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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government not any agency thereof, or any of their
employees, makes any warranty, empressed or implied, or assumes any legal listHlity of re.
sponsibihty for any third petty's use, of the results of such use, of any information, apparatus,
product or process disclosed in thes report, or represents that its use by such third party would
not infringe privately owned rights.
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NOTICE *

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC pubhcations will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The NRC/GPO Sales Program. U.S. Nuclea* Regulatory Commission,
Washington, DC 20555

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Office of inspection
and Enforcement bulletins, circulars, informat6on notices, inspection and investigation notices;
Licensee Event Reports: vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC sronsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission Iss ances.

Documents available from the National Technical Information Service include NUREG series
reporto and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions, feoeral Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non NRC conference =

proceedings are available for purchase from the organitation sponsoring the publication cited.
]

Single copies of NRC draf t reports are available free, to the extent of supply, upon written request
to the Division of Technical information and Document, Control, U S. Nuclear Regulatory Com. I.
mission Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are mamtained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the pubhc. Codes and standards are usually copyrighted and may be
purchased from the originating organisation or, if they are American National Standards, from the
American National Standards Institute,1430 Broadway, New York, NY 10018.

GPO Printent copy pr.co. $6.00
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ASSTRACT

'o 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. Continsency

, table analysis is the main tool for the trend and pattern analysis.
!

The tables primarily focus on fauhs associated with various components and other
; items of interest across different plants. The abstracts and other SCSS information

on ihe LERs accounting for unusual counts in the Iables were examined to gain insights
from the events.

!
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EXECUTIVE SUMMARY

Operators of commercial nuclear power plants types of plants. Varlation in frequencies of events
are required to file Licensee Event Reports (LERs) per month for both plant types was observed, but
describing certain events. The Sequence Coding and there was no recognizable pattern.
Search System (SCSS)is a system developed by the
United States Nuclear Regulatory Commission For each sequence, the SCSS captures informa-
(USNRC), Office for Analysis and Evaluation of tion reported in the LERs about the initial condi-
Operational Data (AEOD)in conjunction with Oak tion or status of the plants and whether the event
Ridge National Laboratory for storing the opera. had a plant effect changing that status. Exploratory'

t!onal event data contained in the LERs in a com. trend and pattern analysis of this information shows

puter readable, scarchable format. In the SCSS, that for both BWRs and PWRs slightly over half
reported events are broken down into step-by-step of the reported initial conditions fell into the steadya

sequences of occurrences. A copy of the SCSS was state operating category with the remaining distribu-
established at the Idaho National Engineering tion of conditions varying considerably from plant
Laboratory (INEL) to facilitate trend and pattern to plant. Rarely did the 1981 events reported in
analysis of these data.The purpose of the trend and LERs lead to power reductions or other plant effects

pattern analysis is to identify outliers among the having direct impact on balance-of plant operation.
data and anomalous conditions that would be good
candidates for detailed engineering followup. This Sequence information describes environmental

report provides an overview of the 1981 SCSS data effects in addition to plant effects. Release of
on three levels: the LERs themselves, the sequences, radioactivity or effluents to the environment was

and the individual hardware, personnel, subsystem, extremely infrequent; about 2% of the sequences

and system occurrences. showed this effect. Reported incidents of person-
nel overexposure were uncommon, with only 2 and
8 occunences, respeecly, b WRs and Mt

The main tool for this overview is the display of
automatically gerierated contingency tables that The main information reported in an LER is cap-
provide information about the frequency of occur- tured in the SCSS in an event matrix whose rows
rence of selected sets of similar incidents or selected are called steps records. Each of these records
patterns in the 3 CSS data base. The objective is to describes a single incidence of hardware fault or
identify patterns in the reported data that may be human error; the intent is to describe such occur-
of interest due to their frequency of occurrence. In rences at the limit of resolution permitted by the
addition, trend analysis is possible since the LERs, information in an LER. The key field in the step
sequences, or incidents can be further grouped by records is the component field. Ilowever, each step
the LER event dates, record has a number of other fields that help

describe it. For example, attributes such as cause
in the study of LER reporting and ,cquence and effect for the most part provide additional

counts for 1981, the LER and sequence counts were meaning in relation to the component field.
tabulated by plant (nuclear generating unit) for the Therefore, most of the tables presented show counts
months of 1981. All plants filing LERS in 1981 were based on the component fields for the different
included in the initial screening; three plants receiv- plants.a
Ing operating licenses in 1981 were omitted from
subsequent comparative analysis because they had Twenty-two groups of hardware components
only a partial year of data. Remaining were were explored in plant-specific detail in this study,
25 boiling water reactor (llWR) plants and The contingency tables for these groups were com-o

46 pressurited water reactor (PWR) plants. The monly characterlied by sparse entries. The report-
resulting tables show that IlWR plants reported an ing of faults for these components varies widely
average of 57 LERs per plant in 1981 while PWR from group to group, with as few as 10 and
plants reported $1 LERs per plant on the average. 17 faults reported for contrcl rod drives, respective-
llowever, the reporting patterns for individual ly, for IlWRs and PWRs, and as many as 743 and
plants of both types vary widely. Sequence counts, 1083 faults for valves, respectively. The overall
which reflect the fact that more than one individual reporting frequencies for plants for the 22 groups
event may be reported in one LER, are on the tended to follow the overall distribution observed
average s8% higher than LER counts for both for LERs.

ill
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The SCSS also describes occurrences reported in The purpose of the trend and pattern analysis is
LERs involving personnel errors. Information in- to identify outliers among the data and anomalous
cludes the type of personnel, the personnel activ- conditions that would be good candidates for
ity, and whether the action was an omission or a detailed engineering followup. The INEL trend and
coramission. The main analysis in the report fo. pattern analysis software includes a capability for
cused on the type of personnel. The average statistical modeling of the contingency tables to
distribution of personnel types was similar for BWR describe how the pattern of counts relates to tne
and PWR plants. For example, for both plant types levels of row and column attributes that define the
the reporting was often not specific about whether table. If a general pattern is present, the statistical
licensed operators or other utility personnel were software has a potential to pinpoint the cells in the -

involved in the events. However, individual plants table not following the pattern. An example of this
deviated from the average pattern for their plant type of analysis is given in one of the appendicest
type. In addition to considering the type of person. broad application of the analysis itself is an iteratise ,

nel, selected personnel activities were studied as a process beyond the scope of this study,
function of plant type and event date for the plants
having higher numbers of 1981 LERs. Log linear flowever, the contingency tables themselves often

modeling was the tool used to study these attributes, show cells having higher counts than the rest. Even

with event dates divided into the four quarters of without formal statistical analysis, such cells may

1981. The results showed that, for the limited data deserve further investigation. In this report such in-

used, there is an interaction between the personnel vestigations wcre made in a limited fashion for

activity (maintenance, operation, etc.) and the plant nearly all the configurations of plants and hardware

type but the time effect was independent of these or other occurrences presented. The investigations

factors. involved reading all the SCSS information for LERs
having steps in such cells. The resulting insights are
included in this report. These investigations provide

Finally, reported subsystem and system level discussion points for more detailed engineering
occurrences are flagged in the SCSS. The most com-

I U *"P'mon subsystem level occurrences described in the
1981 SCSS data involve diesel generators, essential The goalin studying the SCSS operational data
reactor auxiliary systems, and instrumentation and is to separate indications in the data of real
control systems, while the most common system engineering problems that may be potential safety
level occurrences deal with primary reactor systems issues from outliers in the data caused by variations
and structural systems as well as essential reactor in LER reporting and in the encoding of the LERs
uuxiliary systems. All of these are subjects for fur * In the SCSS format. Such investigations require not
ther study. The subsystem events involve some form only an understanding of nuclear power plant
of loss of redundancy, but more information is engineering but also a detailed knowledge of how
needed from the licensees on existing populations events are encoded in the SCSS data base. Because
of channels, trains, and subsystems to make this obtaining the count data for these analyses is
study more meaningful, On the system level, automated, trend and pattern analysis permits a
primary reactor and structural system events for the broad, sweeping look at the operational data
most part describe incidents having an impact that encoded from the LERs. This report provides a first
could not be casily assigned to a smaller entity, such look at the type of ana'ysis that is possible. With ,

as radioactive contamination of the reactor coolant many possible combinations of values for ficids
water, rather than losses of system function. For defined in the SCSS data base and many possible
both subsystem and system. level occurrences, the counting options to choose from, the analysis con-
contingency tables showing an overview of plant tained in this report provides just a starting point *

reporting patterns are quite sparse. for further investigations,

lY
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FOREWORD

in recent years the USNRC and the nuclear industry have placed increasing emphasis
on the systematic collection and review of nuclear power plant operational safety
data. Stanifestations of this emphasis have included:(a) the establishment of AEOD
as a central organization dedicated to operational safety data review. (b) the writing
of USNRC hlanual Chapter 0515 that details the responsibilities ofindividual USNRC
offices in an overall program for operational data review, (c) the establishment of
the SEE.IN program by the Institute of Nuclear Power Operations (INPO), and (d) the
post Thlt emphasis on the requirement for each licensee to have a program for opera-
tional data review.*

There are several approaches to operational data analyses. Operational data com-
prise expected and unexpected situations, events, or failures having a wide range ofa
frequency of occurrence and safety importance. For example, the following remark
was made by the French Groupe Permanent Reactor at a meeting with the Advisory
Committee n Reactor Safeguards (ACRS):

"The incidents which arise at a plant are many and varied. One can divide
them into two classes:

- The first, taken individually, do not have particular safety significance,
but their repetition can render them precursors,

The second, which have safety significance, are liable to be precursors."

This language reficcts a two-tiered assessment approach to data reviews. One tier
is to focus upon the data from a statistical perspective in order to detect potential
trends and patterns that may signify an unrecognlied safety concern. The other is
to focus upon Individual significant events in order to assess their potential as precur-
sors to potentially serious incidents or accidents. These approaches are discussed
individually below.

Those incidents that hase particular safety significance are usually selected using
guiding criteria that embody consideration of: how the observed incident sequence
differed from the expected sequence; or the probability of alterations to the observed
sequence, which, if they occurred, would have lead to a much worse outcome.

The detailed analysis of such individually significant events has been carried out
by the USNRC for many years, and has served as the basis for numerous licensing
actions, as well as extensive feedback to the industry (e.g., IE Bulletins, NRR Generic
Letters, Abnormal Occurrence Reports). In several cases (e.g., the Thll 2 accident,
the llrowns Ferry fire, the Salem ATWS) these individual events have been the sub-*

3

ject of extensive and intensive analyses and evaluations that have significantly altered
the nuclear industry.

O

hlore recently, the precursor analysis [ Accident Sequence Precursor Study (ASPS)]
sponsored by the USNRC Office of Research is attempting to standardize and make
esplicit one facet of this kind of analysis, in addition, AEOD is also pursuing the
use of a computerited sequence of events model(event tree / fault tree) for individual
event assessment.

v
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As opposed to analyzing individually significant events, the phrase trends andpet-

| terns is usually reserved for use with incidents of low individual significance for which
i repetition or, more accurately, frequency is the element that lends sisnificance. The

,

following definitions generally apply:

1. l'attern: The observed distribution of similiar occurrences (incidents), amons ;

a set of given classifications (e.g., plants, syst;ms, causes) ;
,

! !

2. Trend: A pattern that consists of a decrease or increase in occurrence rate ;

as a function of time. !

! !
There are a number of wa>s 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- |
ins 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 f
*

similar events in other reports, and/or

I2. 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., "I 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 i

analysis has been undertaken in the past and forms the basis for numerous contrac-
'

i

lor 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 increasins or decreasing frequencies of
occurrence. Thus, systematic trend and pattern analysis provides additional amurance
that no major problem areas have been overlooked and thereby performs an impor.
tant quality assurance function for operational data review, whkh 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 Ihe large amount of data to be looked at simultaneously. -

,

The development and implementation of the Sequence Coding and Search System 7

(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, p

t
However, just as we run the risk of mining the bla p/cture 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 homogenitation means all events are treated as if they had

the same Individual significance-which may not always be the case.

|

|

| vi
!
<
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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 vaaled 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 submisslan 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.

3. There is a tendency at some facilities to report events more readily 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 til .lihood of a subsequent event. On the other hand,
ineffective corrective action following an event may permit its repeated :

occurrence.

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-
plc, may affect the frequency with which reportable events occur.

*
6. Differences in interpretation of reporting requirements by licensee or USNRC

personnelinvolved in the preparation, submksion, and processing of LERs
can affect relative reporting frequencies.

.

7. At some multi. unit power stations (e.g., Oconee and llrowns Ferry) events
that insolve 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.

,

vli
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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 in estiga-
tions. Because of the deviations noted, any nonrandomness (i.e., 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.e., the LERs). We feel that examination of LER report- !.

las pattern and frequency is a legitimate and useful activity if the objective is to i
describe and characterise 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, bouuse 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 Jo being misleading, this practice has the undesired side
effect of motivating licensees to minimize the number 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 of the classes of occur.
rences in SCSS (e.g., component failures, personnel errors), sorting the occurrences
according to ti.e values of a categorical variable (e e . the component involved), and
then counting the occurrences as a fanctior :f that variable. The table below displays !
such a tabulation. This tabulation wo id most likely be examined in terms of the i

percentage of the total counts found in each category. +

FAULT COUNTS OF SELECTED COMPONENTS
,

|

Component Type !
i

Unknown Type .
Undervolta e ac Circuit de Circuit Circuit

Relay Breaker Breaker Breaker Total |
t

49 331 32 10 422 j
'

This simple analysis crn 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,

'

r

i

vill
~

i
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COMPONENT FAULT COUNTS DISPLAYED BY PLANT

Component Type
,

Unknown Type
Undervoltage ac Circuit de Circuit Circuit

Plant Relay Breaker Breaker Breaker Total

Plant A I 3 2 0 6
Plant B 0 6 2 0 8,

. . . . . .

. . . . . .

. . . . . .

Plant Z 0 7 2 0 9*

Total 49 331 32 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 (e.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 calcula-
tion of the percentage of total occurrences found in each category.

EO&O 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-
tern \. Using some idealised examples some patterns that can be recognlied 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 i 9 8 8 9 34,

Plant 2 8 9 8 8 33

Plant 3 8 8 9 8 33

25 25 25 25 100*

This table displays almost perfect uniformity. Things do not change as a function
of time or plant. Such a result would be usefulInformation for summarising 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.

Ix

| [
l

.

- - ______ - _____ _ .-- ____. - _ _



_
. ..

The example below shows a more interesting pattern.

1980 1981 1982 1983 Total

Plant I $ $ .5 5 20

Plant 2 8 8 8 8 32

Plant 3 12 12 12 12 48

25 25 25 25 100
. .

In this case time does not play a role. For each plant and for the total across plants,
the fraction does not change as a function of time. However, plant does play a role, ,

as the counts 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.g., Plant 3 may have different reporting requirements, or may have a more liberal
attitude toward reporting, or may have more pumps). An engineer must evaluate the
data and try to determine the factors underlying the disparate plant behavior. This
is 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,
an engineer must evaluate the results to identify the real safety problems. This evalua-
tion is often very time consuming; and, unfortunately, because plants, reporting
requirements, reporting philosophies, etc., are not consistent, many of the patterns
will be due to factors other than genuine safety problems (i.e., there is a lot of chaff

' '

mixed in with the wheat).

The table below shows a third variation.

1980 1981 1982 1983 Total

Plant i 3 3 3 3 12

Plant 2 6 6 6 .6 24

Plant 3 9 27 9 9 54

18 36 18 18 100 ,

'

This example shows an extreme case of an outlier or anomaly; the 27 counts for -

Plant 3 in 1981 perturbs an otherwise very consistent pattern. Such a cell would deserve
*

additional followup.
.

For these examples, visual observation points to petterns of interest. In real cases,
analysis by inspection may not generally be poulble because there will be (a)less
regularity in the observed counts, (b) a larger number of cells for each factor (e.g.,
there are over 70 operating plants), and/or (c) more dimensions (e.g., plant, system,
time) used to define a table. Analysis of more extensive and complex tables is per.
formed using statistical software and supporting softwere that automatically accum-
ulates and passes count data from SCSS to the statistical program. .

X
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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
sorpething 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. Dennig, Chief
Program Development Section
Office for Analysis and Evaluation
of Operational Data
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ACRONYMS AND TERMINOLOGY

BWR Boiling water reactor.

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

Category. A field value; the level of an attribute; a code con-
.. tained in a field.
3-

Cause 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.

Cell 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.

Component 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.

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

2. In this report, th'e count data input to such a
table.

Configuration In this report, a set of fields from the SCSS and
'

specified categories for each field.

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

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

.

'

ESF- Engineered safety features.

Effect A field in the SCSS step data for the observed com-.

ponent state, action, or output.

- Exposure time 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.

I
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Facility ID (FID) . : 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).

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

U . . . .

' Field' A variable, characteristic, or attribute of a record,

R in the SCSS data base.
'

-

I&C Instrumentation and control.

Initial fit table 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.

?
*

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

LCO. Limiting cor.dition for operation.

LER Licensee Event Report; an event report filed by the
'

operator of a nuclear po,ver plant in accordance
with NRC license requirements.

Occurrence A human, component or system action or change
'

of state at the limit of resolution permitted by the
' information in an LER.

PWR. Pressurized water reactor.
7

,

Performance . 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.

Potential occurrence 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.

Primary system 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 additional4

information steps describing unit and environmen-
tal effects.

xx
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SCSS 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.

Sequence A series of occurrences and additionalinformation
that are related to each other by virtue of each

. occurrence contributing to the cause of subsequent
occurrences.

.w

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

.

Vendor A field in the SCSS step data for component
manufacturer,

s

.

..

.
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EXPLORATORY TREND AND PATTERN ANALYSIS OF
1981 LICENSEE EVENT REPORT DATA

INTRODUCTION

The United States Nuclear Regulatory a method for storing the operational data from
Commission (USNRC), Office for Analysis and LERs, including supplemental information, in a
Evaluation of Operational Data (AEOD) in con- computer-readable, searchable form amenable to
junction with EG&G Idaho, Inc. has developed cross-classification. The main data for each LER
computer software that uses contingency table in the SCSS is an event matrix, which is a systematic.

technique: to perform trend and pattern analysis way of recording the various occurrences or single
of operational data reported by nuclear utilities, incidences of hardware fault or human error that
The main source of such data is Licensee Event took place during an event. An occurrence can be

*
Reports .2 (LERs) submitted to the USNRC by thought of as a single step in a sequence. A sequencel

reactor licensees when an incident at a plant meets is a chain of actions or states of components, per-
reporting criteria incorporated in its operating sonnel, etc., that are related to each other by virtue
license technical specifications. LERs filed since of each occurrence contributing to the cause of the
1981 have been encoded and stored on a computer subsequent occurrence. One or more sequences may
in a Sequence Coding and Search System (SCSS) be reported in a single LER. In the event matrix,
format ,4,5 developed by AEOD and maintained each row is called a step. Special fields in the stepJ

by Oak Ridge National Laboratory (ORNL), in records are used to describe how the various occur-
order to support both ad hoc data retrieval and the rences relate to each other, while the remaining
broader form statistical analysis that may identify fields are used to describe the characteristics (e.g.
trends and patterns. This report documents the first system, component, cause, effect) of each occur-
application of the trend and pattern analysis techni- rence.a There are also step records in the SCSS data
ques to a large block of LER data, namely, all the base that provide additional information about
LER data from 1981. other records or about the sequence as a whole.

Trend and pattern analysis based on contingency This study is based on a SCSS data base establish-
tables provides the capability to study broad ed at the Idaho National Engineering Laboratory
segments of the operational data and thereby obtain (INEL) from a May 4,1983 dump of the ORNL
an overview of the activities and problems reported SCSS data base. Since the purpose of this study is
by the licensees. This is the principal way in which to provide an overview of all the 1981 LERs as
the technique is demonstrated in this study. That represented in the SCSS, all nuclear units or plants
is, the main product of this initial, exploratory trend with records in the SCSS data base for 1981 com-
and pattern analysis of 1981 LER data is an over- prise the list of plants considered for inclusion in
view of that data. Another purpose of the trend and the analysis. Table I provides a list of these plants
pattern analysis is to identify outliers and and their codes. This study is based on counts of
anomalous behavior within the data that would be selected patterns or configurations in the data. An.

good candidates for detailed engineering followup. iterative process was used to identify and analyze
By examining tables of event counts based on large profiles of the data showing, for example,

- segments of the LER data base, the technique is plant / component failure relationships. The results
intended to identify whether there are situations that of this study can be used in defining relationships
may have safety significance due to their high or between characteristics and in flagging atypical
widespread incidence. The recognition of incident events.

,

recurrence, increasing rate of occurrence, or a pat-
tern of occurrence is enhanced by the capability to The general approach for this study was as
define conditions of interest, then examine the pat- follows. Configurations for events deemed inter-
tern of LER reporting of these events among plants, esting were defined. A configuration is simply a set
over time, and/or over other factors.r

The ability to identify selected events rests on how
a. The main characteristics are defined in the terminology

the LERs are encoded in the SCSS. The SCSS is section.

I
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Table 1. Plants and their codes

Code
Facility (FID)

BWR Plants

Brunswick I BEP1
Brunswick 2 BEP2
Browns Ferry 1 BRF1
Browns Ferry 2 BRF2 -

Browns Ferry 3 BRF3

Big Rock Point BRP1
-

Cooper CPR1
Duane Arnold DAC1
Dresden 2 DRS2
Dresden 3 DRS3

.

Edwin I. Hatch 1 ElH1
Edwin 1. Hatch 2 ElH2
Humboldt Bay HMB1
James A. FitzPatrick JAF1
La Crosse LBR1

Monticello MNP1
Millstone 1 MNS1
Nine Mile Point 1 NMP1
Oyster Creek OCP1
Peach Bottom 2 PBS2

Peach Bottom 3 PBS3
Pilgrim 1 PPS1'*

Quad Cities 1 QAD1
Quad Cities 2 QAD2
Vermont Yankee VYS1

PWR Plants

Arkansas Nuclear One 1 ANO1
Arkansas Nuclear One 2 ANO2
Beaver Valley 1 BVS1
Calvert Cliffs 1 CCN1
Calvert Cliffs 2 CCN2

Crystal River 3 CRP3 -

Davis-Besse 1 DBS1
D. C. Cook i DCC1
D. C. Cook 2 DCC2

'

Diablo Canyon 1 DCP1

Ft. Calhoun FCSI
H. B. Robinson 2 HBR2
Haddam Neck (Conn. Yankee) HNP1
Indian Point 2 IPS2-
Indian Point 3 IPS3

i

i

r

2
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Table 1. (continued)

Code
Facility (FID)

PWR Plants (continued)

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 NEE 1

Oconee 2 NEE 2

Oconee 3 NEE 3
Palisades PAL 1
Point Beach 1 PBH1
Point Beach 2 PBH2
Prairie Island 1 PIN 1

Prairie Island 2 PIN 2
Robert E. Ginna REG 1

Rancho Seco RSS1
Salem 1 SGS1
Salem 2 SGS2

St. Lucie i SLS1
Sequoyah 1 SNP1
Sequoyah 2 SNP2
San Onofre 1 SOS 1
Surry 1 SPS1

Surry 2 SPS2
Three Mile Island 1 TM11
Three Mile Island 2 TM12
. Trojan TNP1
Turkey Point 3 TPS3..

Turkey Point 4 TPS4
Yankee Rowe 1 YKR1

* Zion 1 ZlS1
Zion 2 ZlS2

3
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| of characteristics (or fields), and specified values rence being examined, with FID (the plant identifier
for these characteristics, which are used to def* e from Table 1) as the row field. Since the tables ofm

a set of events of interest. Queries into the SCSS . counts are computer-generated, the tables initially
data base were then performed through use of the have headings corresponding to the SCSS data base

6 7software packages CONTING and CONTIN 2 . codes for the various attributes under study. Where

The rest:lts of each run are counts related to the possible, the codes have been replaced by their ex-
number of step records or sequences or LERs in pansions for this report. Column headings can be4

each cellof the configuration (i.e., each set of values . stacked; however, codes that are used as row-
that the set of characteristics can take on). These headings are not expanded in this report due to the
counts were fed into the statistical program P4F lack of space in the tables. Where needed, tables
contained - in the statistical software defining these codes are provided.a

'

package BMDP-81,8 n order to produce multi-
.

.i
,

dimensional tables of the frequency counts. Final- The results of each of the analyses are described -

I . ly, each table was analyzed and evaluated with the in the following sections. Although not all of the
potential of followup runs being performed. For table titles mention 1981, the data described in this -

I~ - many of the cells having high numbers of counts, report is entirely based on SCSS records for LERs .

listings of all the SCSS information for the cor- with event dates in 1981. In each case,Jdata from"

responding LERs were examined to identify causes pressurized water reactor (PWR) plants and boil-
for anomalous behavior. ing water reactor (BWR) plants are analyz'ed

separately. Additional capabilities of the analysis
;

; In obtaining an overview of 1981 LER activity, method are described in an appendix.
! this study focused on two general types of
3 configurations: It should be noted that, due to variations in LER
4 reporting requirements among plants, one may not

1. Configurations giving an overview of the be able to infer that plants having higher incidences

entire 1981 SCSS data base of LER reporting have more reliability /
maintenance problems than other plants.

2. Configurations 'giving an overview of'

occurrences related to specific hardware,'

personnel, subsystem, or system faults.
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-e

In these configurations, the column field or variable cluded in the terminology section to help the reader become
generally indicates the type of overview or occur- familiar with these codes.

l

.

e
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LER AND SEQUENCE REPORTING

9The tables in this section provide a broad survey below, along with their license date and earliest
of the 1981 SCSS data base. The subsections below event date for LERs filed by each plant. The ques-
describe the basic LER and sequence reporting pat- tion arises as to whether or not the counts for these
terns of the plants. The effect of the sequences on plants should be considered as yearly totals com-
the plants (their initial states and whether a shut- parable to those for plants licensed prior to the start
down was involved) and on the environment of 1981. In the cases of Diablo Canyon 1, Farley 2.
(whether the sequence resulted in any radiation and Sequoyah 2, the proximity of the license date
release or personnel exposure) is also addressed. and the date of earliest LER supports treating their

* counts as partial and dropping them from further

LER Reporting Frequency c mparative analysis. On the other hand,
McGuire I and Salem 2 appear to have been report-
ing for the entire year and thus will be retained..

Examination of the overall LER reporting pat- Because Diablo Canyon 1, Farley 2, and
tern is important from two perspectives: Sequoyah 2 do not have a full year of data, they

are excluded from all further analysis in this report.
1. It provides feedback on the reporting proc-

ess itself Figure 3 shows the BWR and PWR histograms
. together for comparison, with the PWR histogram

2. It provides a context for the m. terpretation adjusted by dropping Diablo Canyon I, Farley 2,
of numerical results for selected subsets of and Sequoyah 2. Notable features of Figure 3 are
the data (eg., component failures, person- as follows:
nel errors).

1. Both the BWR and the PWR distributionsThe number of LERs perse has little absolute mean-
ing. LER counts are useful from a comparative are skewed to the left (to low counts), with

perspective, eg., high or low compared with the the PWR distribution showing surprising

majority of the population (plants) or compared regularity. The skew for BWRs is due to

over a series of time periods. the number of plants fall!:1g in the 21 to 40
range. Some of the regularity shown by the

For the purpose of exploratory analysis, the PWR group in comparison with the BWR

plants filing LERs for 1981 were grouped by BWR group can be ascribed to a larger number

and PWR reactor types. Figures I and 2 are of data pomts, i.e., plants.

histograms based on total plant counts for the year
for BWRs and PWRs, respectively. These 2. There appears to be an elevated threshold
histograms include all plants that filed 1981 LERs for BWR reporting versus PWR reporting.
(25 BWRs and 49 PWRs). However, a number of That is, very few BWRs filed fewer than,

PWR plants received operating licenses after the 21 LERs, while a proportionately larger
start of the year. These plants are shown in the table number of PWRs did so.;

.

Date of 1981
Plant License Date Earliest LER LER Count.

i Diablo Canyon 1 September 22,1981 September 22,1981 9
Farley 2 March 31,1981 March 10,1981 57
McGuire 1 June 29,1981 January 29,1981 188
Salem 2 May 20,1981 January 4,1981 124
Sequoyah 2 September 15, 1981 August 3,1981 27

5
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ir 3. The variance in annual LER reporting for both, , , . . . , , ,

,

,, _
groups is quite large, even if the count for
McGuire I is discounted. Listed in Table 2 are

"' ~

the five highest and five lowest reporting plants

I ,o_
. for each reactor type.

- The raw LER counts as a function cf plant and eventg ",..
. date month are shown for the BWR group in Table 3 and,j,

- * - Figures I to 3 are based on plant totals from the last col-
the PWR group in Table 4. The histograms in

g"
)x_ ! _ umn of these tables. The other column headings describe

" '
'

~

the time interval start dates in a year, month, day for-, ,

.
mat. Assignment to a time intervalis based on LFR event

io_

E M
- date. Figure 4 shows the monthly totals as a percent of2

*E total plant LER count for each plant type.
,

*ao aie n eo si eo ena 30naa ian.oi.neo ienno isi am ,

1989 LER sounts '"
In order to look in more detail for any trends in

Figure 1. Histogram of LER counts-BWR. LER reporting over the course of a year, the nor-
malized cumulative differences of the counts from
the monthly mean were plotted. That is, with,e

, , , , , , , , ,

,_ _

thNumber of LERs reported inX =
_

month of 1981

k ,0_
-.

I ,,, . R= {X /12i

j5 - ~

(X - 5)2 /11 1/2s = i
3 , _ - -

I

j, _i.

y'' .
-

the quantities
-

,.,,_....J w1+wIoi .I (X - 5) / 2sC>- i=.

.....m.....,,,.....-,.0,......._
I=1,,8i (En cooni. . ..n

Figure 2. Histogram of LER counts-PWR.
were plotted as a function of j.a Figures 5,6, and
7 show these plots for BWRs, PWRs, and all reac-
tors, respectively. These plots tend to smooth out

,, ' ' ' ' ' ' ''
short term statistical fluctuations and emphasize the

'' ~ O wi ~

long term trend. The slope between two successiveg ,,,
j .o - - points is a measure of whether the number of LERs

for the month indicated at the right endpoint is'

!" ~

above or below the overall average monthly report-I
~|x,y - ing level. Disiding by the 2s makes the scale of the

~

_ plot such that successive differences from the meane 23 n-
l
j '" -

that are >2s produce slopes that are greater than
one.,

3 is ,- Th; data do not show any clear trends (either in-
- .

I

E' '

' '
-

creasing or decreasing) over the year for individual
'

2 2 1 _
$

' E' ' '' ' '

' .5 00 6160 811001011201291014t t60161180181200
'

0
0 20 21 0

*""1981 LER ccanis

a. Note: Since the deviations in the numerator of C;ized
are

Figure 3. Histogram of LER counts-BWR and PWR measured from the sample mean instead of some hypothes
(46 PWR plants). average level of monthly reporting, Cg2 s always zero.i

6
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Figure 6. PWR monthly reporting cumulative sum.
Figure 4. Percent of LER count by month for BWR and

PWR plants.
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Figure 5. BW13 monthly reporting cumulative sum. Figure 7. Overall monthly reporting cumulative sum.

Table 2. Plants having high or low 1981 LER counts

BWR PWR

Plant LER Count Plant LER Count

Ilighest Reporting Plants
Brunswick 2 145 McGuire 1 188
Hatch 1 140 Sequoyah 1 133
Hatch 2 133 Salem 2 124
Brunswick 1 94 Salem i 119
Browns Ferry 1 83 Beaver Valley 1 102

Lowest Reporting Plants
Humboldt Bay 5 Point Beach 2 8

La Crosse 15 Indian Point 3 10

Peach Bottom 3 21 Fort Calhoun 11

Cooper 1 ) Prairie Island 2 1
24 Three Mile Island 1[ 13Monticello -

Quad Cities I h
Average

For all BWR plants 57 For all PWR plants 51

7
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Table 3.1981 LER reporting by plant and month-BWRs

FIO Event Date

19810101 19810201 19810301 19210401 19610501 19810001 19610701 19 610d01
BEP1 18 13 10 7 1 1 b 2
BdP2 11 18 5 10 3 12 10 19
.dRF1 4 3 2 6 12 A1 4 5
bsF2 8 1 6 4 7 5 10 2
BRF3 5 6 4 3 9 4 4 o
BdP1 3 0 2 3 2 3 1 5
CPr.1 1 2 2 2 6 4 3 0
DAC1 6 4 3 5 2 7 3 3
UAs2 7 2 3 6 13 10 6 7
URS3 4 2 2 3 1 3 0 2
EAH1 6 6 11 15 7 17 20 0
cIH2 7 6 11 19 5 19 7 b
HM61 0 0 0 0 1 2 0 0
JAF1 15 0 5 11 4 11 4 9
L6K1 1 2 1 1 1 1 1 0
MNP1 1 0 2 8 3 4 1 0
MN51 0 1 0 7 2 6 3 4
NMP1 1 4 2 4 4 11 7 4

- 0C P 1 6 4 5 4 3 6 P 7
Pn52 9 5 7 5 3 2 0 5
PR33 4 5 1 1 0 0 0 1
PPS1 2 3 3 5 4 10 10 5
uAvi 4 1 2 3 0 2 3 0
GAD 2 2 3 3 0 3 1 2 1
VYS1 b 2 3 0 5 2 3 3

TOTAL 130 101 95 132 47 156 lin AJa

i
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Table 4.1981 LER reporting by plant and month-PWRs

FIU

19810101 19810201 19810301 19810401 1
A ridl 2 1 1 3
AN02 3 7 3 3
dVd1 12 15 3 10
GCal 7 8 8 7
CCh2 7 1 7 9
CnP3 6 4 o 7
0BS1 9 6 6 5
UCCl 1 2 6 4
CCC2 2 1 5 10

- FC51 1 0 0 4
H6rd 6 2 1 3
H.4 P 1 0 1 2 2
1952 5 0 2 2
ipa 3 2 1 2 0
J 1F1 1 3 7 13
n.i P 1 3 3 3 3
r.651 4 16 11 40
.1.4 a 2 7 4 3 3
.i(P1 0 0 1 2
NAal 7 3 6 15
NA: 4 13 10 5 5
Nici 3 2 1 1
N:22 1 2 3 3
c.E : 3 1 2 4 1
PAL 1 9 1 3 3
F 6 r:1 2 0 1 1
Pn42 0 0 1 1
pin 1 1 0 1 0
Fla2 0 0 1 2
bcG1 3 1 2 4
xial 3 10 6 4
dwS1 12 12 11 8
Swad 2 0 1 10
SLS1 7 6 2 7
5%P1 13 12 14 13
ausi 1 1 0 3
5P51 2 2 3 3
5PS2 11 7 4 3
T.311 3 1 1 0
T.M 12 1 3 1 4
TNP1 3 0 2 2
TP33 4 0 4 3
Ipis 1 2 1 3,

| YK41 1 2 0 1
ZIS1 4 3 6 o'

Z152 1 1 1 3

- TJsAL 167 158 162 241

Also Av=flable &a
Aperture Card.
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Event Date

9810501 19810601 19610701 19610601 19810901 19811001 1961A101 198112s. IUTAL
._________________________________________._____________________________________

0 1 2 4 0 0 1 0 45
* 4 4 3 1 5 6 A 44

11 9 7 9 9 1 6 4 102
1 15 7 9 1 7 b 3 os
2 5 5 6 2 3 6 4 57
4 9 9 7 4 Al 2 9 60
4 7 6 7 3 11 o 3 7o
1 10 6 7 9 3 b 10 ob
3 4 12 5 3 19 9 ) 75
J 1 1 1 1 1 0 114

2 2 2 0 2 3 6 4 33
0 3 2 2 3 0 3 1 19
6 1 2 3 1 4 4 3 33
0 0 1 0 1 0 2 1 10

13 8 9 10 4 1 1 3 73
5 5 1 5 1 > 3 1 3o

13 6 21 27 10 11 14 o leo
2 b d 4 2 3 2 1 45
3 4 5 2 4 s 1 v 22

1) b 12 10 3 2 6 3 65
10 6 6 6 H 7 6 4 o7

1 4 2 1 3 3 2 3 26
2 0 0 3 3 0 2 1 20,

'

4 1 1 0 0 0 1 1 10
o 5 4 4 3 10 2 4 54
1 2 4 1 1 4 0 2 19
2 1 0 1 1 1 0 0 6
0 1 1 1 6 3 2 2 16
1 0 1 1 2 1 1 A 11
2 0 2 0 1 0 4 3 22
6 4 3 5 7 4 1 3 56

12 9 6 8 11 12 12 o liv
12 21 25 14 14 a 11 b 124

6 5 3 3 5 4 3 9 60
I? 13 19 8 5 o 6 10 133

3 6 3 1 3 5 5 1 32
4 2 15 9 18 9 6 9 64

10 7 7 7 5 5 11 3 60
1 0 1 0 1 4 2 1 13
2 1 0 3 4 4 2 3 2e
1 2 5 1 5 4 1 4 30
2 0 1 0 0 2 3 0 17
0 0 2 0 1 1 4 2 17
9 e 5 4 2 A 3 4 33
3 3 1 5 4 3 3 2 50
6 2 4 1 5 3 4 1 30

e ____________________________________________________________________ _________
'

216 213 237 208 186 19) Ich 1o1 2352

N
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CARD .

:a-
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plants, for the BWR and PWR classes, or for all ex

plants combined. There is little regularity of any Ci tta
kind (e.g., cyclic monthly behavior) at the in- ia- me.
dividual plant level over the course of a calendar

-

year; virtually every month is a month of maximum ne_
LER reporting for some plant. Figures 5,6, and 7
all exhibit negative slopes for February and March

,,
and positive slopes for April, reflecting the fact that
for both plant types total reporting was below the
1981 monthly average in February and March and " -

above it in April. However, the variety in average ,
monthly reporting for the other nine months shown je-
by these plots does not indicate an overall pattern
or regularity. Additional years of data would be =. .

_

needed to assess whether there are seasonal patterns E -

in LER reporting. ,

-

e- |.

In conclusion, there is wide variation in reporting .,'
as a function of plant, to such an extent that it may *~

.--
not be possible to define subsets of the plants for

re - '"'"||which LER reporting behavior is similar.
Preliminary statistical analysis indicates that group- ~

ing plants into BWR/PWR classes is not appro- ;n
priate when considering monthly reporting patterns. ||jy|{jjyjyjjyjj$Q$Additional analysis and data are required.

Sequence Counts Figure 8. BWR LER and sequence counts.

Each LER describes at least one sequence (inter- 2. With some exceptions, the plants that have a
related set of occurrences) and some LERs describe high reporting rate tend to be among those
more than one sequence. Tables 5 and 6 are like which have LERs with more than one sequence
Tables 3 and 4 except that the sequences are tallied in the data base
instead of the LERs themselves. In most cases, these
numbers are just slightly higher than the I.ER pro- 3. Considering the sequence counts does not ap.

files. For BWRs, the sequence count is 7.5% higher $eciably affect plant ranking based on LER
than the LER count, with an average of 61 coded
sequences per plant. For PWRs, it is 8.1% higher
with 55 per plant on the average. The same plants The pattern for sequence counts as opposed to

, 4.

; dominate the sequence counts as the LER counts. LER counts among BWR and PWR plants is
similar.

