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ABSTRACT

This report describes a computer-based data file developed from Licensee Event
Reports (LERs) of inverters in U.S. commercial nuclear power plants for the period
January 1, 1976 to December 31, 1982. In addition to the creation of the file, sum-
maries of data contained in the file were made to ohtain data for risk assessment
and statistical purposes. Gross constant failure rates wer estimated for inverters found
in selected systems. Explanations, figures, and summary tables of the results are
provided.

FIN No. A6393—Data Development and Evaluation



SUMMARY

The Reliability and Statistics Branch of EG&G
Idaho, Inc. reviewed Licensee Event Reports
(LERs), both qualitatively and quantitatively, to ex-
tra:t reliability information, in support of the
United States Nuclear Regulatory Commission’s
(USNRC's) effort to gather and analyze fault
(failure and command fault) data concerning
nuclear power plants. LERs submitted by the
utilities to the USNRC from January |, 1976
through December 31, 1982 pertaining to inverters,
are the source of information used in this report.
For the seven year period covered by this report,
21,424 LERs were manually screened and 145 were
deemed as appropriate inverter evemis for this
report. Froin the 145 applicable LERs, 161 one-line
descriptions (involving 177 faults) were derived and
entered into a data base. Of the 177 faulis, 166
(94%) were classified as actual failures. The remain-
ing 11 were identified as being command faults.

A computerized data base of component/system
operational experiences categorized bv standard
reliability characteristics was developed (o provide
an efficient and accurate way of retrieving and
sorting the various reliability data. In addition to
developing a data base, summaries of data con-
tained in the file were made to obtain data for risk
and statistical purposes. Gross constant failure rates
were estimated for inverters found in selected

systems. Explarations, figures, and summary tables
of the results are provided.

The greatest majority of the inverter events
reported described catastrophic failures of inverters
(no output or inoperable). The fault mode reduced
capability (operational but at a reduced capacity)
was considered; however, only a few inverters
exhibited this mode.

In PWR plants the essential ac electrical distribu-
tion system experienced most of the inverter faults,
while in BWR plants the low pressure coolant
injection system experienced most of the inverter
faults. The overall failure rate calculated for
inverters found in the essential ac distribution and
low pressure coolant injection systems that
experienced the fault mode inoperable was 1E-S
failures per hour.

The component faults and failure rates sum-
marized in this report should be interpreted as ten-
tative gross indicators of true fault trends and
failure rates. Because subjective judgments had to
be made regarding pertinence of recorded events,
and because some component faults may not be
recorded in the LERs, the individual analyst should
confirm the applicability of the component faults
and failure rates for their specific uses.



FOREWORD

This report is one in a series summarizing the statistics of Licensee Event Reports
(LERs) as recorded by ihe United States Nuclear Regulatory Commission (USNRC).
The goal of the report is twofold: (a) to summarize the data for risk and statistical
analyses, and (b) to cbtain gross constant failure rate estimates.

Owing to the subjective judgments that had to he made regarding population sizes
and pertinence of recorded events, and because some component faults may not be
recorded in the LERs, the component failure rates estimated in this report should
be interpreted as being only tentative gross indicators of the true failure rates. Fur-
thermore, because LER reporting requirements can differ from plant to plant, com-
parisons of plant-to-plant failure rates should be interpreted with care; a higher failure
rate may simply be because of stricter reporting requirements. The analyst must
validaie the applicability of the LER-derived failure rates for specific uses. As more
data are collected and more analyses are performed in the future, improved failure
rate estimates will be produced.

Failure rates are only one of many kinds of information presented in this report.
Tables and discussions classify faults according to fault modes, fault causes, and
systems affected. Gross time trends are examined. Human errors are identified as
are common cause and recurring faults. Each LER analyzed is presented in a useful,
summarized form, and all evaluations are presented so that analysts can modify the
authors’ calculations or perform their own evaluations if so desired.

R. C. Robinson
USNRC Project Manager
February 1984
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NOMENCLATURE

This section contains terms, acronyms, and abbreviations.

Terms

Component— The largest entity of hardware for which data are most generally collected and expected
to be available (e.g., pump with motor, valve with operator, amplifier, pressure transmitter). It is
generally an off-the-shelf item procured by the system designer as a basic building block for their
system. It would be distinguished from seals, bearings, nuts, bolts, and other piece parts from which
the component is manufactured.

System—A collection of components arranged so as to provide a desired function (e.g., Contain-
ment Spray System, Residual Heat Removal System, High Pressure Coolant Injection System).

Fault—As used in the context of this report fault refers to failures and command faults. The terms
failure or command fault will be used when referring to one or the other.

Failure— A subset of a fault that represents an irreversible state of a component such that it must
be repaired in order for it to perform its design function. Failures are sometimes classified as primary
or secondary failures. A primary failure is the so-called random failure found in the literature. It
results from no external cause. A secondary failure results when the component is subject to condi-
tions that exceed its design envelope (e.g., excessive voltage, pressure, shock, vibration, temperature).
However, in classifying failures for this report, no distinction has been made between these two
classifications.

Command Fault-—An event in which the component did not function as required, not because of
a failure in the component, but because of inputs or lack of mnputs to the component as supplied
by personnel, other components, or the environment external to the component. This is a reversible
state of the component that can be corrected once the faulty input is corrected. No component repair
is required.

Common Cause Failure—Two or more redundant components failing together or having the poten-
tial 1o fail within a relatively short period of time because of a single causal event. Multiple common
cause failures are usually secondary failures.

Fault Cause— The identified cause and sequence of events that prevented the component from per-
forming its intended function.

Fault Mode—The manner in wh.ch a component ceases to perform its intended function,

Demand Failure or Fault Rate- T'he probability (per demand) that a component will not operate
properly when required to start, change state, or function.

Operating Failure or Fault Rate —The probability (per hour) of a failure or fault for those com-
ponents required to operate or function for a period of time.

Standby Failure or Fault Rate— The probability (per hour) of a failure or fault for those com-

ponents that are normally dormant or in a standby state until tested or required to operate or func-
tion for a period of time.

xi



Acronyms and Abbreviations

ac
ADJ
ADS
AFW

ANNUNC, ANNUNCIATR

AUTO
AUX

B, BAB & WIL, B&W

B/U

BATT, BTTRY
BC

BRD

BRKR

BWR

BWST

C, CE, COMB ENG

C C COMD
CABNT
CAP

CCW
CHNL
CIRC

CKT
CNNCTN

CNTNMNT, CONY
CNTRL,CNTROL

CNTRLLR
COM CAUSE

COMP, COMPON

COOLG
CR
CRD
sl
CVCS

de
DEENRGZD
DEENRGZG
DETCTN
DFCTV
DFCTV PROC
DG, D/G
DHR(S)

ECCS

ELEC DISTR
ELEC MALF
EMERG

EOL

Alternating Current

Adjusting

Automatic Depressurization System
Auxiliary Feedwater

Annunciator

Automatic

Auxiliary

Babcock & Wilcox

Backup

Battery

Battery Charger

Board

Breaker

Boiling Water Reactor
Borated Water Storage Tank

Combustion Engineering
Common Cause Command Fault
Cabinet

Capacitor

Component Cooling Water
Channel

Circulating

Circuit

Connection

Containment

Control

Controller

Common Cause

Component

Cooling

Control Room

Control Rod Drive, Card
Containment Spray Injection
Chemical Volume Control System

Direct Current

Deenergized

Deenergizing

Detection

Defective

Defective Procedures

Diesel Generator

Decay Heat Removal (System)

Emergency Core Cooling System
Essential ac Electrical Distribution
Electrical Malfunction

Emergency

End of Life



EQUALZG
ESF
ESFAS

FAB/CON/QC
FAILD
FAILR(S)
FIRING CRD
FREQ

FSAR
FUNCTN

G, GE, GEN ELEC

HPCI
HPSI
HV

1&C

ICS

INADV
INADQ
INITIATG
INOP
INSTLD
INSTRMNTN
INTRFC

LER
LOSP
LPCI
LPCS
LPSI

MAIN, MAINT
MALFUN
MAN

MCC

MECH MALF
MFG

MFR

MG

MOV

MS

NAT'L

NIH

NO

NORMAL OP
NRC

NSIC

NSSS

008

Equalizing
Engineered Safety Features

Engineered Safety Features Actuation System

Fabricatiun/Construction/Quality Control

Failed

Failure(s)

Firing Circuit

Frequency

Final Safety Analysis Report
Function

General Electric

High Pressure Coolant Injection
High Pressure Safety Injection
High Voltage

Instrumentation & Control
Integrated Control System
Inadvertent

Inadequate

Initiating

Inoperable

Installed

Instrumentation

Interface

Licensee Event Report

Loss of Off-Site Power

Low Pressure Coolant Injection
Low Pressure Core Spray

Low Pressure Safety Injection

Maintenance
Malfunction

Manual

Motor Control Center
Mechanical Malfunction
Manufacturing
Manufacturer

Motor Generator
Motor Operated Valve
Main Steam

Natural

National Institute of Health
Number

Normal Plant Operation

Nuclear Regulatory Commission
Nuclear Safety Information Center
Nuclear Steam Supply System

Out Of Service
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op
OSCLTR
ov
OVERHTG

PCIS

2Cs

PER MAIN
PER OPER
PERS, PERSNL
PER TEST

PPS

PRBLEM, PRBLMS
PRESS
PRTCTN
PRVNT

PS

PWR

PZR

QA
QC

R C C COMD
R C CAUSE
RCIC

RCP

RCS

REC COMD
REC REVIEW
REC'D
REDUC CAP
REG

RHR

RPLCD

RPS

RRP

RSTR

RTGB

RWCU
RWST

RWT

RX

S/U

SCR

SD, S/D
SEQ

SERV WTR
SFAS

SG, S/G
SHORTG
SI

SIAS

Operating
Oscillator
Overvoltage
Overheating

Primary Containment Isolation System
Primary Coolant System
Personnel Maintenance

Personnel Operation

Personnel

Personnel Testing

Plant Protection System
Probiem(s)

Pressure

Protection

Prevent

Power Supply

Pressurized Water Reactor, Power
Pressurizer

Quality Assurance
Quality Control

Recurring Cornmon Cause Command Fault
Recurring Common Cause
Reactor Core Isolation Cooling
Reactor Coolant Pump
Reactor Coolant System
Recurring Command Fault
Record Review

Received

Reduced Capability

Regulator

Residual Heat Removal
Replaced

Reactor Protection System
Reactor Recirculation Pump
Resistor

Reactor Turbine General Board
Reactor Water Cleanup
Refueling Water Storage Tank
Refueling Water Tank

Reactor

Startup

Silicon Controlled Rectifier
Shutdown

Sequence

Service Water

Safety Features Actuation System
Steam Generator

Shorting

Safety Injection, Static Iaverter
Safety Injection Actuation System
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STAT
ST™
SUP
SwW
SYS

TS

TECH
TRBLSHTG
TRANSM, TX
TRNSFORMER
TRNSISTOR
TRP, TRPD
TURB

UPS
USNRC
uv

VENT, VENTILATN
VLTG, VOLT

W, WESTING

XFMR

XIENT

XMITTER, XMTR
XSTR

Station

Steam

Supply

Switch, Service Water
System

Technical Specification
Technician
Troubleshooting
Transmitter
Transformer
Transistor

Trip, Tripped
Turbine

Uninterruptible Power Supply
United States Nuclear Regulatory Commission
Undervoltage

Ventilation
Voltage

Westinghouse
Transformer
Transient

Transmitter
Transistor
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DATA SUMMARIES OF LICENSEE EVENT REPORTS
OF INVERTERS AT U.S. COMMERCIAL
NUCLEAR POWER PLANTS
JANUARY 1, 1976 TO DECEMBER 31, 1982

INTRODUCTION

Licensee Event Reports (LERs) submitted
between January 1, 1976 and December 31, 1982
that pertain to inverters have been evaluated and
are presented herein, in support of the United States
Nuclear Regulatory Commission’s (USNRC's)
continuing effort to gather and analyze fault (failure
and coinmand fault) data for active and passive
components in nuclear power plants.

The data reported in the LERs were qualitatively
evaiuated and pertinent information (e.g., fault
mode, fault cause, event date) contained in each
LER describing an inverter event was coded into
a one-line description of the event. Each one-line
description was then stored in a computer-based
data file for future use. Data in this computerized
file can be searched, sorted, collated, retrieved,
updated, and displayed by almost any item of
information contained in the original LER. For
example, plant, Nuclear Steam Supply System
(NESS) vendor, event date, fault mode, and fault
cause data can all be accessed and manipulated by
the analyst. This feature makes the one-line LER
data base useful for obtaining various statistics for
use in this report and future analyses.

Various failure rates (herein called LER rates)
were estimated for inverters for each operating U.S.
commercial nuclear power plant having population
data, with the exception of three plants that were
considered atypical for this report. These estimates
were averaged to obtain inverter LER rates for the
four NSSS vendors considered. Finally, specific
plant failure data were averaged to obtain an LER
rate for pressurized water reactors (PWRs), boiling
water reactors (BWRs), and the aggregate of both
reactor types.

LER rates are useful for probabilistic analyses
such as gross risk and reliability evaluations.

However, when using the LER rates, the analyst
must appiy them with caution, LER rates reported
herein are estimates based on the component
failures reported in the LER system. These failures
do not necessarily comprise all failures for any given
component and, hence, may not represent the com-
ponent’s actual failure rate. There are various
reasons why all failures may not be reported. For
example, plant status (at power, cold shutdown,
refueling) at the time of failure and the failure’s im-
pact on the system or subsystem are two factors that
can influence whether or not a failure is reported.
The estimation of exposure time during which
failures can occur is another source of variation in
uie LER rates. This time depends on the number
of selected components in the facility and the
operating time of each component. Appendix A
contains a further discussion on the variations in
LER reporting.

The body of this report has two major parts.
First, the methodology used in encoding the LERs
is described. Included are the assumptions, defini-
tions, and limitations used in carrying out the
analysis. Next, a summary of the data according
to various encoded characteristics is provided. In
Appendix A, some of the causes for the variations
in LER reporting are explained. Appendix B
describes the LER coding scheme. Appendix C
discusses the methods used to estimate the LER
rates. Appendixes D through G contain sorts of the
one-line descriptions by NSSS vendor, human fac-
tors, system, and type of event, respectively.
Appendix H is a sort, by NSSS vendor, containing
additional information not found in the previous
one-line descriptions. For quick reference,
Appendix | contains a listing of the LER numbers
for the LERSs included in this report Appendix J
contains the results of the LER rate estimations.



LER EVALUATION AND CODING METHODOLOGY

Scope

In the context of this report, an inverter is any
static device that has the capability of converting
dc power into ac power for loads requiring a reliable
and constant power supply independent of ihe
plants’ normal and emergency ac power distribu-
tion systems.

Compenent Boundaries. Any electrical or
mechanical piece of equipment that is required for
the proper operation of the inverter, excluding any
electrical or mechanical piece of equipment situated
upstream or downstream of the input or output
leads, respectively, was considered part of the
inverter.

For this report, the term component refers to in
verters. However, it was also possible to identify
the faulted subcomponent that led to the faulted
condition of the inverter. The twenty-two subcom-
ponents identified for use are listed below (see also
SUB COMP in Appendix B):

Annunciator control card
Capacitor

Choke

Control card.’control module
Cooling fan

Diode

Driver board

Firing circuit
Frequency board

10. Fuse

11. Inductor

12. Oscillator

13. Power supply (internal)
14. Protection card

15. Rectifier

16. Relay

17. Resistor

18. Switch

19. Transformer

20. Transistor

21. Undervoltage coil

22. Volage reguiator.

LER Selection. In order to ensure completeness of
the LERSs pertaining to inverters the entire USNRC

C® IO L e W -

LER file? was obtained for the period
January 1, 1976 through December 31, 1982 1-2
Additional information for several events was
found in Nuclear Power Evperience.3

The total number of LERs reviewed for this
report was 21,424. However, not all of these LERs
were used for this analysis with many having been
excluded for one or more of the following reasons:

. The LERs pertained to components outside
the scope of this report.

