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NOTICE *

' This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof,
nor any of their employees, makes any' warranty, expressed or imphed, or assurnes any

legalliability or responsibdity for any third party's use, or the results of such use, of any
'

.ni forrnotion, apparatus, product or process declosed in this report, or represents that
its use by such third party would not infringe pnvately owned rights.
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; ABSTRACT ~

I - This report describes'a computer-based data file developed from Licensee Event *

Reports (LERs) of instrumentation and control (l&C) components in United States
' commercial nuclear power plants for the period January 1,1976 to December 31,

1981. In addition to the creation of the file, summaries of data contained in the file
were made to obtain data for risk assessment and statistical purposes. Gross con- .

stant fault (failure and command fault) rates were estimated for major components
~ and channels that provide a direct reactor trip. Explanations, figures, and summary

3 - tables of the results are provided. This report updates and supersedes the original
' May 1981 edition of NUREG/CR-1740.
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SUMMARY
"

- The Reliability and Statistics Branch of EG&G a direct reactor tripi Explanations, figuret, and
, Idaho, 'Inc. reviewed Licensee Event Reports " summary tables of the results are provided.
(LERs) to extract fault (failure and command fault)
mformation, in support of the United States From the 4,698 applicable LERs,5,092 one-line

descriptions (containing 6,764 faults) were derivedNuclear . Regulatory Comm,ssion's (USNRC's) ^+ i
and entered into the I&C data base. Of theeffort to gather and analyze fault data concernmg

Ihe reliability of nuclear power plants. LERs sub- 6,764 faults, 6,180 (91 %) were classified as actual

mitted by the utilities to the USNRC - from failures. The remaining 584 were identified as being ',

. January 1,1976 through December 31,1981, per- command faults. As in the earlier report, the com-

- taimng to electncal and electronic components in ponent that had the highest percentage of the total,

instrumentation and control (IEC) systems are the number of component faults reported was the gen-

source of information used m this report. This eral switch (pressure,~ temperature, flow, and level, ,

- report updates and supersedes the origmal switches). In the previous report, switches com-,

May 1981 edition of NUREG/CR.1740, Data Sum-' prised 31% of the total number of faults reported;

maries ofLicensee Event Reports ofSelected /nstru- in this report they comprise 30%. Also,' the fault
cause that led to the most component faults was- mentarmn and Control Components at U.S.

Commercia/NuclearPowerPlantsJanuary /,1976 instrument drift. In both reports this fault cause -

to December 31,1978, m that three full years of contributed to 35% of the ' component faults 1

data have been added to the data contained in the
reportei

original document and the population data for the In these and in other aspects, the additional three
fault rate estimates have been derived from a recent years of data analyzed in this report are in agree-
study. Since the original document, six plants have ment with the previous study. No substantial dif-
achieved initial criticality thus bringing to 72 the ferences in the occurrence of I&C faults in the two
number of plants evaluated in this report. For the time periods were noticed.
six year period covered by this report,20,027 LERs
were manually screened and 4,698 were deemed as The component faults and fault rates summarized

appropriate I&C events for this report. in this report should be interpreted as tentative gross
indicators of true fault trends and fault rates.
Because subjective judgments had to be made

in addition to updating the original data base, regarding pertinence of recorded events, and
summaries of data contained in the file were made because some component faults may not. be

,

to obtain data for risk assessments and statistical recorded in the LERs, the individual analyst should
. . purposes. Gross constant fault rates were estimated confirm the applicability of the component faults

for major components and channels that provide and fault rates for their specific uses.
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. FOREWORD '
.

T iThis report is one in a series summarizing the statistics of Licensee Esent Reports
(LERs) as submitted to the United States Nuclear Regulatory Commission (USNRC).
The goal of the report is twofold: (a) to summarize the data for risk assessments and

,
- tatistical analyses, and (b) to obtain gross constant fault (failure and command fault)s

rate estimates..

Owing to the subjective judgments that had to be made regarding population sizes
-

and pertinence of recorded events, and to the fact that some component faults may
not be recorded in the LERs, the component fault rates estimated in this report should

.

be interpreted only as tentative gross indicators of the true fault rates. Furthermore,
because LER reporting requirements can differ from plant to plant, comparisons of

. plant-to-plant fault rates should be interpreted with care; a higher fault rate may simply
~

be the result of stricter reporting requirements. The analyst should confirm the appli-
cability of the LER-derived fault rates for their specific uses. As more data are col-
lected and more analyses are performed in the future, improved fault rate estimates
will be produced.

Fault rates are only one of many kinds of information presented in this report.
{ Tables and discussions classify important information on fault classifications accord-

ing to fault modes, fault causes, and systems affected. Gross time trends are examined.
Human errors are identified as are common cause faults and recurring faults'. Each

i 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.

I-
R. C. Robinson

: USNRC Project Manager .
February 1984
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The previous reports in this series of data summaries of the Licensee Event Reports
are:

| ' l. W. H. Hubble and C. F. Miller, Data Summaries of Licensee Event Reports .
i of Control Rods and Drive Mechanisms at U.S. Commercial Nuclear Power
i Plants January 1,1972 to April 30,1978, NUREG/CR-1331, February 1980.

2 '. ^ J. P. Poloski and W. H. Sullivan, Data Summaries ofLicensee Event Reportsc '

ofDiesel Generators at U.S. CommercialNuclear Power Plants January 1,1976
i- to December 31,1978, NUREG/CR-1362, March 1980.
!-

3. D. W. Sams and M. Troiovsky, Data Summaries of Licensee Event Reports
ofPrimary Containment Penetrations at U.S. CommercialNuclear Po wer Plants
January 1,1976 to December 31,1978, NUREG/CR-1730, September 1980.

4. C. F. Miller et al., Data Summaries of Licensee Event Reports of Selected ;
'

Instrumentation and Control Components at U.S. CommercialNuclear Power
Plants January 1,1976 to December 31,1978, NUREG/CR-1740, May 1981.

!

$. M. Troiovsky, Data Summaries of Licensee Event Reports ofPumps at U.S.
Commercial Nuclear Power Plants January 1,1972 to September 30,1980,
NUREG/CR-1205, Revision 1, January 1982.

6. C. F. Miller et al., Data Summaries ofLicensee Event Reports of Valves at U.S.
Commercial Nuclec.- Par:e' Plants January 1,1976 to December 31,1980,
NUREG/CR 1363, Revision 1, October 1982.i
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|NOMENCLATURE l

This section contains terms, acronyms, and abbreviations.

Terms

1. Component-The largest entity of hardware for which data are most genera'!y collected
~

and expected to be available (e.g., pump with motor, valve w ith 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.

r

2. System-A collection of components arranged so as to provide a desired function (e.g.,
Containment Spray System, Residual Heat Removal System, liigh Pressure Coolant
injection System).

3. 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.

.t. 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 randomfailure
found in the literature. It results from no exterdal case. A secondary failure results when
the component is subject to conditions that exceed its design envelope (e.g., excessive voltage,
pressure, shock, vibration, temperature.) llowever, in classifying failures for this report,
no distinction has been made between these two classifications.

5. Command Fault-A subset of a fault that represents 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 inputs 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.

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

7. Fault Cause-The identified cause and sequence of events that prevented the compoacnt
from performing its intended function.

.

8. Fault Mode-The manner in w hich a component ceases to perform its intended function.

9. Demand Failure Rate-The probability (per demand) that a component will not operate
when required to start, change state, or function.

,

10. Operating Failure Rate-The probability (per hour) of failure for those operating com-
ponents requiicd to operate or function for a period of time.

11. Standby Failure Rate-The probability (per hour) of failure for those components that
are normally dormant or in a standby state until tested or required to operate or function
for a reriod of time.

xiv
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12. Instrument Channel-That portion of the circuitry that encompasses the sensor and all
electrical and electronic components up to and including the comparator (or bistable). The
comparator is a device that produces an abrupt change in output w hen the input exceeds
a predetermined voltage or current reference level.

Acronyms and Abbreviations

A/C Air Conditioningg

A/N1 Automatic /N1anual
AC Alternating Current
ACC Accumulator
ACT Actuating

* ACTUAT Actuation
ADJST, ADJUST Adjustment
ADN11N Administration
ADS Automatic Depressurization System
AFW Auxiliary Feedwater
AFWP Auxiliary Feedwater Pump
ANIP Amplifier
ANNUN,ANNUNC Annunciator
APD Air Particulate Detector, Axial Power Distribution
APDNIS Axial Power Distribution N1onitoring System
API Absolute Position Indication
APRN1 Average Power Range N1onitor
ARN1 Area Radiation N!onitor
ASI Axial Shape Index
ASSOC Associated
ATNI Atmosphere
ATWS Anticipated Transient Without Scram
AUTO Automatie
AUX Auxiliary
AVE, AVG Average
AXL Axial

B, ilAll & WIL, B&W llabcock & Wilcox
B/S Bistabic
il/U Ilackup
IIATT Ha'tery
llFR Hinomial Failure Rate
IllT Baron injection Tank
HLDG Building
IIRD lloard
BRG Hearing
DRKR lireaker

o llST H!ced Storage Tank
BWR lloiling Water Reactor
llWST Borated Water Storage Tank
IlYPSD llypassed

C,CE,CONfBENG Combustion Engineering
C, CIRC, CKT Circuit
C C CONID Common Cause Command Fault
CAC Containment Atmospherie Control

xv
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' CAL Calibrate, Calibration
CAM- Constant Air Monitor. Containmens Atmosphere Monitor
CAMS Containment Atmosphere Monitoring System
CAP Capacitor

- CBL- Cable
CC Component Cooling
CCW Component Cooling Water
CEA Control Element Assembly
CEAC Control Element Assembly Calculator
CEDM Control Element Drhe Mechanism *

CEDS. Control Element Drive System
CFCU

.

Containment Fun Cooling Unit
CHNGD Changed
CHRGR Charger a

CIS Containment Isolation Signal-
CKTRRK Circuit Breaker
CMFLPD Core Maximum Fraction of Limiting Power Density
CNDNSR,COND Condenser
CNDNSTN Condensation
CNSRVTV Conservatisc
CNSTRCTN, CONSTR Construction
CNTCTR Contractor
CNTNMNT, CONT ' Containment
CNTRL Control
CNTRLLR Controller
CNVRTR Conserter
COIN Coincident
COLSS Core Operating Limits Supervisory System
COM CAUSE Common Cause
COMPON Component
COMPUT MOD COND Computation Module Condensate & Feed

& FEED
CONDIT Conditioner
CONDUCT Conduction
CPC Core Protection Calculator
CR Control Rod, Control Room
CRA Control Rod Assembly
CRD Control Rod Drive Card
CRDM Control Rod Drhe Mechankm
CS Condensate System
CSI Containment Spray injection
CST Condensate Storage Tank =

CURR Current
CV Containment Venel
CVCS Chemical Volume Control System
CVR Coser,. .

D/O Diesel Generator
DHA Design llasts Accident
DC Direct Current
DDPS - Digital Data Processing System
DECRS Decrease
DEH Digital Electric flydraulic
DEMIN - Demineraliser

s
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DET : Detector
'DH Decay Heat
DHR- Decay Heat Removal
DIR Direct
DNBR Departure from Nucleate Boiling Ratio
DP,D/P Dif ferential Pressure
DPIS - Differential Pressure Isolation Switch,.

DRPI -Digital Rod Position Indication
,

DRWR Drawer* ,

DSTRBD Disturbed >

DT, D/T Differential Temperature
DW Drywell
DWED Drywell Equipment Drain

s DWFD Drywell Floor Drain
DWG- Drawing

ECCS Emergency Core Cooling System
EDO Emergency Diesel Generator
EFF, EFFLNT Efiluent

i- EFW Emergency Feedwater
!- EGM Electronic Governor Motor

EGTS Emergency Gas Treatment System
EHC Electro llydraulie Control,

'

ELECT MALF Electrical Atalfunction
EM Electromagnetic

| EMERG Emergency
| EMRV, ERV Electromatic Relief Valve

EOL End of Life
EPR Electric Pressure Regulator

| EQUIP Equipment
| ERCW Essential Raw Cooling Water

ESF Engineered Safety Features
| ESFAS EngineercJ Safety Features Actuation System

-

| ESW Emergency Service Water
! ETS Environmental Technical Specifications
| EWST Elevated Water Storage Tank
! EXHST Exhaust

| FAH CON QC Fabrication / Construction / Quality Control
| FLTR Filter

FR Front
'

FSAR Final Safety Analysis Report
FW Feedwater i

G GE, GEN El.EC General Electric
GEN CONTR General Control / indication / Alarm,

, GENER General'

GM Geiger Mueller
GSLO GlanJ Seal Leak Off

II/X lleat Exchanger
llCU liydraulic Control L' nit

,

llP llish Pressure i
llPCI liigh Pressure Coolant injection

,llPI liigh Pressure injection

xvil
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HPSI High Pressure Safety injection
-HT' High Temperature
'HV High Voltage
llVPS High Vokage Power Supply

IAC Instrumentation and Control-
I/O Input / Output
IA Instrument Air
ILRT ' integrated Leak Rate Test

*
INADV = Inadvertent
INCRS increase
IND Indicator, Indicate
INST, INSTR Instrument

~ INSTLD Installed ,

INSUF Insufficient
INT ^ integrated (circuit)
INTEG. INTGRTR Integrator
IRM Intermediate Range Monitor
IRPI Individual Rod Position Indication
ISOL ' Isolation

LED Light Emitting Diode
LER Licensee Event Report

LIQ Liquid
LIS Level Indicating Switch
LK SENS LN Leaking or Blocked Instrument Sensing Lines
LL Low Level
LP Low Pressure
LPCI Low Pressure Coolant injection

LPCS Low Pressure Core Spray

LPD Local Power Density
LPRM Local Power Range Monitor

LPSI Low Pressure Safety injection

LVL Level

LVR Lever

LW Liquid Waste

MAG AMP Magnetic Amplifier
MAIN MAINT Maintenance

MCC Motor Control Center
MDAFP Motor Driven Auxiliary Feedwater Pump

MECH MALF Mechanical Malfunction .