Figures 8 and 9 are plots showing both LER and in conclusion, plants generally include more than
| sequence counts for, respectively, BWRs and one sequence in less than M% of the LERs sub-

PWRs. The plants are sorted based on their LER mitted. There is no significant pattern to these
count, so these plots summarize what has been multiple-sequence LERs. Consequently, counts of
observed about 1981 plant LER reporting frequen- either LERs or sequences may be used as the basis
cies. The solid part of each bar shows the additional for trends and patterns analysis.
counts obtained by adding the multiple sequences
that are described in some LERs. The plots show
that: Plant and Environmental Effects

1. For most plants, the sequence counts either Sequence attributes include information on the
are identical to the LER counts or else dif- changes in plant status, environmental radiological
fer by at least 10 releases, and personnel exposure associated with

10
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Table 5.1981 sequence counts by plant and month-BWRs

pro Event Date

19810101 19810201 19810301 19313401 19610531 19010601 178107s4 14o10501
rt91 20 14 11 9 1 1 6 2
nE/2 13 20 5 10 3 12 12 21
b<F1 4 3 2 7 12 11 5 5
BAF2 8 1 6 4 7 5 10 2
BdF3 5 8 4 3 o 4 4 o
CRP1 3 0 2 3 2 9 1 o
(P41 1 2 2 2 7 4 3 0
baCl 6 4 3 7 2 7 3 3
0d52 7 2 3 6 10 10 6 7
6xa3 4 2 2 3 1 5 0 2
EIH1 6 7 11 15 7 22 20 13
EI42 8 6 12 22 e 20 7 9
bhdA 0 0 0 0 1 2 0 0
JAF1 16 10 1 13 > A2 4 10
Ld51 1 2 1 A 1 1 1 0
P.N e l i O 2 e 3 4 1 0
.N31 0 1 3 7 2 6 3 4*

N.1 P 1 1 4 2 4 4 1A 7 4
OCP1 6 4 5 4 1 7 e 6,

Pa%2 9 5 d. 5 3 2 0 7
FB33 4 9 1 1 J 0 J 1
PP31 3 4 3 5 5 14 10 5
04J1 4 1 2 3 0 2 3 0
QAU2 2 3 3 0 3 1 2 1
vfdl 5 2 3 0 2 2 3 4
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

ideal 137 114 100 142 IJL 174 119 121

.

0

12

1

l

60520I60
- - -- -
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Table 6.1981 sequence counts by plant and month-PWRs

Fil

19810101 19810201 19810301 19513401 1
____________________________________________..

ANJ1 2 1 1 6
ANu2 3 9 3 3
dVs1 12 15 3 10
LLal 7 a 3 e
LLa2 d 1 9 10
Lev 3 9 4 6 7
0651 12 6 8 5
L;G1 1 2 8 4
LCCZ 2 2 6 12
PCS1 1 o u 4
Hba2 6 2 1 3
nNP1 0 1 2 2
api 2 5 0 2 2
APJ3 2 1 2 0
JMF1 1 3 7 13
ANP1 3 3 3 3
.% 51 4 le 12 41
f%2 7 4 3 3
n(rl 0 0 1 2
f. A 1 S 3 o 21
f. A . 2 15 11 6 >
Pcul 3 2 1 1
db.2 1 2 3 3
t4 t 3 1 3 4 1
FAL1 9 1 3 4
P391 2 0 1 1
96 12 C 0 1 1
P li41 1 0 1 0
fin 2 0 0 1 2
REJ1 3 1 3 4

3 11 6 535;1 14 12 it 9
o

31
su32 2 0 1 10
SL11 7 LO 2 7
SNP1 14 13 16 13
S0il 1 1 0 4
SPsi 2 2 3 4
5P52 11 7 4 3
Tall 4 1 1 0
TMA2 1 3 1 4
lavl 3 0 2 2
IP54 4 0 2 3
TP 5 4 1 3 2 3
fKR1 1 2 0 1
2151 4 3 6 6
21.2 1 1 1 3
_____________________________________________.

TOTAL 201 170 175 260

.

I
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Event Date
E810501 196106v1 19d10701 19olvdO1 19810401 19811CGi 19611101 19d1120A Tu1AL
_ _ _ _ _ - - - _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ - - _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - - _ _ - - _ _ _ - - _

0 1 2 4 0 0 1 w 1o
4 4 5 6 1 1 7 i 23

11 9 10 7 9 e o 4 lub
/ le b Al 1 9 5 4 94
2 5 5 6 2 3 6 4 61
3 11 9 7 4 15 2 1 90
4 7 6 7 10 15 6 3 69
A 10 u 9 3 3 a 10 69
> 4 14 6 3 14 v 3 c2
0 1 1 1 1 1 1 0 11
2 3 2 0 2 s 6 4 34
3 3 2 2 3 0 3 a 19
o 2 2 3 1 4 4 3 34
0 0 1 0 1 0 2 1 13

13 6 11 10 4 1 1 4 7c
p 3 1 5 1 5 3 A 3c

12 6 21 3J LO 11 A4 o 193
2 16 0 4 2 3 2 1 D3
3 4 ; 2 4 a 1 0 24

19 7 13 10 3 3 6 o 100
19 10 7 7 9 9 6 3 90

1 4 2 1 3 3 2 3 26
2 0 0 4 3 v 2 1 di
4 1 1 0 3 G 1 1 17
6 o 4 4 3 A0 2 * $6
1 2 4 1 1 * L 4 49
2 1 0 L 1 1 0 0 e
J 1 1 1 6 4 2 2 10
1 c 2 1 2 1 2 A 13
2 0 2 0 1 0 4 3 23
o 4 4 5 lu 4 1 3 63

12 10 6 lu 14 13 14 o 131
A2 43 27 le 14 9 16 9 139

6 5 3 3 5 4 3 Ai 6o
13 14 20 8 5 y 6 11 142

3 7 3 2 3 7 5 1 37
4 2 15 12 22 10 v v 94

IJ 7 7 7 5 5 11 3 oO
L 0 A J l 2 2 1 14
2 1 0 3 4 4 2 3 2o
6 2 5 i 5 4 A 4 30
2 0 1 0 0 2 3 0 17
0 v 2 0 1 1 5 2 40
$ e 5 4 2 1 3 3 sa
S 3 1 6 4 3 3 2 31
6 2 6 1 5 3 4 o 41
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_ _ _

reported sequences. The SCSS stores this informa- falls in each initial condition category. The fact that
tion for each sequence. These data were examined Humboldt Bay was shutdown is reflected in its lack
and the results are discussed below. of a count for Condition E, steady state operation.

Change ln Plent Status. Table 71ists the categories The last line of Table 9 shows the percentage

used in the SCSS for describing plant initial states. distribution of initial conditions for BWRs as a
class; slightly over half (55%) of the reported

Table 7. SCSS initial condition codes sequences fall into the steady state operation
category, with the next highest concentration being
stS% in the refueling category. However, the rows

Code Initial Condition of Table 8 show wide variation about this average
BWR class behavior for the individual plants,

B Preoperational/ start-up/ power demonstrating that it would be difficult to find a
ascension tests typical BWR from the initial condition perspective.

C Routine start-up The PWR Tables 10 and 11 are analogous to the
BWR Tables 8 and 9. The BWR and PWR data are
similar. As was the case with the BWRs, it wouldD Routine shutdown
be difficult to select a typical PWR plant, since there
is such wide variation in the overall PWR initialE Steady state operation
condition distribution pattern. That general pattern

F Load change during routine power as shown in Table 11 has 50% of the sequences in
the steady state category, with the next highest con-operation
centration at 11% in the cold shutdown category..

H Refueling The specific type of effect events had on the
status of the plants is indicated by the plant effect

1 Cold shutdown categories in the SCSS. Tables 12 and 13 show plant
effect counts, for, respectively, BWR and PWR

K Hot shutdown plants. All SCSS categories showing plant status
changes appear in these tables except unintentionalL Hot standby (PWRs only)
manual scram and power reduction, which w ere not
used in the 1981 SCSS data. Most of the counts areX Other
in the no significant effect column. For BWR

Z Unknowp/not applicable plants, Dresden 3, and Hatch I experienced 3 and
'

4 reportable events causing manual shutdowns,
respectively, while Brunswick I and La Crosse had,
respectively, 3 and 4 reported events involving

Table 8 gives counts of the initial conditions of automatic scrams. Among PWR plants,8 plant-
BWR plant sequences; Table 9 shows, for BWRs, effect cells had 3 or more events with some effect
the percent of each total plant count (row total) that on the plants, as follows:

Plant Plant Effect Number of
Sequences

Beaver Valley i Extension of Outage 3
Crystal River 3 Automatic Scram 3

McGuire i Unintentional ESF Actuation 4
North Anna 2 Unintentional ESF Actuation 3

Salem i Unintentional ESF Actuation 3

Salem 2 Unintentional ESF Actuation 5

St. Lucie 1 Automatic Scram 4
Zion 1 Automatic Scram 3

14
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Table 8. BWR initial condition counts

FID
_ _ _ _ _

8 C
________________ ____________c

BEPl 0 18
8EP2 0 21x

BRF1 0 0
SRF2 0 3
BRF3 0 7
BRP1 0 0.

CPRI O -3
DAC1 0 2
DRS2 0 $
DRS3 0 2
ELH1 0 17
EIH2 0 8
HM41 0 0
JAFL 0 1
L8R1 0 2
MNP1 0 0
NNS1 0 10
NMPl~ 0 1
OC P1 0 1
P852 0 4
PBS3 0 3
PPS1 0 3
QAD1 1 0
QAD2 0 0
VYS1 0 2

TOTAL 1 113
_

a. 8,preoperational/ start-up/ power
E, steady-state operation; F, load c
K, hot shutdown; X, other; Z, unknow

'
r,

i%g

*

.}

!

!



P

Initial Conditionsa
O E F H I K X 2 TOTAL

13 32 21 0 9 1 0 lb 110
9 56 51 0 4 6 0 15 162

=0 70 0 49 2 0 4 1 126
1 52 0 2 4 1 0 0 63
2 42 1 12 1 1 0 0 66
'O 30 0 1 2 0 0 0 33
:1 '11 0 7 2 1 0 0 25
_0 29 5 o 2 1 0 5 52
~2 ~4 2 '3 _16 1 0 1 'O 72
2 30 0 2 2 0 0 1 39
5 75 2 35 14 2 0 9 159
1 107 7 9 7 5 0 5 149
0 0 3 0 5 0 0 0 5
6 '65 0 0 7 1 0 7 87

L2 ^10 0 0 1 1 0 0 16
1 9 0 10 4 0 0 0 24
0 15 4 4 5 0 1 0 39
1 lb 0 21 0 0 0 0 41
2 35 2 13 16 1 1 4 75
0 29 2 1 5 0 1 6 46
0 14 0 4 0 0 0 4 25
1 33 2 lb 1 0 0 4 59
0 21 0 0 0 1 0 0 23
1 14 0 16 0 0 0 1 32

.1 21 1 '6 2 1 0 1 35

51 660 101 233 96 23 8 19 1565

ascension tests; C, routine start-up; D, routine shutdown;
hang] during routine power operation; H, refueling; I, cold shutdown;
n/n2t applicable.
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Table 10. PWR initial condition counts

FID
------

B C 0

AN01 0 0 2
AN02 0 5 1
BVS1 0 7 2
CCN1 0 10 3
CCN2 0 3 3..

CRP3 0 1 3
0851 0 7 1
DCCl 0 1 3
DCC2 0 7 3

- FC31 0 1 0
dBR2 0 3 1
HNP1 0 0 1
IPS2 0 0 4
IPS3- 0 0 0
JMF1' 3 2 0
KNP1 0 3 0
MGS1 23 19 1
MNS2 0 0 1
MYP1 0 1 0
NAS1 0 2 1
NAS2 0 0 0
NEE 1 1 1 3
HEE 2 0 1 1
NEE 3 0 0 0
Pall 0 1 0
PBH1 0 1 0
PBH2 0 0 1
PIN 1 0 1 0
PIN 2 0 0 1
REG 1 0 0 2
RSS1 0 0 5
SGS1 0 10 o
SGS2 3 21 9
SLS1 2 4 0
SNP1 6 16 2
5051 1 3 0
SPS1 1 5 4
SPS2 0 2 0
TMil C 0 0
TM12 0 0 0
TNP1 0 1 1
TPS3 0 1 1

| TPS4 0 2 0
, YKR1 0 1 1
| ZIS1 0 1 0'

ZIS2 0 2 0
-------------------------------------=
TOTAL 40 154 69

a. B, preoperational/ start-ro/ power ascension-

E, steady-state operation; F, load change durii
K, hot shutdown; L, hot standby; X, other; Z, I

$
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Initial Conditionsa
E F H I K L x Z TUfAL
6 0 4 1 0 0 1 4 lb

22 1 6 6 0 6 0 4 51
76 6 1 5 4 1 0 4 10b
B4 1 1 1 3 9 1 6 90
38 1 2 5 3 2 0 3 00

'41 2 12 13 10 4 0 2 88
54 0 0 11 2 6 1 6 be
37 1 -15 5 1 1 0 7 71
40 - 4 17 2 1 1 0 4 79

7 J 2 1 0 0 0 0 AA"

. 20 1 0 3 6 0 0 0 34
'lo J 1 0 0 0 0 0 le
14 0 -6 4 3 0 0 1 34

2 J 0 2 3 1 0 0 6
53 1 2 16 1 2 0 16 96
28 0 6 0 2 0 0 0 39

9 0 11 47 19 53 7 10 199
32 0 4 3 3 2 0 6 53
10 v 9 0 0 1 0 0 21
61 3 6 15 2 5 0 13 110
64 4 0 5 5 9 1 2 98
14 0 6 5 0 1 1 1 35
13 0 0 2 0 0 0 0 17
11 J 3 0 1 0 0 2 17
32 0 10 10 1 0 0 0 54
10 0 4 2 1 0 0 5 23-

6 0 0 1 0 0 0 0 e
10 1 7 1 0 0 0 1 21

9 0 1 0 1 0 0 1 13
17 0 1 1 0 0 0 1 22
17 3 23 10 1 1 0 6 63
69 J 0 13 s 6 0 10 139
76 0 0 14 4 15 J 4 146
33 2 11 5 1 0 0 5 65
64 A 1 19 10 19 0 12 150

d 3 3 13 5 0 3 3 3v
46 1 11 16 4 0 5 6 99
59 3 6 6 0 0 0 2 77

0 0 0 1 0 0 12 2 15
0 0 0 3 0 0 24 1 2d

24 0 0 2 1 1 0 0 30
J 0 2 b 2 0 2 2 21
9 0 6 1 4 0 0 0 22

16 0 13 2 0 0 0 0 33
42 0 t 1 4 0 0 3 56
20 0 3 3 12 0 0 4 44
____________________________________________________._____________ _________

1324 30 229 284 123 137 56 161 2609

tests; C, routina start-up; 0, routine shutdown; TI
ig r;utine power-operation; H, refueling; I, cold shutdown; APERTUREanknown/not applicable.
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Table 12. BWR plant effect counts
:

[IS--- Manual Manual . Auto
Shutdown Scram Scr ,am

_.

SEP1 0 0 3
BEP2 6 2 2

- BRF1 0 0 0
BRF2 0 0 1
BRF3 0 2 0
BRP1 0 0 0
CPR1 0 0 0
DAC1 1 0 0
ORS 2 1 0 0
DRS3 3 0 t
EIH1 4 0 0
EIH2 1 0 0
HMB1 0 0 0
JAF1 1 1 1
L8R1 0 0 4
MNP1 0 0 0
MNS1 1 0 1
NMP1 0 0 1
OCP1 2 0 0
PBS2 0 0 0
Pdb3 1 0 0
PPS1 2 1 0
QAD1 0 0 0
QA02 0 0 0
VfS1 0 0 0
--------------------------------------
TOTAL 23 6 14

.
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?

e
4
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f

l

Plant Effect

Uninten- Extension Uninten--
tional of Required tional Forced No Not
' Auto Preexisting ESF ESF Long Natural Signif. Stated /
Scram Outage Actuation. Actuation Outage Circ. Effect Unknown Total

0 1 0 0 0 0 105 1 110
0 J G 0 0 0 152 0 162
0 3 0 0 0 0 126 0 120
0 0 0 0 0 0 62 0 63
0 1 0 0 0 0 63 0 66
0 0 0 0 0 0 33 0 33
0 0 0 0 0 0 25 0 25
0 0 0 0 0 0 51 0 52
0 3 0 0 0 0 bo 0 72
0 0 0 0 0 3 35 0 39
1 0 0 0 0 0 154 0 159-
0 3 0 0 0 0 14e 0 149
0 0 0 0 0 0 5 0 5
0 0 1 0 0 0 o3 0 67
0 1 0 0 0 0 11 0 16
0 0 0 0 0 0 24 0 24
C J C 0 0 1 36 0 39
0 3 0 0 0 0 40 0 41
0 0 0 0 0 0 73 0 75
0 0 0 0 0 0 46 2 48
0 0 0 0 0 0 24 0 25
0 0 0 0 0 0 56 0 59
0 0 0 0 0 0 23 0 23
0 0 0 0 0 0 32 0 32
0 0 0 0 u O 35 0 35

.-------------------------------------------------------------------- ---------

1 6 1 0 0 1 1510 3 1565

TI
APERTURE
CARD
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All other cells outside the no significant effect col- Table 14. Summary of initial conditions
umn in Tables 12 and 13 had <3 counts. and plant effects

Tables 12 and 13 provide ample evidence that the
reportabic occurrences covered by the LER system Percentages of
have little to do with mishaps that directly impact Sequences
balance-of-plant operation.1981 LER reporting re-
quirements included coverage of " conditions Initial Conditions BWR PWR
leading to operation in a degraded mode permitted
by a limiting condition for operation (LCO) or plant Preoperational 0.1 1.5
shutdown required by a LCO," [ Reference 1, Sec- Start-up 7.2 5.9
tion 2b(2)]. While many of the LERs indicate that Shutdown 3.3 ' 2.6
described events led to system operation in degraded Steady state 55.0 50.7
modes permitted by LCOs, Tables 12 and 13 show Load change 6.5 1.1
that <3% of the 1981 LERs indicate manual Refueling 14.9 8.8
scrams or shutdowns or extensions of outages, and Cold shutdown 6.1 10.9
none of them indicate power reductions. Since such Hot shutdown 1.5 4.7 i
instances required by LCOs would be reportable, Hot standby - 5.3
there were few situations in 1981 wherein com- Other 0.5 2.2
pliance with a technical specification LCO has Unknown 5.0 6.2
seriously impacted plant availability.

100a 300,

A similar observation is the rarity of LER reports
involving unintentional scrams and unintentional
ESF actuations. Out of over 4000 sequences only Plant Effects BWR PWR
31 fallinto these categories, with 25 of the 31 being ,

.

unintentional ESF actuations at PWRs. Normaliz- Manual shutdown 1.5 1.1
ing by the number of PWR plant operating years Scrams
in 1981,44 (excluding Three Mile Island I and 2), Manual 0.4 0.5
yields a rate of 0.6 per year or i unintentional ESF Automatic 0.9 1.3
actuation every 1.75 years. This is in comparison Unintentional automatic 0.1 0.2
to an even much lower rate of I every 25 years for Extension of preexisting 0.4 0.8
BWRs. However, as noted above, the 25 instances . outage

. for PWRs are clustered at relatively few plants: ESF actuation
McGuire, North Anna 2 and the two Salem plants Required 0.1 0.3
account for 15 of the 25 instances. Unintentional 0 0.9

Forced long outage 0 0.0
Table 14 provides a final summary of the plant Natural circulation 0.1 0.2

initial conditions and plant effects by presenting the No significant effect %.5 94.7
percentages of sequences for each type of plant Unknown 0.2 0.2
associated with each of the types of initial condi-
tion and each of the categories for plant resultant 100 100
effects. Table 14 shows that PWR plants experi-*

enced a larger percentage of scrams and ESF
actuations in the events reported through LERs, and a. Sums of percentages are not exactly 100.0 due
BWR plants experienced a larger percentage of to roundoff..

manual shutdowns in LER events.

Tables 15 and 16 are in a sense transition matrices
for BWRs and PWRs, respectively (i.e., they reflect these tables are percentages of the total table count.
the frequency with which particular effects on For BWRs and PWRs the dominant combination
plants result with the different initial states of the is steady state operation-no effect, which would
slants). The row variable is the initial condition and be anticipated based on the separate findings for
the column variable is the plant effect. Entries in initial condition and plant effect.

21
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Table 15. BWR plant effects as a function of initial conditions-percent of BWR sequences

Plant Effect
i

Uninten- Extension Uninton-
tional of Recuirod tional Forco'

INITIAL Manual Mann 1 suto Auto Preexisting ESF ESF Lona
a

CONDITIONS Shutdown Scram Scram Scram Outage Actuatinn Actuation Outag
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . '
B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C .2 .1 .3 U.0 0.J 0.0 0.0 0.0
0 0.0 .1 .1 0.0 .2 0.0 0.0 0.0
E .d .2 .5 0.0 C.J 0.0 0.0 0.0
F .4 .1 0.0 0.0 0.) v.0 0.0 0.0
H 0.0 0.0 0.0 0.0 .2 0.0 0.0 0.0
1 0.0 0.0 00 J.C 0.3 0.0 0.0 0.@
K 0.0 0.0 0.9 00 0.3 .1 J.o v.0
X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8
Z .1 0.0 0.0 .1 0.0 0.0 J.0 0.0
______________________________________________________________________________c

TOTAL 1.5 4 9 .1 .3 .1 0.0 00

a. B, preoperational/ start-up/ power ascension tests; C, routine start-up; D, routine shutdown;
E, steady-state operation; F, load change during routine power operation; H, refueling; I, cold
K, hot shutdown; X, other; Z, unknown /not applicable.

Table 16. PWR plant effects as a function of initial conditions-percent of PWR sequences

Plant Effegt

Uninten- Extension Unin*en-
tional of Reauired tional Forcc

INITIAL Manual Manual Auto Auto Preexisting rSF ESF Lonc
3 n .arCONDITIONS Shutdown Scram Scram Scram Outage Actuation Actuatinn_____________________________________________________________________________'_c

u

6 0.0 .0 .0 0.0 0.0 0.0 0.0 U.d
C .2 .2 .2 0.7 .J J. 3 0.0 J.@
U 0.0 .0 u.0 0.0 .2 .i .2 .c
E .7 .2 10 .1 0.0 0.C .0 0.8
F .0 0.0 .0 0.0 0.0 0.0 0.0 0.0
H 0.0 0.0 0.0 0.0 .t 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 .d .0 .3 06
n .1 0.0 U.) .0 .2 .2 .i s.e
L .0 .1 0.0 0.0 .1 0.v .2 0.0
> 0.0 0.0 v.0 0. 0 J.) 3.0 .9 s.s
E .L 0.0 .0 0.0 0.a 0.0 0.0 3.0
_______________________________________________________________________________
TOTAL 1.1 .5 .3 .2 1 .3 .9 .0

8, preoperational/ start-up/ power ascension tests; C, routine start-up; D, routine shutdown;a.
E, steady-state operation; F, load change during routine power operation; H, refueling; I, cold
K, hot shutdown; L hot standby; X, other; Z, unknown /not applicable.

\22 9;505n0415-|
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| 11 0 tiot
Ilatural Signif. Stated /

! Circ. Effect Unknown Total
s.____________________________________

000 .1 0.0 .1
ol 6.6 00 7.2

0o3 2.9 .1 3.3
-

000 53.4 0.0 55.0
0e0 6.0 0.0 6.5
000 14.7 0.0 14.9
000 6.1 0.0 6.1
OoO 1.4 0.0 1.3
000 .5 0.0 .5
0.0 4.o .1 5.0

.__..._______....____.______ _________

ol 76.5 .2 100.0

shutdown;

N
APEILM

CAllD

|l Mm AvMs Onfin flo t'

flatural Sionif. Statod/ Aperture Card
19 Circ. Effect Unknown Total
:--__.___.._________-_-___.. _____-___

0.0 1.5 0.0 1.b
0.0 5.4 0.u 3.9
00 2.1 0.0 2.6

0 48.6 .u 39.7
3.3 1.1 0.0 1.1
0.3 8.1 0.0 0.0
J.0 10.3 .v 19 9

.1 4.1 0.0 4.7 '

3.3 4.s 0.0 3.J
O.) 2.1 .0 del

3 6.w .0 o.2
......___.... __.___.._____. ___ _ ___

.2 14.7 .2 103.s ,

shutdown;

.

,/

i -
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Table 18. BWR environmental release counts

FID Environmental Releasea
N R S T U W X Y TOTAL

_ _ _ _ _

.__

BEP1 111 0 0 0 0 0 0 0 111
8EP2 162 0 0 0 1 0 0 -0 163
BRF1 126 0 0 1 0 0 0 0 127
BRF2 69 0 0 0 0 0 0 0 69
BRF3 70 1 0 0 0 0 0 0 71
BRP1 32 0 1 0 0 0 0 0 33
CPR1 25 0 0 0 0 0 0 0 25
DACI 52 0 0 0 0 0 0 0 52
DRS2 71 1 0 2 0 0 0 0 74
DRS3 39 0 1 0 0 0 0 0 40
EI H1 158 0 0 2 0 1 0 0 161
EIH2 148 0 1 0 0 0 0 0 149

w HM81 5 0 0 0 0 0 0 0 5" JAF1 88 0 1 0 0 0 0 0 89
LBR1 15 0 0 0 0 0 0 0 15
MNP1 23 0 1 0 0 0 0 0 24
MNS1 39 0 0 0 0 0 0 0 39
NM P1- 42 0 0 0 0 0 0 1 43
OCP1 75 0 1 3 0 0 0 0 79
PBS2 46 0 0 3 1 0 0 0 50
PBS3 24 0 0 1 0 0 0 0 25
PPS1 62 4 0 0 0 0 0 0 66
QAD1 24 0 0 0 0 0 0 0 24
QA02 34 0 0 0 0 0 0 0 34
VYS1 37 0 0 0 0 0 0 0 37

TOTAL 1577 6 6 12 2 1 0 1 1605

a. N, no release; R, radiological release to containment; S, radiological release within site boundary;
T, radiological release to environment 1 technical specification limits; U, radiological release to
environment > technical specification limits; W, radiological release to environment (quantity unknown);
X, other; Y, thermal release in excess of technical specification limits.

. . . .
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Environmental Release. Environmental release Personnel Exposure. Tables 20 and 21 describe
codes are defined in Table 17. These codes are used personnel exposure associated with the 1981 LER
to indicate the rate or quantity of leaks or spills of sequences.a Tables 20 and 21 indicate few reported
radioactive material or releases of such effluents to instances of personnel exposure. However,
the environment. Tables 18 and 19 show the NUREG-0161, Instructionsfor Preparation ofData

File,y S/reets for Licensee Event Report (LER)
distribution of counts for environmental release for - Entr

contains in the descriptions for LER ltems 37BWR and PWR plants,' respectively. Of all the
BWR sequences 98% show no release, as do 98% and 39 the following guidance for reporting person-

. of the PWR sequences. For both plant types the nel exposure associated with an event reportable as
next largest category is an environmental release less an LER:
than the technical specification limit, wit's 0.7 and-

1.0%, respectively. The plants contributing at least ". . . [ Report information] for each event
3 counts to these totals are: Oyster Creek I and which results in an exposure exceeding 5 man-

Peach Bottom 2 (BWRs) and CookI rem as a result of the event (including
.

(5 occurrences), Cook 2, Oconee 1, and Surry I exposures incurred in corrective action, clean-

(PWRs). The third most reported category is up, and following). Note that these items are

radiological release to containment (0.4% of the not limited only to overexposures.

BWR sequences and 0.7% of the PWR sequences). . . . Describe magnitude of estimated max-

Pilgrim I had 4 such counts. The BWRs imum dose rate to which workers were expos-

Brunswick 2, Peach Bottom 2, and the PWR ed. Identify categories of workers exposed

Calvert Cliffs I cach had one 1981 event with a (e.g., maintenance, operational, engineering,

radiological release to environment greater than etc.), how many exposed in each category, and

technical specification limits. estimated total man-rem dose received by each
category."

Thus, the intent in the LER reporting system is to

Table 17. 'SCSS environmental release gather data both on overexposures that are the im-
mediate result of an event and on total man-remcodes
exposure associated with corrective action if that
total exceeds 5 man-rem. The sparsity of data in
Tables 20 and 21 outside the no exposure column

Code Environmental Release raises serious doubt about consistent reporting of
the corrective action type of personnel exposure.N No release

Among reported incidents, there were two cases
R Radiological release to f external exposure for BWRs and 7 for PWRs.

containment The two BWR external exposures were due to the
repair of the reactor water cleanup heat exchanger

8 Radiological release within site pipmg at Monticello and a leaking waste container
"" "'I at FitzPatrick. The PWR external exposure events

ccurred at Indian Point 2, Millstone 2, Oconee 2,
T Radiological release to environ- Salem I, St. Lucie 1, and Yankee Rowe 1. Six of

ment s tech spec limit the seven PWR external exposures were due to
,

steam generator tube leak repairs; the other PWR
U Radiological release to environ. external exposure was due to reactor coolant pump

ment > tech spec limit repair. There was one instance of both internal (m-

se n an ernalexposure; h was due~

W Radiological release to environ- t a waste gas compressor's leaking diaphragm in
ment (quantity unknown) the auxiliary building.

X Other

Y Thermal release in excess of tech a. Note that internal exposure without external exposure does

spec limit not appear in Tables 20 and 21 because it was not reported in
the 1981 LER data.

23
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Table 20. BWR personnel exposure counts

Personnel Exposure

Internal
andf10 External External No___

Exposure Exposure Exposure Total
SEP1 0 0 111 111SEP2

!!! | 8 163 163

IRFg g h
2*? 2!?
h1

8 'l 7g

i
O

h2 h50 0 20 0 74 74OR 3 0 0 40 40gH1 0 0 161 161
.

nJf 8 8 "! "!JAF1 1 0 88 89L8R1 0 0 15 15MNP1 1 0 23 24MNS1 0 0 39 39NMP1 0 0 43 43
g|11 8

g 79 79P1 0

18 18
,

0
PPS1 0 0 66 66
8i81 8 8 it itVYS1 0 0 37 37
TOTAL 2 0 1603 1605
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Table 21. PWR personnel exposure counts

Personnel Exposure
Internal

and
"A~ External External No

Exposure Exposure Exposure Total
------...------------------------------. --.-,

ANG1 0 0 Iv 16
ar$ L 2 0 u 33 D3
o/31 C o Ivo 106
G C *. 4 0 0 vu vo*

CC42 0 0 61 61
Cr P3 0 0 9J 75
Ld51 0 L 9A vi
dyiL 1 0 0 72 72
DLCZ 0 0 d2 U2
FCL1 0 4 11 11
N u v. 2 0 L' J4 J4
HNP1 0 0 19 A9IP22 2 0 32 44ape 3 0 0 is av
JdF1 0 6 90 96
KNPA 0 0 3o 3o

j NGJ1 O v 190 196
FNLZ 1 0 52 93'

AfP1 0 0 22 22
NAaL 0 0 113 115
hA52 0 0 IJO 160
Nc.1 6 0 3J 33
rsh 12 2 U 21 23
hi- 3 9 0 lo lo
PALI O O so 26,

P3Hi 6 O 2% 24
,Pdd2 0 0 6 b
PANI 0 0 21 21
PIN 2 0 L 13 13
W5GA U o 23 23
A611 0 63 63v
aG 's 1 0 1 13o 137
5G52 O C 143 14J
SL31 1 0 65 66
;NP1 0 0 1D0 130
5024 0 0 37 37
JP' 1 C 0 46 90:
3Pa2 d C 82 c2
inil 0 0 13 43
That 0 v 20 2o
INP1 0 0 30 30
1953 c G 21 21*'
1P54 0 0 20 20
YKR1 1 0 32 33
2I51 0 0 55 >>
Zla2 0 0 42 42

.

total 7 1 2630 2o38

27
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Tables 22 and 23 permit one to examine associa- 1. In general, events reported in LERs have
tions, if any, between environmental release and had little impact on plant availability
personnel exposure. Ninety-eight percent of both

Unintent,onal ESF actuations and scrams2. i. the BWR and PWR sequences show no release and
no_ exposure. Personnel exposure without en- are relatively rare in the 1981 reported ex-

vironmental release is possible due to the existence perience; however, the concentration of
,

unintentional ESF actuations at a fewof high radiation areas that personnel may poten-
tially enter. Table 22 shows that the two BWR cases PWRs appears to warrant followup to

of personnel exposure also involved radiological determine if plant specific factors are
involvedrelease within the site boundary. Five of the PWR

exposure events did not involve any environmental 3. The vast majority of 1981 LER-reported '

release. The other two involved a release to the en- sequences involved no releases, and no par-
vironment less than the technical specification limit. ticular issues or problems are indicated by

Conclusions from Sequence Information. The -

exploratory trend and pattern analysis of the addi- 4. The personnel exposure data contained in
tional information included for each sequence in the the LERs is probably less than that re-
SCSS yielded the following observations: quested in reporting procedures.

a

r

e

e
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Table 22. BWR personnel exposure counts as a function of environmental release

Personnel Exposure

Internal
ENVIRON- and

MENTAL External External No
RELEASEa Exposure Exposure Exposure Total
_____________________________________________

N O O 1577 1577
R 0 0 6 6

*
S .2 0 4 6
T 0 0 12 12
U 0 0 2 2
W 0 0 1 1

- X 0 0 0 0
Y 0 0 1 1

TOTAL 2 0 1603 1605

a. N, no release; R, radiological release to containment; S, radiological
release within site boundary; T, radiological release to environment i
technical specification limits; U, radiological release to environment
> technical specification limits; W, radiological release to environment
(quantity unknown); X, other; Y, thermal release in excess of technical;

~

specification limits.

Table 23. PWR personnel exposure counts as a function of environmental release
i

Personnel Exposure

Internal
ENVIRON- and

MENTAL External External No
RELEASEa Exposure Exposure Exposure Total
_____________________________________________

'

n 5 0 2572 2577
k o 0 19 19
$ v 0 7 7
i 2 1 24 27
L 0 L i 1

, m 0 0 1 1
'

X 0 g o o
Y O u o 0
___________________________________ _________

,

luiaL 7 1 2030 2e36

a. N, no release; R, radiological release to containment; S, radiological-

release within site boundary; T, radiological release to environment i
technical specification limits; U, radiological release to environment
> technical specification limits; W, radiological release to environment
(quantity unknown); X, other; Y, thermal release in excess of technical
specification limits.
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.
. HARDWARE FAULTS

This section explores the 1981 LER data at the Table 24. Component groupings studies--
component hardware level. The intent is to provide

, an initial overview for reported faults of major ac-
tive components. A component fault is defined as Component Group Notes
the inability of the component to perform its intend-
ed function. The component may be held accoun-' Accumulators / reservoirs Excludes gas bottles
table or it may be due to the failure of some other and manifolds
part of the system to give the component the pro- Batteries / chargers
per inputs or leave it in the proper state. In the event Control rods -

of a fault the component may or may not require Control rod drives
repair. Internal combustion includes diesels only

engines
.

.

In the SCSS, there are 47 groups of component Non-l&C filters Excludes transducers
codes. For example,' twelve types of pumps, in- Fuel elements
ciuding centrifugal pumps, diaphragm pumps, and Generators
unknown type pumps, are combined into a single Heat exchangers
grouping called pumps. In thi report,22 of these I&C/ circuit breakers Excludes fuses
groups of hardware types are studied. In general, I&C/ computation
the groups with the most activity (i.e., the greatest ~ modules
number of reported faults) in the 1981 SCSS data I&C/ controllers
base were selected. The exceptions to this principic . I&C/ indicators
are as follows: I&C/ relays

I&C/ sensors
1. The focus is on components rather than I&C/ switches

piece parts such as electrical /I&C function 1&C/ transmitters includes transducers
items, equipment interface items, mechan- Motors Excludes exciters and
ical function items, structural function . - motor starters
items, and miscellaneous subcomponents' Penetrations

Pumps
2. The focus is on active components rather . Valves Excludes damper /

than passive ones such as electrical conduc. louver and vacuum
tors and pipes / fittings breakers

Valve Operators
3. - Unless the activity is quite high, the focus

-is on end use items such as pumps and
valves rather than drivers such as turbines. The component groups were examined, each

,

separately for BWRs and PWRs. Tables providing
In addition, control rod drives, control rods, bat- counts for each selected group by component and

|- teries/ chargers and fuel elements were included in plant for BWRs and for PWRs are in Appendix A.
the analysis although they have fewer references in A quick glance at these tables shows that when plant

L the LERs. and component type are considered simultaneously, '

; the statistics are very sparse; i.e., the tables contain
Table 24 lists the component groups studied. In mostly zeros. Breaking already sparse tables into

f. addition, it shows the results of a review of the time segments, for example by month, would ob- ,

i SCSS categorization of individual components for viously make the situation worse. One conclusion
f the 22 component groupings. It was concluded that then from this exploratory look is that one year of

some components were dissimilar to the remaining data is not enough to identify trends at the compo-!

components within their grouping and they conse- nent level if plant is also specified. Since plant-to-t

! quently were excluded from their groups. One com- plant variation can be large, and plants use varying

j ponent was moved to a different component group. numbers of each component type, dropping a plant

I.

! 30
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as an explanatory variable may not be possible.
Trending at the component level will probably re-

i quire collecting data for an extended period of time Component Group Dominant BWR Planta
and employing fairly coarse time increments, e.g.,
six-months per cell. Control Rods Brunswick 2 (29)

' An overview of the fault data for the Control Rod Drives Dresden 2 (30), Hatch 2
22 component groups by plant is provided in (30)
Table 25 for BWRs and in Table 26 for PWRs.a
These tables show that, for most plants, most of Fuel Elements Hatch I (46)

. the faults are associated with valves. Greater than
d

. 20% of the faults among the 22 component groups I&C Computation Browns Ferry 1 (27),
are valve faults for 15 of the 25 BWR plants and Modules FitzPatrick (33)
for 22 of the 46 PWR plants. The other largest.

category for BWRs is switches; nine of the 25 BWR I&C Transmitters Brunswick 1 (25),
plants have >25% of their faults associated with Brunswick 2 (27)
this group of components. For PWRs, the group,

second only to valves in activity is I&C indicators.
Ten of the 46 plants have over 20% of their activi-
ty in this group. a. Each number in parentheses following a plant

is that plant's percentage of the fault count for the
Tables 27 and 28 show the percent each plant indicated component group.

contributed to the total number of faults for each-

component grouping for BWRs and PWRs, respec-
: tively. As expected, each co!umn of Tables 27 and The following list shows PWR plants having greater

28 totals to 100%. If all plants had the same than 20% of the count for certain component
distribution of fault reporting among the groups:

a

22 component groups, each row of Tables 27 and
28 would be constant and equal to the overall
reporting percentages among plants given by the
row totals. High percentages in Tables 27 and 28 Component Group Dominant PWR Plantsa

show component groups for which the correspond-
Batteries / Chargers Salem 2 (22)ing plants had a greater influence on the fault count

than would be expected from the total plant fault
Control Rod Drives H. B. Robinson 2 (35)< counts.

