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EXECUTIVE SUMMARY

A workshnp entitled "The Use of PRA Methodology for the Analysis of Reactor Events and
Operational Data" was held on January 29-30, 1992 in Annapolis, Maryland. Over 50
participants from the NRC, its contractors, and others participated in the meetings. During
the first day, presentations were made by invited speakers '+ discuss issues in relevant topics.
On the second day, discussion groups were held to focus on three areas: (1) risk
significence of operational events, (2) industry risk profile and generic concerns, and (3) risk
monitoring and risk-based performance indicators.

Important considerations identified from the workshop are the Jollowing:

Improve the Accident Sequence Precursor models and data.

Improve the SCSS and NPRDS (e.g., by adding detailed performance information
on selected components, by improving narratives on failure causes).

Develop risk-based performance indicators.

Use risk insights to help fczus trending and performance analyses of components,
systems, initiators, and sequences.

Improve the statistical quality of trending anJ performance analyses.

Flag implications of special conditions (e.g., external events, containment
performance) during data studies.

Trend common cause and human performance using appropriate models to
nbtain a better understanding of the impact and causes of failure.

Develop a method for producing an industry risk profile.
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1. INTRODUCTION

Operationl data from a variety of sources are reviewed and evuluated by NRC to identify
1) significant events and any associated safety concerns and root causes, 2) the trends and
patterns displayed by these events, 3) the adequacy of the corrective actions taken to address
these concerns, and 4) the generic applicability of events and concerns to other plants,
Although programs are in place to perform these evaluations, it is recognized that there are
shortcomings in the processes currendy used.

A workshop was held in Annapolis, Maryland, on January 29 and 30, 1992, to discuss the
current methods and the potential for their improvement. The objective of the workshop
was to exchange technical information on enhancing the use of PRA methods, informatien,
and insights in NRC's analyses and evaluations of operating reactor experience. Over 50
participants attended the workshop. A list of attendees is included in Appendix A. The
workshop was directed at the following topics:

(1) Use of existing PRAs and IPE models and results in performing routine event
evaluations (rapid/quick-look assessments and enhancements to ASP models
and methods).

(2) Methods and approaches for evaluating industry risk profiles (trends).

(3) Innovative uses of existing/available data sources (LERs, 50.72s, NPRDS,
other untapped data sources) to identify risk significant trends and safety
issues.

(4) Potential new plant-specific risk-based performance iimdicators (direct and
indirect (surrogates), data needs and availability).

(5) Risk-based approaches to selecting and analyzing plant-specific and "generic”
trends and patterns, including common cause failure, systems interactions, and
human performance concerns.

(6) Analytic methods, software, and/or procedures which could be used, adapted
modified, improved, or developed to enhance opzrational data analysis.

The workshop was conducted to explore methods and approaches that could provide the
ability to focus on risk relevant concerns more quickly and provide a more thorough culling
of operating reactor experience data than techniques currently available and in routine use
at the NRC.

A paper summarizing the NRC's recent and current progrums and activities related to

operating reactor events/data analysis was provided to each participant prior to the
workshop. That paper is found in Appendix B. Seven invited speakers were asked to

NUREG/CP-0124 1
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address selected issues related to the workshop objective. Summaries of their presentations
are found in Section 2.

The first day was dedicated 1o introduction und presentations by the initial speakers. On
the second day, the participants divided into three smaller groups to excrange ideas. Each
group was assigned a general topic for major consideration. The discussion groups focused
on 1) the risk significance of operational events, 2) evaluating an industry risk profile ad
the consideration of the generic implications of events, and 3) methods for monitoring risk
and developing risk-based performance indicators, Each discussion group was furnished a
set of questions for consideration (listed in Appendices C, D, and E). The groups were also
encouraged to deviate from the list if they felt it to be appropriate, Following the discussion
sessions, a surnmary and wrap-up session was held where the discussion gr. up moderators
presented highlights of their sessions.

The workshop discussions arc summarized in Sections 3, 4, and 5 of this report. Each
section consists of two subsections. The first is a summary of the discussion group findings,
and the second contains more detailed information from the group discussions. The ideas
summarized in this rcport were not necessarily shared by all participants. Meaningful ideas
expressed by individuals are contained in the report, even though others in the discussion
groups niight not have agreed with the concept or its perceived importance. Se¢tion &
contains a summary of the important insights obtained from the workshop.

NUREG/CP-0124

L&



o SUMMARY OF PRESENTATIONS

-













©




— Wy




o




e T R R R TP T —————

e e e e e

Event Identificati | Classificati

A model of the characteristics of both PRA events and operational events is
constructed.  Because the approaches each have unique aspects, the
characteristics would be expected to be different.

As new PRAs are performed and operational events are observed, the model
describing the characteristics of events is reviewed for completeness, end
updated if necessary. An expert system would be developed for this process.
The expert sysiem and analyst would compare the new events to the mode!
of event characteristics and determine whether or not the current model
adequate. If not, the addit{onal characteristic: encountered with the new
event are added to the model of event characteristics.

The systein modeling and duta analysis techniques are compared to the
theoretical model to develop an uncerstanding of the limitations of each
technique and possibly generate improved models.

Th. expert system reviews the data base of PRA and operational events to
reclassify events using any new ch acteristics. The cxpert systern would
identify events that might have the wew characteristics for whicii the current
information is insufficient to conclude this for sure.

Event Importance to Safety

1.

2.

A data base is constracted that consists of PRA results, data L.ses such as
LERs, NPRDS, etc.

An expert system is devised that will allow the analyst to enter a description
of an event ( either observed through operation or identified in a PRA) and
then compare the event to the characteristics of events that have previously
been determined to be significant to risk. If the event characteristics do not
match the characteristics of any risk-significant event, the system would
identify those additional characteristics that the event would require in order
to be important to risk. The system should also be able to compare the
characteristics of different plant designs and be able to identify those plants
at which an event might be important.

For the evaluation of the importance of new events, an interface with a set of
PRA analysis codes such as IRRAS would be developed so that the analyst
could: modify the models as appropriate, input the effect of an event into the
affected models, and then evaluate the results for affected plants. The models
could be surropates at various levels of detail (current ASP, ASEP, IPE, or
full PRA) or could be individual plant models, also at various levels of detail.

NUREG/CP-0124 10









attempt to determine which patients might need special attention to investigate their health
condition further without any acute symptoms of which the patient is aware.

In the same sense, these three tools; knowledge of anatomy and specific health history,
recognition of and determining the implications of acute symptoms, and recourse to regular,
albeit indirect, indications of heaith via vital sign monitoring are the bheart of any
performance indication system. In the commercial nuclear power pizit context, a well
structured and implemented PSA or IPE can provide insight into the anatomy of the plant,
When this is compared with a thorough review of the plant operationa! history, it ~~ovides
a sound basis for the first tool in the set. Howcever, the consequence severity and the rare
occurrence nature do not allow us to limit the occurrence of acute symptoms only to an
individual plant. To expand the data set, all plants must be considered as sym « m
generators and insight into the | jtential for a serious condition must necessarily be assessed
somewhat generically. It is in this manner that the Accident Sequence Precursor Program
(ASP) provides (to at least some degree) the second tool.

As good as these tools might be, they do not provide for the capability of having a
reasonably, rapidly reacting indicator which portends the potential for individual plant

. ance degradation in almost real time. Any such indicator must abl= to act quickly,
- 1 @ able to be provided in a regular fashion from an objective data set, must be
reasonably correlated to plant performance, and must produce an acceptable level of false
positives and negatives. One potential indicator which was considered, after a
comprehensive review which investigated over several dozen possibilities, was the average
daily power level at a plant. The average daily power level offers advantages in that it is
recorded daily and reported monthly. It is also objective in that it could be a metered
output of the plant.

The question is whether by using average daily power level and constructing indicators in
terms of its variations and fluctuation could a leading indicator of plant performance be
provided? Study seems to indicate, at least after initial review, that combinations of
measures derived from the average daily power level signal can be of significant value in
indicating future individual plant trends. If these ini. ‘'l results are confirmed, it appears
that this measure set can be correlated with actual future plant performance in over 75%
of the instances and provide validated predictions within a three to six month time frame.
The use of such an indicator could be of significant value to aid in prioritizing regulatory
resources, and when combined with the PSA and ASP tools represents a formidable arsenal
to attack the problem of commercial nuclear power plant performance trending.

NUREG/CP-0124 13
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Events that are important, when considered with the potential occurrence of an external
initiator (e.g. fire, flood, earthquake), should also be flagged. One possible way of doing
this would be to identify the types of events that tend to be dominant in external event PRA
accident sequences, i.e., failures that are significant in combination with external event
initiators.

Design and construction errors and low power/shutdown events should also be flagged for
further evaluation. Design and construction errors would be difficult to analyze in ASP
because the failure to meet the design basi- is identified in the LER, but the margin is not
given. The utilities are generally reluctant to provide further details because the problem
would normally have been fixed and no longer a concern to them. Guidance from the low
power/shutdown PRAs might be needed before these events could be treated in ASP. The
number of possible system configurations are significantly greater than at full power,

It was noted that support system failures with interdependencies require significant
knowledge of the actual ASP coding to evaluate. The feasibility of using IRRAS/SARA to
overcome these difficulties is being examined by NRR and NRC contractors.
IRRAS/SARA would also allow uncertaintiss to be included in the evaluations. Further,
importance measures “vould be available which could be used to identify the important
equipment given a particular event has occurred (which could be different from the
important equipment identified in an unconditional PRA).

Inadequacies in data reporting were also identified as impacting the quality and usefulness
of the ASF results. The current data reporting system was felt to be inadequate. The
validity of the risk estimate is dependent on the data quality. Some specific means of
upgrading the data were identified. First, a de-~ription of the plant configuration at the
time of the event should be included in the Li *.s. The utilities should report any other
known system unavailabilities .t the train level (in addition to the cause of the trip), in
addition to inoperable systems. Under the current reporting requirements, the LERs are
often so cryptic that they are difficult if not impossible to use. An event should not be split
across LERs, as is currently done in some cases. A flag that would link LERs to the 50.72s
previously called into the NRC operations center would be useful. There were felt to be
other deficiencies in the LERs, but they were not specifically listed by the group.

