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ABSTRACT

This report presents an overview of the 1981 Sequence Coding and Search System
(SCSS) data base that contains nuclear power plant operational data derived from
Licensee Event Reports (LERs) submitted to the United States Nuclear Regulatory
Commission. Both overall event reporting and events related to specific components,
subsystems, systems, and personnel are discussed. At all of these levels of informa-
tion, software is used to generate count data for contingency tables. Contingency
table analysis is the main tool for the trend and pattern analysis.

The tables primarily focus on faults associated with various components and other
items of interest across different plants. The abstracts and other SCSS information
on the LERs accounting for unusual counts in the tables were examined to gain insights
from the events.

FIN No. A6231—Automated Trends and Patterns Analysis for Operational Data



EXECUTIVE SUMMARY

Operators of commercial nuclear power plants
are required to file Licensee Event Reports (LERs)
describing certain events. The Sequence Coding and
Search System (SCSS) is a system developed by the
United States Nuclear Regulatory Commission
(USNRC), Office for Analysis and Evaluation of
Operational Data (AEOD) in conjunction with Oak
Ridge Nationa! Laboratory for storing the opera-
tional event data contained in the LERs in a com-
puter readable, searchable format. In the SCSS,
reported events are broken down into step-by-step
sequences of occurrences. A copy of the SCSS was
established at the Idaho National Engineering
Laboratory (INEL) to facilitate trend and pattern
analysis of these data. The purpose of the trend and
pattern analysis is to identify outliers among the
data and anomalous conditions that would be good
candidates for detailed engineering followup. This
report provides an overview of the 1981 SCSS data
on three levels: the LERs themselves, the sequences,
and the individual hardware, personnel, subsystem,
and system occurrences.

The main tool for this overview is the display of
automatically-generated contingency tables that
provide information about the frequency of occur-
rence of selected sets of similar incidents or selected
patterns in the 3CSS data base. The objective is to
identify patterns in the reported data that may be
of interest due to their frequency of occurrence. In
addition, trend analysis is possible since the LERs,

sequences, or incidents can be further grouped by
the LER event dates.

In the study of LER reporting and .equence
counts for 1981, the LER and sequence counts were
tabulated by plant (nuclear generating unit) for the
months of 1981, All plants filing LERs in 1981 were
included in the initial screening; three plants receiv-
ing operating licenses in 1981 were omitted from
subsequent comparative analysis because they had
only a partial year of data. Remaining were
25 boiling water reactor (BWR) plants and
46 pressurized water reactor (PWR) plants. The
resulting tables show that BWR plants reported an
average of 57 LERs per plant in 1981 while PWR
plants reported 51 LERs per plant on the average.
However, the reporting patierns for individual
plants of both types vary widely. Sequence counts,
which reflect the fact that more than one individual
event may be reported in one LER, are on the
average ~8% higher than LER counts for both

i

types of plants. Variation in frequencies of events
per month for both plant (ypes was observed, but
there was no recognizable pattern.

For each sequence, the SCSS captures informa-
tion reported in the LERs about the initial condi-
tion or status of the plants and whether the event
had a plant effect changing that status. Exploratory
trend and pattern analysis of this information shows
that for both BWRs and PWRs slightly over half
of the reported initial conditions fell into the steady
state operating category with the remaining distribu-
tion of conditions varying considerably from plant
to plant. Rarely did the 1981 events reported in
LERSs lead to power reductions or other plant effects
having direct impact on balance-of-plant operation.

Sequence information describes environmental
effects in addition to plant effects. Release of
radioactivity or effluents to the environment was
extremely infrequent; about 2% of the sequences
showed this effect. Reported incidents of person-
nel overexposure were uncommon, with only 2 and
8 occurrences, respectively, for BWRs and PWRs.

The main information reported in an LER is cap-
tured in the SCSS in an event matrix whose rows
are called steps records. Each of these records
describes a single incidence of hardware fault or
human error; the intent is to describe such occur-
rences at the limit of resolution permitted by the
information in an LER. The key field in the step
records is the component field. However, each step
record has a number of other fields that help
describe it. For ecample, attributes such as cause
and effect for the most part provide additional
meaning in relation to the component field.
Therefore, most of the tables presented show counts
based on the component fields for the different
plants.