" ** * ""I 'Table 29 contains the component group and cor-
responding percentage that is the maximum for each

Heat Exchangers Salem I (25)
,

tow of Tables 27 and 28. That is, Table 29 in-
dicates, for each BWR plant and for each PWR

I&C Sensors McGuire 1 (81)plant, the component group on which the plant had ,
the greatest influence (as measured by percentage

Motors Palisades (23)- of the component group's total fault count for the
type of plant). Based on overall fault reporting, rio
plant would be expected to have much more than
10% of the counts for any component grouping. a. Each number in parentheses following a plant,

However, the following BWR plants have >25% is that plant's percentage of the fault count for thei

of the counts for the listed groups: Indicated component group.

|

These percentages should not be addressed without
i a. The counts in these tables are based on the SCSS cornpo, taking into consideration the overall number of
! nent Sroupings and are not adjusted for the excluded fault counts for the specific component. For exam-
I co'nPonents. plc, the 30% of BWR control rod drive faults for

i

31
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Table 25. BWR component group counts

i Component Grouping

Internal
Accumu- Control Combus- I&I

]O lators and Rod tion Non-I&C Fuel Heat Ex- Circi
, . _ - -

Reservoirs Drives Engines Filters Elements Generators changers Breal
.--------------------------- ---------------------------------------------------

BEP1 4 0 3 1 0 1 3 CC

BtP2 2 1 14 3 3 4 11 10
dRF1 3 0 6 ') 0 3 4 10
BRF2 0 0 1 0 8 2 4 1

BRF3 1 0 10 0 2 10 4
BRP1 2 0 3 0 0 0 6 -

-CPRI 1 0 5 0 0 1 0 <

DAC1 0 0 0 4 0 0 1 ;

ORS 2 8 3 2 3 0 1 0 C
DRS3 2 0 .4 2 0 1 0 0
EIH1 13 0 6 7 15 o 6 4
EIH2 e 3 17 6 2 6 3 7
HMal 0 0 0 0 0 0 0 0
JAFL 5 2 2 2 0 2 0 2
LaR1 4 0 0 0 2 0 0 6
MNP1 0 0 0 0 0 1 0 3
MNSI O O 2 2 1 3 1 3
NMP1 0 0 2 0 0 2 3 1

UC P1 10 0 1 3 0 0 8 5
eBS2 6 0 8 J 0 0 2 2
POS3 0 0 0 0 0 0 0 10
PPSI 0 1 0 0 0 2 3 16
QA01 0 0 1 1 0 0 0 4
QA02 0 0 2 0 0 2 0 E

VYS1 1 0 1 3 0 0 0 18
-------------------------------------------------------------------------------

70 10 90 37 33 49 59 125TOTAL -

Corponent Grouping

IFID *

I&C I&C Trans- Penetra-------

Sensors Switches mitters Motors tions Pumps Valves
.----------------------------------_---___--________________________________

ddP1 $ 44 13 3 1 15 47
BEP2 6 44 14 3 5 6 33
BRF1 3 40 1 3 6 9 29
BRF2 5 37 5 5 8 17 11
BRF3 2 13 2 5 0 10 34
BRP1 0 1 0 0 1 1 13
CPRI O 10 0 2 0 3 31
DACI o d 2 0 4 6 36
ORS 2 3 lb 2 2 0 6 32
DR53 0 id 0 1 0 4 9
EIHL 2 42 2 * O 23 82EIH2 4 120 2 5 1 17 48
HMB1 0 0 0 0 0 2 2
JAF1 1 26 2 1 0 6 13
LBR1 0 5 0 3 2 3 2
MNP1 0 9 0 0 0 1 23
MNS1 1 20 0 1 0 2 13
NMP1 b d 0 1 0 5 30
OCP1 2 39 0 1 6 14 29
P6S2 0 3 4 1 0 0 37
PBS3 0 5 2 0 0 1 42
PPS1 1 6 1 2 0 19 55
OAD1 *O 11 0 1 0 2 6
UA02 0 19 0 0 6 1 21
VYS1 0 4 0 6 0 11 25
-------------------------------------__---_---_____-____---__-_____________

1 TOTAL 46 554 52 57 40 idd 743
l

i
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I&C
: Compu-
lit tation I&C Con- I&C Indi- I&C
;ers Modules trollers cators Relays,_____________________'________________

1 1 ~33 6
2 1- 71 8
6 0 15 10
4 1 20 13
0 2 22 11 -

0 2 6 0
1 0 3 1
0 3 7 0
0 1 14 4 ,

1 3 8 1
2 4 36 12
0 8 '24 13
0 0 0 0

10 5 29 3
0 1 2 1
0 0 1 3
0 '3 9 u'

0 4 21 5
0 0 23 0
0 1 16 0
0 2 7 0
1 2 4 2
0 1. 2 0
0 2 0' 1
0 1 7 2

._____________________________________

30. 48 360 104

Batteries Also Avellable Om
Valve and Control Aperture Card

)p'_rators Chargers Rods Total
._ ______________________________

7 0 4 200
17 0 7 293

0 1 0 126
2 0 1 146
8 0 1 142
2 4 0 43 TT

EILM1
16 1 2 119

CAN3 0 1 58
28 0 0 297
19 6 4 325

0 0 0 4
3 3 0 119 '

0 0 0 28
3 2 0 44
4 0 0 73
9 0 2 98

11 0 1 123
13 0 0 95

2 0 0 71
6 0 0 123
3 0 0 32
3 0 0 60

13 1 0 ou ,,______________________ _________
,

188 22 24 2952 '

h
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Table 26. (continued)

Component Grouping
_

1&C

[13___ I&C 1&C Trans- Penetra- D

Sensors Switches mitters Motors tions Pumps Valves Ope
__________________________________________________________________________....

AN01 0 3 0 0 0 3 5
ANU2 31 2 0 3 0 11 13
bVS1 4 10 10 3 5 13 37 ]

CCNL 5 6 10 2 0 11 36
CCN2 3 6 5 2 2 11 16
CRP3 1 6 22 0 0 7 26
DBS1 2 10 4 3 4 25 36
0CCl 2 o 3 1 4 5 42
OCC2 1 16 5 0 2 la d4
FCS1 1 4 1 0 2 0 0
HBR2 0 4 1 2 0 12 15
HNP1 0 0 0 1 2 5 10
IPS2 4 1 2 4 0 6 14
IPS3 0 2 0 0 0 1 2

JdFL 1 7 4 0 4 11 17
KNPL 0 5 7 3 0 10 14
MGS1 406 43 21 16 12 39 108
MNS2 5 7 2 0 0 9 26
MVP1 0 1 2 J 0 0 16
NASL 2 7 7 1 18 d 63
NAS2 6 13 1 0 0 12 48
NEEL 0 2 0 1 0 3 8

NEE 2 0 3 2 2 2 4 6

NEF3 0 3 1 1 1 2 16
PALI 1 1 0 22 4 3 39
PBH1 0 4 1 J G 1 su
PBH2 0 2 0 0 0 1 6

PINI O 4 0 0 2 7 3

PIN 2 0 3 0 1 2 6 4

REG 1 0 0 1 0 0 6 4
RSS1 0 6 3 J 3 7 21
56S1 2 5 16 2 2 20 26
5GS2 7 6 21 3 b 15 46
SLS1 3 7 3 3 0 5 20
SNPL 6 lb 25 ) 11 20 t 33
50S1 1 4 6 0 6 1 27
SPSL 3 0 6 1 1 20 lb

SPS2 0 2 2 5 9 23 39
TdIl 0 1 0 0 0 0 0
TMI2 P 2 1 1 0 4 17
TNPL 0 2 0 3 0 o 24
TPS3 0 2 0 1 0 4 1

TPS4 0 2 2 J 2 7 13
YKRL 2 2 1 3 10 3 6

2151 0 12 0 0 0 3 13
LIS2 1 19 7 1 0 19 17

____.__

______________________________________________________________________J 2TOTAL 504 219 20) 90 116 399 10d
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Batteries
ilv ~; and Control
*at^rs Chargers Rods Total

l
4 2 0 37 '

'6 0 3 140
2 > 2 170
9 1 3 144
9 0 1 106
8 2 2 166
4 0 1 171
0 0 0 126
2 1 0 179
0 0 0 lb
3 0 5 67
0 0 1 29
2 0 2 >>
0 3 0 15
3 0 0 136
7 0 0 66

,6 7 1 819
,5 0 1 93
3 0 0 37
5 3 7 205

33 2 2 171
1 0 0 49
2 0 0 41

1j APERTURE0
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2 0 0 45
0 0 0 22
0 0 2 25
9 0 0 74
2 0 0 197
5 12 1 266
5 2 4 112
9 0 0 214
9 0 2 97
5 0 3 121
0 5 0 L33
0 1 0 4
2 3 0 56
6 0 0 67
1 1 0 2d
1 0 0 46
1 0 1 72 AlsoAvsGebleUm
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Component Grouping

Interna! I&CAccumu- Control Cose r* 1&C Compu-fto lators and Rod ttca Noe-lu fuel Meat Es. Circuit tation ILC Con. I K Indt. IECReservotes
Delves....... Engines Filtars flements Generators changers Break ers Modules trollers cators Relays...-

..
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i.8 it.0 18.:0 8:! gW:81 '8:2..3 '8:: '3:5 8:4 3:;:g **:

k::I
a

2.| 8:8 ::g 2:8 8:| *:2 8:8 i:5 :1 c:8
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Gio 8:8

> i.. . . -
*:

.
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Component Grouping

IK Batteriesfl0 IK IK Trans. Penetra- Valve and Control
Sensors $ witches mitters Motors tions Pumps Valves Operators Chargers pods Total
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Table 28. PWR component group counts by plant as a percent of component group totals
'

r

Component Grouping

Internal
Accumu- Control Combus- Igr

20 lators and Rod tion Non-l&C Fuel Heat Ex- Circt
____

Reservoirs Drives Engines Filters Elements Generators changers Breal
- - - - _ _ - _ _ - - - - - - - - - _ _ - - - _ _ _ - _ _ _ _ - - - _ _ - - - - - - _ _ - - - _ _ _ _ _ - - - - - _ - _ _ _ _ - _ _ _ _ _ - _ _ - . - _ .

7

I
! Ar4G L 4 0.0 1.5 0.0 0.0 0.0 .4 <

ANO2 0.0 17.6 1.5 1.6 41.5 4.2 3.1 1.
BVS L 2.5 0.0 .7 1.9 0. 0 0.0 2.7 3.
CCNL 13 59 51 0.0 0.0 21 4.0 <

CCN2 .4 0.0 4.4 0.0 0.0 2.1 0.0 3<
CRP3 .4 0.0 2.9 10.9 6.1 4.2 .4 3.
DBS1 .4 b.9 1. 5 1.9 2.4 .2 2.7 7<
DCCl 1.7 0.0 2. 2 0.0 0.0 0.0 0.0 3.
OCC2 1.7 00 22 9.1 12 2.1 3.1 2<
FCSI 0.0 0.0 0.0 0.0 0.0 0.0 .9 .

HdR2 0.0 35 3 1.5 0.0 0.0 0.0 .9 3.
HNPL 0.0 0.0 2.2 0.0 0.0 0.0 .4 <

IPS2 0.0 0.0 2. 2 0.0 1.2 63 10 <

IPS3 .4 0.0 0.0 0.3 0.0 0.0 10 0<
JMF1 4.6 5.9 17.6 7.3 0.0 6.3 4 4<
KNP1 1.7 00 1.5 0.0 0.0 0.0 1.3 2.
MOS1 11.6 0.0 2.9 16.4 0.0 d.3 4.5 6.
MNS2 1.7 0.0 2.9 3.o 00 00 .4 <

MYP1 0.0 0.0 0.0 5.5 0.0 0.0 0.0 <

NASL 6.0 0.0 2.9 5.5 3.7 0.0 7.2 4.
NAS2 13.9 0.0 2.2 0.0 24 0.0 .4 l<
NLEl 0.0 00 0.0 3.o 0.0 10.4 .4 4<
NEE 2 .4 00 0.0 00 00 0.0 2.2 0<
NEE 3 0.0 0.0 0.0 0.0 0.0 0.0 .4 ,

PALL 2.5 5.9 3.7 0.0 6.1 o.3 .4 1<
PDHL .4 U.0 0.0 0.0 0.0 4.2 .9 2<
PBH2 0.0 0.0 0.0 0.0 0.0 0.0 .9 0<
P1NI 0.0 0.0 .7 0.0 1.2 2.1 0.0 3<
PIN 2 0.0 0.0 0.0 0.0 0.0 0.0 .9 0<
REG 1 0.0 0.0 0.0 0.0 0.0 0.0 .9 2<
RSSL 3.8 0.0 .7 0.0 0.0 0.0 2.2 1,

SGS1 7.6 0.0 2.9 0.0 0.0 4.2 24.7 3,

SGS2 4.o 5.9 12.) 1.6 4.9 2.1 13.9 5<
SL51 3.6 5.9 1.5 1.6 1.2 4.2 1.8 2,

SNPL 4.2 0.0 31 9.1 00 4.2 0.0 3,

50S1 4.6 0.0 2.2 1.5 0.0 0.0 .9
SPSI 3.6 ll.d 0.0 1.3 15 9 0.0 1.3 1

SPS2 d.e 0.0 2.2 5.5 0.0 0.0 2.2 4.
TMIl 0.0 0.0 0.0 0.0 0.0 0.0 .9 0,

TMI2 0.0 0.0 3.7 1.6 0.0 2.1 0.0 0
TNP1 4 0.0 1.5 0.0 0.0 2.1 3.1 <

TPS3 1.3 0.0 .7 0.0 0.0 42 .9 l<
TPS4 1.3 0.0 .7 0.0 0.0 0.0 1.3 2

YKRL .6 0.0 1.) 0.0 12.2 0.0 .4 0,

IIS1 .8 0.0 .7 5.5 0.0 6.3 0.0 3<

ZIS2 0.0 0.0 A.5 3.0 0. 0 3.3 2.2
_ _ _ _ - _ _ _ _ _ _ - - _ _ _ _ _ _ _ - - - _ _ - _ _ - - - - _ _ _ _ - - _ _ _ - _ _ _ _ _ _ _ _ - _ - _ _ - - - _ _ _ _ - - - _ _ _ - _ _ - _ _ _ _ - .

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100TUTAL -
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_ ___________________-______- ____________-____ - __ . _ _ _ _ _ _ _ _ .

,

,
,

. _ ;

#

I&C
Compu-

it- .tation- I&C Con- I&C Indi- I&C
ers Mrdules trollers cators Relays
.______________________________________

9 1.4 0.0 0.0 6.1
B 7.4 3.2 1.2 .9'

2 '1.2. 4.8 99 1.4
3 7.4 3.2 3.8 14 .

2 1.2 4.6 2.3 5.o
? b.4 4.8 65 5.6
3 6.2 1.6 5.6 2.8
7 L.2 00 2.7 85 '

3 0.0 1.6 2.3 7.0 '

5 0.0 0.0 .1 2.8
7- 25 1.6 .6 0.0 .

5 0.0 3.2 .3 .5 :

00 00 .7 .9 |-
O.0 1.6 .1 0.0 t

, ' . 0.0 4.6 4.1 2.8 !

J 0.0 0.0 .6 .5 i
.

2.5 4.8. 10.6 1.4 i

3.7 0.0 17 0.0 {
6.2 3.2 .6 0.0-

1.2 3.2 36 .9
I4.9 3.2 3.5 .5

9.9 0.0 '1. 0 .5
''

-
'

2.3 1.6 12 .5*

1.2, 0.0. .4 0.0 .

r

2.5 3.2 .1 33
0.0 1.6 .6 1.4 i

! 0.0 0.0 00 0.0 ;

r 0.0 0.0 0.0 7.5 (
3 0.0 0.0 .1 .5 :

E- 0.0 0.0 .7 0.0 i

0.0 0.0: .3 1.9 i
I 7.4 1.6 38 .5 i
; _ 6 .' 2 '9.) 6.) 4.2 i

3.7 1.o 2.2 7.0 l'
I

0.0 6.3 6.7 2.8
7.4 6.3 1.4 1.4 f'

-

r
12 6.3 4.2 0.0 t

,

0.0 0.0 2.6 .5|-

0.0 0.0 0.0 0.0;' .
.0.0 3.2 2.0 .5| ,

- 0.0 3.2 1.2 1.4 :

0.0 1.6 0.0 2.8 |
2.5 0.0 0.0 2.3 ,

0
:0.0 1.6 22 4.7-

0.0 0.0- 3.3 .9 !

L _ _ _ _ _ _ _2 . 5
3.2 2.5 5.6 i.