It was noted that there might be resistance for improved reporting because it may not
acceptable to impose additional reporting requirements. It was noted that the standards for
LER reporting are currently being revised, but the revisions will mainly address reportable
events, rather than the quality of reporting.

It was suggested that data reporting might be improved by reducing the adversarial relation

between NRC and the utilities and/or giving more incentive instead of penalty for reporting
events,

NUREG/CP-0124 18



It was felt that other data sources should be tapped for the evaluation. The frequency of
entering technical specification action statements was felt to be a good indicator of potential
equipmert problems. It was suggested that interactions t initiated with the utilities to
bring the data they are developing for their IPEs, IPEEEs, etc. into a data base.

The role of uncertainties in operational event analysis was felt to be goal dependent, For
screening and rarking purposes, point estimates were generally considered adequate.
However, for quantitative use in determining risk profiles for decision making,
uncertainty/sensitivity esaluations would be needed.

It was noted that single train unavailabilities will not be flagged as ASP events since they
are not required to be reported by 10 CFR 50.73 (LER rule), and suggested that a parallel
program to ASP might be desirable to look at these types of failures as a check for PRAs.

Some consideration was also given to potential methods for discovering unknown problems.
The limited resources allotted to the ASP program was considered to be a problem in this
regard. It was felt that not enough time was devoted to determining the potential
implications of events. An approach, similar to "black hatting" in sabotage analysis, was
suggested in which individuals would look througl: the events and try to envision
combinations of failures or actions that could lead to problems. The possibility of essentially
sampling the PRAs with varied combinations of failures to identifv important vulnerabilities
was discussed. The approach was felt to provide useful information, but at a Ligh cost.
Guided searches for postulated types of failures might be more feasible. A related concept
would be to use this approach to search for potential errors of commission,

It was felt that a small cdvisory committee for ASP would be beneficial. The committee
should contair. about three experts from different areas (e.g., risk analysis, statistics, and
nuclear power plant operations). The group would provide review of methods and issues
related to ASP.

It was felt that it is not appropriate to simply wait for events to occur and then evaluate
them, but instead, to augment these evaluations with analyses that search for possible
problems at plants. A combined approach was felt to be necessary rather than focusing only
on operational events evaluation. It was noted that NRC performs the event evaluation
portion of this combination, but not the analysis portion. It was felt that plant-specific
analysis should be performed ir addition to plant-specific event evaluation. It was noted
that current NRC priorities in AEOD do not include this activity. The possibility of having
the plants themselves perform this analysis was discussed, but the plants suffer from resource
limitations. There was also concern that the plants would not give proper credence to
events/data from other plants. The need for peer-reviewed PRAs for each plant was aired,
but the group in general did not believe this would become a reality.

NUREG/CP-0124 19



A3 _mamata o) ami e inlieaes e can bl el de b e b

4, DISCUSSION GROUP 2 - INDUSTRY RISK PROFILE AND GENERIC CONCERNS

Discussion Group 2 treated the issues associated with developing an industry risk profile and
also issues with industry trends associated with operational data. The suggested discussion
questions are found in Appendix D. Section 4.1 contains a summary of the important
information and insights produced by the discussion group, and Section 4.2 contains a more
detailed presentation of the information.

4.1 Summary of Discussion Group 2

Discussion Group 2 focused more on generic concerns of event analysis, The group
considered methods for assessing the impact and implications that a single event, which
occurred at a particular plant, would have on other plants, as well as the evaluation of a
group of similar events (trending). The group also corsidered the feasibility of generating
an industry risk profile. In addition, the group discussed the possibility of using IPE/PRA
information for improved ASP modeling and in development of an industry risk profile.

PRA or improved ASP methods can be used t0 assess the importance of the event from a
risk perspective. For those events important to risk, the qualitative and quantitative
implications of the event must be considered in more detail. The cause(s) of failures should
be evaluated.

When evaluating a group of events, analyses must be focused in some manner. One way
is to use insights from PRAs and IPEs. Thus, risk-i.. portant components, identified from
PRASs/IPEs, are candidates for trending studies. For components with large numbers of
observations, standard statistical techniques are available to assess trends. Highly reliable
components, such as the reactor vessel and batteries, are another group of components
which should also he analyzed. Techniques, such as reliability physics methods, can be used
to estimate failure rates for these components. The causes of failure should be identified
in any analysis, and it is probably better to trend causes rather than failures.

Human performance and common cause failures are other quantities which should be
analyzed and trended. Models, such as human reliability models and the cause-defense
models, can help in such studies. Again it is important to identify the causes of failure and
trend them if possible.

Event analysis can lead to the identification of new phenomena, such as new failure
mechanisms which were not recognized in the design process. This type of information is
important for any component, especially electronic components, even though the component
may not be risk significant. Thus, it is important to monitor the number of failures of
components on a regular basis.

The other main topic the group discussed was developmenti of an industry risk protile. The
group assumed that severe core damage frequency was the risk measu~ 1g trende«i, The

NUREG/CP-0124 21
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roup felt that I7E results and information may be useful inputs t¢: the development of an
ndustry risk profile. However, caution must be uscd when combining information from
different sources. Some things to consider are: (1) scope of the analyses, (2) quality of the
various analyses, (3) assumptions used in the analyses, and (4) analyst-to-analyst variability.

Several concerrs were voiced regarding the evaluation of sparse data. When using such daty
for trending, uncertainty implications must be considered. False trends can appear if
uncertainty is not considered in the analysis, It wi i noted that there is a tendency to
consider the occurrence of events as indicating an increased risk, rather than us simply
actualizing the predictions. Related to this concern was the tendency to latl events as
common cause, when again it might simply be realizing the expected number of combined
but independent failures. The need for additiona! guidance and patience when collecting
and analyzing operational data was emphasized. It was felt that data are often analyzed in
depth before there is sufficient information to produce a meaningful quantitative result.
However, qualitative insights can start to develop with small amounts of data,

42 Details of Discussion Group 2

The major topics discussed were the use of PRA or ASP-type approaches for screening
events (based on their risk importance) to identify those that warrant in-depth evaluation,
considerations when trending operational data, and the potential for generating an industry
risk profile, Related topics arose and were considered during the process.

For evaluating the potential impact of an event at a plant (screening), the importance iesults
from PRAs were felt to be useful, as long as the affected systems were present in the PRA
used for the analysis (¢.g., not previously truncated out). The group suggested either an
upgraded version of the current ASP methodology or train-level PRAs for evaluating the
potential impact of an event at one plant on other plants, Train-level PRAs would be
needed rather than the more typical component-level PRAs be “ause operational data is
normally reported at the train level, It was felt that the ASP metiovole would need to
be upgraded to the level that is demanded of PRAs. Particularty, AS? » »uld need to be
upgraded to include uncertainty and to improve the treatments  cotauci cause failures
and human performance.

The possibility of actually using IPE submittals as the basis for improved models in the ASP
program and for generating industry risk profiles was discussed. The information required
for the IPE snbmittal by the utilities would not be sufficient to construct models. The
utilit.és are required to furnish information such as the event trees, dependency diagrams,
and dominant sequence results and descriptions;, they are not required to furnish fault tree
drawings, system unavailabilities, cut set listings (dominant and truncated), ete. Additional
difficulties would arise when trying to use IPEs that were developed using different
approaches, particularly, small event tree/large fault tree versus large event tree/small fault
tree methods, It was noted that data bases are currently being developed for IPE/PRA
results which are intended be used 10 explore the similarities and differences among pl. s,

NUREG/CP-0124 2
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Through this work, it might be possible to bin plants, rather than having a separate model
for each plant.

In discussing the use of ASP for event evaluation, several points were noted. Attempts were
made 1o compare ASP and PRAs. It was generally agreed that ASP actually represents a
conditional PRA, and as such, the same rigor should be demanded of it as PRAs. This
would include uncertainty analyses for uses that require quantification, but uncertainty
analy«is would not be needed for screening purposes. Impreved treatment of  mmon cause
failures and human performance was also felt 10 be necessary for ASP. It was noted that
good human performance models are not currently available but that there are better
treatments than those currertly used in ASP. However, no improved treatments were

suggested.

Currently, ASP calculates event importance through a conditional core damage probability.
This was considered apprupriate because of the data scarcity; changes in component fadure
rates v uld oceur too slowly to be useful. A complementary approach was suggested that
would give a different perspective, For a particular event, the impacted equipment would
be identified, and then the failure rate wouid be updated 10 reflect the occurrence or the
failure. Core damage frequencies would then be calculated using the base failure rate and
the updated failure rate and compared. This would indicate the risk impact ¢ “ the event as
a change in core damage frequency.

It was suggested that utilities could determine the impact of a particular event on their plant
by using the plant's IPE to evaluate the event. It was also suggested that plants could use
their IPE to assess the impact of events which occurred at other plants on their own plant,
This would be a plant-specific screening of operational events.

The implic tions of the term “event" were discussed. It was noted that an event can be a

licated set of interrelated failures, a single failure of a component, or the identification
of the possibility of a failure of a component without it actually occurring. It was
acknowledged that quantifying this last type of event would be very difficult because ihe
applicability of the observed situation to other situations would require the evaluator to
make engineering judgments which require information not readily available, Insome cases,
it was felt that models could be used to aid in this quantification.

A continual loop between ASP-type approaches and snapshot PRAs was suggested in which
the PRAs help guide selection and identificaion of important events. The event analysis
leads tv updating PRA models and quantification. A difficulty in implementing this process
arises because data are reported at the train level, while PRAs are normally modeled at the

NUREG/Cr-0124 23
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component level, However, it was felt that approaches could be develuped to include train-
level data in a component-level PRA®

When evaluating trends in groups of similar evems, techniques such as CUSUM and control
charts were suggested for components modeled in PRAs that have relatively large numbers
of demands failures. For highl, reliable components, such &3 the reactor vessel, the
scarcity of data would prevent the use of such techniques. For these cases, reliability physics
type approaches could be used in which the problem would be decomposed to a level at
which a model could be constructed that would be amenable to such methods. Even more
difficult would be the evaluation of human performance, The group did not believe current
methods adequately model human performance, an! that it would probably be quite some
time until adequate methods could be developed. However, human performance issues
should be flagged for now 10 compile information on the characteristics of these events so
they caa be used for improved models on human performance.