MFG Manufacturing

MFR Manufactuier
MG Motor Generator
MIN Minimtim *

MPR Mechanical Pressure Regulator

MS Main Steam
MSlY Main Steam isolation Valse
MSL Main Steam Line
MSP Maintenance Surveillance Procedure
MSR Moisture Separator Reheater

MTR Meter

sviii
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NAOH Sodium Hydroxide
NI Nuclear Instrument
NIS - Nuclear Instrumentation System
NOR OPER Normal Plant Operation
NRC Nuclear Regulatory Commission
NRML Normal
NSIC Nuclear Safety Information Center
NSSS Nuclear Steam Supply System

OH Overheated
OOA Out of Alignment, Out of Adjustment
OOC Out Of Calibration
OOS Out Of Service

9 OOT- Out of Tolerance
-OP Optical
OPER Operation
OPPS Overpressurization Protection System
OTDT Over Temperature Delta-T

PCIS Primary Containment Isolation System
PDIS Pressure Dif ferential Indicating Switch
PENET,PENETR Penetration
PER hlAIN Personnel hiaintenance
PER OPER Personnel Operation
PER TEST Personnel Testing
PI Pressure Indicator
PLCEA Part Length Control Element Assembly
PORY Power Operated Relief Valve
POS Position
PPS Plant Protection System
PR Power Range
PRESS Pressure
PRhtSSV Permissive
PROC Procedure
PROT,PRTCTN Protection
PROTECT Protector
PS Pressure Switch, Power Supply
PT Pressure Transmitter
PWR Pressurized Water Reactor, Power
P2R Pressurizer

*
QA Quality Assurance
QC Quality Control

R C C COMD Recurring Common Cause Command Fault
. R CONI CAUS Recurring Common Cause Failure

RADW Radwaste
RB Reactor Huilding
RBNI Rod Block Stonitor

! RC Reactor Coolant
RCIC Reactor Core Isolation Cooling
RCP Reactor Cociant Pump
RCS/PCS Reactor Coolant System / Primary Coolant System
REAC CONT Reactor Control

six
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REC Recorder
REC COh1D Recurring Command Fault
REC REVIEW Records Review
REC'D Received
RECAL Recalibrate
RED CAPAB Reduced Capability
REF Reference
REG Regulated
REh! Remote

*
REQ Required
RHR Residual Heat Removal
RIP Reactor Instrument Penetration
RhtS Radiation hionitoring System
RPC Reactor Protection Channel e

RPI Rod Position Indication
RPS Reactor Protection System
RPV Reactor Pressure Vessel
RRP Reactor Recirculation Pump
RSCS Rod Sequence Control System
RSDP Remote Shutdown Panel
RSPT Reed Switch Position Transmitter
RTD Resistance Temperature Detector
RTGB Reactor Turbine General Board
RWCU Reactor Water Cleanup
RWN1 Rod Worth hiinimizer
RWST Refueling Water Storage Tank
RWT Refueling Water Tank
RX Reactor

S/U Startup
SAh! Safety Actuation hionitor
SBLC Standby Liquid Control
SBV(S) Shield fluilding Ventilation (System)
SD, S/D Shutdown
SERV WTR Service Water
SFAS Safety Features Actuation System
SFRCS Steam and Feedwater Rupture Control System
SG, S/G Steam Generator
SGIS Steam Generator Isolation System
SGLIC Steam Generator Level Instrument Channel
SGTS Standby Gas Treatment System
SI Safety injection *

SIAS Safety injection Actuation System
SIG Signal
SIT Safety injection Tank
SJAE Steam Jet Air Ejector ,

SJWCP Skid Jacket Water Cooling Pump
SLBIC Steam Line lireak Isolation Control
SRhl Source Range Stonitor
SSPS Solid State Protection System
STAT Station
STN1 Steam
SUP Supply
SUPP Suppression

xx
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SW Service Water, Switch
SYS System

T Temperature
T.S. Technical Specification
TC,T/C Thermocouple
TDAFWP Turbine Driven Auxiliary Feedwater Pump

:TDS Temperature Differential Switch
TE Temperature Element

{
y

TECH Technician |

TEhlP - Temperature
THROTL,THRTTL . Throttle -
TIP Traversing Incore Probe

4 TM/LP Thermal Margin / Low Pressure
TORQ Torque
TRANSM,TX Transmitter
TRP Trip
TURB Turbine

U/L Upper / Lower
UNSP Unspecified
USNRC United States Nuclear Regulatory Commission

VAC, VCUUM Vacuum
VAR Variation, Variable
VENTILATN Ventilation
VIAS - Ventilation isolation Actuation Signal
VIB Vibration
VLTG Voltage
VLV Valve

W. WESTING Westinghouse
WRNI Wide Range Nuclear Instrument
WST Waste
WTR Water

XDCR Transducer
XFMR Transformer
XMISSION Transmission
XMITTER, XMTR Transmitter
XSTR Transistor.

S
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DATA SUMMARIES OF LICENSEE EVENT REFORTS OF
SELECTED INSTRUMENTATION AND CONTROL

COMPONENTS AT U.S. COMMERCIAL
NUCLEAR POWER PLANTS

JANUARY 1,1976 TO DECEMBER 31,1981
.

INTRODUCTION

Licensee Event Reports (LERs) submitted between rates for pressurized water reactors (pWRs), boil.*

January 1,1976 and December 31,1981 that pertain ing water reactors (IlWRs), and the aggregate of
to electric al and electronic components in instrumen- both reactor types.
tation and control (!&C) systems hase been evaluated
and are presented herein, in support of the United LER rates are useful for probabilistic analyses
States Nuclear Regulatory Commission's (USNRC's) such as gross risk and reliability evaluations.
continuing effort to gather and analyze fault (failure However, when using the LER rates, the analyst
and command fault) data for active and passive com- should ipply them with caution. LER rates reported
ponents in nuclear power plants. This report updates herein are estimates based on the component faults

1and supers. oes NUREG/CR-1740 in that three full reported in the LER system. This is important since
years of additional data have been included and the these faults do not necessarily comprise all faults
population data for the fault rate estimates have been for any given component and, hence, may not
derived from a recent study.2 represent the component's actual iault rate. There

are various reasons why all faults may not be
As in the original report, the data reported in the reported. For example, plant status (at power, cold

LERs were qualitatively evaluated and pertinent shutdown, and refueling) at the time of failure and
information (e.g., fault mode, fault cause, and the failure's impact on the system or subsystem are
event date) contained in each LER describing an tao factors that can influence whether or not a fault
I&C event was coded into a one-line de<cription of is reported. The estimation of exposure time dur-
the event. Each one-line descript:on was then stored ing which faults can occur is another source of
in a computer-based data file for future use. Data variation in the LER rates. This time depends on
in this computerized file can be searched, sorted, the number of selected components in the facility
collated, retrieved, updated, and displayed by and the operating time of each component. Appen-
almost any item of information contained in the dix A contains a further discussion on the variations
original LER. For example, plant, Nuclear Steam in LER reporting.
Supply System (NSSS) vendor, esent date, fault
mode, and fault cause data can all be accessed and The body of this report has two major parts.
manipulated by the analyst. This feature makes the First, the LER analysis is described. Included are,

one-line LER data base useful for obtaining various the assumptions, definitions, and limitations used
LER summary statistics for use in analyses of in carrying out the analysis. Next, a summary of
component and fault events. the data according to various encoded character-

istics is provided. In Appendix A, some of the
Various fault rates (herein called LER rates) were causes for ihe variations in LER reporting are*

estimated for selected I&C components and chan- explained. Appendix il describes the LER coding
nels for each operating U.S. commercial nuclear scheme. Appendix C discusses the methods used to I

power plant, with the exception of three plants that estimate the LER fault rates. Appendixes D
were considered atypical for this report. These through G contain sorts of the one-line descriptions
estimates were averaged to obtain corresponding by NSSS vendor, human factors, system, and type
component and channel LER rates for the four of event, respectively. Appendiscs il and I contain
NSSS vendors considered. Finally, specific plant LER rate estimations for components and channels,
fault data were averaged to obtain various LER respectively.

I
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.LER EVALUATION AND CODING METHODOLOGY

Scope 3. Controller

'

in the context of this report, instrumentation pro-
vides data or signals of plant process variables (e.g., 5. Converter / conditioner
pressure and temperature) that are sensed and inter-
preted by control systems. Plant systems then 6. General switch (e.g., temperature, flow, .
respond to the output from the I&C systems. pressure, and level switches)
Nuclear power plants have an abundance of elec-
trical and electronic equipment that are part of the 7. fland switch
I&C systems. The discussion that follows describes
what were considered to be I&C components for 8. ;omputation module *

the purpose of this report.
9. Indicator / meter / annunciator

IftC Component Types. The electrical and elec-
tronic components that are considered Io perform 10. Computer

an I&C function are shown in Figure 1. The nine- . . .

11. I.imit switchteen I&C component types identified for use are _

listed below (see also CONIP in Appendix B):
12. Niom. tor

1. Amplifier / buffer / isolation amplifier 13. Power supply

2. Cable / receptacle / junction box / terminal 14. Recorder

Electrical power
distnDuf@

inverter Vital busa
Battery

.,e...,, F--
Reactor ing

Pa'ameters ! ! ! ESF actuation
Ucuso level I & C components Other Reactor controlInstrum
Nuclear (core flus) c ~ ~ _ ---- _ent channet- - - - - - - - - - - - - ] ~c hannel6 General controlFlow I ~* ' * ' * 'Combinations of powerTemperature ! |-+ p,.c tor

Direct
,,,,n,, gon,,,,,,,

- ,,,Radiation | Sensing \ Q,,g Comparator 4 ,* Inp % c 1., Scram
Pres 9ure vacuum i devkes ' * ' *amplifiers and | (relays) breakert
$h$,*nanown |

co'"pu'''" * d"'''
I

t________________u___._--J } Sec,nda,,
,

1 Other g IND
| channets - - '

| 'C ESF
l Comparator --e.- actuation poi yP (bistablet lo0'c Etud seq,ue,rors" " " '.

| (relars) ,
I
i

General i&C
Note: control alarm' component $

.C.ontrosComponents withm heavy hne --> 6ndicate ..--=. witteen boundsare considered I& C, (relays, motors, of orier
annunciators) components

18stL 4 %)tf

Figure 1. Simplified diagram showing l&C functional tmundary.
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15. Relay / solenoid instrument channelis def' ed as that portion of them
circuitry that encompasses the sensor and all elec-

16. Sensor trical and electronic components up to and includ-
ing the comparator (bistable). Therefore, the

17. Timer channel generates a signal when the variable sensed
exceeds a limit. A typical channel is shown within

18. Transformer the dotted boundary in Figure 1. While the concept
{ of a channelis general and a channel can perform

e 19. Transmitter, any of the several functions discussed in detail
below, it is within the context of the reactor trip

hiost of the components listed above are self- function that the channel is primarily used in this
explanatory when considered in relation to Figure 1. report.
Only these electrical and electronic equipment are*
considered in this report. Sensors include resistance Parameter. In order to analyze an instrument
temperature detectors (RTDs), and various types of enannel it is necessary to categorize it by the
core flux detectors (power range, wide range, and parameter it monitors. The monitored parameters
source range). In some cases, other/ unknown was identified for this report are listed below:
used for the component type. This occurred when
LERs described events that were within the scope 1. Liquid level
of Figure 1, but which provided insufficient detail
to classify the components involved. For example, 2. Nuclear (core flux)
two source range channels were inoperable for an
hour. The cause of failure could not be located. 3. Flow