_______________________________ ..

|0 100.0 100.0 100.0 100.0
t
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Table 28. (continued)

~~~

Se rs S
_______________ _ - -

ANul 0.0 1
At402 6.2
BVSL .8 3

CCN1 1.0 2
CCN2 .6 2

- CRP3 .2 2
0851 .4 3

OCC1 .4 2
DCC2 .2 5
FCSI .2 1
H8R2 0.0 1

HNP1 0.0 0

kPh$
*

0.0
JMF1 .2 2
KNPL 0.0 1
MGS1 80.6 15
MNS2 1.0 2
MYP1 0.0
NASL .4 2
NAS2 1.2 4
h6t1 0.0
NEE 2 0.0 1
N663 0.0 1
PALL .2
PSH1 0.0 1
P6H2 0.0
PINI 0.0 1
PIN 2 0.0 1
kpG1 0.0 0
RSS1 0.0 2
SGS1 .4 1
SGS2 1.4 2
5LSL .6 2
SNP1 1.6 5
5051 .2 1
SPS1 .6 0
SPS2 0.0
TMil 00
TM12 .4
T:4P1 0.0
IPS3 0.0
TPS4 0.0
YKR1 .4
21S1 0.0 4
ZIS2 .2 6
____________ ________

. TOTAL 100.0 100

.
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _

,

Component Grouping

I&C Batteries
$C Trans- Penetra- Valve and Control
tchis mitters Motors tions Pumps Valves Operators Chargers Rods _ Total

pl 0.0 0.0 0.0 .8 .5 1.6 3.6 0.0 .7
37 0.0 3.1 0.0 2.8 1.2 2.4 0.0 68 2.7
b tp 4.9 3.1 4.3 3.3 3.4 4.8 9.1 4.5 3.3
l# 2 4.9 2.1 0.0 2.8 3.5 3.6 18 6.8 2.8
|29 2.4 21 1.7 2.8 1.7 3.6 0.0 2.3 2.1
|29 10.7 00 0.0 1.8 2.4 3.2 3.6 4.5 3.3
56 -2.0 3.1 3.4 6.3 3.3 1.6 0.0 2.3 3.4
b2 1.5 1.0 3.4 1.3 3.9 4.0 0.0 0.0 45

8 2.4 0.0 1.7 2.5 7.8 .8 18 0.0 3.5
5 .5 0.0 1.7 0.0 0.0 0.0 00 0.0 .4
5 .5 2.1 0.0 3.0 1.4 1.2 0.0 11.4 1.3
0 0.0 1.0 17 1.3 .9 0.0 0.0 2.3 .6
4 1.0 4.2 0.0 1.5 1.3 .8 0.0 4.5 11
7 0.0 0.0 0.0 .3 .2 0.0 55 0.0 .3
5 2.0 0.0 3.4 2.8 1.6 1.2 0.0 0.0 2.7
8 3.4 3.1 0.0 2.5 1.3 2.8 0.0 0.0 1.3
6 10.2 16.7 10.3 9.8 10.0 6.4 12.7 2.3 16.1
5 1.0 0.0 0.0 2.3 2.4 6.0 0.0 2.3 1.8

34 1.0 0.0 0.0 0.0 15 12 0.0 0.0 .7
h5 3.4 1.0 15.5 2.0 5.8 2.0 5.5 15.9 4.0
b7 .5 0.0 0.0 3.0 4.4 5.2 3.6 45 3.4
3 7 0.0 1.0 0.0 .8 .7 4 0.0 0.0 1.0
p1 1.0 2.1 1.7 1.0 .7 .8 0.0 0.0 .8

1 .5 1.0 .9 .5 15 .6 0.0 0.0 .6
4 0.0 22.9 3.4 .8 3.6 1.2 3.6 0.0 2.2
5 .5 0.0 0.0 .3 3.7 12.9 0.0 0.0 1.9
7 0.0 0.0 0.0 .3 .6 12 0.0 0.0 .3
5 0.0 0.0 1.7 1.8 .3 .8 0.0 0.0 .9
8 00 10 1.7 1.5 .4 0.0 00 0.0 .4
0 .5 0.0 0.0 1.5 .4 0.0 0.0 4.5 .5
2 1.5 0.0 2.6 18 1.9 3.6 0.0 0.0 1.5
6 7.8 2.1 1.7 5.0 2.6 .8 0.0 0.0 39
2 10.2 3.1 5.2 3.8 4.2 2.0 21.8 2.3 5.2
5 15 31 0.0 1.3 18 2.0- 36 9.1 2.2
8 12.2 5.2 9.5 5.0 3.0 3.6 0.0 0.0 4.2
5 2.9 0.0 52 .3 2.5 3.6 0.0 4.5 1.9
0 2.9 1.0 .9 5.0 1.5 2.0 0.0 6.8 2.4
7 1.0 5.2 78 58 36 32 91 00 3.0
4 0.0 0.0 0.0 0.0 0.0 0.0 1.8 0.0 .1
7 .5 1.0 0.0 1.0 1.6 .8 5.5 0.0 1.1
7 0.0 31 0.0 1.5 2.2 2.4 0.0 0.0 1.3
7 0.0 10 0.0 1.0 .1 .4 1.8 0.0 .5
7 10 0.0 1.7 18 12 .4 0.0 0.0 .9
7 .5 3.1 8.6 .8 .7 .4 0.0 2.3 1.4
4' O.0 0.0 0.0 .8 1.2 1.2 5.5 0.0 1.5
9 3.4 10 0.0 4.8 1.6 2.8 0.0 0.0 23

0 100 0 100 0 100 0 100.0 100 0 100.0 100.0 100.0 100.0
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Table 29. Plant influence on component groups

Overall
Plant

Component Group Most Influence InfluenceaPlant Influenced by the Plant (%) (%)

BWRs

BEP1 Brunswick I I&C/ Transmitters 25.0 6.8BEP2 Brunswick 2 Control Rods 29.2 9.9BRF1 Browns Ferry 1 I&C/ Computation Modules 26.7 5.3BRF2 Browns Ferry 2 Fuel Elements 24.2 4.9BRF3 Browns Ferry 3 Generators 20.4 4.8BRP1 Big Rock Point Batteries / Chargers 16.0 1.5CPR1 Cooper Batteries / Chargers 24.0 3.1DAC1 Arnold I&C/ Sensors 13.0 3.2DRS2 Dresden 2 Control Rod Drives 30.0 4.0DRS3 Dresden 3 I&C/ Controllers 6.3 2.0ElH1 Hatch 1 Fuel Elements 45.5 10.1ElH2 Hatch 2 Control Rod Drives 30.0 11.0HMB1 Humboldt Bay Pumps 1.1 0.1JAF1 FitzPatrick I&C/ Computation Modules 33.3 4.0"LBR1 La Crosse Fuel Elements 6.1 0.9MNP1 Monticello Batteries / Chargers 8.0 1.5MNS1 Millstone 1 I&C/ Relays 7.7 2.5NMP1 Nine Mile Point 1 I&C/ Sensors 10.9 3.3OCP1 Oyster Creek Penetrations 15.0 5.2PBS2 Peach Bottom 2 Diesels 8.9 3.2PBS3 Peach Bottom 3 I&C/ Circuit Breakers 8.0 2.4PPS1 Pilgrim 1 I&C/ Circuit Breakers 12.8 4.2QAD1 Quad Cities 1 Non-I&C Filters 2.7 1.1QAD2 Quad Cities 2 Penetrations 15.0 2.0VYS1 Vermont Yankee I&C/ Circuit Breakers 8.8 3.0

PWRs

ANO1 Arkansas Nuclear 1 I&C/ Relays 6.1 0.7ANO2 Arkansas Nuclear 2 Fuel Elements 41.5 2.7BVS1 Beaver Valley 1 Batteries /Claargers 9.1 3.3CCN1 Calvert Cliffs 1 I&C/ Computation Modules 7.4 2.8CCN2 Calvert Cliffs 2 I&C/ Relays 5.6 2.1CRP3 Crystal River 3 Non-I&C Filters 10.9 3.3DBS1 Davis.Besse 1 I&C/ Circuit Breakers 7.3 3.4
DCC1 Cook I I&C/ Relays 8.5 2.5DCC2 Cook 2 Non-I&C Filters 9.1 3.5
FCS1 Ft. Calhoun I&C/ Relays 2.6 0.4HBR2 H. B. Robinson 2 Control Rod Drives 35.3 1.3HNP1 Haddam Neck I&C/ Controllers 3.2 0.6IPS2 Indian Point 2 Generators 6.3 1.1IPS3 Indian Point 3 Batteries / Chargers 5.5 0.3JMF1 Joseph M. Farley I Diesels 17.6 2.7
KNP1 Kewaunee I&C/ Transmitters 3.4 1.3

~

38

_. _ _ __ __ _. . ___



Table 29. (continued)

Overall
Plant

Component Group Most Influence Influencea
Plant Influenced by the Plant (%) (%)

MGS1 McGuire 1 I&C Sensors 80.6 16.1

MNS2 Millstone 2 Valve Operators 6.0 1.8
'

MYP1 Maine Yankee I&C-Computation Modules 6.2 0.7-

NAS1 North Anna 1 Control Rods 15.9 4.0
NAS2 North Anna 2 Accumulators / Reservoirs 13.9 3.4
NEE 1 Oconee I Generators 10.4 1.0..

NEE 2 Oconee 2 I&C/ Computation Modules 2.5 0.8
NEE 3 Oconee 3 Valves 1.5 0.6
PAL 1 Palisades Motors 22.9 2.2
PBH1 Point Beach 1 Valve Operators 12.9 1.9
PBH2 - Point Beach 2 Valve Operators 1.2 0.3
PIN 1 Prairie Island 1 I&C/ Relays 7.5 0.9
PIN 2 Prairie Island 2 1&C/ Switches 1.8 0.4
REG 1 Ginna Control Rods 4.5 0.5
RSS1 Rancho Seco Accumulators / Reservoirs 3.8 - 1.5

SGS1 Salem 1 Heat Exchangers 24.7 3.9
SGS2 Salem 2 Batteries / Chargers 21.8 5.2
SLS1 St. Lucie 1 Control Rods 9.1 2.2
SNP1 Sequoyah 1 I&C/ Transmitters 12.2 4.2
SOS 1 San Onofre i I&C/ Computation Modules 7.4 1.9

SPS1 Surry i Fuel Elements 15.9 2.4
SPS2 Surry 2 Batteries /Cha'rgers 9.1 3.0
TM11 Three Mile Island 1 Batterics/ Chargers 1.8 0.1

TMl2 Three Mile Island 2 Batteries / Chargers 5.5 1.1

TNP1 Trojan I&C/ Controllers 3.2 1.3

TPS3 Turkey Point 3 Generators 4.2 0.5
TPS4 Turkey Point 4 1&C/ Computation Modules 2.5 0.9
YKR1 Yankee Rowe i Fuel Elements 12.2 1.4

ZlS1 Zion I Generators 6.3 1.5

ZIS2 Zion 2 ' Generators 8.3 2.3

a. Based on the total fault count from the plant for all 22 component groups.

..

Dresden 2 represents only 3 faults. Whether these Appendix A tables, for the cell counts that stand
high percentages indicate that the plants have out, the SCSS information on the associated LER
unusual numbers of problems with these types of was reviewed. The results are discussed below..-
components or that other plants are not reporting
the same kind of problems with these components Four points need to be made prior to the discus-
is in most cases a subject for future study, sions on the component tables. First, the term

outlier will be used in referencing the tables. In this
However, in some cases the causes for these pat- context outlier will be used to mean a cell frequency

terns were identified from the SCSS LER informa- that is unusually high relative to the other cells in
tion. In the remainder of this section the focus is the table. No statistical inference is implied by the
on the individual component groupings. In the use of this term.
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Secondly, the term activity is commonly used ponents experienced the majority of the faults
throughout the table discussions. The term is used reported with a much lesser number reported for
as a qualitative indicator of relative number of accumulators. The majority of tank faults
counts. The Table below shows in general how this represented the levels of different types of tanks
term is applied. Because there are roughly twice falling below mimmum technical specification
(46 versus 25) the number of PWR as BWR plants, required levels. Commonly, these level fluctuations
two different sets of intervals are given for activity were due to leaking valves or the inadvertent release
levels, of liquid radioactive waste or gas by plant person-

nel. This behavior was similar for both BWRs and
PWRs.

Number of faults ,

nd MSActivity Level BWR PWR

Extremely low 0 to 19 0 to 19 For BWRs, a low amount of activity was ob- -

Low 20 to 29 20 to 39 served. Brunswick 2 reported a total of 7 control
Moderate 30 to 59 40 to 89 rod element faults, all of which were reported in
Moderately high 60 to 109 90 to 199 one LER. This event was described as a maladjust-
High 110 to 199 200 to 299 ment of rods due to a miscalculation of the flux
Extremely high over 199 over 299 profile.

For PWRs, also a low level of activity was
Thirdly, a factor that stands out in the compo- observed. North Anna l's control rod element

nent tables is that certain plants consistently have faulting was attributed to the same reason as the
a larger number of occurrences. In particular, for Brunswick 2 control rod element faults described
the BWR plants Brunswick I and 2 and Hatch I above.
and 2 and the PWR plants McGuire 1, Sequoyah I,
and Salem I and 2, a larger number of events are internal Combustion Engines
observed in the tables. These plants have an overall
high LER reporting frequency (see Tables 3 and 4,
as well as Tables 24 and 25). Consistently higher The term dieselgenerally represents what is actu-
numbers of faults in the data base from certain ally a system composed of the diesel engine, the
plants should be kept in mind in evaluating all the generator, the output circuit breaker, associated
SCSS data contingency tables. When large cell electronics, and four support systems (lube oil, fuel
counts are observed for these facilities they are still oil, starting, and cooling). Therefore, whera diesels
explored but may not be discussed if nothing ex- are reported as faulted, the component that is
ceptional was associated with the events. All large faulted may not be the actud diesel but any of the
cell counts that are observed and not addressed in components within these subsystems. This obser-
the ensuing discussions fall into this category. Cells vation, together with the required frequent testing
that are discussed are shown boxed in the of the diesel, helps explain the relatively high level
Appendix A tables, of activity for diesels for both BWR and PWR

plants.
Finally, each of the component group tables are ,

discussed in subsections below with the exception Among BWRs, Browns Ferry 3 is an example
of batteries / chargers, control rod drives, and illustrating this point. In eight of the ten faults the
I&C/ controllers. The first two groups are not diesel engine system itself did not fail but the
discussed due to their nominal amount of activity. faulting of some auxiliary system caused the diesel -

The latter table lacks any cell counts worthy of to be faulted. These faults included two times when
discussion for either BWRs or PWRs. the start relay time delay exceeded technical

specifications because the relay he.d drifted out of
t lerance. Twice the air start vrive caused dieselAccumulators / Reservoirs i

generator failure, once because the valve had an ac-
cumulation of dirt and grit, anI the other due to

A moderately high level of activity was observed loose bolts on the valve causing loss of pilot air |

for these components. The reservoir and tank com- pressure necessary for opening he main air supply

I
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to the air starter. Other causes included a diode Fuel Elements
failure allowing the inadvertent start of the diesel
generator, a mechanical remote speed control fail-

Both BWR and PWR plants were characterizeding to function, and the diesel generator being made ;g,g ; g3
moperable m, order to calibrate a relay. Brunswick 2
,

outlier among PWRs for fuel elements, all reported
also had a high number of faults (14).
Brunswick 2's faults were attributed to varying fuel element leaks were discovered during evalua-

g 3 ;g g
causes among which were two instances of low con-

,

the reactor coolant system that exceeded technicaltrol air pressure due to a misahgned valve disk m
, ihi li HM i pd a @the control air header, two diesel trips caused by

number of fuel assembly faults. The fuel assembly
the j,acket water temperature exceeding the trip set.

, faults for Hatch I represented leaks, claddingpomt, diesel trippmg due to low lube oil pressure
degradation, and personnel errors in loading.that was actually a clogged sensing ime, the diesel s

failure to attain rated speed within technical
Arkansas Nuclear 2 is a definite outlier for fuel,

specification limits, personnel error, and two unex-
clement / rod.~ Of Arkansas Nuclear 2's 34 reported

plamed times when the diesel failed to start. Hatch 2 fuel rod element faults, 30 were discovered
also had a high number of faults that meluded an

simultaneously. At the time the LER for this eventarray of typical generator problems meludmg
was submitted the cause was still under investiga-failure to start and various diesel subsystem g g

problems.

GeneratorsAmong PWRs, the cell count for Farley 1 is an
outlier. However, review of this plant's LERs
revealed that in early 1981 Farley I began report. BWR plants reported moderate activity. For
ing diesel faults for both Farley I and Farley 2 BWRs inverter faulting is most commonly observed
(these components were shared by the two plants), in the low pressure coolant injection system (LPCI)
Salem 2 was another outlier for diesel engines. Ex- and the essential ac distribution system. However,
amination of Salem 2's LERs showed: some BWR plants have no inverters in either of

these system. Browns Ferry 3 reported an above

1. There were four occurrences of one diesel average number of motor generator faults. The

failing while another diesel was down for majority of these faults were caissed by coupling

maintenance damage (generator to flywheel) that was due to
misalignment and loss of lubricant in the coupling.

2. There were four cases where the starting PWR plants also displayed moderate activity.
time specification was not met due to an While a high number of inverter faults were
imoroper turbo boost reported at PWRs, no faults were reported for

motor generator sets. Motor generator sets and in-
3. Other failures were a variety of diesel sub- verters are used in varying quantities at BWRs and

system problems including low oil pump PWRs. More specifically, on the average, PWR
pressure and service water leakage. plants utilize a greater number of inverters.10

Therefore because of their basic design differences
PWRs have a much higher expected number ofNon.instrumentat. ion and Control<
failures for inverters. The data is consistent with

(Non lEtC) Filters this relationship. However, the absence of any
reported motor generator set faults for PWRs was
unexpectd.'

For both BWRs and PWRs, filters had a

moderate level of activity. Almost all of the faults
were clogged filters that were subsequently clean. Heat Exchangers
ed or replaced. No case of a filter allowing the
passage of too much material was reported in the For BWRs, moderately high activity was observ-
1981 LERs reviewed, ed. Brunswick 2's faulting for heat exchangers was
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relatively high. However, the events were mostly represented instruments being out of technical
due to clogged filters that led to degradation of specification due to drift. Reasons for the amplifier
flow, which resulted in a reduction in the heat faults reported by FitzPatrick included an improper
transfer rate. Note: The BWR table excludes the gain setting, a loose connector at the preamplifier,
component steam generator since it is not part of and two cases where the entire controller for the
a BWR design. high pressure coolan: injection system was replaced.

In one of the latter cases faulty transistors in the ;

PWRs showed a high level of activity. Outlier amplifier were determined to be the cause of the
Icells included cooling coils for Salem I and fan fault.

cooling units for Salem I and 2. Cooling coil faults
are commonly discovered as a result ofinvestigating For PWRs, faults occurred in the greatest quan- ,

leakage from fan cooling units. This was in fact the tity for amplifiers and computers.
case for the majority of Salem l's cooling coil
faults. Some of the cooling coil faults reported by l&Cllndicators ~

Salem I were the result of crosion of the coil due
to sitt in the service water, a process that evolves An extremely high level of activity was
over a substantial period of time. The fact that characteristic of both BWR and PWR plants. In-,

Salem 2 has only been operating since early 1981
, dicators exist in great quantity throughout a nuclear

may explam why it had not experienced similar plant. Both Brunswick I and 2 reported a high
faulting for coohng coils. The reasons for Salem 2's number of indicator faults.
faultmg for fan coolmg umts include an overcur-

irent protective relay being set wrong, a p pe cap on All of the Brunswick I analyzer indicator activi-
the fan coolmg umt motor cooler vent not bem, g ty involved two containment air monitors. All of
tightened, and the set point on a containment fan the Brunswick 2 analyzer indicator activity was also

,

cot! unit set pomt generator bem, g mcorrectly ad- with two containment air monitors. For both of
justed. In all of these cases the cause for faultmg these plants many of the faults were attributed to
was external to the actual unit. All the fan cooling the instruments being out of calibration or moisture
umt faults for Salem I and 2 were for containment

,

buildup in the torus analyzer sample line. The
fan coil umt leakage. Brunswick 2 level indicator activity represented

reactor water level and suppression pool level
l&CICircuit Breakers instruments.

Beaver Valley I's cell count for analyzer in-
Circuit breakers in general are widely used in in- dicators was also high. All but one of these faults

strumentation, and their function is such that their ue to th inaEty of th cModne detectorswem
faults are likely to be reported. BWRs and PWRs to meet tk minimum electroW @ rate enna.each exhibited a moderately high level of activity
for circuit breakers. There is an overwhelmingly
greater number of ac circuit breaker faults than de l&C/ Relays
circuit breaker faults, which is consistent with the
relative prevalence of these two components in For BWR and PWR plants a high level of activi-

nuclear plants. ty was observed. Like indicators, there are a large
number of relays in a plant. .

IBCIComputation Modules Approx.imately half the faults of relays in BWR
.

plants were categorized as other unknown type. This
Both BWR and PWR plants showed a moderate most likely can be attributed to nonspecific writing

*

level of activity. For BWRs the events reported were of LERs. Time delay relays were second in report-

concentrated in the amplifier and integrator com- ing of events. A large percentage of the time delay

ponent groups with Browns Ferry I and FitzPatrick relay faults were due to drift requiring recalibra-
representing outliers. Browns Ferry I had five cases tion, a common occurrence.
where interlock faults were mistakenly coded as in-
tegrators. The remaining integrator fault was due For PWRs the largest number of faults were also
to instrument drift. FitzPatrick's integrator faults reported for the other unknown type group.
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However, in comparison to BWR plants, PWR of 29 faults for temperature primary element. These
reporting displayed relatively higher counts in the events were due to resistance temperature devices

;
'

remaining relay component groups. More specific not meeting the technical specification rcquirement
reporting for relay faulting appears to be the case of a 6 s response time due to the thermowell
for PWR plants, couplant drying out.

The SCSS has the capability of storing informa l&CISwitches
j tion on what are called potentialoccurrences. These
' are faults that are not actually observed but would

be observed at some future time based on a For BWRs, a very high level of activity was
| postulated sequence of events occurring. In most observed. About half of all reported switch*

| cases the inclusion of potential occurrences at the faultings described pressure switches. The fact that
i component level does not affect the statistics ap- pressure switches, like other switches, are

| preciably. However, in the case of the other mechanical devices and frequently experience set
,

i unknown type relay faults reported for St. Lucie I point drift influences this number. The other

| it does, and therefore an additional table is included categories of switches with a high number of faults
in Appendix A (Table A-14c). With the inclusion reported could be explained by the abundance of
of potential events 102 faults are reported for St switches in plant systems as well as by the frequency
Lucie I other unknown type relays. However, only with which they require adjustment.
3 of these faults actually occurred. The potential

,

faults came from St. Lucie l's response to General Two issues stand out in these tables:
Electric's (GE's) Service Advisory Bulletin
S.A. 721-PSL-152.2, which reported the potential 1. Pressure switch faulting represented about
failure of GE Type HFA auxiliary relays. In one 50% of all switch faulting reported for
LER St Lucie I had reported one actual fault and BWRs, while only about one sixth of all
99 potential faults for these relays. switch fadts for PWRs.

Initially, Prairie Island I had a relatively high 2. The level of activity for PWR switch
count for other unknown relays. However, faulting is considerably lower than for
LER 282/8M20 from Prairie Island I reported two BWRs. This is perhaps explained by the
faulted relays for Unit 1, and 5 faulted relays for greater use of digital channels (rather than
Unit 2. With the five other unknown types of relay analog)in the reactor protection system of
faults from Unit 2 attributed to the correct plant, BWR plants.II
neither unit exists as an outlier for these relays.

"
CookI LER 315/81-017 and Cook 2 LER

316/81-015 reported similar faults for switchgear
protective relaying (II faults at Cook I and BWRs exhibited moderate reporting activity.
10 faults at Cook 2). All Cook I and 2 faults were Even though the number oflevel transmitter faults
found during one test at each plant and all of the for Brunswick I and 2 represent outliers for these
relays are the same make and model. All relays ex- tables, the actual number (10 for each) is not
cept one were out of specification on the high side. unusually high. Further, the events were routine

faulting of level transmitters. In fact, it is surpris--

l&CISensorS ing that more level transmitter faults were not
reported for the remaining BWR plants.

'

BWRs showed a moderate level of activity PWR transmitter faulting was high. Nine of the
overall, but the data is sparse. With the exception ten pressure transmitter faults at Crystal River 3
of McGuire I a moderate amount of activity was were due to set point drift, a common occurrence.
also the case for PWRs. McGuire I showed a count Ft. Calhoun reported 16 potential pressure
of 402 faults for fire / smoke primary element. This transmitter faults and zero actual (see Table A-17c).
count was due to various portions of its fire detec- These potential faults were a result of the utility
tion system being inoperable over a two week period choosing to shutdown and check all transmitters of
in early 1981. Arkansas Nuclear 2 showed a count a certain type due to notification from the vendor
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that they may be defective. Salem 1 and 2 are type pumps, reflecting nonspecific LER reporting
outliers for flow transmitter events. These occur- practices. Otherwise, only centrifugal pumps and
rences were associated with the containment fan vane type pumps have an appreciable number of

'

cooling unit, steam generator flow, and reactor reported occurrences. With the large number of cen-
coolant flow. The containment fan cooling unit trifugal pumps in a plant, the number of faulted
problems were also discussed in conjunction with centrifugal pumps may actually be even greater with ;
the cooling coil faults in the " Heat Exchanger" sec- many hidden in the unknown type pump group. 1

tion above. Regarding Sequoyah I's 19 level
_

|

transmitter faults,9 represented installation errors. PWRs paralleled BWRs with a high level of activ-
ity. Surry 2 reported a large number (15) of cen-

Motors trirugai pump raults while it reported a relatively
*

low number (7) of unknown type pump faults. The

|
For motors, BWRs displayed a moderate amount LERs for Surry 2's centrifugal pump faults are

of activity, while PWRs activity was moderately characteristic of standard pump problems (e.g.,
| clogged strainer, driver failure, etc.). Surry 2's highhigh. -
,

number of centrifugal pump faults may be reflec-
An outlier was observed for the PWR plant tive of its more specific reporting for pump faults.

Palisades. Of Palisades' 22 reported faults, twenty
were due to splices in low and medium voltage ygggg _ ;

motors requiring repair because of que< tionable en-
vironmental qualification, a condition that resulted
frcm a change in the standards for splicing that ex. Extremely high levels of activity were observed

~ isted at the time of construction. Thus, these twenty for both BWR and PWR plants. Over half the activ-

faults represented preventive maintenance rather ity reported for BWRs represented faults for some
than actual faulting of the motors. type of isolation valve.a Each of the remaining valve

groups' reported activity represented < 10% of the

Penetrations total. Among BWRs Peach Bottom 3 and Cooper -
both had high counts for isolation valves. Faulting
reported for isolation valves in BWRs commonlyA factor to consider in examining the A-19 tables
involved the high pressure coolant inject,on system.

,,

i
showing penetration fault counts is the fact that Reasons for isolation valve faults for Peachthese counts describe faults in individual sealing sur-

Bottom 3 included damaged seating surfaces,
faces or barriers. Many instances of containment

pressure seal failure, debris buildup on seats, and
isolation system penetration faulting will give rise blown fuses m valve motor circuits. Practically all
to pairs of counts in the tables, one for the inner Cooper's isolation valve faults were discovered
seal and one for the outer seal. while performing local leak rate tests. Almost all

these faults were attributed to normal valve wear.BWRs displayed a moderate level of activity.
Most events reported corresponded to personnel Among PWR plants not quite half of the activ-
access penetrations, equipment access penetrations,

icy was for isolation valves. McGuire I represents
. . .

and process piping penetrations. Many of these
an utlier for these valves. Most of these valves wereevents occurred during normal plant operation;
part of the contamment isolat,on system and noi

secondary containment entries during operation are single reas n was observed for their fault, g. In-
,

m
common in BWR plants. ,

cluded in the reasons were the valves' failure to
close, inadvertent closure, loose fittings, and per-

PWRs, like BWRs, reported the majority of their
sonnel error. Cook 2's isolation valve faults wereactivity in personnel access penetration but in con- also attributed to a vamty of reasons, including -

trast to the BWRs reported no faults for equipment
pack,ng and sealleakage, sand deposits on seatingi

access penetrations and a relatively large number surfaces, loose valve activators, and parts not
of electrical penetration faults. meetm, g design specifications. North Anna 1,

Pumps

BWRs showed a high level of activity. The major- s. scss catesories are combined across material type for each

:ity of pump events have been coded as unknown valve type.
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another isolation valve outlier, had faults with a For Point Beach 1, a relatively large number of
; 5ariety of - causes similar to those above. electric / servo valve operator faults was reported

(32). However, there were only two LERs for these.
Among other valve types in BWRs, Monticello 32 faults. Thirty-one of these faults occurred when

reported a high number of check valve faults. These a motor control center supply breaker tripped.
events all corresponded to leakage of the valves. A
variety of causes for the leaks were reported; the
most common was inadequate maintenance. The conclusions on Hardware Faults

' PWR plants had a relatively higher percentage of
check valve faults in contrast to BWRs. The
reported faulting for Davis-Besse I check valves all Although PWR and BWR plants have a wide.

represented human error with no actual faulting of range of numbers of reported component faults,

the valves themselves. All Cook I check valve faults overall, the, groups r:f components with higher
.

were in the containment isolation system. reporting rates are similar for the two plant types.
Plants of both plant types, for example, report a~~

Davis-Besse I and Palisades were both outliers large number of valve faults.
among PWR plants for relief valves. Eleven of
Davis-Besse l's 12 faults were a result of low set Trend analysis at the component level was not
point problems. These problems are currently being performed in this study. Breaking the cell counts
reviewed with the vendor. Similar to Davis-Besse 1, down to compare reporting by months or quarters

. the majority of Palisades faults were due to low set may not be meaningful due to the sparsity of data

. pomt problems. exacerbated by the need to leave the plant in the .
,

analysis to account for plant-to-plant variation in
Ten of the fourteen bypass valve faults reported ,

c mponent populations.for BWRs were for Brunswick 1. Eight of these
faults resulted from upscale indications of a reac-

: tor level instrument. In each case a stem packing The exploratory analysis demonstrated in a
leak went undetected and resulted la a reoccurrence number of instances that details supplied by the

of the original problem. Upon discovery of the leak licensee in a report can vary and affect the relative

the valve packing was adjusted and normal service distribution of the statistics. For example, the lack

resumed. of specific information with regard to pump type
affects these counts. Absolute numbers of counts

:For Big Rock Point, an outlier for vent valve can also be influenced, as in McGuire l's report of
faults, all faults were instances where exhaust valves 400 faulted sensors due to the outage of portions
failed to close within technical specification limits. of the fire detection system. Inclusion of potential
The exact cause of the timing deficiency was not faults in tables usually does not significantly impact
determined. the reported distribution of events. It appears that

detailed review of high counts in new data may be
Valve Operators the only statistical analysis warranted by the nature

and the quality of the data. These descriptive
~ High levels of activity were observed for both statistics can serve 'as discussion points with

plant typei. individual licensees.

..

e
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EXPLORATORY ANALYSIS OF PERSONNEL ERRORS

Personnel are focused on in this section. The Hatch I reported at least three times more errors
following SCSS categories are used to indicate the for plant contractor personnel than any other BWR
type of personnel involved in an incident: plant. Most of the occurrences involving Hatch I

plant contractor personnel were attributable to
Plant Contrac- Consultants and/or con * design faults or deviations from design that led to
tor Personnel: tractors hired by the utility inadequate pipe supports that did not meet the code

requirements in the event of a design basis or seismic
Licensed Licensed reactor operator

en nt.Operator: or senior reactor operator
.

Nonlicensed Nonlicensed, auxiliary, or FitzPatrick is an outlier for utility licensed
Operator: assistant operations operators. These occurrences represented either

personnel checks required by technical specifications not being
,

done on schedule or technical specification limits
Other Utility Personnel known to be a being exceeded.
Personne!: utility employee

For PWR plants McGuire I had relatively heavy
Other: Personnel type known, but reporting in all the personnel categories.

does not fit any of the McGuire l's reporting represented 13Vo of the total
defined codes number of personnel errors for PWRs.

Unknown: Personnel type neither
Tables 30 and 31 are limited to providing descrip-given nor implied,

tions of the type of personnelinvolved in the per-
Tables 30 and 31 show the two way distribution of sonnel steps. With the addition of other SCSS fields

personne! errors by type of personnel and plant for a more descriptive characterization of personnel

BWRs and PWRs, respectively. The frequency with actions can be achieved. The idea of analyzing more

which the LERs report that different types of per- of the factors in the SCSS data base simultaneously

sons committed errors at the different plants is is currently being pursued. Appendix B presents the

reflected in these tables. details of a more complete investigation of these
options and an example of how they can be used

Of all the LERs for 1981,36To contained at least specifically with regard to personnel errors.
one step record that represented a personnel error.
Other utilitypersonnelis the most common person- The modeling of personnel error has only reached
nel type reported for both BWRs and PWRs. Other its preliminary stage. However, the work done in
utilitypersonnelwere reported in 45Ve and 40Vo of Appendix B shows how this technique can be used
the errors for BWRs and PWRs, respectively. to determine the significance of factors individually
Unknown personnel was the second most com- as well as collectively. For example, the modeling
monly used personnel type encoded. In fact for all revealed that for the limited data used, the
categories of personnel types the percentage classification of data by time is independent of the
distribution for BWRs and PWRs were remarkably activities personnel are engaged in, whereas there
similar; see Table 32. For both plant types in about is some indication of a dependency between the
one out of every four personnel errors reported the activities and the plant type. In the future, the .

type of personnel could not be determined from the options of using more or a different set of variables
LER. Very rarely could a person be classified into included in the SCSS data base might be employed
one of the well defined personnel type groupings in the exploratory modeling efforts.

~

(e.g., licensed operator). This general reporting pat-
tern for the two types of plants typified the report- In conclusion, the data indicate that in a large
ing patterns for most of the individual plants. number of cases LERs do not provide an adequate
Mostly all of the individual plants' reporting was description of the personnel involved. This impacts
for the other utility and unknown personnel groups. the meaning of a particular licensee as being high
Exceptions to the general pattern represent one area or low in a particular category of personnel, such
for detailed follow up on reporting of personnel as FitzPatrick in the utility licensed operator
errors. category.
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Tatdo 30. BWR personnel error counts by personnel type
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Table 31. PWR personnel error counts by personnel type
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Table 32. Percentage distribution of personnel error by personnel type for BWR and PWR.

plants

Personnel Type

L Plant Non- Other
Plant Contractor Licensed licensed Utility
Type Personnel Operator Operator Personnel Other Unknown Total

BWR 7.9 I5.6 4.9 45.2 0.2 26.2 100.0

PWR I1.3 15.7 5.0 39.7 0.7 27.6 100.0

e

.
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SUBSYSTEM LEVEL OCCURRENCES

The SCSS can identify faults that propagate to groupings analogous to the component groupings
the subsystem level. There are two interpretations is a possible followup activity. By combining all
of what a subsystem occurrence generally entails. primary reactor systems, all essential reactor aux-
The first is that it involves a loss of a train, instru- iliary systems, etc., the sparsity problem will be
ment channel, or part of a system that has 100% lessened in looking at subsystem occurrences.
