested with multiple sets of data)

MM = Two-digit code for the month of the test
YY = Two-digit code for the year of the test.

Each software test record provides a description of the test, the computer system used, the expected values or
acceptance criteria, and the input and output file names. Software test records with all supporting documentation
(actual input and output files) can be obtained from EG&G ldaho, Inc. Anomaly reports that were generated for
identified discrepancies are located in Appendix D.

C-2. FAULT TREE ANALYSIS

The vital features for the major group of Fault Tree Analysis are:

1. Cut set generation process

2. Cut set quantification process

3. Cut set quantification process—analysis of single and multiple fault wees.

Software test records 1, 3. 4, 5, 6, and 9 were tested using the DEMO Family. The DEMO Family has simple
fault trees to test the analysis features and most of the results can be examined by inspection. The results from all
of these tesis were found acceptable. There were two points found thai should have some discussion about their
implementation. First is the message given when the cutoff (either size or probability) is set above any cut set in
the fault tree. The message that is given is, "The top event cannot occur (FALSE)!" A better message might be
"No cut sets qualify based upon cutoff." Second, a cut set report (empty except for the date, time, and page number)
is produced from the Repont Module even when there are no cut sets available. It might be better to produce the
same message that appears under the Display Option, "No cut sets available."

o NUREG/CR-6145



Appendix C

C-2.1 Cut Set Generation Process

To test the cut set generation process the following three sub-features were tested: cut set probability cutoff
(software test record 1), the maximum number of cut sets saved (software test record 2), and that the reduction of
the fault tree results in the correct cut sets both in number and rvpe (software test record 3).

The DEMO Family was used to test the cut set probability cutoff (software test record 1). Cut sets were
generated in the analysis fault tree module with the probability cutoff at 0.00, 1E-20, 1E-8, 1E-5, 1E-3, 1E-1, and
1.00. The resuits were verified against the actual boolean reduction and lotus spread sheet calculations. The results
were acceptable.

To test the maximum number of cut sets saved cutsets were created from the Peach Bottom IAS fault tree with
a cutoff truncation value of 1E-19. Analysis of this fault tree generated more cut sets than the code could save.
The 1AS cut sets were saved in an ASCII report using the IRRAS report function and then loaded into MS EXCEL
4.0. The total number of events and cutsets were added to test the formula for the maximum number of cut sets
saved. The results did not agree with the formula. It was found that the total number of cut sets saved 1s <32,000
not <32,700. Anomaly report AR-02-07-93-00]1 was generated.

The DEMO Family was used to test that SAPHIRE generated the correct cut sets (software test record 3).
Cut sets were generated in the analysis fault tree module with the probability cutoff at 0.00, 1E-20, 1E-8, 1E-3,
1E-3, 1E-1, and 1.00. The results were verified against the actual boolean reduction and lotus spread sheet
calculations. The results were acceptable.

C-2.2 Cut Set Quantification Process

The DEMO Family was used to test the cut set quantification process (software test record 4). Cut sets were
generated in the analysis fault tree module with the probability cutoff at 0.00, 1E-20, 1E-8, 1E-S, 1E-3, 1E-1, and
1.00. The results were vernified against the actual boolean reduction and lotus spread sheet calculations. The resuits
were acceptable.

C-2.3 Cut Set Quantification Process—Analysis of Single and
Multiple Fault Trees

To test the cut set quantification process through the analysis of single and multiple fault trees, the following
four sub-features were tested: that the equation for the min-cut upper bound is correct (software test record 5), the
ability of SAPHIRE to solve a small fault tree of less than 100 gates (software test record 6), the ability of SAPHIRE
to solve large faull trees of greater than 1500 gates and with complemented events in the fault ree (software test
record 7), and the ability of SAPHIRE to solve emall fault trees with complemented events in the fault tree (software
test record 9). The ability of SAPHIRE to solve medium fault trees of greater than 100 gates but less than 1500
gates and with complemented events, software test record 8, was not performed since it is bounded by software test
records 7 and 9,

The DEMO Family was used to determine if the equation for the min-cut upper bound is correct (software test
record 5). Cut sets were generated in the analysis fault tree module with the probability cutoff at 0.00, 1E-20, 1E-8,
1E-5, 1E-3, 1E~1, and 1.00. The resuits were verified against the actual boolean reduction and lotus spread sheet
calculations. The results were acceptable.

The DEMO Family was used to evaluate the ability of SAPHIRE to solve a small fault tree of less than 100
gates (software test record 6). Cut sets were generated in the analysis fault tree module with the probability cutoff
at 0.00, 1E-20, 1E-8, 1E-5, 1E-3, 1E~1, and 1.00. The results were verified against the actual boolean reduction
and lotus spread sheet calculations. Both the cut sets and the fault tree quantification were correctly generated by
SAPHIRE.

NUREG/CR-6145 Co4
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To evaluate the ability of SAPHIRE (0 solve large fault trees of greater than 1500 gates with complemented
events in the fault tree (software test record 7), five fault trees from the LaSalle database were combined into & new
tree. This new tree was also evaluated in CAFTA. The results were considered acceptable since they were
comparable between the two codes, Even though the quantification and cut set results from SAPHIRE compared
to the results from CAFTA, it was found that SAPHIRE and CAFTA reported a different number of gates per tree.
CAFTA recognized 1856 gates while SAPHIRE recognized only 612 gates. It was found that by changing the
amount of RAM memory, the size of the iree that could be analyzed would change. However, after maximizing the
memory 1o 627K out of 640K, it was not possible to analyze a tree past 612 gates without receiving the error
message, "Too many gates in this tree!” Therefore, the maximum number of gates (2500) was never reached and
1s misleading since the total number of gates 1s dependent on the amount of available RAM. How SAPHIRE
calculated the total number of gates is also questionable since the total number of gates that SAPHIRE calculated
for this test was less than 3 times the amount CAFTA calculated. The impact is minor but leads the user to believe
that the problem may be in a different area other than memory. Also, it is annoying since SAPHIRE will corrupt
the database and require recovery actions if it is unable to process the tree. The appropriate documentation should
be changed.

The DEMO Family was used 10 evaluate the ability of SAPHIRE to solve small fault trees with complemented
events 1n the fault tree (software test record 9). Cut sets were generated in analysis fault tree module with the
probability cutoff at 0.00, 1E-8, 1E-5, 1E-3, 1E~1, and 1.00. The results in the report produced were verified
aganst the actual boolean reduction and lotus spread sheet calculations. The results were acceptable.

C-3. EVENT TREE ANALYSIS

The vital features for the major group of Event Tree Analysis are:
I, Sequence generation process
2. Sequence cut set generanon process

3. Quantifying process
4 Capability of performing analysis on a sinzle event tree

5 Capability of performing analysis on multiple event trees.

C-3.1 Sequence Generation Process

To test the sequence generation process, three sub-features were tested: the generale sequences process, the
sequence editor, and the link editor.

The VV Family was used to test the generate sequences portion of the event tree analysis. The purpose of
software test record 10 was to determine if SAPHIRE would generate the correct sequence logic. Seven items were
evaluated for software test record 10. The first item was to determine if the code correctly generated the sequence
logic. The second item was to determine if all sequences have correct logic generated except for those sequences
with end states that are designated as “ok," "seccess,” or “ignore," and those sequences that are not to be included
in a particular analysis by marking the end state with an "@" symbol. The third item was to determine if the code
would generate correct sequence logic if a mutually exclusive top was added to each sequence logic. To test this
item a fault tree was created for use as a mutually exclusive top event substitution during the sequence logic
generation process. The fourth iten was to verify that the code would correctly output the seyuence logic to the
screen, printer, and to a file in the family directory. The fifth item was to determine if the code would automatically
assign sequence numbers to each sequence if this menu option was chosen. The sixth item was to determine if the
code would automatically assign an alpha character to each sequence or allow the user to manually name each
sequence if this menu option was chosen. For all of the above items the SAPHIRE generated the correct sequence
logic and correctly made the requested changes.
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The VV Family was used to test the generate sequence editor portion of the event tree analysis. The sequence
editor allows the user to edit sequence names, end states, and assign frequencies afier an event tree has been created.
The purpose of software test record 11 was to determine if correct sequence logic would be generated using the
sequence editor to modify the event tree. Seven items were evaluated for software test record 11. The first item
was to determine if modification of the frequency would produce the correct changes to the sequences. The second
item was to determine that sequence logic will not be generated for those sequences marked with an "@" symbol.
The third item was 10 perform various changes by using the line edit option. The fourth item was to check the
transfer function and determine if the user can edit the transfer event tree end state information in the same manner
as that for the initiating event tree. The fifth item was to test the global replace option. This option allows a specific
sequence name to be searched for and replaced with a new sequence name. The sixth item was 1o test the header
edit option. The final item was to determine if the change transfer option will correctly work as a toggle switch to
turn on and off transfer points, For all of the above items the SAPHIRE generated the correct sequence logic .nd
correctly made the requested changes.

The VV Family was used to test the link editor portion of the event tree analysis. This option allows the user
to define linkage miles and generate sequence logic. The purpose of software test record 12 was to determine if
correct sequence logic would be generated when linkage rules were invoked.

The first item was to test multiple branches. Multiple branches are used when the user wants to consider more
than one possible failure path for an event tree top event, For example, a user may want to show a failure path for
failure of one safety relief valve to reseat and a separate failure path for failure of more than one safety relief valve
to reseat.  All sequences are correct except for Sequence 5. This sequence should have been A succeeds, B fails

and is replaced by Bl and C fails and is replaced by C1. SAPHIRE did not replace C with C1. Anomaly report
AR-12-0893-001 was generated.

As a further test an "@" symbol was placed on the end state of Sequence 3, therefore no logic was generated.
All sequences are correct except for Sequences 4 and 5. Sequence 4 should have been A succeeds, B fails and is
replaced by Bl, and C succeeds and is replaced by Cl1. SAPHIRE did not replace B with B1 and C with C1.
Sequence S should have been A succeeds, B fails and is replaced by B, and C fails and is replaced by Ci.
SAPHIRE did not replace B with Bl and C with Ci. Anomaly report AR-12-0893-002 was generated.

From these two tests SAPHIRE is not correctly processing event tree sequence linkage rules for event trees
with multiple branches. Given the potential for PRA analysts to develop event trees with more than one possible

failure path for an event tree top event, this is considered to be a significant discrepancy between the way SAPHRIE
should work and its actual operation.

Other options that were evaluated to test the link editor included the Add, Modify, Delete, Restore, and Copy
options. The results from exercising each of these options were acceptable.

C-3.2 Sequence Cut Set Generation Process

To test the cut set probability cutoff (software test record 13), the Peach Bottom sequence A17 was used and
cut sets were generated for 4 different probability cutoff values. This test was repeated for cut sets using fault trees
and then sequences to generate the cut sets. The results matched the appropriate cutoff probabilities in all cases.

Software test records 14 and 15 involve testing if SAPHIRE will generate the correct cut sets for an event tree
sequence using the fault tree method in one case (software test record 14) and the cut set method in the second case
(software test record 15). These tests are also covered by software test records 24 and 25, respectively. Software
test records 24 and 25 involve testing if SAPHIRE will generate the correct cut sets for all event tree sequences
respectively using the fault tree method and the cut set method.

The test that was performed to determine the maximum number of cut set that can be saved for one sequence
(software test record 16) was essentially the same as that for software test record 2. The results were also the same.

Default flag was the next sub-feature exercised 10 test the sequence cut set generation process. A default flag
designates that a change set has been previously established. For example, a change set may have been previously
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established that says a point estimate should be used for a particular event tree top. The purpose of software test
record 17 was to over-write previous change sets and determine if the sequence logic incorporated this new change
set. Vanous combinations of new changes sets were tried using this option and in all cases the sequence logic was
correct,

The update cut sets feature (software test record 18) was examined using the DEMO Family. All the sub-
features tested were found acceptable. It is important to remember that for the alternate (or current) case, the results
are dependent upon those cut sets available. If, for example, the most stringent probability cutoff (1.00) had been
used first it would have eliminated all cut sets in the current case for subsequent analyses. For all testing, both the
base and current case cut sets were generated without cutoffs, and the current case was always "renewed" to contain
all sequence cut sets for each test cutoff,

To test the cut set quantification process (software test record 19), sequence Ai7 from the Peach Bottom
database was used to generate a new cut set report that included the cut set members and the calculated probability.
The files were loaded into MS EXCEL 4.0. The results did not match the IRRAS file. The EXCEL values were
off by a factor of 1E-4, probably due to the initiating event which is not included in the cut sets, and therefore not
calculated by the EXCEL macro. No anomaly report was generated.

Software test record 20 involves evaluating uncertainty analysis results for event tree sequences. Software test
record 20 1s covered by software test records 32 and 33.

To test the split fraction calculation (software test record 21), values from two systems were generated using
IRRAS. These were then combined using the equation provided in the vital features st to calculate a sequence split
fraction by hand. The values were compared to the IRRAS values. The results were consistent with the hand
calculated values; however, it appears that SAPHIRE may not be rounding the results comrectly. SAPHIRE results
may be truncated after three decimal places. The problem appears to be due to incorrect or lack of rounding
techniques. The impact is considered to be minor; however, this could be an important factor if rounding is treated
in the same manner in other portions of SAPHIRE such as in the quantification modules (the rounding problem was
also noted in software test record 23 on the minimal cut set upper bound calculation).

To test the base case update feature (software test record 22), an alternate case was developed that changed
three basic event probabilites. Cut sets for the alternate case and the base case were determined. Even though
SAPHIRE correctly performea the quantification when the base case update function was tested, the report function
printed out the alternate change set values instead of the base case probabilities. Since the report function does not
identify whether the print-out is for the base case or the alternate case, the user could inadvertently use the wrong
case.

C-3.3 Quantifying Process

To test the mimmal cut set upper bound sub-feature (software test record 23), the cut sets and their
probabilities from sequences 2 and 3 of the DEMO Family were downloaded into a text tile. The text file was
uploaded into MS EXCEL and manipulated. The results were acceptable, except that there still appears to be a
problem with rounding.

C-3.4 Capability of Performing Analysis on a Single Event Tree

Software test records 24 and 25 involve testing if SAPHIRE will generaie the correct cut sets for all event tree
sequences using the fault tree method and the cut set method, respectively. To test this two systems were extracted
from the LaSalle-4 database and a small event tree was created that included these systems. Sequence cut sets were
generated in IRRAS and CAFTA using both the fault tree method and the cut set method. The results were
acceptalle,
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C-3.5 Capability of Performing Analysis on Multiple Event Trees

Perform Analysis on Two Event Trees Using Fault Tree Method, software test record 26, is bounded by
software test record 24, Perform Analysis on Event Tree Using Fault Tree Method, and by software test record 27,
Perform Analysis on Five Event Trees Using Fault Tree Method.

Software test records 27 and 29 address testing the capability of performing analysis on multiple event trees.
Software test record 27 covers the case of using the fault tree method. Software test record 29 covers the case of
using the cut set method. For both tests the results were acceptable.

Perform Analysis on Two Event Trees Using System Cut Set Method, software test record 28, 1s bounded by

software test record 25, Perform Analysis on Event Tree Using Cut Sets, and by software test record 29, Perform
Analvsis on Five Event Trees Using Sysiem Cut Set Method.

C-4. UNCERTAINTY ANALYSIS
The vital features for the major group of Uncertainty Analysis are:

1. Single event sampling

2 Uncertainty analysis of sequences.

The uncertainty analysis was checked for both the Monte Carlo (MC) and Latin Hypercube sampling (LHS).
For both of these sampling techniques, single event analysis (1.¢., a single bas'- event) and multiple event analysis
(1.e., a group of basic events, such as system or sequence cutsets) were investigated. Additionally, the random
numnber generator that is used in SAPHIRE was checked for its suitability. The uncertainty analysis testing is
covered by software test records 30 through 33,

For the single event uncertainty analysis, all SAPHIRE available distributions were checked. These
distributions are: uniform, exponential, lognormal, chi-square, normal, gamma, beta, and histogram. Out of these
eight distributions, only one passed all the acceptance critena tests (the specific acceptance critenia is spelled out in
the particular software test record), The predominant reason why seven of eight distributions failed some of the
acceptance criteria tests was that SAPHIRE allows the user to input improper distnibution parameters. In some cases,
SAPHIRE will print an error message indicating that improper distribution parameters were used, but still attempt
to perform the uncertainty analysis using the improper parameters. This could lead to incorrect results, and
consequently, is deemed unacceptable. Anomaly reports AR-30-0893-001 (exponential), AR-30-0893-005 (chi-
square), AR-30-0893-008 (beta), AR-30-0893-010 (normal), AR-30-0893-011 (gamma), AR-30-0893-012

(lognormal), and AR-30-0893-013 (uniform) discusses the lack of parameter validation for the respective
distributions.