Twenty-two groups of hardware components
were explored in plant-specific detail in this study.
The contingency tables for these groups were com-
monly characterized by sparse entries. The report-
ing of faults for these components varies widely
from group to group, with as few as 10 and
17 faults reported for contrel rod drives, respective-
ly, for BWRs and PWRs, and as many as 743 and
1083 faults for valves, respectively. The overall
reporting frequencies for plants for the 22 groups
tended to follow the overall distribution observed
for LERs.




The SCSS also describes occurrences reported in
LERs involving personnel errors. Information in-
cludes the type of personnel, the personnel activ-
ity, and whether the action was an omission or a
corumission. The main analysis in the report fo-
cused on the type of personnel. The average
distribution of personnel types was similar for BWR
and PWR plants. For example, for both plant types
the reporting was often not specific about whether
licensed operators or other utility personnel were
involved in the events. However, individual plants
deviated from the average pattern for their plant
type. In addition to considering the type of person-
nel, selected personnel activities were studied as a
function of plant type and event date for the plants
having higher numbers of 1981 LERs. Log linear
modeling was the tool used to study these attributes,
with event dates divided into the four quarters of
1981. The results showed that, for the limited data
used, there is an interaction between the personnel
activity (maintenance, operation, etc.) and the plant
type but the time effect was independent of these
factors.

Finally, reported subsystem and system level
occurrences are flagged in the SCSS. The most com-
mon subsystem level occurrences described in the
1981 SCSS data involve diesel generators, essential
reactor auxiliary systems, and instrumentation and
control systems, while the most common system
level occurrences deal with primary reactor systems
and structural systems as well as essential reactor
auxiliary systems. All of these are subjects for fur-
ther study. The subsystem events involve some form
of loss of redundancy, but more information is
needed from the licensees on existing populations
of channels, trains, and subsystems to make this
study more meaningful, On the system level,
primary reactor and structural system events for the
most part describe incidents having an impact that
could not be easily assigned to a smaller entity, such
as radioactive contamination of the reactor coolant
water, rather than losses of system function. For
both subsystem and system-level occurrences, the
contingency tables showing an overview of plant
reporting patterns are quite sparse.

The purpose of the trend and pattern analysis is
to identify outliers among the data and anomalous
conditions that would be good candidates for
detailed engineering followup. The INEL trend and
pattern analysis software includes a capability for
statistical modeling of the contingency tables to
describe how the pattern of counts relates to tne
levels of row and column attributes that define the
table. If a general pattern is present, the statistical
software has a potential to pinpoint the cells in the
table not following the pattern. An example of this
type of analysis is given in one of the appendices;
broad application of the analysis itself is an iterative
process beyond the scope of this study.

However, the contingency tables themselves often
show cells having higher counts than the rest. Even
without formal statistical analysis, such cells may
deserve further investigation. In this report such in-
vestigations were made in a limited fashion for
nearly all the configurations of plants and hardware
or other occurrences presented. The investigations
involved reading all the SCSS information for LERs
having steps in such cells. The resulting insights are
included in this report. These investigations provide
discussion points for more detailed engineering
followup.

The goal in studying the SCSS operational data
is to separate indications in the data of real
engineering problems that may be potential safety
issues from outliers in the data caused by variations
in LER reporting and in the encoding of the LERs
in the SCSS format. Such investigations require not
only an understanding of nuclear power plant
engineering but also a detailed knowledge of how
events are encoded in the SCSS data base. Because
obtaining the count data for these analyses is
automated, trend and pattern analysis permits a
broad, sweeping look at the operational data
encoded from the LERs. This report provides a first
look at the type of ana'ysis that is possible. With
many possible combinations of values for fields
defined in the SCSS data base and many possible
counting options to choose from, the analysis con-
tained in this report provides just a starting point
for further investigations.
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As opposed to analyzing individually significant events, the phrase trends and pat-
terns is usually reserved for use with incidents of low individual significance for which
repetition or, more accurately, frequency is the element that lends significance. The
following definitions generally apply:

1. Pattern: The observed distribution of similar occurrences (incidents), among
a set of given classifications (e.g., plants, syst.ms, causes)

2. Trend: A patiern that consists of a decrease or increase in occurrence rate
as a function of time.

There are a number of ways that a trend or pattern can be identified. In its simplest
form, identification of a pattern or trend can originate with a single engineer review-
ing an individual Licensee Event Report (LER). This occurs as a result of:

1. The engineer reading the description of an event and recalling from memory
similar eveuts in other reports, and/or

2. The event report (e.g., LER) identifying previous occurrences,

In either of these instances, the engineer would review the additional reports to ascer-
tain the true extent of the pattern or trend (number, date, and location).