2. The LERs were submitted by three plants
considered atypical. These plants are Fort
St. Vrain (gas-cooled), Humboldt Bay
(BWR/1, 63 megawatts), and La Crosse
(the only plant with Allis-Chalmers as the
NSSS vendor). Also, Indian Point | differs
from the 77 plants evaluated in this report,
because it was shutdown and defueled prior
to January of 1976. Consideration was
given to Dresden 1, but any events after
October 31, 1978 are not considered
because of the extended shutdown which
started on October 31, 1978, and which
was still in effect on December 31, 1982,
LERs submitted by Three Mile island 1
and 2 prior to the March 28, 1979 accident
are considered in this report. Events from
either plant after that date are excluded, as
Three Mile Island 2 is still shutdown, and
Three Mile Island 1 is shutdown due to a
restraining order.

3. The LERs were submitted prior to the date
of initial criticality for the respective plant.
Sequoyah 2 was the only exception to this
case. Sequoyah 1 took the responsibility of
submitting LERs that reported faults oc-
curring to Sequoyah 2’s inverters due to
station or site related loads. Since
Sequoyah | reported them after its date of
initial criticality, they are incluaged in the
data base.

LER Classification

The purpose of this report is to provide reliabil-
ity data, quantitative and qualitative, on inverters

a. Currcatly maintained by Oak Ridge National Laboratory



in commercial nucle~s power plants. A computer-
ized daia base of component/system operational
expericnces categorized by standard reliability
<haracteristics was developed to provide an efficient
and accurate way of retrieving and sorting the
various reliability data.

The USNRC LER system contains a centralized
source of component/system operational ex-
periences of off-normal events in the nuclear in-
dustry. The USNRC LER file, however, is not a
reliability data base. Therefore, direct transcription
of these LERs for reliabili ¢ purposes is not usual-
ly possible. At times, there is some correlation be-
tween what is coded in a LER and what is needed
in the inverter reliability data base. in these cases,
2 direct transcription was made. However, the
descriptive 1ext of the LER provided the bulk of the
information needed for t*e data base. This text also
provided the mechanismn to check for errors in any
coded portions of the original LEK-—that portion
providing information on system, component, com-
ponent subcode, cause, etc

Although most LERs contain only a single report
involving one event ‘a failuce or a command fault),
some LERs zontain muitiple reports, each involv-
ing either single or multiple events. For the case
where there existed multiple reports in the LER an
appropriate one-line data record was created in the
data base for each report contained in the LER. For
the case where the LER described multiple faults
involving like components, inform: ion was encod-
ed into the one-line data record to account for the
number of faults.

A detailed explanation of the coding scheme is
given in Appendix B. A discussion of the assump-
unas and definitions used to encode certain fields
witain the one-line data record is provided below.
Four fields in each one-line data record contain
items tha: are used for identification purposes:
NSSS .endor, plant, LER number, and LER con-
troi number. These items need no explanation other
than that provided in Appendix B.

Fault/Failure. As defined in the ““Nomenclature”
section, a fault refers to failures and command
faults. A Zailure implies that a component must be
repaived ac replaced in orde: for it to perform as
designed. A command fault is an event in which the
component of interest does not fail, but is in the
wrong state because of external inputs or lack of
inputs. An inverter failing because an operator in-
advertently opened the supply breaker is an exam-
ple of a command fault.

Fault Mode. liitially, a cursory evaluation of the
applicable LERs was conducted to ensure that the
fault modes defined in this report would encompass
the bulk of the LERs. Because of the lack of detailed
information in most of the LER event descriptions,
only two modes are defined. The mudes are:

1. Reduced capability
2. Inoperable.

The reduced capability fault mode describes an
event in which the component is operational but
does not have full output capacity. Reduced
capability implies some adjustment or corrective ac-
tion was needed, but not replacement, for a com-
ponent :o reach full output capacity. An example
of a reduced capability command fault is a techni-
cian settiug the inverter voltage regulator incorrect-
ly, while a reduced capability failure is voltage
regulator setpoint drift (due to aging or other equip-
ment related reasons).

The fault mode, inoperable, is used to describe
events where there is no output from the component,
or major component repair or replacement was need-
ed. Command faults such as an open power supply
breaker that prevents the inverter from supplying
power to loads fall into the inoperable fault mode.
Appendix B provides the details of the coding used
to provide this information.

Fault Cause. The ten fault causes used are those
stated in the respective LERs, and should be self-
explanatory (see Appendix B). Most causes were
identified by screening the cause description text of
the LER. The cause stated in the text was entered
in the one-line data record.

Event Classification (Age or Frequency of
Use). Each component fault was reviewed to deter-
mine il the fault was related *o the frequency of use
(starts, stops, openings, closings, etc.) of the com-
ponent or, simply, the age of the component. As
the siandby time or running time increases, the
cumulative chance of an age-related fault increases.
The cumulative chance of a frequency-of-use-
related fault increases as the number of demands
or cycles on the component increases. The number
of demands or cycles is not necessarily 2 linearly-
increasing function of time.

Knowing a relationship between age-related and
frequency-related faults can aid in establishing or
evaluating a testing policy. If frequency-related



faults predominate for a particular component,
increased testing (which would place more demands
on the component) may not be appropriate. Con-
versely, if age-related faults predominate, increased
testing would be appropriate, because as the time
interval between tests decreases, so does the chance
of a component being unavailable. As an example
of how such distinctions were made, a component
that faulted because of electronic or electrical piece
part deterioration was considered an age-related
fault, while a component fault ti.at resulted from
a broken linkage arm or handswitch was considered
a frequency-of-use-related fault.

All reports involving personnel error were
classified as frequency, because it was felt that rne
probability of these events increased as the number
of personnel interaction with the component
increased. When & LER did not provide adequate
cause information to enable cne to determine the
event classification, unknown was used to classify
these events.

The original LERs do not contain a coded field
indicating whether a fault is age- or frequency-
related, nor is the reporting organization required
to provide such an assessment in the text of the
LER. Therefore, the code that appears in the one-
line summaries is the result of a subjective review
of the available information; other aralysts may
draw different conclusions.

Type of Event. Seven types of events are of special
interest for risk/reliability consideration:

1. Recurring failure

2. Common cause failure

3. Recurring common cause failure

4. Command fault

5. Recurring command fault

6. Common cause command fault

7. Recurring common cause command fault.
The events not coded as one of these specified types
are considered to be random failures. In the con-
text of this report, random failures refer to occur-

rences that do not meet the definitions of the other
types of events.

Recurring in this report means two or more LERs
from a plant (unit) or plants at one site (e.g., Quad-
Cities 1 and 2) reporting problems of a similar
enough nature that some note should be taken. No
attempt is made to compare events at Quad-Cities
1 with Zion 1 (i.e., to identify intersite faults). One
other criterion for classifying an event as recurring
is to have an LER state that *‘this is a recurring
failure,”” or that “‘similar failures have been
reported on this component.™

A common cause failure classifies not only
simultaneous failures of two or more components,
but also includes single failures where the poten-
tial for two or more component failures exists. The
latter are considered common cause candidates. If
there was any doubt as to whether or not an event
was common cause, the event was coded as com-
mon cause. An example of a common cause failure
is water leaking from the roof causing short circuit
failures of two or more inverters. If the same com-
mon cause was reported more than once at one
plant, this was coded as recurring common cause.

A command fauit is a fault where there is no ac-
tual physical failure of the component, but where
the component is in the wrong state because of fac-
tors external to the component. External factors,
such as human error or failure of a component that
interfaces with the faulted component, account for
most command faults. For example, if an inverter’s
dc supply breaker failed, leaving the inverter inoper-
able, it is not an inverter failure; the inverter would
operate satisfactorily if power were available.
However, if there was any doubt as to whether the
fault was considered a failure or command fault,
the fault was considered a failure. Recurring com-
mand faults describe events that include the criteria
for both recurring and command faults. Common
cause command faults occur when twe or more
components are affected by, or have the potential
to be affected by, a single command fault. As
before, these components do not experience an ac-
tual failure, but are in the wrong state due to input
(or lack of input) from other components. An ex-
ample of a common cause command fault is
maintenance personnel incorrectly setting the out-
put frequency of several inverters. When the
reported problem was both a recurring and com-
mon cause command fault, the term recurring com-
mon cause command fault was used to identify the
fault.

System. When performing a review of all the
plants” Final Safety Analysis Reports (FSARs) it



was found that the inverters were in svstems that
provide constant, uninterruptible power to essen-
tial ac loads. The names of these systems varied
from plant to plant, but the function and loads of
the inverters found in these systems were relatively
similar. The following list gives examples of these
types of systems.

1. 120 and/or 240 Volt-ac Vital Instrument
Power Supply System

2. 120 and/or 240 Volt-ac Essential Power
System

3. 120 and/or 240 Volt Umnterruptible Power
Supply (UPS) System.

Events occurring to inverters in these systems
were coded as Essential ac Electrical Distribution
System. The LERs also reference inverters that are
assigned to specific loads in one system only (i.e.,
ADS, LPCI, HPCI, RCIC, and containment).
Cvents occurring to inverters of this type were
assigned the applicable system code.

One terminology conflict occurred in assigning
systems to the one-liners in this manner. Vermont
Yankee designated as 480 Vac UPS inverters that
were felt to be LPCI inverters. These inverters were
coded as LPCI inverters to be consistent with the
other BWR plants that reported LPCI inverters,
and to allow segregation of these inverters from the
other smaller inverters (~200 kVA smaller) found
in the UPS systems of other plants.

Event Date. The event date in the one-line data
record corresponds to the event date reported in the
LER. The LER event date, however, is not
necessarily the date on which the fault occurred.
There are instances when a component is discovered
fauited and has obviously been faulted for a consid-
erable time. The LER event date actually cor-
responds to the date the fault was discovered. The
event date was assumed to correspond to the date
of the component fault. Such an assumption,
however, does not significantly impact any of the
results presented in this report.

Manufacturer. The LERs provide a coded field for
the manufacturer of a failed component. However,
the manufacturer code in the LER is sometimes
missing and sometimes not appropriate for the
component coded in the data base. On occasion the
manufacturer given in the LER was not the inverters’

manufacturer. References were made in the LER as
to the inverters’ subcomponent (e.g., relay, fuse, or
capacitor) or to the failed component that was respon-
sible for the inverters’ command fault (e.g., an open
circuit breaker). Due to these reporting variations no
attempt was made to further evaluate the manufac-
turers reported. However, the codes are available in
the data base should a more detailed study of the
LERs be undertaken.

Activity Resulting in Discovery. Each one-line
data record contains a code that indicates the activ-
ity taking place that led to the discovery of the
event. In some instances, the activity was the cause
of the event. Although the original LER contains
a specific field for this information, the text of the
LER is primarily relied upon to obtain this
information.

Some examples of how the activity codes have
been used are shown below.

Event Activity

An alarm sounds Normal plant opera-
during power tion
operation.

An operator spotting a Normal plant opera-
failure on a *‘walk- tion

down’’ observation

tour.

A component powered Normal plant opera-
by an inverter (such as tion

a valve) fails during a

test due to inverter

failure.

An inverter failing
during a monthly test.

Testing

If a test is done at weekly (or greater) intervals it
is considered testing; while at daily intervals it is
considered normal plant operation.

Flagging. Each one-line data record was evaluated
to determine whether or not the event might need
to be flagged for possible future evaluation. Twe
specific types of events were flaceed: (a) those in-
verter events that caused an inadvertent scram or
accident (i.e., loss of coolant flow) and (b) those
inverter events that failed to mitigate an accident



or inadvertent scram. For inverter events not
meeting either of these conditions that deserved
additional attention, a third code was used.

There are more fields contained in the data record
that have not been presented here because they are
self-explanatory and need little or no insight as to
the methodology used to encode them into the data
record. For information pertaining to these fields
see Appendix B.

LER Rate Estimations

The scope of the LER rate estimation in this
report is limited owing to the limited availability of
component populations. In the sections below, the
data for rate estimations and the estimations
themselves are described.

Data Collection. The data necessary to estimate
the LER rates are (a) the inverter population,
(b) the exposure time, and (c) the number of in-
verter failures. These daia were obtained from
various sources. The following discussion presents
the assumptions and sources used to arrive at the
values for each of these data needs.

Populations. A comprehensive source of data
from which to obtain all inverter populations within
each plant was not found. The sources used to
obtain the population data for each plant were the
individual plant FSARs, USNRC’s **Gray Books,"
and documented correspondence between the
USNRC and the plants.4-8 The latter was used to
resolve conflicts between inverter populations found
in the FSARs and what was recorded in the LERs.
Such conflicts occurred with eight plants:
Fitzpatrick, Hatch 1 and 2, Oconee 1, 2, and 3,
Millstone 2, and Vermont Yankee 1.

The four BWR plants (Fitzpatrick, Hatch 1
and 2, and Vermont Yankee 1) underwent major
electrical modifications in order to provide an in-
dependent power supply to their LPCI valves which
resulted in the addition of two LPCI inverters per
plant or unit. If other BWR plants were required
to make these electrical modifications and no faults
occurred to these inverters warranting the submit-
tal of a LER, there would be no conflicts to iden-
tify and consequently no LPCI inverter population
data for these plants. It is believed that these elec-
trical modifications were a result of the reviews per-
formed on all BWR plants when they were required

to modify their LPCI systems to prevent run out
of the LPCI pumps. It has been assumed that these
four BWR plants were the cnly BWR plants re-
quired to install LPCI inverters.

Millstone 2 added another inverter to the 125 Vdc
vital instrument system before 1976. Oconee
Nuclear Station started out with vital ac system in-
verters that had loads on them from a' three units,
and were shared between the th: . units, then
switched to a vital ac system where the inverters
were not shared between each unit. No other plants
had shared inverters.

There were two inverters found at San Onofre 2
that had a LPCI suction header valve as the only
load off each inverter. This type of power supply
system was atypical of the rest of the PWR systems.
Therefore, San Onofre 2's LPCI inverters were not
included in the failure rate calculations.

Time. Generally, the exposure time for each in-
verter within a plant that was included in the LER
rate estimates was either (a) the calendar hours from
January 1, 1976 to December 31, 1982, for those
plants that achieved initial criticality prior to
January 1, 1976 (61,368 hours) or (b) the calendar
hours from the date of initial criticality to
December 31, 1982 for those plants that achieved
initial criticality after January 1, 1976. The dates
for plant initial criticality were obtained from the
USNRC’s ““Gray Books.”"? A secondary source of
nuclear power plant information was Commercial
Nuclear Power Plants published by NUS
Corporation, 10

This exposure time is based on the assumption
that the inverters that were depicted in the plant.’
FSARs or their USNRC correspondence were
operational and normally energized from the date
of initial criticality. It is beyond the scope of this
report to determine any down time an inverter may
have experienced due to planned or unplanned
maintenance.

The following is a discussion of the exceptions
to the previous sets of criteria for establishing the
exposure time for those inverters considered in the
LER rate calculations.

The exposure time for the inverters found at
Sequoyah 2 is the same exposure time placed on
Sequoyah 1's inverters, even though Sequoyah 2
achieved initial criticality after Sequoyah 1. It was



obvious from the LERs that Sequoyah | had taken
the responsibility of reporting the faults that
occurred to Sequoyah 2's inverters due to station
or site related loads that came off of Sequoyah 2's
inverters.

The exposure times for those LPCI inverters that
were installed after initial plant criticality were taken
from the date ending the refueling outage when the
LPCI modifications were estimated to have been
completed. The following is a list of these plants’
refueling outages and the completion dates of the
outages.

Date Ending
the Refueling

Plant Refueling Outage
Fitzpatrick 1977 September 26,
1977
Hatch | 1978 April 185,
1978
Vermont 1976 August 8,
Yankee | 1976

The modifications previously described for
Hatch 2, Millstone 2, and Oconee occurred before
initial criticality or before January 1, 1976 and
hence are not exceptions.