The treatment of common-cause failures in trending analyses and for the identification of
potentially important generic issues was discussed. It was felt parametric models, such as
the B factor model, would not be useful for such studies because the, are essentially
empirical. A model for the failure would need to be developed using an approach such as
the cause-defense framework [2). Each observed event would be uuique, requiring a
separate model to describe it. Once a model has been constructed for a particular event,
it could be applied across the industry to test for additional occurrences of the problem.
“ractical considerations limit this approach. That is, it is not feasible to check every plant
for each kind of common-cause failure that is identified.

Several concerns were voiced regarding the evaluation of sparse data. First, it was pointed
out that it is difficult to trend such data on a plant-specific basis, Statistical methods usually
require a moderate number of observations to provide useful results with high confidence.
Next, when using data for trending, the nncertainty implications need to be considered.
False trends could appear if uncertainty were not considered. On the other hand, some
trends can be masked by data uncertainty. It was also noted that there is a tendency to
consider the occurrence of evints as indicating an increased risk, rather than as simply
actualizing the predictions. Re'ated to this concern was the tendency to label events as
common cause failures, when #gain it might simply be realizing the expected number of
combined, but independent, failures, Caution must b2 used when analyzing and interpreting
such data. The trends should be updated as new data occur which will increase the
understanding and improve the power of the statistical techniques used. It was felt that such
data are tor often analyzed and conclusions made before there is sufficient information to
produce meaaingful and credible results.

’ LAN". has begun development of approaches that use failure information from

components, trains, and systems in the same analysis,
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£ DISCUSSION GROUP 3 - RISK MONITORING AND RISK-BASED
PERFORMANCE INDICATORS

The participants in Discussion Group 3 treated the topics of monitoring for trends at an
individual nuclear pow *r plant and the feasibility of developing risk-based indicators of plant
performance. The sugy *sted discussion questions for this discussion group are found in
Appendix E. Section 5.1 -ontains a summary of the importan. information and insights
produced by the discussion group, and Section 5.2 contains a more detailed presentation ¢/
the information,

51 Summary of Discussion Group 3

Discussion Group 3 addressed methods for monitoring risk and the development of
performance indicators, The strengths and weaknesses of the various characteristics of
performance indicators were discussed,

The group felt that risk-based indicators can measure levels of performance vs. goals,
However, risk-based indicators usually need to be accumulated over a long period of time
(over a year or more) in order to differentiate trends from random vanations. In contrast,
information for indirect indicators (such as daily power loss) can be collected more
frequently, and they can indicate short-term trends, However, the relationship of indirect
indicators to safety is not clear. The group felt that both types of indicators are useful to
include in a set of performance indicators.

The group concluded that risk-based indicators could be developed for risk-important
components. The information needed for those components s out-of-service Jdates and
times and the reasons the components are out of service. Common cause failure (CCF)
considergtions should also be treated in risk-based indicators since common cause failures
are importan! contributors to risk and system unavailability.

To aid in the use of risk-based indicators, alert levels could be set. The methods to do this
included statistics (cumulative, or point-by-point methods), computer simulation (1o trade
off detection rate versus false alarm rate), and experience (trial and error).

Statist.cal issues of nperational data were also discussed. It -vas felt that older plant Jata
should always be retained, but it should be treated differently from more recent data.
Several possible stat stical methods for doing this exist, und should be examined for the best
method for the give 1 need.

In establishing a trending interval, the following considerations were identified: the time
period needed tr, detect the trend vs. the rate at which the trend develops, the false alarm
rate vs. the detection rate, and the rate of degradation. The need for considering
uncertainty properly when determining patierns was noted such that true patterns can be
distinguished from those that simply arise from uncertainty.
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CCF data needs for risk-based performance indicators were also discussed. LERs would be
useful for CCF determination but not necessarily for CCF indication. They are useful for
root cause analysis and provide sequence-oriented information. NPRDS gives an
understanding of proximate cause of failure. Special search sirategies need to be developed
for both SCSS and NPRDS to identify potential common cause failures,

52 Details of Discussion Group 3

Discussion Group 3 addressed methods for monitoring risk and the development of
performance indicators, Before discussing the types of performance indicators that might
be used, the group first identified the potential uses of the performance indicators. Most
likely, they would be used 10 judg past performance (assessment indicators) or 10 project
future performance (leading indicators). Assessment indicators could be used both for
determining which plants have performed poorly/well and for evaluating whether or nut
regulations have led to safer plants. It was noted that it is difficult to tell which plants are
good/poor performers through assessment indicators, making it even more difficult 10
validate leading indicators. The group felt that the assessment indicators eculd be tracked
with a higher level of confidence than leading indicators, but acknowledged the need for
both.

Both direct and indirect indicators were suggested for these purposes Direct indica‘ors
would have measurable performance that is transluted to a risk measure by some risk model.
Indirect indicators would not have this direct connection through an analytical model. It was
recognized that there would be a spectrum of possibilities between these extremes. The
direct indicators can clearly discriminate good and bad performance because of the direct
tie to risk, but require a longer time period for data accumulation before trends can be
established. Indirect indicators can respond over a shorter time period but suffer from
lower credibility.

Several levels of indicators were identified, ranging from the business environment down to
train and component level indicators. It would be more difficult 1o establish credibility when
connecting higher level indicators to risk than if using lower level indicators. However,
plant-specific indicators ai the individual component level would not be practical because
the current data collection is inconsistent, With higher level indicators, such as average
daily power level, trends could be established during a shorter time window than required
for a lower level indicator such as train- or component-level indicators, The group felt that
the train level would provide the best compromise, and even that would require additional
data reporting,

It was noted that the tradeoffs between the noise, variability, and signal strength of the
selected indicator need 1o be recognized. Methods of grouping data that would increase the
signal strength would also increase the noise. The uncertainty in the data sets would need
to be considered, both in terms of the tolerance perspective and the confidence perspective
in the statistics.
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Approaches for using plant-specific PRAs and IPEs in risk monitoring were explored. One
possibility would be to use the IPEs and PRAs 10 determine the importance of safety
systems, using the more important systems in the indicator. Then the deviations of the
safety system unavailabilities from the values used in the PRAs and IPEs could be tracked.
The need for monitoring CCFs and human performance indicators was recognized, but
methods for doing this would need to be developed.

To deveiop indicators on initiating events, the group felt additional research would be
needed. However, possible avenues to pursue were discussed. For relatively frequent
initiators, the data collected over the past 10 years could be examined for all plants, and
attempts made to find patterns for categorizing the events. For rare events, such as ATWS,
an anproach was suggested that would attempt to identify precursors of the particular event,
since data on the event itself would be too scarce. Inspection results might provide
information on LOCA precursors,

The frequency for updating the risk ussessments used in risk monitoring would depend on
a combination of factors, Updates would be necessary after any major plant modification
(equipment or procedures) or after a deficiency is found through ASP or other methods,
For newer plants, updating would he needed at every refueling because new plants tend to
show changes in performance fo: the first few cycles. Older plants show less variation so
would need less frequent updating, but it was suggested that they be updated at least every
S years.

In updating risk assessment after plunt procedural changes, it was felt that the procedures
should be considered similar to procedures at a new plant because they are new to the
operators. In addition, the possibility of operators tending to fall back on the "old ways"
should be considered.

It was suggested that the current set of performance indicators could be made more risk
relevant by using a risk weighting of the current indicators. A plant-specific ASP type
review of all events could be used.

The group did not currently know how to handle design and manufacturing errors which are
not discovered until a design basis reconstitution or improved surveillance test is conducted
by the licensee after years of plant operation, but suggested that future research programs
examine methods for determining how the discovery of design problems reflects on the
number of residual failures in the design. Approaches such as software reliability models
that attempt to determine residual defects could be pursued. The importance of keeping
reporting non-punitive was stressed, such that the utilities would not be reluctant to report
information. It was suggested that the failures be broken into two groups-design and
operational,

LERs and NPRDS were viewed as useful for risk-based performance indicators, but not a
complete source. LERs would be useful for CCF determination but not necessarily for CCF
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indication. They were felt 10 be useful for root cause analysis, especially if a 30-day report
has been made. LER« also provide sequence oriented information. NPRDS does not help
identify root causes but does give an understanding of proximate cause and whether the
failure dates are clustered together. The engineering data in NPRDS can be somewhat
useful for common cause failure analvsis because it can be used to locate similar
cumponents after a component problem has been identified by other means. Frequency
clustering analysis was suggested using NPRDS Jata, with analysis to identify which portions
are from random and non-random phenomena. The non-random portions could be
examined for common-cause failure, The failure records in NPRDS could be used 1o
identify potential common-cause component groups, and the work maiatenance records
could be used to determine the actual cause of the failute.

Statistical issues of operational data were also discussed. The group believed that older
plant data should always be retained, but treated differently from more recent data. Several
possible methods for doing this exist. The key concern was choosing a method that
discounts but does not discard old data. [t was felt that there is no general way for
establishing intervals for developing trends, but in developing a specific interval one should
consider the time period needed 10 detect the trend vs. the rate at which the trend develops,
the false alarm rate vs. the detection rate, and the rate of degradation,

Several means for establishing alert levi'ls were identified: percentile, CUSUM, computer
simulation, or a brute force approach which starts broad and narrows in. The level depends
on the false alarm rate, the significance of the false positives and false negatives, and the
risk of the item.

The importance of considering uncertainty properly when determining patterns was noted.
Without it, true patterns can not be distinguished from those that simply arise from
uncertainty, 1t was felt that more rigorous statistical review of current methods was needed
for establishing trend intervals.