capability of performing the system function. The
second interpretation focuses on the train and chan- Electrical subsystem faults were common for
nel aspect without regard to whether the subsystem both plant types, representing 26.5% of the BWR

'

alone can perform the system function. Both con- subsystem faults and 22.7% of PWR faults. The
cepts convey the idea of a loss of redundancy; the majority of these are associated with diesel
second case includes all such losses rather than just generators, which are regarded as subsystems of the

the ones involving 100% capability. It is beyond the emergency power generator system (diesel problems
-

scope of this study to identify exactly which inter- were discussed in the " Hardware Faults" section).
pretation has more commonly been used in the The other largest groupings of systems with sub-
SCSS for each system; overall, it appears that the system faults encoded were essential reactor aux-
first interpretation has been the most widely used iliary systems and instrumentation and control
in encoding the LERs. This area will be the subject systems. Essential reactor auxiliary system faults ac-

of a detailed followup. counted for 14.1% of the BWR subsystem faulting .
and 23.3% of the PWR subsystem faulting, while

Table 33 lists the groups of system codes used in instrumentation and control systems accounted for

the SCSS to describe hardware systems. Tables 34 28% of the BWR subsystem faulting and 25% of

and 35 provide counts for subsystem records for such PWR faulting. Table 36 includes ordered lists

BWRs and PWRs, respectively, by system. The of all of the specific systems that account for 23%
records describe instances of subsystem faulting; of the reported instances of subsystem faulting for
these counts do not indicate the number of a par- BWRs and PWRs.
ticular type of subsystem involved in each instance.
Systems not included in the tables had no subsystem To provide some indication about occurrences in-

records among the 1981 data for their type of plant. volving multiple subsystem faults, counts of su.b-
There are 457 BWR subsystem fault records in the system faults as a function of system and affected

1981 SCSS data base and 926 such records for redundancy are provided for each plant type in
PWRs; or a per plant average of 18 and 20, Tables 37 and 38. In these tables, the column

respectively. headings are of the form AXB, which denotes A
channels / trains faulted out of 8 possible faulted .

'

The most noticeable feature of Tables 34 and 35 channels / trains.a The most striking feature of these

is their sparsity, illustrating that for such a large tables is the prominence of the 1XZ (unknown)

number of possible categories (both plants and category, indicating that many LERs do not con-

systems), one year's accumulation of data is not tain information on the installed system redun-

very informative. Of course, since the LER report- dancy, although such information has always been

ing requirements are biased toward safety systems requested. This finding confirms the need for bet-

in general, with additional variations in reporting ter detail in event descriptions as emphasized in the ,

requirements among the safety systems themselves, LER rule (10 CFR 50.73). Compilation of plant
a wide variation in counts as a function of system design feature data to allow SCSS coders to add the

would be expected. Certain balance of plant systems needed but missing information is underway to aid

may never accumulate significant numbers, in remedying this reporting deficiency. -

- However, as in other areas of the data, the interest
primarily lies in the pattern of reporting as a func-
tion of the plant for a given system, and in any
possible interaction between plant and system. a. In the AXB notation, the use of M for A or B means " multi.

Determination of such a pattern using SCSS system ple" and z means " unknown."
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In conclusion, the most common subsystem level With many plants and systems, the 1981 data is too
occurrences described in the 1981 SCSS data involve sparse for a detailed statistical analysis of between-
three groups of systems with high safety related plant differences,
significance; namely, diesel generators, essential
reactor auxiliary systems, and instrumentation and

Subsystem level SCSS information is designed tocontrol systems. A detailed investigation of these
, permit study of losses of redundancy. However,incidents and the extent to which they involve a ;gg ; g ;; , g

100% loss of system funct,on is a subject for futurei
system, train, and channel populations is needed inst d y,
order to accurately count and evaluate these events

The future study of subsystem faulting will be ' in the broad context associated with trend and pat-
enhanced by having more years of data for analysis. tern analysis.*

~

Table 33. SCSS hardware system codes

Codes

Primary Reactor Systems

Reactor Core AA
Control Rod Drive (PWR) AB
Control Rod Drive (BWR) AC
Reactor Vessel AD
Primary Coolant (PWR) AE
Pressurizer (PWR) AF
Steam Generator (PWR) AH
Recirculating Water (BWR) Al

Essential Reactor Auxiliary Systems

Auxiliary Feedwater (PWR) BA
Isolation Condenser (BWR) BB
Reactor Core Isolation Cooling (BWR) BC
Emergency Boration (PWR) BD
Standby Liquid Control (BWR) BE

Residual Heat Removal (PWR) BF

Residual Heat Removal (BWR) BH
Low Pressure Coolant Injection (BWR) Bl
Chemical and Volume Control (PWR) BK
Intermediate Pressure injection (PWR) BL
High Pressure Coolant Injection (BWR) BN4

Steam Generator Pressure Relief (PWR) BP
Nuclear Boiler Overpressure Protection (BWR) BR
Core Flooding Accumulator (PWR) BS

*

Upper Head Injection (PWR) BT
High Pressure Core Spray (BWR) BW
Low Pressure Core Spray (BWR) BX

Essential Service Systems

Component Cooling Water CA
Essential Raw Cooling / Service Water CB
Essential Compressed Air CC
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Table 33. (continued)

Codes

Essential Service Systems (continued)

Borated / Refueling Water Storage (PWR) CD
Reactor Water Storage (BWR) CE

- Condensate Storage CF
Emergency Generator Lube Oil CH
Emergency Generator Fuel Cl .

Emergency Generator Starting CK
Emergency Generator Cooling CL

Essential Auxiliary Systems -

Spend Fuel Pool / Refueling Pool Cooling and Cleanup DA
Containment Isolation DB
hiain Steam Isolation Valve Leakage Control DC
Containment Isolation Leakage Control (BWR) DD
Containment Spray DE
Containment Pressure Suppression hiake-Up (BWR) DF
Containment Combustible Gas Control DH
Containment Ice Condenser (PWR) D1

Electrical Systems

- High Voltage AC (greater than 35KV) EA
hiedium Voltage AC (35KV to 600 V) EB
Low Voltage AC (less than 600V) EC
Vital Instrument, Control and Computer AC ED
DC EE
Electrical Heat Tracing EF
Emergency Power Generation EH
Lighting and Taxed hiotive Power El
Security EK
Communication EL
Conduit and Cable Tray EN
Grounding and Cathodic Protection EP

Feedwater, Steam, and Power Conversion Systems

hiain Steam FA
Turbogenerator FB
Turbogenerator Turbine Steam Sealing FC
hiain Condenser FD -

Noncondensable Gases Extraction FE

Turbine Bypass FF

Steam Extraction FH
*

Condensate and Feedwater FI

hfoisture Separators, Reheaters FK
Various Thermal Cycle Drains and Vents FL
Feedwater Chemistry Control FN

Condensate Demineralizer FP

Circulating Water (open cycle) FR

Circulating Water (closed cycle) FS

Seal Water FT
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Table 33. (continued)
-

Codes

Heating, Ventilation, and Air Conditioning Systems

Reactor Building HVAC (PWR) HA
Reactor Building HVAC (BWR) HB
Primary Containment Vacuum Relief HC
Secondary Containment Recirculation and Exhaust HD
Drywell/ Torus HVAC and Purge (BWR) HE

'

Reactor Auxiliary Building HVAC HF
Control Building HVAC HH
Emergency Generator Building HVAC HI
Fuel Building HVAC HK.

Turbine Building HVAC (PWR) HL
Turbine Building HVAC (BWR) HN
Waste Management Building HVAC HP
Pumping Stations HVAC HR
Miscellaneous Structures HVAC HS
Chilled Water HT
Plant Stack HW

Instrumentation and Controls Systems

Alarm / Annunciator IA
Computer IB
Control Room Panels IC
Auxiliary (backup) Control Area Panels ID
Local Control Panels IE
Fire Detection IF
Environmental Monitoring IG
Emergency Generator Instrumentation and Controls IH
Turbogenerator Instrumentation and Control 11

Plant Monitoring IJ
In-Core and Ex-Core Neutron Monitoring IK
Leak Monitoring IL
Radiation Monitoring IN
Reactor Power Control (PWR) IP
Reactor Power Control (BWR) IR
Recirculation Flow Control (BWR) IS
Feedwater Control IT
Reactor Protection IU
Engineered Safety Features Actuation IW
Solid State Protection / Control IX
Anticipated Transient Without Scram lY

_,

Nonnuclear Instrumentation IZ

Service Auxiliary Systems
O

Auxiliary Steam KA
Sampling KB
Control and Service Air KC
Demineralized Water KD
Material and Equipment Handling KE

- Fire Protection KF
Compressed Gas KH
Potable and Sanitary Water K1

Insulating Oil KK
Fuel Storage KL
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Table 33. (continued)

Codes

Service Auxiliary Systems (continued)

Steam Generator Startup KN
Lube Oil Storage KP
Boron Recovery KR
Control Rod Drive Cooling Water' KS
Raw Cooling Water KT .

Raw Service Water KW
Chemical Additive Injection KX

*

Structural Systems

Primary Reactor Containment (PWR) SA
Secondary Reactor Containment (PWR) SB
Reactor Drywell (BWR) SC
Reactor Torus / Suppression Pool (BWR) SD
Secondary Reactor Containment (BWR) SE

Reactor Auxiliary Building SF

Control Building SH
Emergency Generator Building SI

. Fuel Building SK
Turbine Building SL
Waste Management Building SN

Pumping Stations SP

Cooling Towers SR

Spray Pond SS

Switchyard ST

Miscellaneous Structures SW
Environment (external to any structure) SY

Waste Management Systems

Liquid Radwaste WA
Solid Radwaste WB

Gaseous Radwaste (PWR) WC

Gaseous Radwaste (BWR) WD
Nonradioactive Waste (liquid, solid, and gaseous) WE

Steam Generator Blowdown (PWR) WF
Cooling Tower Blowdown WH .

Plant Drainage WI
Equipment Drainage (including vents) WK
Roof Drainage WL

*

Suppression Pool Cleanup (BWR) WN
Reactor Water Cleanup (BWR) WP

Miscellaneous Systems

Other ZX

Multiple Known ZY

Unknown ZZ

$4
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Table 34. (continued)

FID System
,,,

HB HC HD dt dF .id ,#

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . . . . . . . . . . . . . . . . . _ . .
BEP1 0 0 0 0 0 0 v
BF.P2 0 0 0 3 0 C 9
BRF1' C 0 1 0 0 1 9
BRF2 C 0 0 0 0 e a
eRF3 1 0 0 0 1 J J
BRP1 0 1 0 0 0 v 3

CPR1 0 0 0 0 v 0 .]

DAC1 0 0 -0 0 0 3 3

OR32 0 0 2 0 C c J
CRS3 0 0 0 0 0 G t

ElH1 C 1 3 0 0 C C

ElH2 0 0 4 i s 0 i

HMel 0 0 0 0 0 0 v
JAF1 0 0 3 0 0 v .

LBR1 0 0 0 0 0 G 9

PNP 1 0 0 1 0 0 v v

PNS1 0 0 1 v 0 L a

NMP1 1 0 0 0 0 t .
'

UCP1 0 0 2 0 L L ]

PBS2' O O O -0 0 0 ,

PBS3 0 0 0 0 0 g ,

FPS 1 0 0 v 0 0 e S
t QA01 0 0 1 0. o 0 0

4AD2 0 0 0 0 0 C ]

VYS1 0 0 0 0 v c y
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,

2 2 1A 4 1 4 1TOTAL ^

#c#
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Table 36. PWR subsystem fault record counts by plant and system

FID System

AA AU At AF AH BA 80 dF

AN01 0 0 0 0 0 4 0 0

ANO2 0 0 0 0 0 7 0 1

BVS1 1 0 1 0 0 2 1 1

CCN1 0 0 0 0 0 4 0 0

CCN2 0 0 0 0 0 1 0 0
CRP3 0 0 0 0 0 1 0 3

0851 0 0 4 0 0 2 0 4

DCC1 0 0 0 0 0 4 0 1

OCC2 0 0 0 0 0 1 1 0
FCSI O O O O O O O O

HBR2 0 0 0 0 1 9 0 0
HNP1 0 0 0 0 0 1 0 0
IPS2 0 0 1 0 0 1 0 0
IPS3 0 0 0 0 1 0 0 0
JMF1 0 0 0 0 0 1 0 1

KNP1 0 0 0 0 0 1 0 3

MGS1 0 0 1 0 0 2 1 6

MNS2 0 0 0 1 0 S 0 0
MYP1 0 0 0 0 0 0 0 0
NASl 0 0 0 1 0 0 0 2

NAS2 0 0 0 0 0 5 0 0
NEll 0 0 0 0 0 1 0 0
NEE 2 0 0 0 0 0 3 0 0
NEL3 0 0 0 0 0 1 0 0
PALI O O O O O 'O O 0
P8H1 0 0 0 0 0 0 0 0
PBH2 0 0 0 0 2 1 0 0
PIN 1 0 0 0 0 0 0 0 0
PIN 2 0 0 2 0 0 1 0 0
REGl 0 0 0 0 1 0 0 0
RSS1 0 0 0 1 0 0 0 0

~SGS1 0 0 2 1 0 0 1 4
SGS2 0 1 1 5 0 2 0 0
SLSI O O O O O 1 0 0
SNP1 0 0 0 0 .0 8 0 3

5051 0 0 0 0 0 0 0 0
$ PSI O O O O O O 1 2
SPS2 0 0 0 0 0 0 2 0
TM11 0 0 0 0 0 0 0 0
TMI2 0 0 0 0 0 0 0 0
TNP1 0 0 0 0 0 0 0 1

TPS3 0 0 0 0 0 1 0 0
TPS* 0 0 0 0 0 4 0 0
YKR1 0 0 0 0 0 0 0 0
ZIS1 0 0 0 0 0 0 0 0

>

ZIS2 0 0 0 0 0 10 0 1

1 1 12 9 5 84 7 35TOTAL -

o
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Table 35. (continued)

FID System i
______

______________ic_ _ _ _ __ _ id _ _ _ _ _ _ _ it __ __ _ _ _i f _ _ _ __ _ _ i"__ _ _ __ _15_ _ _ __ _ _ f ^_ _ _ _ __ _f L
AN01 0 0 0 0 4 0 0 0
Ah02 0 0 0 0 4 0 0 0
BVS1 0 0 1 1 1 0 0 1
CCN1 0 0 0 0 7 0 0 0
CCN2 1 0 0 0 0 0 0 0
CRP3 0 0 0 0 4 0 0 0
0651 0 1 0 0 2 0 0 0
DCC1 0 0 0 1 2 0 0 0
DCC2 0 0 0 0 3 0 1 0
FCS1 0 0 0 0 1 0 0 0
HBR2 0 0 0 1 2 0 0 0
HNP1 0 0 0 0 3 0 0 0
IPS2 0 v 0 0 5 0 0 0
IP53 0 0- 0 0 0 0 0 0
JMF1 0 0 0 0 31 0 0 0
KNP1 0 0 0 0 2 0 0 0
MGS1 0 0 2 0 3 1 0 0
MNS2 0 0 0 0 4 0 0 0
MYP1 0 0 0 0 0 0 0 0
NAS1 0 0 0 0 5 0 0 0
NAS2 0 0 0 0 1 0 0 0-
NE F 1 0 3 3 0 1 0 0 0
HEE 2 0 0 0 0 0 0 0 0

. NEE 3 0 0 0 0 0 0 0 0;
Pall 0 0 0 0 7 0 0 0
PBd1 0 0 0 0 1 0 0 0
PBH2 0 0 0 1 1 0 0 0
PIN 1 0 0 0 1 1 0 0 0
PIN 2 0 0 0 0 0 0 0 0
RLG1 0 0 0 0 0 0 0 0
R$51 0 u 0 0 2 0 0 0
SGS1 0 2 0 0 2 0 0 0
SGS2 0 0 1 2 20 0 0 0
SLS1 0 0 0 0 1 0 0 0
SNP1 0 1 0 0 8 0 0 0
S051 0 0 0 0 3 0 0 0

~5951 0 0 0 2 0 0 0 0
SP52 0 0 0 1 3 0 1 0
TMIl 0 0 0 0 0 0 0 0
TMI? O u o 0 > 0 0 0
TNP1 0 1 1 0 2 0 0 0
TPS3 0 0 0 0 2 0 0 0
TPS4 0 0 0 0 1 0 1 0
YKR1 0 0 0 0 2 0 0 0
ZIS1 0 1 1 1 4 0 0 0
ZIS2 0- 1- 0 0 2 0 0 0
_______________________________________________________________________________

1 10 9 11 l '> S 1 3 1TOTAL -
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HA H0 HF
%_____FI'__ ____Fk j__ _________________ ____________

0 0 0 0 0
!. 0 0 0 0 0

0 0 1 0 0 :
!

0 0 1 0 0
i 0 0 0 0 1

0 0 0 0 - l'>

2 0 0 0- 0 -

,

0 0 'l 0 1|
l 0 0 0 0 0

0- 1 0 00 1

2 0 0 0 -0 .

0 0 0 0 0 ;

O O 0- 0 0
0 0 0 0 0
0 0 1 0 0
0 0 0 2 0
1 0 1 0 0

,

j 0 0 0 0 'O
| 0 0 0 0 0

'

0 0 0 0 2
O 0 0 0 0
0 0 0 0 0
0 1 2 0 0
0 0 0 0 0

! 0 0 1 0 0
0 0 0 0 0
0 0 0 0 0

t

: 0 0 0 0 0 1

0 0 0 0 0
0 0 1 0 0
0 0 0 0 0
0 0 15 0 0
1 0 6 0 0
0 0 1 0 0
1- 0 0 1 5 |

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0 i'
0 0 0 0 2
O O O O O
O O O O O
1 0 0 0 0
0 0 0 0 0 3

i
0 0 0 0 0

- 0- - 0 0 0 0 !
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Table 35. (continued)"

FID System

I4 IP 1T IU IW IX II K8
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
AN01 0 0 0 1 0 0 0 0
ANO2 0 0 0 0 0 0 3 0
BVS1 0 1 0 1 1 1 2 0
CChi 0 0 0 7 1 0 1 0
CCN2 0 1 0 10 1 0 0 0
CRP3 0 0 0 1 4 0 2 0
06S1 0 0 0 ) 2 0 3 0'

DCC1 0 0 0 1 1 1 0 0
DCC2 0 0 0 0 0 0 0 0
FCSI O o 0 1 0 0 0 v
HSR2 0 1 0 2 2 0 0 0
HNP1 0 0 0 0 0 0 0 0
IPS2 0 0 u 1 0 0 0 0
IPS3 0 0 0 0 0 0 0 0
JMF1 1 0 0 2 0 0 1 0
KNP1 0 0 0 0 0 0 0 0
HGS 1 3 0 0 > 4 2 3 0
NNS2 0 0 0 3 2 0 0 0
NYP1 0 0 0 3 0 0 0 0
NASI O 1 0 7 1 0 0 0
NAS2 C 2 0 4 1 1 0 0
net 1 0 0 0 0 0 0 1 0
NEL2 0 0 0 1 0 0 0 0
net 3 0 0 0 1 0 0 0 0
PALI O O O O O O 0 0
PBH1 0 0 0 1 0 0 1 0
PBH2 0 0 0 0 0 0 0 0
PIN 1 0 0 0 1 0 0 0 0
PIN 2 0 1 0 0 0 0 0 0
REG 1 1 0 0 0 0 0 0 0
RSS1 0 0 0 4 0 0 0 0
SGS1 0 0 1 1 4 0 0 0
SGS2 0 0 0 8 0 2 4 0
SLS1 0 0 0 0 2 0 0 0
SNP1 1 0 0 10 0 0 1 @
S051 0 0 0 0 2 0 0 0
SPSI 0 0 0 1 0 0 4 g

SPS2 2 0 0 1 0 0 0 g
TMll 0 0 0 0 0 0 0 0
TMI2 0 0 0 0 0 0 0 0
TNP1 2 0 0 0 0 0 1 0

(e
fTPS3 0 0 0 0 0 0 0

TPS4 0 0 0 0 0 0 0
YKR1 2 0 0 2 1 0 1 0
ZIS1 1 0 0 0 0 0 0 g
ZIS2 0 0 0 6 1 0 0 1
______________________________________________________________________________c

13 7 1 93 30 7 28 1TOTAL -
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[ Table 35. (continued)

FID
______

SA 5B SF
______________________________________

ANU1 1 0 0
ANO2 0 0 0
BVS1 0 0 0
CCN1 0 0 0
CCN2 0 / 0 0
CRP3 0 0 0
08S1 0 1 1
DCC1 0 0 2
DCC2 0 0 0
FCS1 0 0 0
HBR2 0 0 0
HNP1 C 0 0
IPS2 0 0 0
IPS3 0 0 0
JMF1 0 0 0
KNP1 0 0 0
MGS1 0 0 0
MNS2 0 0 0
MYP1 0 0 0
NAS1 0 0 0
NAS2 0 0 0
NEE 1 0 0 0
NEi2 0 0 0
NEE 3 0 'O O
Pall 0 0 0
P8H1 0 0 0
PBH2 0 0 0
PIN 1 0 0 0
PIN 2 0 0 0
RE61 0 0 0
RSS1 0 0 0
SGS1 0 0 0
SGS2 0 0 0
SLS1 0 0 0
SNP1 0 0 0
5051 0 0 0
SPS1 0 0 J
SP52 0 0 0
THIl 0 0 0
TM12 0 0 0
TNP1 0 0 0
TPS3 0 0 1
TPS4 0 0 0
YKR1 0 0 0
ZIS1 0 0 0
ZIS2 0 0 0
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

TOTAL 1 1 *
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System

SH SK WC WE nF WI K ZZ TOTALw

0 0 0 0 0 0 0 0 10
0 0 0 0 0 0 0 0 32
0 0 0 0 0 0 0 0 33
0 0 0 0 0 0 0 0 34
0 0 1 0 0 0 0 0 29
0 0 0 0 0 0 0 0 21
0 1 0 0 0 0 0 0 37
0 0 1 0 0 0 0 0 19
1 0 0 0 2 0 0 0 14
0 0 0 0 0 0 0 0 3
0 0 0 0 0 0 0 0 25
0 0 0 0 0 0 0 0 6
0 0 0 0 0 0 0 0 10
0 0 0 0 0 0 0 0 2
0 0 0 0 0 0 0 0 42
0 0 0 1 0 0 0 0 17
0 0 0 0 0 0 0 0 82
0 u O O O O 0 0 21
0 0 0 0 0 0 0 0 4
0 0 0 0 0 0 0 0 34
0 0 0 0 0 0 0 0 39
0 0 0 0 0 0 0 0 12
0 0 0 0 0 0 0 0 9
0 0 0 0 0 0 0 0 7
0 0 0 0 0 0 0 0 15
0 0 0 0 0 0 0 0 5
0 0 0 0 0 0 0 0 6
0 0 0 0 0 0 0 0 4
0 0 0 0 0 0 0 0 7
0 0 0 0 0 0 0 0 10
u O O 1 0 0 0 0 11
0 0 1 0 0 0 1 0 59
0 0 0 0 0 0 0 0 64
0 0 0 0 0 0 0 0 11
0 0 0 0 0 0 0 1 49
0 0 1 0 0 1 0 0 11
0 0 0 0 0 0 0 0 15
0 0 0 0 0 0 0 0 31
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 10
0 0 0 0 0 0 0 0 18
0 0 0 0 0 0 0 0 9
0 0 0 0 0 0 0 0 9
0 0 0 0 0 0 0 0 11
0 0 0 0 0 0 0 0 11
0 0 0 0 0 0 0 0 25

1 1 4 2 2 1 1 1 936
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Table 38. Dominent subsystem faultinga

Total
Subsystem Faulting

i Type of System For Plant Type
System (System Grouping) (%)

BWR Subsystems

Emergency Power Generation (EH)- Electrical 21.9
Residual Heat Removal (BH) Essential Reactor Auxiliary 7.9
Nonnuclear Instrumentation (IZ) I&Cb 7,9
Essential Raw Cooling / Service Water (CB) Essential Service 6.3

- Radiation Monitoring (IN) I&C 5.3
Leak Monitoring (IL) I&C 4.6
Secondary Containment Recirculation and HVACb 3,9

Exhaust (HD)
Engineered Safety Feature Actuation (IW) I&C . 3.7
Reactor Protection (IU) I&C 3.5

- Recirculating Water (AI) Primary Reactor 3.5
Containment Isolation (DB) Essential Auxiliary 3.3

'

Fire Protection (KF) Service Auxiliary 3.1

PWR Subsystems

Emergency Power Generation (EH) Electrical 16.8
Reactor Protection (IU) I&C 10.0
Auxiliary Feedwater (BA) Essential Reactor Auxiliary 9.0
Chemical and Volume Control (BK) Essential Reactor Auxiliary 7.3
Residual Heat Removal (BF) Essential Reactor Auxiliary 3.8
Reactor Building }{VAC (HA) HVAC 3.6
Fire Protection (KF) Service Auxiliary 3.6
Engineered Safety Feature Actuation (IW) I&C 3.2
Essential Raw Cooling / Service Water (CB) Essential Service 3.1
Nonnuclear Instrumentation (IZ) I&C 3.0

Only systems that account for at least 3% of the total subsystem faulting for each plant type are listed.a.

b. I&C: Instrumentation and Control.
HVAC: Heating, ventilation and air conditioning.

.
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Table 38. PWR subsy' tem fault record c.ounts by cy . tem and cffected redundancy
System Affected Redundancy

IX2 LX3 1X4 IX6 IXZ 2X3 2X4 2XZ 3X4
___________________________________________________________________________________.____
AA 0 0 0 0 0 0 0 0 0
AD 0 1 0 0 0 0 0 0 0
AE O O 5 0 2 0 1 2 I
AF 3 0 0 0 3 0 0 3 0
AH 3 0 1 0 1 0 0 0 0
BA- 16 28 0 0 29 9 0 2 0
BD 3 0 0 0 4 0 0 0 0
BF 16 0 0 0 19 0 0 0 0
BK 11 15 0 0 29 6 0 2 0
BL 2 0 0 0 3 0 0 0 0
BP 0 0 J 0 1 0 0 0 0
BS 0 5 2 0 11 0 0 2 0
BT 2 0 0 0 0 0 0 0 0
CA 3 2 u o 7 0 0 1 0
CB 11 2 1 0 10 1 0 2 0

CC 0 0 0 0 2 0 0 0 0

CD 1 0 0 0 0 0 0 0 0
CI 2 0 0 0 0 0 0 0 0
CK 0 0 0 0 3 0 0 0 0
CL 0 0 0 0 1 0 0 0 C

DB C 0 0 0 7 0 0 1 0

DE 7 0 2 0 11 0 0 0 0

DH 5 0 0 0 1 0 0 0 0

01 0 0 0 0 1 0 0 0 0

EA 0 0 0 0 4 0 0 0 0

EB 1 0 0 0 3 0 0 1 0
EC 0 0 0 0 1 0 0 0 0

ED 2 0 0 1 7 0 0 0 0

EE 3 1 0 0 3 0 0 2 C

EF 2 0 0 0 6 0 0 0 C

EH 26 14 0 0 104 1 0 11 C

EK 1 0 0 0 0 0 0 0 C

FA 0 0 0 0 2 0 0 1 C

FF 0 0 0 0 1 0 0 0 C

FI 2 0 0 0 6 0 0 0 C

FR 0 0 0 0 1 0 0 0 C

HA 0 2 2 0 22 0 0 7 C

HG 0 0 0 0 2 0 0 0 C

HF 4 1 0 0 6 0 0 0 C

HH 8 2 0 0 10 1 0 2 C

HK 0 0 0 0 2 0 0 0 C

HT 0 0 0 0 4 0 0 3 C

IA 0 1 0 0 2 0 0 0 C

IB 0 0 0 0 1 0 0 0 C

IC 0 0 0 0 0 0 0 0 C

10 0 0 0 0 0 0 0 2 C

IF 0 0 0 0 4 1 0 0 C

IG 0 0 0 0 3 0 0 0 C

IH 0 0 0 0 1 0 0 0 C

IJ 0 0 0 0 0 0 0 0 C

IK 1 0 6 0 4 0 0 2 C

IL 0 0 1 0 12 0 0 2 C

IN 1 0 0 0 9 0 0 1 (
IP 0 0 0 0 0 0 0 0 (
IT 1 0 0 0 0 0 0 0 (
IU 5 3 la 0 57 0 1 5 (
lb 4 0 2 0 23 0 0 1 (
IX 1 0 0 0 6 0 0 0 (
IZ 2 0 1 0 20 0 0 3 (
KB 0 0 0 0 0 0 0 1 (
KC 0 0 0 0 1 0 0 0 (

KF 4 1 0 0 23 1 0 1 (
KH 0 0 0 0 3 0 0 0 (
KW 1 0 0 0 1 0 0 0 (
KX 0 0 0 0 2 0 0 0 (

SA 0 0 0 0 1 0 0 0 (

SB 0 0 0 0 1 0 0 0 (
SF 0 0 0 0 3 0 0 0 (

SH 0 0 0 0 1 0 0 0 (

SK 0 0 0 0 1 0 0 0 (

WC 1 0 0 0 3 0 0 0 (

tE O O O O 2 0 0 0 (
UF 0 0 0 0 2 0 0 0 (

bl 0 0 0 0 1 0 0 0 (

LK 0 - 0 0 0 1 0 0 0 t

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ .ZZ 0 O 0 0 1 0 0 0 (.,

TOTAL - 155 76 41 1 531 22 2 60

[ 66

T Sos 2 70 15 ,3
_
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\
//
4

3xZ 4XZ MXZ ZXZ TOTAL
,,,,,

0 0 1 0 1

0 0. 0 0 1

0 0 1 0 12
0 0 0 0 9
0 0 0 0 5
0 0 0 0 84
0 0 0 0 7
0 0 0 0 35
0 0 2 1 68
0 0 0 0 5
0 0 0 0 1
0 0 0 0 20
0 0 0 0 2
0 0 1 0 14 ^

0 0 2 0 29 -

0 0 1 0 3
0 0 0 0 1

0 0 0 0 2
0 0 0 0 3
0 0 0 0 1

1 0 0 0 9
0 0 0 0 20
0 0 0 0 6
0 0 0 0 1

0 0 1 0 10
0 0 0 0 5
0 0 0 0 1

0 0 0 0 10
0 0 0 0 9
1 0 0 0 11
0 0 0 0 156
0 0 0 0 1

0 0 0 0 3

0 0 0 0 1

0 0 0 0 o
0 0 0 0 1

0 0 1 0 34
0 0 1 0 3
0 0 1 0 12

230 0 0 0 -

0 0 1 0 3
0 0 1 0 8
0 0 0 0 3 Y
0 0 0 0 1 T0 0 0 0 0
0 0 0 0 2
0 0 3 0 6
0 0 0 0 3
0 0 0 0 1

0 0 0 0 0
0 0 0 0 19
1 0 3 0 19
0 0 2 0 13
0 1 0 0 7
0 0 0 0 1

3 0 1 0 93
0 0 0 0 30
0 0 0 0 7
0 0 0 28
0 0 0 0 1

0 0 0 0 1

1 0 3 0 34
0 0 1 0 4
0 0 0 0 2
0 0 0 0 2
0 0 0 0 1

0 0 0 0 1

0 0 1 0 4
0 0 0 0 1

0 0 0 0 1

0 0 0 0 4
0 0 0 0 2
0 0 0 0 2
0 0 0 0
0 0 0 0
0 0 0 0 1

.-______________________________________________
7 1 36 1 936

t
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SYSTEM LEVEL OCCURRENCES

System faults are also encoded in the SCSS. area ambient temperature switch and in the other |

Tables 39 and 40 show the distribution of counts case a mispositioned limit switch failed to activate |of total system faults among systems and plants for the turbine ramp generator as soon as the steam
the 1981 SCSS data. As in the subsystem statistics, inlet valve lifted off of its seat.
the data are quite sparse when all SCSS systems ;
referenced in the 1981 data are used. Over one-fifth of the HPCI events were reported

by Hatch 1. Most of these faults were hardware
The SCSS coding flags situations in which an en- problems, such as a stuck governor valve, an oil line

tire system is affected in some way. This can occur break, a pressure switch failure that caused the
in two ways: there may be an actual system fault HPCI system to be isolated, a stop valve failing to
that prevents the system from being able to perform open to restart the HPCI system, a failure of the
its function or makes it unavailable, or there may trip solenoid of the HPCI turbine, dirty contacts
be an impact that cannot easily be assigned to some in the auxiliary oil pump seal-in relay, and repeated
entity smaller than the system. Particularly in the problems with oil leaks in the control valve
latter case, these situations do not necessarily mean diaphragm. The Hatch I faults also included events

,

that an entire system failed to perform a design indirectly related to the HPCI system, such as '

function. The paragraphs below contain system operation of HPCI in conjunction with other
specific examples of the usage of the term system systems that caused high temperatures in the torus
fault to describe events having only a general im- and a postulated need for a design change. HPCI
pact on a system. events at other facilities similarly reflected a variety.

of different problems. Several plants reported prob-
Table 39 shows that BWR recirculation, reactor lems with gland seal condenser gaskets; but due to

core isolation cooling (RCIC), and high pressure the variety of problems no one problem stands out
coolant injection (HPCI) systems had a relatively as having a large number of occurrences.
high incidence of events. An examination of SCSS
information for recirculation system-level events Occurrences associated with the drywell and sup-
associated with Brunswick I and 2 and Hatch I pression pool as well as the containment isolation
shows that 90% of these events deal with problems system each accounted for about 5% of the BWR
such as high conductivity, high chlorine concentra- system faults. All the drywell events involved either
tion, or high activity in the recirculating water rather high oxygen concentrations or pressure differences
than recirculat, ion problems. In one case both recir. between the drywell and the suppression pool. Sup-
culation pumps tripped on high pressure caused by pression pool events involved high or low water
an operator error. levels, high water temperatures, and high oxygen

concentrations. Leaks in personnel and equipment
BWR RCIC events were more hardware-oriented. penetrations as well as valves were responsible for

SCSS information for Bnmswick 2 and Hatch 2 most of the containment isolation system events;
showed electrical faults to be a common cause of there were also cases of an open pipe at each of
problems with the RCIC turbine speed control. Quad Cities I and Peach Bottom 3.
including an overspeed trip during a test, a
stop/ throttle valve operator problem during RCIC Twenty-seven BWR system faults described the.

operation, flow control problems in the auto posi- environment, with ten of these at Peach Bottom 2.
tion, and a problem in the turbine ramp generator The majority of these system events described

i that caused flow controller faults on two occasions. postulated earthquakes. Most other environmental
The turbine exhaust diaphragm was also a source system occurrences described either inadvertent
of problems; in one case it ruptured due to a radioactive contamination of the atmosphere or
blocked line caused by a diaphragm check valve cases where an environmental condition (such as
problem and on two other occasions faults in its heat, high ground water, or high barometric
pressure switches resulted in the RCIC system being pressure) had an impact on a plant.
unavailable. The other two RCIC hardware prob-
lems at Brunswick 2 and Hatch 2 were caused by For PWRs, the following systems each had 20 or
switch faults;in one case RCIC was isolated on high more occurrences: reactor core, containment isola-
temperature due to a fault in the RCIC steam line tion, primary coolant, residual heat removal

.
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/ Table 39. BWR total system fault counts by plant and system

FIO System

AA AL AD AA do d. 4 or
_____________________________________________________________'_________________.

1BEP1 0 0 0 3 0 4 s

BEP2 2 0 1 6 0 7 u J

BRF1 0 0 0 0 0 A L .

ORF2 1 0 0 2 0 0 i t

DRF3 4 0 0 3 0 ? a o

BPP1 0 0 0 0 0 . e .

CPRI O O O O J 2 J t

DAC1 0 0 0 0 0 2 J .

DRS2 C 0 0 1 0 0 o o

ORS 3 1 0 0 1 1 1 t"

EIH1 0 0 0 4 0 a v ,

| EIH2 1 0 0 1 0 t c t

hMB1 0 0 0 0 0 0 t
-

JAF1 1 1 0 ? O 3 L

LdR1 C S 0 1 0
~

o
'

>

NNP1 0 0 0 0 0 s v .

NNS1 0 0 0 2 1 0 0 t

(hMP1 1 0 1 0 0 i s

OCP1 2 0 0 0 0 0 6 i
Pn52 0 0 0 1 0 4 G a

PBS3 0 1 1 0 0 i s .

PPS1 0 0 0 2 0 4 C L

GA01 C 0 0 0 C 3 3 L

GA02 0 0 0 0 0 1 3 s

VYS1 0 0 0 0 0 3 0 i
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . . . .

13 2 3 26 2 4 i !TOTAL -

FID System
_

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ ' .CC OA Do U .4 cA . . , to t

P1 0 0 0 0 0 t ;

Bg'P2
-

bc 0 0 0 0 0 t o '.

S v, F 1 0 0 3 v 2 0 0 <

BRF2 0 0 4 0 0 .,

dEF3 0 1 0 0 0 L u t

BnP1 6 0 0 0 0 .

CPRI C 0 1 0 0 L t .

DAC1 0 3 2 1 o t a t

DRS2 G 0 0 e s .. .

0433 0 0 0 0 0 0 0 <

EIH1 0 0 1 3 o . .

01H2 0 0 0 0 o o ; ,

0 0 3HMdl O C 0 v -

JAF1 3 0 0 v 3 u ,

LBR1 0 0 1 0 1 0 1 s

NNP1 1 0 0 0 o '
,

MNSI O 0 0 1 1
~

- ,

hMP1 0 0 0 0 0 C J ,

CCPI O 0 2 6 1 s a s

P652 0 0 1 0 0 v u (

PdS3 E. 0 1 1 0 ..

PPS1 0 0 0 0 0 ;
QAD1 C 0 1 0 0 u 6'

QA02 0 G 0 0 0 L 0
VYS1 0 0 0 0 0 L ; i

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ . .
1 1 17 3 5 1TOTAL - .
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Table 39. (continued)o

FID System

KF KL KW KA 30 a0 5. sr
-__--.._----__---_-_-___---__-- _____ __--_____--__.__________________________.
B2P1 0 0 0 1 1 c s o

BEP2 0 0 0 1 5 6 0 t

-BRF1 0 0 0 v 0 ; , o

BRF2 0 0 0 0 i c 0 .

6RF3 0 C 0 0 0 0 3 L

BRP1 0 0 0 0 0 0 v s

CPR1 0 0 0 0 0 0 0 t

CACl 0 0 0 0 2 6 . .

DRS2 0 0 0 0 0 t to

DRS3 0 0 0 0 0 C L C

EIH1 2 v 0 0 3 * t.

EIH2 1 0 0 0 0 1 1 (

PMB1 0 0 0 0 0 t S e
'

JAFl 0 0 0 0 J 1 .

LSR1 0 o 0 0 0 0 v t

MNP1 0 0 0 0 0 a s t

MN51 0 0 0 0 0 1
-

t.

NMP1 0 0 0 0 0 J t.

DCPl 0 0 0 0 2 e ('

PdS2 0 0 0 0 0 o / ,

FdS3 0 0 0 0 0 1 N i

ppd 1 0 0 0 0 1 2 u ,

OA01 0 0 0 0 0 1 0 t

CA02 0 0 0 0 0 L u t

VfS1 0 1 0 0 0 0 e L

_ _ - - . _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ - - _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
3 1 0 2 15 i2 3 '

TOTAL -

FID System

1Y 22 laiAL
--___________________-________-_-_

bEP1 0 0 1C
BEP2 0 0 44
BdF1 0 1 1A
BRF2 0 0 11
NdF3 0 0 I?
BRP1 0 C a

'
OPR1 0 0
DAOl 0 0 lo
DRS2 0 0
LRL3 0 0 1
EIH1 0 0 4
LIH2 C 0 2

I' HMB) 0 f, o

JAF1 0 0 1.

L3R1 0 0 G-

MNP1 0 0 A

MNS1 0 3 7
lMP1 C 0 7
LC P 1 0 0 13
PB42 1 C 23
Fes3 0 C 9
Pv31 O u 19
CA01 0 0 G

QA02 0 0 5

bfS1 0 0 9
..

. ___-_______....__---______ _______

10TAL i 1 31d

1
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Table 40. (continued)

FID Syster.

BT CA CB CC C0 CF CH

AN01 0 0 0 0 0 0 0
ANO2 0 0 0 1 0 0 0
8VS1 0 0 0 0 0 0 0
CCN1 0 0 0 1 0 0 0
CCN2 0 0 0 0 0 0 0
CRP3 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0
0 2 0 0 0 0 0 0 0
FC S1 0 0 0 0 0 * O O

HBR2 0 0 0 0 0 0 0
HNP1 0 0 0 0 0 0 0
IPS2 0 0 0 0 0 0 0
IPS3 0 0 0 0 0 0 0
JMF1 0 0 0 0 0 0 0
KNP1 0 1 0 0 0 1 0
MGS1 8 0 0 0 0 0 0
MNS2 0 1 0 0 0 0 0
MYP1 0 0 0 0 0 0 0
NAS1 0 0 1 0 0 0 0
NAS2 0 0 0 0 0 0 0
NEE 1 0 0 0 0 0 0 0
NEE 2 0 0 0 0 0 0 0
NEE 3 0 0 0 0 0 0 0
PALI O O O O O O O

P8H1 0 0 0 0 0 0 0
P8H2 0 0 0 0 0 0 0

, PIN 1 0 0 0 0 0 0 0
' PIN 2 0 0 0 0 0 0 0
REG 1 0 0 0 0 0 0 0
RSS1 0 1 0 0 0 0 0
SGS1 0 0 0 0 1 0 0
SGS2 0 0 0 0 0 0 0
SLS1 0 0 0 0 0 0 0
$NP1 0 0 0 0 0 0 0
5051 0 0 0 0 0 0 0
SPS1 0 0 0 0 0 0 0
SPS2 0 0 3 0 0 0 0
TMIl 0 0 0 0 0 0 0
TMI2 0 0 0 0 0 0 0
TNP1 0 0 0 0 0 0 0

.TPS3 0 0 0 0 0 0 0
TPS4 0 0 0 0 0 0 0
YK R1 0 0 0 0 0 0 0
ZIS1 0 0 0 0 0 0 0
ZIS2 0 0 0 0 0 0 0
____________________________________________________________________________.

8 3 4 2 1 1 0TOTAL -
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0 0 1 0 0 0
;O O 1 0 0 0
|0 0 0 0 0 0
-0 0 2 1 0 1

]O O 3 1 0 0
-0 1 0 0 0 0
'O O 1 0 0 0

3 0 0 0 0 0
+0 0 0 0 0 0
'O O 2 0 0 0
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?0- 0 1 0 0 0
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Table 40. (continued)

FID System
_

HD HF HH HK HS Hi HW l
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
AN01 0 0 0 0 J 0 0
ANO2 0 0 0 0 0 0 0
BVS1 0 0 0 0 0 0 0
CCN1 0 0 0 0 0 0 0
CCN2 0 0 0 0 0 0 0

CRP3 0 2 0 0 0 0 0
08S1 0 0 0 0 0 0 0
DCC1 0 0 0 0 0 0 1

DCC2 0 0 0 0 0 C 0

FCSI O O O O J 0 0
HBR2 0 0 0 0 J 0 0
HNP1 0 0 0 0 J 0 0
IPS2 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 0
JMF1 0 0 0 0 0 0 0
KNP1 1 0 0 0 3 0 0
NGS1 0 0 2 0 0 0 0
MNS2 0 0 0 0 0 0 0
MYP1 0 0 0 0 0 0 1

NASl 0 0 0 0 0 4 0
NAS2 0 0 1 0 0 0 0
NEE 1 0 0 0 0 1 0 0
NEE 2 0 0 0 0 0 0 0
NEE 3 0 0 0 0 0 0 0

PALI O O O O O O 0
PBH1 0 0 2 0 0 0 0
PBH2 0 0 0 0 0 0 0
PIN 1 0 0 0 0 0 0 0
PIN 2 0 0 0 0 0 0 0
REG 1 0 0 0 0 0 0 0
RSS1 0 0 0 0 0 0 0

SGS1 0 0 0 0 J 0 0
SGS2 0 0 0 0 0 0 0
SLS1 0 0 1 0 0 0 0
SNP1 0 3 0 0 0 0 0
50S1 0 0 0 0 0 0 0
SPS1 0 1 0 0 0 0 0
SPS2 0 0 1 0 0 0 J
TMIl 0 0 0 0 0 0 0

TM12 0 3 1 2 0 0 0
TNP1 0 0 0 0 J 0 0
TPS3 0 0 0 0 0 0 0
TPS4 0 0 0 0 0 0 0
YKR1 0 0 0 0 0 0 0
ZIS1 0 0 0 0 0 0 0
ZIS2 0 0 0 0 0 0 0
_____________________________________________________________________________

1 9 8 2 1 4 2TOTAL -
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Table 40. (continued)

FID System

SF SH SI SK SL SP ST Si
- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ,

ANO1 0 0 s0 0 0 0 0 (
ANO2 0 0 0 0 0 0 0 (
BVS1 0 0 0 0 0 0 0 (
CCN1 0 1 0 1 a 0 0 gCCNE O O 0 0 0 0 0 ,

CRP3 0 0 0 0 0 0 0 (
DBS1 0 0 0 0 0 0 0 (
DCC1 1 0 0 0 0 0 0 (
DCC2 0 0 0 0 0 0 0 (
FCS1 0 0 0 0 0 0 0 (
HBR2 0 0 0 0 0 0 0 (
HNP1 0 0 0 0 0 0 0 (
IPS2 0 0 0 0 0 0 0 CIPS3 0 0 0 0 0 0 0 (
JMF1 0 0 0 0 0 0 0 gKNP1 0 0 0 0 0 0 0 t
MGS1 0 0 0 0 0 0 0 C
MNS2 0 0 0 0 0 0 0 (
MYP1 0 0 0 0 0 0 0 CNASl 0 0 0 0 0 0 0 t
NAS2 0 0 0 0 1 0 1 t

NEE 1 0 0 0 0 0 0 0 C
NEE 2 0 0 0 0 0 0 0 C
NEE 3 0 0 0 0 0 0 0 0
Pall 0 0 0 0 0 0 0 (PBH1 0 0 0 0 0 0 0 C
P8H2 0 0 0 0 0 0 0 CPIN 1 0 0 0 0 0 0 0 C
PIN 2 0 0 0 0 0 0 0 (
REG 1 0 0 0 0 0 0 0 r

RSS1 0 0 0 0 0 0 1 i
SGS1 0 0 0 0 0 0 0 i
SGS2 0 0 0 0 0 0 0 tSLSI O O O O O O O (
SNP1 0 0 0 0 0 0 0 (
SOS 1 0 0 1 0 0 0 0 t

SPS1 0 1 0 0 0 0 0 c
SPS2 0 0 0 0 0 0 0 t
TMIl 0 0 0 0 0 0 0 <

TMI2 0 0 0 0 0 0 0
TNP1 0 0 0 0 0 0 0
TPS3 0 0 0 0 0 0 0 t
TPS4 0 0 0 0 0 0 0 C
YKR1 0 0 0 0 0 0 0 <ZIS1 0 0 0 0 0 0 0

'IZIS2 0 0 0 0 0 u 0
_______________________________________________________________________________
TOTAL 1 2 1 1 1 0 2 (-
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!
-

SY dA. dC WF.>______'___________________________.WE_____________

! 2 0 0 0 0
| 1 0 0 0 0

3 0 1 0 0
0 0 0 0 0

| 1 0 0 0 0
, 0 0 0 0 0'
! 2 0 0 0 0 -

4 0 0 0 1
2 0 0 0 1
0 0 0 0 0
0 0 0 0 0

i
~

0 0 0 0 0
'

! 0 0 0 0 0
0 0 0 0 0~
1 0 0 0 .0

| 0 0 0 0 0
| 1 1 0 0 0

2 0 0 0 0-'

0 0 0 0 0
! 3 0 0 0 0

0 0 0 0 0 !

1 4 0 0 0
0 0 0 0 0
0 0 0 0 0
5 0 0 0 0

i 0 0 0 J 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 5 0 4 0
0 0 0 0 0
1 0 0 0 0
1 0 0 0 0
2 0 0 0 0
l' O 1 0 'O
1 0 0 0 0
1 0 0 0 0 '

2 0 0 0 0
3 1 0 0 0
1 0 0 J O
O O O O O
1 0 0 0 0
1 0 0 0 0~
0 0 0 0 -0-
3. 0 0 0 0

b______________________________________________
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Table 40. (continue

F10

------------

AN01
ANO2
BVS1
CCN1
CCN2

- CRP3
OBS1

- OCC1
DCC2
FCS1
HBR2
HNP1

' IPS2
IPS3
JMF1
KNP1
MGS1
MNS2
MYP1
NASl
NAS2
NEEl
HEE 2
NEE 3
PAL 1
PBH1
P8H2
PIN 1
PIN 2
REG 1
RSS1
SGS1
$GS2
SLS1
SNP1
SOS 1
SPS1
SPS2
TMIl
TMI2
TNP1
TPS3
TPS4
YKR1
ZIS1

-ZIS2
_ - - _ - - .
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System

WH WI dL ZX ZY ZZ TOTAL
____________________________________________________________

0 0 -0 0 0 0 2
0 0 0 0 0 0 13
2 0 0 0 0 0 26
0 0 0 0 0 0 11
0 0 0 0 0 0 6
0 0 0 0 0 0 16
0 0 0 0 0 0 19
0 0 0. 0 0 0 14
0 0 0 0 0 0 21
0 0- 0 0 0 0 2
0 0 0 0 0 0 6

-0 0 0 0 0 0 3
0 0 0 0 0 0 1
0 0 0- 0 0 0 3
0 0 0 0 0 0 9
0 0 0 0 0 0 5
0 0 0 0 0 2 36
0 0- 0 0 0 0 10
0 0 0 0 0 0 7:

0 0 0 0 'O O 341

; O O O O O O 23
| 0 0 0 0 0 0 10

O .0 0 0 0 0 5'

0 0 0 0 0 0 0
0 0 0 0 0 0 15
0' O O O O O 3

. O' -O' O O O O 2
| 0 0 0 0 0 0 2

0 0 0 0 0 1

|. 0 0 0 0 0 2
- 0 1 0 0 0- 22

0 0 0 0 1 0 10
0 0 0 0 0 0 22

: 0 0 0 0 0 0 9
O O O 2 0 0 28'

0 0 0 0 0 0 16
0 -0 0 0 0 0 21 >

0 1 0 0 0 0 8
i 0 0 0 0 0 0 3

0 0 0 0 0 0 8
0 0 0 0 0 0 6
0 0 0 0 0 0 1

0 0 0 0 0 0 7
0 0 0 0 0 0 4

L 0 0 0 0 0 0 2
0 0 0 0 0 0 3

__________ _________
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RHR), primary reactor containment, and environ-
ment. The largest cumber is associated with the BWR
pnmary coolant system. These faults involved the System
reactor coolant being in some way out of specifica- BWR BWR LERs Faults
tion, such as radioactive contamination from leak- Plants (%) (%)
ing fuel (1 131) (34%), thermal transients or high ;

or low temperatures (29%), low boron or high
chloride concentrations, ami Iow or high pressures. Brunswick 2 10.2 13.8
None of these faults were failures of the system to Browns Ferry I 5.8 3.5
remove heat from the primary system. Dresden 2 5.2 2.8

Hatch I 9.8 14.5
System faults related to the PWR reactor core Hatch 2 9.3 6.3

were similar to the primary coolant faults. The Peach Bottom 2 3.0 7.2
majority involved flux abnormality. PWR contain- Pilgrim I 4.0 6.0
ment isolation system fauhs represented penetration
and valve leaks, as with BWRs; however, most of PWR
the penetration events were related to personnel System
penetrations rather than equipment penetrations. PWR PWR LERs Faults

- For RHR, system faults flagged a variety of events Plants (%) (%)
including relief valve problems, a relay closing a
suction valve on two occasions, several cases of a North Anna 1 3.6 7.1
residual heat removal train being secured while Ranch Seco 1 2.4 4.6
another one was inoperable, and other personnel Salem 1 5.1 2.1

errors.