Another way to identify a pattern or trend is by the a priori postulation of a con-
cern. This concern could be entirely hypothetical (e.g., ‘| wonder what the experience
has been with Target Rock relief valves?'") or it could be based on nonspecific recall
of information reviewed over a period of time (e.g., "It seems to me that we've seen
a lot of failures of Target Rock relief valves recently’’). The engineer would proceed
to collect and review data to identify the events where the concern has occurred. Such
analysis has been undertaken in the past and forms the basis for numerous contrac-
tor and USNRC reports (e.g., AEOD case studies and engineering evaluations).

A primary objective of a more systematic and statistical trends and patterns analysis
is to implement a review process that is not dependent on the a priori formulation
of a particular concern. Rather, it is driven by the data, allowing the data to point
to imbalances, nonuniformities, and to increasing or decreasing frequencies of
occurrence. Thus, systematic trend and pattern analysis provides additional assurance
that no major problem areas have been overlooked and thereby performs an impor-
tant quality assurance function for operational data review, which by itself is of value
even if no new problems are discovered. This report is our first attempt to perform
such an analysis.

To accomplish this objective requires a computer data base that permits consistent
retrieval of data because of the large amount of data to be looked at simultaneously.
The development and implementation of the Sequence Coding and Search System
(SCSS) was undertaken in part to satisfy this requirement. SCSS will, for the first
time, allow the LER information to be stored, coded, and retrieved in a satisfactory
manner for a statistically-based pattern and trend analysis.

However, just as we run the risk of missing the big picture by focusing too closely
on individual events, there are a number of difficulties associated with any collective
analysis. Most obviously, events must be reduced to counts that then lose their in-
dividual identity, This homogenization means all events are treated as if they had
the same individual significance —which may not always be the case,
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Also, any variation that is due to factors other than differences in actual safety
performance will give us a spurious indication of a problem. Such variations are
discussed in Appendix E of NUREG-0572, “‘Review of Licensee Event Reports,”
which was prepared by the ACRS in 1979. The principal points from Appendix E
are paraphrased below.

Approximately 8,700 LERs were submitted by the licensees of U.S. commercial
nuclear power plants during the years 1976, 1977, and 1978. For several reasons the
number of LERs varied from unit to unit. These variations are important because,
rightly or wrongly, they are often viewed by government agencies and the public as
indications of relative safety. While such variations may be indicative of actual dif-
ferences in safety among nuclear power units, they frequently have other explana-
tions. For example:

1. Certain differences in the frequency of submission of LERs from unit to unit
will occur as a result of the apparent random nature of the events being
reported. Because of this randomness, it is possible—in fact, probable—
that, even among identical nuclear power plant facilities with identical failure
probabilities, there will be variations in the reporting rate for LERs. In reality,
however, variations beyond those due to randomness are also frequently
observed.

2. Event reporting is often based on Technical Specifications, particularly the
limiting conditions for operation and the surveillance requirements, as well
as license provisions, and all of these vary among nuclear power plant
facilities. The variations are the result of differences in reactor suppliers,
architect/engineers, and constructors; and changes in designs over the years.

1. There is a tendency at some facilities to report events more readiiy than at
others in cases of marginal reportability. This tendency can also change with
time.

4. The occurrences of an event may affect the probability of future events.
Repair of a faulty component or improvement of a deficient procedure may
significantly reduce the li} _lihood of a subsequent event. On the other hand,
ineffective corrective action following an event may permit its repeated
oceurrence.,

5. The mode of operation (e.g., on-line or shutdown) affects the frequency of
various kinds of inspections and the susceptibility of systems to failures. The
amount of time that the reactor was shutdown during a period, for exam-
ple, may affect the frequency with which reportable events occur.

6. Differences in interpretation of reporting requirements by licensee or USNRC
personnel involved in the preparation, submission, and processing of LERs

can affect relative reporting frequencies.