Figure I shows that certain types of actuation 4. Tempuatum

relays, sequencers, and other I&C generic com-
5. Radiation (area)ponents fall outside the scope of this report. In

general, relays, sequencers, and circuit breakers
6. Picssure/ vacuumassociated with a nuclear power plants' electrical

distributien system were not considered for thi"
7. Pos tion

report; however, an analysis of these components
is under way and will be published as another report 8. Other/ unknown.
In this series. Another class of I&C generic com-
ponents not considered for this report were those These parameters are self-explanatory, except the
that fell within the bounds of components treated other/ unknown parameter. hiost of the events
in other LER summary reports. An example of the categorized as other/ unknown were unknown
last category are limit and torque switches because the LER failed to identify the parameter,
associated with the operation of a valve operator. or more than one parameter was identified. A few
These switches were considered in NUREG/ events, however, did involve other parameters such
CR 1363 Revision I,3 Data Summaries of Licensee as frequency and voltage. There were not enough
Event Reports of Va/res at U.S. Commercial of these events to warrant separately classifying,

Nuclear Power Plants January 1, 1976 to them.
December 31,1980, and consequently LERs deal-
ing specifically with such switches are not included runer/on. The I&C systems and the constituent
in this report. Components of the nineteen types components are also classified by the function they

* had to be within a sprem that provides signals of perform. I&C systems within nuclear power plants
plant process variables to selected control systems basically fallinto four functional categories: reac-
or be within the selected control systems to be con- tot protection, reactor control, process control, and
sidered within the scope of this report. For a ration- radiation monitoring.4 This report considers the
ale of control systems not selected for this report, most important of these functions to be reactor pro-
see the LER selection section. tection. The institute of Electrical and Electronic

Engineers defines the protection system as:
For the purposes of this report, the concept of

a channe/(i.e., an arrangement of I&C components "For purposes of Ihese criteria, Ihe nuclear (
forming a higher level component)is employed. An power generating station protection system

3
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encompasses all electrical and mechanical desices Faults of components designed to monitor radia-
and circuitry (from sensors to actuation device tion, such as air-particle detectors and rad-waste
input terminals) involved in generating those monitors were categorized as radiation detection.
signals associated with the protective function. One exception to this is the radiation detectors in
These signals include those that actuate reactor BWR plants that sense radiation in the steam lines.
trip and that, in the event of a serious reactor Faults involving these detectors were categorized as
accident, actuate engineered safeguards such as reactor trip because a main steam high radiation
containment isolation, core spray, safety injec- condition requires a direct reactor trip.
tion, pressure reduction, and air cleaning."5

Although seemingly straightforward, the task of *

Based on this definition, the list of functional assigning a function to each esent required some
categories was expanded from 4 to 5 for this report subjective judgments. For example, the failure of
to encompass the following: a bistable in a PWR temperature channel supply-

ing a reactor trip f'metion would be assigned a reac- ,

I. Reactor trip (scram) tor trip function. floweser, the failure of a meter
that is receiving input ft om this same channelis not

2. Engineered safety features actuation assigned a reactor trip function, but is considered
general control / indication / alarm. Any one chan.

3. Reactor control nel may, in fact, provide a reactor trip and/or a
signal to actuate an ESF system component while,

4. General control / indication / alarm at the same time, pro"iding indication or alarm
functions (general contra). Also, the information

5. Radiation detection. contained in the LERs is not alwes ,ufficient to
permit one to make clear functional distinctions.

The first two functions are subsets of the protec. In addition, plant FSARs (Final Safety Analysis
tion system function. Reports) are not always cicar as to what functions

a particular imtrument channel is capable of pro.
All of the events described herein are categorized siding. The four components, indicator, meter,

by one of these five functions. For example, any annunciator, and recorder, were generally viewed
event that described the fault of a component within as providing a general control function.
an instrument channel, w hen that imtrument chan-
nel was identified as providing a direct reactor trip To review the discussion of l&C components, the
signal, was categorized as reactor trip. concept of an instrument channel, parameters, and

functiom, and how these items relate to one
If a faulted component was in a channel that pro- another, refer again to Figure 1. Only componenti

vided a signal to actuate a component (e.g., a pump) within the heavy line are comidered l&C com-
in an engineered safety features (ESF) system, the ponents for this report. Similarly, basic imtrument
event was comidered to provide an ESF actuation channel components are shown within the dashed
function. line. Figure I is very simplistic and is prmided only

to aid the reader in visualizing ihme concepts
NOTE: Some ESF systems, w hen actuated, supply discussed Ihus far.
a signal back to the reactor-trip logic. T his indirect *

trip signal will scram the reactor if, for some reason, LER Selection. The LERs for Ihe first edition of
the direct trip signal failed to do 50. IAC com. this report, cmcring January 1,1976 through
ponents invohed in indirect scrams w cre considered December 31,1978, were obtained from ihe
outside the scope of this report. USNRC in the form of two computer sorts. The ,

first sort contaitted I.ERs that were coded INST RU
Those components that affected the control of the in the component field and imohed I&C compo-

reactor, in terms of control rod pmition, were con- nent faults. The second sort was a text search of
sidered to proside reactor control functiom. Reac- the I.ER file narrathes for words such as channel,
for contrel encompasses rod bh>ck monitors, rod tranunitter, semor, bhtable, and amplifier, esclud.
pmition indication, axial power monitors, and in ing ihme I.ERs obtained in the first wrt. These two
general, any component or imtrument channel that sorts yielded 2,5871.ERS for comideration. An

l supplies a signal that aids in positioning the control additional wrt, from the pump data summary,6
rods so as to maintain the desired reactor power. produced $41.ERs that were reviewed for radiation

4
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monitor sample pumps. After an audit, conducted of lesser importance in terms of reactor
during the original IAC study, it was concluded that safety. Chemical monitors such as pli
at least 9% of the LERs imotving I&C events had monitors, oxygen and hydrogen analyrers,
been considered. and systems such as other instrument

systems not required for safety, were
in order to ensure completeness of the LERs per- excluded,

taining to I&C for ihis report, the entire computer-
ized USNRC LER file was obtained for the period 6. The LERs contained a faulted I&C com-
January 1,1976 through December 31,1981. This ponent that fell within the bounds of majoro file contained 17,386 additional LERs that wcre components treated in other LER summary
individually screened to identify all relesant I&C reports; major components include vah es,
events. This method for obtaining LERs prosides pumps, control rod drive mechanisms, or
additional assurance that all of the I&C LERS are diesel generators. For example, limit and
considered. Therefore, the total number of LERs torque switches on valves were excluded.,

reviewed for this report was 20,027. Ilowcver, not These components typically interface with
all of these LERs were used for this analysis with the moscable mechanical parts of a salve
many having been excluded for one or more of the such as stems and hydraulic control
following reasons: linkages. Information on these types of

switches can be obtained from the data
1. The LEP.s pertained to other electrical and

3 on vahes and valvesummary report
electronic components outside the wore of operators. Similarly, the other data sum.this repmt. mary reports ,7,8 contain data on those6

The LERs conta, ed informational items l&C components included within their2. m
bounds,

rather than component fault 5. An example
of an informationalitem h a LER stating

7. The I.ERs described faults of components
that "a calibration check was not peC that monitored parameters outside theformed on or before the date required,

reador building or primary containment.
3. The LERs were submitted by three plants Component faults imohing schmic and

considered atypical. These plants are Fori meteorological monitors acrc, therefore,
St. Vrain (gas-cooled), ilumboldt llay excluded.

(11WR/l, 63 megawatts), and LaCrone
(the only plant with Allis Chalmers as the LER Classification
NSSS sendor). Aho, Indian Point I dif fers
from the 72 plants evaluated in thh icport,
became it was shutdow n and defueled prior The purpmc of this rep (nt is to prmide reliability

to January of 1976. Comideration was ata, quandra an quahtathe, on selected
e ca clwuonk cmnponenu that are pan oMwghen to Dresden I, but any esents after

October 31,1978 are not considered D '''* ' I " '"* * # "I ""d#d ' U"* #' E'"""'
because of the estended shutdown that A computerlied data base of componenthystem

started on Octo':cr 31, 1978, and which opna nal espedences categmbett h stantlad'

*
was stillin effect on December 31,1981. ''"'Y,ty datader es was devebred to pro %

ane ant and axurate way of retrieving and sort.LERS submitted by Three Mile bland I
and 2 prior to the Afarch 28,1979 accident ing the sadom reHamy (lata. W vadous Heb

ase comidered in this report. Esents froni that are esplained and dhcuued in thk section are
Hste(l below.cither plant after that date are escluded, asa

Three Mile bland 2 h still shutdown, and I. N M sendor
Three Afile Island I is shutdown due to a
restraining order. 2. Pl.mt

4. T he I.I!Rs w ere submitted prior to t he date 3. I LR control number
of inittal crialcality for the respecthe plant.

4. Fault mode
5. The i I!Rs described faults of components

and/or imtrument systems comidered io be $. l'ault came

$
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6. Event classification (Age or Frequency of Fault / Failure. As defined in the " Nomenclature"
Use) section, a fault refers to failures and command

faults. A failure implies that a component must be
7. Type of event repaired or replaced in order for it to perform as

designed. A command fault is an event in which the
8. System component of interest does not fail, but is in she

wrong state because of external inputs or lack of
9. Event date inputs. An instrument channel failing to provide a

trip signal because a technician left a test suitch in
10. Manufacturer the wrong position is an example of a command *

fault.
I1. Activity resulting in discovery.

Fault Mode. Initially, a cursory evaluation of the
The USNRC LER system contains a centralized applicable LERs was conducted to ensure that the ,

source of component / system operational experi. fault modes defined in this report would encompass
ences of off-normal events in the nuclear industry, the bulk of the LERs. Because of the lack of
The USNRC LER file, however, is not a reliability detailed information in most of the LER fault
data base. Therefore, direct transcription of these descriptions, only two fault modes are defined. The
LERs for reliability purposes is not usually possi- fault modes are:
ble. At times, there is some correlation between the
component code, component subcode, cause, and 1. Reduced capability
system that is coded in an LER and also what is
needed in the i&C reliability data tase. For these 2. Inoperable.
cases, a direct transcription was made. Ilowever,
the descriptive text of the LER provided the bulk T_he reduced capability fault mode describes an
of the information needed for the data base. This event in which the I&C component is operational,
text also provided the mechanism to check for errors but does not perform its function within defined
in any cc ded portions of the original LER that were limits. Reduced capability implies calibration or
used in the data base. adjustment is needed. Instrument drift, out-of-

calibration, and intermittent (spurious) conditions,

Although most LERs contain only a single report are examples of events that are coded reduced
involving one event (a failure or a command fault), capability.
some LERs contained multiple reports, each involv-
ing either singts dr multiple events. For the case The fault mode, inoperable, is used to describe

.

-where muhiple reports existed in the LER, an failure events involving actual failure, meaning
appropriate one-line data record was created in the component repair or replacement was needed. Com-
data bascior each report contained in the LER. For mand faults, such as a closed sensing-line valve,
the case where the LER described multiple faults which prevented a transmitter from measuring a
invohing like components, information was parameter (e.g., pressure and flow), also f all into
encoded into the one-line data record to account the inoperable fault mode.
for the number of events.

Fault Cause. The fault causes used in our report *

A detailed explanation of the coding scheme is are those stated in the respective LERs, and should
given in Appendix B. A discussion of the assump- be self-explanatory (see Appendix B). The intent is
tions and definitions used to encode certain fields to encode the cause most directly responsible for
within the one-line data record is provided below. the event; not necessarily the root cause. Most fault

,

The issue of the difference between faults and causepwcre identified by screening the cause
failures is presented first in order to provide a con- description text of the LER. The LER contains a
text for interpreting these fields. Three fields in each coded fault cause (catered by the utility), but this
one-line data record contain items that are used for did not always agree with the cause description con-
identification purposes: NSSS vendor, plant, and tained in the text. When the text and the code
LER control number. These items need no explana- disagreed, the fault cause stated in the text was
tion other than that provided in Appendix B. entered in the one-line data record. For example,

; ,

" 6
' '

|,
,

> ,

-_.

-ry [g



.

if the LER cause field indicated componentfailure Type of Event. Seven types of events are of special
when the text stated that instrument drift was the interest for risk / reliability consideration:
problem, instrument drift was encoded as the cause

of failure. It shou'd be noted that for command 1. Recurring failureI

faults, causes such as sticking or piece part fault
describe problems with components providing 2. Common cause failure
inputs to the faulted IAC component.

""#" "Event Classification (Age or Frequency of Use).o

Each I&C component fault was reviewed to deter-
4. Command fault

mine if the fault was related to the frequency of use
(starts, stops, openings, and closings) of the ccm-

5. Recurring command faultponent or, simply, the age of the component. As
4

the standby time or running time increases, the
6. Common cause command faultcumulative chance of an age-related fault increases.