Exposure times per inverter for the plants that
added inverters after initial criticality are averaged
over the plants’ total inverter exposure time. For
example, consider a plant having four inverters for
three years (1976-1978) and six inverters for four
years (1979-1982). Such a plant would have
36 inverter ® years. This would be reported as
though the plant had had six inverters for six vears,
or four inverters for nine years, etc. Integer values
are needed for computing purposes, and six years
would be chosen since this is less than the report
time span of seven years.

Failures. The number of failures used in the
calculation of the LER rates was extracted from the
coded one-line LERs stored in the computer-based
data file. Not all of the inverters that were coded
were included in the LER rate estimates. Only those
inverters that experienced the fault mode inoperable

and were par of the essential ac electrical distribu-
tion system or LPCI system were included in the
LER rate estimates. Command faults were not com-
bined (as in previous reports) with the failures to
produce a second set of LER rates. Due to the scar-
city of command faults found in the computer data
base, the LER rate estimates that used command
faults along with the failures would be similar to
the LER rate estimates that used failures only.

In estimating LER rates for this report, each
failure was assumed to be an individual random
event, though in fact some events are suspected to
be common cause. However, it is beyond the scope
of this report to treat the common cause events di{-
ferently when performing the LER rate estimates.

LER Rate Estimations Performed. Three sets of
LER rates were estimated:

1. Operating failure rates, in failures per
hour, that combined those inverters found
in the following two sets.

2. Operating failure rates, in failures per
hour, for those inverters found in the essen-
tial ac electrical distribution system.

3. Operating failure rates, in failures per
hour, for those inverters found in the BWR
system, LPCI.

During the collection of population data it was
found that most of the inverters in the essential ac
electrical distribution system have power ratings
ranging from 5 to 50 kVA. All eight of the LPCI
inverters have a 250 kVA rating. All of these in-
verters have basically the same principles of opera-
tion, however, the vast difference in the kVA
ratings, and the loads off each inverter, between the
two systems could lead to different failure rates
between the inverters found in these two systems.
In order to investigate this it is necessary to obtain
the previously mentioned three sets of failure rates.

The computational formulas used to estimate the
LER rates are discussed in Appendix C. Each set
of the inverter failure rates were grouped as follows:

1. An LER rate for each licensed operating
plant

2. An LER rate for each NSSS



3. An LER rate for PWRs and BWRs

4. Anoverall LER rate based on aggregating
the failure data of each licensed operating
plant.

In each of the above cases, if no population data
were available for a particular LER rate calculation,
then the applicable plant, NSSS, or reactor type
(PWR or BWR) would be omitted from the calcula
tion. For example, all but four plants were omitted
from the LPCI inverter LER rate calculation since
no LPCI inverters were known to exist for the
omitted plants.

Chi-square confidence bounds were erived for
each LER rate estimate. These confiden. : bounds
are applicable only when all the components that
are combined in an estimate have exactly the same
LER rate. When components have different LER
rates (e.g., because of individual component varia-
tions and different plant environments), the confi-
dence inierval describes only the average [ ER rate,
not the individual component LER rates. The main
use of these bounds is for comparisons. Narrow
bounds apply to estimates that are based on more
information (i.e., for a fixed LER rate, more
failures and longer exposure times lead to narrow
bounds).



SUMMARY OF RESULTS

Table | presents an accounting of the number of
LERs used in this report. Of the 177 faults in the
data file, 166 (94%) were classified as component
faitures. The remaining 11 were identified as being
command faults.

Table 1. Accounting of inverter LEPs

Engineering Data

Presented in this engineering data summary are
discussions, figures (bar graphs), and tables sum-
marizing pertinent information contained in the
data base. The figures and tables present the
177 faults by both failures and command faults.
Many of the labels for the individual bars on the

LERs Numbers bar graphs had to be abbreviated; see the
T;t;l Bt G L '”2_,' 424 “*“Nomenclature” section for the full titles of these
' abbreviated labels. Percentages of the total number
Total excluded after screening 21,279 of faults associated with each variable can be found
Total coded 145 on each bar grapii.
Total one-line data records created 161 NOTE: The following discussion is based on raw
from the 145 LERs (8 LERs con- counts and does not reflect differing numbers of
‘l:'"?df"."lt"l’lc repgns resulting in inverters in different facilities. Thus, a relatively
Saditional records) high incidence of events may not imply a relatively
Number of events contained in the 177 large failure rate. Failure rates are presented in the
161 one-line data records (9 records latter half of this summary.
contained multiple events resulting
in 16 additional events) NSSS Vendor. Figure | is a graph of the
1k R R 177 faults by NSSS vendor. It is evident from
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Figure 1. Summary of inverter faults by NSSS.



Figure | that Westinghouse reported the majority
(43%) of the total faults. Refer to Appendix D for
one-line descriptions sorted by NSSS vendor.

Plant-Specific Data. Figure 2 presents individual
plant faults for all 77 piants in a highly visible form,
grouped by NSSS vendor.

Yearly Data Summaries. This report covers a full
seven years of inverter LERs. Time trends may not
be discernable due to the scarcit, of inverter faults
reported during this time period but a yearly sum-
mary of inverter faults is presented in Table 2, for
those who may be interested. Table 2 summarizes
the inverter faults by year along with the plants
cumulative calendar hours to provide a normaliz-
ing factor to account for new plants, or in the cases
of Three Mile Island and Dresden 1, to account for
the fact that data was not gathered after their ex-
tended shutdowns.

Subcomponent. Figure 3 presents the inverter
faults by subcomponent. There were S8 (33%)
faults coded unknown or not applicable in the
subcomponent field. Fuses account for 17% (29)
of the faults followed by capacitors with 13% (21)
of the inverter faults.

Fault Mode. Figure 4 is a graph of the 177 faults
by fault mode. It is evident from Figure 4 that
inoperable failures accounted for tie majority (162
or 92%) of the total faults.

Fault Cause. Figure S is a graph of the 177 faults
by fault cause. It is evident from Figure § that
electrical malfunction accousnted for a major por-
tion (97 or 55%) of the faults. Theie were 48 (27%)
faults coded with unknown fault causes.

Human Factors. Figure 6 summarizes those
failures and command faults caused by human fac-
tors. All faults related to personnel, design, fabrica-
tion, construction, quality control, and procedures
were considered to fall into a general category of
causes called human factors. Human factors ac-
count for 24 (14%) of the 177 faults. Of the
24 human factor faults, personnel errors during
operation, maintenance, and testing account for 15
(63%) while design, fabrication, construction,
quality control, and procedural errors account for
the remaining 37%. Personnel maintenance is the
largest single contributor to human factor faults at
42%, with design errors second with 25%.

10

Of the 24 human factor faults, 15 were identified
as having involved acts of commission and 9 in-
volved acts of omission. Refer to Appendix E for
one-line descriptions sorted by human factors.

Electricol M ofunction. All the events caused by
electrical me 'function resulted in failure. The fault
cause electrical malfunction was a very broad term
to classify the cause that led to the faulted inverter,
especially when looking at an electrical piece of
equipment such as an inverter. In order to get better
insights as to what led to the elzectrical malfunction
of an inverter, when it was not due to human
factors, extreme environment, or mechanical mal-
function, it is better to look at what subcomponent
faulted that led to the electrical malfunction of the
inverter. Most often this is the only insight obtain-
able that can lead to what caused the faulted con-
dinon of the inverter.

Figure 7 summarizes electrical malfunction
failures by subcomponent. Electrical malfunction
failures account for 97 (55%) of all the faults in this
report, Of these 97 faults, capacitors accounted for
the most with 20; and fuse failures are next with
18 failures.

Fault Mode and Cause. Table 3 summarizes the
number of events in each fault mode by fault cause.
Review of this table shows the major causes of
faults for each fault mode. Electrical malfunction
failures with the inoperable mode comprise the
majority (96 or 56%) of the total inoperable mode.
The next largest category consists of unknown
failures with the inoperable mode with 26% (44) of
the total inoperable mode.

System. Figures 8 and 9 present the inverter
taults by system for both reactor types, PWR and
BWR, respectively. Essential ac electrical distribu-
tion accounts for a large percentage of the faults.
PWRs have 95% of their total faults attributing to
this system while BWRs have 7%. The low pressure
coolant injection (LPCI) system accounts for the
majority of BWR system faults with 62%. Refer
to Appendix F for one-line descriptions sorted by
system.

Type of Event. Figure 10 presents a numerical
summary of the faults by type of event, thus pro-
viding the analyst with an overall view of how the
177 faults are distributed as to type of event. No
LERs involving the event categories command,
recurring command, and recurring common cause
command faults were found in this report.
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Taole 3. Summary of inverter faults by fault cause and fault mode

Fault Mode
Reduced Capability Inoperable Fault Cause Total
Command Command
Failures Faults Failures Failures
Fault Cause Number Percent Number Percent Number Percent Number Percent  Number Percent Number Percent

Unknown 3 75 0 - 44 b1 1 10 47 28 I 9

Personnel Operation 0 — 0 — 3 2 1 10 3 2 1 9

Personnel Maintenance 0 — 0 - 5 3 s S0 L 3 s 48
- Personnel Testing 0 - 0 “ 0 - I 10 0 - ! 9

Duign Esver 0 o 0 = s 3 1 10 s 3 | B

Fabrication/Construction/ 0 — 1 100 I i o - I 1 I 9

Quality Control

Defective Procedures 0 — 0 - 1 i 0 - 1 1 0 -

Extreme Environment 0 - 0 - s 3 1 10 s 3 1 9

Electrical Malfunction 1 25 0 -— 96 59 0 - 97 S8 0 -

Mechanical Malfunction 0 - 0 - 0 i 0 - 3 i 0 ~

FAULT MODE TOTAL 4 1 162 10 166 il
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A total of 33 (19%) events were regarded as com-
mon cause candidates. All the command faults were
in this category. A total of 54 (31%) events were
recurring. The following subsections discuss the
various types of events in detail.

Appendix G provides a listing of one-line descrip-
tions, sorted by type of event, for all types of events
with the exception of random events. Using the
information in this appendix, the analyst can iden-
tify the specific kinds of problems that are occur-
ring and also which plants are experiencing these
problems.

Recurring Failure. Recurring failures accounted for
49 (28%) of the total number of inverter faults. Of
these, 31 (63%) were reported by PWR plants and
18 (37%) were reported by BWR plants.

All 31 (100%) of the PWR recurring failures oc-
curred in the essential ac electrical distribution

17

system. The low pressure coolant injection system
contained 12 (67%) of :he 18 recurring fai'ures
reported by BWR plants.

All 49 of the recurring failures resulted in the in-
operable failure mode, with 24 (49%) caused by
electrical malfunction.

Common Cause Failure. There were 17 (10%) in-
verter failures coded as common cause failures. Of
these, PWR plants reported 14 (82%%) while 3 (18%)
were reported by BWR plants. All 14 (100%) of the
PWR common cause failures occurred in the essen-
tial ac electrical distrioution system. The BWR com-
mon cause failures were distributed as follows: 2 in
the reactor core isolation cooling system and 1 in
the low pressure coolant injection system.

Of the 17 common cause failures, 15 (88%)
resulted in the inoperable failure mode during nor-
mal plant operation, and 12 (71%) were classified



as frequency related events. Common cause failure
causes were distributed as follows: 5 (29% ) cach for
electrical malfunction and personnel maintenance,
3 (8%) for extreme environment, and 2 (12%) each
for personnel operation and unknown.

Recurring Common Cause Failure. There were §
(3%) inverter failures coded as recurring common
cause failures. All § (100%) were reported by PWR
plants. Of the § PWR recurring common cause
failures 4 occurred in the essential ac electrical
distribution system.

All § of the recurring common cause failures
resulted in the inoperable failure mode during
normal plant operation. Of the § failures, 4 were
coded as being caused by electrical malfunctions
and 1 failure was caused by fabrication/construc-
tion/quality control.

Common Csuse Command Fault. Eleven (6%) of the
177 inverter faults were coded as common cause
command faults. Eight (73%) were reported by
PWR plants and 3 (27%) were reported by BWR
plants.

Of the 8 PWR common cause command faults,
7 (88%) occurred in the essential ac electrical
distribution system and | (13%) occurred in the
containment system. Two of the 3 BWR common
cause command faults occurred in the essential ac
electrical distribution system with the remaining
fault occurring in the low pressure coolant injec-
tion system.

Ten (91%) of the common cause command faults
were coded as being in the inoperable fault mode.
As expected, the majority of the common cause
command faults were classified as being frequency
related.

Event Classification. Figure |1 presents the in-
verter faults by event classification. Age and fre-
quency accounted for approximately the same
percentage of faults with 37% and 34%, respective-
ly. The LER cause description was the primary
source used to determine whether an event was de-
mand or time related. The quality of these descrip-
tions prevented the classification of 9% of the
177 events. The classification method is subjective
and care should be exercised when using this data.

Activity Resulting in Discovery. Figure 12
presents a graph of the number of faults by the

activity in progress that lead to the discovery of the
fault. The majority (158 or 89%) of the 177 faults
were discovered during normal plant operations.

Flagging. Thirty-four (19%) of the 177 events were
flagged. Twenty-three (13%) events were found to
have caused an inadvertent scram or accident. Seven
records, involving eleven inverters, were flagged for
possible future reference (see Appendix H). These
did not cause an inadvertent scram or accident, but
it was felt that the events recorded in the LER (not
necessaiily the inverter events) may have had a very
minor to major impact on the safe operation of the
plant. Extreme care should be used in interpreting
events that were flagged as being particularly safety-
significant, because such interpretations among dif-
ferent people may vary widely.

There were no inverters, probably due to their
functions and placements within a nuclear power
plant, that failed to mitigate an accident.

LER Rates

Table 4 summarizes the input data used for the
LER rate estimations. As stated earlier, three sets
of LER rates were estimated:

I.  One estimate that included both the inver-
ters in the essential ac distribution system
and those found in the BWR LPCI system.

2. One estimate for those found in the essen-
tial ac distribution system.

3. One estimate for those found in the BWR
LPCI system.

Not all the faults recorded in the data base
qualified as an input to these estimates. In order
for the faults to be qualified they were required to
meet the following set of criteria,

1. The inverter faults were found in the essen-
tial ac distribution system or the LPCI
system depending upon which LER
estimate was performed

2. These faults were failures (i.¢., not com-
mand faults)

3. The inverters were categorized in the
inoperable fault mode.






Not all plants qualified to be considered in the
LER rate estimates. As can be seen from Table 4
many BWR plants had no inverters in the LPCI
system or esse tial ac distribution system.

NOTE: All the BWR plants that did not use
inverters in their essential ac distribution system
incorporated the use of motor, or motor-motor-
generator sets to accomplish the same goal as the
inverters do in other plants.

The above selection criteria resulted in 137 (of
162) inoperable failures being selected for LER rate
analysis, Omitted are 25 inoperable failures from
other systems (5§ PWR, 20 BWR). The presentation
in Table 4 allows the analyst to modify the data and
corresponding LER rates if known differences exist.

Appendix J contains ‘nverter LER rate estima-
tions. The results of each estimate are in the form
of up to five pages of computer output; as many
as four pages for the plants of each of the
four NSSS vendors, and one page containing Final
Statistics. The Final Statistics section for each
estimate contains the averaged NSSS vendor LER
rates, averaged PWR LER rates, and an overall
LER rate.

Along with the LER rates contained in this Final
Statistics section, the upper 95% confidence limit
and lower 5% confidence limit are calculated and
expressed as a factor of the LER rate point estimate.
To obtain the upper 95% limit, multiply the given
LER rate point estimate by the upper multiple
associated with this estimate. To obtain the cor-
responding lower 5% confidence limit, divide the
LER rate estimate by the lower divisor associated
with this point estimate. In other words:

multiply X.X times Y.YE-YY to obtain upper
95% confidence limit

and

divide Z.Z into Y.YE-YY for lower 5% con-
fidence limit

where

X.X upper 95% confidence multi-

plier

i

20

Y.YE-YY LER rate point estimate and

.2 lower 5% confidence divisor.