For those test cases that did not contain improper distribution parameters, another generic problem was found
for both the MC and LHS. The problem s that SAPHIRE appears to have an internal arithmetic precision problem
when distribution sampled values are smail (approximately 1E-14 to 1E-15 or smaller). When a small value is
generated by SAPHIRE, the value is frequently rounded down to a value of zero. It s assumed that this problem
appears because of the anithmetic operations in the min-cut upper-bound approximation. Anomaly reports AR-30-
0893-002 and AR-30-0893-003 give additional detail on this generic problem.

The chi-square distnbution has a discrepancy that could result in confusion. When using the chi-square
distribution, the SAPHIRE Technical Reference Manual: IRRAS/SARA Version 4.0 (NUREG/CR-5964), states that
the chi-square distribution that is sampled (Y) is given by:

Y = aX,
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where X is distributed as x'(k), k is the uncertainty value, and a = (probability value)y/(uncertainty value). Thus, if
the probability value = 2 and the uncertainty value = 1, then the sample chi-square distribution results should equal
2°(1).

All the tests which had a multiple of the chi-square distribution did not give sampling results as a multiple of
the chi-square distribution. Instead, the results only seemed to give the chi-square distribution part [e.g.. the results
were very close to what would be expected for x’(1), not 2x’(1)]. Other than this discrepancy of not resulting in
a multiple of the chi-square distribution, the chi-square sampling for n degrees of freedom seemed to be close to
tabulated values of chi-square percentiles. Consequently, if the user ignores the probability value and only uses the
uncertainty value as the degrees of freedom for the chi-square distribution, the results should be as expected. See
anomaly report AR-30-0893-004 for details on the test results,

The gamma distribution has two anomaly, one minor and one major. The minor anomaly for the gamma
distribution is that when the uncertainty value equals 2 (where n equals the degrees of freedom) and the probability
field equals 2*(uncertainty value), then the gamma distribution will be chi-square distributed with n degrees of
freedom. Consequently, it would be expected that the sampling for identical gamma and chi-square distributions
should be exactly the same. The Monte Carlo sampling for the gamma distributions which are %°(1) and x*(2) differs
a little from the Monte Carlo sampling for the corresponding chi-square distributions. This inconsistency could cause
some confusion. The Latin Hypercube sampling for the gamma/chi-square distributions does not display this
inconsistency. See anomaly report AR-30-0893-007 for details on the test results.

The major anomaly for the gamma distribution 15 that with probability value of 1E-4 and uncertainty value
of 10,000, the MC sampling seemed to return the same value (7.068E-6) for each sample. Consequently, all the
sampling distribution results were in error.  Also, no error messages were displayed alerting the user to the problem.
Two other statistical packages (@RISK and SAS) were used to see if the choice of parameters for the gamma
distnibution is a generic problem. Both @RISK and SAS correctly handled the gamma distribution with these
parameters. Thus, some extreme parameter values for the gamma distribution could result in erroneous results. The
users of SAPHIRE should exercise caution and test specific gamma distributions if the gamma distribution must be
used. See anomaly report AR-30-0893-006 for details on the test results.

The exponential distribution has a minor anomaly. When using the exponential distribution, the distribution
results should be the sauie as those from the gamma distribution (when the uncertainty value parameter equals | in
the gamma distribution). For the LHS analysis, the sampling for EXP(©) is not exactly the same as GAMMA(©,1)
while for the MC sampling the two distributions produce exactly the same sampling. While this is not a critical error
(since both sampling methods for the LHS distributions seem to produce accurate results), to be consistent, the
EXP(©) and GAMMA(®,1) sampling for LHS should be the same. (This could also be labeled as another anomaly
for the gamina distribution). See anomaly report AR-31-0893-001 for details on the test results.

The beta distribution has a major anomaly. For the beta distribution, the parameters that were specified for
several distributions (e.g., (1) prob. value = 0.001, uncertainty value = 0.2; (2) prob. value = 1E--6, uncertainty value
= 2, and (3) prob. value = |E-6, uncertainty value = 800000E) should result in beta distributions which are
legitmate. For these beta distributions, IRRAS actions ranged from giving runtime errors (causing the need to
recover the database) to running seemingly alright but giving nonsensical results. Thus, some parameter valies for
the beta distribution could result in erroneous results. The users of SAPHIRE should exercise caution and test
specific beta distributions if the beta distrib*tion must be used. See anomaly report AR-30-0893-009 for details on
the test results.

No anomalies were found for the multiple event uncertainty analysis (note: only distribution and parameters

that checked out alright from the single event uncertainty analysis tests were used tor the multiple event uncertainty
analysis tests). Also, tests checking the random number generator did not reveal any anomalies.

C-5. Ch, NGE SET FEATURES

The vatal features for the major group of Change Set Features are:
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1. Creating change sets
2. Applying changes to models
3. Flags to be applied in change set events.

The change set features were eaainined using either the DEMO Family or the VV Family. The VV Family
has simple event trees and fault tre s to test the change set features and most of the results can be determined by
inspection.

C-5.1 Creating Change Sets

Using the DEMO Family, the direct assignment of individual probability to an event (software test record 34)
was tested by creating a change set with a probability change on basic event C-MOV-A from 5.0E-3 to0 0.1. The
changes were verified on the change set report, basic event probability report, and the sequence cut set reports. The
results were acceptable,

Using the DEMO Family, manual designation of a group of events with the same probability (software test
record 35) was tested by creating a change set to change the values of basic events C-CV-A and C-CV-B from
1.0E—4 to 0.1 and change the values of basic events C-MOV-1 and E-MOV-1 from 1.0E-3 10 0.1. The results were
acceptable.

Using the DEMO Family, establishing search criteria for a class of events (software test record 36) was tested
by setting attribute 1 to yes on basic events DG-A and DG-B. Set attribute 3 to yes on basic events C-PUMP-A, -
B, and E-PUMP-A, -B. Set arribute 1 and 3 to yes on basic events C-MOV-1 and E-MOV-1. On the class change
set menu, put an asterisk in the name block, set calculation type to 1, and set the probability to 0.1. Three attribute
combinations were used 1o check this search criteria. Class attribute | is set to yes for the first search criteria test.
Set class attribute 3 10 yes for the second search criteria test. Set class attributes | and 3 to yes for tae third search
critena test. The results obtained for STR 36 were correct; however, an anomaly report was genera’zd (see anomaly
report AR-36-0793-001) since the menus and the user documentation do not explain how to mar’, a class of events.

C-5.2 Applying Chances to Models

Entering the change set menus and applying changes to system data (software test records 37 and 38) was
tested by the change set features discussed above (software test records 34, 35, and 36); therefore, no separate test
procedure was developed.

C-5.3 Flags to be Applied to Change Set Events

The Sensiuvity Process Flag ("S" Flag) was checked (software test record 39) but not tested since it is an
undocumented feature and has no criteria by which to measure results. Anomaly report AR-39-07-93-002 was
generated. 1t appears that this flag allows the analyst to vary the probability of an event or group of events over a

specified range and plot the change to core damage frequency. This is a very useful feature that needs to be
documented.

The "X" process flag was tested (software test record 40) in the DEMO Family. The ability of the "X" process
flag to substitute a developed event for both a system and a train of the system was tested. The "X process flag
substitutes a developed event probability instead of proces g the system logic on the failed event tree path, and
for the success event tree path the code wiil use a "delete” 1 n. The "X" process flag was tested at a system level
and at a train level and in both cases the results were acceptable,

The "Y" process flag was tested (software test record 41) in the DEMO Family. The ability of the "Y" process
flag 1o substitute a developed event for both success and failure logic in an event tree was tested. The results were
acceptable.
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The "I'" - rocess flag was tested (software test recore 42) in the VV Family. The ability of the 1" process flag
to use system logic on the failure event tree path and the success of system logic on the event tree success path was
tested. A change set was created, and sequence logic and cut sets were generated both with and without fault trees.
The results were unacceptable. The unacceptable results were generated without fault trees and IRRAS
complemented the existing system cut sets incorrectly. IRRAS did not take into account the event tree success logic
In generating sequence cut sets. See anomaly report AR-42-0793-001 for more specifics.

The Blank flag was tested (software test record 43) while testing the process flaes in the change set features
(software test records 34 through 41). The results were acceptable.

C-6. IMPORTANCE MEASURES

Six importance measures are available in SAPHIRE: Fussell-Vessely. Risk Reduction Ratio, Risk Increase
Ratio, Bimbaum Importance, Risk Reduction Interval, and Risk Increase Interval. The importance measures were
examined utthzing three slightly different approaches. First IRRAS calculations for the CSS system in the DEMO
family were independently checked using LOTUS spreadsheet. Second, importance measures for an event in the
LOSP event tree in the DEMO family were compared to importance measures calculated by hand. Lastly, IRRAS
calculations using a SARA-level database of the LaSalle PRA were compared against importance measures published
in the LaSalle PRA documentation. Each of these are briefly described below and are addressed by software test
records 44 through 49.

Using the CSS system from the DEMO family in IRRAS, the importance measures are calculated for each of
the events appearing in the CSS system cut sets. These IRRAS generated importance measures are then compared
to calculations performed using a LOTUS spreadsheet. All six importance measures are included in these
calculations. All agreed to three significant digits. This 1s judged acceptable.

Using the LOSP event tree sequence #3 in the DEMO family, importance measures were calculated by IRRAS.
These same importance measures were then manually calculated for event C-MOV-1 by setting the event probability
to one and then zero. The resuliing sequence frequencies were then used in hand calculations. These hand
caleulated importance measures were then compared to those reported by IRRAS. All agreed to three significant
digits. This is judged acceptable.

Using the SARA-level LaSalle database, imporance measures were calculated by IRRAS for the accident
sequence identified as "T100."" These importance measures were then compared to those documented in the LaSalie
PRA (A. C. Payne, Ir. et al., Analysis of the LaSalle Unit 2 Nuclear Power Plant: Risk Methods Integration and
Evaluation Program (RMIEP), NUREG/CR-4832, Vol. 3, Pant 2, August 1992). Only the Risk Reduction Interval
and Risk Increase Interval are published in the LaSalle PRA, therefore, only these two measures could be compared
and checked. All agreed to three significant digits. This is judged acceptable.
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Appendix C

SOFTWARE TEST RECORD
STR No, : STR-01-000-0893
Date : /491
Originator RVH

Test Number: Test |

Test Description: DEMO data base. Cut set probability cutoff—keep only cut sets whose probability is above the cut set
probability cutoff. Using DEMO database will set probability cutoff at 0.00, 1E-20, 1E-8, 1E-5, 1E-3, 1E-1, and 1,00 and
generate cut sets in the analyze fault tree module for CCS system.

Settings are: Perform cut set prob truncation—YES, (with truncation as stated); Perform event truncation—NO: Perform cut set
size truncation—-NO; and no starting gate entered.

This will also test STR-03-000-0893, STR-04-000-0893, STR-05-000-0893, and STR-06-000-0893.

Computer system description: IBM Clone, Gateway 2000 486/33DXC, 8Mb Ram, 200IDE hard drive, VGA display, DOS 5.0
Expected values/acceptance criteria; The CCS sysiem was solved using Boolean logic, the cut sets produced were loaded imo
a LOTUS 1.2,3 spread sheet, values were added for basic events and each cut set value was generated. This is shown in printout.
Visual inspection and comparison of the values generated by IRRAS and this printout was considered acceptable.

laput data file names and listings: Since DEMO database was used there are no input files.

Output data file names and listings: Afier each calculation was performed. a report was produced on the cut set listing in

display reports for all results that produced cut sets. For those two cut offs that did not produce results the <CTRL>K command
wits used to produce a screen copy of the results.  All results were combined into one Word Perfect file as shown,

SOFTWARE TEST RECORD
STR No, : STR-2-001-0793
Date 7/29/93
Onginator Steven D. Novack

Test Number: STR-2-001-07-93

Test Description: Determine the maximum number of cutsets saved in the database for a fault tree. To determine this value
I created cutsets from one fault tree (IAS) taken from a Peach Bottom system with a cutoff truncation value of 1E~19. Analysis
of this fault tree generated more cutsets than the code could save therefore the total number of cutsets were truncated. Next, |
saved the cutsets in an ASCII report using the IRRAS repont function. Then I loaded the fi'e into MS EXCEL 4.0, smart parsed
the results and wrote a macro that stripped the headers off the file and another that counted the total number of events. By adding
the total number of events and cutsets | could test the formula given in vital features document.

Computer system description: IBM Clone/Continental/ 386-33/AT-Bus, DOS 5.0, 12Mb, 2 IDE- 100Mb, SVGA-Windows
VGA-DOS

Expected valuesfacceptance criteria. The expected total number of events and cutsets should be less than 32,700,
Input data file names and listings: Input listings are attached (on disk).

Output data file names and listings: Output files are on disk. The results conflicted with the formula give in the technical
reference guide V4.0, | found the number of total cutsets saved in the database to be < 32,000 not < 32,700. See Anomaly report
AR-2-07.93.001,
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SOFTWARE TEST RECORD

STR No. STR-03-000-0893
Date 8/493
Originator RVH

Test Number: Test 3

Test Description: DEMO data base. Correct cut set generation—when 4 fault tree is reduced to cut sets the correct number of
cut sets that produce the top events exist. Using DEMO database will set probability cutoff at 0.00, 1E-20, 1E-8, 1E-5, 1E-3,
1E~1, and 1,00 and generate cul sets in the analyze fault tree module for CCS system.

Settings are: Perform cut set prob truncation—YES, (with truncation as stated); Perform event truncation—NO; Perform cut set
size truncation—NQO; and no starting gate entered,

This will also test STR-01-000-0893, STR-04-000-0893, STR-05-000-0893, and STR-06-000-0893.

Computer system description: 1BM Clone, Gateway 2000 486/ 33DXC, 8Mb RAM, 2001DE hard drive, VGA display, DOS 5.0
Expected values/acceptance criteria: The CCS system was solved using Boolean logic, the cut sets produced were loaded into
a LOTUS 1,2,3 spread sheet, values were added for basic events and each cut set value was generated. This is shown in printout,
Visual inspection and comparison of the values generated by IRRAS and this printout was considered aceeptabie.

Input data file names and listings: Since DEMO database was used there are no input files.

Output data file names and listings: After each calculation was performed, a report was produced on the cut set listing in

display reports for all results that produced cut sets. For those two cut offs that did not produce results the <CTRL>K command
was used  produce a screen copy of the results. All results were combined into one Word Perfect file as shown,

SOFTWARE TEST RECORD

STR No. . STR-04-000-0893
Date 8/5/93
Onginator : RVH

Test Number: Test 4

Test Description. DEMO data base. Gonerate minimal cut set upper bound for alternate cut sets of the selected systems—this
is the bounding number for the sum of ail the cut sets. Using DEMO database will set probability cutoff at 0.00, 1E-20, |E-R,
1E-5, |E-3, 1E~1, and 1.00 and genv:rate cut sets in the analyze fault tree module for CCS system,

Setuings are: perform cut set prob truncation—YES, (with truncation as stated), Perform event truncation—NQ: Perform cut set
size truncation--~NO; and no starting gate entered.

This wiil also test STR-01-000-0893, STR-03-000-0893, STR-05-000-0893, and STR-06-000-0893.