The cumulative chance of a frequency-of-use-
related fault increases as the number of demands 7. Recurring common cause command fault.

or cycles of the component increases. The number
of demands or cycles is not necessarily a linearly. The events not coded as one of these specified types
increasing function of time. are considered to be random failures. In the con-

text of this report, random failures refers to occur-
Kaowing a relationship between age-related and rences that do not meet the definitions of the other

frequency-related faults can aid in establishing or type of events.

evaluating a testing policy. If frequency-related
faults predominate for a particular component, NOTE: In the original version of this report
increased testing (which would place more demands (NUREG/CR-1740, May 1981), only six type of
on the component) may not be appropriate. Con- event categories were used (including random).
versely,if age-related faults predominate, increased More specifically, no categories were provided for
testing would be appropriate, because as the time common cause command faults and recurring com-
interval between tests decreases, so does the chance mon cause command faults. One-liners from the
of a component being unavailable. As an example 1976 to 1978 time period were screened for this
of how such distinctions were made, a component report to provide the added level of detail.
that faulted because of electronic or electrical piece
part deterioration was considered an age-related For an event to be considered recurring, one plant
fault, while a component fault that resulted from had to submit more than one LER that identified
a broken linkage arm or handswitch was considered a failure of the sa;ne component or similar com-
a frequency-of-use-related fault. ponents by the same failure cause. In addition, if

an individual LER reported that a component had
All reports involving personnel error were experienced previous failures, the event was coded

classified as frequency, because it was felt that the recurring.
probability of these : vents increased as the number,

of personnel interactions with the component Common cause events consist not only of events
increased. When a LER did not provide adequate describing two or more components failing
fault cause information to enable the analyst to simultaneously, but also include single events where
determine the event classification, unknown was the potential for two or more failures exists. The

* used to classify these events. latter are considered common cause candidates. The
common cause candidates were identified, along

The original LERs do not contain a coded field with the other common cause failures, not only for
indicating whether a fault is age- or frequency- use in this report but as part of a data gathering
related, nor is the reporting organization required effort to provide input into the binomial failure rate
to provide such an assessment in the text of the (BFR) common cause model.9Thejustification for
LER. Therefore, the code that appears in the one- considering single failures in the BFR model is
line summaries is the result of a subjective review explained by Atwood. If there was any doubt as to
of the available information; other analysts may whether an event was common cause or not com-
draw different conclusions. mon cause, then the event was coded as common

7
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- cause. If the same common cause event was necessarily the date on which the fault occurred.
reported more than once at one plant, this event was There are instances when a component is discovered
coded as recurring common cause. faulted and has obviously been fauhed for a con-

siderable time. The LER event date actually cor-
- As pointed out earlier, a commandfault is an responds to the date the fault was discovered. The

event where there is i!o actual physical failure of event date was assumed to correspond to the date
the compon'ent, but the component is in the wrong of component fault. Such an assumption, however,
state because of factors external to the component, does not significantly impact any of the results .

. External factors such as failure of a component that presented in this report,
interfaces with the faulted component or human *

error, account for most command faults. A trans- Manufacturer. The LERs provide a coded field for
mitter that is assumed to be monitoring pressure but the manufacturer of a faulted component.

is inoperable because of a closed sensing-line valve, However, the manufacturer code in the LER is
is considered a command fault esent. The trans- sometimes missing and sometimes not appropriate 3

min er is notfailed but is commanded to be inoper- for the component coded in the data base. On occa-
able because of the closed valve. However,if there sion, the manufacturer given in the LER was not
were any doub2 as to whether the fault was a com- the instruments * manufacturer. References were
mand fault or failure, then the fault was considered made in the LER as to the instruments'subcom-
a failure. Recurring commandfaults describe events ponent (e.g., seal, resistor, or bellows) or to the
that combine both the criteria for recurring and the failed component that was responsible for the

,

concept of command faults. Common cause com- instruments' command fault (e.g., pow er supply or
mandfaults occur when two or more components a leaking vehe in a sensing line). Due to these
are affected by a single command fault. An exam. reporting variations no attempt was made to fur-*

pie is "two instrument channels being deenergized ther evaluate the manufacturers reported. However,
at once due to personnel error." When the fault was the codes are available in the data base should a
both recurring and a common cause command more detailed study of the LERs be undertaken.
fault, the fault was identified as a recurring com-
mon cause commandfault. Activity Resulting in Discovery. Each one-line

i. data record contains a code that indicates the
System. When coding the applicable system, the activity taking place that led to the discovery of the
system receiving the output from the instrument was event. In some instances, the activity was the cause
the system encoded. For example, an instrument of the event. Although the original LER contains
that monitors containment pressure often provides a specific field for Ihis information, the text of the
input to the reactor trip system. In this case Reac- LER is primarily relied on to- obtain this
tor Trip would be encoded into the system field. In information.

'

general, most of the LERs reported events that
involved the reactor trip system or the Engineered LER Rate Estimations
Safety Features Actuation System (ESFAS). It was
felt that the ESFAS encompassed too broad a spec-
trum of systems. Therefore, if it could be deter- Owing to the limited availability of component
mined that the instrument provided input to control populations, LER rates are estimated for only those
systems of specific safety systems, such as High I&C components identified as being part of an *

Pressure Coolant injection (HPCI) or Automatic instrument channel that performs a reactor trip
Depressurization then that specific system was function. These components are assumed to be in
encoded into the system field. If an instrument an operational state (energized) at all times,
monitored a variable (temperature or pressure) of regardless of the status of the reactor; therefore, ,

a system and the output from that instrument was LER rates in this report are operating fault rates
only used in controlling or monitoring that same in units of faults per hour. The data necessary to

. system, then the monitored system was encoded into estimate the LER rates are (a) the reactor trip
the system field. instrument channel and constituent component

populations that provide a trip function, (b) the
Event Date. The event date in the one-line data exposure time, and (c) the number of component

'

record corresponds to the event date reported in the failures and command faults. These data were
LER. The LER event date, hewever, is not obtained for each plant from various sources. The

- 8
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following discussion presents the assumptions and analog radiation channels consist of the single com-
sources used to arrive at the values for each of these ponent, radiation monitors, and digital channels
data needs. contain a single component, switches.

In order to obtain counts for 1&C components
Populations. A comprehensive source of data from and channels providing a direct reactor trip func-
which to obtain all l&C component populations tion the FSAR information collated by Atwood2
within each plant was not found. However, most was used. Counting sensors, conditioning systems,
of the plants' individual FSARs or the NSSS and bistables is straightforward based on Atwood's
Vendor Standard Technical Specifications 10 - 13* g g g gg
gave a listing of reactor trip functions along with conditioning systems is the same. A channel may,
the nu nber of sensors and/or channels that pro- however, have more than one conditioning system
vide inputs to each reactor trip function and infor- in cases where several conditioning systems feed
mation that enabled determination of what type of each other. In particular, for Babcock & Wilcoxg

instrmnent channel, analog or digital, was being plants, reactor outlet temperature and
used to supply each reactor trip function. From this pressure / temperature conditioning systems are
information, denominators for LER rates for the combined in considering temperature channels.
following five categories of related equipment could Most Westinghouse temperature channels are a
be calculated: combination of overpower /AT, T-average /AT, and

overtemperature/AT conditioning systems.
1. Sensing devices for analog type channels

. . .

Time. The exposure time used m. estimatmg the
LER rates was the total calendar hours froma. Nuclear core Oux
January 1,1976, or from the date of initial criti-
cality, whicheverislater, tc December 31,1981. Allb. Temperature detectors
plants that achieved initial criticality before 1976
have an exposure time of 52,608 hours, while plants

c. Flow, level, and pressure transmitters that achieved initial criticality after 1976 had their
exposure time calculated from their respective date

2. Conditioning systems (a conglomeration of of initial criticality to December 31,1981. Calen-
computation modules, summation dar hours are based on a 24-hour day and a 365-day
amplifiers, power supplies, etc.) that year, which is 8,760 hours in an average year. The
receive output from the sensing devices and additional hours in 1976 and 1980 (leap years) were
develop this output for input to com- neluded where applicable. The dates for plant
parators or bistables to achieve a desired initial criticality were obtained from the USNRC's
trip function .. Gray Book."I4

3. Comparators and bistables that receive out. Faults. The number of failures and command faults

put from the conditioning systems in turn is contained in the one-line data file. Sorts of this
provide inputs to logic matrices, which in file provided the fault data needed for the various

turn shutdown the reactor plant estimates. LER rates using both failures and failures
plus command faults were estimated if population

4. Pressure / vacuum and level switches that data were available. The rates that are computed

make up a digital channel are based on the 1,886 events that occurred in I&C
components and channels identified as providing a
direct ceactor trip.

5. Main steam line radiation monitors found
*

in BWR plants, in estimating the LER rates for this report, each
failure or command fault was assumed to be an

Components with a reactor trip function fall into individual random event when,in fact, some of the
instrument channels, as indicated in Table 1. This events are suspected to be common cause. It is
table shows which type of components and chan- beyond the scope of this report, however, to treat
nels are found in reactor trip instrumentation the common cause events differently when
populations for each NSSS vendor. Also shown, performini LER rue estimates.
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' Table 1, litC reactor trip populations for fault ratesa |

|
Channels '

Analog Digital

Components Flux Temperature - Flow Level Pressure Radiation Level Pressure
D

Core Flux Sensors B - - - - - - -

C - - - - - - -

W _ _ - - - - -
,

G. .- - - - - - -

o

Temperature Sensors - B - - - - - -

- C - - - - - -

- W - - - - - -

, - - - - - - - -

4

, Transmitters - -
'

B - B - - -

- - C C C - - .-

- - W W W - - ' -

- - G - - - - -

Conditioning Systems B B B - B - - -

C C C C C - - -

W W W W W - - -

G , G -~ - - - -

Bistables B B B - B - - -,

C C C C C - - -

W W W W W - - -

G - G. - - - - -

f

. Switches -- - - - - - - B
- _ - - - _ _ _

- - - - ._. - _ W
- - - - - - G Gb

Radiation Monitors - - - - - - - -

- - _ - _ _ - _

*
- _ - - _ _ - _

- - - - - G - -

. a. B = Babcock & Wilcox; C = Combustion Engineering; W = Westinghouse; G = General Electric. ,

- The presence of B, C, W, or G indicates that one or more of the corresponding plants has the specified
L type of reactor trip channel and component.

b. Pressure / vacuum switches.

10
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LER rates were estimated for the following fault occurred. in most cases a sensor monitoring
components. a particular parameter provides a signal to a con-

ditioning system which in turn provides a signal to
1. Nuclear core flux sensors a comparator or bistable. However, there are con-

ditioning systems that receive signals from more
2. Temperature sensors than one sensor, each sensor monitoring a different

parameter. This same conditioning system, may in
3. Flow, level, and pressupe transmitters turn, provide a signal to other conditioning systems

o or to a comparator or bistable. This case creates a
4. Signal conditioning systems for flux, problem in that a fault in this type of conditioning

temperature, flow, level, and pressure system could be placed in either parameter-based
channel that is providing input to the conditioning

5. Flux, temperature, flow, level, and system. These types of conditioning systems have,

pressure comparators and bistables been identified and an example is shown below,
along with the parameter assigned for the purposes

6. Pressure / vacuum and level switches of calculating the parameter-based channel fault
rates.a

7. Radiation monitors.

Also the major components of the anJog systems
(detectors / sensors, transminers, conditioning Parameter
systems, and bistables) were combined, depending Conditioning Assigned
upon the parameter they were monitoring, to form Systems and For LER Rate
an instrument channel. In digital systems, switches Associated Bistables Calculations
were considered a channel.

Babcock Et Wilcox
LER rates were estimated for the following Plants

instrument channels.
Power to Flow Flow

1. Analog Channels Pressure / temperature Temperature

Combustion Engineering
a. Nuclear core flux

pf,y g,

b. Temperature Thermal Margin / low Temperature
pressure or DNBR

'' ** Westinghouse Plants

d. Level Overpower /AT Temperature

Overtemperature/AT Temperature
e. Pressure

(Pressurizer provides an

2. Digital Channels

a. Level switches
Computations. The computational formulas used

, to estimate the LER rates are discussed in Appen-.
b. Pressure / vacuum switches. dix C. LER rates for the components and instru-

ment channels were grouped as follows:
There was no need to estimate a radiation channel
fault rate since a radiation channel consists of th:

_ 1. An LER rate for each licensed operatingsmgle component, radiation momtor, and a LER plant
rate was estimated for radiation monitors. |

In assigning faults for the various parameter-
based fault rates some subjectivity was involved in a. The pararneier coded in the one-liner was not used because
determining in which parameter-based channel the it was generany an other/ unknown parameter.

I1
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2. An IER rate for each NSSS vendor Chi-square confidence bounds were derived for -
each fault nte estimate. These confidence bounds

- 3. - An LER rate for PWRs and BWRs apply only when all the components that are com-
bined in an estimate have exactly the same fault

- 4. An overall LER rate based on aggregating rate..When components have different fault rates
the fault data of each licensed operating (e.g., because of individual component variations

~ plant. and different plant environments), the confidence
interval describes only the average fault rate, not

in each of the above cases, if no population data' the individual component fault rates. The main use

were available for a particular fault rate calculation, of these bounds is for comparisons. Narrow bounds . .