Figures 13a through 15 show the individual plant
variation associated with the LER rate estimations
by plotting the specific plant LER rates associated
with the inoperable fault mode (see Appendix J for
data).

These plots illustrate plant-to-plant variability in
LER rate estimates within a vendor. An arrow for
a lower confidence bound and the comment lower
bound = 0 indicate that the associated point
estimaic has no recorded faults and has been ob-
tained from Equations C-6 through C-8. The ar-
rows are employed to indicate a zero lower bound
since it is impossible to actually show zero on the
logarithmic scales used in the following figures, The
LER rate plotted for a plant that reported no
failures is the 50% point estimate for that piant (see
Appendix C for calculation methodology).

The primary purpose for plotting the bounds is
for comparisons. In examining these scatter plots,
note that the point estimate of the operating failure
rate increases with an increasing number of failures,
and the width of the confidence interval decreases.
Conversely, a small number of failures will lead to
a smaller point estimate with a larger confidence
interval (assuming the time is constant). This is
because the width of the confidence bounds o1 a
logarithmic scale is sensitive to changes in the
number of failures.

The failure data are plotted by increasing failure
rates. Scales vary between plots because the scale
is automatical'y adjusted by the values associated
with the plant having the highest upper 95% con-
fidence limit and the lowest 5% confidence limit.
Outliers are not necessarily indicators of excep-
tionally good or bad performers. That is, the plots
should not be interpreted at face value without con-
sidering some of the underlying causes for LER
variation (see Appendix A).

Table S summarizes the NSSS vendor’s inverter
rates.



Table 4. Summary of input data fo: inverter LER rate estimations

___ Plant Name (Code)
BABCOCK & WILCOX®
Arkansas Nuclear | (AR1)
Crystal River 3 (CR3)
Davis-Besse 1 (DB1)
Oconee | (OED)
Oconee 2 (OE2)
Oconee 3 (OE3)
Rancho Seco 1 (RS1)
Three Mile Island 1 (T11)
Three Mile Island 2 (TI2)

NSSS Total

COMBUSTION ENGINEERING#
Arkansas Nuclear 2 (AR2)
Calvert Cliffs 1 (CC1)

Calvert Cliffs 2 (CC2)
Fort Calhoun 1 (FCI)
Maine Yankee (MY1)
Millstone 2 (M12)
Palisades (PAl)

San Onofre 2 (S02)

St. Lucie 1 (SL1)

NSSS Total

WESTIN GHOUSE#

Beaver Valley 1 (BV])

__System

Essential ac
Essential ac
Essential ac
Essential ac
Essential ac
Essential ac
Essential ac
Essentiai ac

Essential ac

Essential ac
Essential ac
Essential ac
Essential ac
Essential ac
Essential ac
Essential ac

Essential ac
Lpcib

Essential ac

Essential ac

21

Inverter
Population

Hours Per
Component

Total

Failures

61368

52272

47232

61368

61368

61368

61368

28392

8784

35712

61368

53352

61368

61368

61368

61368

3816

58680

$8248




Table 4. (continued)

Plant Name

WESTINGHOI

ok | (IX

wk 2 (DC2)

(Jrli)




Table 4. (continued)




Table 4. (continued)

Inverter Hours Per Total
Plant Name (Code) System Population  Component  Failures
GENERAL ELECTRIC2 (continued)
Hatch | (ENI) Essential ac i 61368 0
LPCI 2 41328 8
Hatch 2 (EN2) Essential ac 1 39408 0
LPCI 2 39408 7
La Salle 1 (LSI) Essential ac 1 4656 0
Milistone 1 (MI1) Essential ac® - — -
Monticello (MO1) Essential ac® - o .
Nine Mile Point 1 (NM1) Essential ac® — - -~
Oyster Creek 1 (OC1) Essential ac* - - -
Peach Bottom 2 (PB2) Essential ac 1 61368 0
Peach Bottom 3 (PB3) Essential ac 1 €1368 0
Pilgrim 1 (P11) Essential ac® - - e
Quad-Cities 1 (QC1) Essential acC - - -
Quad-Cities 2 (QC2) Essential ac® - - -
Susquehanna 1 (SQ1) Essential ac 2 2712 0
Vermont Yankee 1 (VY1) Essential ac¢ - -~ -
LPCI 2 S6088 12
NSSS Total 3
GRAND TOTAL 137

Static inverters are not incorporaied in LPCI systems, unless noted otherwise.

San Onofre 2's LPCI static inverters were considered atypical.

Motor- or motor-motor-generator sets instead of static inverters are incorporated in these systems.

No population data available.
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Table 5. Summary of LER rates by NSSS

Total Operating
Total Population Failure Rate
_Nss§ System Failures Hours (Failures/Hour)
Babcock & Wilcox Esscmaial ac 23 2,543,280 9.0E-06
PCl -- — —-
Combined 23 2,543,280 9.0E-06
Combustion Engineering E.ssen;ial ac 14 2,353,368 S.9E-06
LPCI - —_ —
Combined 14 2,353,368 5.9E-06
Westinghouse Essential ac 63 5,630,112 1.1E-08
LPCIA - — -
Combined 63 5,630,112 1.1E-08
PWRs Essential ac 100 10,526,760 9.5E-06
LPCla — - -
Combined 100 10,526,760 9.5E-06
General Electric (BWRs) Essential ac I 610,344 1.6E-06
LPCI 36 365,952 9.8E-05
Combined 37 976,296 3. 8E-05
Overall Essential ac 101 11,137,104 9. 1E-06
LPCI 16 365,952 9.8E-05
Combined 137 11,503,056 1.2E-05

a. LPCl inverters were found not to be incorporated at the plants within these groupings, or in the
case of San Onofre 2, were considered atypical.
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APPENCIX B

ONE-LINE LER CODING SCHEME

In order to extract as much pertinent informa-
tion as possible from the information provided in
the original LER, and, at the same time, try to
restrict the information to one line of computer out-
put per LER, the foliowing coding scheme was
developed.

In general, the order of the discussion that
follows is the order in which the various fields
appear in the one-line descriptions of the inverter
events. The headings used for the corresponding
fields in the one-line descriptions are contained in
parentheses following the topic neadings used
below.

NSSS Vendor (NSSS)

The NSSS field indicates the vendor associated
with the plant submitting the LER report. A

I-character field is used to store and display the ven-
dor code. This field can be used as a sort key. The
following list gives the code and corresponding
NSSS vendor.

Code NSSS Vendor
B Babcock & Wilcox
K Combustion Engineering
W Westinghouse
G General Electric
Plant (PLANT)

A 3-character field was used to identify the com-
mercial power plant responsible for submitting each
LER. Table B-1 provides a list of the plants and
codes and also supphes other plant information.
The PLANT field can be used as a sort key.

Table B-1. Genreral plant information
Design
Electrical  Date of Date of
Plant Name Plant Raung Imstial Commercial  Location
~(Docket Number! (odc (MWe) (€ riticality 9perati9r1_ (State) Architect jivr\_gi_n_cgr ~ Constructor
BABCOCK & WILCOX
Arkansas Nuclear ARI RSO 08/06/74 12719774 AR Bechtel Bechtel
One 1 (50-313)
Crystal River 3 CR3 828 01/14/77 03/13/77 F1 Gilbert Associates J. A Jones
(50-302) Construction
Davis-Besse | DBI 906 08/12/77 07/31/78 OH Bechtel Bechtel
(80-346)
Oconee | OE1 887 041973 07/15/73 SC Duke & Bechtel Duke Power
(50-269)
Oconee 2 OF2 887 1111773 09/09 74 SC Duke & Bechtel Duke Power
(50-270)
Oconee 3 OE3 887 /0574 12716/74 SC Duke & Bechtel Duke Power
(50-287)
Rancho Seco | RS1 918 091674 04/17/78 CA Bechtel Bechtel
(50-312)
Three Mile Island 12 148 819 06,0574 090274 PA Gilbert Associates United Engineers &
(50-289) Coastructors, Inc.
Three Mile Island 2¢  TI2 S0 03/28°78  12/30/78 PA Burns & Roe United Engineers &
(50-320) Constructors, Inc



Table B-1. (continued)

Design
Electrical  Dawe of

Date of
Plant Name Plant Rating Initial Commercial  Location
{Docket Number) _ Code  (MWe'  Criticality Operation (State) Architect/ Engineer Constructor
COMBUSTION ENGINEERING
Arkansas Nuclear AR2 912 12/05/78  03/26/80 AR Bechiel Bechtel
One 2 (50-368)
Catvert Chffs | cCl 845 10/07/74  05/08/7S MD Becivel Bechtel
{S0-317)
Calvert Cliffs 2 cC2 84 1173076  04/01/77 MD Bechtel Bechtel
(50-318)
Fort Calhoun | FCi 478 08/06/73  06/20/74 NB Gibbs, Hill, Gibbs, Hill,
(50-285) Durham & Durham &
Richardson, Inc. Richardson, Inc.
Maine Yankee MY! 825 10/23/72 12/28/72 ME Stone & Webster Stone & Webster
(50-309)
Millstone 2 MI2 870 107177758 12/26/78 or Bechtel Bechtel
(50-336)
Palisades PAL KOS 05/24/71 12721/71 Mi Bechtel Bechtel
(50-255)
San Onofre 2 SO2 1087 07/26/82 08/19/83 CA Bechtel Bechtel
(50-361)
St. Lucie 1 SL) 830 04/22/76 12721776 FL Ebasco Ebasco
(50-335)
WESTINGHOUSE
Beaver Valley | BVI 835 05/10/76 10/01/76 PA Stone & Webster Srone & Webster
(50-334)
Cook | DCi 1030 01/18/78 08/21/78 Mi American Electric  American Electric
(50-315) Power Service Power Service
Corporation Corporation
Cook 2 2 1100 03/10/78 07/01/78 Ml American Elsctric J. A. Jones
(50-316) Power Service Construction
Corporation
Farley | JFI 829 08/09/77 12/01/717 AL Southern Services,  Bechtel
(50-348) Inc.
Farley 2 JF2 829 05/05/81 07/30/81 AL Southern Services,  Bechtel
(50-364) Inc.
Ginna RG1 470 11/08/69 07/01,70 NY Gilbert Associates Bechtel
(50-244)
Haddam Neck HNI 582 07/24/6, 01/01/68 i Stone & Webster Stone & Webster
(50-213)
B-5



Table B-1. (continued!

Design

Electrical  Date of

Date of

Plant Name Plant  Rating Initial Commercial  Location

(Docket Number) Code (MWe) Criticality Operation (State) Architect/ Engineer Constructor
Indian Poier 2 P2 7 05/22/73 08/01/74 NY United Engineers & Waestinghouse
(50-247) Constructors, Inc.  Development Corp.
indian Point 3 P 965 04/06/76  08/30/76 NY United Engineers & Westinghouse
(50-286) Constructors, Inc.  Development Corp.
Kewaunee KEI 538 03/07/74 06/16/74 Wi Pioneer Services &  Pioneer Services &
(50-305) Engineering Engineering
McGuire | MGI 1180 08/08/81 12/01/81 NC Duke Power Duke Power
(50-369)
North Anna 1 NAI 907 04/05/78 06/06/78 VA Stone & Webster Stone & Websier
(50-318)
North Anna 2 NA2 907 06, 12/80 2/14/80 VA Stone & Webster Stone & Webster
(50-339)
Point Beach 1 PTI 497 11/02/70 12/21/70 Wi Bechtel Bechtel
(50-266)
Point Beach 2 PT2 497 05/30/72 10701/72 wi Bechtel Bechtel
(50-301)
Prairie Island 1 PRI s30 12/01/73 12/16/73 MN Fluor Pioneer, Inc. Northern States
(50-282) Power Company
Praine Island 2 PR2 530 12/17/74 12/21/74 MN Fluor Pioneer, Inc. Northern States
(50-306) Power Company
Robinson 2 RO2 700 09/20/70 03/07/71 SC Ebasco Ebasco
(50-261)
Salem 1 SAl 1090 12/11776  06/30/77 NJ Public Services & Unitea Engineers &
(50-272) Gas Co. Constructors, Inc.
Salem 2 SA2 1115 08/08/80 10/13/81 NJ Public Services & United Enginecers &
{S0-31 Dy Gas Co. Constructors, Inc.
San Onofre | SO1 436 06/14/67 01/01/68 CA Bechtel Bechtel
(50-206)
Sequoyah 1 SE1 1148 07/05/80  07/01/81 ™ Tennessee Valley Tennessee Valley
(50-327) Authority Authority
Sequoyah 2 SE2 1148 11/05/81 u6/01/82 TN Tennessee Valley Tennessee Valley
(50-328) Authority Authority
Summer | SM1 900 10/22/82 01/01/84 SC Gilbert Associates  Daniel International
(50-195)
Surry | SuUI 788 07/01/72 12/22/72 VA Stone & Webster Stone & Webster
(50-280)

B-6
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Table B-1. (continued)




Control/NSIC Number (CONTROL
OR WNSIC NUMBER)

To identify each one-line record within the data
file, and to provide a cross-reference with the actual
LER submitted to the USNRC, the unique six-digit
control number assigned to the report by the
USNRC was entered into the control number field.
LERs received after December 31, 1981 were
assigned a number by the Nuclear Safety Informa-
tion Center (NSIC). There were some instances of
several different reports being listed in the narrative
summary of a single LER. To accommodate this
situation, an alphabetic character was added to the
six-digit number in order to separately identify each
report. Thus, traceability back to the original LER
number was maintained, yet each report remained
unique. Wher: a single LER reported more than one
instance of the same event (e.g., ‘‘fuses in inverters
2 and 6 blew”’) in the summary description, an
asterisk (*) was placed after the control number to
flag the coded one-line description as containing
multiple events. The corresponding number of
events was then entered in the FAULT # field so
that each event could be accounted for. The con-
trol number field can be used as a sort field, but
it is primarily intended for data recoru identifica-
tion within the data file.

Event Date (EVENT DATE)

A six-digit field was used to record the date of
the event: two digits each, for the month, day, and
year. The EVENT DATE corresponds to the event
date listed in the LER for each event. The month,
day, or year can be used as sort keys.

Component (COMP)

The static inverter was identified as the principal
component and coded as SI.

Subcomponent (SUB COMP)

This field lists the types of inverter subcom-
ponents identified in the LERs. Some related types
are combined under one code, as shown in the
following list. This field can be used as a sort key.

B-9

Code Subcomponent
AC Annunciator control card
oC Firing circuit
CF Cooling fan
CH Choke
CL Control card/control module
CP Capacitor
DB Driver board
DI Diode
FB Frequency board
FS Fuse
IN Inductor
OS Oscillator
PC Protection card
PS Power supply (internal)
RC Rectifier
RE Relay
RS Resistor
SW Switch
TR Transformer
TS Transistor
uv Undervoltage coil
VR Voltage regulator
uu Unknown/not applicable

System (SYSTEM)

A l-character field is used to indicate the system
that the inverter was a part of or the system that
the inverter was supplying power to, whichever was
applicable. This field can be used as a sort key. The
following is a list of system codes and deicriptions.

Code o System

A Automatic Depressurization System
(ADS)

C Containment (includes isolation control)

E Essential ac electrical distribution

H High pressure coolant injection (HPCI)

L Low pressure coolant injection (LPCI)

Q keactor core isolation cooling (RCIC)
(BWRs only)

P Unkuown

Fault Mode and Cause (MODE &
CAUSE)

A 3-character field indicates the fault code. A
1-character subordinate field indicates the mode and



Activity Resulting in Discovery
(ACTIVITY)

Blank Randon

Event C assification (CLASS)

Number of Faults (FAULT #)

FAULT # field
NSIC Number

Fault Mode Description (MODE
DESCRIPTION)

Fault Cause Description (CAUSE
DESCRIPTION)




In order to provide as much information as possi-
bie in both the MODE and CAUSE DESCRIP-
TIONS, many words are abbreviated and many
acronyms are used. Most of these acronyms can be
found in the **“Nomenclature’” section at the begin-
ning of this report.