7. At some multi-unit power stations (e.g., Oconee and Browns Ferry) events
that involve plant systems or components common to all units, such as swing
diesels and electrical switchyards, are filed under the docket number of the

first unit.
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The actual presence of more safety-related deficiencies in a system at an individual
facility should result in more frequent submission of LERs. Differences in the number
of LERs due to this cause would be a measure of relative safety.

The ACRS study demonstrated the potential usefulness of statistical analyses in
the evaluation of LER data submitted by licensees. Such analyses make it possible
to distinguish deviations in the number of events that would be expected on the basis
of randomness from those that almost certainly would not. However, the latter can
be used only as a means for the identification of areas for possible further investiga-
tions. Because of the deviations noted, any nonrandomness (i.¢., trend or pattern)
in the data does not necessarily imply safety-related problems, it merely identifies
a question that must be pursued to determine the true implications.

We want to emphasize these cautions in particular in the case of counting the report-
ing instruments themselves (i.c., the LERs). We feel that examination of LER report-
ing pattern and frequency is a legitimate and useful activity if the objective is to
describe and characterize the source of our event inform..tion with a view toward
a better understanding of the factors that affect the reported frequency of undesired
events. However, bec wse of these variations and because an LER can describe
anything from instrument set point drift to core damage, it is most inappropriate
and misleading to use raw LER counts as a relative or absolute measure of safety
performance. In addition to being misleading, this practice has the undesired side
effect of motivating licensees to minimize the aumber of LERs instead of sharing
information for the benefit of all.

In the next few paragraphs we present a simple example of trend and pattern analysis
in order to further demonstrate the type of information we are seeking. The simplest
form of statistical pattern analysis involves selection of one o1 the classes of occur-
rences in SCSS (e.g., component failures, personnel errors), sorting the occurrences
according to the values of a categorical variable (e ¢ , the component involved), and
then counting the occurrences as a functior [ (nat variable. The table below displays
such a tabulation. This tabulation wo.id most likely be examined in terms of the
percentage of the total counts found in each category.

FAULT TOUNTS OF SELECTED COMPONENTS

Component Type
Unknown Type
Undervolta~e ac Circuit de Circuit Circuit
Relay Breaker Breaker Breaker Total
49 LR » 10 422

e —— — B ——

This simple analysis con be substantially refined by adding another dimension to
the occurrence sorting (e.g., plant name). Mechanically this involves taking the total
count for each type of component and breaking it up among the various plants doing
the reporting. This results in a two-way table defined by the categorical variables
plant and component. An example is shown below.
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COMPONENT FAULT COUNTS DISPLAYED BY PLANT

Component Type
Unknown Type
Undervoltage  ac Circuit dc Circuit Circuit

Plant Relay Breaker Breaker Breaker Total
Plant A | 3 2 0 6
Plant B 0 6 2 0 8
Plant Z 0 7 2 0 9
Total 49 131 2 10 422

This process can be continued, adding dimensions to break up the data into more
and more restrictive categories. Adding time can be accomplished by breaking a time
line into discrete pieces (¢.g., months) and assigning occurrences to each piece based
on event date. The example would then be a three-way table defined by plant, com-
ponent, and time. Examination of the three-way pattern would also involve caled la-
tion of the percentage of total occurrences found in each category.

EG&G Idaho, Inc., under contract to AEOD, has developed a computer capability
to perform such analysis. This analysis and the associated tables that it produces are
the basis of this study.

Once the count tables described above are developed, there are a number of
statistical techniques that can be used to evaluate the data and identify trends or pat-
terns. Using some idealized examples some patterns that can be recognized by using
such techniques are illustrated below.