- then the applicable plant, NSSS vendor, or reactor apply to estir..ates that are based on more informa-

type (PWR or BWR) would be omitted from the tion (i.e., for a fixed fault rate, more faults and

calculation. longer exposure times lead to narrow bounds).
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SUMMARY OF RESULTS

Table 2 presents an accounting of the number of recorded in the LERs, the individual analyst should
LERs used in this report. Of the 6,764 faults in the confirm the applicability of the component faults
data file, 6,180 (91 % ) were classified as actual and fault rates for their specific uses.
failures. The remaining 584 were identified as being
command faults. Overview with Focus on Plants

* NSSS Vendor. Figure 2 is a graph of the
Table 2. Accounting of l&C LERs 6,764 faults by NSSS vendor. It is evident from

Figure 2 that the General Electric (BWR) plants
account for the majority (51%) of I&C faults. Refer

LERs Numbers
_ to Appendix D for one-line sorts by NSSS vendor.

Total screened 20,027 NOTE: This engineering data consists of raw fault
counts, not adjusted for the number of plants or

Total excluded after screening 15,329 I&C components associated with each vendor.

Total coded 4,698 Plant-Specific Data. Figure 3 presents individual
plant faults for all 72 plants in a highly comparative

Total one-line data records created 5,092 form, while Figures 4 through 7 present the same
from the 4,698 LERs (315 LERs information, in descending order, grouped by plants
contained multiple reports resulting within the four NSSS vendors.
in 394 additional records)

Table 3 is grouped by NSSS vendor and presents
Number of events contained in the 6,764 ' the 6,180 failures and 584 command faults for each
5,092 one-line data records plant by year. Also provided are the calendar hours
(732 records contained multiple for each plant so that one may normalize selected
events resulting in 1,672 additional data if desired. The dashes, as for Crystal River 3
events) in 1976, indicate that the plant had not achieved

initial criticality.

Overview with Focus, on Components. In the
Engirieering Data following sections, breakdowns of the number of

faults according to the main coding fields (fault
mode and cause, parameter, function, system, event

The main coding fields are presented with empha' classification, and type of event) and according to
sis on plants, components, and the type of event. the components within these f: elds are presented.
Presented in this engineering data summary are
discussions, figures (bar graphs), and tables sum- component. Figure 8 is a graph of the 6,7M faults
marizing pertinent information contained in the by component. The seven major components (sen-* data base. In order to provide easier comparisons sor, transmitter, amplifier, power supply,
between variables and faults, the horizontal bar converter / conditioner, computation module, and
graphs are arranged in increasing order from top comparator/ bistable) considered to be in a typical
to bottom, while vertical bar graphs are arranged analog type channel totaled 2,282 (34%) of the total
in descending order from left to right. Percentages 6,764 faults. The single major component of digital,

of the total number of faults associated with each type channels, the general switch, accounted for
variable can be found on each bar graph. 2,004 (30 % ) of the total 6,764 faults.

The component faults and fault rates summarized fault Mode. Table 4 presents component fault
in this report should be interpreted as only tentative data by fault mode. The general switch stands out
gross indicators of true fault trends and fault rates. as the component with the largest number of faults,

i

Because subjective judgments had to be made Of the 2,0N general switch faults, 1,533 (77%) and i

regarding pertinence of recorded events, and 471 (24%) involved reduced capability and
because some component faults may not be inoperable fault modes, respectively.
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Figure 3. Summary of I&C faults by plant.
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' Table 4. Summary of IGC faults by component and fault mode

Fault Mode

Reduced Total
Component Capability Inoperable Faults

Amplifier / buffer / isolation amplifiera 63 ~75 138,

Cable / receptacle / junction box /terminala 43 183 226

Controller 23 49 72
,

'- Comparator (bistable)a 216 111 327

Converter /conditionera 74 24 98

General switcha 1,533 471 2,004

Hand switch 4 31 35

- Computation modulea .80 144 224

Indicator / meter / annunciator 144~ 159 303

Computer 4 41
~

45

Limit switch 34 36 70

Monitora 226 753 979

Power supplya 15 212 227

- Recorder 21 % 117

Relay /solenoida 61 214 275

Sensora I87 237 424'

Timer 10 17 27,

Transformera i go gg

Transmittera 497 347 844
- 4

Other/unspecifieda 140 178 318

Total Faults 3,376 3,388 6,764

a. This component was analyzed for the LER rates. '!
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Sensing devices (monitors, sensors, transmitters, ponents used to monitor the various parameters,
and general switches) account for 4,251 (63r ) of For example, the component monitorin Table 7 haso

the total faults. Sensing devices comprise 2,443 967 (9%) of its faults under the parameter radia-
(72?o) of the 3,376 faults coded reduced capability tion. This is to be expected because the general pur-
and 1,808 (53%) of the 3,388 coded inoperable. The pose of a monitor, as used in this report, is to
general switch is the highest contributor to the measure radiation,
reduced capability fault mode with 1,533 (45r ) ofo

the faults, while the monitor is the highest con- runction. Figure 11 summarizes the number of
tributor to the inoperable fault mode with 753 faults by function. The two functions comprising
(22Vo) of the faults, the reactor protection system (reactor trip and ESF

'

actuation) account for 52% (28% and 24%,
numen rectorsendotherrault causes. Figure 9 is a respectively) of all faults.

graph of faults by fault cause. It is evident from
Figure 9 that drift accounted for a major portion Table 8 presents the number of faults by com- *

(2,349 or 35%) of the faults, while piece part faults ponent and function. Transmitter and general
are next with 1,090 (16%) of the total faults. There switch faults comprise the majority of the reactor
were 930 (14%) faults coded with unknown fault trip function faults at 20% and 18r , respectively.o

causes. General switch faults comprise 58% of the ESF
actuation function faults, with transmitter faults a

All faults related to personnel, design, fabrica- distant second at 15%. Faults involving indicators,
tion, construction, quality control, and procedures meters, ann meiators, recorders, controllers, and
were considered to fall into a general category of computers, w hich provide a general indication and
causes called human factors. Human factors control function. comprise 469 (28%) of the general
account for 1,171 (17 % ) of all the faults in this control function fauhs.
report. Of the 1,171 human factor faults, person-
nel errors during operation, maintenance, and system. Faults for PWR and BWR systems are
testing account for 596 51%), while design, fabrica- presented graphically in Figures 12 and 13. It
tion, construction, quality control, and procedural should be noted that certain systems are applicable
errors account for the remaining 49%. Personnel to only one reactor type. For example, the
maintenance is the largest single contributor to Automatic Depressurization System (ADS) is only
human factor faults at 31%, with procedural prob- applicable to BWR reactors.
lems second with 22%. Refer to Appendix E for
one-line sorts by human factors. As explained in the LER classification section,

the focus in assigning system codes is on the system
Table 5 summarizes component faults by fault receiving the output from the instrumentation.

cause. The general switch stands out with I,325 Thus, any component or channel fault that resulted
(56%) of couponent drift problems, as well as the in the loss of a direct reactor trip signal was con-
monitor with 307 (28%) of piece part faults. sidered to be in the reactor (RX) trip system,

regardless of what plant system the component or
fault Mode and Cause. Table 6 presents component channel was monitoring. Where a component or

faults by fault cause and mode. Drift faults with channel could be identified as providing an ESF
the reduced capability mode comprise the majority actuation function or some general control func- '

(2,274 or 67%) of the total reduced capabilit) mode, tion, the system provided in the LER was coded.
while inoperable piece part faults comprise the For example,if an LER stated," Channel A failed
majority (1,033 or 30%) of Ihe total inoperable to provide a signal to isolate the containment," the
mode. The general switch contributes 1,308 (58 % ) system coded for this LER was containment. If the .

faults to the reduced capability drift category, while LER did not provide system information, but from
the monitor contributes 295 (29%) faults to the the text of the LER it could be determined that the
inoperable piece part failure category, faulted component or channel did provide an ESF

actuation signal when required, other ESF was
Paremeter. Figure 10 summarizes the number of coded for the system.

faults by parameter, while Table 7 presents the
faults by component and parameter. The numbers Table 9 presents faults by component and com-
here appear to reflect the distribution of com- bined PWR and BWR systems. The reactor trip

24
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LEGEND
Total 6764 155i FAULTS

PER. TEST. 55 (1%)

h135FAB. CON.QC (2%)

LK.SENS.LN 139 (2%)

MPER.OPER. TM (3%)

M 17 9 ( 3 %)DESIGN

MECH.MALP. 255 (4%)

DFCTV PROC 261 (4%) *

~ s"
p ELEC.MALP. 271 (4%)
e

ENVIRONMEN 273 (4%)

DIRTY / BIND 286 (4%)

PER. MAIN. 367 (5%)

UNKNOWN 930 (14%)

PIECE /PART 1090 (l6%),

DRIFT
234

0 2h 4bo obo 8bo 10' 0 120' 0 14'00 16'0 *18'00 N 2$30 2M0 0
FAULTS

Figure 9. Summary of IAC faults by fault cause.
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! Table a simumery of tec fauses by component and seule cause

Fault Caug

Fabrication / Leaking or .
Conuruction/ Blocked thrty/

Pmonnel Perumnet Personnel Drugn Quahty Defective Extreme Mechanical Electncal laurument Ekedes/ Piece Part TotalComponent Un&nown Operanon Wintenance Teuing _ Error Control Procedures Envwonment Malfuncison mafunction Senung Lines Sucking Fauk Drift i Fauks ,
Amphrerr/ buffer / ' 34 3 0 0 0 0 9 1 0 to 0- I' 42 33 e 13s .

i

' notation *
'

. amphfmer

Cane /recessacle/ 32 6 35 0 2 3 45 5 6 33 0- 25 34 0- 226
sanction ton /
terminal

~

Controner 23 1 5 0 1 0 2 0 0 3 3 2 25 7 72

Comparator 30 13 15 7 10 0 37 3 0 to 0 3 47 150 327 -
(tnuabiel '

Converter / 13 0 3 0 1 2 6 0 1 3 0 0- '8 61 98 .
comenener

General swach 103 40 98 8 26 23 45 40 57 19 . 17 125 78 I.325 2,084

Hand seisch 5 4 3 3 2 0 2 0 4 1 0 3- 6 0 35 -

Campusasion module to 5 9 0 10 0 2 6 0 6 0 2 66 . . 58 224

Indicasce/ meter / 92 5 13 2 IS 3 10 7 il 13 5 le 36 74 303
annuncimor

Compuier 6 2 1 0 2 0 0 0 0 11 0 2 20 1 45

Lims switcle Il > I. I O I 19 0 0 14 2 0 7 7 7 70

Monner 66 54 66 7 19 16 31 los 85 74 22 24 307 300 979

Power supply 75 5 8 2 1 0 8 I 2 22 0- 5 96 6 227

Recorder ?4 2 4 0 3 0 1 0 Il 2 I 11 64 . 4 II7
Reisy/noienoid 48 2 7 8 18 16 I 22 22 12 0 34 55 37 ' 275

. Semor 838 9 26 3 6 18 14 38 8 27 8 9 66 74 424

' Tuner 7 1 0 0 0 0 0 l 2 0 0 7 2 7 27 *

Transfonner 0 0 0 0 0 0 0 0 0" l 0 1 8 I il

Tranemnaer 75 12 38 10 47 9 32 59 21 10 77 - 8 95 - 351 844

Other/ unspecified 98 0 35 ' 12 12 26 ' 16 2 11 10 '6 8 28 - J3 ' 318
Total Fauks 930 574 367 $5 179 135 268 273 255 278 139 286 I,0so - 2,349 6.%4 -

s.

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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LEGEND'
Total 6764- 252!I FAULTS

-

TEMPERATUR 465 (7%)

.

POSITION 596 (9%),

CORE FLUX 662 .i(10%)

.

FLOW 709 (10%)

$$ $ ~

OTHER/UNKN 733 (II1)

.

LIQUID lyL 966 (14%)

RADI ATION 1006 (151)

PRESS /VAC. 16 7

o 150 a60 360 400 560 e60 760 860 e60 scho 11ho 12ho, taho 14ho tsho teho fibo
FAULTS .

Figure 10. Summary of I&C faults by parameter,.
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Table 7 -Summary-of litC faults by component and parameter

Parameter

' Liquid - Core _ Pressure / Other/ . Total
Component ' Level Flux Flow . Temperature Radiation Vacuum . Position Unknowa Faults

c.
Amplifier / buffer /- 6 60 8' 20. '0 11 27 6 138

isolation
amplifier

4 Cable / receptacle /~ 6 Ill 4 18 l' 14 49 23 - 226
~

junction box /
terminal

Controller 5 '' I 28 8 0 9 6 15 72

Comparator 56 88 33 20 2 114 0 14 327
- (bistable)

Converter / 6 2 15 5 0 2 59 9 98
conditioner

' General switch 385 2' '179 139 1 1,103 34 161 2,004

- Hand switch 0 6 3 4- t 2 1 18 35

Computation module 2 62 53 38 1 15 15 38 224

Indicator / meter / 60 22 30 21 2 35 I16 17 303
annunciator

Computer 0 6 3 0 0 0 17 19 45

Limit switch 0 0- 0 0 0 3 59 8 70

Monitor 1 2 3 2 %7 1 2 1 979

Power supply 13 67 23 13 2 30 35 44 227

Recorder 8 3 9 39 16 12 1 29 117

. Relay / solenoid - 8 9 18 3 1 13 32 :191 275

. . ,
. Sensor Il 151 33 I(M 6 22 83 14 424

Timer 0 0 0- 0 0 3 3 21 27

Transformer : 0 0 0 0 1 5 2 3 11

* Transmitter 375 0 236- 15 0 215 1 2 844

Other/ unspecified 24 70 31 16 5 18 54 100 318.