The group also discussed whether or not suspected outliers should be considered in
evaluations, and suggested an approach. First, the group characteristics must be determined
using all data for the plants in a group. Then statistical analysis could be used to determine
if the suspected outliers are truly outliers o if they are points on the tails of the
distributions. 1If the suspected outlier is shown not to be an outlier, it should be considered
a generic issue, with regulation focused on reducing the variability of the group. On the
other hand, if it is shown to be an outlier, it should only be considered for the plant-specific
evaluation.
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treatment of human performance. Plant-specific, train-level models would meet
this need.

In the ASP progran: conditional core damage probabilities are caleulated for
certain events, However, the occurrence rate of the precursor event itself is
generally not caleulated. The frequency of precursor events could also be useful
as & check on expected occurrence rates based on PRA estimates.

Generie/Risk Profile

IPE analyses would be a useful source of information for fulfilling many needs
(e.g. developing plant-specifie, train-level models, developing an industry risk
profile). However, it was realized that much of the information needed for ASP
and other uses is not required to be submitted to the NRC in the IPE submittal.

It was felt that it would be possible for the NRC 1o develop an industry risk
profile. If it is done, it will require careful scoping and planning before
developing the method, and its implementation.

Performance Indicators

Risk-based performance indicators should be developed using risk-important
component and systems, This efZort would require new models and data.

Othar

Data reporting was overwhelmingly felt to be a weakness. Information that would
make the failure records more useful include: mode of operation at time of
failure, more complete failure narratives, better root cause informati. . . time of
failure, time equipment was restoied to service.
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Operations! Experience and Evaluation

Actual operating experience is an essential input to the regulatory process for assuring that
licensed activities are conducted safely. Major data sources are reports submitted by
licensees to the NRC in compliance with 10 CFR 50,72 (“Immediate Notification
Requirements for Operating Nuclear Power Reactors”), 10 CFR 50.73 (“Licensee Event
Report System"), and voluntary reports of component failures submitted to the Nuclear
Plant Reliability Data System (NPRDS), which is managed by the Institute of Nuclear Power
Operations (INPO). These data are maintained in computerized duata bases.

Additional sourc.s of data include (1) licensees' monthly operating reports, (2) NRC
inspection reports (regional reports as well as reports from special evaluations performed
by Augmented Inspection, Incident Investigation, and Diagnostic Evaluation Teams), (3) 10
CFR Part 21 reports ("Reporting of Defects and Noncompliance"), (4) preliminary
notifications of events issued by the NRC, and (5) foreign reactor events received through
international exchange of information. The NRC also obtains operational data from site
visits, and from licensee responses to bulleting, generic letters, and 10 CFR 50.54(f) letters,
Data for NRC sponsored probabilistic risk analyses (PRAs) are usually obtained from site
visits, but "generic" sources may also be used.

Specified safety criteria are used 1o identify events which are Abnormal Occurrences to be
reported to Congress (Table 1), significant events for the NRC Performance Indicator
Program (Table 2), important events for engineering analyses and assessments by AEOD's
Reactor Operations Analysis Branch (Table 3), and precursors to potential severe core
damage accidents (Table 4) as identified by the Accident Sequence Precursor (ASP)

program.

Information on file in the NPRDS is derived from engineering and failure data submitted
by nuclear power plant licensees to INPO. The NPRDS produces failure statistics on
components and systems related to nuclear safety. Such statistics are for use in deriving
implied “reliabilit* of components which may be of interest 1o operators and designers of
~uclear power plants, reactor manufactuters, architect-engineering and constructor firms and
regulatory agencies, However, the data is not sufficient to perform actual reliability and
availability analyses because of limitations in raw d4ta required to be reported to the system,
The NRC considers the NPRDS to be a vital adjunct to the LER system. Its value as an
anulytic tool is directly dependent upon the accura vy and completeness of the data, and the
degree of industry participation. For 64 plants reviewed by INPO in 1989 and 1990 and one
in 1991, the mean completeness of component failure reporting was 70 percent and the
median 81 percent.

The primary source of data on operational events used in both routine evaluations and
special studies are licensee event reports (LERs). For 1991, about 2000 LERs will be
submitted covering events with a wide range of significance (e.g., spurious HVAC isolations
10 reactor scrams with complications). About 150 related pieces of data for each LER are
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entered into the Sequence Coding and Search Sy.tem (SCSS) data base. The SCSS
facilitates the storage and retrievel of information about each event (e.g, causal and time
aspects of occurrences within the event sequence). This system is maintained by Oak Ridge
National Laboratory. A separate data base is maintained at the Idaho National Engineering
Laboratory (INEL); this data base is used to support studies for specific kinds of events and
the NRC Performance Indicator Program. The data base is derived from LERs, 10 CFR
50.72 reports, and licensees' monthly operating reports and contains operational information
such as ESF actuations (including reactor scrams), safety system failures, technical
specification violations and shutdowns, and reactor ¢ritical hours,

Operational data are reviewed and evaluated to identify (1) significant events and any
associated safety concerns and root causes, (2) the trends and patterns displayed by these
events, (3) the adequacy ot the corrective actions taken to address these concerns, and (4)
the generic applicability of everts and concerns to other plants,

The ASP method models and evaluates plant equipment and human responses that could
affect the progression of an accident, evaluatiag the actual failures that have occurred along
with the probabilities for postulated additional failures that could occur. The precursor
method uses event tree models 10 evaluate the likelihood of various possible outcomes
(scenarios) for the events being modeled, resulting in a quantitative estimate of the
significance of the event in terms of conditional probability of core damage. The overall
ASP analysis process is shown in Figure 1. The precursor event evaluations are presented
in ASP NUREG reports which are¢ published annually, The breakdown of precursor events
by event type and significance are plotied and pruvided to the Commission each year to
show trends., Summary information on precursor events are given to NRC senior
management to provide another perspective on plant operating experience, NRR has
adopted the ASP methodology for evaluation of selected 10 CFE "0.72 reports (v assist in
the identification of significant events. The ASP models in use by NRR were reviewed and
modified to bring them into better quantitative agreement with aviuable PRAs, and ATWS
event trees were added.

Certain shortcomings of the existing ASP models are being addressed by NRR and their
subcontractors SAIC and ORNL. For example, when evaluating certain everts, mc _eling
deficiencies can cause overly conservative estimates of conditional core damage probability.
One deficiency concerns not giving proper credit for alternate long-term means of core
decay heat removal and a second deficiency concerns not properly crediting the charging
pamps as an alternate to the HPI pumps on certain plants. Additional event trees are also
being developed for steam generator tube rupture and ATWS, In addition to correcting
known problems, an effort is underway to confirm that ASP modeling of plant system
configurations and capabilities are correct and current by verifying them using information
from individual plant examination submittals.

Trends and patterns analyses are performed to (1) identify and provide a quantitative
context for new safety issues; (2) evaluate the effectiveness of current regulations, regulatory
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actions and initiatives taken by licensees to resolve sufety issue converns; and, (3) help guide
and focus engineering evaluations. PRA insights can be helpful to identify components,
systems, accident initiators, accident sequences and safety/regulatory issues as candidates
for trends and patterns analyses. Also, PRA assessments can be helpful to evaluate the
safety significance of the results of trends and patterns analyses,

NRR has begun trending the results of the ASP evaluations published annually by AEOD,
A summary ", mads o) tne conditional probabilities for the precursor events for each year.
The total numbers of precursor events per year and the numbers of events exceeding various
values have also been considered. The ASP report data was also scrutinized for apparent
differences associated with plant age, size of utility company, types of reactors, et..

The NRC Performance Indicator (P1) Program is another aspec. of efforts 1o 1 onitor the
performance of nuclear power plant licensees. This program currently monitors indivi:fual
plant as well as industry-wide data on eight Pls and evaluates the data to detertaine
performance trends. The eight Pls are (1) the number of unplanned automatic reactor
scrams (trips) while a reactor is critical, (2) the number of safety system actuations, (3) the
number of significant events, (4) the number of safety system failures, (5) the forced outage
rate, (6) the number of equipment-forced outages per 1000 commercial critical hours, (7)
the collective radiation exposure, and (8) cause codes. Most of these Pls are generated by
the NRC's computerized datx bases. The trends of the Pls are shown on a plant-snecific
basis, as well as comparisons to indusiry-wide averages. These reports are issued quarterly.
In the fourth quarter report each year, annual industry trends for each Pl for the post
several years are presented. Figure 2 shows the trends in the industry averages for the first
seven Pls for the years of 1986 through 1990. (Industry-wide averages are not calculated
for the cause code PI.)

The PIs are intended to monitor plant operational safety performance. Therefore, they
should 1eflect trends in one of the following three key elements of operational safety: (1)
frequency of transients, (2) unavailab lity of safety systems, and (3) potential for common-
cause failures. The development of a risk-based indicator of key safety systems
unavailability bas been studied for some time but has not been implemented because the
needed data is not currently available to the NRC on a routine basis,

The NRC has developed state-of-the-art software computer systems for use in risk analyses.
The Integrated Reliability and Risk Analysis System (IRRAS) is used to perform a level 1
PRA. Event trees and fault trees are developed and analyzed using IRRAS, TRRAS is
beiag used in the preparation of low power/shutdown PRAs. The System Analysis and Risk
Assessment (SARA) software is designed to perform sensitivity studies on cut sets, These
programs provide new tools for the NRC to use in ASP studies and event evaluations. The
NRC is also leading data from PRAs into the MAR-D data base for use with IRRAS and
SARA. So far about 8 PRAs have been loaded into the data base. The key to using
IRRAS and SARA effectively in NRC applications is to develop the event tree and fault
tree models to take advantage of the unique features of the codes.
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Table 1 (cont.)

5. A loss of licensed material in such quantities and under such circumstances that
substantial hazard may result to persons in unrestricted areas.

6. A substantiated case of actual or attempted theft or diversion of licensed material
or sabotage of a facility.

7. Any substantiated loss of special nuclear material or any substantiated inventory
discrepancy that is judged to be significant relative to normally expected perfornance
and that is judged to be caused by theft or diversion or by substantial breakdown of
the accountability system.