Like BWR drywell events, the PWR primary
reactor containment events involved high in conclusion, the exploratory trend and pattern
temperature and/or high pressure. Environment analysis of system occurrences in the 1981 LER data
events for both facility types were also similar. For shows many areas for further study. In most cases,
most of the other systems, events were spread evenly system level problems with primary reactor systems
across the PWR plants. Neither plant type has a and with structural systems show events with
high incidence of instrumentation system faults. system-levelimpacts rather than losses of function,

while events flagged for such systems as HPCI and
For both BWRs and PWRs, the number of RHR indicate hardware problems. However, this

system faults is roug'hly proportional to the number is not true in all cases and more detailed followup
of LERs. Plants whose percentage of the total efforts to separate system events involving a loss
system faults for the plant type differs by a:2 from of function from those showing system level impacts
the percentage of LERs for the plant type are listed is needed. Also, cases of certain plants having
below. No system faults were associated with unusually high or low numbers of system faults are
Humboldt Bay. candidates for further investigation.
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CONCLUSIONS

An ability to perform trend and pattern analysis normal operation; refueling is the second most
based on contingency tables has been developed. prevalent initial condition for the events for BWRs
Through the contingency tables produced by the and cold shutdown for PWRs. As with LER repor-
CONTING/ CONTIN 2/BNIDP methodology, the ting, there is much plant-to-plant variation in the
LER information in the SCSS data base can easily reported initial conditions. For nearly 95% of the
be manipulated and profiled. These table displays events, no significant effect on the status of the
provide the capability to study both narrow and plant was observed; radiological release and person-
broad segments of the operational data. nel exposure were not present in 98% of the events.

,

In this study, these tables have been used to Events that did impact the status of the plant
obtain an overview of the activities and problems involved mostly automatic scrams and manual shut-

reported in 1981 by the licensees. That is, the main downs. There were few instances of engineered*

product of this initial, exploratory trend and pat- safety feature actuation, especially at BWRs. There
tern analysis of 1981 LER data is an overview of were no instances of forced power reductions in the

that data showing what events have taken place and reported LER events, and < 1% involved extensions

their frequency. Each of the preceding In conclu- of preexisting outages. Reductions in plant
sion paragraphs has presented this type of infor. availability associated with compliance with limiting
mation. A summary of these findings follows, in conditions for operation are reportable to the LER
the next few paragraphs. system. Since the combined effect of manual shut-

downs, manual scrams, and extensions of preex-
BWRs filed an average of 57 LER reports per isting outages averages < 1 1/2 events per plant in

plant, while PWRs filed 51 on the average. 1981, such reductions in asailability in 1981 were
However, individual plant reporting varied wide. not extensive.
ly, with BWR plant report counts ranging from 5
to 145 for 1981 and PWR plant LER counts rang- The LERs reporting radiological release in most

ing from 8 to 189. The LER reporting distributions cases indicated an amount less than technical
are skewed, with more plants filing fewer LERs dur. specification limits. In three cases, the release ex-

ing 1981 and fewer plants filing large numbers of ceeded those limits. All cases of personnel exposure

LERs. Although this behavior exists for both plant exceeding five rems are reportable, including repair

types, it is more pronounced for PWRs. There are and cleanup activities associated with events; two

relatively few BWR plants with fewer than 20 LERs BWR and eight PWR events indicate such
from 1981. The variations in the total number of expo nre.

LERs filed by each plant in 1981 emphasize the need
The events reported in the 1981 LERs involved

to distmguish between plants in reporting LER data.
a variciy of hardware. For both plant types, the
most common faults were associated with valves.

There is similar variation in the distribution of Leakage of containment isolation valves occurred
LER reporting over time in 1981. Although both frequently for both plant types. Check valve
plant types (on average) were below their annual faulting was also prevalent for both plant types.
average number of reports per month in February Some BWRs experienced bypass valve problems,
and h1 arch, and above it in April, this trend does while relief valves were the next most common s alve.

not hold for individual plants nct for the rest of problem area for PWRs.
the year. Thus, no seasonal patterns in reporting
were observed in the 1981 data. h1 ore years cf da:a Instrumentation and control (I&C) components

- are needed in order to examine this issue and deter- are the second majcir area of faulting in the hard-
mine causes for seasonal patterns if they exist. ware. The combined effect of the I&C component

faults exceeds that of valves. Set point drift /out of
A variety of events are described in the LERs. calibration problems were common. hioisture and

hiost LERs describe single related sets of occur- loose connections were each factors in several of
rences. LER counts would increase by N8% overall the events. BWR I&C faults were dominated by
if each separate event (sequence) were reported in problems with switches, while PWR problems were
a separate LER. hiost of the events occur during dominated by indicator faulting.
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Faulting in many other component types was also - Repairs of steam generator tubes involving*

reported in the 1981 LERs, Tanks had low level ' personnel exposure at 5 PWRs (Indian
problems, primarily caused by valve leakage or per- Point 2. Millstone 2, Oconee 2, St.
sonnel errors. Diescis had many mechanical prob- Lucie 1, and Yankee Rowe 1)
lems in their support systems. Slightly over 100 fuel
chment leaks were reported. BWRs had problems Control rods mispositioned at iPWR*

~w.th personnel, equipment and piping penetrations, (North Anna 1)and 1 BWR (Brunswick 2)
while personnel and . electrical penetrations
dominated the penetration problems in PWRs. Diesel subsystem problems at 3 BWRs*

Valve . operator problems were dominated by (Browns Ferry 3, Brunswick 2, and
electro-servo operators for both plant types; fol' Hatch 2) and 2 PWRs (Farley I and .

Iowed by solenoid operators in BWRs and by Salem 2)
pneumatic operators in PWRs. Pump faulting was
associated with many of the events. Fuel assembly leaks at i BWR (Hatch 1)*

,

and 2 PWRs (Surry 1, Arkansas Nuclear 2)
Faulting at the subsystem or train level affected

the diesels and the residual heat removal system for
both plant types. PWRs also had auxiliary feed- Clogged filters in a heat exchanger at a*

water and chemical and volume control system train BWR (Brunswick 2)
level occurrences. Instrumentation faults affecting

Fan cooling unit tube leaks and command*channels occurred at both plant types. Hardware
problems affecting the overall operation of the reac. faults at 2 PWRs (Salem I and 2)
tor core isolation cooling and high pressure coolant

Resistance temperature device faults at ainjection BWR systems and the residual heat *

removal and containment isolation PWR systems PWR (Arkansas Nuclear 2)
were also reported.

Fire detection instrumentation problems*

Of all the esents,36% involved personnel errors. over a two-week period at a PWR
The largest grouping of these was associated with (McGuire 1)
nonoperator utility personnel.

* Level transmitter faults at a PWR
In addit. ion to providing an overview of LER (Sequoyah 1) involving installation errors

.

. activity, another capability of the trend and pattern
,

- analysis is to identify outliers and anomalots
~

Over 35 isolation valve occurrences at each,
*

behavior within the data that would be good can-
M wo BWRs ~ (Peach Bottom 3 anddidates for detailed engineering followup. By ex-
Coo 60 M M two PWRs

amming tables of event counts based on large
,,

(McGuire I and Cook 2)segments of the LER data base, the techm,que ts m.
tended to identify whether there are situations that
may have safety significance due to their high or A breaker trip involving 31 valve operators*

at a PWR (Point Beach 1). wide-spread incidence. The recognition of incident
recurrence, increasing rate of occurrence, or a pat-

Residual heat removal train-level faults at*tern of occurrence is enhanced by the capability to
define conditions of interest, then examine the pat- 3 BWR plants (Browns Ferry 2, Hatch 1, -

tern of LER reporting of these events among plants, and Oyster Creek)

over time, and/or over other factors.
Auxiliary feedwater train-level faults at -*

In this study, outliers were investigated and issues 4 PWR plants (Zion 2, Robinson 2,
that might deserve further discussion and resolu- Sequoyah 1, and Arkansas Nuclear 2)

- tion with the licensees ~ were raised. Some examples
Reactor core isolation cooling events atof apparent outlier situations are the following: *

2 BWRs (Brunswick 2 and Hatch 2)
Unintentional ' engineered safety feature*

Plant contractor personnel faulting at a' actuation at a few PWR plants (McGuire 1, *

North Anna 2 Salem I, and Salem 2) BWR (Hatch 1).
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The scope of this study did not permit a detailed ' of trend analysis (using tables with counts broken
examination of all of these and similar outliers. down by event date)in this report. As more LER
Where possible, SCSS LER records were examined data becomes available for trend analysis, this prob-

-and particularly for hardware faulting the LER lem will be overcome.
- abstracts were studied. However, for the most part
no firm conclusions were produced from these in- Another problem that will be overcome as more
vestigations. The major reasons for this include the complete data becomes available is the lack of
following: specific reporting for some types of events. Types

of pumps and relays, for example, are often not
* A limited amount of data specified. Piping materials are generally unknown.

Often the type of person involved in human errors-

* Variations in LER reporting practices, in. is not clear. Train and channel population counts
- ciuding variations in the frequency of permitting assessment of losses of redundancy are

~

reporting, the selection of what is report- often not available.' As this information becomes,-

able, and the detail provided in reporting a part of the SCSS data base, trend and pattern
similar occurrences analysis will be improved.

( Variations in representing the events in the A further feature of the trend and pattern '
- SCSS data base. analysis is the ability to formally study the quan-

titative relationships among factors in contingency
- Despite these factors, this study does serve as a tables through log-linear modeling. The potential

preface for more detailed engineering studies of the for this capability has been demonstrated through
outlying cells. The identification and examination an application to personnel errors. Through model-
of such outliers in this study leads to two recom- ing, one can study the structure of the data and

- mendations. One is that the higher counts observed perhaps obtain simplified representations of it. The
- in the data for certain plants in comparison to other effect estimates associated with models that fit the
plants in many cases provide discussion points for data describe the relative contributions that levels

. the NRC and individual licensees. Secondly, many of the various factors make to the observed cell
incidences of high counts, including those not ex- counts. Furthermore, the approach provides a
plained in this study, should be subjects for future useful tool for systematically identifying cells as well
investigation. Having these counts in a form where as levels of factors that are outliers. Log-linear
they can be identified provides direction for such modeling applications for SCSS LER data can be
future studies. further enhanced when: the concern about the spar-

sity of the data is remedied; greater insight into
- An observation about most of the overview tables meaningful data comparisons and configurations

is that the data are sparse. That is, there are many in spite of reporting and other variations is gained;
zeros in the tables. The tables, being counts, are the licensees report subsystem, train, and channel
aggregates that. weigh all items in a single cell populations; and the software is further refined to
equally. Unfortunately, as more SCSS variables are - facilitate normalizing the counts by such factors as
added to produce tables with comparable and the size of populations at different facilities.
homogeneous entries, the tables increase in dimen-
sion, automatically becoming larger and more In summary, this exploratory trend and pattern
sparse. For the SCSS data, the necessity ofincluding - analysis has provided insights into the information-

'
' plants in the tables to maintain a minimal level of reported in the 1981 LERs, pointed out areas for-

'

resolution is a major contributor to this sparsity. future investigations, and also demonstrated areas
One year of data is not adequate to overcome this having few events where no special concern or.,

problem. This is the reason for the limited amount followup is warranted at this time.

,
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MAJOR SUBJECTS FOR FUTURE ANALYSIS

Currently, future exploration and analysis of the 5. The age of the plant and its correlation with
. SCSS data are envisioned to encompass four general the frequency and types of events reported.
areas.

The third area for future efforts is best referred
The first area is a continuation of the current to as Special Topics. Here, specific phenomena

1981 trend and pattern analysis activity. This deemed interesting will be treated. The exploratory
preliminary look at the 1981 LER data could not nature of these efforts leaves them loosely defined.
cover everything. The possibility exists for study- The general topics being postulated for further

,

ing additional component groupings and other areas analysis include:
of the data base. In addition, further depth in this
analysis could be pursued. For example, more of 1. Leak events, which would entail a study of

'the SCSS LER information could be read to iden- the systems that are leaking, the systems
tify which subsystem incidents involve loss of receiving the leaks, BWR and PWR com-
system capability and which incidents involve loss parisons, and size distribution.

. of redundancy at a lower level. Similarly, system
faults events could be studied on an individual LER

i
, 2. Containment isolation system leaks, which

basis to dist,nguish which ones indicate an impact would be evaluated as in item 1, but
on a system rather than a system loss of function. specific to the containment isolation

system. Further, this analysis would be
' Another topic is the defining of factors that im- e ntrasted to the general findings.

pact and/or facilitate the characterization of the
data and its underlying distribution. A host of fac-

3. Valve faulting by system.tors exist whose significance in understanding the
observed counts simply is not known at this time.
Included among these are: 4. Plant grouping, which would involve the ,

idea of generating a set of factors that can

1. The efficacy of maintenance and testing be used to group plants into homogeneous
groups based on reporting activity or other

~2. The possibility of correlating incidents and criteria.
plant status

The last area is statistical modeling. Modeling is
3. The relationship between the occurrence of not distinct from the topics above. In contrast it

events and the number of critical hours for represents a very practical tool which would likely
plants . be used in the preceding areas. However, the model-

ing of specific events, e.g., personnel errors, exists -
4. The time when events are discovered and as a stand alone category for future efforts.

how this relates to the plants initial hours Appendix B presents an example of a typical model-
and the amount of activity for the plant ing possibility.

. ,

4 3

.
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APPENDIX A
HARDWARE FAULT TABLES

This appendix contains contingency tables with tables included under I&C/ relays and I&C/trans-
fault counts by plant and component for each of mitters that contain potential faults in addition to
the 22 component groupings. The tables are for the actual faults. Counts that are specifically addressed
most part in pairs, with each BWR table followed in the " Hardware Faults" section of the text are
by a PWR table. The two exceptions are PWR shown boxed in these appendix tables.

,

.

Table A-la. Fault counts for accumulators / reservoirs-BWRs

FID Component

Accumulator Reservoir Tank Total
._____ _______ _______________ ________ ______

o f- P 1 3 0 1 4
SEP2 0 0 2 2
nWF1 0 2 1 3
8EF2 0 0 0 0
BRF3 0 1 0 1
BRP1 0 0 2 2
CPel 0 1 0 1
CACI O O 0 0
OW12 0 L 3 6
OR53 0 2 0 ?
EIal 0 5 c. 13
sIH2 5 2 1 o
Ho61 0 0 0 0
JAF1 0 0 5 5
LdR1 0 0 4 4
f.1 P 1 0 0 0 0
PN31 0 0 0 0
NNP1 0 0 0 0
GCP1 0 6 4 10
P832 0 4 2 6
PBJ3 0 0 0 0
PPs1 0 0 0 0
Caul 0 0 0 0
CA02 0 0 0 0
Vfs1 0 1 0 1
___________________.________ _______ _________

13TAL :4 20 33 70
.

O
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Table A-1b. Fault counts for accumulators / reservoirs-PWRs

FID Component

Accumulator Reservoir Tank Total
__________________________.-__________________

AN01 0 C A 1
Ah62 0 C U C
'bWsl 2 1 3 6
CCN1 1 1 1 3 *

CC h2 0 0 A 1
CAP 3 0 0 1 1
0631 0 G 1 1
DCC1 0 0 9 4 .

LCC2 0 1 3 4
FCil 0 0 0 0
hor 2 C 0 0 0
PNP 1 C 0 0 0
IFS 2 0 0 0 0
1Ps3 0 1 0 1
JnF1 1 1 9 11 ,

KNP1 0 u 4 4
P.G 51 10 1 17 20
r.h S 2 C 1 3 4
eYP1' O O O O
NAbl 9 2 5 16
NA32 6 2 17 25
NEc1 C L 0 0
hCC2 C 1 0 1
Net 3 0 0 0 0
PAL 1 0 0 6 5
PBH1 0 0 1 1

P8H2 0 0 C C
PIN 1 0 0 0 0
pin 2 0 0 0 0-

dd61 0 0 0 0
Asal 2 7 0 9
$431 C 1 14 15
3GJ2 0 A 10 11
SLS1 C 6 1 y

shP1 1 3 6 lu
6051 0 6 5 11
sP51 1 0 e 9
$PS2 2 9 10 21
in11 0 0 0 0
TMA2 0 0 0 0
TNP1 0 0 1 1
IP53 0 0 3 3
TPa4 0 0 3 3
YKR1 -G 0 1 1
ZI51 0 0 2 2
Z152 0 0 0 0 .

TOTAL 3$ 47 141 223

.
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- Table A-2a. Fault counts for batteries / chargers-BWRs

Component

FID
Battery,_

Battery Charger Total
____________________________________

B991 0 0 0
- BEP2 0 0 0

edF1 1 0 1
BAF2 0 0 0
BRF3 0 0 0
odel 4 3 4
CP91 6 0 6
DAC1- 0 1 1
DR52 1 u 1
UR. 3 0 0 0
EI nl 0 0 0
tIH2 5 1 6
HMhl 0 0 0
JAF1 2 1 3
L841 0 0 0
P.N P 1 1 1 2
FNSI C U 0
hr. P 1 C u 0
LC P1 0 0 0
PB52 (- 0 0
Pd33 0 0 0
PP31 0 0 0
CA01 0 0 0
CAU2 0 0 0
VY51 0 1 1
__________________________ _________

10TAL 20 5 25

'
.

I
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Table A-2b. Fault counts for batteries / chargers-PWRs

Component

FID Battery-
Battery Charger Total

------------------------------------

AN01 2 0 2
Ah02 0 0 0
0V51 2 3 5
C0 rel 1 0 1 .

CCN2 0 0 0
CnP3 1 1 2
06S1 0 0 0
LCC1 0 0 0
LCC2 1 0 1

~

FCs1 0 0 0
hbR2 0 0 0
HNP1 0 0 0
IPS2 0 0 0
1P53 0 3 3
Jr.F 1 0 0 0
khP1 0 0 0
PGdl 7 0 7
Ph52 C 0 0
PYP1 0 0 0
hA51 3 C 3
NA52 2 0 2
NEEl O C 0
hit 2 0 0 0
biE3 0 0 0
PAtl 2 0 2
PsH1 0 0 0
PdH2 C 0 0
PINI O O O
FIN 2 C 0 0
FE61 0 0 0
kaal C C 0
3Gjl O C 0
5Ga2 7 3 14
5L51 0 2 2
5NP1 C 0 0
5051 0 0 0
5PS1 0 0 0
SFS2 3 2 3
TM11 1 0 1
TMIZ 3 0 3
1NP1 0 0 0'

TP53 1 9 1
TP54 0 0 0
YKR1 C 0 0
Z1si 2 1 3
Zi32 0 0 0

-
- ------------------------ ---------

.
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Table A-3a. Fault counts for control rods-BWRs

FID Component

Control
Rod Control.

Assembly Rod Total
____________________________________

BE P1 0 1 4
b6P2 0 U7 7*

64F1 0 0 0
ERF2 0 1 1
BRF3 0 1 1
b4P1 0 0 0
CPR1 0 0 0
CAC1 0 1 1
CRS2 1 1 2
URS3 0 1 1
flH1 C 0 u
tIH2 7 2 4
hMal 0 0 0
JAF1 0 0 0
Lddl 0 0 0
PNP 1 0 0 0
PNSI O O 0
NMP1 0 2 2
GCP1 0 1 1
P6S2 0 0 0
P353 0 0 0
PPil 0 0 0-
CAC1 0 0 0
QAC2 0 0 0
VfS1 C 0 0
__________________________ _________

TOTAL 3 21 24

.

O
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Table A-3b. Fault counts for control rods-PWRs

omponent
FID.

Control
Rod Control

Assembly Rod Total
____________________________________

ANGl C 0 0
Ah02 3 0 3
oVS1 0 2 2
CLN1 3 0 3

-

CCN2 1 0 1
LAP 3 2 0 2
Le31 0 1 1
LCC1 C C a .

LCC2 0 0 g
FCJ1 0 0 0
Pund 4 l' >
HNPL 1 0 1
IPs2 1 1 2
19a3 0 0 0
aMF1 0 0 0
ANP1 C 0 0
FGS1 C 1 1
hh52 1 0 1
hTP1 C A 0
6A31 0 W 7
NA32 2 0 2
NLJ1 0 0 0
6te2 0 0 0
hoc 3 C 0 0
FAL1 0 0 0
PBd1 C 0 0
Phd2 0 0 0
PIN 1 0 0 0
PIh2 C 0 0
kEb1 0 2 2
kail 0 0 0
abgl 0 0 0
5Ga2 0 1 1
SLL1 3 1 4
$Nel 0 0 0
2051 2 0 2
SPsl 0 3 3
$P52 0 0 0
in11 0 0 0
TF12 C 0 o
INP1 0 0 0
iP53 0 0 0
IP54 0 0 0
YKk1 C 1 1
Z151 0 0 0
2152 0 0 0 .

__________________________ _________

10TAL 23 21 44'

.
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Table A-4a. Fault counts for control rod drives-BWRs

FID Component

Control
- Rod

Drive Total
.___________________________

B 31 0 C
* BiP2 1 1

0Wf1 0 0
U4F? 3 0
64A3 0 C
Uk01 0 0
cps 1 0 0
f. A C I O O
ora? 3 3
f;R a 3 0 0

i ElH1 0 C
| LIH2 3 3
' Hedi 0 C

J4F1 2 2
LBh1 0 0
r.N e l 0 0
P N.1 0 C
N1P1 0 C
f>C ? 1 C C
PBs2 0 0
Vd.3 O G
FPel 1 1
QAD1 0 G
C A .' 2 0 0
VYal C C,

( _________________ _________
'

L 10 t c t. Ic lu

..

O
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Table A-4b. Fault counts for control rod drives-PWRs

F ID Component

Control
Rod

Drive Total
---__---.__--.._________.--

ANa1 C C
AN02 3 3
ev51 0 C

*

CCh1 1 1
CCh2 0 0
CRP3 C C
DB31 1 1
DCC1 0 0 -

UCC2 0 0
FCil O C
bdk2 6 6
HNP1 C 0
1Ps2 0 L
AP53 0 0
JNF1 1 1
KN#1 0 0
h651 C C-

rn12 C 0
hf91 0 C
hAal 0 0
N t.2 2 O C
biti 0 0
het2 0 0
Nte3 0 0
PAL 1 1 1
PPH1 0 C
P6N2 0 0
PINI O 0
Fla2 0 0
heG1 0 0
RS)1 0 0
$ Gal C 0
SG52 1 1
5L31 1 1
Shel 0 0
5u51 0 C
LP51 2 2
SPb2 0 0
Inti 0 0
T812 C C
1hP1 0 0
TP53 0 0
TPa4 0 0
YKk1 0 0
2151 0 0
ZIS2 0 0 -

....----------- - ---------

.
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Table A-5a. Fault counts for internal combustion engines-BWRs

FID Component

Diesel
"

Engine Total
___________________________

FiP1 1 3
et P2 G 14-

VGF1 to b
64F2 1
24F3 10
bdP1 3
(Pel 5 3
LAC 1 0 0
CRS2 2 2
0 4 .~ 3 4 4
Lidl 6 6
tIH2 17

OH101 .

JAFL 2 2
LBR1 0 0
NNP1 0 0
FNb1 2 2
NnP1 2 2
LC P 1 1 1
F352 P e
P853 0 0

.

PPSL 0 0'

QAD1 1 1
GAu2 2 2
VYS1 1 1
_________________ _________

10faL 90 40

g .

O
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Table A-5b. Fault counts for internal combustion engines-PWRs

FID Component

Diesel
Engine Total

---------------------------

ANO1 2 2
ANJ2 2 2
Syd1 1 1
CCal 7 7 -

CCN2 6 b
CAP 3 4 4
0621 2 2
LCC1 3 3 .

OCC2 3 3
FCSI O C
96k2 2 2
nhP1 3 3
IPS2 3 3
1933 C
JMF1 44
nap 1 2
PGS1 4 4
MNL2 4 4
PfP1 0 0
hAS1 4 4
t4& a z 3 3
hetl 0 0
hit 2 0 0
hEi3 C C
Pall 5 b
Podl 0 0
vsN2 O C
PINI 1 1
FIN 2 0 L
At61 0 0
8351 1 1
5651 4 4
3G52 4 17
SLal 2 2
5NP1 7 7
5051 3 3
SPdi c 0
LFs2 3 3
1911 G L
TM12 5 5
Thel 2 2
Tv53 1 1
1P34 1 1
Ynx1 2 2
1151 1 1
2142 2 2 .

----------------- ---------

TOTAL 136 136

.
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Table A-6a. Fault counts for noninstrumentation and control filters-BWRs

Component
FID

Process
,

Filter Screen Separator Strainer Total
______________________________________________________

3 F1 3 1 0 0 1
oEv2 3 0 0 0 3.

eaF1 0 0 0 0 0
dEF2 . 0 0 0 0
bdA3 '' O J 0 0
HsP1 3 0 0 0 0
CPil 1 0 0 0 0

- L4 C 1 3 0 0 1 4
C d ', 2 1 5 0 0 1
ieJ3 0 0 0 0 0
etil i 0 u 4 7
RIH 2 ? 3 0 1 6
N't '51 t' O O O C
JAF1 ? O O O 2
L4;l 0 0 0 0 0
rW1 T 0 J 0 0
FN 31 2 0 0 0 2
AG1 0 0 0 0*

.uC s 1 0 2 0 1 3
H8 5 2 0 C G 0- 0

'Ps53 ^ 0 0 v o
FPi] O O O O O
Caul 1 o C 1 1
6902 C 0 0 0 0
VY31 3 0 ) 0 3
________________ ___________________________ _________

INIAL l i- *, 0 9 33

.

e
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Table A-6b. Fault counts for noninstrumentation and control filters-PWRs

Component

FID Process
___

Filter- Screen Separator Strainer Total

AN01 0 0 0 0 0 ,

ANO2 1 0 0 0 1
BVS1 1 0 0 0 1

CN1- 0 0 0 0 0
CN2 0 0 0 0 0
RP3 5 0 1 0 6 -

08S1 1 0 0 0 1
DCC1 0 0 0 0 0
0 C2 0 1 0 4 5
F S1 0 0 0 0 0
N R2 0 0 0 0 0
HNP1 0 0 0 0 0
IPS2 0 0 0 0 0
IPS3 0 0 0 0 0
JMF1 1 0 0 3 4
KNP1 0 0 0 0 0
MGS1 6 0 1 2 9
MNS2 2 0 0 0 2
MVP1 3 0 0 0 3
NAS1 3 0 0 0 3
NAS2 0 0 0 0 0
NEE 1 2 0 0 0 2
NEE 2 0 0 0 0 0
NEE 3 0 0 0 0 0
Pall 0 0 0 0 0
PSH1 0 0 0 0 0
P8H2 0 0 0 0 0
PIN 1 0 0 0 0 0
PIN 2 0 0 0 0 0
REG 1 0 0 0 0 0
RSS1 0 0 0 0 0
SGS1 0 0 0 0 0
SGS2 1 0 0 0 1
SLS1 0 0 0 0 0
SNP1 5 0 0 0 5
SOS 1 1 0 0 0 1
SPS1 1 0 0 0 1
SPS2 0 0 0 3 3
TMIl 0 0 0 0 0
TMI2 1 0 0 0 1
TNP1 0 0 0 0 0
TPS3 0 0 0 0 0
TPS4 0 0 0 0 0
YKR1 0 0 0 0 0 -

ZIS1 3 0 0 0 3
ZIS2 2 0 0 0 2

TOTAL 39 1 2 12 54 ,

|

|
1
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Table A-7a. Fault counts for fuel elements-BWRs

FID en-nnan t

Fuel Fuel*

Assembly Element / Rod Total
. __________________________________

dt P1 C L 0.-

Be P2 0 1 J
BRF1 0 0 0
BRF2 * O o
BRF3 2 0 2
BR91 0 0 0
CPW1 0 0 0
DACI C 0 0
DRSZ C U 0
0R53 c 0 0'
EIH1 0 2 la
LIH2 2 0 2
HM31 0 s1 0
JAFI O C 0
LBW1 0 2 2
M.N P 1 0 0 0
MNSI 1 u 1
NMP1 G 0 J
CC P 1 0 '; O
F632 G O 3
F8Q3 C C 0
FPal C C 0
QA01 0 C 0
GA02 0 G 0
VYS1 0 0 0
. ____________ _______ ___ _________

TOTAL 26 7 33

.

h
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I

Table A 7b. Fault counts for fuel elements-PWRs

"*"
FID

Fuel Fuel
Assembly Element / Rod Total

____________________________________

AN01 0 0
AN02 0 34
oV)1 C 0 .

0C61 C 0 0
CGN2 C C 0
CRP3 1 4 ;'

0851' G 2 2
LCC1 0 C 0 *

LCL2 C 1 1
FCS1 0 0 0
tid k 2 0 0 0
NNP1 0 0 0
1P22 0 1 1
1P53 0 0 0
JPF1 0 0 0i

h:4 91 0 0 0
r,G S 1 0 0 u
r;Ns2 0 0 0
ItY F 1 0 0 0
baal 0 3 3
NAs2 2 0 2
hedi 0 0 0
hEd2 0 0 0
htE3 C C 0
FAL1 C S 5
fdtil C C 0
PSn2 0 0 0
FI sil 1 0 1
FIN 2 C 0 0
esG1 0 0 G
~djl C C 0A
Gal 0 0 0

5G42 4 L 4
LLil C 1 1
dNP1 0 o o
dual 0 0
9 S1 1 13P

.Psc 0 v 0
TM11 0 C 0
Iniz u 0 0
4 <4 P 1 C C 0
TP 3 0 0 0s
TP54 0 t C .

fKy1 I v 10
IIs1 u 0 0
Z142 0 c 0 -

__________________________ _________

Tdial 10 72 o2

.

!
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Table A-8a. Fault counts for generators-BWRs

Component
FID

Motor
Converter Generator Inverter Generator Total*

______________________________________________________
BSP1 0 C 0 1 1
REP 2 7 1 3 1 4*
BRF1 0 0 0 3 3
BRF2 0 0 J ? 2
BRF3 0 0 0 10
BR P1 0 0 0 t 0
CPR1 0 0 1 0 1
CACl 0 0 0 0 0
0R52 0 C 0 i 1
OR53- 0 0 0 1 1
(IH1 r, G b 0 6
FIH2 1 3 3 1 o
HM61 0 0 0 0 0
JAF1 0 1 1 0- 2
LBR1 0 0 0 0 0
PNP 1 J 1 0 0 1
MNS1 1 2 0 0 3
bdP1 1 0 0 1 2
0C01 0 0 0 0 0
PAS 2 0 0 v 0 C
P453 0 il 0 0 J
PPS1 0 0 1 1 2
0A01 0 0 0 0 0
G4D2 0 2 3 0 2
VYS1 0 C ] c 0
____________________________________________ _________

TOTAL t 10 12 22 47

.

m'
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Table A-8b. Fault counts for generators-PWRs

Component
FID

Motor
Converter Generator Inverter Generator Total

__________-_____-__________________--_______-________-

4f4J1 0 0 0 0 '

Ahu2 1 1 0 0 2
aval 0 0 0 0 a *

LCol 1 0 0 0 1
LLh2 1 0 0 L i
LkP3 0 0 2 0 2
U851 0 c 2 0 E

LCC1 0 0 0 0 0 -

L.0 0 2 C 0 1 0 1
VCa1 0 C u C v
Hsw2 C 0 0 0 0
hhp 1 C C O O 3
IPS2 0 3 0 0 3+

IPs3 C 0 0 0 0
Jofi G 3 0 0 3
M<rl 0 0 0 0 L
MG51 C 3 1 0 4
e r15 2 C 0 0 0 3
ffP1 C 0 0 0 )
oA5A C u O O 'J
f.A 3 2 0 0 0 0 C
h6t1 C 2 3 0 5
t. :. 2 C 0 0 0 0
FE_3 C 0 0 0 J
IAL1 1 2 0 0 3
Podl 0 1 1 0 2
Pdhi 0 0 0 0 0
P l.41 C 1 0 0 1
r a tie C 0 0 C J
Esb1 0 0 o u 1
s5.1 0 0 0 0 *J

$331 C C e 0 2
LuS2 0 1 0 0 1-
sual C 1 a 0 d

doel 0 0 2 0 2
.051 0 L u O J
.9: 1 0 0 0 0 0
5934 L 0 0 0 0

*

iM11 C 0 0 0
)Mic 0 1 0 C 1
i t. P 1 0 G 4 0 1
)PJ3 0 2 0 0 2
JFs4 C C 0 0 0

| YK R1 0 0 0 0 u-
LIJi v 1 4 U J
list 0 2 2 0 4 -

_____-___________-_------__--__-____________ ---____--

TafAL 4 24 20 0 4,

.
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Table A-Sn. Fault counts for heat exchangers-BWRs

Component-

FID
Air Unit Cooling Fan Heating Other Heat

(Heat & Vent) Boiler Coil Cooler Condenser Cooler Coil Heater Exchanger Total
_ _______________________________________________________________._________________________________
BEP1 r 0 1 0 0 0 0 0 2 3

Q- 11dip 2 0 0 3 C i 0 0 2
BPF1 L 0 J C 0 0 J 2 4
64F2 0 0 0 1 2 1 0 a 3 4
BRF3 C 0 1 0 C C O C 3 4
PPP1 0 0 $ 0 0 1 0 L S 6
CP41 0 0 0 0 0 0 J U U b

0 0 J v 3 1DACl O 1 3 6

0432 0 0 0 0 0 0 0 v 0 C
6 m i,3 C O J 0 0 t) C 0 0o

> EIH1 0 0 0 2 1 0 0 2 L o
. E I et2 3 ' .) i, v .- 1 2 1 3
* HM11 3 c 3 C 0 6 S s T' t

JAF1 0 0 0 0 0 t, O G 3 s.

L4R1 e e v 0 0 0 0 0 0 v
MP1 C 0 0 0 0 u J G 3 L
rNSI C J 0 a 1 0 J d O i

.e P 1 0 0 0 a 3 0 J ) 1 .,

S
GC P 1 0 0 0 C v 0 2 1 e
Fos 2 0 a 3 ; 2 0 3 C 0 2
P333 3 0 0 0 0 0 ) U 0 s

PPSt C 0 v O C 'J U 3 3^
*

0AO1 O u 0 0 G ;, J '. J.

BAD 2 0 0 0 0 0 C J J ') O
0 v3 0 C 0 sVfS1 3 0 w

_________________________________________________________________________________________ _________
TOTAL 3 1 7 3 7 2 3 ', >7 W
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Table A-9b. Fault counts for heat exchangers-PWRs

Component

FID
Air Unit Cooling Fan Heating

(Heat & Vent) Boiler Coil Cooler Condenser Cooler Coil
____________________________________________________________________________

Ah01 0 0 0 0 0 0 0
AN02 G 0 1 2 i L c
evil 0 0 0 0 0 e c
LCN1 C C 0 0 , i o
CCh2 0 0 0 0 ; . O
LRP3 1 0 0 C J L 0
bdL1 0 0 4 G i e b
UCCi 0 v 0 0 0 0 0
6Lc2 L 0 6 2 2 C v
FCs1 C 0 A. ( ) 1 0

| H6k2 0 0 9 1 v G 0
| NNP1 0 0 0 0 ) L 0

IPh2 C C 0 3 s C u
IPs3 C C 1 1 J 1 .;
JMF1 0 0 0 1 ) L 0
KNP1 C U 0 0 0 1 0
6G51 3 0 0 1 J J G
MNs2 0 0 0 1 J 0 0
P.Y P 1 0 0 0 L C L .

Nasl C C 3 6 L L C

BA: 2 C C 0 0 0 L 0
htcl 0 0 0 0 J 1 0
NEL2 1 0 0 2 J L U
Ntc3 0 o G 0 .) v C

PALL O O 0 0 1 4 w

F8H1 C 0 0 0 J L 0
FBH2 0 0 0 v > v L

P141 0 0 0 0 -) U v
P li4 2 C L 0 0 0 ' . - 3

Gdig 1 0 L 0 0 s .

kssi C 0 2 ; 4 e

sG91 0 0 2 s Li 0
$Gs2 0 0 4 0 0 u O

SLSI L 0 0 0 ) 1 0
SNP1 0 0 0 0 0 L J
Sadl C 0 0 0 ; L C

sPal e 0 0 1 J t J
sPs2 L 0 0 3 s L L

,

it:Il u L 0 0 0 0' s

IN12 0 0 u 0 i. L v

1NP1 1 0 0 0 0 2 1

IP53 0 C C 0 ) L 0
\P54 0 C U U L G J
YKR1 0 0 v 0 D v 3
ZIS1 0 o o O e ?*

1134 C 0 0 2 s o J

___________________________g_______g________;_______g________________

a,

Y '

APER M:

CARD

Also Ava&& g
A ertare CardP
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Table A-10a.' Fault counts for IEtCIcircuit breakers-BWRs

Component
FID

AC Circuit DC Circuit Unknown.,

Breaker Breaker Type CB Total
_____________________________________________

BC P1 4 0 0 4
BEP2 6 0 0 6..

ERF1. 6 1 0 7
bEF2 1 C 0 1
BRF3 4 1 0 5
EdP1 2 0 0 2
CPE1 0 0 o .

''

OAC1 2 0 0 2
0432 ? O O 2
0P53 0 0 a 0
EIH1 3 C 0 3
EIH2 3 1 1 i

HM91 0 0 0 C
JAF1 1 C 0 L

L3P1 6 0 0 6
PNP 1 1 v 0 1
PNSI 2 0 0 2
bMP1 0 0 1 1
GCal 1 0 0 1

P652 1 ] 0 1
P833 2 0 0 2
PP)1 o C 0 *

CAD 1 3 0 0 3
LA02 P 0 0 2
VY51 11 C 0 11
___________________________________ _________

TOTAL 71 3 2 76

.

*
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Table A-10b. Fault counts for IErClcircuit breakers-PWRs

Component

AC Circuit DC Circuit Unknown
Breaker Breaker Type CB Total

---_ ---------------------------_-_--------_.

ANU1 0 1 0 1
anUL 0 2 0 2
oval 3 3 0 e *

LCN1 0 0 0 0
CLN2 7 0 0 7
LnP3 4 0 0 4
ta o S 1 12 0 0 12
vv C 1 e 0 0 e -

CCL2 4 0 0 4
PGal 0- 1 0 1
nok2 4 0 4 6
N.s P 1 1 0 0 1
1952 2 0 0 2
1953 C U U 0
J r.f i 4 0 0 4
nHP1 5 0 1 6
. Gal 10 0 1 11*

hmi2 2 0 0 2
eYP1 1 0 0 1
r. A J 1 e 1 0 7
haa2 3 0 1 4
berl e i O 7
f. t c 2 0 0 0 C
hi L 3 1 0 0 1
Fall 1 2 v 3
PoM1 2 2 0 4
fBH2 0 0 0 0
P1ni ; v 0 5
PIN 2 0 0 0 0
mcG1 $ 0 0 5
bS!1 3 0 1 4
: Gal 3 0 0 3
5u52 16 2 0 12
dL31 3 2 0 5
het1 3 0 U 3
.0;l 0 0 v 0
1953 2 0 v 2
>P 2 7 U U 7
1hil C 0 0 0
thI2 0 0 C U
1hP1 0 u i 1
iP;3 1 0 0 1
1F;4 5 0 0 $
YK A1 0 0 0 0
Z151 e A 0 7
21S2 1 0 0 1 -

----------------------------------- ---------
lotAL 140 lb 9 1e7

.
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Table A-11a. Fault counts for ifrCIcomputation modules-BWRs

Component
FID

Totalizer /.
Amplifier Computer Integrator Modifier Summer Integrator Total

_____________________________.___________________________________________
BfD1 C 0 1 0 0 0 1

odPP 1 ; c- O e 7
0sF1 7 0 0 ) C r.
Ed'2 1 0 0 2 4

'

edF3 n 3 e c 0 J C
BRPl 0 0 0 0 0 0 6

CP41 0 t c t & C 1
DiC1 0 a o u 0 0 3
1. 4 22 0 a o c o v 7

? LK: 3 0 c 1 L J 0 1
U EIN1 2 0 0 0 0 0 7

itn2 C 0 s. u O c ^
6191 r g n v g o ,

JAf1 @ 3 @ v 0 0 10
L%1 o a v J J '..

PNP 1 9 0 C C 3 0 0
MN51 0 0 0 L 0 J ^

N991 0 0 J L 0 v 9
GCPI O J .c C 0 0 0
F452 C 0 o G J J 0
Pd 3 G G 0- 0 0 0 0
P3SL 1 0 0 0 J J l
0101 0 1 0 0 0 0 3
GA02 0 0 0 0 0 0 0
VY51 0 0 0 0 U v 0
____________________.___________________________________________ _________

10TAL 10 5 13 C e 2 30
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. Table A-11b. Fault counts for litC/ computation modules-PWRs

c.= went

FID Totalizer /
Amplifier Computer Integrator Modifier Summer Integrator Total

AN01 1 0 6 0 0 0 1

Ah02 0 c 0 0 0 0 6|

BVS1 0 0 0- 0 1 a 1-
CCN1 0 6 0 0 v v o

0 1LCN2 0 1 0 C s

CRP3 4 1 0 0 L 3,

0651 5 C 0 0 o u :

CCC1 1 O O O J- 0 1

LCG2 O C 0 0 0 0 0

FLS1 0 0 0 0 0 C 0
H6F 2 0 1 0 0 i O 2

NNP1 C C v 0 J G 0

IPS2 0 0 0 0 0 3 3

1Pa3 0 0 0 0 9 6 0

JhF1 6 U U 0 9 s u
0

KNP1 C 0 0 0 J v

r.651 1 0 G C C 1 2

rN32 2 1 0 0 , O 3

nfP1 3 1 0 C 1 5o

tu S 1 1 0 0 0 0 0 1

> NAs2 0 1 O 1 2 0 4

6 otti 1 7 C J L L **

* btL2 0 2 0 0 J e 2

i+tt3 1 0 0 0 a c ;

Fall 2 0 0 0 J C 2

Podi 0 0 0 0 0 0 G
3 0 0Pon2 C L 0 v

F1hl 0 0 a 0 ') C 0

rih 2 r' O O O J G u

Et61 0 0 L U 0 0 v

F.551 C 0 0 0 3 0 0

3921 2 4 O C J v o
$SG52 2 u e 2 4 u

4 3
bLal D 6 0 G s

iNP1 0 0 v 0 J O w

Lasi C o o O J 0 o

deal 1 0 0 o v 0 1

3PLZ O G U u o o C

1.31 1 C 0 > 0 ) C L

e t:12 O U U 0 G v v
0 G

INFA C C 0 C s
C1933 C 0 v 0 s s

IFS 4 L G 0 0 2 L 2
0 0 C 0

YKal 0 L s

2151 O L 0 0 0 0 C
z4152 c c 2 L s .

TOTAL 27 40 2 3 d i 61

* *
. ,
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Table A-12b. Fault counts for IGC/ controllers-PWRs,

..

Comoon

FID
Mot

Control Moisture / Cont
Analyzer Operator Voltage Flow Power Level Humidity Cent

Ah01 0 0 0 0 3 L 0 0
ANd2 0 0 0 0 v C 0 1

eVS1 0 0 0 0 v 0 C w

CCN1 0 0 0 0 0 0 L 0
CCN2 0 0 0 0 s 0 u 2
CRP3 0 0 0 2 J L e'

.

Oddl C 0 0 0 e 0 0 0
DC01 0 0 0 C s C C c
LCC2 0 0 0 0 -) L u u
FCS1 0 0 0 0 u C C s
Huk2 0 0 1 0 ') 0 ) w

*HNP1 0 0 0 0 1 0 0 0
1PS2 C 0 0 0 0 0 t 0
IPS3 0 0 1 0 L 0 $ L

JNFL 0 0 1 0 0 C 0 1

KMP1 0 C O u 9 0 C C

hG51 0 L 1 0 J u 0 0
hhS2 C 0 0 0 J . L- 0
MYP1 0 0 0 1 ; L e u
hAS1 0 0 0 0 J v 0 1

NA52 0 0 0 A > C 0 0
hec 1 0 0 0 0 J G 0 u
Nes2 0 0 0 0 w 1 u 9
NLL3 0 0 v 0 J i 5 e
PAL 1 0 0 0 0 1 c 0 0
PdH1 0 0 0 0 v L 0 1

PdH2' O 0 0 0 0 0 0 C

Pihl C 0 0 0 s C 0 0
JPIh2 0 0 0 0 ~> v

'

Ft01 C 0 0 0 v L v s
k5S1 0 0 0 v v C 0 e
SGdi 0 0 0 0 1 1 c e
SGS2 0 0 0 1 0 1 0 0
dLL1 0 0 0 0 e u L 0
Sr4 V1 1 0 0 0 a i a L
1051 0 0 0 2 's i C e
> Pal 0 0 0 0 J 3 0 0
sPS2 C 0 0 0 3 0 0 0
1N11 0 0 0 L ) s v s

1M12 0 0 0 0 v o c c
INP1 0 1 0 0 J 0 C 4

1P53 0 0 1 O a u O C

1954 0 C u C 0 0 0 C
YK41 0 0 0 1 ; O v c
ZIS1 0 0 0 o a * v.

2152 0 v 0 0 ) C C u

1 1 5 6 2 S 0 1TOTAL -

,

f
S e W j,
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Table A-13b. Fault counts for IEtClindicators-PWRs

Comoonent

fl0 Multi- Flux /
Analyzer Cndctvty Voltage Flow Current Power Level Variable Neutron Pressure g~ ~ ~ ~ ~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
AN01 0 0 0 0 0 0 0 0 0 v
*N02 0 0 0 0 0 4 0 0 0
bbJ1 0 0 0 0 0 5 0 1 1

LQN1 0 0 1 0 1 J 0 d 3
LcN2 0 0 0 2 0 0 J u 0 4
CR93 1 0 0 3 0 0 1 0 9 3

Od>l 8 0 0 3 0 0 J 0 1 2
CCC1 0 0 0 0 0 0 3 0 3 3
CLC2 0 0 0 3 0 0 2 0 1 2
FCS1 0 0 0 0 0 0 3 0 0 0
hor 2 0 0 0 0 0 0 0 0 0 1
br4 d 1 0 0 0 1 0 0 0 0 0 0
IPS2 0 0 0 0 0 0 0 0 1 0
1Ps3 0 0 0 0 0 0 J 0 0 0
JhF1 3 0 0 2 0 0 2 0 1 2
nhel 0 0 0 1 0 0 J 0 v 0
RGs1 1 0 0 14 0 0 10 0 2 2
9NS2 1 0 0 0 0 0 2 0 0 0
i> f P 1 L 0 0 1 0 u J 0 3 0
NAS1 6 0 0 3 0 0 1 0 1 0
NAa2 0 0 0 1 0 0 2 0 1 2
Nc;l 0 0 0 0 0 0 2 0 0 0
NE 2 0 0 0 0 0 0 A 0 0 0
Ftt3 0 0 0 0 0 0 0 0 0 0
Fall 0 0 0 0 0 0 J 0 J 0
PHH1 0 0 0 2 0 0 0 0 0 2
98H2 0 0 0 0 0 0 3 0 0 0