Computer system description: [BM Clone, Gateway 2000 486/33DXC, 8Mb RAM, 200IDE hard drive, VGA display, DOS 5.0
Expected values/acceptance criteria: The CCS system was solved using Boolean logic, the cut sets produced were loaded into
1 LOTUS 1,2,3 spread sheet, values were added for basic events and each cut set value was generated. This is shown in printout.
Visual inspection and comparison of the values generated by IRRAS and this printout was considered acceptable,

Input ‘ata file names and listings: Since DEMO database was used there are no input files,

Output data file names and listings: After each calculation was performed. a report was produced on the cut set listing in

display reports for ail results that produced cut sets. For those two cut offs that did not produce results the <CTRL>K command
was used 10 produce a screen copy of the results. Al results were combined into one Word Perfect file as shown.
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Appendix C

SOFTWARE TEST RECORD
STR No, ; STR-7-001-0893
Date 81293
Originator Steven D. Novack

Test Number, STR-7-001-08-93

Test Description: Analyze a large fault tree to determine if the code correctly determines the appropriate cutsets. To accomplish
this test | combined two fault trees from the Peach Bottom Database (V2 and V3) into a new tree name Test 7. Nexi | evaluated
the new tree and printed the results. Then | down loaded the value block and tree information inte a sets input file and uploaded
the data into CAFTA. 1 evaluated the tree in CAFTA, printed and compared the results. 1 used a cutoff value of 1E-7 and the
test tree contained |50 gates.

Computer system description: IBM Clone/Continental 386-33/AT-Bus, DOS 5.0, 12Mb, 2 IDE- 100Mb, SVGA-Windows
VGA-DOS

Expected values/acceptance criteria;  The cutsets for [RRAS and CAFTA should match.

Input data file names and listings: Input listings are attached (on disk). Included are reports containing the cutsets from
CAFTA and TRRAS for comparison purposes.

Output data file names and listings: Output files are on disk. The results from CAFTA and IRRAS matched to two places
after the decimal point in scientific notation.

SOFTWARE TEST RECORD
STR No. - STR-TA-001-0893
Date : 81693
Originator : Steven D, Novack

Test Number STR-7A-001-08-93

Test Description: Analyze a large fault tree to determine if the code correctly determines the appropriate cutsets. To accomplish
this test I combined five fault trees Srom the LaSalle Database (ADS,CDS HPCS,LPCLRCIC) into a new tree name Test 7-1.
Next 1 evaluated the new tree and printed the results. Then | down loaded the value block and tree information into a sets input
file and uploaded the data into CAFTA. [ evaluated the tree in CAFTA, printed and ~ompared the results. I used a cutoff value
of 1E~7. a truncation of four events per cutset, and the test tree contained 612 gates. In addition to testing the cutsets 1 attempted
to test the maximum number of gates allowed (2500) to analyze & fault tree.

Computer system description: IBM Clone/Continental/386-33/AT-Bus, DOS 50, !°Mb, 2 IDE- 100Mb, SVGA-Windows
VGA-DOS

Expected values/acceptance criteria: The cutsets for IRRAS and CAFTA should match and the number of maximum gates
should be 2500.

Input data file names and listings: Input listings are attached (on disk), also included are a hard copy of the cutset report.

Output data file names and listings. Output files are on disk. The results from CAFTA and IRRAS maiched to two places
after the decimal point in scientific notation. However the maximum number of gates was limited by DOS memory. 1 found
that CAFTA and TRRAS reported a different number of gates per tree. CAFTA recognized 1856 gates for the Test 7-1 tree while
IRRAS recognized only 612. | attempted to test different size trees and found that by changing the amount of RAM memory
I could change ihe size of tree that could be analyzed. However, after maximizing the memory 1o 627K out of 640K 1 still was
unable to analyze a tree past this point (612 gates) and received a "“Too many gaies in this tree!" error message in IRRAS and
was told thal my database needed to be recovered, I found this limitation in conflict with the documented maximum number
of gates. An anomaly report will follow,

C-15 NUREG/CR-6145



L AT L Aac e

Appendix C
SOFTWARE TEST RECORD
STR No. - STR-00-000-0893
Date ; 8/15/93
Origimator § RVH

Test Number Test 9

Test Deseription. DEMO data base. Analyze small fault trees whose the total number of gates for each fault tree is less than
100, Fault trees should be reduced by hand. This is to test the ability of TRRAS to produce results for more than one fault tree
when two or more are marked (using the <F3> key) for generate cut sets.

Using DEMO database will set probability cutofl at 0.00, 1E-8, 1E-5, 1E-3, |1E—1, and 1.00, mark and penerate cut sets in the
analyze fault tree module both the ECS and CCS systems.

Settings are. Perform cut set prob truncation—YES (with truncation as stated), Perform event truncation—NQ; Perform cut set
size truncavion-—NO; and ro starting gate entered.

This will also test STR-01-000-0893, STR-03-000-0893, STR-04-000-0893, and STR-05-000-0893.

Computer system description: TBM Clone, Gateway 2000 436/33DXC, 8Mb RAM, 2001DE hard drive, VGA display, DOS 5.0
Expected values/acceptance criteria: The ECS and CCS system were solved using Boolean logic, the cut sets produced were
loaded into a LOTUS 1,23 spread sheet, values were added for basic events and each cut set value was generated. “This is shown
in printout.  Visual inspection and comparison of the values generated by IRRAS and this printout was considered acceptable,
Input data file names and listings: Since DEMO database was used there are o input files.

Output data file names and listings: After each calculation was performed, a report was produced from the report option for
all results that produced cut sets. All results were combined into one Word Perfect file as attached.

SOFTWARE TEST RECORD
STR Nao. . STR-9-001-0793
m‘f Z 7!291’93
Orniginator : Steven D, Novack

Test Number: STR-9-001-09.93

Test Description: Analyze a large and small fault tree o determine if the code correctly calculates the cutset probability. To
accomplish this test | used a small tee (CSS) from the DEMO database and a large fault tree (IAS) from the Peach Bottom
database, | extracted the basecase basic event table that includes the event names and probabilities, and the cutset report that
includes the cutset members and the calculated probability. Next, 1 loaded the files imto MS EXCEL V4.0 used 2 previously
generated macro lo strip the headings from the file and created a second macro to calculate each cutset probability.

Computer system description: IBM Clone/Continental 386-33/AT-Bus, DOS 5.0, 12Mb, 2 IDE- 100Mb, SVGA-Windows
VGA-DOS

Expected values/acceptance criteriac The expected cutset prababilities in IRRAS should match the calculated values in EXCEL.

luput data file names and listings: Input listings are anached (on disk). Also included are a hard copy of the Excel macro used
o determine the cutset probability.

Output data file names and listings: Output files are on disk. The results maiched the IRRAS file for both the large and small
fault trees.
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Appendix C
SOFTWARE TEST RECORD
STR No. © STR-10-001-0793
Date L 72693

QOriginator ] LW
Test Number Test 10

Test Description: VV data base—1) Generate the possible sequences for an event tree and all logic for each sequence 2) All
sequences have logic generated except (a) those with "OK" "SUCCESS", or "IGNORE" as end states and (b) those whose end
states begin with the character "@"; 3) Add mutually exclusive top (if non-blank top exist) as a successful top 1o each sequence
logic, 4) Name of list file——output the logic generated in a repont form to the screen, printer, or user named file; 5) Numbers—use
sequence numbers as the name of each generated sequence; 6) Names—use sequence name contained in the event tree as the
name of each generated sequence

Computer system description: 1BM Clone, Insight 486, 33 MHz, ISA bus, DOS 5.0, 16 Mb RAM, 340 Mb IDE hard drive,
VGA display

Expected values/acceptance criteria.  |) Generated all sequence logic for the VV data base event tree-—acceptable; 2) "@"
placed on seq I—sequence not generated, ignore placed on seq 2—sequence not generated; success placed on seq 3-—sequence
generated—acceptable; 3) Mutually exclusive top substitution added to all sequences of the event tree—acceptable; 4) Logic
output to screen, printer and file—acceptable, 5) Sequence numbers used as sequence names—acceptable; 6) Sequence name on
event (ree as sequence name—acceptable

Input data file names and listings. See attached

Output data file pames and listings: See attached

SOFTWARE TEST RECORD

STR No. ! STR-11-001-0793
Daie : 726/93
Originator : LW

Test Number: Test |1

Test Description: VV data base——1) Frequency—-look up minimum cut set upper bound for marked/highlighted sequences (0.0
Is default)—add frequency to the event tree drawing-—changed header for the third column to be frequency, 2) '@’
status—<change the end state name to be generated (without '@’ in the first character) or not generated (with ‘@' in the first
character) for each; 3) Line edit—change any highlighted line; 4) Follow wansfer-—if transfer event tree exists. edit its logic;
5) Global replace—given the column number and a search string, replace any occurrences of the search string in the given column
number with the replace sting. 6) Header edit—change the header for the drawing; 7) Change transfer—toggie logic between
being a transfer path or 2 termination path

Computer system description: IBM Clone, Insight 486, 33 MHz, ISA bus, DOS 5.0. 16 Mb RAM, 340 Mb IDE hard drive,
VGA display

Expected values/acceptance criteria: 1) Frequency added to event tree sequence--acceptable; 2) @ added 1o each
sequence---sequences not generated—acceptable; 3) Line edit—changed highlighted lines—acceptable: 4) Follow transfer—edit
logic—acceptable, ) Global replace—replace all occurrences of a search string in a column ~—acceptable; 6) Header edit—event
tree header edited to tum on and off header columns—acceptable; 7) Change transfer—transfer toggled on and off, sequence
transfers with transfer on and no transfer with transfer off—acceptable

Input data file names and listings. See attached

Output dats file names and listings See attached
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Appendix C
SOFTWARE TEST RECORD

STR No. : STR-12-001-0893
Date B/493
Originator : Lw

Test Number: Test 12

Test Description: VV data base-—1 A} Multiple branches—if more than one failed branch exists and an exception applies to at
least one of them, then all branches must have a replaced top and replacement top. Use event tree ET-1. 18) in the sequence
editor place an "@" on the end state of seq 3 on event tree |E~1. Generate sequence logic.

Rule-—a rule of replacemen: contains a number of conditional tops, tops to be replaced and tops to replace.

2) Add- add an entry at the highlighted cell,

3) Modify- (insert}—add a blank line above the highlighted cell.

4) Delete- delete an entry at the highlighted cell,

5) Restore- last deleted entry at the highlighted cell.

6) Copy- make a copy of an existing rule at user specified location.

Computer system description. [EM Clone. Insight 486, 33 MHz, ISA bus, DOS 5.0, 16 Mb RAM, 340 Mb IDE hard drive,
VGA display

Expected values/acceptance criteria. VV data base—link editor—allows user to enter links (exceptions) that are to be applied
during sequence logic generation.

1A) Top event substitutions should appear in the sequence logic report. Seq 5 of event tree [E~1 should have a substitution of
Cl for C. Unacceptable. See AR-12-0893-001

IB) Top event substitutions should appear in the sequence logic report. Seq 3 should not appear in the logic report (correct) and
top event B1 should be substituted for top event B in sequences 4 and 5. Unacceptable. See AR-12-0893-002 Rule-—a rule of
replacement contains a number of conditional tops, tops to be replaced and tops to replace, 2) Add—add an entry at the
highlighted cell. Acceptable. 2) Modify is not on the TRRAS 4.16 Link editor menu. Insert is. Insert-—add a blank line above
the highlighted cell. Acceptable. 4) Delete—delete an entry at the highlighted cell. Acceptable. 5) Restore— last deleted entry
at the highlighted cell. Acceptable. 6) Copy-—make a copy of an existing rule at user specified location. Acceptable.

Input data file names and listings: See anached

Output data file names and listings See attached
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Appendix C
SOFTWARE TEST RECORD
S§TR No. f STR-13-001-0893
Date L 8/9/93
Originator Steven D. Novack

Test Number: STR-13-00)-08.93

Test Description. Event Probability cutoff value. Do not discard cut set if cut set failure probability is greater than the cutoff
or failure probability for each event in the cutset is greater than or equal to the event probability cutoff, To accomplish this Test |
used the Peach Bottom sequence Al7 and generated cut sets for 4 different probability cutoff values (1E-2, 1E-9, 1E-11, SE-12).
This test was repeated for cut sets using fault trees and then sequences 1o generate the cutsets.

Computer system description: [BM Clone/Continental 386-33/AT-Bus, DOS 5.0, 12Mb, 2 IDE- 100Mb, SVGA-Windows
YGA-DOS

Expected values/acceptance criteria: The expected values would be consister® with the probability cutoff valt s in the reports.
Input data file names and listings: Input listings are attached (on disk). Also included are a hard copy of the reports,

Output data file names and listings: Output files are on disk and on hard copy. The results matched the appropriate cutoff
probabilities in all cases.

SOFTWARE TEST RECORD
STR Ne. ] STR-16-001-0693
Date ! 7720093
Onginator ; Steven D. Novack

Test Number: STR-16-001-07-93

Test Description: Determine the maximum number of cut sets saved in the database for one sequence. To determine this value
1 created cut sets from one sequence taken from a Peach Bottom event tree. The sequence generated more than the saved number
of cut sets therefore the total number of cut sets were truncated. Next, I saved the cut sets in an ASCII report using the IRRAS
report function, loaded the file into Word Perfect for Windows and split the file in half. Then I loaded the two files into MS
EXCEL 4.0, smart parsed the results and wrote 2 macro that stripped the headers off the file and another that counted the total
number of events.

Computer system description: 1BM Clone/Continental 386-33/AT-Bus, DOS 5.0, i12Mb, 2 IDE- 100Mb, SVGA-Windows
VGA-DOS

Expected valuesfacceptance criteria:  The expected total number of events and cutsets should be less than 32,700
Input data file names and listings: Input listings are attached (on disk),
Output data file names and listings: Output files are on disk. The results conflicted with the formula give in the technical

reference guide V4.0. 1 found the number of total cut sets saved in the database to be < 32,000 not < 32,700. An anomaly report
AR-02-07.93-001.
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Appendix C
SOFTWARE TEST RECORD

STR No. 3 STR-17-001-0893
Date ; R/6/93
Onginator ; Lw

Test Number: Test |7
Test Description. VV data base
1A) Event tree ET: create three (3) chg sets: flagsetl, flagset2, flagsetd for sequences 2, 3, and 4, respectively. Enter flagset
names in "flag set name" block of the event tree modify sequence menu.
Seq 2—Flagset]: System A, Y flag set, basic event L., house event TRUE—L removed (input to AND gate)
Seq 3—Flagset2: System B, Y flag set, basic event J, | (ignore J)
Seq 4—Flagset3: Basic event J, house event FALSE—] removed (input to OR gate)
Generate sequence cut sets on each sequence individually and as a group, no cut offs with fault trees
IB)  Seg 4—Flagset3: basic event J, house event TRUE—J and K removed (input to OR gate)
Generate sequence cut sets on sequence 4. no cut offs with fault trees
1C)  Seq 3—~Flagset2: Basic event L, house event FALSE—L and M removed (input to AND gate)

Generate sequence cut sets on sequence 4, no cut offs with fault trees

2) Event tree ET: create three (3) chg sets: flagset], flagset2. flagset3 for sequences 2, 3, and 4, respectively. Enter flagset
names in "flag sct name” block of the event tree modify sequence menu.

Seq 2—Flagseti: Basic event L, house event TRUE—L removed (input to AND gate)

Seq 3—Flagset2: System B, Y flag set, basic event 1, 1 (ignore J)

Seq 4—Flagsetd: Basic event J, house event FALSE-—J removed (input to OR gate)
Generate sequence cut sets on each sequence, no cut offs with fault trees and insent default! for flag set name in the cut set
generation cutoff values menu for sequence 2 .. set generation. Do the same for default2 on sequence 3 and default3 on

sequence 4,

3) Using the data in number 2 above, generate sequence cut sets on each sequence, no cut offs with fault trees and insert ‘none’
for the flag set name in the cut set generation cutoff values menu,

Computer system description: IBM Clone, Insight 486, 33 MHz, I1SA bus, DOS 5.0, 16 Mb ram, 340 Mb IDE hard drive, VGA
display

Fapected values/acceptance criteria

1A)  Seq 2—Flagsetl: System A, Y flag set, basic event L, house event TRUE -L removed (input to AND gate)
Seq 3—Flagset2: System B, Y flag set, basic event J, 1 (ignore 1)
Seq 4-—Flagset3: Basic event J, house event FALSE—J removed (input to OR gate)

Generate sequence cut sets, no cut offs with fault trees—acceptable

1B)  Seq 4 Flagset3: Basic event ), house event TRUE—J and K removed (input to OR gate)

Generate sequence cut sets on sequence 4, no cut offs with fault trees—acceptable
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Appendix C
SOFTWARE TEST RECORD
STR No. § STR- |8-000-0893
Date : 8/15/93
Onginator : RVH

Test Number: Test 18

Test Description. DEMO data base. Update cut sets. Reevaluate existing cut sets using the cut set update feature in IRRAS
with both the base and current cases. This will test the following parameters,

A) When the cut set probability cutoff is set, IRRAS discards any cut set whose probability of failure is less than the cutoff
value, and that the [ robability of failure is equal to the product of the probability of each event in the cut set,

B) That irras uses the size truncation option as intended and eliminutes any cut set whose size exceeds a specified size.