Table B-2 provides the codes used in the one-line
descriptions and 1s presented as a summary of ihe
preceding discussion. One of these coding sheets will
precede each sort of one-line descriptions in this
report so that the reader need not continually refer
to this appendix.

Additional Information

Because of space limitations, additional informa-
tion pertaining to manufacturer and various other
items of interest is listed separately. Table B-3 pro-
vides the codes used in the additional information
one-line descriptions. A discussion of the additional
information fields follows.

NSIC Volume/Number (NSIC VOLUME
NUMBER). This field was provided in order to iden-
tify the location of newer LERs located in the
Licensee Event Report (LER) Compilation prepared
from the data file of the Nuclear Safety Information
Center (NSIC).B'z

LER Number (LER NUMBER). In addition 0 a
plant docket number, each plant assigns a number
to each LER that it submits. This number is
assigned sequentially within each calendar vear to
every LER submitted by the plant. At the end of
the calendar year the plant LER number will start
again with 001 for the next year. A 3-character field
was used to indicate the LER number associated
with a particular plant. LER NUMBER can be used
as a sort key, although it is primarily intended for
data record identification within the data file.

Report Type (REPORT TYPE). The Report Type
was taken directly from the ILER. The letter A is

Referencus

used to indicate two-week reports, B is used to indi-
cate 30-day reports, and C is used to indicate other
types of reports. This information was not found
in the NSIC data base’s NUREG/CR-2000. Report
Type is a sort field.

Manufacturer (MANUFACTURER CODE). A
4-character alphanumeric field is used to identify
the manufacturer given in the LER. A blank was
used in the manufacturer field, if no manufacturer
was given in the LER. The codes used for the
various manufacture cre taken from Exhibit J
of the Instruction+ ‘reparation of Data Entry
Sheets for Licen... ..vent Report (LER) File.B-3
The manufacturer field can be used as a sort key.

One should be cautious in using this manufac-
turer information because the manufacturer code
in the LER is sometimes missing and sometimes not
appropriate for the component coded in the data
base.

Repair Time (REPAIR TIME). The REPAIR
TIME field is a three-digit field used to store com-
ponent repair time, when available, in hourly units.

Flagging (FLAGGING). Each one-line data record
was evaluated to determine whether or not the event
might need to be “‘flagged” for possible future
evaluation. The letter A was used to identify those
components which caused an inadvertent scram or
accident (e.g., loss of coolant flow) upon failure,
and B was used to identify those components which
failed to mitigate an accident. In order to flag those
events which we thought should have additional
attention brought to them and were not included
in the previous two codes, the letter C was used.
FLAGGING is a sort field.

The fields contained in the Additional Informa-
tion scction are found in the one-line descriptions
ir Appendix H.

B-1. U.S. Nuclear Regulatory Commission, Operating Units Status Report— Licensed Operating Reactors,

NUREG/CR-0020, Vol. €, No. I, January 1984,

B-2. Licensee Event Report (LER) Compilation, NUREG/CR-2000, Vol. 1-2, March 1982-January 1984.

B-3. Instructions for Preparation of Data Entry Sheets for Licensee Event Report (LER) File, NUREG-0161,

July 1977.
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Table B-3. Codes used in additional information one-line descriptions
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APPENDIX C

LER RATE ESTIMATION METHODS

To estimate the Licensee Event Report (LER)
fault rates for components, the following well-
knowa statistical methods were used for Type-I cen-
sored data with rc:placcmc:m‘c'l

The general methods for estimating rates on an
hourly basis and on a demand basis are

’A\(hourly) = ; (C-1)
’A\(demand) = % (C-2)
where
1 = estimated fault rate
N = number of reported component faults
T = total time accrued by all components
D = total number of demands on ail

components.

The general computational formulas, Equa-
tions (C-1) and (C-2), may be applied to particular
situations. The fault rate for a component in a par-
ticular plant is estimated by setting

N = N;
T = T;
D = D
where
N; = number of component faults in plant i
T; = total accrued hours of all like com-
ponents in plant i
D; = total accrued number of demands on

all like comiponents in plant i.

In a similar manner, fault rates may be estimated
for components manufactured by a particular ven-

C-3

dor, for components in a particular plant type
(PWR or BWR), or for components present in all
plants.

Confidence limits for hourly fault rates were
based on the assumption that the underlying com-
ponent fault distributions are exponential;
therefore, the resulting LER data are representable
by a Poisson process. In demand evaluations, N is
binomially distributed. However, since the prob-
ability of fault is small and the number of demands
is large, the Poisson distribution may be used to
approximate this variable. The generalized formulas
for estimating 100 (1 - )% confidence limits on the
fault rates are

2
X 1.a/2 GN+3)

2T

2
Xa/2 2N)

T 3

=< A(hourly) =

and

2
Xa/2 @N)

2D

g
X l-a/Z‘ZN +2)

1 J e

< AMdemand) =<

where

xg (b) = the chi-square variate at cumulative
probability a with b degrees of
freedom.

In these equations, a is the fraction left out of the
intervals. For example, for 90% confidence limits
a is 0.10, /2 is 0.05, and the upper limit uses the
95th percentile.

If D is small, then the Poisson approximation of
the binomial distribution is not adequate, and
100 (1 - @)% confidence limits for the demand fault
rate are

NFL

D-N+I+NFL

< A(demand)

(N + I)FU

b-N+TNT T, e

5




Fr = Fa/2 @N,2D-2N + 2)
Fy = Fl.a/2 (2N + 2,2D-2N)
Fa(b,c) = F variate at cumulative probabil-

ity a with b and ¢ degrees of
freedom.

As before, for 9% confidence limits the 0.05 and
0.95 quantities are used (a=0.10).

In this work, hourly rate confidence limits were
always based on Equation (C-3). Demand rate con-
fidence limits were based on Equation (C-4) if
D - N = 100, and on Equation (C-5) otherwise.

The lower limits in Equations (C-3), (C-4),
and (C-5) are not defined in cases where no faults
are observed (N =0). Zero is the appropriate lower
limit in these cases. However, Equations (C-1) and
(C-2) also give zero as the point estimate when
N = 0. More realistic point estimates for such cases
are

1(2)50(2N+ 1)

g - (C-6)
and
2
A x0'50(2N+ 1) b
B 2D
then
/A\ _ (2N +1) FM “d
TN T T F NG DRy, e
where

Fm = Foso2N + 1, 2D - 2N + 1)
and the F and 12 distribution percentile and degree
of freedom notations are as defined above.

Equation (C-6) applies for hourly rates, while
Equation (C-7) is used with the upper bound from
Equation (C-4) and Equation (C-8) is used with

Equation (C-5). Equations (C-6) and (C-7) are
applicable to faults occurring according to a
Poisson distribution regardless of the number of
faults observed. A similar comment applies to
Equation (C-8) and the binomial distribution.
Typical estimates from Equation (C-6) are in the
following table for comparison with Equa-
tion (C-1). Equation (C-6) has been used in other
fault data studies, such as Reference C-2.

N i

30 30.15/T

20 20.15/T
10 10.15/T
5 5.15/T
2 2.18/T
1 1.19/T
0 0.23/T

The estimates of Equations (C-6) through (C-8)
can be obtained in two ways. The first is to con-
sider shrinking the confidence intervals of Equa-
tions (C-3), (C-4), and (C-5) to the case where
a=1.00 and both a/2 and 1-a/2 are 0.5. Because
of the differing degrees of freedom, the intervals
do not shrink to a single point. The equations use
an average for the differing degrees of freedom.
Because the estimates use 50th percentiles, they are
related to medians.

The second way of considering Equations (C-6)
through (C-8) uses the medians directly. .In a
Bayesian context, A is regarded as a random
variable. With Poisson sampling and a noninforma-
tive conjugate prior distribution, the posterior
distribution for the occurrence rate has a gamma
distribution with parametersc’3
(a,f) = (N+1/2, 1/7). (C-9)
Because the gamma distribution with parameters
(N,2) is identical to the chi-square distribution with
2N degrees of freedom,C-4 Equation (C-6) can be
shown to be the median of the distribution described
by Equation (C-9). Using a similar relation between
beta and F distributions, Equation (C-8) can be
derived as the median of the posterior fault rate
distribution obtained in sampling from a bince:mial
distribution with a noninformative conjugate prior
distribution.



In summary, Equations (C-6), (C-7), and (C-8)
describe median point estimates for the fault rate.
They can be used when N =0, and are more con-
servative in that case than the point estimates given
in Equations (C-1) and (C-2). In this work, they are
used with, respectively, the upper confidence limits
in Equations (C-3), (C-4), and (C-5) whenever no
faults are observed.
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CODES USED IN_LER_ONE-LINE DESCRIPTIONS

FAULY CAUSE

CODE DESCRIPTION

FAULT NODE

ACTIVITY RESULTING IN DISCOVERY
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INVERTER ONE-LINE DESCRIPTIONS SORTED BY NSSS VENDOR

MODE DESCRIPTION

"E™ INVERTER FAILED,CAUSED RX TRIP
*D" INVERTER FAILED
“A"™ INVERTER FAILED

INVERTER 3A TRIPPING-~WRONG FUSES INSTLD IN VITAL/
INVERTER VBIT-1A FAILED-120VAC VITAL BUS 3A NO PWR
INADQG VENT CAUSED OVERNWTIG 7/

INVERTER =D FAILED.
"A® INVERTER FAILED DEENRGZD 120 AC VITAL
BLOWN FUSE ON INVERTER YVZ OUTPUT
FAILURE OF Yv=2 INVERTER INPUT FUSE
FTAILURE OF YV¥=2 INVERTER INPUT FUSE

GRCUNDED YV2 INVERTER INPUT FUSE TNOK OUT Y2 susS

ESSENTIAL 120VAC INVERTER YV) FAILED

OQUTPUT FROM YVZ IMVERTER YO Y2 BUS wAS LOST

ESSENTIAL INVERTER YV2 FAILED

1010 VITAL INYERTER DC INPUT FUSE BLEV
IDID VETAL INVERTER DC INPUT FUSE BLEW
1DIB INVERTER TRIPPED

10ID INVERTER TRIPPED

THE 3 DI8 VITAL BUS INVERTER FAILED

ICS POWER LOSY DUE TO INVERTER(KI) FAILED

LOST AC VITAL INSY BUS DUE TO INVERTER FAILURE
LOST AC VITAL INSY BUS DUE TO INVERTER FAILURE
INVERTEP 3IDIB TRIPPED WHEN POWER WAS TRANSFERRED /

SIA VITAL POWER INVERTER FAILED

VITAL BUS INVERTER FAILD TO FUNCTN PROPERLY
RX S/D DUE TO INVERTER DC FEEDER BAREAMER TRIP
B PHASE COMPUTER INVERTER DC INPUT FUSE OPENED

#22 INVERTER OUTPUY FUSE BLEW
D CHANNEL T=5TYRUMENT INVERTER FAILED
INVERTER ND, & FAILED

CAUSE CESCRIPTIN™

CUTPUT DIODE FAILED

SILICON CONTROLLED RECTIFIEP DEFECTIVE

NO CAUSE GIVEN

BUS 3A DURING CONSTRUCTION/TESTING PHASE
ELECTRONIC COMPONENT FAILES W/ IN VAIT=1A
SHORTED DIODE € BLEw FUSE

INADV SHORTED STAT BATT DURING MAINTENANC
OPEN RESISTOR IN LOGIC PS OF INVERTER Yvw2
EYA 7T CAUSE OF FUSE FAILURE UNDETERMINED
EXACT CAUSE OF FUSE FAILURE UNDETERMINED
GROUNDED OSCILLOSCOFE USED BY J6C PERSML
RESISTOR/DIODE ON +1%¥DC LOGIC PS FAILED
FUSE BLEV DUE TD PERSUNNEL MAINTENANCE
CONP FAILR W/ IN REGULATED RECTIFIER YRF2
POOR CNNCTN &/0R COMP PRBLAS IN LOGIC CRD
BLOWN FUSES

EXACT CAUSE UNKNOWN

PERS OPENED AC OUTPUT BRKR MISTAKENLY
DIELECTRIC OF T4PUT FILTER Cor BROKE OOWN
BLOW FUSES

BLOWN FUSES

SLOWN FUSES/FAULTY TRANSISTOR

/70 IT. BYPASS SWwITCH POSSIBLY CLOSED,
DESIGN DEFICIENCY IN Ueve COIL

FAULTY INVERTER CNTEL MODULE AND FUSE
CONTRACTOR INADV THRPD OPEN INPUT BREAKER
CURRENT SURGE DUE TO SWITCHING OPERATION
SUSPECTED CAUSE~~IMPROPER FUSE TYPE USED
CONSTANT VOLTAGE REGULATOR FAILED
CAPACITORS AND OSCILLATOR BUARD fAlLED
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INVERTER ONE-LINE DESCRIPTIONS SORTED BY NSSS VENDOR

L R e

F

COB ROL § si ‘i ; e

ng EI EX‘EI ‘I‘P g g : . MODE DESCRIPTION CAUSE DESCRIPTIGN
Al2 172670 010682 SI FS E BO2Z N C P 2 FUSES IN INVERTERS 2 AND & BLEW SHORTED TEST LEAD FALLED CIRCUIT
MI12 175402¢ 060682 SI FS E BO7T N C D 2 LOSS OF 120VAC (VIAC-1) BLOWS FUSES IN ESFAS CABNT ROOF LEAX SHORTED 2 INVERTERS #5,6
SL1 015004 052976 S1 0OS E 808 N ¥ 1C STATIC INVERTER FAILED(PS FOR AC INST,120 VOLT) FAILED OSCILLATOR CIRCULY 80ARD
SLL 1752084 062282 S1 UU E BOO N R U QUTPUT BRKR OF 1A STATIC INVERTER DPENED NO APPARENT CAUSE COULD BE FOUND
SLL 1752058 062382 SI OS E BOB N R U IA STATIC INVERTER JUTPUT BREAXER DPENED OSCILLATOR CIPCUIT BOARD REPLACED
SLL 181486 122082 SI UU E BOO N R U LA INVERTER OUTPUT BRK OPENEDL/4& 120VAC 8US LOST NO APPARENT CAUSE OF FAILURE
SL1 181729 122502 S, FB E POO W R U LA INVERTER OUTPUT BRK OPENEDI/4 120VAC BUS LOST DEFECTIVE QUTPUT FREQUENCY MODULE
SL1 181038 123082 SI 05 E BOO M ) 1A INVERTER OUTPUT ORK OPEEDJL1’4 120VAC BUS LOST FREQUENCY OSCILLATOR WAD CRIFTED
BVI 014692 051076 SI CP E BOE N R T INVERTER NO. 3 FATLED OUTPUT FILTER CAPACITOR FAILED
8VI 015102 052776 SI CP E BCY N R T INVERTER NO« 1 FALLED OQUTPUT FILTER CAPACITOR FAILED
BVl 015213 062376 SI UU E BOO U U INVERTER NO. 3 APPARENTLY FAILED NO CAUSE GIVEN
BV1 016280 102276 ST RC E BOB N R T VITAL BUS INVERTER MO, 3 FAILED SCRS AND OUTPUT FUSE FOUND BAD
8V1 016360 110676 SI UU E BO3 N U D INVERTER NO. 2 WAS WOMENTARILY OUT OF SERVICE OUTPUT wAS SHORTED CUT BY PERSONNEL
3Vl 017014 121576 SI DI E BO8 N R T NO« | VITAL BUS INVERTER FAI'ED L DIODE AND TWO FUSES FOUND FAILED
BVl 023209 010278 SI UU E AOO N u OUTPUT FREQUENCY OF NC. & INVERTER OSCILLATING NO CAUSE GIVEN
BVL 025332 012079 SI UU E BOO N u NO. 3 VITAL BUS INVERTER FAILED FAULTY CONPONENTS
BV1 027140 091879 SI 0S € AOB N T NO, & VITAL SUS INVERTER FREQUENCY FOUND SPIKING FAULTY OSCILLATOR CARD
BVl 0280i2 092079 SI UU E 8OO N u NOo & VITAL BUS INVERTER FAILED. RX TRIP OCCURRED/ /AND SAFETY INJECTION OCCURRED. NO CAUSE
BVl 031239 050480 SI FS EBOB N R D PWR LOST TO #4 VITAL BUS INVERTER DUE TO BLOWN 77 MAIN PS FUSE. CAUSE UNKNCWN
BV1 173454 071482 S1 UU EBO2Z N U D NO« 3 INVERTER TRIPPED PERSONNEL MAINTENANCE
OC1 017804 042177 SI FS E BOB N 0 #4 INVERTER FAILED,CAUSED RX TRIP g SI BLOWN FUSE
DC1 025643% 032379 S1 UU E 80L N C D 2 TWO VITAL BUS INVERTERS FAILED SIMULTANEOUSLY PARTS FAILED DUE TO DC SURGE. PERSONKEL
DCL 032503 083180 SI DI E BOS N R ¥ SHORTED DIODE IN CRID IY INVERTER ODICDE FAIL®D DUE TO NORMAL END OF LIFE
DC1 182697 082382 S1 UU E 800 N o AB EMERG DIESEL GENERATOR INVERTER FAILED, SOLID STATE CONP, XFMR CATE, SHORTING BRL RPLCD
0C2 022280 061370 SI DI E BOB N C 7 INVERTER FAILURE DEFECTIVE DIODES AND SCR*S
DC2 037613 061281 SI CP F BOS N B T FAILURE TN 120VAC VITAL BUS (CRID II) C=2 CAPACITOR FAILED 2LSO BLEW A FUSE
HNL1 018773 071977 SI UU E BOT N C ¥ STATIC INVERTER FAILED ARBIENT TEMP 40 DEG C. ABOVE DESIGN
IP2 022067 102278 51 UU C BOO N u «3KVA STATIC INVERTER FAILD DEFNRGZG CONT PRESS // SAFEGUARDS LOGIC. DEFECTIVE INVERTER
JF1 021%% 0221768 SI UV E BOO N u 120V VITAL BUS A DEENRGID WHEN INVERTER A TRIPPED EXACT CAUSE NOT IDENTVIFIED
JF1 021592 022378 SI CP E BOB N R D LZOVAC VITAL BUS B DEENRGID WHEN INVERTER 18 TRPO FAULTY CAPACITOR WAS REPLACED