Suppose we have the following table of counts of pump failures for the annual
time intervals indicated:

1980 1981 1982 1983 Total
Plant | 9 8 N 9 3
Plant 2 L 9 8 8 n
Plant 3 8 8 9 ) n

2 29 2 28 100

This table Jisplays almost perfect uniformity. Things do not change as a function
of time or plant. Such a result would be useful information for summarizing what
the data show; but, in the absence of any additional information (e.g., number of
pumps per plant), it would not prompt any further investigation,
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'he example below

1980

Plant |
Plant 2

Plant 3

1s case time does not play a role. For each plant and for the total across plan
ction does not change as a function of time. However, plan: does play a
or fractions vary noticeably from plant to plant
At this point it is essential to recognize the cautions discussed above. The fact that
Plant 3 has more failures does not necessarily mean that there is a problem at Plant 3
(e.2., Plant 3 may have different reporting requirements, or may have a more liberal
ittitude toward reporting, or may have more pumps). An engineer must evaluate the
lata and try to determine the factors underlying the disparate plant behavior

s a frequently overlooked aspect of trends and patterns analysis. A computer can

produce and analyze tables such as those described above with great speed. However

in engineer must evaluate the results to identify the real safety problems. This evalua
n s often very timd msuming; and, unfortunately, because plants, reporting

requirements, reporting ;‘MIunW‘!nm ety Are not consistent, many of the pat

will be due to factors other than genuine safety problems (i there is a lot

mixed in with the wheat)

I table below

I xample show . o Or anomaly
Plant 3in 198] perturb

wditional followup

For these examples, visual observation points to patterns of interest. In 1
analysis by inspection may not generally be possible because there will be
regularity in the observed ywnt (b)) a larger number of . | ach fact
there are over 70 operating plants), and/or (¢) more dimensions (e¢.g., plant

me) used define a table. Analysis of more extensive and complex table

formed u tistical ware and supyg ting software that automatically

ulat Id PAass lata from SC55 1ot tatisty rogram




In conclusion, this report constitutes the first attempt by AEOD to perform a
systematic trends and patterns analysis. Although this analysis can provide impor-
tant insights into the data reported in LERs, it is not a panacea. Such analysis will
never produce answers (e.g., there is a safety significant problem with reactor trip
breakers, or Plant XYZ is poorly run); it will only produce questions (e.g., there is
something unusual or anomalous about the pattern of operating experience associated
with breakers, or Plant XYZ has reported more personnel errors than other plants).
These questions must be analyzed by engineers to identify the underlying cause of
the pattern and to determine if the cause is a safety significant problem worthy of
corrective action. However, this process provides additional assurance that no major
problem areas have been overlooked, and is valuable even if no new problems are
identified.

Robert L. Denaig, Chief

Program Development Section
Office for Analysis and Evaluation
of Operational Data
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ACRONYMS AND TERMINOLOGY

BWR

Calendar hours

Category

Cause

Cell

Component

Contingency table

Configuration

Critical hours

Detection

ESF

Effect

Exposure time

Boiling water reactor.

A unit of measure of nuclear power plant exposure
time that includes shutdown periods.

A field value; the level of an attribute; a code con-
tained in a field.

A field in the SCSS step data; the proximate cause
of an occurrence. The immediate reason for the
observed state or action coded in the effect field;
often describing the physical condition of the
component.

A set of values that the set of characteristics or fields
in a configuration can take on. The set of
categorical values associated with a single entry in
a contingency table.

A field in the SCSS step data that generally
represents an item of hardware. The field may also
describe a person, another nuclear unit, or a
designation for a train or subsystem or all trains of
a system,

1. A table of counts for a set of conditions. The
conditions are levels of specified categorical
variables.

2. In this report, the count data input to such a
table.

In this report, a set of fields from the SCSS and
specified categories for each field.

A unit of measure of nuclear power plant exposure
time that excludes shutdown periods.

A field in the SCSS step data for indicating how
an occurrence was discovered.

Engineered safety features.

A field in the SCSS step data for the observed com-
ponent state, action, or output.

The length of the time period during which a
nuclear power plant could experience reportable
events. Used to normalize count data and obtain
occurrence rates.
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Facility 1D (FID)

Fault

Field

1&C

Initial fit table

Interfacing system

LCO

LER

Occurrence

PWR

Performance

Potential occurrence

Primary system

A field in the INEL SCSS step data; the four
character alphanumeric Licensee Code reported in
the LERs that uniquely identifies each licensed
power reactor. The first three characters designate
the site, while the last character is the nuclear unit
number. The site codes are similar to the site names;
many end in P for plant (EP: electric plant; NP:
nuclear plant) or S for station (NS: nuclear station;
GS: generating station; PS: power station).

The inability of a component or system to perform
its intended function.

A variable, characteristic, or attribute of a record
in the SCSS data base.

Instrumentation and control.