C) That IRRAS uses the zone truncation option as intended and eliminates any cut set whose number of zone events exceeds
the specified zone size.

Using DEMO database will generate both base and current ¢ase cut sets for sequence 2, setting all cutoff values to no N>,

Will the cut set update option for both the current and base case, a) will set cutoffs at combinations of 0.00, |E-8, 1E-5, 1E-3,
and 1E-1; b) will set cutoff for cutset size of O, 1, 2. and 3.)

The cut set update menu does not provide this option in IRRAS 4.0. It is provided in IRRAS 5.0,

Computer system description: IBM Clone, Gateway 2000 486/23DXC, 8Mb RAM, 200IDE hard drive, VGA display, DOS 5.0
Expected values/acceptance criteria: Sequence 2 was solved using Boolean logic, the cut sets produced were loaded into a
LOTUS 1,2,3 spread sheet, values were added for basic events and each cut set value was generated. This is shown in printout.
Visual inspection and comparison of the values generated by TRRAS and this printout was considered acceptable.

Input data file names and listings: Since DEMO database was used there are no input files.

Output data file names and listings: After each calculation was performed, a report was produced on the cut get listing in
display reports for all results that produced cut sets.
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SOFTWARE TEST RECORD

STR No, STR-19.001-0893
Date 8/2/93
Originator Steven D. Novack

Test Number: STR-19-001.08.93

Test Description:  Analyze a large sequence, not using the fault tree option to determine if the code correctly calculates the cut
set probability. To accomplish this Test 1 used a sequence (A17) from the Peach Bottom database with a probability cutoff value
of | x 10E~19, | used the same basic event table as test #9 that includes the event names and probabilities, and generated a new
cut st report that includes the cut set members and the calcuiated probability. Next, { loaded the files into MS EXCEL V4.0
used a previously generated macro to strip the headings from the file and a second macro to calculate each cut set probability.

Computer <« ation:  IBM Clone/Continental/ 386- 33 AT-Bus, DOS 5.0, 12Mb, 2 IDE-—100Mb, SVGA-Windows
VGA-DC

Expected vi  oo/acceptance criteria. The expected cutset probabilities in IRRAS should match the calculated values in EXCEL.

Input data file names and listings: Input listings are attached (on disk), Also included are a had copy of the Excel macro used
to determine the cutset probability,

Outpui data file names and listings: Output files are on disk. The results did not match the IRRAS file for the Al7 sequence.
The EXCEL values were off by a factor of |E-4. This is probably due to the initiating event, which is not inicluded in the cutsets
and therefore not calculated by the EXCEL macro, Although 1 will not write an Anomaly for this item it should ke noted.

SOFTWARE TEST RECORD
5TR No. STR-21-06-93-00)
Date /1493
Oniginator ; Steven D. Novack

Test Number: STR.2]-06-93.001

Test Descripiion: Spilt Fraction calculation. Values from two systems were generated using IRRAS. These were then combined
using the equution provided in the test protocol to calculate a sequence split fraction by hand. Next the hand calculated values
were compared (o the IRRAS report values.

Computer system description: IBM Clone/Continental/ 386-33/ AT-Bas, DOS 5.0, 12Mb, 2 IDE—100Mb, SVGA-Windows
VGA-DOS

Expected valuew/acceptance criteria. Demo database used Sequence 2 = 477263F-2
Sequence 3 = 1.03371E-3. (see attached)

Output data file names and listings: Input valus are derived from the cutset upper bound resulis of the CCS and ECS trees
(see artached), LaSalle database.

Output data file names and listings The cutput data 1s found on the split fraction results screen. The results were consistent
with the hand calculated values. However, there may be a problem with not rounding the results of the Split Fraction.
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Appendix C
SOFTWARE TEST RECORD

§TR No STR-22-001-06-91
Date 6/15/93
Originator Steven D. Novack

Test Number: STR-22.001.06-93

Test Description.  Base Case Update. An Altemate case was made that changed 3 basic event probability data. Cut sets for
the altemative case and the base case were run. Report outputs of the altemative case, the base case prior (o the update and after
the undate were made for comparison purposes.

Computer system description.  [BM ' oo/Continental 386- 33/ AT-Bus, DOS 5.0, 12Mb, 2 IDE—~100Mb, SVGA-Windows
VOA-DOS

Expected values/acceptance criteria s database used (CCS) C-MOV-1 Base = 1E-3 Altemite = 1E-4 E-MOV-| Base
= {E-3 Alternate = |E-4 Tank Base « Alternate 1E-3 (See atached)

Input data file names and listings:  1nput istings are attached.

Output data file names and listings: The output data is included with the attached listings. This est was never completed since
the base case report failed 1o show the proper base case probabilities. Print screens of the basic event data were included (see
aitached) to confirm base case event data which did not match the base case probabilities in the cut sets, It seems that the
altemate probabilities as opposed 1o the base case data is appearing in the reports for the base case. This feature needs to b=
corrected before finalizing this test.

SOFTWARE TEST RECORD

STR No. STR-23.001-06.93
Date 61593
Originator ' Steven D. Novack

Test Number: STR-23-00].06-93

Test Description: Minimal Cut Set Upper Bound. The test procedure included downloading the cut sets and their probabilities
(sequence 2 & 3 from the DEMO family) into & text file. The text file was then uploaded into MS Excel 3.0, and smart parsed.
Once in a workable form, calculations based on the test procedure for determining the minimal cut set upper bound was applied
to the data,

Computer system description. 1BM Clone/Continental/ 386- 33/ AT-Bus, DOS 5.0, 12Mb, 2 IDE—100Mb, SVGA-Windows
VGA-DOS

Expected values/acceptance criteria. DEMO database used (CCS) Sequence 2 MCSUB = 4.63633404F -
Sequenice 3 MCSUB = 3.96970730644800E -3 (see attached)

Input data file names and listings: Input listings are atached. IRRAS DEMO Database.
Output data file names and listings  The output data is included with the attached Iistings. All values checked out for two
significant figares atter the decumal point using scientific notation.  However, there is still a problem with rounding (or not

rounding values). See STR # 21 for more detail. In this computation sequance 2 was ofl in the third value after the decimal
place.
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SOFTWARE TEST RECORD

STR No : STR-24-001-06-93
Date 6/29/93
Orniginator : Steven D, Novack

Test Number STR-24.00].06-93

Test Description:  Perform Analysis on event tree using fault trees. To accomplish this task 1 extracted two systems from the
LaSalle-4 database in IRRAS, created a small event tree thai included these systems and generated cut sets for two sequences.
Next [ download=d the fault tree information and uploaded it into CAFTA, Then | created the same event tree and generated
cut sets for the same two sequences.

Computer system description. IBM Clone/Continental 386- 33/ AT-Bus, DOS 5.0, 12Mb, 2 IDE—100Mb, SVGA-Windows
VGA-DOS

Expected values/aceeptance criteria. Based on the CAFTA results Sequence 2 = 2.54E-0]
Sequence 3 = 9.73E-0 (see antached)

Input data file names and listings: Input listings are attached. LaSalle Database

Output data file names and listings: The output data is included with the attached listings for cutsets greater than | < 10-6.
All values and the 10p twenty cutsets checked out.

SOFTWARE TEST RECORD

STR No. : STR-25-001-06-93
Date 71793
Originator Steven D. Novack

Test Number. STR-25.001-06-93

Test Description. Perform Analysis on event tree using cut sets. To accomplish this task | extracted two systems from the
LaSalie-4 database in IRRAS, created a small event tree that included these systems and generated <ut sets for ane sequence.
Next, | downloaded the fault tree information and uploaded it into CAFTA. Then I created the same event tree and generated
cut sets for the same  sequence,

Computer system description: 1BM Clone/Continental/ 386-33/ AT-Bus, DOS 5.0, 12Mb, 2 IDE—100Mb, SVGA-Windows
VGA- D08

Expected values/acceptance criteria: Based on the CAFTA results Sequence 4 = 3,3E-02 (see attached)
Input data file names and listings: Input listings are attached. LaSalle. VBK RCIC.SET

Output data file names and listings: The output data is included with the attached listings for cutsets greater than | x 10-5.
All values and the top twenty cut sets checked out.
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: Appendix C
G
| SOFTWARE TEST RECORD
| STR No. STR-30-001-0893
| Date August 1993
Originator Curtis L. Smith

Test Number: 00

Test Description: Tested the Monte Carlo sampling for a single event (seed = 4321, 5000 samples). The event tested was for
the uniform distribution. Three different uniform distributions were tested: (A) low value = 0, high value = 1; (B) low value
= 0, high value = 100,000; and (C) low value = -1, high value = 1. The Monte Carlo results for these three distributions were
compared *o hand calculated values. The code passed all tests for the uniform distribution Monte Carlo analysis,

Computer system description: 33 MHz 486, Insight International. AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVOGA monitor,

Expected velues/acceptance criteria The expected values for the three distributions are:

Parameter Distribution A Distribution B Distribution €

Mean 0.5 50,000 0

Sth percentile 0.05 5,000 .1

S0th percentile 0.5 50,000 0

95th percentile 0.95 95,000 09
| Standard Dev. 0.2887 28,868 0.5774
| Skewness 0 0 0 H
| Kurtosis

Input data file names and listings: One basic event was input to an OR gate. The basic event had a uniform Aistribution with
the following parameters:

Parameter Distribution A Distribution B Distribution C
Prob. value 0.5 50,000 0
Uncentainty value 1 100,000 |
Calc, type 1 l |
Uncertainty type 18] u u
ﬂ Init. Flag Y Y Y

Output data file names and listings  See attachiients,
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Appendix C

SOFTWARE TEST RECORD
STR No. - STR-31-001-0893
Daie : August 1993
Onginator 3 Curis L. Smith

Test Number: 00!

Test Description: Tested the Latin Hypercube (LHS) sampling for a single event (seed = 4321, 5000 samples). The event tested
was for the uniform distnbution. Three different uniform distributions were tested: (A) low value = 0, high value = 1; (B) low
value = O, high value = 100,000; and (C) low value = -1, high value = |. The LHS results for these three distributions were
compared to hand calculated values. The code passed all tests for the uniform distribution LHS analysis.

Computer system description. 33 MHz 486, Insight Intenational, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte [DE hard
drive, SVGA monitor.

Expected values/acceptance criteria. The expected values for the three distributions are:

Parameter Distribution A Distribution B Distribution C

Mean 0.5 50,000 0

Sth percentile 0.05 5,000 0.1

S50th percentile 0.5 50,000 0

95th percentile 0.95 95,000 0.9

Standard Dev. 0.2887 28 B6R 0.5774

Skewness 0 (1] 0 ]]
B e -

inpui data file names and listings: One basic event was input to an OR gate. The basic event had a uniform distribution with
the following parameters:

Parameter Distribution A Distribution B
Prob. value 0.5 50,000
Uncertainty value ] 100,000
Cale, type 1 ]
Uncertainty type U U
Init. Flag Y Y

SEE

Output data file names and listings: See attachments.
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Appendix C

SOFTWARE TEST RECORD
STR No. : STR-30-602-0893
Date : August 1993
Originator : Curtis L. Smith

Test Number: 002

Test Description: Tested the Monte Carlo (MC) sampling for a single event (seed = 4321, 5000 samples). The event tested
was for the exponential distribution. Eight different exponential distributions were tested: (A) prob. value = -1, (B) prob. value
= (), (C) prob. value = 0.1, (D) prob. value = 1, (E) prob, value = 50, (F) prob. value = 5,000, (G) prob. value = 0,0002, and (H)
prob. value = JE-16. The MC results for these distributions were compared to hand calculated values. The code did not pass
all tests for the exponential distribution MC analysis (see reports AR-30-0893-001 and AR-30-0893-002).

Computer system description: 33 MHz 486, Insight Imtemational, AT bus, DOS 5.0, 16 Mbyte RAM. 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteriac  The expected values for the eight distributions are:

ez e -
Parameter A B C D E ¥ G H
Mean -1 0 0.1 ! S0 5,000 2E-4 1, 443E-16
5th percentile na 0 S.13E-3 5.13E-2 2.565 256.5 1E-5§ 7.4E-i8
50th percentile n/a 0 6.93E-2 6.93E-1 34.65 3,465 1.39E-4 1.OE-16
95th percentile wa 0 2996E-1 2.996 1498 14,980 5.99E-4 4.3E-16
Standard Dev. wa 0 0.1 1 50 5,000 2E-4 1.443E~16
Skewness wa 0 2 2 2 2 2 2
Kurtosis / 0 9 9 9 9 9 ﬂ

Tests for distribution A, B, and H did not pass the acceptance criteria (see reports AR-30-0893-001 and AR-30-0893-002).

input data file names and Jistings: One basic event was input to an OR gate. The basic event had an exponential distribution
with the following parameters:

Parameter A B C D E F G H

Prob. value -1 0 0 ] 50 5,000 2E4 .443E- 16

Uncertainty value 0 0 0 0 0 0 0 0
L__‘(,al_c_:._xype 1 1 I 1 I | 1 1 I

Uncertainty type E E E B E E E

Output data file names and listings: See attachments.

C-29 NUREG/CR-6145



s "

Appendix C

SOFTWARE TEST RECORD
STR No. : STR-31-002-0893
Date : August 1993
Originator : Curtis L. Smith

Test Number: 002

Test Description: Tested the Latin Hypercube sampling (LHS) for a single event (seed = 4321, 5000 samples). The ¢vent tested
was ior the exponential distribution. Eight different exponential distributions were tested: (A) prob. value = -, (B) preb. vaiue
=0, (C) prob. value = 0.1, (D) prob. ' alue = 1, (E) prob. value = 50, (F) prob. value = 5,000, (G) prob. value = 0.0002, and (H)
prob. value = [E~16. The LHS results for these distributions were compared to hand calculated values. The code did not pass
all tests for the exponential distribution LHS aralysis (see reports AR-30-0893-001, AR-30-0893-002, and AR-31-0893-001).

Computer system description: 33 MHz 486, Insight International, AT bus, DGS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive. SVGA monitor.

Expected values/acceptance criteria: The expected values for the eight distributions are:

r———— T e
Parameter A B C D E F G H
Mean -1 1] 0.1 1 50 5,000 2E-4 | 443E-16
Sth percentile n/a 0 5.13E-3 S.13E-2 2.565 256.5 1E-5 7.4E-18
SOth percentile wa 0 6.93E-2 6.93E- | 34.65 3,465 1.39E-4 1.0E-16
95th percentile wa 0 2.996E- 1 2.996 149 8 14,980 5.99E-4 43E-16
Stapdard Dev. na 0 0.1 I 50 5,000 2E-4 | WUE-16
Skewness na 0 2 2 2 2 2 2
Kurtosis na 0 @ 9 9 9

e e e e

Tests for distribution A, B, and H did not pass the acceptance criteria (see reports AR-30-0893-001 and AR-30-0893-002). For
the remaining distributions, the resuits were acceptable but differed from what was expected (see AR-31-0893-001).