0-2



INVERTER INE DESCRIPTIONS SORTED BY N353 VENDOR

DESCRIPTION CAUSE DESCRIPTION

| WA A
| et St OV
| WA

VITAL PUS A DEENRGID WHEN INVERTER A TRPD EXACT CAUSE NOT JOENTIFIED

BUS D DEENRGID WHEN INVERTER 1D TRIPPED CAPACITOR IN INVERTER FAILED
18 INVERTER TRIPPED (PS5 FOR 120V VITAL AC) VARIOUS INTERNAL COPPONENTS FAILED
INVERTER Z2A TRPD=~1Z0VAC VITAL BUS 24 DEENERGIIED TRANSTENT VOLTAGE SPIKE~~CAUSE UNKNODWN
INVERTER NO. 28 FAILED FUSE ALEW IN VILTAGE REGULATOR
INVERTER ND. 26 FAILED CAUSING LUOSS OF POVWER TO S/ 7UB COOLING WONITOR AND H2 MONLTOR
INVERTER EVIA INODP-~LOST VITAL INSTY PuR CAUSD RX/7 TRIPS, SCR SHORTING CXT BRC REPLACED
STATIC INVERTER EVIA MALFUNC-=RMR ISOL VLV CLOSED 3 CAP IN DUTPUT CVWT CAP BANK FAILED
LOST VITAL BUS 1-111. CAUSE UNKNDUN-~POSSIBLY // VLYG SURGE TO DC/AC INVERTER BLEW 2 FUSES
LOS 'L L20VAC VITAL B8US 1-1V INVERTER SUPPLY BRXR FOUND OPEN
VOLTAGE TRANSIENT THEU VITAL BUS TMVERTERS 2-111/7 & 2-IVe CAUSE UNKNOWN

NO. 13 INVERTER FAILED (PS5 TO INSTRUMENT BUS 113) REGULATING TRANSFORMER ON QUTPUT FAILED

NO. 11 INVERTER FAILED CAP ON DUTPUT SOLA TRANSFOERER FAILED
GE

#23 INVERTER FAILED DEENRGIG PANEL 211 CONSTANT VOLTA TRANSFURMER FAILED
VITAL INST BUS INVERTER LA FUSES BLOWN FAILD DIODE IN CNTRL CxT BRD
1A INVERTER FATLD<«~FALLD ELECTRONIC COMP DN MASTER //L0GIC CKT BRD CAUSD BLOWN FUSES
LOST I8 VITAL INSTRUMENT BUS QUTPUT XFRMR IN SUPPLY INVERTER FAILED
INVERTER DION'T SWITCH TO BA/U BATTERY SuePLY NO CAUSE COULD BE DEVERMINEL
I8 VITAL INSTRUNMENT BUS INVERTER FAILED NO CAUSE, INADVERTANT "1 CCCURRED
LOST METEORLOLGICAL INSTR/PWR SUP INVERTER FAILED SEIIED MOTOR BEARINGS IN COCLING Fawn
LOST METEFORDLOGICAL INSTRUMENT INVERTER MHAD MAN NOT AUTO Sw=~NMFG ERROR
INADV SI DUE TO LDSS OF VITAL BUS 1A INVERTER CAUSE UNKNOWN
D39344 { J INADY ST DUE TO LOSS OF 1A VITAL INST BUS INVERTER CAUSE UNKNOWN
181466 1298 3 [ INVERTER PS FATLED CAUSD P-250 COMPUTER TO SHUTDWN PS5 PROBLEN FROM FAILED OSCILLATOR CKT BRD
0328794 32780 uu )0 N J VITAL INVERTER 2=~IV OQUTPUT BRER TRIPPED CAUSE NOT IDENTIFIEC
03286798 100 18¢ 3O VITAL INVERTER 2«1V OUTPUT BRKR TRIPPED BAD AUX SW ON THE K11 RELAY
032977 101480 VITAL INVERTER 2<111 OQUTPUT BRXR TRIPPED FIRING CKXT CLOCK CARD RBS FAILED
033295 11118¢ F $ VITAL INVERTER 1«1 QUTPUT BRKR TRIPPED INVERTER 1-~1 OUTPUY FUSES HAD BLOWN
033296% 111880 I )0 J 9 9 VITAL INVERTER 2«11l VAILURES BETWEEN 11-9-806//7 11-23~R0, NO CAUSES GIVEN

036667 013081 SI WU ) 0 CONDUIT/CABLE SUPPLYING PUR TO VITAL INVERTER 1=17 rwAS CUT, CONSTRUCTION PERSONNEL ERRODR
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INVERTER ONE-LINE DESCRIPTIONS SORTED 8y NSSS VENOOR

MODE DESCRIPTION

VITAL BUS #1 TRANSFERPRED TO B/U POWER SOURCE

DC INPUT FUSE OF UPS INVERTER OPENED

A" INVERTER FAILED (ONE OF TWO FOR CSAS LOGICH
"B™ INVERTER FOR CSAS TRIPPED ON TRANSFER

DC INPUT FUSE FOR MOY-€30C INVERTER NPENED

FATLED VITAL BUS~3 INVERTER/TURS RUNBACKsRX,TRP,SI
3 VITAL PREFEPRED INSTR BUSES ON SAME EMERG TRAIN
LOST PREFERRED INST BUS YLL--STATIC INVERTER DUTPT
INVERTER NO. 2 FATILED. CAUSED INADVERTANT S]

INV 114 TRPD. FOUND 2.5KVA INV SECTION FAULTY,.
INSTRUMENT INVERTER 114 TRIPPED

INST INVERTFR 114 FAILED

INVERTER NOs 213 FAILED (INSTRUMENT INVERTER)
INSTRUMENT INVERTER 214 FAILED

LOST POWER YO INVERTER 213

ALARM PANEL XA-55-8E INVERTER INOPERASLE

ANNUNC PANEL XA=335~208 INOP INVERTER PRINTED CKXT//
BLOWN FUSE IN PCWER SUPPLY INVERTER

CONTAINMENT VACUUM RELIEF LOOP POWER SUPPLY INVER/
CNTNMNT VACUUM RELIEF PS INVERTER FUSE RLEW

RX DEPRESSURIZATION LOOP B INVERTER FOUND [NOP.

RX DEPRESSURIIATION LOOP 8 INVERTER i OUND INOP,.
CNTRL VLTG PS5 SET BELOW EQUALZG VLTG CAUSED TRIP
STH LEAK DETCTN ®A™ LOGIC INVERTER'S WV TRPD LOW
STATIC INVERTER 1A'S SPIKE SUPPRESSOR CAP FAILED
RCIC PS INVERTER ES1-X603 FAILED

8 LPCT INVERTER TRPD THUS 3 LOOP OF RHR INOPERABLE
"B" LPCI INVERTER TRIPPED

B LPCI IKVERTER R44~5003 TRPD ON MIGH TEMPERATURE
B LIPCT INVERTER 2R44-5003 TRIPPED

D=4

CAUSE CESCRIPTION

- ——————

COMPONENT FATLURE IN 01 INVEFTER.NO CAULSE
CAPACITORS IN BANKS C~4,C~6 WAD FAILED
CAPACITOR AND CHOKE IN QUTPUT SIDE FAILED
TRANSFER SWITCH WAS TOO FASY

GE CAPACITOR 28F5108 AND SCR=2 FAILED
STATION RATY INVERTER INDUCTOR SHORTED

#4 INVERTER APPARENTLY FAILED==ND CAUSE
F/CURRENT SENSG RELAY FAILD. NAT'L EOL
NO CAUSE GIVEN,

LOOSE CONTACT IN DC BREAKER

SKVA TRANSFORMER REPLACED

XERMR SHORTED BY WI INVERTER CIRC CUKRENT
SLAVE TRANSFORMER FAILED BY OVERHEATING
SCR FAILED IN SLAVE UNIT OF INVERTER
XFRMR SHORTD BY M1 INVERTER CIRC CURRENT
FAILED INVERTER CONTROL CARD

CARD FAILED DUE TO NATURAL AGING

KIENT SUP VLTG PROBLEM--NEEDS OUMNY LOAD
/TER FOUND INOPERABLE. BLOWN PS FUSE
SUSCEPTIBLE TD INPUT SURGE

DEFECTIVE ELECTRONIC COMPONENTS

DEFECTIVE ELECTRONIC COMPUNENTS

IEC TECH ERROR IN EQUALZG PLANT BATTERLES
NO CAUSE GIVEN

AGED ELECTROLYTIC CAP/IMPROPR OP PROCEDUR
SHORTED CAPACITOR IN OUTPLT TRANSFORMER
HI AMBIENT TEMPERATURE IN INVERTER ROOW
HI ANRIENT TEMPERATURKE IN INVERTER ROOM
DEFECTIVE SWITCH IN INVERTER LEG

UNKNOWN CaUSE
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APPENDIX E

INVERTER ONE-LINE DESCRIPTIONS
SORTED BY HUMAN FACTORS
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CODES USED IN_LER ONE-LINE OESCRIPTIONS

FAULT CAUSE

ENCY BOARD ST = STATIC INVERTZR

:

E “llf“igﬂggi 5‘!36 FAILURE

W T T WY

AL L wown 0

R e e

EVENT CLASSIFICATION

f*gaf | —

S
IEEEEE NN}

T A YW W B O WO
TSN TR NI WA LA e OB o

FAULT WODE ' | ACTIVITY PESULTING IN DISCOVERY
cwe  smsearrion T e
4 - BEQUCED CAPABILITY : 8 . §m t :Fﬁgn‘n“cc PN = NAINTE
Bk ' : . ING : v’u - ;{;a 't;“l OPERATION
i i ML = = SYSTEM E ’ E E{ c hés FREMFOINATTY Comeem :l v : U‘"&U“
cooe oscarerion il i H—
T guvgziu " :itsgtv: uunu 'ggu :: — i c'”f "“"Zil‘.".‘
{;ga‘f i ucs P o oescerorion P R
- UhKHO W E - zgclr SfpuTRoL cano s
Jvm W svent E g - bo&l ARD/CONTROL WODULE E fommonn
o p—— E 2‘5 x*d E CODE  DESCRIPTION

B EEEEEEEE RN

il i cove oescaietion
| ..
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OEL
niz
avi
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CONTROL

NURBER

——————

038100
033270
173542
036241C
172670
173454
038667
017085

EVENT
DATE

071481
111280
060982
012581
0i0e82
c4l1482
o130l
o
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PERSONNEL MAINTENANCE

MODE DESCRIPTION

A" INVERTER FAILED DEENRGID 120 AC VITAL BUS #3A
GROUNDED YV2 INVERTER INPUT FUSE TOOX DUT Y2 BUS
QUTPUT FROM YV2 INVERTER YO Y2 SUS wAS LOST

1D0ID L ERTER TRIPPED

TUSES IN INVERTERS 2 AND 6 BLEW

NO. 3 INVERTER TRIPPED

CONDUIT/CASLE SUPPLYING PWR TO VITAL INVERTER L-I/
CNTRL VLYG PS SET BELOW EQUALIG VLTG CAUSED TRIP

E-2

CAUSE DESCRIPTION

INADV SHORTED STAT BAYT DURING MAINTENANC
GROUNDED OSCILLOSCOPE USED BY 16C PERSNL
FUSE BLEW DUE TO PERSONNEL MAINTENANCE
PERS OPENED AC QUTPUT BRKR MISTAKENLY
SHGRYED TEST LEAD FAILED cIaculr
PERSONNEL MAINTENANCE

/WAS CUT. CONSTRUCTION PERSONNEL ERROR
I6C TECH ERROR IN EQUALIG PLANY BATTERIES



PERSONNEL TESTING

; _§. :;gi;:t SX‘g' é i? i B‘i E E § MODE DESCRIPTION CAUSE DESCRIPTION

-

W BVL 016360 110676 SI UU E BO3 N U D INVERTER NO. 2 WAS MOMENTARILY DUT OF SERVICE QUTPUT WAS SHORTED OUT BY PERSONNEL

E-3



DESIGN ERRO®

CRIPTION

VITAL POVWER INVERTER FAILED DESIGN DEFICIENCY IN U.V,

B~ INVERTER FOR CSAS TRIPPED ON TRANSFER TRANSFER SWITCH WAS TOO FAST

BLOWN FUSE IN POWER SUPPLY INVERTER L1ENT SUP VLTG PROUBLEM~~NEEDS DUMNY LOAD

CONTAINMENT VACUUM RELIEF LOOP POWER SUPPLY INVER/ /TER FOUND INOPERABLE. BLOWN PS FUSE

CHTNMNT VACUUM RELIEF PS INVERTER FUSE BLEW SUSCEPTIBLE TO INPUT SURGE

A 250 KVA UPS DUTPUT BREAKER ThIP®ED NOISE IN AN UMUSED STATIC SWITCH

[
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FABRICATION/CCNSTRUCTIONZQUALITY CONTROL

MODE DESCRIPTION CAUSE DESCRIPTION

INVERTER 3A TRIPPING~~WRONG FUSES INSTLD IN VITAL/ BUS 34 DURING CONSTRUCTION/TESTING PHASE
LOST METEDROLOGICAL INSTRUMENT INVERTER MAD MAN HCT AUTO Sw=-NFG ERROR

-3



DEFECTIVE PROCEDURES

i ¢
. ¢d
nsco ROL l??!ix’
T
i ls ‘il 5!‘2 “’ ! ’ B DE DESCRIPTION CAUSE DESCRIPTION
G CO1 037646 050581 SI CP E BOS T STATIC INVERTER 1A'S SPIKE SUPPRESSOR CAP FAILED  AGED ELECTROLYTIC CAP/INPROPR 0P PROCEDUR



APPENDIX F

INVERTER ONE-LINE DESCRIPTIONS
SORTED BY SYSTEM

F-1



CONTENTS

PWR SYSTEMS

Containment (Includes 1solation Comtrol) . ......c.ocvviiiorinsirossasaronsnssssssnss F-1
Essential ac Electrical Distribution .. .. ... ... itiniii ittt e F-2
T T T SO S L PR e SN T O T s NG 4y S S F-6

BWR SYSTEMS

ASOMatic DepressuriIBlIOn ... ... . 00« cemsrossuosssensosenasossssessssssssnsinsns F-7
Containment (Includes Isolation Control) .......... ...ttt F-8
Essential Gc Blectricn) DIStEEDUHION ... 00 o0cineniinnisnensionnneusmsenssnss s snsssss F-9
High Pressure Coolant INJection .. .........c.iniiririrrmisonnssnsnovesssssnnasnsares F-10
LW PIOER GO IBIOOEION . .- 1 0 0 n sy Ve B e e 0 e o b 5 o T B aa F-11
Reactor-Core Ms0bation CoOlBE & i il i e s5uonnensia o v oo anseds e srsies F-13
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CODES USED IN LER OME~LINE DESCRIPTIONS

FAULT CAUSE

22}_1_:9!5 atcasssasns ACTIVITY RESULTING IN DISCOVERY
cove  oescuirtion - - e cwe  oescairnios
£ SMERREE § o 5‘ 2‘!‘!&“‘*' B
S gt THoM Yg TION7QUALITY CONTROL i = 3‘ g ——
srsten e s
cooe oscareion s usss vewoos
CODE D‘SC.I'IIDI
E gnvis! ni cl‘ LY Lﬁfﬁg' SUBCOMPONENT g ‘ epcon
§ fizf" géﬁ‘s il { et | sesammiiee i

L
L WY

w“lelE"SVQ TROL CARD

'x!': i“DICMIIOL MODULE
E .OMD

!