A table of initial values used in log-linear analysis
of contingency tables. In SCSS trend and pattern
analysis, quantities proportional to exposure time
used to statistically model rates instead of raw
counts.

A field in the SCSS step data providing additional
system information for components at system
boundaries.

Limiting cordition for operation.

Licensee Event Report; arn event report filed by the
operator of a nuclear power plant in accordance
with NRC license requirements.

A human, component or system action or change
of state at the limit of resolution permitted by the
information in an LER.

Pressurized water reactor.

A field in the SCSS step data for indicating whether
the overall combination (component and effect, in
conjunction with cause and timing) describing an
occurrence represents a partial or total fault or no
fault; and whether repair is required.

An occurrence that did not happen but would have
happened eventually if no corrective action were
taken for conditions that were reported in an LER.

A field in the SCSS step data representing the
system in which a component is installed or, in the
case of personnel, the activity engaged in when the
error occurred. Special system codes flag additional
information steps describing unit and environmen-
tal effects.
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SCSS

Sequence

Timing

Vendor

Sequence Coding and Search System; a format for
encoding LERs in a computer-readable, computer-
searchable form developed by the Nuclear
Regulatory Commission Office for Analysis and
Evaluation of Operational Data.

A series of occurrences and additional information
that are related to each other by virtue of each
occurrence contributing to the cause of subsequent
occurrences.

A field in the SCSS st » data indicating whether oc-
currences are instantaneous, preexisting, or
potential.

A field in the SCSS step data for component
manufacturer.
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EXPLORATORY TREND AND PATTERN ANALYSIS OF
1981 LICENSEE EVENT REPORT DATA

INTRODUCTION

The United States Nuclear Regulatory
Commission (USNRC), Office for Analysis and
Evaluation of Operational Data (AEOD) in con-
junction with EG&G Idaho, Inc. has developed
computer software that uses contingency table
technique: to perform trend and pattern analysis
of operational data reported by nuclear utilities.
The mlm source of such data is Licensee Event
Reports 2 (LERs) submitted to the USNRC by
reactor licensees when an incident at a plant meets
reporting criteria incorporated in its operating
license technical specifications. LERs filed since
1981 have been encoded and stored on a computer
m il Segnence Coding and Search System (SCSS)

rmat3:4.5 developed by AEOD and maintained
by Oak Ridge National Laboratory (ORNL), in
order to support both ad hoc data retrieval and the
broader form statistical analysis that may identify
trends and patterns. This report documents the first
application of the trend and pattern analysis techni-
ques to a large block of LE". data, namely, all the
LER data from 1981,

Trend and pattern analysis based on contingency
tables provides the capability to study broad
segments of the operational data and thereby obtain
an overview of the activities and problems reported
by the licensees. This is the principal way in which
the technique is demonstrated in this study. That
is, the main product of this initial, exploratory trend
and pattern analysis of 1981 LER data is an over-
view of that data. Another purpose of the trend and
pattern analysis is to identify outliers and
anomalous behavior within the data that would be
good candidates for detailed engineering followup.
By examining tables of event counts based on large
segments of the LER data base, the technique is
intended to identify whether there are situations that
may have safety significance due to their high or
widespread incidence. The recognition of incident
recurrence, increasing rate of occurrence, or a pat-
tern of occurrence is enhanced by the capability to
define conditions of interest, then examine the pat-
tern of LER reporting of these events among plants,
over time, and/or over other factors.

The ability to identify selected events rests on how
the LERs are encoded in the SCSS. The SCSS is

a method for storing the operational data from
LERs, including supplementai information, in a
computer-readable, searchable form amenable to
cross-classification. The main data for each LER
in the SCSS is an event matrix, which is a systematic
way of recording the various occurrences or single
incidences of hardware fault or human error that
took place during an event. An occurrence can be
thought of as a single step in a sequence. A sequence
is a chain of actions or states of components, per-
sonnel, etc., that are related to each other by virtue
of each occurrence contributing to the cause of the
subsequent occurrence. One or more sequences may
be reported in a single LER. In the event matrix,
each row is called a step. Special fields in the step
records are used to describe how the various occur-
rences relate to each other, while the remaining
fields are used to describe the characteristics (e.g.
system, component, cause, effect) of each occur-
rence.® There are also step records in the SCSS data
base that provide additional information about
other records or about the sequence as a whole.