8. Any substantial breakdown of physical security or material control (i.e., access
control, containment, or accountability systems) that significantly weakened the
protection against theft, diversion, or sabotage.

9. An accidental criticality [10 CFR 70.52(a)].

10. A major deficiency in design, construction, or operation having safety implications
requiring immediate remedial action,

11.  Serious deficiency in management ur procedural controls in major areas.

12, Series of event: (where individual events are not of major importance), recurring
incidents, and incidents with implications for similar facilities (generic incidents)  at
create major safety concern,

For Commercial Nuclear Power Plants

L Exceeding a safety limit of license technical specifications [10 CFR 50.36(¢)].

2. Major degradation of fuel integrity, primary coolant pressure boundary, or primary
containment boundary,

3, Loss of plant capability to perform essential safety functions such that a potential
release of radioactivity in excess of 10 CFR Part 100 guidelines could result from a
~< - glated ‘rensient or accident (e.g., 19ss of emergency core cooling system, loss of

= ol red system),

4. -~ 2overy of a major condition not specifically considered in the safety analysis

1 :port (SAR) or technical specifications that requires immediate remedial action.
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Table 1 (cont.)

Personnel error or procedural deficiencies that result in loss of plant capability to
verform essential safety functions such that a potential release of radioactivity in
excess of 10 CFR Part 100 guidelines could result from a postulated transient or
accident (= « . loss of emergency core cooling system, loss of control rod system).

Table 2
Criteria for Significant Events for the Performance Indicator Program

Events normally involving one or more of the following:

L

The degradation of important safety equipment.
An unexpected plant response to a transient or a major transient itself,

A degradati “n of fuel integrity, the primary coolant pressure boundary, or important
associated structures,

A reactor trip with complications.

An unplanned release of radioactivity exceedii:g plant Technical Specifications (TS)
or regulations.

Operation outside the limits of TS,

Other events that are considered significant,
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Table 3 (cont.)
0 ine Condition Criteri

A.  Condition which could initiate F. Procedural or training errors
an accident or prevent
successful mitigation

B.  Outside design basis or G. Potential failure or
requirements degradation of safety

equipment

C.  Potential unexpected H.  Management deficiencies
failure or response

D.  Potential common-mode/ L Technical specification
cause failure violation

E.  Potential system interaction J. Programmatic defic encies
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APPENDIX C

Discussion Group 1 Questions and P ticipants
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WORKSHOP DISCUSSION GROUP 1
Risk Significance of Events

What fundamental screening ar.d modeling aspects of ASP should be reevaluated and
improved to increase confidence that important events are not being missed because
of hiases introduced by the methodology and its implementation, or by limitations in
ASP models?

What level of modeling detail should be included in computer codes for ASP analyses?

What importance measures should be used and how should they be used to identify
event significance?

How can A%?2 be extended to external events: (1) Fire; (2) Internal flood; (3) Seismic;
ete?

What kind of human performance evaluation improvements should be made to, or
incorporated in ASP models/procedures?

What can be done to improve ASP analysis efficiency to speed up the process? Can
screening criteria and qualitative assessments be developed to reduce the number of
detailed ASP/PRA evaluations, especially for those of very low conditional core
damage probability.

What are the statistical limitation and problems associated with trending ASP results?

Yok statistical limiations important when ASP results are used to display an
rend?

the unc. ainties in ASP? How should uncertainty be factored in to intended
SP results? How should they be handled? Qualitative treatment versus
qQuee o _ution,

What kinds of extrapolations can be done with quantitative and qualitative ASP
results?

How can/should ASP results be factored into PRAs/IPEs?

Is it practical to use PRAs/IPEs for event (ASP) analysis? How should PRA models
and results be structured in order to be most usef 1l for event analysis? What data is
needed’

What is the mirimum information needed to perform a credible risk assessment of an
event? What k. d of changes should be made to event reporting (50.72/73) to help
assure important events will be identified by the ASP screening process?
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DISCUSSION GROUP 1 PARTICIPANTS

Moderator: Allen Camp, SNL

Participants: Bill Jones, AEOD
Fred Manning, AZOD
Joe Minarick, SAIC
John Darby, SEA
Bob Budnitz, FRA
Steve Long, NRR
Marie Pohida, NRIN
Gary Wilson, INEL
Steve Mays, ACRS
Cory Atwood, INEL
Mike Cullingford, NRR
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Discussion Group 2 Questions and Participants




WORKSHOP DISCUSSION GROUP 2
Industry Risk Profile and Generic Concerns

How can we use common cause failure, systems interactions, and human performance
analysis methodology to analyze industry wide data for trends, and for the
identification of potentially important generic issues? What methodologies are most
suitable? What data detail is required?

What approaches and methodologies can we use to cull the LER and NPRDS data
bases to idantify risk significant industry trends: at the component leve!; at the system
level; at the event level; at the issue level? (other?) How can information trom all
or a group of plants be used to identify potentially risk significant problems? What
other data sources should be routinely screened? How can we combine or
extrapolate from and between LER and NPRDS (or other) data bases to form the
most complete picture?

What methodology and criteria should he used to select a class of events
(component, system, issue level) for detailed study (e.g. statistical, risk, root cause
and engineering evalu itions)?

Given the naiure of the events reported in the available data bases, what statistical
techniques should be used for analyzing trends?

If it were possible to develop a nuclear industry risk profile, what are some ways it
could be done and what should it include?

Given some form of risk estimate is or will be available for most plants, how can
they be combined to provide an industry risk profile? What technical issues need to
be addressed and what approaches and methods should be used or developed for this
application?

What approach might be developed using available PRAs and IPE results to generate
a periodic, industry risk profile update (trend). What data would be needed?

What information frota PRAs and IPEs should be catalogued in a computerized data
base?

What are the pros and cons of using ASP results 1o identify industry historic risk
trends. What are the statistical issues associated with this? What are the statistical
implications, confidence level in results?
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DISCUSSION GROUP 2 PARTICIPANTS

Moderators: Gareth Parry, NUS
Ali Mosleh, Univ. of MD
Participants: Pat O'Reilly, AEOD

Bennett Brady, AEOD
George Apostolakis, UCLA
Henrique Paula, JBFA
Bob Dennig, NRR
Howard Stromberg, INEL
Ali Azarm, BNL

Harry Martz, LANL

Dale Rasmuson, AEOD
Jack Rosenthal, AEOD
Bill Beckner, NRR

Mark Cunningham, RES
Tom Novak, AEOD
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Discussion Group 3 Questions and Participants
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WORKSHOP DISCUSSION GROUP 3
Risk Monitoring and Risk-Based Performance Indicators

If we were to start from scratch with no preconditions, what types of performance
indicators should be selected to monitor plant safety/risk? What data would be
needed? What practical alternatives are there?

What approach should be taken to identifying and developing surrogate or indirect
indicators for plant risk monitoring?

What approaches and methods could be developed and used to employ plant specific
PRAs and IPEs as a risk monitoring tool? Should total risk be monitored or should
specific components and systems be monitored? What about monitoring certain
component types, or human performance indicators? What types of indicators should
be developed for initiating events?

How often should the risk assessment, or specified elements of it (e.g. system
reliability) that are used for risk monitoring be updated? What data would be
required?

What risk methodology might be used to improve the current set of performance
indicators? Can they be made more risk relevant?

How should we treat design and manufacturing errors which were not discovered
until a design basis reconstitution or improved surveillance test was conducted by a
licensee after years of plant operation,

How can we utilize existing LER and NPRDS data in combination to improve on
their usefulness in meeting risk-based performance indicator data needs? What other
data might be used to fill voids that are inherent 1o these data sources? Optimally,
what data is needed?

What statistical issues should be addressed when developing and implementing risk-
based performance indicators? What methods are best suited for routine periodic
trending (e.g. rolling average, regression) of risk-based indicators? What approach
should be used to select intervals for developing trends? When is past history to old
to be considered indicative of current performance?

What methods should be used to establish alert levels when monitoring risk? How
can we identify significant trends? What method or approach should be used to
differentiate actual short term deviations in performance from random variations?

How can we spot patterns of events that point to problems at a particular plant?
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DISCUSSION GROUP 3 PARTICIPANTS

foderator Joe Fragola, SAI(
Participants Don Hickman, AEOD
Mike Poore, ORNI
Dennis Bley, PLG
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Bill Galvean, INEI
Arthur Pawvi SNI
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APPENDIX F

View Graphs
for
"Accident Sequence Precursor Program Methods®

Joseph W, Minarick
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Objectives

Analyze operational events and rank them as to their likelihood of proceeding to core damage.

could lead to severe core damage,

Search operational events for the elements or precursors of severe core damage accident sequences.

From operational events identify significant or important sequences that, more likely than others,

Type of Events Covered
While all off-normal plant conditions are associated with some risk, the ASP program concentretes
on:

+ Unusual initiating events (loss of offsite power, small break loss of coolant accident, cascade
electrical failures),

*  Total failures of safety-related systers, and
+  Degraded multiple systems
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Types of Events Not Cevered

Events not addressed include:

Uncomplicated reactor trips,
Losses of feedwater without additional failures,
Single failures in systems (without an initiating event),

Losses of redundancy in 3 single system which could be a system failure at another (eg.
unavailability of a motor-driven and wrbine-driven AFW pump st plant with a -pump

AFW system), and
Design errors discovered by reanalysis

Overall ASP Frogram Approach

Review 1 ERs to identify events which satisfy selection criteria as precursors,

Determine impact of “element:” of each event on systems and functions which provide protection
sgainst core damage. These systems and functions arr defined through the use of event sequence
moudels (event trees).