Total Faults 966 662 709 465 1,006 1,627 5% 733 6,74

,

. 29
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Table 8. Summary of IEtC faults by component and function

Function

Reactor ESF Reactor General Radiation Total
Component Trip Actuation Control Control Detection Faults

Amplifier / buffer / 94 4 16 24 0 138.,
isolation
amplifiera

Cable / receptacle / 121 21 41 43 0 '226
.6 junction box /

terminala

Controller 1 7 1 63 0 72

Comparator - 191 % 6 32 2 327.

(bistable)a

| Converter / 17 8 45 28 0 98

conditionera

General switcha 337 957 319 390 1 2,004

Hand switch 11 4 4 15 1 35

Computation modulea 140 40 16 27 1 224

Indicator / meter / 8 6 31 258 0 303
annunciator

|

Computer 0 0 3 42 0 45

Limit switch 39 2 1 28 0 70

Monitora 71 2 1 12 893 979

Power supplya % 55 29 45 2 227

| . Recorder 0 0 1 106 10 117

Relay /solenoida 95 101 17 61- 1 275
.

Sensora 173 81 41 123 6 424

Timer . 0 4 5 18 0 27

Transformera 1 4 2 3 I 11.

. Transmittera 37g 250 3 222 o g44

Other/unspecifieda 129 16 35 133 5 318

Total Faults 1,895 1,658 615 1,673 923 6,764

a. This component was analyzed for the LER rates.

31
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- LEGEND'
Total 3284 - 1525 FRULTS

.

CSI 10 ( < 1%)

. .

HPC1 10 ( < 1%)
2

SERV. WTR. 19 (1%)

.

CVCS 21 (1%)

.

LPCI 23 (1%)

M $ '

E CONI,.tFEED 71 (2%)
n.

CONTAINMEN
- 84 (3%) |

,

-

OTHER ESP 604 (18%)
<

RX TRIP 1194 (361)

g) ;

o- to aio aio 4o eio eio 1so sie eio uko noo miso nIso !
FAULTS !

Figure 12. Sammary of IAC faults by PWR systems.
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LEGEND
Total 3480 55 FAULTS

9

SERV. WTR. }
11 ( < 1%)

_

COND.& FEED 16 ( < 1%)

CSI 30 (11)

ADS 64 (2%)

LPCS . , 71 (2%)
,

LPCI 120 (3%)

y -w
*

RCIC 193 (6%)

*
HPCI 197 (6%)

CONTAINMEN 255 (7%)
-

p y g 643 (18%)OTHER ESP
_

hRX TRIP 736 (21%)
-

f h_____ h_ k___ h__________...__ ____ ___ ___ h____ _ _ ____ ...__..... __,(33%)_ [AI.I. OTHES 1144

b lbo 2bo 3b0 4bo N 8b0 7b0 8b0 9b0 10b 11b 1N00
FAULTS

Figure 13. Summary of I&C faults by BWR systems.

|
l

_ . _



- - .. , ., . _ .- ,7 ._ q._ . , , . , , , . . ,

- - $.' . M' ' j\ y t- gg (g> jis.c _s
, ,b 4 d.'t q . -.

a " w.W~ A,~* s
, ,. . ! n< j w

- .~ x
. 1 -:

..-..
' pf , f' /e s. p 3, ." ):f 4,. ', .Nj:, ,j - 1

. - .m- <

t,
..

- , y ,

,a1

r. * _; - '? . . . i?-
- g .g

, ,

;j: , j' c Q 1 0'-
'... ,

' . ' , /-
'- '

-

"

.

> ' ' ' ' ,Table 9. : Summary o IfrC faults by com/ponent and system
. , . f1

~

i .; ,

'

, . .

.y k. ; f- {. , g.
- '"

-

' ' '- -j ' System d. 4 T : t, .
..'..!

9;). < , . f
.'r ' T Condensate - . Reactor Service ' Other All ' . !Otal :

'

-

and lied i Containment ; CSI- CVCSb ^ HPCI LPCI LPCSa 1,RCICa Trip - 1 Water . ESF- ' Others' FaultsComponent
'ADSa^1, | (~~ %

. Amplifier / buffer / 00, ~l 2 q

' solation ~

138 ,0 0 1 0 0 0- 94 .0 8 32:

{|-- i
~

. g * o a ' *amplifier + v - . . 'y~

j - ? > ,

,,

" Cable /reedtacle/ - 0 5 5 ) 0 0 1 .9' -0 4 '122' '2 - 123 _70 226?

;]- I junction box / - ' " ,

terminal ,
- 'i' >-

Controller 0- 2 -| | 0 8 3 0 Il i I 19 - 25. 72 $- .
4

$

Comparator ,t 2 11 4 0 8 0. 0 3 194- O f 97 17 327 -
'

i [ ,;,,
' '

(bistabte) .

''
[,

'

,c

Converter / 0; 0 2 0 0- 1 0 0 1 17 0' 8- 69 ' . 98 ' f. *
w
A- conditioner.

e
< ,c ,

~

> ,

General switch : . 20 24 135 23 1 158 92 67 - 142 |337 11- 501 !. 493,J ,004,
.

2

b ) ..

Hand switen 0' I ,4 0 0 0 0- 0 3- 12 0 9 [ ;6 ' s 35 -''

.-

Computation module 0- 0 2 0 0 2 l' - 1, I )142 0 40 35 .- 224-
, :i r

.>
Indicator / meter / 2 II - 23 3 I. 2 .10 0 3 ' 371 12 ; 37 -172' 303-

, annunciator ( 2

L , ;<
Computer 0' O O O O O O' O O. 0'- 0 0 '45 45

Limit switch .0 0 16 0 0 0 1 0 I. ~39 g - 33' 70 .

~

Monitor 0 0 21 0 0 0 0 .O ~ 4 ~ 71 - 0 57 ' '826 979

Power supply 3 8 8 3 0 7 2 2 5 % 0 . 34 59 227.-

Recorder 0 0 20 1 5 0 -2 0 0 0 0' 7 82 - 117

~

Relay / solenoid - 17 .. 6 13 1 0 7 .7 I 4 94- 0 68 57 '275-

,
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- Table 9. _ (continued)
-

System '*)

Condensate . Reactor .' Service Other ' All Total

Component ADSa and Feed Containment CSI .CVCSb IIPCI I.PCI ' LPCSa RCICa ' Trip - ' Water . ESF ~ Others . . Faults
,

. ..

Sensor I- 5 12 0 5 4 3 0 4 ' 173 ~ 'O< 66 ..149 . '424-

- Timer 3 1- 0- 0 0 0 0 0 0 0 l' '8 14 ' 27 '

. Transformer _ 0 0| 0 0 0 0 0 0 0 1 0^ ,5- 55 11

- - . Transmitter 15 15 ' 62 3 8 5 11 0 3 .370 12 196 144 844.
w

. u - ,

' 91 318 '6 6 _1 1 3 2 O ~4 130 0 ~ 72Other/ unspecified 2 <

. Total Faults : 64 87 - 339 40 21 207 I43 71 193 ,1,930 ; 30 - 1,247 . 2,392 - 6,764-
I

a. System applicable only to BWR plants..

b. System applicable only to PWR plants ,

.
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~ system comprises the majority (29%) of the faults, . Reduced capability contains 43% random failures
with transmitter and general switch faults making and 40% recurring failures. Of events in the inop-
up 19% and 17% of this system, respectively. erable fault mode category, 40% are random

Appendix F presents the one-line data descrip-
tions by system and reactor type. Feu/t ceu.e. Table 13 summarizes faults by fault

cause and type of event. Drift failures involved 45%
. Ewnt CAmssMcetion. Table 10 presents the number of the recurring and 41% of the random failures.

of faults for each component by event classifica- Piece part failures occurred in 22% and 15% of
'

tion. Frequency implies demand-related faults while recurring and random events, respectivel).
age implies time-related faults. Frequency accounts

. for 24% of the total number of faults, while age - Parameter. Table 14 summarizes faults by type of
accounts for 52%. General switch and monitor event and parameter. Recurring failures involved
faults each account for 19% of demand-related 52% of the radiation faults, while 50% of the .

faults, while the general switch accounts for 42% temperature faults involved random failures. Ran-
of time-related faults. dom and recurring failures made up 59% and 23%

of the other/known parameter.
TypeofEwnt.The number of faults for each type

of event are presented in Figure 14. Recurring faults function. Table 15 summarizes faults by type of
(the s'um of recurring command faults, recurring event and function. Recurring failures involved
common cause command faults, recurring common $3% of the radiation detection faults. 47% of the
cause failures, and recurring failures) account for general control and 46% of the reactor trip faults
3,065 (45%) of the total faults. Recurring failures i:nol ed random failures.
comprise 84% of recurring faults. This is primarily
because drift affects nearly all instrumentation on system. Table 16 summarizes faults by type of
a repeated basis, event and system. 63% of the condensate and feed

system failures were random, while 56% of the low
Table 11 summarizes the faults by component pressure core spray (LPCS) system failures were

and type of event. The general switch accounts for recurring.
40% and 25% of the recurring and random failures,-
respectively. Event Classification. Table 17 summarizes faults by

type of event and event classification. Common
Appendix G presents the one-line descriptions of cause failures comprise 23% of the failures in the

all types of events. Using the information in this frequency event classification; 51% of the age
appendix, the analyst can identify the specific kinds related faults were recurring failures; and random
of problems that are occurring and also which failures occurred in 58% of the unknown event
plants are experiencing these problems. classification faults.

For the rest of the text, the term recurring will LER Rates
only refer to the recurring failures category, unless
otherwise stated.

"Appendixes H and I contain the LER rate
Overview with Focus on Type of Event. Because estimates. These appendixes provide operatinga

,

! the type of event classification provides insight for LER rate estimates for selected components and
both the causes of faults and how faults relate to instrument channels, respectively, which provide a
cach other, breakdowns of the number of faults - direct reactor trip. Each appendix contains: .

. according to the main coding fields (fault mode and
cause, parameter, function, system, and event
classification) and according to the type of event

. a. It should be noted that the term operating .is used frequently
within these fields are presented,

' '

with the status of a reactor plant (operating or shutdown). The
use of the word operating in the context of operatingfault rate

fault Mode. Table 12 summarizes faults by type merely implies that the component the fault rate applies to is
assumed to be operational or m an energized state (i.e., sersus

. of event and fault mode. For both recurring and being in a standby state). I&c components are auumed to be|
random failures, 52% are reduced capability, operating at all times, even wher the reactor is shutdown.

36
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. Table 10. Summary of IfrC faults by component and event classification

Event Classification

^'

Total
Component ~ Frequency Age Unknown Faults

* - Amplifier / buffer / isolation amplifier 22 ' 67 49 138

Cable / receptacle / junction box / terminal' -115 47 64 226

Controller ' 13 15 44 72,

Comparator (bistable) 83 189 55 327

Converter / conditioner 18 63 17 98

General switch 312 1,495 197 2,004

Hand switch 18 8 9 35

Computation module 28 106 90 224

Indicator / meter / annunciator 71 122 110 303

Computer 16 14 15 45

Limit switch 27 26 17 70

Monitor 314 418 247 979

Power supply 42 67 118 227

Recorder 18 62 37 117

Relay / solenoid 97 101 77 275

Sensor 110 171 143 424

_

Timer 7 11 9 27-

Transformer 2 9 0 11

Transmitter 207 470 167 844,

Other/ unspecified 131 65 122 318

Total Faults 1,651 3,526 1,587 6,764
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LEGEND
Total 6764 223 FAULTS

_

REC.COMD. 34 (6 %)
FAULTS 3

_

COMMAND 103 (18%)
FAULTS

_

RC.C.COMD 137 (23%)
FAULTS

$
u.a CC.COMD. 310 (53%)y FAULTS

5 -

w
"

N

$.
R.C.CAUSE 318 (5%)

e- FAILURES
,

_

COM.CAUSE 455 (7%)
FAILURES -

;, ,

RgUR igg 2578(42%)

_

fANU 2831 (46%)

0 2bo 4b0 6b0 8bo idOO INO 14'00 16'00 Ifb0 2dOO 2$00 24'00 2$00 2d00 3dOO
NUMBER OF FAULTS

Figure 14. Summary of I&C faults by type of event.