Input data file names and listings: One basic event was input to an OR gate. The basic event had an exponential distribution
with the following parameters:

B C H

l?rob. value -1 0 0 1 50 5,000 2E-4 1.443E-16
Uncertainty value 0 0 0 0 0 0 0 G
Calc. type | 1 | 1 1 I ] 1
Uncertainty type E E B E E g E E
Init. Flag Y Y Y Y Y Y Y Y

Output data file names and listings: See attachments.
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Appendix C

SOFTWARE TEST RECORD
STR No. - STR-30-003-0893
Date August 1993
Originator Curtis L. Smith

Test Number: 003

Test Description: Tested the Monte Carlo (MC) sampling for a single event (seed = 4321, S000 samplies). The event tested
was for the lognormal distribution. Five different lognormal distributions were tested: (A) prob. value = 1E-4, Error Factor (EF)
= 10; (B) prob. value = 1E-6. EF = 10; (C) prob. value = |E-15, EF = 1,000 (D) prob. value = 1E-16, EF = ],000; and (E) prob.
value = 1E-17. EF = 1,000. The MC results for these distributions were compared to hand calculated values. The code did not
pass all tests for the lognormal distribution MC analvsis (see report AR-30-0893-003),

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria; The expected values for the five distributions are:

T e |
Parameter A B c D E
Mean 1E-4 1E-6 1E-15 1E~16 1E-17
Sth percentile 3.75E-6 375E-8 1.48E-22 1.48E-23 | 4BE-24
S0th percentile 3.75E-5 3,75E-7 1.48E~19 1.48E-20 1 4BE-21
95th percentile 3.75E-4 3.75E-6 1.48E-16 | 4BE--17 1 48E-~ 18 JH
Standard Dev. 6.75E~13 6.75E~14 n

Tests for distributions C, D. and E did not pass the acceptance criteria (see repont AR-30-0893-003).

Input data file names and listings: One basic event was input to an OR gate. The basic event had an lognormali distribution
with the following parameters:

Parameter
Prob. value 1E-4 1E-6 1E~15 1E-16 1E-17 H
Uncertainty value 10 10 1,000 1,000 1,000 ﬂ
Cale. type 1 1 1 ! i l
Uncentainty type L L L L &
Init. Flag Y ¥

=

Output Aata file names and listings: See attachments.
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SOFTWARE TEST RECORD
STR No., - STR-31-003-0893
Date : August 993
Orniginator : Curtis L. Smith

Test Number (03

Jest Description: Tested the Latin Hypercube sampling (LHS) for a single event (seed = 432]. 5000 samples). The event tested
was for the lognormal distribution. Five different lognormal distributions were tested: (A) prob. value = 1 E-4, Error Factor (EF)
= 10; (B) prob. value = 1E-6, EF = 10, (C) prob. value = 1E-15, EF = {000 (D) prob. value = 1E~16, EF = 1,000; and (E) prob.
value = 1E-17, EF = 1,000. The LHS results for these distributions were compared to hand calculated values. The code did
not pass all tests for the lognommal distribution LHS analysis (see report AR-30-0893-003),

Computer system description: 32 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor,

Expected valuesfacceptance criteria:  The expected values for the five distributions are.
[t =

e
Parameter A B C D B
Mean 1E-4 |E-6 1E-15 1E-16 1E-17
5th percentile 3.75E-6 3.75E-8 1. 48E-22 1.48E-23 1.48E-24 “
S(xh percentile 3.75E-5 3.75E-7 1.48E~19 1.48E-20 1 48E-21
95th percentile 3.75E-4 3.75E-6 1.48E-16 1.48E~17 1.48E- 18
Standard Dev. 2.47E-4 2.47E-6 6.75E-12 6.75E-13 6.75E-14

Tests for distributions C, D, and E did not pass the acceptance criteria (see report AR-30-0893-003),

Input data file names and listings: One basic event was input to an OR gate. The basic event had an lognormal distribution
with the following parameters:

Parameter A B C D E ﬁ

Prob. value 1E-4 1E-6 1E~15 1E-16 1E-17

Uncertainty value 10 10 1.000 1.000 1,000

Calc. type 1 | 1 1 I

Uncertanty type L L % L H
‘wg 4 Y Y Y Y : 4

Output data file names and listings: See atachments.
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Appendix C

SOFTWARE TEST RECORD
STR No. ; STR-30-005-0893
Date ; August 1993
Originator Curtis L. Smith

Test Number: 005

Test Description:  Tested the Monte Carlo (MC) sampling for a single event (seed = 4321, 5000 samples). The event tested
was for the chi-square distribution. Eight chi-square distributions were tested: (A) prob. value = 2, uncertainty value = 1; (B)
prob. value = 5, uncertainty value = 1, (C) prob. value = 4, unceriainty value = 2; (D) prob. value = 0.1, uncenainty valve = 5;
(E) prob. value = 400000, uncertainty value = 5; (F) prob. value = 100, uncentainty value = 100; (G) prob. value = 0, uncertainty
value = 0; (H) prob. value = 0, uncertainty value = 1.5: and (I) prob. value = 0, uncertainty value = 1. The MC results for these
distributions were compared (0 hand calculated values. The code did not pass ali tests for this chi-square distribution MC
analysis.

Computer system description: 33 MHz 486, Insight International. AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria: The expected vaiues for the distribution were based upon the following criteria (according
to the SAPHIRE Technical Reference Manual IRRAS/SARA 4.0, page 69)

Distribution A should be distributed as 2x*(1)
Distribution B should be distributed as 5x°(1)
Distribution C should be distributed as 2x°(2)
Distribution D shoulid be distributed as (1/50)x%(5)
Distribution E should be distributed as 8000y ’(5)
Distribution F should be distributed as °(100)
Distribution G should be undefined

Distribution H should be undefined

Distribution I shouid be zero

The output from the MC were compared to a standard table of chi-square values. Tests for distributions A. B, C, D, E, and |
did not pass the acceptance criteria (see report AR-30-0893-004). Tests for distribution G and H did not pass the acceptance
criteria (see report AR-30-0R93-005),

Input data file names and listings: One basic event was inout to an OR gate. The basic event had an chi-square distribution
with the following parametets:

Parameter A B c D E N G H 1
Prob. value 2 5 B 0.1 40,000 100 0 0 0
Uncertainty value | | 2 5 5 100 0 1.5 1
Calc. type i I | 1 1 1 1 | |
Uncertainty type C C C C £ 9 C = - (' '_l
Init. Fiag Y i § Y Y Y Y Y Y I Y ﬂ

Output data file names and listings: See attachments.
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SOFTWARE TEST RECORD
STR No. - STR-31-005-089..
Date : August 1993
Originator Curtis L. Smith

Test Number 005

Test Description: Tested the Latin Hypercube sampling (LHS) for a single event (seed = 4321, 5000 sampies). The event tested
was for the chi-square distribution. Eight chi-square distributions were tested: (A) prob. value = 2, uncertainty value = 1; (B)
prob. value = 5, uncertainty value = 1; (C) prob. value = 4, uncertainty value = 2; (ID) prob. value = 0.1, uncertainty value = §;
(E) prob. value = 400000, uncertainty value = 5; (F) prob. value = 100, uncertainty vaiue = 100; (G) prob. value = 0, uncertainty
value = O; (H) prob. value = 0. uncertainty value = 1.5, and (1) prob. vaiue = 0, uncertainty value = 1. The LHS results for these
distributions were compared to hand calculated values. The code did not pass all tests for this chi-square distribution LHS
analysis. e

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria: The expected values for the distribution were based upon the following criteria (according
to the SAPHIRE Technical Reference Manual IRRAS/SARA 4.0, page 69

Distribution A should be distributed as 2x%(1)
Distribution B should be distributed as Sx°(1)
Distribution C should be distributed as 2x°(2)
Distribution D should be distributed as (1/50)*(5)
Distribution E should be distributed as 8000%°(5}
Distribution F should be distributed as x*(100)
Distribution G should be undefined

Distribution H should be undefined

Distribution | should be zero

The output from the LHS were compared to a standard table of chi-square values. Tests for distributions A, B, C, D, E, and 1

did not pass the acceptance criteria (see report AR-30-0893-004). Tests for distribution G and H did not pass the acceptance
criteria (see report AR-30-0893-005).

Input data file names and listings: One basic event was input 10 an OR gate. The basic event had an chi-square distribution
with the following parameters:

Output data file names and listings: See attachments,
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Parameter A B C D E F G H i
Prob. value 4 0.1 40,000 100 0 0 ‘F
Uncertainty value ] 1 2 5 3 100 0 1.5 |
Cale. type ! 1 1 i i I | I |
Uncertainty tvpe L C C C C C L
Init, Flag Y Y b § Y ¥ ¥
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Appendix C

SOFTWARE TEST RECORD
STR No. STR-30-006-0893
Date ) August 1993
Originator : Curiis L. Smith

Test Number (06

Test Description: Tested the Monte Carlo (MC) sampling for a single event. The event tested was for the chi-square
distribution  Three chi-square distiibutions were tested: (A) prob. value = 1, uncertainty value = 1. (B) prob. value = 2,
uncertainty value = 2: (C) prob. value = 5, uncertainty value = 5. The three distributions were tested using different number of
sample values (500, 1000, 3000, 5000, and 10000). The MC results for these distributions were compared to hand calculated
values. The code did pass all tests for this chi-square distribution MC analysis.

Computer system description. 33 MHz 486, Insight Intemational, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria. The expected values for the distribution were based upon the following criteria {according
10 the SAPHIRE Technical Reference Manual IRRAS/'SARA 4.0, page 69)

Distribution A should be distributed as (1)
Distribution B should be distributed as ¥*(2)
Distribution C should be distributed as x(5)
The output from the MC sampling were compared to & standard table of chi-square values.

Input data file names and listings: One basic event was input to an OR gate. The basic event had an chi-square distribution
with the following parameters:

Parameter A B £
Prob. value ] 2 8
Uncertainty value ] 2 5
H Cale. type 1 | |

H Uncertainty type

ﬂ Init. Flag Y

Output data file names and listings: See attachments.
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Apperdix C
SOFTWARE TEST RECORD

STR Ne. 2 STR-31-006-0893

Date ! August 1993

Onginator : Curtis L. Smith

Test Number: 006

Test Description. Tesied the Latin Hypercube sampling (LHS) for a single event. The event iested was for the chi-square
distribution.  Three chi-square distributions were tested: (A) prob. value = 1, uncentainty value = 1; (B) prob. value = 2,
uncenainty value = 2; (C) prob. value = 5, uncertamty value = 5, The three distributions were tested using different number of
sample values (100, 500, 1000, 3.7, 5000, and 10000). The LHS results for these distributions were compared 1o hand
calculated values, The cude did pass all tests for this chi-square distribution LHS analysis.

Computer sysiem description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
dnve, SVGA monitor.

Expected valuesfacceptance criteria. The expected values for the distribution were based upon the following criteria (according
to the SAPHIRE Technical Reference Manual IRRAS/SARA 4.0, page 69):

Distribution A should be distributed as x*(1)
Distribution B should be distributed as x*(2)
Distribution C should be distributed as x*(5)
The output from the LHS were compared to a standard tabie of chi-square values.

input data file names and listings: One basic event was input 1o an OR gate, The basic event had an chi-square distribution
with the following parameters:

Output data file names and listings: See attachments. |
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STR No.
Date
Originator

Test Number (07

SOFTWARE TEST RECORD

STR-30-007-0893
August 1993
Curtis L. Smith

Appendix C

Test Description. Tested the Monte Carlo (MC) sampling for a single event. The event tested was for the normal distribution.
A single normal distribution was tested with prob, value = 0 and standard deviation of = | (i.e., a standard normal distribution).
This event was tested for several different sample sizes (500, 1000, 3000, 5000, and 10000 samples) and several different seed
values (512, 4321, and 65533). The MC results for these distributions were compared to hand calculated values. The code passed
all tests for this normal distribution MC analysis.

Computer system description: 33 MHz 486, Insight Intemational, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard

dnve, SVGA monitor,

Expected values/acceptance criteria. The expec

ted values for the distribution are:

m————————— o s e
Parameter Distribution
Mean 0
Sth percentile -1.65
50th percentile 0
n 95th percentile 1.65
H Standard Dev. 1
" Skewness 0

input data file names and listings: One basic event was inpu! 1o an OR gate. The basic event had an normal distribution with

the following parameters:

| Parameter Distribution

Prob. value 0

| Uncertainty valve i

| Calc, type ]
Uncertainty type N

Output data file names and listings: See attachments.

NUREG/CR-6145



Appendix C
SOFTWARE TEST RECORD

STR No. STR-31-007-0893
Date : August 1993
Onginator : Curtis L. Smith

Test Number: 007

Test Description: Tested the Latin Hypercube sampling (LHS) for a singie event. The event tested was for the normal
distribution. A single normal distribution was tested with prob. value = 0 and standard deviation of = | (i.e., a standard normal
distribution). This event was tested for several ditferent sample sizes (100, 500, 1000, 3000, S000, and 10000 samples) and
several different seed values (512, 4321, and 65533). The LHS results for these distributions were compared to hand calculated
values. The code passed all tests for this normal distribution LHS analysis.

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria: The expected values for the distribution are:

Parameter Distribution
Mean 0 ]
Sth percentile -1.65 “
50th percentile J “
95th percentile 1.65
Standard Dev. 1
Skewness 0
Kurtosis 3

e e oz e

The maximum and minimum values from the LHS sampling were checked against the expected upper or lower values knowing
that: (A) if 1000 samples are used, the lower probability interval will be between 0 and 1/1000, (B) the lower interval from the
standard normal distribution from 0 to 1/1000 corresponds to a value of -3.08 (taken from table of cumulative standard normal
probabilities), and (C) consequently, the minimum LHS sampie should be between -ec and -3.08 for this distribution for 1000
samples.  All the minimum and maximum sampies checked out to be within their appropriate intervals,

Input data file names and listings: One basic event was input to an OR gate. The basic event had an normal distribution with
the following parameters:

Parumeter ValueParameterValue
Prob. value 0 Uncertainty value |
Cale. type 1 Uncertainty typeN
Init. Flag Y

Output data file names and listings See attachments.
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SOFTWARE TEST RECORD
STR No. ] STR-30-008-0893
Date : August 1993
Oniginator Curtis L. Smith

Test Number: 008

Test Description: Tested the Monte Carlo (MC) sampling for a single event (seed = 4321, S000 samples). The event tested
was for the gamma distribution. Six gamma distributions were tested: (A) prob. value = .5, uncertainty value = 5. (B) prob,
value = 100, uncertainty value = 20, (C) prob. value = 1 E-4, uncertainty value = 10000; (D) prob. value = 0.01, uncertainty value
= 100; (E) prob. value = 1, uncertainty value = 0.5, and (F) prob. value = 2, uncertainty value = 1. The MC results for these
distributions were compared to hand calculated values. The code did niot pass all tests for the gamma distribution MC analysis.

Computer system description: 33 MHz 456, Insight International. AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
dnive, SVGA monitor,

Expected values/acceptance criteria: The expected values for the distribution were based upon the foliowing criteria:

R S ﬂmaﬂnaanﬂ e ————n
B [ F

Parameter A D B

Mean 0.5 100 1E-4 1E-2 | 2
Standard deviation 0.2236 22.36 1E-6 1E-3 1.4142 2
Skewness 0.894 0.447 0.02 0.2 2.83 2

Tests for distribution C did not pass the acceptance criteria (see report AR-30-0893-006). Distributions E and F passed the
acceptance criteria, but the results differed a little from what was expected (see report AR-30-0893-007),

Input data file names and listings: One basic event was input to an OR gate. The basic event had a gamma distribution with
the following parameters:

Parameter

Prab. value 0.5 100 1E-4 1E-2 | 2

Uncerainty value 5 20 1E+4 LE+2 0.5 | “
Calc. type 1 1 1 1 I I

Uncertainty type G G G G

Init. Flag

Output data file names and listings: See attachments.
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Appendix C
SOFTWARE TEST RECORD
STR No. - STR-30.009.0893
Date - August 1993
Onginator ] Curtis L. Smith

Test Number: 009

Test Description. Tested the Monte Carlo (MC) sampling for a single event, The event tested was for the gamma distribution,
A single gamma distribution was tested with prob. value = 0.1 and uncertainty value of = 1. This event was tested for several
different sample sizes (500, 1000, 3000, 5000, and 10000 samples) and several different seed values (512, 4321, and 65533),
The MC results for these distributions were compared to hand calculated values. The code passed all tests for this gamma
distribution MC analysis.

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria. The expected values for the distribution are.