Eniumumditiaulpmhbmwolmmmmnmmmfumhmu event
tress modified to reflect systems observed 10 be degraded or during the precursor.
even! frequencies and system failure probabilities developed from the precursors themaelves are

used when possible.
Rank precursors as to significance and identify atiributes of more significant events.
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Review of LERs for Potential Precursors
All 198487 LERs were reviewed by two engineers for potential precursors. Events selected during
this review were then subjected (o 8 detailed analysis, Events selected for detailed review included:
+ core-damage initiators (including LOFWs, LOOPs, and small-break LOCAs);
« all events in which reactor trip was demanded;

« &l suppor: system failures, including failures in cooling water systems, instrument air,
instrumentation and control, and electric power systems;

« any event where two or more failures cocurred;

¢ any event or operating condit!on that was not predicted or proceeded differently for the plant

design basis; and
+ any event that, based on the reviewers’ experience, could have resulted in or significantly
affected a chain of events leading sever: core damage.

For 1988-89, LERs screened as Category 2 by AEOD and all reactor trips were reviewed for
precursors. This reduced the number of LERS requiring review by 75% and allowed for additional
detsiled review and documentation effort. However, the possibility exists that some potential
precursors were not identified r~ Category 2 events,

; Review of LERs for Potential Precursors (cont.)

ta base to screen LERs for ial precursors has been explored in the ASP

e MASC compqu “m‘:ul screening approach mvelopzd which identified a subset of 251‘ of

s which contained almost all precursors which had been identified in 1984-89. Screening
manpower requirements were reduced by 40-50% compared to manual reviews,

Efforts to further confirn the usefulness of SCSS in identifying precuisors are currently underway.
This effort involves a manual review of all 1¥90 LERs.

For 1990, the SCSS data base was screened o identify potential precursors, These events were
reviewed slong with AEOD Category 2 events. All events finally selected as precursors were

identified using the computerized screening approach.
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Review of LERs for Precmsors: Detailed Review

The detailed review o selected events considers the immediate impact of an initiating event of the
potential impact of equipment failures of operator errors on readiness of systems in the plant for
mitigation of off-normal and accident conditions. Three general scenarios are considered:

« 1f the evemn: or failure was immediately detectuble and occurred while the plant was at power,
then the event is evaluated according to the likelihood that it and the ensuing plant rosponse
could ead to severe core damage;

» If the event o failure had no immediate effect on plact openation {i.e. if no initisting svent
occurred), then the revww considers whethes the plant would require the failed itenis for
mitigation of potentis! severe core-darage sequences given s postulated initiating event during
the failure period; and

+ 1If the event or failure nccurs while the plant was not at power, then the event 1 evaluated
according to whether it could have occurred while at power or at hot shutdown immediately
following power operation or if it could have _nly ocoursed at cold shutdown conditions. If
an event “ould have occurred at power. it it typically evaluated under that condition,

Four Seis of Atiributes Are Commeon To ASP Events

Events sre selected and documenied as accident sequence precursors if they include one of the
following attribwites:

+ @ core-damage initiator (such as a LOOP, small steam-like break, or small-break LOCA),
+ a failore of a system (all trains of a multiple-train sysiem) required to mitigate the
consequences of a core-damage initiator,

. demduionlnmmumm:ymmmuindlommwemmmwmcuoflcm-dmp
inttiator; or

+ reactor trips and losses of feedwater with & degmded mitigating systers (1984 and following),

and if the estimated conditional probability of subsequent severe core damage 2 106 (1987 and
following). Documentation includes 2-3 pages of descriptive material plus supporting tables,

graphs, dhagrams, and computer output sheets.

Failures in containment-related systems (total failures and multiple degrades) and other interesting
events are also documented.
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Precursor Modeling Approach

U.5. LWRs have been divided into eight plant classes -~ five for PWRs and three for BWRs. The
classes ure defined based on the use of similar systems for accidant sequence mitigation and similar
tesponse, on 4 syzem level, 1o initiating events.

Transient, loss-of-offsit power and small-break LOCA event trees were developed for each plant
class. Fach event tree addresses both safety-relatad and non-safety sysiems which can te wsed 1o
mitigate off-normal events. Lsing such treex, the impact of system-le el operatic., on individual
plant claszes can be distinguished.

Two undesired end states are included in the event trees.
+ core damage (inadequate core cooling); and
+  ATWS (failure to scram),

Example Event [res Model

TRANS L AW MEW
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s
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(1) O for Clans

PWR Classes B and D Nonspecific Fieactor Trip
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Conditional Probability of Severe Core Damage

| Individual precursors are ranked as to significance by estimating s conditional probability of
: subsequent core damage given the failures ohserved during the event.

Fallures identified during the review of each precursor <re mapped onto the plant-class event trees
which &.2 then used to estinate a conditional probability of subsequent core damage, given the
precursor.

In this estimation method, the probability of a system failing given that it was observed successful or
not challenged is assumed equal to the failure on demand probability for the system, while the
probability of & system failing given that it was observed fuiled is assumed equal to the likelihood of
not successfully restoring the system to operation (non-recovery likelihood).

The conditional probability is # incasure of the residual Rcr:tectlon against core damage which
existed during the event, and is a measure of precursor significance.

Precursor Calculational Process

1. Event sequences requiring calculation,

If an initiating event occurs as part of a mm« (i.e., the precursor consists of an initiating
event nlus posaible additional failrres), use the event tree associated with that initiator;
otherwise, use all event trees impacted by the ohserved unavailahility.

2. Initiating event probability,

If an initiating event occurs as part of & precussor, then the initiator probability used in the
calculation is the probability of fuiling to recover from the observed initiating event (i.e., the
numenc value of the recovery class for the event),

If an initiating event do<s not ocour as part of a precursor, then the probability used for the
initiating event is developed assuniing a constant hazard rate. Event durations (the period of time
during which the failure existed) are based on information included in the event report, if
pmwsed. 1f the event is diccovered during testing, then one-half of the test periud (15 deys for a
typical 30-day test interval) is assumed, uniess a specific failure duration is identified.
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Precursor Caleulational Process (cont.)

3. Branch p: obahility estimation.

For event tree branches for which no failed or degraded condition is observed, & probability
equal 1o the estimated branch failure probability is assigned.

For event 1 nches associated with a failed system, a probability equal 1o the numeric value
associated . .2 recovery class is assigned

For event tree branches that include a degraded system (i.e., a system that still meets minimum
operability requirements but with reduced or no redundancy), the estimaied failure probability is
modified to reflect the loss of redundancy, but the nominal non-recovery probability is not

. Conditional probability estimation.

For unavailabilities, a differential measure is calculated by subtracting the nominal risk over the
unavailability period from the conditiona! probability caleulated using the modified event trees.

For initiators, the nominal risk over the miligation period is not subtracted since it is typically
much smaller than the conditional probability calculated with an initiator probability of 1.0,

Precursor Calculational Process (cont.)

5. Support system unavaiiabilities.

Systems or trains rendered unavailable as a result of uwg:uhs‘mem failures are modeled

recognizing that, as long as the affected support system rema all impacted systems

{or

trains) are unavailable; bt if the support system is recovered, all the affected systems are
recovered. This can be modeled through multiple calculations which address support system
failure and success. Calculated core damage probabilities for each case are nonmalized based on
the tikelihrod of recovering the support system,
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Example Transient Calculation

Postulated Event: Trip a.d Loss of
Feedwater

"
i

Likelihood of not recovering from
trip = 1; likclihood of not recovering

~FFEEF-=

-
-
| e T oy main feedwaler estimated to be 0,34,
—tt - No other failures observed during
| = mitigation.
\ " o0
| o B I e R
| 7 seq 17
| - LF_E_;L—_ e~ =77 url'
‘ vy - Atwn
PATWS) = plseq. 18]
=30x105
e PR J Note: With the exception of relief
: ion o
L Dt f e e & savass 9 .34 vulv:‘;mg;m. falture probabilities
are indicated,

Example Unavailability Calculation

Postulated event: wnavailability of
High Pressure Injection for 172
month Likelihood of non-
restoration estimated to be 1.0

§
£
i

LocA L Arw g Ll e

Probability of non-recoverable
Small-Break LOCA in 360 hr period
= 3.6E-4, Conditional probability of
core damage given unavailability of
HPl = 10.

108 AN
o W8

plcore damage) = 3.6F 4 . nominal
risk for same time period (7.0E.7) =
g 36E-4

" 1183

58892883898

|

:

¥
Ll

FARLURES OBSEAVED DURING EVENT, Note: A complete analysis of *his

event would require postulated
A ey bt o transients and {0 be addressed

h as well.
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METHODS FOR IDENTIFYING RISK SIGNIFICANT TRENDS

presented by

Gareth W, Parry
HALLIBURTON NUS Environmenta, Corporation

at

Workshop on the Use of PRA Mathodology for the Aralysis of
Reactor Events and Operational Data

Annapolis, Maryiand

@LaLEETon s

DISCUSSION TOPICS

« Given an Event Data Base (e.g., LER) and a Component Data Base (e.g.,
NPRDS), and a PRA Model for each plant, discuss:

- methods for screening data to identify those data elements that are risk
or safety significant,

- methods for analyzing that reduced set fo identity trends,
- data needs to provide meaningful results.

@LLULEETR NS
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« As a general rule, PRAs are an excellent filter for screening
risk-important events

importance measure
nstamane S rNEK me re (la f tat ] BY !
time averaged K INCrease/0ecre € vatiadiiit
* However,
PRASs do not usually address ohases of opera ihe an full power
{ model a jle !
) O CaLIse | ¢

HALLIBURTON NUS

R N

e ———— |

JSE OF PRA MODEL S (Continued)

* PRA models are structuraily static, therefoie, trends are Identified
through parameter value changes (e.g., initiating event frequencies,
component unavallabilities, human error probabilities)

* PRA models often based on specific assumptions. Different
assumptions by different analysts can influence the screening for risk
imoortance (e.g., assumptions about room cooling)

* PRA models are generally developed down to the level of failure mode
For comparison with the PRA model, the events have to be translated
into their Impact on the components of the model




SCREENING CRITERIA

« Include degraded states as well as (PRA-Based) fallures
- Degraded states may be indicative of underly'ng problems or trends
« Screen events against all plant PRAs or just that at which it occurred?

@aumRETEE

ANALYSIS OF SCREENED DATA

« in Its most basic form, data is numbers of events affecting components
and/or systems, and & measure of opportunity. Therefore, analysis
primarily focuses on rates.