This study is based on a SCSS data base establish-
ed at the Idaho National Engineering Laboratory
(INEL) from a May 4, 1983 dump of the ORNL
SCSS data base. Since the purpose of this study is
to provide an overview of all the 1981 LERs as
represented in the SCSS, all nuciear units or plants
with records in the SCSS data base for 1981 com-
prise the list of plants considered for inclusion in
the analysis. Table 1 provides a list of these plants
and their codes. This study is based on counts of
selected patterns or configurations in the data. An
iterative process was used to identify and analyze
profiles of the data showing, for example,
plant/component failure relationships. The results
of this study can be used in defining relationships
between characteristics and in flagging atypical
events.

The general approach for this study was as
follows. Configurations for events deemed inter-
esting were defined. A configuration is simply a set

a. The main characteristics are defined in the terminology
section.




Table 1. Plants and their codes

Code
Facility _(FID)
BWR Plants

Brunswick | BEP1

Brunswick 2 BEP2
Browns Ferry 1| BRF1

Browns Ferry 2 BRF2
Browns Ferry 3 BRF3
Big Rock Point BRP"
Cooper CPR1
Duane Arnold DAC1
Dresden 2 DRS2
Dresden 3 DRS3
Edwin I. Hatch 1 EIH1

Edwin 1. Hatch 2 EIH2

Humboldt Bay HMB1
James A. FitzPatrick JAF1

La Crosse LBR1

Monticello MNP1
Millstone 1 MNS1
Nine Mile Point 1 NMP1
Oyster Creek ocm
Peach Bottom 2 PBS2
Peach Bottom 3 PBS3
Pilgrim 1 - PPS1

Quad Cities | QAD1
Quad Cities 2 QAD2
Vermont Yankee VYS1

PWR Plants

Arkansas Nuclear One | ANO1
Arkansas Nuclear One 2 ANO2
Beaver Valley 1 BVS1
Calvert Cliffs 1 CCN1
Calvert Cliffs 2 CCN2
Crystal River 3 CRP3
Davis-Besse | DBS1
D. C. Cook | DCC1
D. C. Cook 2 DCC2
Diablo Canyon | DCP1
Ft. Calhoun FCS1

H. B. Robinson 2 HBR2
Haddam Neck (Conn. Yankee) HNP1
Indian Point 2 IPS2

Indian Point 3 IPS3
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Code
Facility (FID)
PWR Plants (continved)

Joseph M. Farley 1 JMF1
Joseph M. Farley 2 JMF2
Kewaunee KNP1
McGuire | MGS1
Millstone 2 MNS2
Maine Yankee MYP1
North Anna 1 NAS1
North Anna 2 NAS2
Oconee 1 NEE1

Oconee 2 NEE2
Oconee 3 NEE3
Palisades PAL1

Point Beach | PBH1
Point Beach 2 PBH2
Prairie Island 1| PIN1

Prairie Island 2 PIN2

Robert E. Ginna REG1
Rancho Seco RSS1

Salem | SGS1
Salem 2 SGS2
St. Lucie 1 SLS1

Sequoyah 1 SNP1
Sequovah 2 SNP2
San Onofre | SOs1
Surry | SPS1

Surry 2 SPS2
Three Mile Island 1 ™I

Three Mile Island 2 TMI2
Trojan TNP1
Turkey Point 3 TPS3
Turkey Point 4 TPS4
Yankee Rowe 1 YKR1
Zion | Zis1

Zion 2 21S2




of characteristics (or fields), and specified values
for these characteristics, which are used to define
a set of events of interest. Queries into the SCSS
data base were then performed through use of the
software packages CONTING® and CONTIN27.
The results of each run are counts related to the
number of step records or sequences or LERs in
each cell of the configuration (i.e., each set of values
that the set of characteristics can take on). These
counts were fed into the statistical program P4F
contained in the statistical software
package BMDP-81,8 in order to produce multi-
dimensional tables of the frequency counts. Final-
ly, each table was analyzed and evaluated with the
potential of followup runs being performed. For
many of the cells having high numbers of counts,
listings of all the SCSS information for the cor-
responding LERs were examined to identify causes
for anomalous behavior.