. ., ,



< -

,

e s a e

. Table 11. Summary of IErC faults by component and type of event

Type of Event -"'
<

Recurring
- Recurring Common Common

Common Common Recurring Cause Cause
Random Recurring Cause Cause Command Command Command Command Total

Component Failure Failure Failure Failure Fault Fault Fault Fault Faults

Amplifier / buffer / 76 41 3 18 0 0 0 0 .138
isolation
amplifier

Cable / receptacle / 91 26 65 37 2 0 5 0 226
junction box /
terminal

Controller 50 15 2 0 0 0 5 .0 72

Comparator 169 67 30 27 8 1 17 8 327
(bistable)

Converter / 34 48 2 12 0 0 2 0 98
conditioner

General switch 711 1,040 73 52 21 10 76. 21 2,004

Iland switch 21 5 0 0 2 0 7 0 35

Computation module 128 77 8 4 1 1 3 2 224

Indicator / meter / 158 81 23 8 4 1 16 - 12 303
annunciator

Computer 16 24 0 0 3 0 2 'O 45

- _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ - _ _ _ _ - - _ _ _ - . _-
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Table 11. (continued)-

Type of Event

Recurring
Recurring Common Common

Common Common Recurring Cause Cause -
Random Recurring Cause Cause Commar a Command - Command Command Total .

Component Failure Failure Failure Failure Fault Fault Fault Fault - Faults

Limit switch 32 14 14 7 0 0 3 0 70

Monitor . 240 508 56 57 18 7 33 60 979

Power supply 123 73 5 0 3 1 22 0 '227-

Recorder 44 65 2 0 2 0 '3 -1 117

b Relay / solenoid 119 99 14 23 2 0 18 0 275

Sensor 244 90 23 9 10 4 41 3 424

Timer 8 17 0 0 1 0 1 0 27

Transformer 5 5 0 0 0 0 0 1 11

Transmitter 416 237 51 62 23 3 25 27 844

Other/ unspecified 146 44 84 2 3 6 31 2 318

Total Faults 2,831 2,576 455 318 103 34 310 137 6,764

. -s ,
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Table 112. Summary 'of iftC faults by type of event and fault mode' ' ~

. Fault Mode - i

Reduced Total .
' Type of Event Capability. - Inoperable Faults

?

|
' Random Failure? 1,464 -1,367 /2,83I7.-

. ,

Recurring Failure - 1,336 1,240 2,576

- Common Cause Failure 189 266 455-.. _,

!'
L

- Recurring Common Cause Failure '149 169 -318
!'

.. Command Fault 31 72 103
8

Recurring Command Fault 18 .16 - 34

Common Cause Command Fault 131 179 310 -
|

Recurring Common Cause Command Fault 58 79 137

Total Faults 3,376 3,388 6,764

,

1. Individual plant data that were used to multiply X.X times Y.YE-YY to obtain upper-
determine the LER rate estimates (popula- 95% conridence limit ~

j tions, faults, and operating hours) and
i individual plant LER rate estimates and
i

|
| 2.' A Final Statistics section that provides a divide Z.Z into Y.YE-YY for lower 5%

LER rate estimate for each NSSS vendor, confidence limit
an average estimate for PWRs, and an
overall average estimate for PWRs and where
BWRs combined.~

X.X = upper 95% confidence multiplier
For each component type or channel, these two

=,. items are provided for both of the fault modes, Y.YE-YY = LER rate point estimate and
reduced capability and inoperable, both with and
without command faults. Z.Z = lower 5% confidence divisor.

,

I

| . ' Along with the LER rates, the Final Statistics sec. Tables 18 and 19 provide a summary of I&C LER*'
tions give the upper 95% confidence limit and lower rate estimates (Appendixes H and I) obtained in this

- 5% confidence limit expressed as factors of the LER report, for selected components and instrument
'

rate point estimate. To obtain the upper 95% con- channels, respectively. The upper and lower bounds -
| fidence limit, multiply the given LER rate point were determined as indicated above and are pro-
, ' estimate by the upper multiple associated with this vided in these tables; Appendixes H and I,Imwever,

( - estimate. To obtain the corresponding lower 5% contain the multipliers. LER rate estimates without
[ confidence limit, divide the LER rate estimate by command faults are shown in parentheses. This

the lower divisor associated with this point estimati.. summary indicates that the small number of com-,

In other words: mand faults had little or no effect on the LER rate

:

!
'
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Table 13. Summary of IErC faults by fault cause and type of event

Type of Event

Recurring .
Recurring Common Common

Common Common Recurring Cause Cause . .

Random Recurring Cause Cause Command Command Command Command . Total .
Fault Cause Failure Failure Failure Failure Fault Fault Fault Fault Faults

Unknown 694 188 11 0 14 9 13 1 930

Personnel operation 15 1 19 16 11 5 53 54 174

Personnel maintenaace 43 18 111 38 18 5 107 27 367

Personnel testing 0 2 9 3 10 0 20 1I 55

Design error 26 20 41 47 5 0 23 ~17 -179

Fabrication / 21 4 53 24 4 0 22 7 135
,
N construction /

quality control

Defective procedures 27 2 122 56 6 1 39 8 261

Extreme environment 43 133 20 54 9 4 8 2 273

Mechanical malfunction 101 135 9 2 8 0 0 0 255

Electrical malfunction 136 108 8 5 4 0 9 1 271

Leaking or blocked 48 67 13 5 3 0 3 0 139

instrument sensing
lines

Dirty, binding, or 99 175 0 0 3 4 5 0 286

sticking

Piece part fault 427 571 27 40 7 5 4 9 - 1,090

Drift 1,151 1,152 12 28 1 1 4 0 2,349

Total Faults 2,831 2.576 455 318 103 34 310 137 6,764

4
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Table 14. Summary of litC faults by type of event and parameter
|

?
*

a

l .

I'

Parameter -

Liquid Core Pressure / Other/ ? Total :
Type of Event Level Flux Flow Temperature Radiation Vacuum Position ' Unknown Faults

Random Failure 424 294 333 231 255 607 '255 432 2,831

Recurring Failure 345 132 236 166 520 778 232 167 2,576
...

Common Cause Failure 41 107 49 21 57 78 .31 71. 455
-

Recurring Common Cause Failure 62 56 29 4 57 49 57 4' 318 '

i Command Fault 16 10 23 9 18 18 4 .5 103
,

Recurring Command Fault 8 6 1 0 6 5 2 6 34 '
a

Common Cause Command Fault 47 46 24 29 32 - 73 15 44 310
,

Recurring Common Cause Command Fault 23 11 14 5 61 19 0 4 137

Total Faults 966 662 709 465 1,006 I,627 - 5% 733 6,764

.

._.

Y
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Tatne'15. Summary of litC faults by type of event and function
.

Function

Reactor ESF Reactor General Radiation Total
*Type of Event Trip Actuation Control Control Detection Faults

Random Failure 875 666 '271 794 225 2,831

Recurring 569 694 285 541 487 2,576
Failure

Common Cause 219 85 16 91 44 455
Failure

Recurring 89 86 28 60 55 318
Common cause
Failure

Command Fault 18 23 4 40 18 103

Recurring 4 12 0 13 5 34
Command
Fault

Common Cause 97 76 7 99 31 310
Command
Fault

Recurring 24 16 4 35 58 137

Common Cause
Command
Fault .

Total Faults 1,895 1,658 615 1,673 923 (,764

.

f
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Tatdo 16. Enr_y of IErC faults by type of event and system ~

System .,

Condensate Reactor Service Other~ - All Total '
T>ve of Even ADSa and Feed Containment CSI CVCSb HPCI LPCI LPCSa RCIC8 Trip Water FSF Others Faults

! Random Failure - 24 55 138 16 13 69 58 20 65 893 12 _ 549 919 ' 2,831 , y'

Recurring Failure 32 II 127 22 4 93 70 40 102 579 15 '445- 1,036 2,576

Common Cause i 8 16 2 1 15 6 2 7 223 2 94 78 455
Failure -

Recurring 0 0 15 0 2 7 1 4 II 91 0 66 - 121 318
Common Cause

- Failure

I
|, a Command Fault 2 4 4 0 0 1 2 2 0 19 .I 24 44 ' 103

v.

( Recurring 0 0 4 0 0 1 0 0 0 4 0- 9 16 - 34
Command Fault

Common Cause 4 6 24 0 1 20 6 2 8~ 97 0 . 52 ' 90 310
[ Command Fault

Recurring I 3 II O O .I O I O 24 0 8- 88 137
Common Cause

~

| Command Fault
i

j Total Faults 64 87 339 40 28 207 14? 71 193.- 1,930 30 - 1,247 ' 2,392 6,764
|
i

'

System applicable only to BWR p!ams.a.

f b. System applicable only to PWR plaats.
!

~

!

! ,-

!

,
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- Table 17. Summary of IDC faults by type of event and event classification

Event Classification -

Total
Type of Event Frequency Age Unknown Faults

Random Failure 282 1,622 927 2,831
=

Recurring Failure 273 1,786 517 2,576

Common Cause Failure 378 26 51 455
>

Recurring Common Cause Failure 226 53 39 318

Command Fault 66 15 22 103

Recurring Command Fault 13 12 9 34

Common Cause Command Fault 288 9 13 310

Recurring Common Cause Command Fault 125 3 9 137,

Total Faults 1,651 3,526 1,587 6,764

estimates. WASii 140015 failure rates for rate plotted for a plant that reported no faults is
" Instrumentation-General," which are compar- the 50% point estimate for that piant (see Appen-
able to the instrument channel LER rates in this dix C for calculation methodology).
report, are provided (see note on Table 19). The
plant specific data used for the LER rate estimates The primary purpose for plotting the bounds is
are provided in Tables 20 and 21.2 These tables for comparisons. In examining :hese scatter plots,
allow the reader to modify the data and correspond- note that the point estimate of the operating fault
ing fault rates if known differences exist. rate increases with an increasing number of faults,

and the width of the confidence interval decreases.
Scatter plots of plant LER rates by vendor and Conversely, a small number of faults will lead to

plant are provided in Figures 15a through 28d. a smaller point estimate with a larger confidence
These scatter plots present the LER rates for interval (assuming the time is constant). This is
selected components and instrument channels that because the width of the confidence bounds on a

'
failed or experienced command faults making the logarithmic scale is sensitive to changes in the
channel inoperable. number of fau!ts.

These plots illustrate plant to-plant variability in The fault data are plotted by increasing fault
LER rate estimates within a vendor. An arrow for rates. Scales vary between plots because the scale -

a lower confidence bound and the comment lower is automatically adjusted by the fault values
bound = Olndicate that the associated point esti. associated with the plant having the highest fault
mate has no recorded faults and has been obtained rate. Outliers are not necessarily indicators of ex-
from Equations C 6 through C-8. The arrows are ceptionally good or bad performers. That is, the
employed to indicate a icco lower bound since it plots should not be interpreted at face value without
is impossible to actually show zero on the logarith. . considering some of the underlying causes for LER
mic scales used in the following figures. The LER variations (see Appendix A).
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Table 20. Summary of input data for LER rate estimatians for components

Babcock & Wilcox Plants
-

Analog Fault Modes
-

{ Reduced Capability Inoperable -; ,,,
w

Component Hours Per Command Command
Component Population Component Faults Feilures Faults Failures

Core Flux Sensors 8 5260s,

Temperature Sensors 4 52608-

3 Transmitters 12 5260a;

E E Conditioning Systems 20 52608 1
j < Comparators/Bistables 20 5260s
< g

g/ Switches 4 52608 1

gi

M Core Flux Sensors 8 43512 1
E Temperature Sensors 4 43512,

$ Transmitters 12 43512 12 1
3 cc Conditioning Systems 20 43512 4 3 1o% comparators/Bistables 20 43512 1 i>.
O h Switches 4 43512 1

4

| Core Flux Sensors - 8 38472 I-

i g Temperature Sensors 4 38472 2 1

Transmitters 12 38472 3 || 3 -

$ Conditioning Systems 20 38472 4
i cn

j Comparators/Bistables 20 38472 1
e !

M. Switches 4 3s472 !
O

,
1

i
t
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Table 20. (continued)a

Babcock & Wilcox Plants (continued)
-

1 Analog Fault Modes

Reduced Capability inoperablegg,g
Component Hours Per * Command Command

: Component Population Component Faults . Failures Faults Failures
i

! Core Flux Sensors a 5260s
' Temperatwe Sensors 4 5260 a,

e Transmitters 12 5260a 1 1-

E 8 Conditioning Systems 20 52604 13
8 Comparators/Bistables 20 5260e eO -

h Switches 4 5260s -3 -

$ .

! Core Flux Sons,rs a 5260s
i Temperature Sensors 4 5260s"'

Transmitters 12 5260s 2
j | g Conditioning Systems 20 52604
; o Comparators/Bistables 20 3260s-

8'

} h. Switches 4 5260s 1 L ,

j ,

;-

,

i Core Flux Sensors e 5260s
| Temperature Sensors 4 5260s 1s
i " Transmitters 12 5260a 1 1
! E C Conditioning Systems 20 5260s a
! ,8 o Comparators/Bistables 20 5260s 1 1 :
| 8 -

7/ Switches 4 5260s;
i

i

!
'

! ,
;. -

% *e o
,
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Tatne 20. (continued)

Babcock & Wilcox Plants (continued) ~

! Analog Fault Modes
.