*» Key Issues:
- grouping of data
- gstablishing hypotheses

.H.Al.l.m NUS
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GRQUPING OR POOLING DATA

+ Events related 10 specific components In a specific plant are rare
therefore, statistical fluctuations ca.) mask trends

» Increasing sample size increases signal to noise ratio
» Increasing sampile size makes sense for

genarx renas (€.g., a

HALLIBURTOUN NUS

R

ESTABLISHING HYPOTHESES
« To analyze data statisticaily, it is necessary to have some mental model
of effects to be analyzed. The hypotheses give guidance for grouping

data

« Examples:

exploring aging - ime origin is taken as start of life, plant data groups
DYy year since stan ot iite
Lxploring impact of ANG¢ reguial nit {

e unl ) y .
cxplonng Impact ¢ d £ iNCe D ¥ pla
cCOmD ant Hoct v b r \rele s i
Xy act e ) 4 '
) < ' + A 4 » < r e L Y
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>
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DATA NEEDS

« Emphasis on recent developments in PRA methodology has been
explicit consideration of causes as a means of identifying potential
fixes;

- @.g., common cause failure analysis and human reliability

« Insights Iinto what data are required to support these analyses highlight
the need for & detailed description of the events including all
contributing causes and influence factors.

munmcm NE

THE CAUSE-DEFENSE PICTURE OF CCFs

« NUREG/CR-5460 stresses the importance of understanding the chain of
events thut led to fallure:

- Trigger events
- Conditioning events
« The role of Defenses, and how they are defeated is crucial
« Root Cause related to identification of deferise against recurrence.

.“m. BURTON NUS

et (armocanon
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INFORMATION REQUIREMENTS

+ Engineering Data

- Description of component, its boundaries, operating and failure modes
+ Genera! Requirements for Reliability Parameters

- Operational history, exposure, event reports

- For each event an assessment of its impact
+ CCF Requirements
- Correlation of event reports for radundant components
- Description of the causal chain leading to failure
- Method of discovery
- Corrective action
- Inspection/Testing/Maintenance Practices

@LuimETon s
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APPENDIX H

View Graphs
for

*Approaches for _.alyzing Data ‘o Address Generic Issues Related to
Common Cause Failures, Human Factors, and Systems Interactions

Ali Mosleh
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CCF CLASSIFICATION

* CCETYPES

CCF TYPE 1 : Components of a system fail almost immediately, given a CCF
Shock.

CCF TYPE II: Components of a system may fail after some time, given a CCF
Shock. Components may or may not fail at the same time.

* SPECIFIC_CASES

CASE A: The coupling factor couples components in a random fashion so that
the components fail conditionally independently.

CASE R: The coupling factor acts on the components in a dependent fashion,

A TYPICAL TIME-DELAY FAILURE EVENT

PILGRIM - MAY 1974

Four salt service water system pumps became or were made inoperable du-ing a
5 day period. Pump "D" was removed from service because it was making a loud
and unusual noise. Upon disassembly, it was observed that the key of the motor
shaft was sheared at the key way. The same kind of faults were also observed
for other three pumps.
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EXAMPLE OF IMPACT VECTOR ASSESSMENT

WITH MULTIPLE INTERPRETATION OF EVENT
Flant (hate) | Statme I beseription Causecltiact blayram
Maing Yo Power |Two dleme) stors falled to run G Yo
(August 1817 plugoed radiotor.  The third pnlt radiator
wis a1ee plugped,
(8) Cvent Classitication
Grovp :0:0 Wypothests | Probaniiity | Fo | Fy 1, F, shock Type Fault Wode
1y 0.9 oo |1 |0
Nontatha) (M) | Fatlure during
{ Operstion
3 " 0.1 < LI ' & (> ‘-‘
S Th
Tapset vectoe (1) J < J
b = B SN

(u) Buttipie Mypothesis Jesar | Yecter dssessmeel

-

RESULTS

v

ISSUES RELATED TO HUMAN RELIABILITY MODELS AND DAT*

0 HUMAN RELIABILITY ESTIMATES AS APPLIED TO NUCLEAR POWER PLANT PRAs ARE
ALMOST COMPLETEL Y BASED ON JUDGEMENT. EVEN IN THOSE CASES WHERE DATA
COLLECTION HAS BEEN ATTEMPTED, MODELS WHICH ARE NOT VALIDATED NOR
SUPPORTED BY A THEORETICAL OR EMPIRICAL FOUNDATION DENOMINATE THE

0  WITH THE EXCEPTION OF A RECENTLY LUNCHED AEOD PROGRAM THERE HAS BEEN
NO SYSTEMATIC EFFORT TO COMPILE AND ANALYZE ACTUAL OPERATING
EXPERIENCE FROM HUMAN PERFORMANCE POINT OF VIEW

O GENERALLY SPEAKING CURRENT MODELS DO NOT REFLECT ACTUAL OPERATING
EXPERIENCE. EVEN QUALITATIVE INSIGHTS FROM THE LIMITED OPERATIONAL DATA
HAVE NOT BEEN USED SYSTHMATICALLY IN THE MODELS
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View Graphs
for
"Industry Risk Profiles: Do We Need More Modeling?"

L George Apostolakis
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INDUSTRY RISK PROFILES: DO WE NEED MORE

by
George Apostoiakis
Mechanical, Aerospace & Nuclear Engineering Department
38-137 v

1

University
Los Angeles, CA 998241597

Tel: {310) 325-1300
Fax: (318) 206-2302

Presented at the

Waorkshop on the Use of PRA Methodology for the Anslysis of Reactor
Events and Operational Data

Operational experience is of limited value
unless it is interpreted through validated

Drawing generic conclusions from eperational
experience makes the need for models more

Developing validated models would require
significant resources.
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Management Support for Lower Level Probiem Sotving
Accountabiinty

. A fundamental management responsibility

is the establishment of a safety culture
governing the actions and mteractions of
all individuals and organizations engaged
in activities related to nuclear power
(IAEA INSAG).

BUT

Practical and validated models for NPP
organizations are not available yet.
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! View Graphs
for
*Use of PRAs and IPEs for Event Risk Analysis®

Arthur C. Payne, Jr.




Use of PRAs and IPEs for
Event Risk Analysis

Arthur C, Payne Jr.
Sandia National Laboratories

Presented to:
Workshop on the Use of PRA Methodology
for the Analysis of Reactor Events end Operational Data

January 29, 1992

What are our goals?

1. To be able to assure the public that nuclear power plants
are being operated in a safe manner.

2. To develop improved techniques for identifying events that
may compromise the predicted level of safety.
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What Measurea Do We Use to

Evaluate the Significance of Possible Accidents?
J

1 fhe bottom line measure should be related to offsite risk to

the public and environment from possible accidents

measures

. frequency of core damage

. conditional probability of vessel breach,

. conditional probability of containment fa/’
. magnitude of the source term, and

. consequence to the publi

< Ihese measures can be decomposed into several subsidiary

- g

How Do We ldentify Risk Significant Events?

Evaluation of past events, depending on the quality of the

‘.{MI."

2

analysis, etc

2. Theoretical analysis techniques such as PRA, systems

T r
PPEIN




What do We I 2d in Usder to Use PRAs/IPEs
to Perform Eve... Evaluations and Operational
' Data Trending?

] (-\'“' needs a set ot "(l\ on all } iib'l"‘ lH‘Y‘HII‘H"S '

consistent level of detail and performed with the same

goal in mind or

. One needs a system that can

account for differing levels
of uetails and qoals

How Can We Design a System Using
a Consistent Level of Detail?

1. lpgrade current system

) Select 8 set of representative plants, incorporating detailed PRA
models of these plants into ASP or construct a set of simpl fiod
plant models for each plant (ASEP results might be used tc generate
models or IPE/PRA models might be incorporated directly)

b Include models for every plant (AQu ASEP or 'PEs v'1\~,__;}"Y he used
as a bases)

{ include &ll accidents modeled

2. Evaluate all other PRAs/IPEs to see if surro)ate models
represent each class of plants or if simplified models capture
significant characteristics of plants




How Can We Design a System Using
a Consistent Level of Detail? (Concluded)

3. Upgrade models to include plant-to-plant variations in design
if determined to significant.

4. Use the current ASP approach to evaluate events, If events
are not represented, upgrade models.

How Can We Design a System to Account
for Differing Levels of Detaiis and Goals?

1. Determine the Theoretical Characteristics of Events,
Examples:

Frequency or probability.

Number of components affected.
Importance in model.

Detectability of Fallure.

Diagnosabilty.

Severity of Sequences generated from.

Not thought of.

Able to Ana.yze.

Number of plants with precursor.
Complexity may obscure accurate diagnosis.
What if event occurred eise where? Different effect in different
plants or system,

e ~saoncs

it %
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How Can We Design a System to Account for
Differing Levels of Details and Goals? (Continued)

2. Detarmine characteristics of events that could be detected
by data analysis.

3. Examine the events that have occurred to see if any
characteristics are missing and if you are detecting events
with those characteristics.

4. List characteristics of event that should be identified by
PRA/IPEs or assumptions that should limit the identification
of events,

How Can We Design a System to Account for
Differing Levels of Details and Goals? (Continued)

5. Examine PRAs/IPEs to see if events with the appropriate
characteristics are being identified.

List characteristics of IPEs and PRAs.

internal vs. External,

Level of detall,

Nomenclature,

Thearmal-Hysmulic code used,

Support caloulations performed,
Unuertainty included,

Conservative, reslistic, non-conservative,
Current,

Scope - type of errors not included,
Maeathod

What are assessed in PRAs?, what are missing?