20!* 80ARD

!‘ fﬁfmvm...m
i

CONPONENT

CODE D!SCIIP"ON

-

;-Z.i ING ?“Pg‘"k&‘ £ FAILURE
?zsm"ﬁ.g g
BL ‘ng E E g: :lU 35 elg‘t gbgljno FAULTY

Al

CODE DESCRIPTION

oooo -

ST = STAVIC INVERTER

EVENT CLASSIFICATICON

o:c:c

CODE ODESCRIPTION

- FlelM'
- A6
U = UNKNOWN

R A D0 VW OO IR MW

T A A A TTHOMATRA I AR

W e Y .- e D R -
- . . e e e e



COMTAINMENT (INCLUDES ISOLATION CONTROL)

MODE DESCRIPTION CAUSE DESCRIPTION

«IKVA STATIC INVERTYER FAILD DEENRGIG CONT PRESS /77 SAFEGUARDS LOGIC. DEFECTIVE INVERTER
031578 C N “A™ INVERTER FAILED (ONE OF TWO FOR CSAS LGGIC) CAPACITOR AND CHOKE IN QUTPUT SIDE FALLEC
031578 1 8" INVERTER FCP CSAS TRIPPED OM TRANSFER TRANSFER SWITCH wAS TOO Fasy

F-1
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MODE DESCRIPTION

FUSES IN INVERTERS 2 AND & BLEV

o

LOSS OF 120VAC (VIAC-1) BLOWS FUSES IN ESTAS CaMNT
IC STATIC INVERTER FAILED(PS FOR AC INST,120 vOLT)

OUTPUT BRXR OF 1A STATIC INVERTER OPENED

1A STATIC INVERTER QUTPUT BREAKER OPENED

LA INVERTER QUTPUT BRK OPENEDjL/& 120VAC BUS LOMY
LA INVERTER QUTPUTY BRX OPENEDI/S L20VAC SUS LONTY
LA INYERTER ODUTPUT BRK OPENEDJL/S L120VAC BUS LOST
ENVERTER NOD. 3 FAILED

INVERTER NO, 1| FAILED

INVERTER MO, 3 APPARENTLY FAILED

VITAL BUS INVERTER NOD. 3 FAILED

INVERTER ND, 2 WAS NORENTARILY OUT OF SERVICE

NOs 1| VITAL BUS INVERTER FAILED

OQUTPUT FREQUENCY DF NO, & INVERTER OSCILLATING
NOo 3 VITAL BUS INVERTER FAILED

NOe & VITAL BUS INVERTER FREQUENCY FOUND SPIKING

NOo & VITAL BUS INVERTER FAILED. RX TRIP OCCURRED/

Puk LOST TO 04 VITAL BUS INVERTER DUE TO BLOWN /7
NO« 3 INVERTER TRIPPED

#4 INVERTER FAILED, CAUSED RX TRIP § 5I

THO VITAL BUS INVERTERS FAILED SIMULTANEDUSLY
SHORTED DIODE IN CRID IV INVERTER

AB EMERG DIESEL GENERATOR INVERTER FAILED. soLio
INVERTER FAJLURE

FAILURE YN 120VAC VITAL BUS (CRID I

STATIC INVERTER FAILED

120V VITAL BUS A DEENRGIOD WHEN INVERTER A TRIPPED
120VAC VITAL MIS B DEENRGID WHEN INVERTER 18 TRPD
L120VAC VITAL BUS A DEENRGID WHEN INVERTER A TRPD

CAUSE DESCRIPTION

SHORTED TEST LEAD FAILED CleCully
ROOF LEAX SHORTED 2 INVERTCRS #5,6
FAILED OSCILLATOR CIRCUIT BOARD

NO APPARENY CAUSE COULD BE FOUND
OSCILLATYOR CIRCUIT BOARD REPLACED
NO APPARENT CAUSE OF FAILURE
DEFECTIVE ODUTPUT FREQUENCY MODULE
FREQUENCY OSCILLATOR HAD ORIFTEC
OUTPUT FILTER CAPACITOR FAILED
OQUTPUT FILTER CAPACITOR FAILED

NO CAUSE GIVEN

SCRS AND DUTPUT FUSE FOUND BAD
DUTPUT WAS SHMORTED DUY BY PERSONNEL
I DIODE AND TWD FUSES FOUND FAILLED
NO CAUSE GIVEN

FAULTY COMPONENTS

FAULTY OSCILLATOR CaRrD

FAND SAFETY INJECTION OCCUKRED. NO
MAIN PS FUSE., CAUSE UNKNOWN
PERSONNEL MAINTENANCE

BLOWN FUSE

FARTS FAILED DUE TO OC SURGE. PERSONNEL
DIODE FAILED DUE TO NORMAL END OF LIFE
STATE COMPy XFMR GATE, SHURTING BRD RPLCD

DEFECTIVE DIODES AND SCR*S

C=2 CAPACITOR FAILED ALSOU BLEW A FUSE

ANBIENT TYEMP 40 DEG Co ABOVE DESIGN
EXACY CAUSE NOT IDENTIFIED

FAULTY CAPACITOR waS REPLACED

EXACY CAUSE NOT IDENTIFIED
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PWR -~ ESSENT.AL AC ELECTRICAL DISTRIBUTION

A

o N
t CONTROL 4 i , 1 ‘
: ”ﬁ, wor § 3030041
T wiRbee BXSET P M REETYESY MCOE DESCRIPTION CAUSE DESCRIPTION
JF1 021991 0%3078 S1 CP E BOBAB N R D 120¥VAC BUS D DEENRGID WHMEN INVERTER 1D TRIPPED CAPACITOR IN INVERTER FAILED
JF1 02943° 011679 S1 CH E BOB N T 18 INVERTER TRIPPED (PS FOR 120v VITAL AC) VARIOUS INTERNAL COMPOMENTS FAILED
JF2 0X88T9 092381 ST UU € BOO M u INVERTER 24 TRPD-~120VAC VITAL BUS 24 DEENERGIZED TRANSIENT VOLYAGE SPIRE~-~CAUSE UNENOWN
JF2 1732%2 0314682 S1 FS E RO N [i] INVERTER MO, 28 FAILED FUSE BLEW IN VOLTAGE REGULATOR
JF2 176542 072202 51 YU E BOO N u INVERTER NO. 26 FAILED CAUSING LOSS OF POWER TO S/ sUB CODLING MONITOR AND HZ HONITOP
NGl 174673 081382 SI RC E 300 N 4] ENVERTER EVIA INOP~~LOST VITAL INST pum CAUSD RX/7 TRIPS. SCR SHORTING CKTY BRD REFLACED
HG1 R78671 062482 S1 CP E B0 N T STATIC INVERTER EVIA NALFUNC=-RHR ISOL wLV CLOSED 3 CAP IN DUTPUT CVT CAP BANK FAILED
NAL 031217 0%2380 S1 FS E BOB N 1] LOST WITAL BUS 1-I11s CAUSE UNKNOWN==POSSIBLY /7 VLTG SURGE TO DC/AC INVERTER BLEW 2 FUSES
NAL 032608 090880 SI UU E BOO N u LOST PwR TD 120VAC VITAL BUS 1~-IV INVERTER SUPPLY BRXR FOUND CPEN
NA2 O37674% 080381 S1 UU E AOC N C U 2 VOLTAGE TRANSIENT THRU VITAL BUS INVERTERS 2-111/7 & 2=IVs CAUSE UNKNOWN
PRL OL5104 081%76 SI TR E BOB N R T NOo 1) INVERTER FAILED (PSS TO INSTRUMENT SUS 113) REGULATING TRANSFORMER ON QUTPUT FAILED
PRY QL7429 031477 ST CP E BOUB N R Y NO, 1! INVERYER FAILED CAP ON DUTPUT SOLA TRANSFORNMER FAILED
PRZ 012982 100480 S1 YR E BOB N #23 INVERTER FAILED DEENRGIG PANEL 213 CONSTANT VOLTAGE TRANSFORMER FAILED
SAL 022426 082178 51 DI E BOB N T VITAL INSY BUS INVERTER 1A FUSES BLOWN FAILD DIODE IN CNTRL CxT aRD
SAl 022420 OB2778 SI CL E BOB N T 1A INVERTER FAILD==FAILD ELECTRONIC COMP ON MASTER F/7LOGEIC CXY BRD CAUSD BLOWN FUSES
SAL 023232 112778 ST "R E OB N R Y LOSTY 1B VITAL INSTRUMENT BUS QUYPUT XFRAR IN SUPPLY INVERTER FAILED
SAL 023230 120878 SI UU E BOO N v INVERTER DIDN'T SWITCH TO 87U BATTERY SupPLY NO CAUSE COM D BE DETERMINED
SA1l 023513 012679 S1 UU £ OO N u 18 VITAL INSTRUMENT BUS INVERTER FAILED NO CAUSE. INADVERTANT SI OCCURRED
SAL 039242 102981 S1 WU E BOO N u INADY SI DUE TOD LOSS OF VITAL MUS 1A INVERTER CAUSE UNKNOWN
SAL 039344 110681 SI UU E BOO N U INADV ST DUE TO LDSS OF 1A VITAL INST BUS INVERTER CAUSE UNKNOWN
SA2 161466 112982 S1 PS E BOB N [ INVERTZR PS FAILED CAUSD P-250 COMPUTER T) SHUTDWN PS PROBLEN FROM FAILED OSCILLATCR CKT 8RO
SEL O32879A 09278C S1 UU E BOO N u VITAL INVERTER =1V OUTPUT BRXR TRIPPED CAUSE NOT IDENTIFIED
SEL 0328798 100180 SI SWw E BOS N T VITAL INVERTER 2-1V QUTPUT BRXR TRIPPED BAD AUX SW ON THE x11 RELAY
SE1L 032917 101480 ST CC € BOB N T VITAL INVERTER 2-I11 OUTPUT BRXR TRIPPED FIRING CKT CLOCK CARD RRS FAILED
SEL 0313298 1011180 SI FS E BOB N 4] VITAL INVERTER 1~1 OUTPUT BRER TRIPPED INVERTER 1~1 CQUTPUT FUTES HAD BLOWN
SEL 033296% 111880 SI UU E BOO N R U 9 9 VITAL INVERTER 2=01011 FATLURES BETWEEN L1-9-808// 11=-23=80. NO CAUSES GIVEN
SELl Gleas6T O©13081 SI UU E BOZ M U D CONDUIT/CAMLE SUPPLYING PR TO VITAL INVERTER 1~1/ ruaAs Curv, CONSTRUCTION PERSONNEL ERRQOR
SO1 015998 082374 51 PS E BOO N u VITAL SUS #1 TRANSFERPED TO 8/U0 POWER SDURCE COMPONENT FAILURE 1IN Pl INVERTERLNO CAULSE
SOL OLBAAD O81477 ST CP E DO N 1 OC INPUT FUSE OF UPS LINVERTER DPENED CAPACITORS IN BANKS (C=4,C~6 HAD FAILED
SUZ 179198 1C1082 ST KN E BMOB N b | FAILED VITAL BUS=3 INVERTER/TURA RUNRLCKRX, TRP, ST STATION BATT INVERTER INDLCTOR SHIPRTED

F=4
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DESCRIPTION C Al QESCRIPTION

INSTR/ZPWR SUP INVERTER FAILED SEIZED MOTOR BEARINGS IN COOLING FAN
INSTRUNENT INVERTER MAD MAN NLT AUTO Sw--NFG ERROR

FUSE FOR MOY-8350C INVERTER OPENED GE CAPACITOR 28F5108 AND SCR=2 FAILFI




MODE DESCRIPTION

RX DEPRESSURIZATION LOOP B INVERTER FOUND INODP, DEFECTIVE ELECTRONIC COMPONENTS
RX DEPRESSURIZATION LOOF B INVERTER FOUND INOP. DEFECTIVE ELECTRONMIC COMPONENTS




| ot

CONTAINMENT (INCLUDES ISOLATION CONTROL)

RODE DESCRIPTION

BLOWN FUSE IN POWER SUPPLY INVERTER

CONTAINHENT VACUUM RELIEF LOOP POWER SUPPLY INVER/
CMTHNMNT YACUUN RELIEF PS INVERTER FUSE BLEW

KIENT SUP VLTG

/TER FDUND
SUSCEPTIBLE

CMISE £S

RIPTION

PROBLEM-~NELDS

INOPERABLE. BLOWN

0 INPULT

SURGE

DUNRY LOAD

PS

FUSE




w= ESSECTIAL AC ELECTRICAL OISTRIBUTION

NODE DESCRIPTION CAUSE DESCRIPTION

CNTRL VLTG PS5 SET BELOW EQUALIG VLTG CAUSED Teip IGC TECH ERROP IN EQUALIG PLANT BATTERIL.
STATI ENVERTER LA'S SPIKE SUPPRESSOR CAP FallLED AGED ELECTROLYTIC CAP/INPROPR DFP PROCECUR
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SWR -~ LOW PRESSURE COOLANT INJECTION

| — )

| rea—
|y
L i

; CONTROL z
3 i pe 3 B

RODE DESCRIPTIOV CAUSE DESCRIPTION

3 1588

VYl 0210842 062977 51 L N T 250KYA UPS TRPD DUE TO INVERTER LEG FUSEC(2AL9F2)// BLEW WHEN LATE INTREC/PRTCIN LOGIC MALTUN
VYL 032000 071880 SI FS L BOB N C D LOGIC PS BRD FAILEDs 2350KVA UNINTERRUPTISBLE PS // TRPD DUE TOD BLOWN LOGIC PS FUSE

VYL 17340F 020682 S1 CP L BOO N T UPS~8 AC GROUND AND BLOWN FUSE ALARM WAS RECEIVED SUPPRESSION CAPACITOR FAILED SLOWING FUSE
VY1 172882 022382 ST CP» ¢ BOS N T UPS “8™ TRAIN TRIPPED SHORTED CAPACITOR ODUE TO AGE