Parameter Distribution
Mean 0.1
Sth percentile 0.00513
5(nh percentle 0.0693
95th percentile 0.2996
Standard Dev, 0.1

ﬁ Skewness 2

Input data file names and listings: One basic event was input to an OR gate. The basic event had an gamma distribution with
the following parameters:

Prob. value 0.1

*L====v-~l

Uncertainty value 1

h Calc. type 1

Uncertainty type G

Init. Flag

Output data file names and listings: See attachments,
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SOFTWARE TEST RECORD
STR No. . STR-31-009-0893
Date August 1993
Originator : Curtis L. Smith

Test Number: (06

Test Description: Tested the Latin Hypercube sampling (LHS) for a single event. The event tested was for the gamma
distribution. A single gamma distribution was tested with prob. value = 0.1 and uncertainty value of = 1. This event was tested
for several different sample sizes (100, 500, 1000, 3000, 5000, and 10000 samples) and several different seed values (512, 4321,
and 65533). The LHS results for these distributions were compared to hand calculated values. The code passed all tests for this
gamma distribution LHS analysis.

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor,

Expected values/acceptance criteria: The expected values for the distribution are:
EaSES SESBS L = o

Parameter Distribution
Mean 0.1
Sth percentile 0.00512
SOth percentile 0.0693
95th percentile 0.2996
Standard Dev. 0.1
Skewness 7 2
Kurtosis

b=

Input data file names and listings: One basic event was input to an OR gate. The basic event had an gamma distribution with
the following parameters:

feeeem e T T T TS I I T I T I I R S T NIy
Parameter Distribution
Prob. value 0.1

Uncertainty value 1

Calc. type 1
Uncertainty type G
init. Flag 5
M = =S I

Output data file names and listings: See attachments.
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STR No, : STR-30-010-0893
Date : August 1993
Originator Curtis L. Smith

Test Number. 010

Test Description.  Tested the Monte Carlo (MC) sampling for a single event (seed = 4321, 5000 samples). The event tested
was for the beta distribution. Nine beta distnibutions were tested: (A) prob, value = 0.5, uncertainty value = 0.5; (B) prob. value
= 1, uncertainty value = |, (C) prob. value = -1, uncertainty value = 0.5, (D) prob. value = 0.5, uncertainty value = 0, (E) prob.
value = 0.001, uncertainty value = 0.2; (F) prob, value = 1E-6, uncentainty value = 2; (G) prob. value = 1E-6, uncertainty value
= 800000, (H) prob. value = 0.5, uncertainty value = |, and (I) prob. value = 0.5, uncertainty value = 5, The MC results for these
distributions were compared to hand calculated values or other MC code (@RISK) calculations. The IRRAS code did not pass
all tests for the beta distribution MC analysis.

Computer system description. 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria: The expected values for the distribution were based upon the following criteria:

Parameter A B C D E F G H I
Mean 0.5 wa na na 0.00 €6 1E-€& 0.5 0.5
Std. deviation 0,354 na wa n/a 0.028% -4 J.IE-6 0289 0.151

Tests for distnbutions B through D did not pass the acceptance criteria (se¢ report AR-30-0893-008). Distributions E through
G also did not pass the acceptance criteria (see report AR-30.0893-009).

Input data file names and listings: One basic event was input to an OR gate. The bas.. event had a beta distribution with the
following pamameters:

—= T e T I AT
Parameter A B - D & F G H 1
Prob. value 0.5 1 -1 0.5 0.001 1E-6 1E-6 05 0.5
Uncertainty value 0.5 1 0.5 0 0.2 2 800000 1 5
Calc. type I 1 I | | 1 ! | i
Uncertainty type B B B B B . B
Init. Flag Y Y Y ¥ Y ' 4 ¥ : 4 X

Output data file names and listings: See attachments.
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Appendix C

SOFTWARE TEST RECORD
STR No. - S§TR-31-010-0893
Date ’ August 1993
Onginator 3 Curtis L. Smith

Test Number: 010

Test Description: Tested the Latin Hypercube sampling (LHS) for a single event (seed = 4321, 5000 samples). The event tested
was for the beta distribution. Nine beta distributions were tested: (A} prob. value = 0.5, uncertainty » ‘lue = 0.5; (B) prob, value
= I, uncertainty value = | (C) prob. value = -1, uncertainty value = 0.5; (D) prob. vaiue = 0.5, uncertainty value = 0; (E) prob.
value = 0.001, uncertainty value = 0.2; (F) prob. value = |E-6, uncertainty value = 2, (G) prob, value = 1E-6, uncertainty value
= 800000, (H) prob. value = 0.5, uncertainty value = |; and (1) prob. value = 0.5, uncenainty value = 5. The LHS results for
these distributions were compared to hand calculated values or other LHS code (@RISK) calculations. The IRRAS code did not
pass all tests for the beta distribution LHS analysis.

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
dnive, SVGA monitor.

Expected values/acceptance criteria: The expected values for the distribution were based upon the following criteria:

Parameter A B C D E F G H I
Mean 0.5 n'a wa na 0.00] 1E-6 1E-6 05 0.5
Std. deviation 0.354 n'a na na 00289 S8E-4 1.IE-6 028 0.151

Tests for distributions B through D did not pass the acceptance criteriz (see report AR-30-0893-008). Distributions E through
G also did not pass the acceptance criteria (see report AR-30-0893-009;,

luput data file names and listings: One basic event was inpui to an OR gate. The basic event had a beta distribution with the
following parameters:
Fm

Parameter

Prob. value

Uncertainty value

Calc. type 1 1 I I | 1 1 ! |
Uncertainty type B B B B B B

Init. Flag Y Y Y Y Y Y Y Y

Output data file names and listings: See attachments.
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Appendix C

SOFTWARE TEST RECORD
STR No. ' STR-30-011-0893
Date August 1993
Onginator Curtis L. Smith

Test Number: 01

Test Description: Tested the Monte Carlo (MC) sampling for a single event (seed = 4321, 5000 samples). The event tested
was for the histogram distribution. Four histogram distributions were tested. The distribution parameters are shown below in
the “Input data file" section. The MC results for these distributions were compared to hand calculated values or plotted. The
IRRAS code passad all tests for the histogram distribution MC analysis.

Computer system description. 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbywe RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected valuesfacceptance criteria. The expected values for the distribution were based upon the following criteria:

Distribution A should be a uniform distribution from 0 to 1.

Distribution B should be a point estimate with a value of 0.5,

Distribution C should have a mean of approximately 0.0248, a standard deviation of approximately 0.0202. and be skewed (o
the right.

Distribution D should be the same as distribution C.

Input data file names and listings: One basic event was input 1o an OR gate. The basic event had & histogram distribution
with the following parameters:

Parameter A B C D
Bin/probability 101 {10} 1/0.5 (100} WIE-3 O/1E-3
{percent/area‘height) 2/0.2 (10) I1E-2 {0.5) 171E~2 (55.55)
303 (10) V1E~1 (0.5) 2 1E~1 (5.555)
40.4 (10)
5105 (10
60.6 (10)
0.7 (10}
808 (10)
9/0.9 (10)
1 (10)
h Histogram type Percentage Percentage Area Range
Caic. type ] 1 1 I
Uncenainty type H H H H 1’
A
|

Output data file names and listings: See atiachments.
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SOFTWARE TEST RECORD
STR No. { STR-31-011-0893
Date # August 1993
Originator - Curtis L. Smith

Test Number 011

Test Description: Tested the Latin Hypercube sampling (LHS) for a single event (seed = 4321, 5000 samples). The event tested
was for the histogram distribution. Four histogram distributions were tested. The distribution parameters are shown below in
the "Input data file" section. The LHS results for these distributions were compared to hand calculated values or plotted. The
IRRAS code passed ali tests for the histogram distribution LHS analysis.

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyie RAM, 340 Mbyie IDE hard
drive, SVGA monitor,

Expected values/acceptance criteria; The expected values for the distribution were based upon the following criteria:

Distribution A should be a uniform distribution from 0 to 1.
Distribution B should be a point estimate with a value of 0.5,

Distribution € should have a mean of approximately 0.0248, a standard deviation of approximately 0.0202, and be skewed to
the right.
Distribution D should be the same as distribution C.

The resulung distribution parameters for A, B, C, and D appear to be acceptable.

Input data file names and listings: One basic event was input to an OR gate. The basic event had a histogram distribution
with the following parameters:
m

Parameter A B S D
Bin/probability 1/0.1 {10) 1/0.5 (100) O/ 1E-3 WIE-3
{percenvarea/height) 20.2 (10) I/1E-2 (0.5) 1/1E-2 (55.55)
303 (10) V1E~1 (0.5) Z1E-1 (5.555)
40.4 (10)
5/0.5 (10)
6/0.6 (10)
70.7 (10)
BO8 (10)
909 (10)
i (10)
Histogram type Percentage Percentage Area Range
Calc. type 1 | 1 1
Uncertainty type H H H
| Init. Flag

Output data file names and listings. See attachments,
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Appendix C

SOFTWARE TEST RECORD
STR No. STR-31-012-0893
Date August 1993
Orniginator : Curtis L. Smith

Test Number: 02

Test Description:  Tested the Latin Hypercube sampling (LHS) for a single event. The event tested was for the normal
distribution. A single nonmai istribution was tested with prob. value = 0 and standard deviation of = -1. This event was tested
for sample sizes of S000 and seed of 4321, The analysis should not give results since the standard deviation should be a positive
value. The code did not pass all the test for this normal distribution LHS analysis.

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria. The expected values for the distribution are: Resvlts should not be generated since the
standard deviation must be greater than zero. See anomaly report AR-30-0893-010,

Input data file names and listings: One basic event was input to an OR gate. The basic event had an normal distribution with
the following parameters:

Parameter Distribution

Prob. value 0

Uncertainty value -1

Cale. type |
Uncertainty type N
Init. Flag i 4

Output data file names and listings  See attachments,
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SOFTWARE TEST RECORD

STR No. : STR-30-013-0893
Date ; August 1993
Originator Curtis L. Smith

Test Number: ()3

Test Description. Tested the Monte Carlo (MC) sampling for a single event The event tested was for the gamma distribution.
A single gamma distribution was tested with prob. value = 0 and uncentainty value of = - 1. This event was tested for sample sizes
of 5000 and secd of 4321. The analysis should not give results since the uncertainty value should be a positive vaiue. The code
did not pass all the test for this gamma distribution MC analysis.

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria: The expected values for the distribution are: Results should not be generated since the
uncertainty value must be greater than zero. See anomaly repon AR-30-0893-011.

Input data filc pames and listings: One basic event was inpui to an OR gate. The basic event had an gamma distribution with
the following parameters:
I I TR AT

F Parameter

Prob. value

Uncertainty value -1

Calc. type 1

Uncenainty type G

Init. Flag i ¢

Output data file names and listings See artachments,
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SOFTWARE TEST RECORD

STR No. : STR-31-013-0893
Date - August 1993
Originator 1 Curtis L. Smith

Test Number: 013

Test Description. Tested the Latin Hypercube sampling (LHS) for a single event. The event tested was for the gamma
distribution. A single gamma distribution was tested with prob. value = 0 and uncertainty value of = -1. This event was tested
for sampie sizes of 5000 and seed of 4321. The analysis should not give results since the uncertainty value should be a positive
value. The code did not pass all the test for this gamma distribution LHS analysis.

Computer sysiem description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor,

Expected values/acceptance criteria. The expected values for the distribution are: Results should not be generated since the
uncertainty value must be greater than zero. See anomaly report AR-30-0893-011,

Input data file names and listings  One basic event was input 10 an OR gate. The basic event had an gamma distribution with
the following parameters:

| Parameter

Prob. value 0

Uncertainty value -1

Calc. type 1
Uncertainty type G

| Init. Flag

Output data file names and listings: See attachments.
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STR No.
Date
Originator

Test Number: 014

SOFTWARE TEST RECORD

STR-30-014-0893
August 1993
Curtis L. Smith

Appendix C

Test Description:  Tested the Monte Carlo (MC) sampling for a single event. The event tested was for the lognormal
distribution. A single lognormal distribution was tested with prob. value = 1E-4 and error factor of = - 10. This event was tested
for sample sizes of 5000 and seed of 4321. The analysis should not give results since the error factor should be a positive value.
The code did not pass ali the test for this lognormal distribution MC analysis.

Computer systeta description: 33 MHz 486, Insight Intemational, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard

drive, SYGA monitor,

Expected values/acceptance criteria. The expected values for the distribution are: Results should not be generated since the
error factor must be greater than zero. See anomaly report AR-30-0893-912,

Input data file names and listings: One basic event was input 1o an OR gate. The basic event had an lognormal distribution

[
Parameter

with the following parameters:

Distribution

ﬂ Prob. value

1E-4

u Uncertainty value

-10

Output data file names and listings: See attachments,
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STR No. : STR-30-015-0893
Date i August 1993
Originator 3 Curtis L. Smith

Test Number: 015

Test Description: Tested the Monte Carlo (MC) sampling for & single event. The event tested was for the un orm distribution,
A single uniform distribution was tested with prob, value = 2 and uncertainty value of = 1. This event was tested for sample
sizes of 5000 and seed of 4321. The analysis should not give results since the uncenainty value should be a larger than the
probability value. The code did not pass ali the test for this uniform distribution MC analysis.

Computer system description. 33 MHz 486, Insight International. AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte 1DE hard
drive, SYGA monitor,

Expected vaiues/acceptance criteria: The expected values for the distribution are: Results should not be generated since the
uncertainty value must be greater than probability value. See anomaly report AR-30-0893-012,

Input data file vames and listings: One basic eveni was input 1o an OR gate. The basic event had an uniform distribution with
the following parameters:

Parameter Distribution
Prob. value 2
Uneertainty value 1

Calc. type 1
Uncentainty type U

Init. Flag Y

Output data file names and listings. See atachments
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Appendix C
SCFTWARE TEST RECORD

STR No. STR-32-001-0893
Date August 1993
Onginator , Curtis L. Smith
Test Number: 001

Test Description: Tested the Monte Carlo (MC) sampling for a sequence (i.e., a set containing .aultiple events) (seed = 4321,
5000 samples). The event tested was for a sequence of five exponential distributions ORed together. The exponential distribution
parameters were:  exponential with probability = 1E~2 (each of the five distributions had the same parameter but were
independent, i.e., had different names and no correlation). The MC results for this sequence were compared to other MC
calculated values. The IRRAS code passed all tests for this sequence MC analysis.

Computer system description. 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM. 340 Mbyte IDE hard
drive, SVGA monitor.

Expected valves/acceptance criteria. The expected values for the distribution were based upon the following criteria:

If X is distnbuted as exponential with parameter ©, and if Y = Z X . then Y will be distributed as gamma(©.n). Thus, the

sequence was compared to a monte carlo simulation of a gamma(1E-2, 5) distribution.

Input data file names and listings: One basic event was input to an OR gate. The basic event had a histogram distribution
with the following parameters

Outpat data file names and listings: See attachments.

SOFTWARE TEST RECORD
STR No. STR-33-001-0893
Date August 1993
Originator : Curtis L. Smith

Test Number: 001

Test Description: Tested the Latin Hypercube sampling (LHS) for a sequence (1.€., a set containing multiyle events) (seed =
4321, 5000 samples). The even! tested was for a sequence of five exponential distributions ORed together. The exponential
distribution parameters were: exponential with probability = | E-2 (each of the five distributions had the same parameter but were
independent, ie., had different names and no correlation). The LHS results for this sequance were compared to other LHS
calculated values. The IRRAS code passed all tests for this sequence LHS analysis.

Computer system description: 33 MHz 486, Insight International. AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
dnve, SVGA monitor,

Expected valves/acceptance criteria. The expected values for the distribution were based upon the following criteria:

If X is distributed as exponential with parameter @, and if Y = E X, then Y will be distributed as gamma(®.n). Thus, the

o]

sequence was compared to a LHS of a gamma(1E-2, 5) distribution.

Input data file names and listings: One basic event was input to an OR gate. The basic event had a histogram distribution
with the following parameters:

Output data file names and listings See attachments,
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Appendix C
SOFTWARE TEST RECORD
STR No. STR-32-002-0893
Date ’ August 1993
Onginator Curtis L. Smith

Test Number: 002

Test Description: Tested the Monie Carlo (MC) sampling for a sequence (i.e., a set containing multiple events) (sced = 4321,
5000 samples). The event tested was for the failure of the CCS and ECS systems in the SAPHIRE 4.16 DEMO database (i¢.,
the database that is shipped with the SAPFIPE code). The cutsets and basic event parameters are shown on the attachments.
The MU results for these sequences were comy wed to other calculated values (from the @RISK computer code). The IRRAS
code passed all tests for this sequence MC analy sis.