pit 1 0 0 0 0 0 0 J 0 0 0
pad 2 0 0 0 0 0 0 0 0 0 0
R 5:01 0 0 0 0 0 0 3 0 J J
Eail 0 0 0 0 0 0 0 0 0 0
dbal 1 0 0 0 0 0 5 0 2 0
SwS2 0 0 0 10 0 0 3 0 4 A
3Lil 6 0 0 1 0 0 0 0 0 1

5:1P1 5 0 0 1 0 0 9 0 2 A

b0s1 1 0 0 7 0 0 J 0 0 A

. Pat 0 0 0 2 0 0 'J 0 0 i
SP32 0 0 0 2 0 0 3 0 1 0
Till 0 0 0 0 0 0 0 0 0 u
In12 1 C 0 0 0 0 5 0 0 2
(NP1 1 C 0 0 0 C A 0 2 4
1P33 0 0 0 0 0 0 0 0 0 0
1954 C 0 0 0 0 0 0 0 U 0
YPA1 0 0 0 2 0 0 1 0 0 1
LIS1 C 0 0 0 0 0 J 0 1 0
Jit2 0 0 0 3 0 0 s u 1 0

TOTAL 59 C 0 11 0 1 59 0 al 39 2

A-28
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. - _ _ _ _ _ _ _ _ _ _ _ _ _ _

i

i

l

Speed / Other
liation Freq. Temp. Vibration Type P_osition Total
. - - - - - - _ . . - _ - - - - - - - - - _ . _ - _ _ - - _ . . . . - - - - - . . .

0 0 ? G C 0 0
2 0 1 C C 0 0
5 0 1 0 4 5 41
!b 0 1 0 1 2 26 ,

'2 0 4 0 1 3 16
iS 2 3 0 3 2 45
!b 1 2 0 2 4 39
2 3 b C 0 1 L9
,4 0 4 0 0 0 lb
t 0 0 0 0 0 i

LL 0 0 0 0 2 4
s 0 0 0 0 1 2
2 0 2 0 0 0 5
1 0 0 0 0 0 1

,4 0 2 C 1 1 26
3 0 0 0 0 0 4

)3 0 4 C $ 2 73
3 0 0 0 2 4 12
0 0 0 0 0 0 4
0 3 7 u O 7 25
o 0 3 0 1 b 24
2 0 0 0 2 1 7
3 0 4 0 0 0 8
3 0 0 0 0 0 3
1 0 0 0 0 0 1
0 0 0 0 0 0 4
0 0 0 0 L u 0
0 0 0 C 0 0 0
0 0 0 0 0 1 1
4 0 0 0 0 1 5
1 0 0 0 1 0 2
1 3 0 0 0 11 26
7 0 3 0 L 20 45
4 0 3 0 1 2 15

to 0 0 0 0 3 46
0 0 0 0 0 1 10

!a 0 0 2 0 1 29
,5 3 3 0 0 0 18
0 0 0 C C 0 0
J 1 1 0 1 0 14
0 0 0 0 0 0 6
0 0 0 0 ( o 0
0 0 0 0 C 0 0

0 0 0 C 0 15,a

!1 0 2 0 0 0 24
,1 0 2 0 0 0 17
,--....---........---_--------------- --.. --

il 4 44 i 25 d3 041

.

n'h

f )

c@D g

r

k

_._..
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* Table A-14b. Fau!t counts for l&Clrelays-PWRs

Component
FID

Over- Under- Undercurrent / Thermal Over- Alarm / Field
Speed Voltage Underpower Overload Voltage Freq. Annunc. Exciter

AN01 4 0 0 0 J G G 2
AN02 C 0 0 0 0 0 0 u
dV51 0 0 0 0 0 0 J v
LCN1 0 0 0 0 0 0 0 u
LCH2 0 o 0 2 v C v b
CAP 3 C 0 0 0 :) U J 0-

u651 C 0 0 u v u O
UjbLCC1 0 u o C G 0 -

LCC2 C E o o u O 0 0
FCSI O O O v 0 0 0 0
Huk2 0 0 0 0 0 v 0 0
HNP1 0 C 0 0 0 0 0 0
IPS2 0 0 0 C 0 v 0 v
IPS3 0 0 0 C a C 0 0
JMF1 0 0 0 C 0 0 0
kHP1 0 0 0 0 0 0 0 0
NG51 C U U 0 0 0 u C
P.N 3 2 C 0 0 0 0 0 0 e
MYP1 0 0 0 0 0 0 0 0
NAhl C 1 0 e a v 0 0
NAs2 C 0 J 0 ) J u O

hkfl C 1 0 0 > u u o
hec 2 0 0 0 0 0 0 0 c
NEc3 0 0 0 0 0 0 0 0
Pall 1 0 0 u 0 0 1 0
FSH) 0 0 0 0 0 C u 1
Pur 2 C 0 0 0 0 0 0 s
PIhl 1 5 0 0 0 C S 0
P l .12 0 1 u C 0 0 J C
RtG1 0 0 0 0 a a 0 a
khal L 0 0 C v b 0 0
5G51 0 0 0 0 0 0 0 .
SGL2 0 1 0 0 0 C 0 1

$ f. s l C 0 0 0 0 0 6 0
SNP1 0 0 0 0 e u G 0
5051 C C 0 0 0 0 0 v
5P51 0 0 0 0 s 0 v u
SPL2 0 1 0 0 v 0 0 0
TM11 0 0 0 0 J G t i
TM12 0 0 0 0 J v v 0
inP1 0 0 0 2 J C 0 0
TPS3 0 0 v v v L 0 J
IPJ4 0 0 u 0 0 0 0 0
YKR1 C 0 3 0 ) G u L
2131 0 2 0 0 v L 0 0
2152 0 0 J c J 0 0 0
-------------------------------------------------------------------------------.

TOIAL 6 30 5 4 11 0 1 4-

*.

A-30
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t

f

.

ockout/ Over- Other Time
' ripping Current Phase Type Sequencer Synchro. Delay Total
.-_--__--- __.. _____ __....--___..._--------.__----.-_--__.-___ -_---_

3 u v a A 0 0 13
0 u v 2 L C 0 2
3 v b 1 0 0 2 3
0 L G 4 v C 1 3 -

1 0 0 1 12O v .

it s 0 1 12r L w

? u c 3 V C 1 6
^ L u v c c 1 le

f 0 v L v A C 4 15
2 e O v 4 0 L o

0 0 00 0 v v v
0 0 10 0 w v a

3 2 0 u L 0 0 2
0 L L w L C C 0
0 0 J A L 0 0 b
J L L 1 0 0 0 1
1 A L a u 0 0 3
O o 0 J 0 C C 0,

0 G % O G U. .

0 C U . ' O 1 2
'

u 6 1 u 0 0 1
0 C 9 . O L 1-

0 t v i 0 0 0 1
0 C C J L 0 C u
9 u L 4 3 0 0 7
1 w G J 1 0 0 3
0 o . a 4 0 0 0
C 0 J U L 0 0 16

0 0 0 16 s v v
O s 0 0 03 c .

t v G & G C 1 h
C C 1e u a v s

0 * v 1 0 '; C 9
0 0 L Q 14 0 0 15
C 4 v s v C 0 6

0 0 30 L U 4 .

> b v b L 0 0 0>

0 0 C v L 0 0 1
0 V C 0 J) L w

1 L s A c 0 0 1
3 v v i i 0 0 3
0 0 L o L 0 0 6
o a L 4 s 0 2 5
3 0 0 3 L C 2 10

L 0 0 29 i, c .
0 6 140 v c o .

p----......----------------------------- ---_---_---_-------_ ---------

13 4 6 /* at C 43 213
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Tab 5 A 15a. Fault counts for IEtCIsonsors-BWRs
-

Component

FID Fire / Moisture / Flux /
Analyzer Flow Smoke Level Humidity Neutron Pressure Radia

__----__--_--______---- _-____. _-__-_---__--------....--------------------.__.
di P1 ? O 3 0 0 2 0

BEP2 5 0 0 0 0 1 0
'

BAF1 0 0 2 0 0 C ;

BRF2 0 0 4 0 0 o u
'

6RF3 0 C 2 0 0 0 a

BRP1 0 0 0 0 0 0 0
CPR1 0 0 0 0 0 v 0
DAC1 0 0 0 0 0 0 v

OAS2 0 0 0 C C 0 s

D 4 .5 3 C G J 0 0 0 u
1EIH1 1 C 0 0 0 v

EIH2 2 0 3 0 1 1 0

HMB1 0 0 0 0 3 C ]

JAFL 0 0 0 0 0 0 0

Lin i 0 0 0 0 0 0 J
M P1 0 0 > <> J O O

MNt1 0 0 0 0 0 0 ?

NMP1 0 0 0 0 0 0 ,

OCPL C 6 0 1 0 0 ;

F052 0 0 0 0 0 0 v
PB53 0 C 0 0 0 0 J
PP51 0 0 1 0 0 0 0
QAD1 C 0 0 0 0 0 J
QA02 0 0 0 0 0 0 )
VYS1 0 0 0 0 0 0 0 ^

----_---------__----------------._-----_--------------------.. -----___-------
10 0 9 1 1 4 3 iT0TAL -

.

' A-32
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|

r
6

Speed / Other
tion Freq. Temp. Vibration Type Position Total

<

.....................................................
dY

0 L J 0 0 6

S O y o 0 3

S A v v C f
?0 L J b w

3 a u o
O w *

? L ') v L 0
0 u V 0 G A

A J A 4 ?
i

-'
f

| 0 0 J s v

I O d ) J Y 7

C 4
F- i v s

I O O V o L 0,

0 J J O Ia1 C
i 1 . O J w

> 3 ) J v U O
11 0 .' s .

' 1 3 e s v 4,

's G J L U 2
O,

3 s J s .'

O L v v 0 0

) n ) s a s 1

) 0 G J J V 0

) o 0 0 ; o G

j d ) ) s c 0
.....................................................

l 0 6 0 2 C 46

+

UERTT]ng
c4nn

% Av s g
Aperture Gd

t

o

|

I,

a



[- - . , -

TeMe Am Fema eeunes ser seCommeers-PWWas

| r--- n

Ftre/ Moisture / Flus / 5 peed / Other
Analyser g Smoke Level Humidity Neutron Pressure Radiation Freg. Temp. Vibration g Position . Total

asa 0 0 0 0 3 C 0 6 1 w t 0,. 31
| 44 0 C 0 u 2 0 C C

y C y* w

ofa 3 Y C J L e 46 4
ps,

.'
C 3 4 4 0 0 O 4 4 6 D.

.C m, C 0 0 J 3 4 2 4 J 2 4 w 6 'l
L 4 5 a bCa p ., C w k & G L w

9 0 h 0 0 0 C t 6,Le),,
o w 0 s t w w 0 I s v 4

. .
LC g .,

6 C 0 3 0 o G e 1 . .1C.< | 6
6 Cat 0 6 3 L 0 C C w I O 6 . L
nes2 0 C w e 2 C 3 w 4 v . o . I

ese t , C 0 0 0 J & w 0 0 y . w w
1p a.' 0 9 0 2 L G 3 a e w w w 4
1P 6 0 e J 0 3 C 6 9 & C
Jac; . $'

;;
I' E I0 w w

m97;o
6 0 C w 0

- PGa,,
6 0 s G G 0 w w O

.u 406,

ma a ,'
u 0 <* 4 4 0 w 6 v-

,

C G 3 3 J w C 2 G w b *

dPTc
,

w . . s
hai

. 0 0 0 0 C u 0 a

ha 5<:,
C G 0 0 J c 0 6 0 1 a G w 2
C 0 G C 4 w & a 1 e s w &

agg<'
C 0 0 0 J G e C 0 L y wht g .,
C C v 0 4 4 w w 0 6 0 J b

.

ht e .l 0 0 d C Q C Q C '. w w . 6 C
DaL., G e O C ) d u 1 0 4 J d w
P ete , C 6 4 L J O J L 0 d 0 0 u
Paa,: 0 0 0 0 0 0 6 0 ; L . *

6 , C 0 C w G w GP 4 6 0
$ C 0 6 J . C yP mi! 0 0 j0 w 6

s 6. 0
a 4

, C 0 Q q J O O , <
. . . . t

$ 4
, O w 3 y 0 s 0 w J C i

Y
SGS,,

O C b $ J t w w e L C a
'

'
C J & W 01C 0 0 C 0 0 0 ,

J0 .~. L w .gLa,, 0 0 0 0 J 4 3.
P3 C 3 4 J O d 2 e 3 L

$m e., 0 & e c J t 0
. .

!3 6 9 w .01. 'a
,
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Table A-16a. Fault counts for l&CIswitches-BWRs

Component

FID
Bistable Cndctvty Control Disconnect Voltage Flow Hand Curr~~~~~~

_______....___ ._________________.__.. _____.___________ _____.....___........
P1 0 0 2 0 0 1 0

8(P2Sc 1 0 1 ') 0 0 C
eGF1 0 0 1 0 0 1 J
BAF2 0 0 0 0 3 C 0
B4F3 0 0 0 0 0 t .)
6E P1 C 0 0 0 0 0 )
CPdi 0 v 0 1 J . >

DAC1 O C 0 0 ') e a
0252 0 1 J 3 c s.

0 1 3 i0A53 0 0 v

E1H1 0 0 0 3 1 3 J
ElH2 0 J 2 0 J w J
HMal 0 0 0 0 u O J
JAF1 C 0 0 0 3 2 0
L6il 0 0 0 1 1 e L

PNP 1 0 '. 0 0 0 4 )
*

1 0 0 0 0 s J

MN)1hMP 0 ') 1 0 0 C G
0OCP1 0 J 0 0 w.

PBS2 0 0 0 1 0 C s

PB53 0 0 0 0 3 1 0
PPSI O O a G J v /

C A lll 0 0 0 0 0 A J
QA02 0 0 0 v . J.

VfS1 0 0 J 0 ) u 1
__ . .__ _______ ... __._____ .... _____.. __.. ____ _______.._____...__.. c

1 1 7 1 2 le 5TOTAL -

Comoonent

US___ Push Speed / Tor
Button Pressure Radiation Freq. Temp. Test Vibration Fo

. ___ ...____ ____..________.______ __ .._____. _____ ___ ___...... ______.c

BEP1 O 14 0 0 0 v >

6EP2 0 20 0 0 e 0 0
BNF1 1 2( 0 0 1 ; 4
BdF2 0 12 0 0 0 ( )
BRF3 0 4 u 0 2 6 J
BRP1 6 1 0 0 1 0 i

CPdi 0 2 0 u 1 ( )
DAC1 C 1 ) 1 2 s

'

ORS 2 0 11 1 0 1 i-

0753 0 4 0 0 0 u J
tlH1 1 30 v 0 > G 3

EIH2 0 107 1 1 1 0 0
0HM61 C 0 0 0 J w

JAF1 C 9 2 0 v 1 .

L8d1 G 1 0 0 % v .)

NNP1 0 v v a 1 c )
NNS1 0 13 0 0 2 S w

NN#1 0 4 3 ) ; )*

uCP1 0 24 0 0 0 C )
P832 0 2 0 1 2 v v

P853 0 1 3 0 i u 1

PPil 0 4 0 0 ) O s
0A01 0 8 0 > J u <J

0 0 * C )QA02 0 a

Vf51 0 1 0 0 0 0 0
.___ .. ______....__________________ __________________.__. .________..____c

TOTAL 1 313 / A 24 1 2 1

A 34,
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s

Moisture / Flux /
ent Power Time Level Humidity Neutron
,_____. ___.........___________...__ __.___. __.

) O L 3 u G
0 U o o O

l
^ 0 A4 s b
3 0 21 J u
* 0 7 s u

,

a 's v v' .

r .

1 w 4 J V'

') L 3 J 9'
r

1 L v w u>

7, 3 4 J a
,

> 0 0 4 a v
O c A 0 0,

0 0 J w G
01 J 6 w,

a u w J U"

i 3 .- a u
) a 2 J U

> 0 G w J J
) 3 J 1 v v

0 0'
? . w w

) L d s U'

i - w d 0 U*

) s 1 ) L^

) 1 ) J J Y

) J w .) J O
,___....___......__ _____..__--- __.---__.----.

i 0 3 03 J 3

qua/ Other Unknown
r Type Position Type Totalg
......______. .__........______....____

1 l ', J **
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' Table A-16b. (continued)

Component
FID

' Push Speed / Tor
Button Pressure Radiation Freq. Temp. Test Vibration Fo

C

ANU1 0 0 0 0 J 0 0
Ah02 0 0 o u 1 J a
4451 0 0 0 0 's 1 6
(CNA 0 1 0 o o 0 0
CCN2 3 0 0 0 G 0 0
CAP 3 0 0 0 0 J a s
kg54 0 V v 1 J v w
Ug g .. 0 0 0 0 J v J
Obs2 0 4 0 0 '] O O
FC51 0 0 0 J J G u
ndk2 0 0 0 0 J O O
HNPL 0 9 0 J s s a
IPad G u 3 s v v J
19a3 0 G J 0 0 J J
JMP1 G L 0 0 2 L o
AhP1 C 1 0 0 s 0 G
hG5L U L J u s e i

KNel J L U 0 L s i

rTP1 0 0 0 6 v G 0
NA51 0 0 0 0 + w s
hA54 0 0 v d v 0 0
hEsl J J V U v s.

Ntid 0 0 0 0 := 0 v
hE63 0 0 0 0 ; s 0
PALL G 0 0 0 J t O
Pd H 1 0 1 v C ; 1 o
P892 0 0 v 0 J < e
91A1 0 L v J 1 U C
PAm2 J 0 0 0 ) v ,

kdG1 C 0 0 0 ) 0 s
n$al G 4 0 o , 1 0
5431 0 0 0 0 1 0 (4

SGad G 1 0 0 J v 0
aLal 0 3 0 0 .. . v
$NP1 0 3 3 0 J L w
5051 L J e O s a u
yP41 0 0 0 0 a w 5
,,P a 2 0 0 0 0 J J,

" Mil 0 0 0 0 i < 0

'"dI2 0 0 V O J V .

hel 0 0 0 4 .) 0 v
FP5J b 0 v u o 's u
TPp4 0 C 0 0 0 . c
fnpl f- 0 0 0 J s.

Z131 J 0 0 J J v L
4152 0 9 J 6 . V J
. . . . . - . . . . . . . . . . . . . . . . . . . . . . . . - - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _ . . . . . . . . . . .

13TAL 0 34 3 i LJ 3 . 4
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i A 36
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I
s
a

lu:/ Other Unknown
Type Position Type Total

.'c e.. .._________________..___.______..._

l 0 0 0 a
3 i e,,

1 0 L 0 m)
1 a a.,

o n J > -
.

L 3 L J 's

| 3 Lw< 6
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L .
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0

Table A-17b. Fault counts for IftCitransmitters-PWRs'

l

ComD0nent 1
.

1

[IS___ Flux / S

Analyzer Flow Current Level Neutron Pressure Radiation Fj
____________________________________________.________________________________z

AN01 0 0 0 0 0 0 0
AN02 0 0 0 0 0 0 0
8 S1 0 4 0 5 0 1 0
C N1 0 1 0 2 4 2 0
C N2 0 0 0 0 0 0
CRP3 0 1 0 5 0 0
DBS1 0 1 0 3 0 0
0 C1 0 0 0 1 0 2 0
0 C2 0 1 0 1 0 0
F S1 0 0 0 0 0 0
H8R2 0 0 0 0 0 0
HNP1 0 0 0 0 0 0 0
IPS2 0 0 0 2 0 0 0
IPS3 0 0 0 0 0 0 0
JMF1 0 2 0 2 0 0 0
KNP1 0 3 0 1 0 3 0
MGS1 0 8 0 6 0 5 0
MNSZ 0 0 0 2 0 0 0
MYP1 0 0 0 1 0 0 0
NAS1 0 1 0 3 0 3 0
NAS2 0 0 0 1 0 0 0
NEE 1 0 0 0 0 0 0 0
NEE 2 0 1 0 1 0 0 0
NEE 3 0 0 0 0 0 1 0
PALL O O O O O O O
P8H1 0 0 0 0 0 1 0
PSH2 0 0 0 0 0 0 0
PIN 1 0 0 0 0 0 0 0
PIN 2 0 0 0 0 0 0 0
REG 1 0 0 0 0 0 1 0
RSS1 0 0 0 0 3 0
SGS1 0 ; o 5 0 1 0
SGS2 0 0 3 0 1 0,

SLSI O O O O 2 0
SNP 0 3 0 0 3 04

50 :. 0 4 0 0 0 0
SP 3 0 3 0 3 0 0 0
SP 2 0 2 0 0 0 0 0
"M':1 0 0 0 0 0 0 0
'M ;2 0 0 0 1 0 0 0

"NP1 0 3 0 0 0 0 0 0
T PS 3 0 0 0 0 0 0 0 |
TPS4 0 0 0 0 0 2 0 '

YKR1 0 0 0 1 0 0 0 '

'

ZIS1 0 0 0 0 0 0 0
ZIS2 0 2 0 3 0 2 0
_____________________________________________________________________________c

0 64 0 75 4 48 0TOTAL -

.

,f

A 38
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1
.

I
|'-

f'
1

4 \
-

J

eed/ Other Unknown
M. Transducer Temo. Type _ Position Type Total
m - _ _ _ _ _ _ _ _ _.._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

) 0 0 0 0 0 0
) 0 0 0 0 0 0
) 0 0 0 0 0 10
) 0 1 0 0 0 10

0 3 1 0 0 5
1 0 0 0 0 6 22
) 0 0 0 0 0 4
1 0 0 0 0 0 3
) 0 0 0 0 0 5
) C 1 0 0 0 1
) 0 0 0 0 0 1
) 0 0 0 0 0 0
3 0 0 0 0 0 2
3 0 0 0 0 0 0
) 0 0 0 0 0 4
1 0 0 0 0 0 7
0 0 0 0 0 0 21
3 0 0 0 0 0 2
) 0 0 0 1 0 2
) 0 0 0 0 0 7
) 0 0 0 0 0 1

3 0 0 0 0 0 0
3 0 0 0 0 0 2
p 0 0 0 0 0 1
l 0 0 0 0 0 0

i 0 0 0 0 0 1
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

) 0 0 0 0 0 1

} 0 0 0 0 0 3
3 0 0 0 0 0 16
3 0 0 0 0 0 21
3 1 1 0 0 0 4

0 0 0 0 0 25
1 0 0 0 0 0 e
) 0 0 0 0 0 6
) 0 0 0 0 0 2

0 0 0 0 0 0
1 0 0 0 0 0 1
) 0 0 0 0 0 0

0 0 0 0 0 0
1 0 0 0 0 0 2
) 0 0 0 0 0 1
0 0 0 0 0 0 0
D 0 0 0 0 0 7
.______________________________________________. _________ ,

) 1 0 1 1 6 206
i

6

!
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- _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ___ __.

3
4
* Table A-17c. Fault counts for l&Citransmitters-PWRs

(potential faults included)

bS___ Flux /
Analyzer Flow Current level floutron

~

_________________________________________________________

AN01 0 0 0 0 J
ANO2 0 0 0 0 0
BVS1 0 4 0 5 0
C N1 0 1 0 2 4
C N2 0 0 0 0 0
C P3 'O 'l 0 5 0
D S:. 0 1 0 3 0
0 C: 0 0 0 1 0- ,

0 C2 0 1 0 1 0
F S1 0 5 0 5 0
HSR2 0 0 0 0 0
HNP1 0 0 0 0 0
IPS2 0 0 0 2 0
IPS3 0 'O O O O
JMF1 0 2 0 2 0
KNP1 0 3 0 1 0
MGS1 0 8 0 8 0
MNS2 0 0 0 2 3
NYP1 0 0 0 1 J
NA 1 0 1 0 3 0
NA 2 0 0 0 1 0
NE 1 0 -0 0 0 0
NEE 2 0 1 0 1 0
HEE 3 0 0 0 0 0
PAL; O O O O O
P8HL 0 0 0 0 0
P8Hj ! 0 0 0 0 0
P:: Na 0 0 0 0 0
P;:N2 0 0 0 0 0
REG 1 0 0 0 0 0
RS$1 0 0 0 0 0
SGS1 0 10 0 5 0
SGS2 0 17 0 3 0
SLS1 0 0 0 0 0

1 0 3 0 27 0
1 0 4 0 2 0
1 0 3 0 3 0
2 0 2 0 0 0.

"M ':1 0 0 0 0 0
FM M2 0 0 0 1 0
INI'1 0 0 0 0 0
TPS3 0 0 0 0 0
iPS4 0 0 0 0 0
YKR1 0 0 0 1 0
ZIS1 0 0 0 0 0
21$2 0 2 0 3 0

__________________ ________________ _____________c

i
i

i



Component

Speed / Other linknown
Tressure Radiation Fron. Transducer Temp. Type Position Typo Total

____________________________________________________________

0 0 0 0 0 0 0 0 0
0 v 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 10
3 0 0 0 1 0 0 0 11
1 0 0 0 3 1 0 0 3

10 0 0 0 0 0 0 e 22
0 0 0 0 v 0 0 0 4
2 0 0 0 0 0 0 0 3

J J 0 0 0 0 0 0 5
8 0 0 0 1 0 0 0 27

1 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0
0 u o 0 0 0 0 0 2
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 4
3 0 0 0 0 0 0 0 7
9 0 0 0 0 0 0 0 21
0 0 0 0 0 0 0 0 2
0 0 0 0 0 0 1 0 2
3 0 0 0 0 0 0 0 7
0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 2
1 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 J 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 1
3 0 0 0 0 0 0 0 3
1 0 0 0 0 0 0 0 16
1 0 0 0 0 0 0 0 21
2 J 0 1 1 0 0 0 4
3 0 0 0 0 0 0 0 33
0 0 0 0 0 0 0 0 6
0 0 0 0 0 0 0 0 6
0 0 0 0 0 0 0 0 2
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1
u O O O O O O O O
O v 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 2
0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 7

69 0 0 L 6 1 L 6 241

TI d''Mle On
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Table A 18a. Fault counts for motors-BWRs

FID Component

Motor....................... Total6:P1 ....

8IF2 2 2
5 5EtF1 r

BdF2 n
5BRS3 $
5Bd91 50 0CPel 1 1CAC1 0 0ORS 2 ? 20403 1 1tlH1 4

tiH2 4
4 4nnot 0 0J4F1 1 1LG=1*

0 0PNP 1 0M51 0
1 1h iel,

OCA1 1 1
1 196S2
1 1PHS3 0PPf1 0
2 2QAL1 1 104L2 0

VYS1 0
P

..... ........... ......6
total ..

53 $3
,

A 40
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Table A-18b. Fault counts for motors-PWRs

FID Component

Motor Total
___________________________

AN01 0 0
ANo2 3 3
dval 3 3
CCN1 1 1-

CCd2 2 4
C#P3 0 0
D651 3 3
UCC1 1 1,

GCL2 0 0
FC21 0 0
dBAZ 2 2
HNP1 1 1
1952 4 4
1P33 0 0
JMF1 0 0
41P1 3 3
MGil 16 16
MS2 0 &
MVP1 0 0
NASI 1 1
NA32 0 0
hEd1 0 0
hEt2 2 2
NEE 3 1
PALI 22

. PBil 0
| P642 C 6

PIN 1 0 0
Pir42 1 1
KEG 1 0 0
ASS 1 0 0
SGS1 2 2
3G52 3 3
al31 3 3
$NP1 5 5
5031 0 0
SP51 1 1

'hP22 $ $
TMll 0 0
.Tdl2 1 1
INP1 3 3
TPd3 1 1
1934 v u
YnAl 3 3
2151 0 v
2132 1 1; ..
___._____________ _________

TOTAL 94 94

| *

I

A41



r .-,

.

,

Table A-19a. Fault counts for penetrations-BWRs
_

Component
FID

Other/ Personnel Equip. Instr. Process
Unknown Type Access Access Electrical Line Piping Total

____.___________________________________________________________________

ot P1 0 D 1 ( 0 J 1
btP? O o 0 9 0 .c 5
H&F1 0 4 2 ; C 0 o
6AF2 0 3 c 3 L a :
edF3 0 0 0 0 0 0 0
oRPl 0 > G e i 1
CPel 0 0 0 o 0 0 0
DACl O 2 O L 0 2 4
0R5? O O O O v 0 J> uR53 C 0 C t ;- 0 0

b $1H1 C 0 C s ( .' J
E I *12 1 0 0 C t ; 1
Hd41 0 G J (. .

C
v .

JAFL C 0 0 J 0 v
Lddl C 2 0 t. r o 2
NNP1 0 0 0 0 w J *

.

h%1 0 0 C 0 : ?>

nMV1 0 0 C L ( '.,

UCD1 L 2 4 J 0 s t
P4S? L 3 :. a u,

9853 0 0 0
PP31 o 0 C e (.

's
, s

; L
OAD1 0 0 6 L 0 L,

| QAD? O G 0 0 0 o e
| VYS1 0 0 3 C C J 0

______________________________________________________________ .________

TOTAL i 1) 15 L 9 40'
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Table A-20a. Fault counts for pumps-BWRs
i

Component

FID
Van

Axial Centrifugal Diaphragm Gear Reciprocating Radial Rotary Ty
_____________________________________________________________________________c
BEP1 0 1 0 0 0 0 0
8sP2 C C 0 0 3 v "s
BRF1 0 1 1 0 0 :. ,,

bRF2 0 0 2 0 C C C
e4F3 0 0 0 0 0 L s
BRP1 0 1 0 0 0 D a
CPk1 0 0 J G U v 0
DAC1 0 2 0 0 s ; a
CR32 C 1 0 0 2 J 0
DRi3 0 0 1 0 9 '),

tIH1 C e 0 0 9 J 0
EIH2 9 2 i G C C v
HM6L 0 0 0 0 J G 0
JAF1 0 1 0 0 0 L 0
L6VL 0 0 0 0 0 S :
FNP1 0 0 0 0 0 0 J
P N .( 1 C C 0 0 i O.

hPF1 C 0 0 0 > v v

CCP1 0 5 0 0 0 c 0
PB52 0 0 0 0 0 0 C
PBS3 0 0 0 3 0 0 0
PPil 0 1 C 0 v L U
CAD 1 0 2 0 0 0 c 3
QA02 0 0 0 0 0 0 J
Vfdl 0 0 3 0 0 v 0
______________________________________________ _______________________________

TOTAL 0 25 3 0 C C 0 1

4
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- _ _ _ _ - _ _ _ _ _ _ _ _ .

.. ..

)
\

|. o
m

f

e- 06her Unknown

t Jet Type Type Total
... ._____ . .._____________.__________

) 0 0 14 1s
> 0 U a 0
i S 1 6 *

) 1 0 14 il
C A v 10,

) 0 0 3 s
e 0 0 3 3
) C v 4 o
) O O % o

0 3 4e -

L 0 14 23s

f 0 t 12 17
C C 2 :.

) .G G I a
s O C 3 3
) O 4 . A

1 O a 2 l
C t 0 3-

4 0 0 a 19
O c . vs

) O Y 1 1
> 0 v A0 14
/ 0 0 v 2
) 0 0 i A
L 0 L / Al
...____.. ...________..______ _________

5 1 2 13a 146
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{ Table A-20b. Fault counts for pumps-PWRs

FID

Axial Centrifugal D
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . ..______c

AN01 0: 0
AN62 0 1
UV$1 0 0
CCs1 0 0
CCm2 0 1
LRP3 1 2
0851 0 0
DCC1 0 0
LCL2 0 0
FC51 0 0
Hbs2 0 5
NNPl~ G i
IPS2 0 3
1953 0 1
JAPI O 1
K1PA 3 4
NG51 0 3
NNs2- 0 4
af P1- 0 0
NAsl 0 0
hA32 0 0
NEc1 0 0
NEc2 0 1
N6t3 0 0
PAL 1 0 0

.PBH1 0 C
Pe12 0 0
PIN 1 0 0
PIh2 0 4
WEu1 1 0
22J1 0 2
$G51 0 5
3652 0 6
SL51 0 0
ShP1 0 7
2041 0 0
5PS1 C.~

'f . dPS2 0,,, , ~ -

;" ;' . o 1311 0
TMI2 0 2
TNPi 0 1
TPS3 0 0
IPs* O 2

~YAA1 0 0
1131 0 C
2152 0 3
_______________________________

TOTAL 2 79

'
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Component

Vane Other Unknown
laphragm Gear Reciprocating Radial Rotary Type Type Type Total
._______ ___ ________________________________________________________________

0 0 J 0 V 0 ) 3 3
5 0 * O 0 J u o 14
0 0 1 0 1 w 0 A2 13
2 O s v 2 J 9 / A1
0 0 2 2 L 3 o liw
0 0 0 v v 2 3 c 7
0 0 J G J e 1 La is
u O a O *> >

'

v s
v 0 s v 0 s ) 1. 1.
O C G v U 0 0 J,

0 0 v 0 v U 0 7 12
G G J L 2 G 3 4 *

v 0 J
' J J ) a o)

0 0 ; o v v 0 y .
0 0 J G J 1 3 9 41
0 J J U J J C b 1s

0 > C L 2 J J3 396

v 0 I e v . O a v
0 0 ) u u o J u C
0 0 s G S G S o c
0 0 J' v 0 0 0 12 ;c
0 0 s C v J J 3 3
'J O :) C J c 3 s
0 0 3 v G 0 ) 4 &
0 0 s O G ') G 3 3
0 J J C J 0 0 A.
3 0 J w J J ') L L
0 0 ) C U J G / i

O O s v G J ') 4 o
O u v c s t ') 4 6
0 0 J w J J G a /
1 1 1 0 J J 0 tJ Zu
U U i C u O 0 9 1:,

O O J V O v 0 L j
0 s s 0 0 0 0 A3 40
v 0 0 L 0 J f) i 4
0 1 3 0 4 ) 3 2Lm
0 0 J G ) L C / L3
0 0 1 o v v > v J
O s J ) 4 4

'

s u s
0 0 v C J C C a t
0 0 J u v v 0 4 4
0 0 a G u u a 3 1
0 v J U v G 's 3 3
& G a % 0 'J 'J 3 3
0 0 J u O 3 0 10 Lv

.___ ___ ____ _ ____.___ ______________ _______________________ __ _________

4 2 , O : Av 1 279 dvs,
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Table A-21b. (continued)

Component

Speed /
R ecircu-

.

Frequency Temperature
FID lation Root . Relief Control . Sample Control Telltale Vcq

Valve Valve Valve Valve Valve _ Valve Valve E
AN01 2' 1 0 0 0 0 0
AN02 0 0 2 0 0 0 0
BVS1 0 0 7 0 0 0 0
CCN1 0 2 5 0 0 0 0
CCN2 0 0 1 0 0 0 0
CRP3 0 0 0 0 0 0
0851 0 0 0 0 0 0
DCC1 1 1 0 0 2 0 0
DCC2 0 0 2 0 0 0 0
FCS1 0 0 0 0 0 0 0
HSR2 0 1 0 0 0 0 0
HNP1 1 0 0 0 0 0 0
IPS2 0 0 2 0 0 0 0
IPS3 0 0 0 0 0 0 0
JMF1 1 1 0 0 0 0 0
KNP1 0 0 0 0 2 0 0
MG 1 0 4 4 0 0 0 0
MN 2 0 0 1 0 0 0 0
MYP1 0 0 5 0 0 0 0
NASI O 3 2 0 0 0 0
hAS2 0 0 1 0 0 0 0
NEE 1 0 0 0 0 0 0 0
NEE 2 0 0 0 0 0 0 0
HEE 3 0 0 0 0 0 0
Pall 0 0 0 0 0 0
PBH1 0 0 0 0 0 0
PBH2 0 0 0 1 0 0 0
PIN 1 0 0 1 0 0 0 0
PIN 2 0 0 0 0 0 0 0
REG 1 0 0 1 0 0 0 0
RSS1 0 0 4 0 0 0 0
SGS1 0 0 1 0 0 0 0
SGS2 0 0 7 0 0 0 0
SLS1 0 0 3 1 0 0 0
SNP1 0 0 2 0 0 0 0
5051 1 0 0 0 0 0 0
SPS1 0 0- 2 0 0 0 0
SPS2 0 1 2 0 1 0 1

.TMIl 0 0 0 0 0 0 0
TMI2 0 0 1 0 0 0 0
TNP1 0 0 0 0 0 0 0
TPS3 0 0 0 0 0 0 0
TPS4 0 0 0 1 0 0 0
YKR1 0 0 4 0 0 0 0
ZIS1 0 0 0 0 0 0 0
ZIS2 0 0 0 0 0 0 0

___________________________________________________;__________________________

H
EUHF; -,

,
'

A48

f
' t %

.



. - _ - _ _ _

k
t
)

- !

l

Other
it Control Othe- Unknown

!ve Valve Valve Valve Total

i O 1 0 I 5
1 0 1 0 I 13

-

) 0 7 2 1 32
) 0 1 0 1 3/
) 0 0 0 1 15
) 0 0 1 1 26
) 0 0 9 1 34
) 0 1 2 1 42
) 0 0 4 1 62
> 0 0 0 1 0
) 0 0 5 1 15
1 2 0 0 I 9

0 0 0 1 14
0 0 0 1 2

) 0 1 1 1 17
0 2 0 I 12,

> 0 6 1 1 106
) 0 0 12 1 26
) 0 0 1 1 15
) 0 0 6 I 56
L 0 9 3 1 46
) 0 0 2 I o
) 0 1 3 1 8
) 0 0 1 1 16
) 0 0 1 1 39
1 0 0 31 I 36
! 0 0 0 1 6
) 0 0 1 I 3
) 0 0 0 1 4
) 0 0 0 1 4
1 0 2 4 1 21 i-
' 0 3 1 1 27 I
, 0 4 14 1 45
J 1 0 01 lo
) 0 2 4 1 31
1 0 0 4 1 27
L 0 1 1 I 16
) 0 2 6 1 3d
) 0 0 0 1 0
1 0 0 0 1 11
i 0 0 6 I 22
) 0 0 0 1 1

) 1 0 0 1 13
) 0 0 0 I e
) 0 0 0 1 9
) 0 0 4 I 16

______a______ _________

b 4 44 130 1039 .
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Table A-22b. Fault counts for valve operators-PWRs

1

Component I

FID
Electric /

.
_

Explosive / :

Manual Servo Hydraulic Pneumatic Solenoid Float Squib Mechai
______________________________________________________________________________<

'

Al4 D L 0 3 0 0 J 0 J
Ahu2 0 3 0 1 1 0 0

'

bWal 0 3 0 2 s b 0
CCN1 0 1 2 2 3 0 o '

CCh2 3 4 2 1 A L c
CMP 3 C 5 i C t . ) i

C851 0 3 0 1 J o c O
DCC1 0 6 a 0 O C C.

ucc2 0 1 0 0 1 0 0 L
FCS1 0 1 0 0 v s C w U
Hda2 0 3 u o ] J 0 m

NNP1 0 0 0 0 v c a o
IPs2 0 0 0 1 s O S t

1953 0 0 0 0 J G v o

JMF1 0 2 0 0 > 0 J 's
KNPA 0 5 2 C :; a s ?
r,6 51 1 e U 4 i o s a
MN52 0 13 0 a 1 0 0 c
af91 0 0 0 1 0 0 G v
t4 A S 1 0 3 0 2 o . s J
NA52 C 2 o e :) 9 s s
ostl 0 0 0 0 J' v v v
NEE 2 0 0 0 1 4 e ; ;

NEi3 0 1 0 0 J 0 9 i

PALI 1 0 1 0 0 y a
Podl 0 0 o . o O s

P8H2 0 0 1 4 0 v v
Pini 0 1 J v s o u i

PIN 2 *e 0 0 0 v v v L
REa1 O C 0 C '2 0 0 s
n551 0 6 0 3 s O c t
S b '.1 0 2 0 0 ; a a .

5G32 0 1 2 2 v 0 0 v
3Lal 0 0 1 3 :, 's 3 ;

SNP1 0 5 1 2 s u u ;

50J1 0 1 3 J 2 J 0 L
iPal 0 2 0 1 1 G s .

,P32 0 5 0 1 2 6 0 0
TMil 0 0 J 0 g a 3 .

IM12 1 0 0 0 t 0 v C
1hel 1 4 0 0 ~, c J o
TP53 0 0 y e i c 0 y
f954 0 0 0 a 3 0 0 a
YKdi 0 1 0 0 s v L 4

*

2111 0 0 1 4 i L 0 ,

2142 0 1 1 3 J u O C
_______________________________________________________________________________

TOTAL 4 130 16 36 23 0 0 5

t
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|

scal'~' Piston Ball ' Type
' UnknownOther-

Type- Total
3.__..._____________.__________________________
|' 3' > C A 4
' O' d w . O

C s- u. i. L%*

| 'J ' d w & 9 ,) J J A 9'

) s- v J t
LI J b' J 4 1i

l C i A 16 'w) O b 2 '

.
I 0. v v s L
l D ;' s s J
r ) Q 4 e . <

"

! C; J O 1 4
0- V 0 J.

) J J A'. J
:)
;-_

s (*. J l

s s C loi

? 3, . w L L5
S. D L J.

! J 0 v v
0 J G LL L3
) J w .. 1
0 v v J 2
0 _. Q. i Ls.
'J U' v ') 3
.J .: . U J 32
3 'O v J S
O U J &e
7 4 .- =v
) J V s 'e <

0 v b J 9
) s O s 2
O J v v L
) 2 G s a
J G s A 9
Q U U a 4
0 d V . L
0 e b a c.

J '

C 0 v.

1 J w S 4
O J 'e a t
*) f) L J 5
0 J v s .

3 J u J A
3 s J 1 4
0 v v .- 't
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APPENDIX B
ADDITIONAL TREND AND PATTERN ANALYSIS CAPABILITIES

In this appendix multidimensional contingency where |

tables represent the extent to which the SCSS data |

has been presented. The component tables in i

expected cellcountsin each IAppendix A and all other contingency tables F123 =

appearing throughcut the text were generated using cell of a three-dimensional

input files prepared by CONTING -1 and array indexed by i = 1, I;B*

CONTIN 2 -2 for Program P4F of the BMDP j = 1, J; k = 1, K; forB

statistical package.B-3 dimensions (variables,
attributes) 1, 2 and 3, l

.

The standard P4F input file prepared by these respectively (I is the
programs contains not only requests for table- number of categories or

formatted cell counts for all cells but also cell counts levels of the first attribute;

for all one- and two-way marginals and percent-of- J, the second; and K, the

total count figures for each cell. Additional table third)
display options exist for BMDP-P4F; for example,

grand mean effect0 =
the percent of column total option was used in the
introductory material for the " Hardware Faults" main effects for the threeA.AA3 =1 2section. dimensions

An even stronger additional feature of the trend
Al2. A13. A23 second order effects -=

and pattern analysis methodology is the capability
to perform log-linear modeling and thus obtain a

A123 third order effect.=

description of the relationships between the factors
or variables in a multiway table. Although no The order of a term is synonymous with the number
requests for modeling are included in the standard of different factors that in combination form a par-
file, the user may add P4F modeling commands on ticular term; e.g., A 12 s a second order termi
a case-by-case basis by editing the input file before representing the first and second factors or dimen-
submitting it for execution. In the remainder of this sions in combination. In this notation, one may use
appendix, this capability will be explained further further subscripts to denote effects for individual
and an example involving selected SCSS personnel levels of the attributes; e.g., Al2(ij) is the second-
data will be presented. order effect describing the interaction of the th geyet

of the first table dimension attribute with the jth

A Brief Description of Log Linear level of the second attribute. When the additional
subscripts are suppressed, the notation refers to theModeling set of all such effects, over all the levels of the
variables or attributes indexed by the subscripts.

In log-linear modeling the logarithm of the ex- Standard log-linear modeling includes constraints
pected cell frequency is written as an additive func- that make the effects unique. The effects are a~

tion of main effects and interactions in a manner measure of the magnitude each term contributes to
similar to the usual analysis of variance model. In the expected cell frequency.
the notation used in the BMDP documentation,B-3

.

the log-linear modelin ti ree dimensions is written as The model of Equation (B-1) is saturated;
estimates for the A's can be found so that the ex-

* * pected ceH counts match th obsened ceH conts
123 I + '2 + 3+ 12 + 13In F

exactly. One may test the adequacy of log-linear
( -O m elsw se ete sets oW eUects assumed to

+A23 + Al23

B-3



_ _ _ _ _ _

be zero and thus excluded. For example, one may Regardless of whether counts or rates are
test the hypothesis that the A123 are all zero. P4F modeled, P4F uses either a weighted least squares
finds maximum likelihood estimates of expected cell method or mean removal to calculate parameter
counts for hierarchical models; i.e., models for estimates (the A's in Equation B-1) and their stan-
which the inclusion of an effect of a specified order dard errors if desired.
implies the inclusion of alllower-order effect sets
involving the same dimensions. The expected cell

A Trial AEElication UsinO Selectedcounts under assumed Poisson sampling are
estimated using iterative proportional fitting Personnel Data
(IPF).B-4

*

The IPF algorithm involves multiplying the rows The log-linear modeling approach to investigating

and columns of an initialfit matrix by a series of the pattern or trend that may exist in a data set was
factors that transform it into a matrix containing applied to a contingency table for personnel errors

the expected cell counts for the model. This matrix in the SCSS data base. Personnel errors were used -

generally starts as a matrix of all ones. However, in this initial application of log-linear modeling
P4F allows the user to override this default; one techniques because they represent a unique and in-

may for example declare certain cells to be struc- teresting subset of the SCSS database and they
tural zeros (empty cells; combinations of attributes easily lend themselves to a configuration consisting

that do not ever occur) by inputting zeros in the of well defined categories. Also, one can readily

initial matrix for those cells. form tables of manageable size that do not have
overriding numbers of zeros with these data. The

An optional feature of the input files generated last reason stated is a significant factor that will be
by CONTING and CONTING2, that has not been discussed later.
described in the main text other than in the ter-
minology section, is an ability to include cell ex- The original contingency table built through
posure times as an initial fit matrix for BMDP. CONTING for this example consists of three SCSS
These times are based on the plant identifiers and fields, namely, FID, PSYSTEM, and EVDATE. For
event date restriction (if any) associated with the FID six plants were used. These six plants
cells, and may be measured in hours that the plants represented the three pressurized water reactor
were critical or in ordinary calendar time. An area (PWR) and boiling water reactor (BWR) plants with
of the INEL SCSS data base containing critical the highest amount of LER reporting for 1981. The
hours for each plant for each month, based on the plants are listed below.
NRC Gray Books,B-5 s used to calculate cell ex-
posure times in critical hours for the initial fit BWRs PWRs
matrix.

BEP2 - Brunswick Unit 2 MGS1 - McGuire Unit i
Specifying exposure times for each cell in a table ElH1 - Hatch Unit I SGS2 - Salem Unit 2

as an initial fit matrix allows the user to apply log. ElH2 Hatch Unit 2 SNP1 - Sequoyah Unit I

linear models to occurrence (hazard) rates rather
than counts. An example of such log-linear hazard The SCSS PSYSTEM field for personnel step

modeling methodology was demonstrated by Laird records reflects the activity engaged in when an in-

and Olivier.B-6 Laird and Olivier showed thatif the cident occurs. Five activities were chosen for the
'

exposure times are used as initial values and modeling. The selection was based on their being

piecewise' exponential sampling is assumed, then deemed interesting from an engineering perspective

IPF yields cell estimates which, when divided by and there being an appreciable number of records

their respective exposure times, in turn yield a set for each of these activities in the data base. The ,

of maximum likelihood estimates for occurrence or following activities were used:

hazard rates. The given log-linear model in this case
applies to these rates. Further, likelihood ratio tests PD Design Activity
based on the fitted counts are valid in making in- PM Maintenance / Repair Activity

ferences about the hazard rates. With an initial fit PO Operation Activity
matrix of exposure times, these rates are produced PT Test / Calibration Activity
by P4F as expected values from the specified model. PZ Unknov n Activity

B-4



Finally,1981 data were used in developing a A number of additional alternatives for handling
model. The year was partitioned into four quarters. tables with sparse entries exist. Included are dele-
This partitioning was motivated by the interest in tion of the rows and/or columns in the table whose
assessing whether or not the events being studied sparsity inhibits the modeling, adding a small frac-
could be characterized by any underlying temporal tion to each cell in the table, and collapsing of
trend or pattern. The four quarters of 1981 are categories into a lesser number of groups. The use
labeled T1, T2, T3, and T4, respectively. of some of these alternatives is discussed below;

References B-4, B-7, and B-8 provide further
One other SCSS field was involved in this insights.

analysis. The SCSS EFFECT code when used in Returning to the particular model, after a number
conjunction with personnel describes whether an of iterations the decision was made to consolidate,

omission or commission was involved. Some per- plants into the two groups, BWRs and PWRs. This
sonnel records have the effect code UF (Desired change was made through a simple modification of
Commission). These steps provide further , forma-m the original BNIDP deck produced by CONTING;,

tion about reported events but are excluded from adjacent columns or rows can be combined by the
this study because they do not describe personnel Bh1DP software by giving them a common name.
err rs. Figure B-3 shows the modified Bh1DP deck with

additional options specified for modeling. Com-
With the basic structure of the table defined, the mands in the deck which are new or modified are

CONTING software package was then used. An highlighted. The contingency table for this new con-
initial run seeking the eleven personnel effect codes figuration appears in Figure B-4.
other than UF was used to form a set of step records
describing personnel faults. A subsequent In Figure B-3, the three fields PSYSTEM, FID

CONTING run using this set generated counts for and EVDATE are referenced, respectively, by the

a 6 x 5 x 4 table incorporating the plant (FID), symbols P, F, and T (rather than the dimension
activity (PSYSTEM), and EVDATE variables defin, numbers 1, 2, and 3 of Equation B-1). Also, a
ed above. This run invoked the option for building number of models for the data have been specified.

a BNIDP input deck for program P4F. The BNIDP Finding a good modelis an exploratory process.

deck for this run, with the count data excluded, ap. The models specified in the figure represent only

pears in Figure B-l. The deck was executed and an a small subset of those tested on the data. The
evaluation was made of the resulting contingency ensuing discussion pertains only to the model
table. Figure B-2 shows the output, with percent of ultimately chosen to characterize the data.
total and margin tables attached. The table has However, there is no one model that can objectively

120 cells and 295 observations, but 29 cells are zero. be classified as the best model. Factors such as past

If the effect dimension were included for study, the knowledge of relationships between variables,

same 295 observations would be spread among physical constraints, and cost must be taken into

1320 cells and the table wouhl be extremely sparse. consideration in development of any model.

The model selected to characterize the data is
Zero entries always pose some problem for log- PF,T. That is, nonzero effects for the PSYSTEM-

linear modeling, since expected cell counts that facility interaction and for event date will be
follow a log model cannot be zero. The zeros in included in the model. Since this is a hierarchical
Figure B-2 are sampling zeros rather than structural model, P and F are also terms whose main effects

"

zeros; given enough time for observation, eventually are included. The effect sets APT AFT, and APFT
every cell would be nonzero. In the meantime, the are assumed to be zero for this model.
data may not provide enough information to

- estimate all the parameters of specified log-linear Sections of the P4F output pertinent to this model

models. The usual way of treating this situation is are contained in Figure B-5. Figure B-5(b)a howss

to assume that each effect whose cell counts are all the expected cell frequencies generated.