RVR, multiple tube rupture, raactivity, iInstrumaentation, operator errors of
commission, design and construction arrors, low power, spent fual pool.
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How Can We Design a System to Account for
Differing Levels of Details and Goals/ (Continuad)

6. Compare two sets of characteristics to see which each

method misses

7. Construct an Al program 1 lassity the characteristics of
gvents determined to be dominant at oiants from PRA
‘ analysis, other analysis techniques, or data
¥ fl ar 1 " snnlvses intn ;“w"vv"

8. Enter the characteristics of data events or theoretical events
and see if any characteristics match or assumptions are
violated. i does not match, ask for any characteristic
changes that would make a match

The PRA 1P} pte bhase, ang hers i e

denian mformintio fbe in

How Can We Design a System to Account for
Differing Levels of Details and Goals? (Continued)

9. Go back and examine t¥: data to determine if the events

could have these charac wristics or does the date reporting
and analysis need to be changed

Similar consideration for
PRA methodology

10 @ a master matrix of all identified events from
rnAs,IPEs, and data (etc tvaluate these events as to
importance or if they have occurred in the data. Do data
searches for ones which have not occurred yet but are !
important [
i
® matrix f evoants o anht of e Neck 4 as e pgrade by 1
significanoes heack ' is | iatha { ’ ias and compare 10 theoretiosl |
anties !




Al ANALYSIS APPROACH

:

Data Events PRA Events

b SR T

Compare to]

[ ¢
Moy
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View Graphs
for
"Living PRA Concept”

Dennis Bley
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LIVING PRA

by
D+, Dennis C. Bley

presented al
WORKSHOP ON THE USE OF PRA METHODOLOGY FOR THE
ANALYSIS OF REACTOR EVENTS AND OPERATIONAL DATA

U.8. Nuclear Regulutory Commission
Office for Analysis of Operstional Date

Annapolis, Maryland
January 2050, 1992

e e e e

ENGMEENS o«  APPLIED SOMNTIETE @ MANAGEMENT QONBUA TANTE

“LIVING PRA” OVERVIEW

WHAT I$ 17

ITS USES

METHODS

DATA REQUIREMENTS

POTENTIAL FOR ADOPTION TO NRC USE FOR
RISK MONITORING AND EVENT ANALYSIS (ASP)
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“LIVING PRA": WHAT IS IT?

¢ CLICHE ~ ALL THINGS TO ALL PEOPLE
* A SUGGESTED SET OF DESIDERATA
= FULL-SCOPE REALISTIC MODELS ~ MAINTAIN PERSPECTIVE
~ UP.-TO-DATE DATA AND MODELS
~ CONSIDERATION OF UNCERTAINTY
~ ACCESSIBLE AND EASY TO USE
~ EASILY MODIFIED —~ ALLOW TESTING CHARGES
¢ A DAY-TO-DAY RISK MANAGEMENT TOOL

NUREG/CP-0124
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‘LIVING PRA'-~ADDITIONAL INTERPRETATIONS

* ADAPTABLE, CAN ANSWER NE'N ALTERNATIVE QUESTIONS

¢ E.G, HOW CAN | FIND THE RISK FROM CONTAMINATION OF
INSTRUMENT AIR?

* UPDATE FREQUENCY
* AFTER MAJOR CHANGES
¢ ANNUALLY, MONTHLY, DAILY
¢ AFTER SIGNIFICANT INDUSTRY EVENTS

* ABILITY TO COMMUNICATE OUTSIDE THE PRA COMMUNITY

= L RR R e

3 wnpia Thige Dimeaaianal Evont Gaquence Dlagram
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LIV !G PRA'™--METHODS
* NEW CONCERNS FOR A "LIVING MODEL'
» CONFIGURATION MANAGEMENT OF MODEL AND DATA
* REVIEW OF DESIGN CHANGE PACKAGES

¢ BAYESIAN UPDATE OF PREVIOUS DISTRIBUTIONS WITH NEW
PLANT-SPECIFIC DATA

¢« REVIEW OF INDUSTRY EVENTS

"LIVING PRA'~-METHODS
+ ARE NEW METHODS NEEDED TO SUPPORT SOME USES?
* DISCRETE EVENT SIMULATION
« DYNAMIC INTERACTION MODELS
* NEW HUMAN COCNITIVE MODELS

* FASTER ALGORITHMS
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"LIVING PRA"--METHODS
+ ARE NEW COMPUTER TOOLS NEEDED?
+ 'MPROVED PERFORMANCE OR REPORTING
¢ IMPROVED QUERY AND ‘"WHAT IF?*

¢ Al HYPERTEXT, OR GRAPHICS

"LIVING PRA"--DATA REQUIREMENTS

¢ UPDATE THE USUAL PRA DATA: FAILURE RATES, INITIATING
EVENT FREQUENCY, MAINTENANCE FREQUENCY AND DURATION,
COMMON CAUSE PARAMETERS

* OPERATING EXIERIENCE AS A CHECK ON PRA AS A CHECK
ON THE RISK SIGNIFICANCE OF OPERATING EXPERIENCE

* HOW ABOUT OPERATING EXPERIENCE AS A CHECK ON HUMAN
RELIABILITY ASSESSMENT?
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OPERATING EXPERIENCE INSIGHTS FOR PRA

Type Lepeitancy Eaample inler manue Trampin inle ences J
Achara Oporating Tima Testa nitiatng €van Fonquenty
Tk onad s Actyaiions fadlyre Rate
Fadures T/ p Exenls Mainienans e Fate ano Duiation
Cemmon Ceuse Failvies Camman Cavee Fatiure Rate
Manturance Actione Syslem Unavailabitity
Lxpan Knowiadge Plant 10-Plant Variatibng
Adlual Event Rual Sequence of Ceants Correciness of Models
Sequence Timing of Events Sequencing
Lrmscriplions intaractions ameng Eveniy tarar achione/ Dependenc ies
Human Ressonses Valhdiy of buccess Criteris
Rater of P snsus Time Availabile tor Recovery
Exprt Eaparimnce Fste of Change of Pargmetery
Uncartamty
Cusinatien Envitnnment Time to Functional Falure
Descriphiong of Actue! Edlent of Demage Gues Falluce Actuslly Ot
Partorinance Tune of Undw Adverse Nuw [atre Modes To Be
Conditions Moaeind
Eflects oi Pecovery Actians Whace Proceduces Do/Oo Not
Use of Procedures ok
Payohaiogical and Physica! Time To Guagnose snd To Carvy
Sirwsson Out Recovery Actions
Erpert Knowladge

‘LIVING PRA"--POTENTIAL FOR ADAPTATION TO NRC USE
FOR RISK MONITORING AND EVENT ANALYSIS (ASP)

* "RISK METER"
* PLANT-SPECIFIC EXAMINATION OF FRECURSOR EVENTS

+ OFFERS MANY IMPROVEMENTS

« DO WE NEED NEW CRITERIA FOR PRECJURSOR IDENTIFICATION?
* IDENTIFY WEAK SPOTS IN PRA

+ INCENTIVE TO CROSS CATALOG PRECURSORS
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View Graphs
for

*Trending Plant Performance:
Thoughts on Risk-Based Performance Indicators”

Joseph R. Fragola




TRENDING PLANT PERFORMANCE

THoucHTs ON Risk-BAseD
PERFORMANCE INDICATORS

JOSEPH R. FRAGOLA
VICE PRESIDENT
SCIEN € APPLICATIONS INTERNATIONAL CORPORATION
B Wesr 40™ Srwer

14™ Fuooa
New Yoas, N “oms 10018

ALOD WORKSHOP
ANNAPOLIS, MARYLAND
JANUARY 29 & 30, 1992

Imaginary
Safety Maintenance
Performance Indicator
Meter
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PERFORMANCE INDICATOR CONCEPTS

U.S. NRC performing R&D on performance
indictors since 1986

The term “Performance lndicator” reflects
a set of data that should have correlation

with jndividual plant safety performance
(SECY - 86 - 317)

Performance Indicators are ONE part of a
Performance Management System

Two types of Performance Indicators:
¢ Direct
¢ Programmatic

luuu 4
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[ of Maintenanse to Safely
i
BRI st i,
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* Bafety and Thermal Efficiency both depend on
high quality plant maintenance

* The non-safety-related portion of the plant continuously
generates information during operation

* While the safety-related-portion depends on either passive
features or standby systems whose status is only known
intermittently

* Long term neglect of maintenance needed for the plant
to fulfill ite basic mission - generating electrical energy
efficiently - may indicate an even greater neglect of the
nuclear safety funotions

* Reactor scrams and safety system challenges are mainly
attributable to BOP system and component failures

Selnaee dpplications
3 S Jalernatiadel Carparative
P teameres Susas femien

Causes of Parameter Fluctuations

“OPERATION ™ o~ T
e\ ERRORS . / MAINTENANCE AND
- L TEST ERROKS

MAINTENANCE
RELAT

ED HEAT SINK
_ LIMITATIONS _
/"—\ - SRS S———
77 PERIOUYW #77 OTHER
_ TESTING _ OPERATIONAL )
Semhigha CUUEVENTS S

Note: avow and line size denote relative coniribution to fluctuations on plant behavior

| Szience dppiizstions
”l‘“lll“‘}ﬂ t’l(,ﬂl”tl
’ A TAsares Qwand Semrans
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Average Daily Power level As An Indicator Source

The driving factors are based on the initial requirements
.- set forth by the Commission in SECY - 86 - 317

* Broad Based : the indicator shoul i sense effects fy
: maintenance, op at ne Kinee \¥ ger ‘
- l: ¢ ) l ‘ e th"'ﬁh‘l “‘.;ML‘L-‘
¢ NO new data reg ting ]
« The indicator le‘nau;A».) be focuse El

T || Sl

INITIAL ANALYSIS

-
¢ Fast Fourier Transforms ar.!
Power Spectrum Densitie:
B

» Standard Heat Rate Analysis

* Other Mathematical Transformations
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MEASUREMENT OF PARAMUTERS

I'he Dire | f thi
L0 17 i " 1 5 1§ ¢
¢ Number and Magnitude of the Power Loss
Yiuctuations
] M "
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Combination of Parameters

These individual characterizations are then
combined to produce all possible combinations
of the plant output behavior

The com inations were then placed in a
non - mathematical matrix to allow for
bining of different plant output
behavior groups

The 5 different groups differentiate
high quality from poor quality maintenance,
as defined in the broad sense here

SO,
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