F=-12



020280
042480
0101376

21977
041979
0%1281

BWR -~ REACTOR CORE ISOLATION COOLING

MODE DESCRIPTION

STR LEAK DETCTIN ™A®™ LOGIC INVERTER'S WY TRPD LOW

RCIC PS INVERTER ES1-K&03 FAILED

"A" PS FOR RCIC STEAM LEAK DETECTION FAILED

"B* PS FOR RCIC STEAN LEAK DETECTION FAILED

RCIC REMOTE FLO CNTRL LOOP POWER INVERTER TRIPPED
REC'D RCIC LEM DETYECTION LOGIC PWR FAILURE ALARM
RCIC STATIC INVERTERIL12-801A) FAILED

RCIC STATIC INVERTER /~13~90 TRIPPED WITHOUT AUTD/
INVERTER FAILD POWERS RCIC*'S CNTRLLR €& INSTRANTN

FAILED INVERTER CAUSED GROUND FAULT ON 125VDC $YS
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APPENDIX G
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APPENDIX H

ADDITIONAL INFORMATION CONTAINED IN
INVERTER ONE-LINE DESCRIPTIONS
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ADDITIONAL INFORMATION CONTAINED IN INVERTER ONE-LINE DESCRIPTIONS

Rk
1 O @O N

s €

KODE DESCRIPTION

VITAL INVERTER 2~1V OUTPUT BRXR TRIPPED

VITAL INVERTER 2-1V OUTPUT BRKR TRIPPED

VITAL INVERTER 2-I11 OQUTPUT BRXR TRIPPED

VITAL INVERTER 1-Y OUTPUT BRKL Yi IPPED

9 VITAL INVERTER 2-11II FAILURES BETWEEN 11-9-806//
CONDUIT/CABLE SUPPLYING PWR TO VITAL INVERTER 1-17
VITAL BUS 91 TRAMSFERRED TO 8 /U POWER SOURCE

DC INPUT FUSE OF UPS IN:ERTER OPENED

A" INVERTER FAJLED (ONE OF TwOD FOR CSAS LOGIC)
®8% INVERTER FOR CSAS TRIPPED ON TRANSFER

DC INPUT FUSE FOR KOV-850C INVERTER OPENED

FAILED VITAL BUS=3 INVERTER/TURS RUNBACK,Rx, TRP,S1
3 VITAL PREFERRED INSTR BUSES ON SAME ENERG TRAIN
LOST PREFERRED INST BUS YLi=~STATIC INVERTER QUTPT
INVERTER NO. 2 FAILED. CAUSED INADVERTANT §1

INV 116 TR?0Ds FOUND 2.5KVA INV SECTION FAULTY,.
INSTRUMENT INVERTER 114 TRIPPED

INST INVERTER 114 FAILED

INVERTER NOs 213 FAILED (INSTRUMENT INVERTER)
INSTRUMENT INVERTER 214 FAILED

LOST POWER TO INVERTER 213

ALARN PANEL XA=55-8E INVERTER INOPERASLE

ANNUNC PANEL YA=%535-208 INOP INVERTER PRINTED CKT//
BLOWN FUSE IN POWER SUPPLY INVERTER

CONTAINMENT VACUUM RELLIEF LOOP POWER SUPPLY INVER/
CNTNANT VACUUF RELIEF PS INVERTEK FUSE ALEW

RX DEPRESSURIZATION LOOP B INVERTER FOUND INOP.

RX DCPRESSURIZATION LOOP B INVERTER FOUKD INCP,

H=4&

CAUSE DESCRIPYION

CAUSE NOT TOFNTIFIED

BAD AUX Sw ON THE K1l RELAY

FIRING CKT CLOCK CARD R8BS FAILED

INVERTER 1= DUTPUT FUSES hHAD BLOWN
11-23-80, NO CAUSES GIVEN

/WAS CUT, CONSTRUCTION PERSCNNEL ERPOR
CONPONENT FATLURE IN #1 INVERYE” .ND CaUSE
CA®"CITORS IN BANKS C=4sC~6 HAD FaAlLED
CAPACIYOR AND CHOXE IN OQUTPUT SIDE FAILED
TRANSFER SWITCH WwAS TOO Fast

CE CAPACITOR 28F5108 AND SCK-2 FAILED
STATION BATY INVERTER INOUCTOR SHORTED

#4 INVERTER APPARENTLY FAILED=-NO CAUSE
FICURRENT SENSG RELAY FAILD. MAT'L EOL
NO CAUSE GIVEN,

LOOSE CONTACT IN DC BREAKER

SKVA TRANSFORMER REPLACED

XFRMR SHORTED AY MI INVERTER CIRC CURFENT
SLAVE TRANSFORMER FAILED AY OVERMEATING
SCR FAILED IN SLAVE UNIT OF INVERTER
XFRFE SHORTD BY HI INVERTER CIRC CURRENT
FAILED INVERTER CONTROL CARD

CARD FAILED DUE TO NATURAL AGIvGC

NIENT SUP VLTG PRODLEM-~NEEDS OLERMY LOAD
FTER FOUND TNOPERABLE. BLOWN PS FUSE
SUSCEPTIB'E TO INPLT SURGE

DEFECTIVE ELECTRUNIC COMPUNENTS

DEFECTIVE ELECTRUNIC COMPONENTS



| DD~ X N

L2 il

LEAX YETCTIN "A= >1C

INTAINED IN IVVERTER

ONE~L INE

MODE DESCRIPTION

iy PS SET BELOW EQUALTIS WLTEG

INVERTER'S NV

INVERTER 1aA'S PIKE SUPPRESSOR CAP FAILED

INVERTIFR ESL-K803 FALLED

INVERTER TRPD » B LOOP OF RHR INOPERABLE

<] INVERTER TR
INVERTER RaW TRPD

ON HIGH TEFPPERATURE

INVERTER 2R 33 TRIPPED
INVERTER RA4~5003 TRIPPED
INVERTER RAG-S500)
ILED.

INVERTERI2R44-5002)

TRIPPED

C1 INVERTER ¥ QUTPUT FILTER CarPACiITOY

QUTPUT BREAXER TRIPPRD

INVERTER (2R44=5003) DC DUTPUT ARKR TRIPPED

I INVERTER TRIPPED

FOR RCIC DETECTION FAILED

DETFCTION FATLFD

STEAM LEAKX

FOR RCIC STEAN LEAX

ITO FLD CNTIRL PWR INVERTER'S My TRPD LOW

ITE FLO CNTRL LOOP POWER IMVERTER TRIPPED

CIC LEM

DETECTION LOGIC Pun

FATLURE ALARN

L1 INVERTER 2R A4-5002 TreD
INVERTER

INVERTER

ZRAA-S5003 TRPC

(2R44~5003) GAVE HI PHASE RRENT

TER(Za44=500) DUE TN LEG FAN FAILURE

STATIC INVERTER( ~801LA) FAILED

NVERTER 23«INV~-T79 TRIPPED AND WOULD NOT RE

NVERTER/CHMARGER TR?D LOST 8 LPCI

IRIPPED

INDP NDN T

INDPNONT PS ®aw

INVERTER

"1 INVERTER TRIPPED

RIPTIONS

CTRD

CAPA

[ENT 7V

TENT
DEFECTIVE Sw
UNKNOWN Caus
DFCTVY SWITCH

DEFECTIVE Sw

/R INSULATION

FPEQUENCY
AC/DC PROTEC
FAILED
FUSES

FUSES

RELAY
BLEW D
ALEv D
INSTRUNENT
DFCTVY InpPuT
COMPONENT FA
LOGIC FAJLUR
GATE FIRING
FAILED GATE
£4 INVERTER
LEAD TD WIRE
NO €

FAILED
ERTER CNTY

IWYAGE/C

LYTIC
CITOR IN QUTPLY

FMPERATURE 1IN

TENPERATURE IN IN

ITCH IN INVERTES

1 3

ES IN INVERTER L

ITCH IN INVERTER

SPAT,FALLED ¥

CARDIEXIDE PARY #a

TION CARDIALIALZ

IN INVERTER Fal

CAP/IMPRLFR

IR

INY

L
ANSHL

RTER

VERTESR

JE TO CURRENT SUR

Ut 16 S

pR1IFY

FILTER CaAPACLTO®R
ILURE C¥
E CAUSED Ir]lp
TLOULE

FIRING MODULE

VOLTAGE &

LEG Fan
WOUND RESISTLR

BEARING
AUSE FOuUNL
SCR'S IN INVER]
RL O

JRRENT

INVERTER

s INVERT

CAPACITIOR,

CNIRL LOGI
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APPENDIX |

LISTING OF LER NUMBERS
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APPENDIX J

RESULTS OF THE INVERTER LER RATE ESTIMATIONS




CONTENTS




ESSENTIAL AND LPCI STATIC INVERTERS~INOP-COMMAND FAULTS EXCLUDED

COMPONENT POPULATION I}
PLANT POPULATION WOURS  FAILURES  40)%5 (“ﬁals'nﬁu
any s 81388 ° 105843 Ve 4E=07
T 5 52272 s 261360 243803
081 6 1232 1 201192 245€-0%
oE ? 51368 3 429578 7. 0604
NE2 7 sS1368 4] 423876 S.3E=-07
0€3 ? 51368 s 2osTs 1426-0%
251 . 51358 1 245472 4. 1E=08
2t . 8392 0 113968 2.0E-08
T12 ] 8784 1 192y 24 3E-0%
Totais 23 T3343280  AVE. 9.08-08

J=001



COMBUSTION ENGINEERING ESSENTIAL AND LPCI STATIC INVERTERS=INOP-COMMAND FAULTS EXCLUDED

COMPOMENT POPILATION SAT'S:"3225

PLANT POPULATION MOURS  FAILURES  WOURS (FALLURE s 400m)
AR? 5 15712 0 179580 1.3€-06
cc 5 1168 0 306840 T.4E=07
cc2 5 53352 2 286780 7.56-08
Fel 5 51168 1 188208 2.76-08
ni2 6 1368 5 169208 1. 4£-03
nri s 61368 o 306840 Te4E=07
PAL B 61368 0 245472 943E=07
sL1 s 38580 6 293400 2,0F-03
s02 > m1e 0 19080 1.2€-03

TOTALS 18 2333768 AVG. 5.9E-06

4-002
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(IR PR BRI ININC el

ONY IYIING
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UNTHN




ESSENTIAL AND LPCI STATIC INVERTERS~INOP=COMMAND FAULTS EXCLUDED

RTINS

PLANT
L3
LLES
col
ENL
EN2
Fr1
661
LSt
P82
PR3
501
LAM!

CIIPONENT  POPULATION
POPULATION MOURS  FAILURES  WOLeS
2 54624 o 109248
2 51168 0 122738
2 81368 1 12273
3 s8008 . 144024
) 19408 7 118224
2 6152 9 92304
5 w72 0 22032
1 4636 o 835
1 s1368 0 61188
1 51368 0 51169
2 2 0 5424
2 35088 12 12178
ToTALs 37 38298

J=004

AVG.

2e1E=08
1.98-08
8. 1E~08
5+6E-03
5.9F-0%
9.8E-05
L+ 0E-0%
4e9E=-09
3.76-08
J.TE-0H
4 2E-05
)oLE-O4

3.8E-D3
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ESSENTIAL

ARl

STATIC INVERTERS-INIDPERABLE~CC

MNAND FAULTS ExCL

POPULAT INN
FAiLoREs  waoRs
L 61388 ) 10684
3 s227 6 261340
5 7212 7 *833192
’ s131A8 . 42987
61368 0 €?3%7s
? 61368 . A2 37
4 51368 i 243472
N ‘RVe2 113540
. 8794 | 431920
roTaLs 23 BT

FERATI]
LURE
13

INTE
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ESSENTIAL STATIC INVERTERS-INDPERABLE~COMMAND FAULTS EXCLUDED

COMPINENT POPILATION “T‘":“ N
PLANT POPULATION WIURS  FAILURES  WouRS GATEDRE ST A05es
avi ‘. sez48 . 232992 1.4E=03
oc1 . s1388 s 243472 20809
ez . a2192 2 168 768 1.26-0%
WL 2 51368 1 122738 8.16-08
192 2 51368 0 122738 1.96-08
1P3 3 39064 ) 177192 1.36-08
IF1 ? 47304 s IRl 1456-05
352 7 14544 ) 101808 2,96=03
KEL ? 81368 0 429878 543E~07
MGl 6 12264 2 73388 24 76-08%
NAL s 1368 2 207840 9.6E=08
NAZ 5 22392 ) 111980 2.08=08
PRI s 61368 2 168208 . 4E=06
PRz 6 51368 1 169209 2.76-08
pT1 2 51368 0 12273 1.9€=06
»re 2 61368 0 122738 1.9-06
RG1 2 61368 0 12273 1.96-06
RO2 2 61368 0 122738 1.96-06
sal ‘ 53089 ? 212352 143E-05
sA2 s 21024 1 #4098 1.26-0%
3 ‘ 21840 1 87380 L 1E=0%
SE2 4 21840 12 AT380 LadE~Ds
sHi 6 1704 0 10224 2.28-0%
so1 3 61368 2 184104 1e1E-03
sut 3 61368 ) 14104 1.26-06
su2 3 61369 1 184104 5.4E=08
™i s 81368 3 106840 9. 9E=08
T3 2 61368 ) 122738 1.98-08
TUs 2 51368 0 12273 1.96-08
1 . 51368 2 245472 8. 16-06
12 ‘ 51168 ) 245472 1.26-9%
TOTALS 63 T3530112  AVGe 1.1E-0%

4=008



600~r

¥0=-39%1 shE01S S$IvioL

§0-32% AT Y

90-3L°¢ §9E1S
Y0=31°¢ #9E 19
S0=-36°H L9
#0=30 "1 4 . ZL9¢%
S0-38°¢ S0%et
SO=-34%¢ ) #sc 1y
90-31%0 LITTEA §9LE 19
So0-38°1 SEdLe. 9L 1s
S0~-31*2 #22¢01 Y2958 é
(eNOK/SIUN]]Y L URMF NUT Y N4Ue

wm-w a0 —— -
INILY¥S540 NO1iVYIN4O4 ININD 4 M

QIANTIIXI SANYS ONYENOI-IVEVE IJONI-SuI Led An]




oto~-r
BOSTIAIQ 3IN301:M020 36 ¥3MDY - 53
JLVNLAST 3ive ¥ AA=3A*A
BITVAI INN I2K3014M020 366 ¥3ddn - £*x

¢*1
90-31%e 18 3IN0

i

(S«¥mer 39

"HONILISIAN

*ONITENDD

1
90-3G*%¢ MR Al R
"l
(¥NOM/S3enl]V4)
i JaN]v4
1veiel
cg3am)d SAMNVY ONWNOI=FIEVEZJdONI~Sualuaan] JiAviS VIIN3SS3




110~
0-38°s "OAY 280498 9c s$iviol
sitzvy 18 9809¢
st e [ 2619
Slesd i f0v0¢

99w 2 8281

R U LTRY | S3univ4 S aNOw NOTLAYINGO4

LV POy St e

anil NLIAIVINGOJ AININO eWDD

GIONT3x3 SAINVE ONVNROD-IVEVII4ONT-S 3L ¥IANT DJLVAS




SOSIATIG 32¥3013N0
JiVRlLS
431V4ILNN IONIQLI 480D

£*1
f0=-35"¢
g |

(R LTEY
ly
9Nl

a3din

Z210=-r

J XIS ¥3mDY - e

3 34VE ¥3Y - AA-3A*A

366 ¥3ddn ~ K*x
1Iv¥3n0
(S«Hne) 39

¥4 ONYNMO D=3 16V e3dONI~-243183AN]

Juvs

1341




VI NUCLEAR REGULATOR Y COMMISSION

BIBLIOGRAPHIC DATA SHEET

A
o ;A‘

TASK WORX NITA

JRANT NUMBER

le deyelop Licensee
commercial nuclear power nlants
. 1982 1 addit
taingd

d statistical dmrpo

"\\“)7"({47" ‘uuv‘{" ‘