zero is zero and make no attempt to estimate it. In
essence the cells are treated as structural zeros and
all the remaining effects with nonzero cell counts a. Figure B-5 is marked with circled Ictters. These correspond
are estimated. to the letters in parentheses in the text figure references.
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OVHBM,T37,P1,STANY.
ACCNT, l D=0VH,0RG=3 54 0, B I N=TM3.
ATTACH,BMDP4F,lD=BMDP..
BMDP4F,W=50000.
* EOR
/ PROBLEM TITLE IS ,

I

' PERSONNEL MODELING 1981
./ INPUT VARIABLES ARE 3.

TABLE IS 5, 6, 4. .

FORMAT IS FREE.
/' VARIABLE NAMES ARE PSYSTEM,FID ,EVDATE .

/ TABLE INDICES ARE PSYSTEM, FID EVDATE, . ,

SYMBOLS ARE A, B, C.
/ COMMENT '

THE FOLLOWING TABLE SHOWS THE TIME CELLS
AND CORRESPONDING EVENT DATE BOUNDARIES

_ .--__--_--__--__----

CELL BOUNDARY CELL BOUNDARY
_________________________________________________________

T1 19810101-19810401 T3 19810701-19811001
T2 19810401-19810701 T4 19811001-19820101

._________________________________________________________
'

.

/ CATEGORY
CODES (3) ARE 1 TO 4

NAMES (3) ARE
'T1 ' 'T2 ' 'T3 ' 'T4 8

, , ,

CODES (2) ARE 1 TO 6
NAMES (2) ARE
'BEP2', 'ElH1', 'ElH28, 'MGSI', 'SGS2', 'SNP1'.

CODES (1) ARE 1 TO' 5

NAMES (1) ARE
'PD ' 'PM ' 'PO ' 'PT ', 'PZ '.

, , ,

/-PRINT OBS.PERC= TOT.MARGINALS=2.
/ COMMENT '

SORT WAS PERFORMED ON' SET 1 0F OLDSETS

RECORD HITS WERE USED FOR FREQUENCY ACCUMULATION

RECORDS PERTAINING TO BOTH FAILURES AND COMMAND -

FAULTS WERE SORTED

.

/ END

Figure B-1. Initial BMDP-P4F deck.
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***** PERCENTS OF THc TA6LE T0IAL -- T A B L d i

tVJATE FID pay 5 Tin

PD P.1 FC PT PZ idfAL
__ __-__-____--_--__-_______________-----_-_____--_-___-__-_--_----____

Tl 8EP2 1.7 v.5 0.0 1.3 0.0 2.74

EiH1 .7 U.0 0.G G.) .3 1 1.0
c1H2 .7 v.0 .3 1.7 .3 1 3.1
NGS1 2.0 .4 1.0 .a .3 1 5.1
5GS2 0.0 0.0 .3 0.3 0.0 i .3
S t. P 1 1.7 .7 1.4 2.) .7 4 d.4
________________________________________ --__-_______ _________

TGTAL 6.6 2.0 3.1 5.1 1.7 I id.o

T2 6tP2 .3 .3 .7 .7 0.0 1 2.6
E1H1 2.4 .3 0.J .7 .7 1 4.1
t1H2 .3 1.4 1.7 .7 .3-1 4.4
NGS1 2.0 3.1 5.1 1.7 .7 I 14.6
5652 1.0 1.) 2.0 1.4 0.0 I 5.4
$NPl 2.0 .7 .3 .3 .3 1 3.7
-__. ________________________________________________i_________

? TOT 4L 6.1 d*J 9.8 5.4 2.3 I 34.4
=

T3 BeP2 1.0 .7 0.0 1.0 .7 1 3.4
L1H1 .3 1.7 .7 .3 .3 1 3.4
ElH2 .3 .3 J.0 0.0 0.v i .7
Mb31 3.7 4.7 4.4 .7 .3 1 13.9
sGS2 .3 0.0 1.0 .3 .3 1 2.0
3hP1 1.4 .7 0.0 2.3 1.C I 5.A
-----------------------------------------------------l---------
TOTAL 7.1 d.1 6.1 4.4 2.7 1 2d.5

T4 BE?2 2.0 2.0 0.0 1.0 G.c I' 3.1
t1H1 .7 v.v 1.G .3 0.J I 2.0
c1H2 0.0 .a .3 .3 v.0 1 1..
M631 1.4 .7 1.0 2.J .1 1 5.o
L G5 2 0.0 .7 1.0 0.0 .3 1 2.0
Sh71 .7 .7 1.0 00 .3 1 2.7
-----------------------------------------------------I---------
TGTAL 47 4.4 4.4 .3.1 1.4 A 16.6

'
Figure B-2. (continued)
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***** 1ARGINAL SU6 TABLE -- TA6L3 1

75fSTEM
______

PD PM PJ PT PL TJTAL

79 69 69 35 23 1 295

***** AARGINAL SUBTABLE -- TABLE 1

Fid
______

dEP2 EIH1 EIH2 nGS1 SG52 $NP1 TJTAL

39 31 27 116 29 23 1 293
***** dAkGINAL SUBTABLd -- TAdid 1

EvDATE
______

Tl T2 T3 T4 IGTAu
______________________________________________

? 55 1U1 b5 55 I 295e
***** MARGI.iAL SudTABL; -- TABL2 1

FLO PaisT-d
______ ______

P0 Pd PJ. PT /Z TOTAL

BsP2 15 9 2 11 2 I 39
EIdi 12 6 5 4 4 1 31
cid2 4 6 7 6 2 I 47
.o51 27 35 34 14 6 I ilo*

5642 4 5 13 5 2 I 24
S.i e l 17 d o 13 7 I 33
_____________________________________________________t_________
IJiAL 79 o9 69 55 23 1 29:

Figure B-2. (continued)
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TAdth 'l***** .1 ANGINAL SU3TABLc --

EvdAT: 9 5 f a T L.1
______ ______

PD PN ed PI PZ TUTAL

T1 20 6 9 15 2 1 3:
T2 24 26' 29 16 6 1 1J1
T3 21 ~24 18 13 s 1 34
T4 14 13 13 11 4 I 35
____________________________________________________1_________
loTal 79 69 09 b) 23 I 245

TAdL5 1***** t1 ARGI.1 AL SU BT ABLc --

cp

o Ev] ATE FIO
______ ______

32P2 EI rtl Id2 nGal 5G;2 5a71 fGTAL

il d 3 9 15 i A9 1 53
T2 6 12 13 43 15 11 1 101
T3 la 10 2 41 6 15 I 64
T4 15 6 3 17 o d I >$
_______________________________ ____________________________1_________
TJTAL 39 31 27 11o 24 53 1 295

Figure B-2. (continued)
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OVHBM,T37,P1,STANY.
ACCNT, l D=0VH,0RG=3540, B I N=TM3.
ATTACH,BMDP4F,lD=BMDP.
BMDP4F,W=50000.,

* EOR
_/ ' PROBLEM TITLE IS

' PERSONNEL MODELING 1981..

/ INPUT VARIABLES ARE 3.
TABLE IS' 5, 6, 4.

FORMAT IS FREE.
/ YARIABLE NAMES ARE PSYSTEM,FID ,EVDATE ,

/ TABLE INDICES ARE PSYSTEM, FID EVDATE, .

SYMBOLS ARE P,F,T.*

/ FIT MODEL_IS PF,FT,PT.-

CELL =STAN. STEP =8. PROB =.25.--

ADD IS MULTIPLE. DELETE IS SIMPLE. STRATA IS PSYSTEM.+

/ FIT MODEL IS FP,T.~

CELL =STAN. STEP =8. PROB =.25.~

ADD IS MULTIPLE. DELETE IS SIMPLE. STRATA IS PSYSTEM.*

/ FIT MODEL IS F,PT.*

CELL =STAN. STEP =8. PROB =.25.*

ADD IS MULTIPLE . DELETE IS SIMPLE. STRATA IS PSYSTEM.*

/ FIT MODEL IS FT,P.*

CELL =STAN. STEP =8. PROB =.25. '
-

ADD IS MULTIPLE . DELETE IS SIMPLE . STRATA lS PSYSTEM.-

/ FIT.MODEL IS P,F,T.*

CELL =STAN. STEP =8. PROB =.25.-

ADD IS MULTIPLE. DELETE IS SIMPLE. STRATA IS PSYSTEM.-

/ PRINT OBS.EXP. LAMBDA. BETA.PERC= TOT.~

Figure B-3. Modified BMDP-P4F deck.

. . .
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. _ _ - _ _ - . _ - - _ _ . _ _ _ _ - . _ ___ __ . _ _ _ _ ._______ --_ . - - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _ _ _ - -

/LCOMMENT ' . .

THE~FOLLOWING: TABLE SHOWS THE TIME CELLS
AND CORRESPONDING EVENT DATE BOUNDARIES

%

CELL BOUNDARY CELL BOUNDARY
______________________________.._________________________ ,

T1 19810101-19810401 T3 19810701-19811001
T2 19810401-19810701 T4 19811001-19820101

_________________________________________________________

'
.

/ CATEGORY
CODES (3) ARE 1 TO 4

NAMES (3) ARE
' T1- ' 'T2 ', 'T3 ' 'T4 '

, , .

CODES (2)-ARE I TO 6
NAMES (2) ARE-
- ' BW R ' , ' . ' BW R ' , ' B W R ' , . ' P W R ' ,- 'PWR', 'PWR'.+

-CODES (1) ARE 11TO 5
NAMES (1) ARE
'PD ' 'PM ', 'PO ' 'PT- ' ' PZ '., , ,

/ COMMENT '
SORT WAS PERFORMED ON SET I'0F OLDSETS

RECORD HITS WERE USED FOR FREQUENCY ACCUMULATION

RECORDS PERTAI NING TO BOTH FAILURES AND . COMMAND
FAULTS'WERE SORTED

8

/- END-

Figure B-3. (continued)
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5 MATES OF THE LOG-LINEAR PARAMETEki (LAMBDA) IN THE MODEL AB0Vt
H A(MEAhl 1.803s

EST1 = EXP(Land 0Al
GXP(3ATES OF THE MULTIPLICATIVE-PARAMETERS (BLIAINETA) 6.0725

***** E STIMATES OF THE LOG-LINE AR' P ARAME-T ERS (LAM 8DA) IN THE MODE L AdOVE
PSfs1EM
______

PD PM PU PT PL

.427 .232 .098 .075 .d32

***** RATIO 0F THE LOG-LINEAR PARAMeitR ESIInATES (LAM 8DA) TO ITS STANDARD ERROR
PSYSTEM

PD PM P0 PT PL

3.783 1.894 .723 .593 -4.543

***** ESTIMATES OF THE MULTIPLICATIVE PARAMETERS (8 ETA = EXP(LAndDA)
PSYSTEM
______

PD PM PG PT PLm
U 1.533 1.261 1.103 1.07d .435

***** EST1 MATES OF THE LOG-LINEAR PARAntTERS (LAM 80A) IN THE MODEL ABOVE

FID
______

SWR PWR

.359 .359

***** R A110 0F THE LOG-LINEAR PARAMETER ESTIMATES (LAMBDA) TO ITS STANDAR0 ERROR
FID
SWR PWR

-5.196 5.196

***** ESTIMATES OF THE MOLIIPLaLATivt PAAAnETERS (8 ETA fXP(LAMSDA)=

FID
______

SWR PWR

.698 1 432

Figure B-5. (continued)
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4

i

***** ESTIMATES OF THE LOG-LINtAR PARA hETERS' (L AMBD A) IN.THE n00it ABOVE
I EVDATE

T1 T2 T3 T41
_ _

i .258 .350 .166 .258

| ***** RATIO OF THE LOG-LINEAR PAdAMETER ESTInATES (LAM 8DA) TO ITS iTANDAdD ERROR
j EVDATE

j T1 T2 T3
.

T4

| -2.285 3.777 1.692 -2.285
'

***** ESTIMATES OF THE MULTIPLICATIVE PARAMETtRS (dETA = EXP(LAndDA)
EVDATE

, ______

! .T1 T2 T3 T4
_ _ _ _

.773 1.419 1.160 .773
i ~

***** ESTIMATES OF THE LOG-LINEAR PARAMETERS (LAMBDA) IN IHE MODEL ABOVE*

to

| s FID PSYSTEM

| PD PM P0 PT PZ
__

; SWR .140 .054 .325 .194 .045
PWR .140 .054 .325 .194 .045i

:

! ***** RATIO OF THE LOG-LINEAR PARAnETEk' ESTIMATES (LAM 8DA) TO ITS STANDARD ERROR
FID PSYSTEM

PD PM PG PT PZ,

; ____=- == =

| 8WR 1.245 .442 -2.408 1 . 534 245
PWR -1.245 .442 2.408 -1.534 .245

l ***** ESTIM ATES OF 'THE MULTIPLIC ATIVE P ARAMETERS (8ET A = EXP(LAMSDA)
t

FID PSYSTEM,

:

! PD PM PD PT PZ

; SW R 1.151 .947 .723 1.214 1.046 Oe
j PWR .869 1 056 1.384 .824 .956 v

| Figure B-5. (continued)

|
i

a
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MODELS FORMED SY ADDING TERMS TO MODEL -- PF,T.

MyLTIPLE LIKE L IH000-R A TIO PEARSON
-MODEL eFFECT D.F. CHI-SQUARE PROS C HI-S OU AR E PROS

,

|

IPT,PF. 15 21.01 .1367 18.04 .2586
DIFF. DUE TO .ADOING PT. 12 14.30 .2819 12.21 '.4292

FisPF. 24 30.26 .1763 A 24.64 .4256
DIFF. DUE TO ' ADDING FT. 3 5.05 .1684 W 5.65 .1302

PFT. 0 0.00 1.0000 0.00 1.0000
OIFF. DUE TO ADDING PFT. 27 35 31 .1313 30.28 .3015

STEP 1. BEST MODEL FOUND IS -- PFT.

STEPPING STOPS DUE TO CRITERIDN PR08A81LITY ( .250).

MODELS FORMED SY DELETING TERMS FROM MODEL -- PF,T.

SIMPLE LIKELIHOOD-RATIO PEARSON
N00EL EFFECT D.F. CH1-SQUARE PROS C HL-S QUAR E PROS

| ? 'PF. 30 56.15 .0026 48.47 .0178
G DIFF. DUE TO DELETING T. 3 20.84 .0001 1d.19 .0004

FsP,T. 31 44.25 .0581 39.'29 ~.1456
DIFF. DUE To DELETING PF. 4 8.94 .0625 9.01 .0609

STEP 1. BEST MODEL FOUND IS -- F,PsT.

STEPPING STOPS DUE TO CRITERION PROBASILITY ( .250).

***** DELETION OF STRATA

VARIABLE CATEGORY CHISQUAks 0.F. PROS.
PSYSTEM PD 14.85 9 09521

ChPSYSTEM PM 8.28 9 .50656
PSY TEM PG 14.83 9 .09561
PSV TEM PT 14.87 9 .09450
PSY TEM PZ 10.00 9 .35076

Figure B-5. (continued)

|
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- Estimates of the effects for the model are given and 0.42, respectively. The significance of this
in Figure B-5(c). Equation (B-1) together with the observed change in the adequacy of the fit, again, l

,

model implies that the (i,j,k) cell frequency can be is a subjective question that can only be answered
estimated as specific to the particular application.

exp(0) exp [A g] exp [Apg] One might also try to enhance the model by dele-p
tion of terms. In particular, the term PF is of

exp[A ] exp[Appg] (B-2) interest. The effects associated with the interaction
between PSYSTEM and type of facility (PF) are

and the multiplicativeparameters in the listing give shown in Figure 5(e). For example, the P4F out-
these values. For example, the multiplicative PWR put shows that, after adjusting for the main ,
effect [see Figure B-5(d)] of 1.43 shows that counts (overall) differences between the selected BWR and
for the PWR plant cells in the table are on the PWR plants, for design activities (PD) the BWR
average roughly 43% higher than the overall plant counts on the average remain about 15%
average. Detailed interpretation of these effects and higher than the average, while for operation activ-

'

-the model itself in general requires insight and ities (PO) PWR plant counts remain about 38%
. knowledge on the part of the individual doing the higher than the average. This indicates the relation-
. analysis regarding the real worldmeaning of the fac- ship between PSYSTEM and FID may depend on
tors being modeled in addition to an understand- the particular PSYSTEM and FID combination,
ing of the mathematics involved in the modeling The need to include this term in the model is

2procedure itself. reflected in the X statistics obtained with the term

< deleted. Fji ure B-5(g) shows that the LR and
- A basic way of assessing how good the model fits Pearson' x statistics for the model (P, F, T)

2the data is through evaluating the chi-square (x ) (without the interaction term) are 0.05 and 0.14,
statistic computed from the observed and expected respectively; these in contrast to 0.13 and 0.30 with -
data. The X2 statistic can be computed either PF included.
through the likelihood-ratio (LR) method or the
Pearson method. In both cases the statistic is a The final section of the BMDP output, see j
measure of the overall amount of deviation between Figure B-5(h), provides information about the level j
the exnected and observed cell frequency counts. of PSYSTEM which has the greatest impact on the

These statistics are pjesented in Figure B-5(a). The fit of the model. Maintenance is the type of activ-
.

magnitude of the x statistics must be evaluated ity which is least accommodated by the selected j
relative to the specific configuration for a prescribed model. 1
table and relative to the specified model. For this

2model the x statistics and associated probability The fact that the PF,T model provides a
levels are (35.31, P = 0.13) and (30.28, P = 0.30), ' reasonable fit coupled with the fact that the x2
respectively for the LR and Pearson statistics. The statistics do not improve through adding PT to the

2probability level can be interpreted as the probabil- model (Pearson X actually decreases) indicates that
2ity of getting a larger x value under the hypothesis the distribution of the personnel activities studied

that the model is true. Low probability values imply. does not significantly change from one quarter to
that either the model is pt acceptable or the another in 1981 for the high-reporting plants.
observed data is rare for that model. The observed
values for the PF,T model indicate a moderately in summary, with log-linear modeling a capabil- -

- good fit with this model; that is, the data give us ity to statistically' investigate the relationships pre-
no reason to suspect that the model is totally in- sent in the data exists. The application of this
adequate. However, it could be of interest and capability to SCSS data is in its preliminary stages;

' benefit to pursue trying to enhance the fit of the for example, the normalizing capability for study- "

model to the data. Two common ways this is done ing hazard rates was not demonstrated in this trial '
are through addition or deletion of terms for the application because its use in conjunction with col-
model and exclusion of selected cells from the data. lapsing categories to produce less sparse tables is

still under development. However, log-linear hazard
Figure B-5(f) shows the effect of including addi- rate modeling is appropriate for this data and more

tional terms in the model. A better fit is obtained insight about operational events will be gained
when the term FT is added. For the resulting model through engineering analysis of events flagged by

2-(FT,PF) the LR and Pearson x statistics are 0.17 these methods as they evolve further.

B-18
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and pattern analysis.
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Draft Regulatory Analysis For Current Proposed Amendment

Revision of 10 CFR 550.55a
Codes and Standards

1. Statement of the Problem

The General Design Criteria (Appendix A of Part 50) of the NRC
Regulations require that structures, systems, and components of
light-water-reactors be designed, fabricated, erected, constructed, tested
and inspected to quality standards commensurate with the importance of the
safety function performed. Without a set of specific rules to -implement
these quality standards, it would be necessary for each applicant / licensee
to develop its own program for submittal to the NRC. .Each program would
have to be reviewed by the staff on a case-by-case basis. This would in-
crease significantly the licensing review time and would make inspections
.by- the staff more difficult because of the nonstandard nature of each
program.

To provide a consistent set of rules, which the industry has
participated 11 developing, 650.55a mandates use of Section III of the
American Sociecy of Mechanical Engineers . Boiler and Pressure Vessel Code
(ASME Code) for construction of Class 1, 2, 3 components, and Section XI
of the ASME Code for inservice inspection of those components. Section
III and Section XI are implemented by applicants / licensees of all
light-water-cooled reactors. The NRC first endorsed the ASME Code - by
reference in 10 CFR 550.55a in 1971. The ASME publishes a new edition of
the Code every three years and new addenda every 6 months. It has been a
continuing pol icy of the Commission to update this section of the
regulations to keep the references current. In those cases where an item
in the ASME Coc!e is inconsisteat with NRC criteria, an exception may be
taken to endorsing that portion of the Code, or supplementary criteria may.
be incorporated to make the item consistent with staff requirements.

Section 50.55a last endorsed the 1980 Edition and addenda through the
Summer 1982 Addenda. Since then, the Winter 1982 Addenda, Summer 1983
Addenda, Winter 1983 Addenda, Summer 1984 Addenda, and 1983 Edition have
been published by the ASME. The purpose of this proposed rule is to
incorporate the new edition and addenda into the regulations.

The ASME Code is developed by the consensus process, which ensures
that the various industry sectors (e.g., utility, NSSS suppliers, regula-
tory) are represented on the standards writing committees and that their
viewpoints are considered in the standards writing process. Endorsement
of the ASME Code by the NRC provides a method of incorporating rules intoe
the regulatory process that are acceptable to the NRC and have received
industry participation in their development.

| If the NRC did not take action to endorse the ASME Code, the NRC
position on the methods for construction and inservice inspection would
have to be established on a case-by-case basis. If the NRC did not take
action to update the ASME Code references, improved methods for
construction and inservice inspection might not be implemented.

8505200453 B50517
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50 MISC PDR

. . - . - - - _ - . - . _ . -



_ : <

: t.

E

L2.. Objectives

,

EThe proposed rule would:

O
- io. Incorporate by reference into 650.55a of the NRC's regulations

~

' ' the . Winter'L1982 Addenda, Summer -1983 Addenda, Winter ,1983 -
-

- Addenda, Summer -1984 Addenda,iand 1983 Edition of Section III,:
Divisioni1, and the Winter - 1982 Addenda, Summer - 1983 Addenda,
and 1983 Edition'of Section1XI, Division 1, of the ASME Code.

on ' Incorporate revisions to correct certain existing footnote and
' paragraph: references;- to simplify the language of the rule; and'

ito delete two obsolete provisions.

'3.j 1 Alternatives

- An alternative to incorporating by reference into NRC's regulations
the . latest requirements of Section III, Division. 1, and Section .XI,

; Division - 1, and -making certain editorial revisions :would be to take .no
actioni This would mean that the NRC _ position on the methods for
construction'and inservice _ inspection contained in the latest edition and-

addenda E of the ASME Code would have to be provided on a case-by-case
basis; certa _in incorrect footn.ote and paragraph references would remain in.

- the1present1 rule; and' obsolete provisions would remain to clutter the-

. rule.-

J A second; alternative to incorporating by reference the latest. . .

requirements of,Section-III, Division 1, and Section XI, Division = 1, is to"
-

incorporate the entire text of these -sections of the ASME Code -into the
NRCLregulations. Because of the volume of these sections, this approach
.is not practicable.

,

~

4. Consequences-

Incorporating by' reference the latest edition and addenda of the ASME-
.-

Code will establish? the .NRC staff position on ~ these' Code- rules .on a
generic basis'for applicants / licensees thereby minimizing 'thC need for r
case-by-case evaluations and . reducing the time and effort required 'for -

a submittal preparations and license reviews.

The cost / benefit of ASME Code revisions is balanced:by the manner in
which these revisions are achieved <through the American National Standards

- Institute 1(ANSI) consensus process. The ANSI consensus process ensures
that participation. in ASME Code development is open to all persons and
organizations ..that might reasonably.be expected to be directly and
materially'affected by the activity,- and ensures that such persons and

~
organizations ~ shall= have the opportunity for fair and . . equitable
participation - without ? dominance -by. any single interest. . Consensus is
established when substantial' agreement has been achieved by the' interests
involved. Consensus-requires that all views and objectives be considered,

iand-that a concerted effort be made toward resolution. ASME Cooe proposed'

revisions are' published for public coment in the ASME Mechanical
Engineering and ANSI Reporter publications prior to being submitted for
final ASME and ANSI approval.' Adverse public coments are referred to the
_ appropriate technical comittee 'for resolution.

2
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The consensus process ensures a proper balance between utility,
regulatory and other interests concerned with revisions to the ASME Code,
and ensures that the cost of any Code revision is consistent with its
benefit.

Implementation of the new ASME Code rules requireszcertain additional
information collection requirements. The Supporting Statement for-
Information Collection Requirements in 10 CFR 550.55a is provided in
Appendix A.

The proposed rule affects only the licensing and operation of nuclear
. power plants. The companies that own these plants do not fall within the

.

'

scope of the definition of "small entities" set forth in the Regulatory
Flexibility Act in the Small Business Size Standards set out in regula-
tions issued by .the Small Business Administration at 13 CFR Part 121.
Since these companies are dominant in their servf ce areas, this proposed
rule does not fall in the province of this Act. The proposed rule will
have no significant effect on a substantial number of small companies.

5. Decision Rationale

'From the above analysis it is concluded that the proposed revision to
incorporate the latest edition and addenda of the ASME Code will save
applicants / licensees and the NRC staff both time and effort by providing
uniform detailed criteria against which the staff can review any single
submission. No significant additional cost to the applicants / licensees is
expected as a result of NRC endorsement of the new ASME Code edition and
addenda.

6. Implementation

No implementation problems are anticipated. The framework for imple-
mentation is already established in both the industry and the NRC.

3
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f- Appendix A,

! Supporting Statement for In_ formation Collection Requirements in
10 CFR %50.55a

~

1. Justification
_

t a. Need for the Information Collection

NRC Regulations in 10 CFR 550.55a incorporate by reference
Section III, Division 1, .and Section XI, Division 1, of the
American Society of Mechanical Engineers Boiler and Pressure

!- Vessel Code (ASME Code). These sections of the ASME Code set
forth.the requirements to which nuclear power plant components
are designed, constructed, tested and inspected.. Inherent inr

these requirements are certain recordkeeping functions.
Incorporation of the Winter 1982 Addenda, Summer 19b3 Addenda,
Winter 1983 Addenda, Sumer 1984 Addenda, and 1983 Edition for
Section III, Division 1, of the ASME Code would add the
following recordkeeping requirements.
Section III

'

,

o Winter 1982 Addenda
NB-2125, Fabricated Hubbed Flanges - New provision
for surface examination requires documentation of
examination results.

o Sumer 1983 Addenda
No additional recordkeeping

o Winter 1983 Addenda

NCA-3650, Design Documents for A 3purtenances -
Requires Design Document for eac1 appurtenance that is to
be attached to a component unless it is already included in
the' component Design Documents.

o Sumer 1984 Addenda
NB/NC-7240, Review of (Overpressure Protection) Report
After Installation - Addendum to report required to
document any modification of the installation from
that used for preparation of the Overpressure Pro-
tection Report.
ND-7200, Overpressure Protection Report - Requires
overpressure protection report for Class 3 components to
define the protected systems and the integrated
overpressure protection provided, and (ND-7240)
documentation of any modification of the installation from
that used for preparation of the Overpressure Protection
Report.

I
.o 1983 Edition

All requirements, except those for Winter 1982 Addenda,
previously incorporated in separate amendments to 10 CFR
950.55a.

I The 1983 Edition of Section III is equivalent to the 1980 Edition, as
| _ modified by the Summer 1980 Addenda, Winter 1980 Addenda, Summer 1981
[ Addenda, Winter 1981 Addenda, Sumer 1982 Addenda, and the Winter 1982 Addenda.

|
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Incorporation of the Winter 1982 Addenda, Summer 1983 Addenda, and
'the 1983 Edition of Section XI, Division.1, _of the ASME Code would |

. add;the following recordkeeping requirements.

Section XIz

.. o : Winter 1982 Addend;-

IWA-6220(b), Preparation (of-Records'and Reports) - Requires
preparation of Owner's Report for Repairs or Replacements -(Form
NIS-2)..~ *

v
~ o- Summer 1983 Addenda

No.addittonal recordkeeping
,

2o' 1983 Edition
All requirements, except those for Winter 1982 Addenda,

:previously incorporated in separate amendments to 10 CFR
950.55a.

,

:The Winter 1982 Addenda of the ASME- Code references ANSI /ASME NQA-1-1979,
" Quality Assurance-Program Requirements for Nuclear Power Plants.".
NQA-1-1979 is based upon'the contents of ANSI /ASME N45'.2-1979, " Quality ,

'~ Assurance Program _ Requirements for' Nuclear Facilities" and seven daughter
. standards. These standards are referenced in Regulatory Guides 1.28,-

1.58,.1.64, 1.74, 1.88, 1.123, 1.144, and 1.146 as providing methods-
acceptable for implementing certain NRC quality assurance program
requirements. -NQA-1-1979 incorporates no recordkeeping beyond that
originally required by the N45 standards upon which it is based. There

' .is, therefore, no additional recordkeeping burden associated with the
endorsement of NQA-1-1979.

-b. -Practical' Utility of the Information _ Collection

These records are used by the licensees, National Board
inspectors, insurance ' companies, and the NRC in the review of a
variety of ' activities, many of which affect safety. The records
are generally historical in. nature and provide' data on which
future activities can'be based..NRC Inspection-and Enforcement
personnel can spot check the-records required by the ASME Code.

to ' determine, for example, if proper inservice examination test
methods were utilized.

c. Duplication With Other Collections of Information

ASME requirements are. incorporated to avoid the need for writing
equivalent'NRC requirements. The final rule will not duplicate !
the information collection requirements contained in any other

,

generic regulatory requirement.
'

d. Consultations Outside the NRC

No consultations.

2The 1983 Edition of Section XI is equivalent to tb 1980 Edition, as
modified by-the Winter 1980 Addenda, Winter 1981 Addenda, and the Winter
1982~ Addenda.

A-2
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; e. Other Supporting Information

:NRC applicants and licensees have been complying with the
information collection requirements of the ASME Code since 1971.

-No~ problems with these information collection requirements have
been identified to the NRC' by the applicants or licensees.

2. Description of the Information Collection

a. Number and Type of Respondents

i ~ In' general, the infonnation collection requirements incurred by
'550.55a through endorsement of the Code apply to the owners of.
.the 34 nuclear power. plants under construction and to the owners
of the 93 nuclear-power plants in operation. The actual number
of plants that would implement the edition and addenda addressed
by the proposed revision, and thereby be affected by their
information collection requirements, is dependent on a variety-
of factors. . These factors include whether the application -is
for Section III or Section XI, the class and type of components
involved, the dates of the construction permit and construction
permit application, the schedule of the inservice inspection
program, and whether the plant voluntarily elects to implement
updated editions and addenda of the ASME Code.

_ b. Reasonableness of the' Schedule for Collecting Information

The information is generally not collected, but is retained by
. the licensee to be made available to the NRC in the event of an
NRC inspection or_ audit.

c. Method of Collecting the Information

- See Item 2(b).

d.- Adequacy of the Description of the Information

The ASME Code provides listings of information required and
specific forms to assist, where-necessary, in documenting
required information.

e.. Record Retention Period

The retention period for information is in accordance with a
schedule provided in Table NCA-4134.17-1 of the ASME Code. The
retention periods for information keeping requirements specified
in Item 1.a above are:

!
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Information RetentionPeriod(3)
Design document for appurtenances Lifetime
Overpressure protection report Lifetime
Reports for repair and replacement Lifetime
Final nondestructive examination report Lifetime

Lifetime retention of the above records is necessary to ensure
adequate historical information on the design and examination of
components and systems to provide a basis for evaluating degra-
dation of these components and systems at any time during their
service lifetime.

3. Estimate of Burden

a. Estimated Hours

The information collection requirements inherent in incorporating
by reference the latest edition and addenda of Section III,
Division 1, and Section XI, Division 1, of the ASME Code are
identified in Item 1.a above. These requirements may be
categorized in terms of Section III requirements that document
component / system design and the results of construction
examinations, and Section XI requirements that document repairs
and replacements.

The additional Section III requirements incur a one-time burden
on plants under construction. The information collection
requirements associated with the proposed edition and addenda
are generation of the design documents for appurtenances and
the overpressure protection report. Section 50.55a. specifies
that the Code Edition, Addenda, and optional Code Cases to be
applied to reactor coolant pressure boundary, and Quality Group B-
and Quality Group C components must be determined by the
provisions of paragraph NCA-1140 of Subsection NCA'of Section III
of the ASME Code. NCA-1140 specifies that the owner (or his
designee) shall establish the ASME Code edition and addenda to
be included in the Design Specifications, but that in no case
shall the Code edition and addenda dates established in the
Design Specifications be earlier than three years prior to the
date that the nuclear power plant construction permit is
docketed. NCA-1140 further states that later ASME Code editions
and addenda may be used by mutual consent of the Owner (or his
designee) and Certificate Holder. The earliest Section III
addenda being addressed in the proposed rule is the Winter 1982
Addenda. Since the last plant to be docketed that is still
under construction was docketed in October 1974 (Palo Verde
Units 1, 2, 3), there is no plant under construction for which
implementation of the Section III edition and addenda specified
in the proposed rule is a requirement. Plants may implement
these improved rules on a voluntary basis, but unless they make
that choice, there is no additional paperwork burden associated
with incorporating the proposed Section III edition ani addenda.

:

3Service lifetime of the component or system.

A-4
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'The additional Section XI requirements incur a burden associated
with the documentation of component repairs and replacements.
To facilitate this documentation, Section XI provides Form
NIS-2, "0wners' Report for Repairs or' Replacements."

^ Information required by this form relates to identifying the
owner and facility; . identifying the components repaired or
replaced and replacement components; identifying the type of
work, the repair organization and by whom the work was
performed; and identifying the type of tests conducted. A.
portion of this information, such as that to identify the owner,
facility and components is already required by Form NIS-1,

- " Owners'DataReportforInserviceInspections,"(FormNIS-1was
.part of an addenda previously incorporated by reference into
650.55a). Most of the remaining information required by Form
NIS-2 can be obtained from the previously prepared component
work / repair order. It is estimated that the time required to
complete the required documentation on Form NIS-2 is ten hours.

,

Nuclear power plants are required to update their inservice
inspection programs by incorporating into their initial
-120-month inspection interval-requirements of the latest edition
and addenda of-Section XI, Division 1, that have been
incorporated-by reference into 950.55a as of 12 months prior to
the date of issuance of the operating license; and by
incorporating-into successive 120-month inspection intervals
requirements of the latest edition and addenda of Section XI
that have been incorporated by reference as of 12 months-prior
to the start of a 120-month inspection interval. On this basis,
many plants will at one time be required to implement the
Section'XI, Division 1, edition and' addenda specified in the
proposed rule. The number of plants that will be implementing
the specified-edition and addenda will' grow gradually as each
plant updates its inservice inspection program at the 10-year-
interval. Therefore, conservatively, the total number of plants
that may ultimately be required to implement the specified
edition and addenda is 127 (i.e., 93 operating plants and 34
.plantsunderconstruction).

Inservice inspections are typically performed at the time of.
refueling (i.e., approximately every 18 months). The need to
complete an NIS-2 form would occur as a result of a . repair
required by the results of ~an inservice inspection, or as a'

result of an unanticipated repair between refuelings. It is
estimated that 2 NIS-2 forms are completed for repairs resulting
from the inspection and 2 for repairs required during operation.-

' Assuming applicability to 127 plants, and the completion'of 4
NIS-2 forms by each plant every 18 months, with ten hours
required to collect information and complete each form, it is
estimated that the total time required by'all' utilities to
complete the NIS-2 form is approximately 3400 hours / year (i.e.,
4 forms x 127 plants = 508 forms per 18 months, 508 forms x 2 =
1016 forms per 3 years,1016 forms / 3 = 339 forms per year.
339 forms x 10 hours per form = 3390 hours per year). The time
required to maintain these repair and replacement records for
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the period noted in Item 2.e is estimated to be 1 hour / year for
' each plant. Thus, the total' time required by all utilities to

complete and maintain the NIS-2-fonn is approximately 3517 hours / year.

b. Estimated Cost Required to Respond to the Collection

Based upon the hours specified in Item 3.a it is estimated that
the cost of responding to the information collection required by
the Section III, Division 1, and Section XI, Division 1,
edition and addenda specified in the proposed amendment to
$50.55a is a total of $211,020/ year (3517 hrs x $60/hr) for
127 plants,

c. Source of Burden Data and Method for Estimating Burden

Estimates of the number of NIS-2 forms that are completed during
a year and the time required to collect the necessary
information and to complete the forms, were obtained from
utility staff inservice inspection specialists and NRC staff in
the Office of Inspection and Enforcement (regional and
headquarters)engagedininserviceinspectionactivities.

,

,

'

d. Reasonableness of Burden Estimate

.The estimate of the burden is considered reasonable because of!

! the reliable source of the burden data.
!

4. Estimate of Cost to the Federal Government

NRC inspection personnel who audit plant quality assurance records
would include in their audit verification of the proper
implementation of the NIS-2 form. The time associated with NRC
inspectors verifying use of the NIS-2 form would be extremely small
when the activity is performed as part of a normal quality assurance
audit.

i
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