Computer system description: 33 MHz 486, Inaight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
dnive, SVGA monitor.

Expected valuesfacceptance criteria:  See the attached @RISK results for the acceptance critena,
Input data file names and listings: See the attachments for ECS and CCS sequence cutsets and basic events parameters.

Output data file names and listings  See attachmenis.

SOFTWARE TEST RECORD
STR No STR-33.002-0893
Date August 1993
Originator I Curtis L. Smith

Test Number 002

Test Description:  Tested the Latin Hypercube sampling (LHS) for a sequence (i.e.,  set containing multiple events) (seed =
4321, 5000 samples). The event tested was for the failure of the CCS and ECS systems in the SAPHIRE 4,16 DEMO database
(Le., the database that is shipped with the SAPHIRE code). The cutsets and basic event parameters are shown on the attachments,
The LHS resule: for these sequences were compared to other calculated values (from the @RISK computer code). The IRRAS
code passed all tests for this sequence LHS analysis.

Computer system description’ 33 MHz 486, Insight International, AT bus, DOS 5.0, i6 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria;  See the attached @RISK results for the acceptance criteria,
loput data file names and listings See the attachments for ECS and CCS sequence cutsets and basic events parameters.

Output data file names and listings See attachments.
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SOFTWARE TEST RECORD
STR No. 2 STR-32-003-084
Date ) August 1993
Onginator : Curtis L. Smith

Test Number: 003

Test Description: Tested the Monte Carlo (MC) sampling for a sequence (i.e., a set containing multiple events) (seed = 4321,
5000 samples), The sequence that was tested was T1-BNU11 sequence (from the T1 event tree) in the Peach Bottom NUREG-
1150 database (the PBOTA0 database). The sequence contained 650 cutsets, The MC results for this sequence was compared
1o other calculated values (from the NUREG-1150 report). The IRRAS code passed all tests for this sequence MC analysis.

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria See the attached Peach Bottom NUREG-1150 results for the acceptance critena.
Input data file names and listings: See the antachments for the sequence MC parameters.

Output data file names and listings: See attachments.

SOFTWARE TEST RECORD
STR No. : STR-32-003-0893
Date August 1993
Originator : Curtis L. Smith

Test Number: 003

Test Description: Tested the Latin Hypercube sampling for a sequence (i.e., a set containing multiple events) (seed = 4321, 5000
samples). The sequence that was tested was T1-BNU11 sequence (from the T1 event tree) in the Peach Bottom NUREG-1150
database (the PBOT40 database). The sequence contained 650 cutsets. The LHS results for this sequence were compared 10 other
calculated values (from the NUREG-1150 report). The IRRAS code passed all tests for this sequence LHS analysis.

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDF hard
drive, SVGA monitor,

Expected values/acceptance criteria: See the attached Peach Botiom NUREG-1150 results for the acceptance criteria.
Input data file names and listings: See the attachments for the sequence LHS parameters.

Output data file names and listings: See atiachments.

C-59 NUREG/CR-6145



Appendix C

SOFTWARE TEST RECORD
STR No. STR-32-004-0893
Date August 1993
Originator Curtis L. Smith

Test Number: 004

Test Description. Tested the Monte Carlo (MC) sampling for a three sequences (seed = 4321, 5000 samples). The sequences
that were tested were TI-BNUILL TI-BULINU2L, and TI-PIBNUIT sequences (from the T1 event tree) in the Peach Bottom
NUREG-1150 database (the PBOT40 database). The sequences contained a total of 1,330 cutsets. The MC results for these
sequences were compared to other calculated values (from the NUREG- 1150 report), The IRRAS code passed all tests for this
sequence MC analysis.

Computer system description. 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria. See the attached Peach Bottom NUREG- 1150 results for the acceptance criteria.
Input data file names and listings: See the attachments for the sequence MC parameters.

Output data file names and listings: See attachments.

SOFTWARE TEST RECORD
STR No. STR-33-004-0893
Date < August 1993
Onginator s Curtis L. Smith

Test Number: (04

Test Description:  Tested the Latin Hypercube sampling (LHS) for a three sequences (seed = 321, 5000 samples). The
sequences that were tested were TI-BNUI I, TI-BULINU21, and T1-PIBNU11 sequences (from the T1 event tree} in the Peach
Bottom NUREG-1150 dabase (the PBOT40 database). The sequences contained a total of 1,330 cutsets. The LHS results for
these sequences were compared (o other calculated values (from the NUREG- 1150 report). The IRRAS code passed all tests for
this sequence LHS analysis.

Computer sysiem description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected valurs/acceptance criteria; See the attached Peach Bottom NUREG-1150 results for the acceptance criteria.
Input data file names and listings: See the attachments for the sequence LHS parameters.

Output data fle names and listings See attachments.
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SOFTWARE TEST RECORD
STR No. STR-22-005-0893
Date . August 1993
Originator Curtis L. Smith

Test Number: 005

Test Description. Tested the Monte Carlo (MC) sampling for a three sequences (seed = 4321, 5000 samples). The sequences
that were tested were SEQI, SEQ3, and SEQS. These sequences were developed using different combinations of the distributions
(and applicable parameters) that had previously checked out to be alright. The MC results for these sequences were compared
1o other calculated values (from the @RISK computer code). The IRRAS code passed all tests for this sequence MC analysis.

Computer system description: 33 MHz 486, insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria. See the attached @RISK results for the acceptance criteria for each sequence.
Input data file names and listings: The sequences were:

SEQi= BI*B3 + B2*B3 + B4*B3 + B5*B3 + B6*B2 + B7*B3 + BR*B2 + BO*B3 + B10*B3

SEQ3= B1*B2 + B3*B4 + B5*B6 + B7*BR + BO*BI10

SEQS5= B1*B6 + B2*B6 + B3 + B4*BY + B5S*B2 + B7*B6 + B8*B6 + B2*B10

The events B through B10 are:

ﬂ Event Distribution Probability value Uncertainty value 5
H Bl beta 0.5 5 ﬂ
ﬂ B2 exponential 0.1 |
n B3 exponential 2E-<¢ 1
q B4 uniform 0.5 1

BS uniform 0 1

B6 lognormal 1E-3 S
r B7 chi-square 1 I

B8 chi-square

B9 gamma

gamma

Output data file names and listings: See attachments.
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Appendix C
SOFTWARE TEST RECORD
STR Ne. : STR-32-006-0893
Date : August 1993
Onginator s Curtis L. Smith

Test Number: 006

Test Description: Tested the Monte Carlo (MC) sampling for a family (seed = 4321, 3000 samples). The family that was tested
was the Beaver Valley Unit 2 IPE that was loaded into SAPHIRE 4.16 for the PRA Data Loading Project (FIN A6883). The
MC results for this family were compared to the IPE reported results. The IRRAS code passed all tests for this family MC
analysis.

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte 1DE hard
drive, SVGA monitor.

Expected valuesfacceptance criteria: The Beaver Valley Unit 2 IPE identified 1,697 (including 30 fiood-related) dominant
accident (core damage) sequences. The flood-related sequences are not included in the SAPHIRE database. Consequently, &
total of 1,667 sequences were actually loaded into SAPHIRE for this database (and it is expected that the SAPHIRE core damage
frequency (CDF) would be slightly lower than the IPE frequency). The CDF related statistics are summarized below,

95th Percentile

50th Percentile

Sth Percentile
s s e T e

The [RRAS Monte Carlo results seem to agree with the IPE results (when considering that 30 flood-raleted sequences are not
included in the [RRAS results but were quantified in the IPE results).

laput data file names and listings. The BV2-4 database was used,

Output data file namwes and listings: See attachments.
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Appendix C
SOFTWARE TEST RECORD
STR No STR-33-006-0893
Date . August 1993
Onginator Cuntis .. Smith

Test Number: 006

Test Description: Tested the Latin Hypercube sampling (LHS) for a family (seed = 4321, 3000 samples). The family that was
tested was the Beaver Valley Unit 2 IPE that was loaded into SAPHIRE 4.16 for the PRA Data Loading Project (FIN A6883).
The LHS results for this family were compared to the IPE reported results. The TRRAS code passed all tests for this family LHS
anatysis,

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monttor,

Expected values/acceptance criteria: The Beaver Valley Unit 2 IPE identified 1,697 (including 30 fiood-related) dominant
accident (core damage) sequences. The flood-related sequences are not included in the SAPHIRE database. Consequently, a
total of 1,667 sequences were actually loaded into SAPHIRE for this database (and it is expected that the SAPHIRE core damage
frequency (CDF) would be shightly lower than the IPE frequency). The CDF related statistics are summarized below.

|.9E-04
H 95th Percentile 12E04
ﬂ 50th Percentile 1.6E-04

H 5th Percentile 9 4E-05 B

The TRRAS LHS results seemn to agree with the [PE results (when considering that 30 flood-related sequences are not included
in the IRRAS results but were quantified in the TPE results).

Input data file names and listings The BV2-4 database was used.

Output data file names and listings See attachments.

NUREG/CR-6145 Chd



Appendix C

SOFTWARE TEST RECORD

STR No. STR-32-007-0893
Date August 1993
Onginator Curtis L. Smith

Test Number: (27

Test Description: Tested the Monte Carlo (MC) sampling for endstates (seed = 4321, 3000 samples). The family that was tested
was the Beaver Valley Unit 2 IPE that was loaded into SAPHIRE 4.16 for the PRA Data Loading Project (FIN A6883). The
MC results for these endstates were corpared (o the IPE reponted results. The IRRAS code passed all tests for this endstate MC
analysis,

Computer system description: 31 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
dnve, SVGA monitor.

Expected valuesfacceptance criteria. The Beaver Valley Unit 2 IPE defines 17 plant damage states that are associated with
the Level | event trees. Each plant damage staic s defined by a five-character code to define RCS pressure, availability of
containment heat removal systems, and status of containment isolation or bypass at the time of reactor vessel failure after core
damage, respectively. The IPE endstate results is shown on the attachment,

Most of the endstate values agree with the values reported in the IPE. Thus, it is assumed that IRRAS passes the acceptance
criteria for this test.

Input data file names and listings: The BV2-4 database was used.

Output data file natves » . listings: See attachments.

SOFTWARE TEST RECORD

STR No. : STR-33-007-0893
Date August 1993
Origmator : Curtis L. Smith

Test Number: 007

Test Description: Tested the Latin Hypercube sampling (LHS) for endstates (seed = 4321, 3000 sumples). The family that was
tested was the Beaver Valley Unit 2 IPE that was loaded into SAPHIRE 4.16 for the PRA Data Loading Project (FIN A6883),
The LHS results for these endstates were compared 1o the IPE reported results. The IRRAS code passed all tests for this endstate
LHS analysis.

Computer system description: 33 MHz 486, Insight International, AT bus, DOS 5.0, 16 Mbyte RAM, 340 Mbyte IDE hard
drive, SVGA monitor.

Expected values/acceptance criteria: The Beaver Valiey Unit 2 IPE defines 17 plant damage states that are associated with
the Level | event trees. Each plant damage state is defined by a five-character code to define RCS pressure, availability of
containment heat removal systems, and status of containment isolation or bypass at the time of reactor vessel faiture after core
damage. respectively, The IPE endstate results is shown on the attachment.

Most of the endstate values agree with the values reported in the IPE. Thus, it is assumed that IRRAS passes the acceptance
criteria for this test.

Input data file names and listings: The BV2-4 database was used.

Output data file names and listings: See attachments.
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Appendix C

SOFTWARE TEST RECORD
STR No. ; STR-34-001-0793
Daie ‘ 7720093

Originator ; LW
Test Number: Test 34

Test Description. DEMO Data base: change set: individual probability method—direct assignment of new probability. Create
a change set with probability change on basic event C-MOV-A from 5.0E-3 to 0.1. Features 37 and 38 included in this test.

Computer system description. IBM Clone, Insight 486, 33 MHz, ISA bus, DOS 5.0, 16 Mb RAM, 340 Mb IDE hard drive,
VGA display

Expected values/acceptance criteria. Expected values: chg prob of C-MOV-A from 5,0E-3 10 0.1 On chg set repon, basic event
prob report, and seq cut set report. Acceptable

Output data file names and listings: See attached

Input Data file names and listings: Sec attached

SOFTWARE TEST RECOKD
STR No. g STR-35-001-0793
Date 720093

Onginator : LW

Test Number. Test 35

Test Description. DEMO data base: change set tagging method-—manual designation of a group of events that need the same
change definition. Create # chg set to chg the values of basic events C-CV-A, -B from 1.0E-4 to 0.1 and chg the values of basic
events C-MOV-| and E-MOV-1 from 1.0E-3 10 0.1. features 37 and 38 included in this test

Computer system description. IBM Clone, Insight 486, 33 MHz, ISA bus, DOS 50, 16 Mb RAM, 340 Mb IDE hard drive,
VGA display

Expected values/acceptance criteria: Expected values: chg prob of basic events C-MOV-1 and E-MOV-1 from 1.0E-3 t0 0.1.
Chg prob of basic events C-CV-A and C-CV-L from 1.0E-4 10 0.1. Values should be found on chg set repor, basic event prob
report, axd seg cut set report.  Acceptable

Input data file names and listings: See attached

Output data file names and listings  Sece attached
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Appendix C

SOFTWARE TEST RECORD
STR No. STR-36-001-0793
Date 712093

Originator LW
Test Number TEST 36

Test Description: DEMO data base: Change set class method—set class attribute 1 10 YES on basic events DG-A and DG-B.
Set class attribute 3 to YES on basic events C-PUMP-A, -B and E-PUMP-A, -B. Set class attributes | and 3 to YES on basic
events C-MOV-1 and E-MOV-1. Class chg set: "*" in name field, calc type = | and prob = 0.1 for all three tests. Class attribute
I set to YES for first test. Set class attribute 3 10 YES for second test. Set attributes | and 3 to YES for third test.  Features
37 and 38 included in this test,

Computer system description. [BM Clone, Insight 486, 33 MHz, ISA bus, DOS 50, 16 Mb RAM, 340 Mb IDE hard drive,
VOA display

Expected values/acceptance criteria: Test |1 DG-A, DG-B, C-MOV-] and E-MOV-1 values in chg set report, basic event prob
report, and sequence cut sets changed t0 0.1, Test 2: C-PUMP-A, -B and E-PUMP-A, -B. C-MOV-1 and E~-MOV-1 values in
chg set report, basic event prob report, and sequence cut sets changed to 0.1. Test 3; C-MOV-i and E-MOV-1 values in chg
set report, basic event proo repont and sequence cul sets changed to 0.1. Acceptable. See also AR-36-0793-001

Input data file names and listings. See attached

Output data file nrmes and listings: See attached

SOFTWARE TEST RECORD
STR No. STR-37-001-0793
Date 72393

Originator - LW
Test Number Test 17

Test Description: DEMO dats base: change set features-—enter tie change vet menu, Creaw/mark the change set to be used.
Generate changes.

Computer system description: 1BM Clone, Insight 486, 33 MHz, 1SA bus, DOS 5.0, 16 Mb RAM, 340 Mb 1DE hard drive,
VGA display

Expected values/acceptance criteria. Basic events marked in the change set appear in the change set report, system and/or
sequence reports,  This feature is tested in STR-34-0793-001, STR-35-0793.001 and STR-36-0793-001 Acceptable

Input data file names and listings: None

Output data file names and listings: None
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Appendix C
SOFTWARE TEST RECORD
STR No. STR-38-001-0793
Date i 7/23/93
Originator LW

Test Number Test 38

Test Description. DEMO data base: change set features—apply changes to system data. Enter analyze sequence menu. Select
the quantification option. Select the sysiem or seguence.