In obtaining an overview of 1981 LER activity,
this study focused on two general types of
configurations:

1. Configurations giving an overview of the
entire 1981 SCSS data base

2. Configurations giving an overview of
occurrences related to specific hardware,
personnel, subsystem, or system faults.

In these configurations, the column field or variable
generally indicates the type of overview or occur-

rence being examined, with FID (the plant identifier
from Table 1) as the row field. Since the tables of
counts are computer-generated, the tables initially
have headings corresponding to the SCSS data base
codes for the various attributes under study. Where
possible, the codes have been replaced by their ex-
pansions for this report. Column headings can be
stacked; however, codes that are used as row
headings are not expanded in this report due to the
lack of space in the tables. Where needed, tables
defining these codes are provided.?

The results of each of the analyses are described
in the following sections. Although not all of the
table titles mention 1981, the data described in this
report is entirely based on SCSS records for LERs
with event dates in 1981. In each case, data from
pressurized water reactor (PWR) plants and boil-
ing water reactor (BWR) plants are analyzed
separately. Additional capabilities of the analysis
method are described in an appendix.

It should be noted that, due to variations in LER
reporting requirements among plants, one may not
be able to infer that plants having higher incidences
of LER reporting have more reliability/
maintenance problems than other plants.

a. In particular, the FID codes are used in nearly all the tables
so the reader will need to refer back to Table 1. Guidance is in-
cluded in the terminology section to help the reader become
familiar with these codes.



LER AND SEQUENCE REPORTING

The tables in this section provide a broad survey
of the 1981 SCSS data base. The subsections below
describe the basic LER and sequence reporting pat-
terns of the plants. The effect of the sequences on
the plants (their initial states and whether a shut-
down was involved) and on the environment
(whether the sequence resulted in any radiation
release or personnel exposure) is also addressed.

LER Reporting Frequency

Examination of the overall LER reporting pat-
tern is important from two perspectives:

1. It provides feedback on the reporting proc-
ess itself

2. It provides a context for the interpretation
of numerical results for selected subsets of
the data (eg., component failures, person-
nel errors).

The number of LERs per se has little absolute mean-
ing. LER counts are useful from a comparative
perspective, eg., high or low compared with the
majority of the population (plants) or compared
over a series of time periods.

For the purpose of exploratory analysis, the
plants filing LERs for 1981 were grouped by BWR
and PWR reactor types. Figures | and 2 are
histograms based on total plant counts for the year
for BWRs and PWRs, respectively. These
histograms include all plants that filed 1981 LERs
(25 BWRs and 49 PWRs). However, a number of
PWR plants received operating licenses after the
start of the year. These plants are shown in the table

below, along with their license date? and earliest
event date for LERs filed by each plant. The ques-
tion arises as to whether or not the counts for these
plants should be considered as yearly totals com-
parable to those for plants licensed prior to the start
of 1981. In the cases of Diablo Canyon 1, Farley 2.
and Sequoyah 2, the proximity of the license date
and the date of earliest LER supports treating their
counts as partial and dropping them from further
comparative analysis. On the other hand,
McGuire 1 and Salem 2 appear to have been report-
ing for the entire year and thus will be retained.
Because Diablo Canyon |, Farley 2, and
Sequoyah 2 do not have a full year of data, they
are excluded from a/l further analysis in this report.

Figure 3 shows the BWR and PWR histograms
together for comparison, with the PWR histogram
adjusted by dropning Diablo Canyon 1, Farley 2,
and Sequoyah 2. Notable features of Figure 3 are
as follows:

1. Both the BWR and the PWR distributions
are skewed to the left (to low counts), with
the PWR distribution showing surprising
regularity. The skew for BWRs is due to
the number of plants falling in the 21 to 40
range. Some of the regularity shown by the
PWR group in comparison with the BWR
group can be ascribed to a larger number
of data points, i.e., plants.

2. There appears to be an elevated threshold
for BWR reporting versus PWR reporting.
That is, very few BWRs filed fewer than
21 LERs, while a proportionately larger
number of PWRs did so.

Plant License Date
Diablo Canyon 1 September 22, 1981
Farley 2 March 31, 1981
McGuire | June 29, 1981
Salem 2 May 20, 1981
Sequoyah 2 September 15, 1981

Date of 1981
Earliest LER LER Count
September 22, 1981 9
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