Computer system description: IBM Clone, Insight 486, 33 MHz, ISA bus, DOS 5.0, 16 Mb RAM, 340 Mb IDE hard drive,
VGA display

Expected values/acceptance criteria. Values of basic events marked in the change set are changed in system or sequence cut
set reports.  This feature is tested in §TR-34-0793-001, STR-35-0793-001 and STR-36-0793-001. Acceptable

Input data file names and listings: None

Output data file names and listings: None

SOFTWARE TEST RECORD
STR No. © STR-39:001-0793
Date L 72193

Originaior ] LW

Test Number: Test 39

Test Description. DEMO data base: change set feawres—sensitivity analysis, "S” flag. Create a chg set and set the process
flag 10 "$" on basic eveats DG-A and DG-B. In the analyz sequences menu select hidden key "P" and highlight seq 2. Enter

sensitivity values of 100 points, 0.01 low fuctor and 100 high factor. Plot figure

Computer System description: 1BM Clone, Insight 486, 3% MMz, ISA bus, DOS 5.0, 16 Mo RAM, 340 Mb IDE hard drive,
VGA dispiay

Expected valuesfacveptance criteria Plot See attached
laput data file names and listings:  See auach:d

Output data file names and listings: See attached
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Appendix C

SOFTWARE TEST RECORD
STR No. STR-40-001-0793
Date 72093

Originator : LW

Test Number: Test 40

Test Description. DEMO data base. Change set features: do not expand transfers, "X" flag. Pant A: quantify CCS fault tree
for system mincut. Insert mincut value (2.12E-2) into basic event base case probability for CCS and CALC Type = 1. Set
prixess flag to "X" for CCS in chg set for sequence quantification. Pan B: page CCS fault tree sub tree CCSTRA. Quantify
CCS fault tree sub tree CCSTRA for system mincut. Insert mincut value (2.792E-2) into basic event base case probability for
CCSTRA and calc type = 1. Set process flag to "X for CCSTRA in chg set for system and sequence cut set quantification.

Computer system description. 1BM Clone, Insight 486, 33 MHz, ISA bus, DOS 5.0, 16 Mb RAM, 340 Mb IDE hard drive,
VGA display

Expected values/acceptance criteria: Pant A developed event CCS appears in sequence cut sets with a value of 2.12E-2.
Acceptable

Part B: Developed event CCSTRA appears in system and sequence cut sets with a  value of 2.792E-2. Acceptable
Input data file names and listings: See attached

Output data file names and listings: See attached

SOFTWARE TEST RECORD
STR No. . STR-41-001-0753
Date 72193

Originator : Lw

Test Number: Test 41

Test Description: DEMO daia base: change set features——never expand transfers, "Y" flag. Quantify system CCS for system
mincut. Insert systern mincut value (2.12E-2) into basic event base case probability for CCS and set cal type = 1. Set Y
process flag on system CCS in change set for system and sequence cut set quantification,

Computer system description 1BM Clone, Insight 486, 33 MHz, ISA bus, DOS 5.0, 16 Mb RAM, 340 Mb IDE hard drive.
VGA display

Expected values/acceptance criteria: In sequence 2 the value of CCS is 9.788E- | System faiiure in sequence 3 the value of
CCS is 2.12E-2. Acceptable

Input data file names and listings See attached

Cutput data file names and listings See atached
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Appendix C
SOFTWARE TEST RECORD

STR No. STR-42-001-0793
Date 712293
Originator ' Lw

Test Number Test 42

Test Description. VYV data base: Build event tree et and fault trees A and B (see attached). Set basic event rates as shown on
attached basic event probability report. Generate sequence logic. Generate system and sequence cut sets (see attached input
files). Sequence 2 of event tree et was used to test the process flags in IRRAS.

Create change set 1-flag and set process flag 1o 1 on system A. Generate changes. Generate sequence 2 cul sets with no cut offs
and with fault wees. Generate sequence 2 cut sets with no cutoffs and without fault trees. See attached output files for both test
cases.

Computer system description. [BM Clone, Insight 486, 33 MHz, ISA bus, DOS 5.0, 16 Mb RAM, 340 Mb IDE hard drive,
VGA display

Expected values/acceptance criteria.  Sequence 2 cut set frequency with fault trees 15 1.164E-3 and the cut set is J/K. LM,
This is correct.

Sequence 2 cut set frequency without fauit trees i1s 2.362E-3 and the cut sets are /jlm freq. = |.I88E-3 and /K,LM freq. =
1.176E-3. This 1s incorrect. The correct answer is J/K/L/M and mincut 1.164E-3. See AR-42-0793-001

Input data file names and listings: See attached

Output data file names and listings See attached

SOFTWARE TEST RECORD
§TR No. STH-43.001-0793
Date 7122/93

Originator LW
Test Number: Test 43

Test Description: Change set { ures— olank flag fieid. This test has been performed in Tests 34 thru 42, See STR. 34-0793-
00 thru STR-41-0793-001.

Computer system description: TBM Clone, Insight 486, 33 MHz, ISA bus, DOS 5.0, 16 Mb RAM, 340 Mb [DE hard drive,
VGA display

Expected values/acceptance criteria Acceptable
Input data file names and listings

Output data file names and listings
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Appendix C

SOFTWARE TEST RECORD
STR Ne. 3 STR-44/45/46/47/48/49-001-0793
Date - July 21, 1993
Onginator ! W. L. Galyean

Test Number. STR-44/45/47/47/48/49-001-07-93

Test Description: Using the CSS System from DEMO family in IRRAS, the Importance measures are calculated for each of
the events appearing in the CSS System cutsets. These IRRAS generated Imponance measures are then compared to calculation
performed using a LOTUS 1-2-3 spreadsheet (see attached hard-copy, this spreadsheet is also included on the attached disk).
All six Impontance measures are included in these calculations.

Computer system description Rightpoint 80486DX/33/50, DOS 5.0, 16 Mb instalied RAM, 340 Mb IDE hard disk drive,
TRIDENT B00x600 16¢ VGA with DataStor Non-Interlaced MNEVGA 28 Monitor, LOTUS 1-2-3, Release 3.1+,

Expected values/acceptance criteria The IRRAS Importance measures were compared to those generated by the LOTUS
spreadsheet. All agreed (o three significant digits. This is judged acceptable.

Input data file names and listings: See attached.

Output data file names and listings: See auached.

SOFTWARE TEST RECORD
STR No. ; STR-44/45/46/47/48/49-002-0793
Date July 21, 1993
Onginator W. 1. Galyean

Test Number: STR-44/45/46 47/48/49-002-07-93

Test Description: Using the LOSP event tree sequence #3 in the DEMO family, Importance measures were calculated by
IRRAS These same Importance measures were then manually calculated for event C-MOV-| by setting the event probability
to one and then zero. The resulting sequence frequencies were then used in hand calculations using the formulas shown on the
aitached sheet. These hand calculated Importance measures were then compared to those reported by IRRAS,

Cowpater system description: Rightpoint 80486DX/33/50, DOS 5.0, 16 Mb installed RAM, 340 Mb IDE hard disk drive,
TRIDENT 800x600 16¢ YGA with DataStor Non-Interlaced MNEVGA 28 Monitor

Expected values/ucceptance criteria: The TRRAS Importance measures for event "C-MOV- 1" were compared to those calculated
by hand. All agreec to three significant digits. This is judged acceptable.

Input data file numes and listings: [RRAS DEMO family was used.

Output data file names and listings: See attached IRRAS report listings and hand calculation.
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Appendix C
SOFTWARE TEST RECORD
STR No. - STR-48/49-003-0793
Date : July 21, 1993
Originator : W. ). Galyean

Test Number STR-48/49-003.07.93

Test Description: Using the SARA-level LaSalle database (see attached disks) Importance measures were calculated by IRRAS
for accident sequence identified as "T100". These Importance measures were then compared 1o those documented in LaSalle
PRA. Only the Risk Reduction Interval and Risk increase Intervals are published in the LaSalle PRA, therefore, only these two
measures could be compared and checked.

Computer system description: Rightpoint 80486DX/33/50, DOS 5.0, 16 Mb instalied RAM, 340 Mb IDE hard disk drive,
TRIDENT 800x600 16c VGA with DataStor Non-Interlaced MNEVGA 28 Monitor.

Expected values/acceptaace criteria; The IRRAS Importance measures for accident sequence "T100" were compared to those

presented in “A, C. Payne, jr. et al., Analysis of the LaSalle Unit 2 Nuclear Power Plant: Risk Methods Integration and Evaluation
Program (RMIEP), NUREG/CR-4832, Vol. 3 Part 2, August 1992." All agreed 10 three significant digits. This is judged

acceptable.

Input data file names and listings: See attached disk.

Output data file names and listings: See attached JRRAS report listing.
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Appendix D

Vital Features
Verification and Validation Anomaly Reports
Vital Features Verification and Validation
Software Test Records

The anomaly report number is of the form
AR-VFN-MMYY-XXX
where
AR - Acronym for Anomaly Report
VEN = Two-digit vital feature number (i.e., 01 to 49)
MM - Two-digit code for the month of the test
YY - Two-digit code for the vear of the test

XXX = Three-digit sequential number assigned by the tester
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Appendix D

ANOMALY REPORT
Anomaly Repont No. : AR-21-06-93-001
Test Record No. : STR-21-06-93-001
Date Y 6/21/93
Originator : Steven D. Novack

Source/Location: Calculation of the maximum number of saved cut sets for one fault tree and one sequence.

Description: The formula provided by the vital features document is incorrect. It states that the total number of
events plus the number of cut sets is less than 32,700. 1 found the correct value to be 32,000.

Cause: Misinterpretation of the space provided for storage of cut sets,

Impact: The impact is considered 1o be of a non-cnitical nature. The appropriate documentation should be changed,
otherwise this should not effect the functionality of the code.

ANOMALY REPORT
Anomaly Report No. : AR-22-06-93-001
Test Record No. 3 STR-22-001.06-93
Date g 6/15/93
Onigiuator ; Steven D. Novack

Source/Location:  Sequence Base Case Update

Description: The Report for the hase case cut set results used the alternate change set values instead of the base
case probabilities.

Cause: Unknown

Impact: This test has not been completed until feature is corrected. The impact is considered to be of a critical
nature.
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Appendix D

ANOMALY REPORT
Anomaly Report No, : AR-30-0893-001
Test Record No, : STR-30-002-0893, STR-31-002-0893
Date v August 1993
Onginator ' Curtis L. Smith

Source/Location: Performing Monte Carlo (and Latin Hypercube) sampling for the exponential distribution with
varous parameters,

Description: When using the exponential distribution, parameters less than and equal to zero should not be allowed.
When these parameters (ie., < 0) are used, the IRRAS code gives zeros for the sampled value. Instead, IRRAS
should not sample the distribution and should wamn the user of the problem.

Cause: Not checking for valid input parameters for the uncertainty distributions.

Impact: The impact is of a cnitical nature.

ANOMALY REPORT
Anomaly Report No. ; AR -30-0893-002
Test Record No. STR-30-002-0893, STR-31-002-0893
Date s August 1993
Onginator : Curtis L. Smith

Source/location: Performing Monte Carlo (and latin Hypercube) sampling for the exponential distribution with
small (= TE-16 or smaller) parameters.

Description: When using the exponential distribution, small parameters (= 1E~16 or smaller) scem to give erroneous
results. For the test case (mean = | 443E-16), the 5th percentile was shown as zero when it should have been
approximately 7.4E-18. Also, the SOth percentile and point estimate were shown as 1.11E-16 when they should have
been 1.0E-16 and 1.443E-16, respectively. It seems that when the sampled value is very small, IRRAS essentially
uses a zero value,

Cause: 1t could be a limit of the single precision arithmetic that is used (when calculating the mincut upper bound).

Impact: The impact is of a critical nature.
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Appendix D

ANOMALY REPORT
Anomaly Report No. : AR-30-0893-003
Test Record No. : STR-30-003-0893, STR-31-003-0893
Date ! August 1993
Orniginator : Curtis L. Smith

Source/Location: Performing Monte Carlo (MC) and Latin Hypercube sampling (LHS) for the lognormal
distribution.

Description: When using the lognormal distribution, small parameters (= 1E~15 or umaller) seem to give erroneous
results. It seems that when the sampled value is very small, IRRAS essentially uses a zero value. 1t is believed that
this problem 1s generic to all samphng types and distributions in IRRAS.

Cause: It could be a limit of the single precision arithmetic that is used (when calculating the mincut upper bound).

Impact: The impact 15 of a critucal nature,

ANOMALY REPORT

Anomaly Report No. - AR-30-0893-0104

Test Record No. ; STR-30-005-0893, STR-31-005-0893
Date ; August 1993

Onginator - Curtis L. Smith

Source/Location: Performing Monte Carlo (MC) and Laun Hypercube sampling (LHE) for the chi-square
distribution.

Description: When using the chi-square distribution. the SAPHIRE Technical Reference Manual: IRRAS/SARA
Version 4.0 (NUREG/CR-5964), states that the chi-square distribation that is sampled (Y) is given by, Y = aX,
where X is distributed as x'(k), k is the uncertainty value, and a = (probability value)/(uncertainty value). Thus, if
the probability value = 2 and the uncertainty value = 1, then the sample chi-square distribution results should equal
271,

All the tests which had a multiple of the chi-square distribution (i.c., distributions A through E and 1) did not give
sampling results as a multiple of the chi-square distribution. Instead, the results only seemed 1o give the chi-square
distribution part {e.g., for distribution A, the results were very close to what would be expected for x*(1), not 2x(1)).

Other than this discrepancy of not resuiting in a multiple of the chi-square distribution, the chi-square sampling for
n degrees of freedom seemed to be close to tabulated values of chi-square percentiles.

Cause: The definition of the use of the chi-square distribution appears to be in error since it seems that the chi-
square distnibution ignores the probability value and only accepts the uncertainty value as the degrees of freedom
for the chi-square distribution.

Impact: The impact 18 of a critical nature.
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Appendix D

ANOMALY REPORT
Anomaly Report No. - AR-30-0893-005
Test Record No. : STR-30-005-0893, STR-31-005-0893
Date g August 1993
Originator - Curtis L. Smith

Source/Location: Performing Monte Carlo (MC) and Latin Hypercube sampling (LHS) for the chi-square
distribution.

Description: The chi-square distribution is normally defined as being distributed as x'(n), where n is the degrees
of freedom. The degrees of freedom is normally defined as an nteger larger than zero. Conseguently, when non-
integer degrees of freedom or values zero or less are used for the chi-square distribution, 1 would expect IRRAS to
stop the sampling and warn the user of a potential problem. For the case when the degrees of freedom was set to
zero (distribution G), a warning message did appear on the screen but the sampling continued. No warning messages
were printed for the case (distribution H) when the degrees of freedom was not an integer.

Cause: No validation of the chi-square parameter inputs.

Impact: The unpact is of a critical nature.

ANOMALY REPORT
Ancmaly Report No. : AR-30-0893-006
Test Record No. : STR-30-008 0893
Date : August 1993
Originator ' Curtis L. Smith

Source/Location: Performing Monte Carlo (MC) sampling for the gamma distribution.

Description: For the gamma distribution with prob. value 1E-4 and uncertainty value 10000, the MC sampling
seemed to return the same value (7.068E-6) for each sample. Consequently, all the sampling distribution results
were in error.  Also, no error messages were displayed alerting the user 10 the problem. Two other statistical
packages (@RISK and SAS) were used 10 see if the choice of parameters for the gamma distribution is a generic
problem. Both @RISK and SAS correctly handled the gamma distribution with these parameters,

Cause: Unknown,

Impact: The impact is of a critical nature.

Do NUREG/CR-6145



Appendix D

ANOMALY REPORT
Anomaly Report No. A AR-30-0893-007
Test Record No. : STR-30-008-0893
Date August 1993
Originator : Curtis L. Smith

Source/Location: Performing Monte Carlo (MC) sampling for the gamma distribution.

Description: For the gamma distribution, when the uncertainty value equals n/2 (where n equals the degrees of
freedom) and the probability field equals 2*(uncertainty value), then the gamma distribution will be chi-square
distributed with n degrees of freedom. Consequently, 1 would expect the sampling for identical gamma and chi-
square distributions 1o be exactly the same. The Monte Carlo samphing for the gamma distributions E and F (which
should be x'(1) and x’(2), respectively) differs a little from the Monte Carlo sample for the corresponding chi-square
distributions.  The Latin Hypercube sampling for the gamma/chi-square distributions does not display this
INCONSIStency.

Cause: Differing sampling method for chi-square and gamma distributions.

Impact: The impact is of a critical nature.

ANOMALY REPORT
Anomaly Report No. : AR-30-0893-008
Test Record No, : STR-30-010-0893, STR-30-010-0893
Date : August 1993
Origanator ‘ Curtis L. Smith

Source/Location: Performing Monte Carlo and Latn Hypercube sampling for the beta distribution.

Description: For the beta distribution, the parameters that were specified for distributions B, C, and D should resuit
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