,, Reduced Capability inoperable

! Component Hours Per Command Command
j Component Population Component Faults Failutes Faults Failures;

! Core Flux Sensors a 52608
-

4 8 Temperatwo Sensors 4 5260e
i E Transmitters 12 52604 6 2
i o E Condtioning Systems 20 52608 1I j Comparators/Bistables 20 5260s 1

*

E 7"''
'

S
'// Switches 4 5260s

3 Core Flux Sensors 8 28368-

| 4 Tamperature Sensors 4 2836s
! 3 Transmitters 12 24368 2 12 Conditioning Systems 20 2836a 2

-

El 3 Comparators/Bistables 20 28368
j 2

h"
Switches 4 283681

|
.

: c. Core Flux Sensors a 8760 1
{ i Temperature Sensors '

4 4760s

i s Transmitters 12 8760 ,

i $ Con &tioning Systems 20 8760 t<

| 3 Comparators/Bistables 20 8760 t2
h-"

Switches 4 8760
:
!
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Table 20. (continued)

,

aCombustion Engineering Plants
,

. 1

_

Analog Fault Modes

f Reduced Capability inoperable
g,,,

'

Component Hours Per Command Command
Component Population Component Fauits Failures Faults Fedures

i
' Core Flux Sensors 12 26952

" Temperature Sensors 16 26952
e u r.

e
e 4 Transmitters 28 26952
e

-E
< Conditioning Systems 32 26952 2

.

| Comparators/Bistables 36 26952 ~4

! U

Core Flux Sensors 20 52608-

Temperature Sensors 16 5260s 4 6=
t= '

3 h Transmitters 32 5260s 7 2
si <

',

2 Conditioning Systems 32 52608 10 9
; O Comparators/Bistables 32 52608 1 3

.|

Core Flux Sensors 20 44592 2 1u ,

Temperature Sensors 16 44592 1 6 :a
; 2 n

o-

o Transmitters 32 44592 2 '

e

i Conditioning Systems 32 44592 7 1 20
,
i o Comparators/Bistables 32 44592 1

!

|

1

i - .. .

.
._ . - __ . _ _ _ _-
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Table 20. (continued)4

a
| Combustion Engmeeting Plants (continued)

Analog Fault Modes'

Reduced Capability inoperablet

,,

|
Component Hours Per Command Command

: Componsat Population Component Faults Failures Faults Failures 4

4

Core Flux Sensors 20 5260s-

E Temperature Sensors 16 5260s 2
E

| 3 $ Transmitters 32 5260s 'l 1
,

1

j o Conditioning Systems 32 52608 3 1 15*
i Comparstors/Bistables 32 5260d ~

1 3
i 0
i
; Core Flux Sensors 20 5260a 2

ed Temperatwo Sensors 16 5260a 1

i E

! $ $ Transmitters 32 5260s 5 3
:E
2 Conditioning Systems 32 5260s 1 la'

Comparators/Bistables 32 5260a 2 9 |

i

i Core Flux Sensors 16 52608 g
i.

,! .3 Temperature Sensors 6 5260s 2
c
e -

g Transmitters 44 5260s 1 2

| j Conditioning Syatems 32 5260e 3 16
36 52688 1 gComparators/Bistables'

,

i

r

_ _ . . _ - - - - - _ . ._
_ _ _ _ _ _ _ -
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Table 20. (continued)

aCombustion Engineering Plants (continued)

AnaloO Fault Modes

Reduced Capabiliay inoperable
,,,

Component Hours Per Cnmmand Command
Component Population Component Faults Failures Faults Failures

Core Flux Sensors 10 52608
3 Temperature Sensors 16 5260a~,

Qe
j Transmitters 28 5260s 1 3

1

Z 1

Conditioning Systems 26 5260s 2
Comparators/Bistables 26 52608 5

,

; Core Flux Sensors 20 49920
'

; Temperature Sensors 16 49920 3
5 -

3 d Transmitters 32 49920 1 3

i$
| Conditioning Systems 32 49920 6

Ccmparators/Bistables 32 49920 6

i

!

* *0 e

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 20. (continued)

Westinghouse Plants
-

Analog Fault Modes_

Digital educed Capability inoperable

Component Hours Por Command Commar.d
Component Population Component Faults Failures Faults Failures

" Core Flux Sensors 12 49488 1,
Temperature Sensors 6 49488 t=

j Transmitters 36 49488 1 1 5
$ Conditioning Systems 47 49488 4 15-

{ Comparators/Bistables 50 49488 3 3
e

y// Switches 3 49488*

12

Core Flux Sensors 12 52608 8'

Temperature Sensors 8 52608 3
Transmitters 47 52608 11 9-

y 6 Conditioning Systems 59 52608 3 7Qg Comparators/Bistables 59 52608 1 1 4

h Switches 3 52608

Core Flux Sensors 12 33432 2
Temperature Sensors 8 33432 1

m Transmitters 47 33432 6 7' g D Conditioning Systems 59 33432 1 2O3 Comparators/Bistables 59 33432 2 1 3

N) Switches 3 33432

__ ---
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Table 20. (continued)
,

,

Westinghouse Plants (continued)
-

Analog Fault Modes .

-

{ Digital
Reduced Capability inoperable

Component Hours Per Command Commandr

Component Population Component Faults Failures Faults Failures.

y Core Flux Sensors 8 52608 g

Temperature Sensors 8 52608i e

| f p Transmitters 18 52608 1 2
= I Conditioning Systems 24 52608 1'

E Comparators/Bistables 23 52608 2
y n

// Switches 4 52608
i

i $ -

n Core Flux Sensors 12 52608 g

! E Temperature Sensors 8 52608 g

'5 Transmitters 47 52608 1 g

I $ Conditioning Systems 59 52608 3 g
:

| J Comparators/Bistables 58 52608"

_c y// Switches 3 52608'

Core Flux Sensors 12 50304 gn
y Temperature Sensors 8 50304 g

5 Transmitters 47 50304 2n
I 9: Conditioning Systems 59 50304 7 g

.= Comparators/Bistables 58 50304 1

1 2 p

| M Switches 3 50304-

|

r . - ,

_ _ . _ _ _ _ - . _ _ _ _ _ _ _
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Table 20. (continued)
,

<
~

Westinghouse Plants (continued)
-

Analog Fault Modes
'

gg,, Reduced Capability inoperable

Component Hours Per Command Command'
Component Population Component Faults Failures Faults Failures

Core Flux Sensors 12 38544 1 2
i Temperature Sensors 6 38544
' "

Transmitters 36 38544 1 1 2-

[ Q Conditioning Systems 47 38544 5 7
| g Comparators/Bistsbles 50 3d544 2 6 1 2

/h Switches 3 38544
u

| Core Flux Sensors 12 5794
! Temperature Sensors 6 5734
i ".> Transmitters 36 5784 2 2n

g B; Conditioning Systems 47 5734 1

] 2 Comparators/Bistables 50 5784 2

f h Switches 3 5794

,

Core Flux Sensors 12 52608 1
i e Temperature Sensors a 52608
] E Transmitters 27 52608 27 5 ''

-

E $ Conditioning Systems 43 52608
'

{ Comparators/Bistables 46 52608 3
w,

h Switches 3 52608
,

3

;

)
t
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Table 20. (continued)
<

i

Westinghouse Plants (continued)
. -

; Analog Fault Modes

educed Capability - Inoperable
Digital

i Component Hours Per Command Command .

: Component Population Component Faults Failures Faults Failures

Core Flux Sensors 12 3504
Temperature Sensors a 3504"

.E Transmitters 47 3504 1 2-

$ y Conditioning Systems 59 3504 1 1 4:

y Comparators/Bistables 59 3504
,

/j Switches 3 3504
'

I E
3

Core Flux Sensors 12 32808 2 1
; 5 Temperature Sensors 6 32808 1
~

E Transmitters 36 32808 6 10 1 2
4 ,4 Conditioning Systems 47 - 32808 2 2 1 8*$ Comparators/Bistables 50 32808 1

, o

hj j- 3 32808 1Switches

!

Core Flux Sensors 12 13632 1

$ Temperature Sensors 6 13632 1

E Transmitters 36 13632 7
4 E Conditioning Systems 47 13632 1 5 5
g z Comparators/Bistables 50 13632 3 1
o

h*
Switches 3 13632

,

| . .. .

1

- _ _ . . -- .. . . - - - . , . _ . .
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Table 20.' (continued!

| Westm0 ouse Plants (continued)h

Analog Fault Modes
,

] g,,, Reduced Capability inoperable -

i Component Hours Per Commend Command
! Component Population Component Faults Failures Faults Failures

! Core Flux Sensors 12 52608 2 2 1 3-

! 7 Temperetwo Sensors a 5260e
i 2 Trensmitters 27 5260s 3 1
| I

{ Conditioning Systems 43 52'608 2 1,

I I. Comparators/Bistables 46 52648 2
4

| h Switches 3 5260s
: u.

C>

a Core Flux Sensors 12 5260s

; y Temperature Sensors a 5260s 1
1 3 Transmitters 27 52608 4 1 ;
' 8 E Conditioning Systems 43 5260a 3 3

'

"
i j Comparators/Bistables 46 52608 2
4 e

| ,h Switches 3 5260s
-

1
-

,

Core Flux Sensors 12 52604
" Temperature Sensors a $2608

{ g Transmitters 27 5260 a 2
| j p Conchtioning Systems 43 52608 4
j a. Comparators/Bestables 46 52608

2 ;

S h'

fSwitches 3 5260e
-

-

! !
s

3

4
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'.TsNe 20. :(continued)
'

-p , ,
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Westinghouse Plants (continued) r

- . ,

Analog f s Fault Modes '
' '

, ,,
-

.;

Reduced Capability inoperablee// Digital ',

; Com'p remt Hours Per , Command Commandc ,

-.~y Cornponent Popolation ' Component- Faults - 2 Failures Faults Failures
-s. . . . .,'' '

.

'
|: - ..

i Core FM Sensors '12) n 'b260 e
..' , ;

'w " 1 1* > * -n ,

! r Ti.mperature Sensors a - 52 04 '
' 3 Transtmttert.% Q 27 $2638' 1u
! ._ E t Constioning Sy' stems 43 - "52608 2

s

- E Cornparators/Bestables 46 52604 1.,

~o
7), Switches 3 5260s

'

:

|
* /

.

2.,

; -

Core Flux Sensors 12 52608
1 Temperature Sensors a' 52604

e Transavaters 27 52638 1 |

E 6 Constioning Systems 43 !b260a 2*d Comparators/Bestables 46 52608;

h Switches ' 3 5260e-

Core Flux Sensors 12 52608 1 1 1
** Temperature Sensors 6 5260a 1 ;
E Transmitters 36 52608c.

E @ Con &tioning Systems 47 52608 2 1
$ Comparators/Bistables SO 52608 1
m 1

t.
,h Switches 3 -5260s

1

|

i

|
!

|

e e * e
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Tatde 20. (continued)

Westunghouse Plants (contmuod)

Analog Fault Modes

'Y MO7/ Digital
Cornponent Hows Por Command Command

Component Population C-:=-;-::: .t Faults Failures Faults Fadures

Cora Flux Sensors 12 4432e
Temperatwe Sensors s $432s
Transmitters 47 44324 6 1 9"

E

h *E
Condtioning Systems 59 44324 4 1 19
Comparators/Bastables 59 4432s 1 4

h Switches 3 44324

2

Core Flux Sensors 12 12264 1
Temperatwe Sensors e 12264

** Transmitters 47 12264 2 9

5 Q Con &tioning Systems 59 12264 3
m Comparators/Bistables 59 122h4J
h Switches 3 12264

Core Flux Sensors 12 13090
Temperatwo Sensors a 130s0"

* Transnutters 47 13090 4 6 10

h g Conditsoneng Systems 59 13480 1 1 1
er Comparators/Bestables 59 13000 2 2 2
sI h Switches 3 13090
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-J able 20. (continued) ' . ' - wT e.;, ,

*

', j ': , .)
i Westingbouse Plants (continued) ~ V

*l_ ,
* ..

'

Analog Fault Modes ~ :, 1
'

,' , - -,
,

Inoperable
~

,

{ Digital .
, Reduced Capability -

t
\ $ 2

,

5

~J ~ '

~, Component Hours Per Command Command i i

Component Population Component Faults '+ Failures Faults Failures

Core Flux Sensors 12 1368 )

m Temperature Sensors 8 1368 i-
5 Transmitters 47 1368'

; g y Conditioning S9 stems 59 1368 1 1

;, Comparators/Bistables 59 1368g m

h Switchas - 3 1368
~ *

$ ./ '

Core Flux Sensors 8 52608 i ,-
' '

! j Temporature Sensors 6 52608 ;
Transmitters 15 52608 1 ' c'g

@,_
'

Conditioning Systems . .21 5260s 4O
g Comparators/Bistables 21 5260s. 6'

// Switches J 4 52608
,

I

Core Flux Sensors 12 52608'

Temperature Sensors. 6 52608 :

Transmitters 36 52608 8"

E 5 Conditioning Systems 47 52608- 1

5 Comparators/Bistables 50 52608 2*

h Switches 3 52638'

_

1 eT 4

s
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Table 20. (continued)
,

Westin0 ouse Plants (continued)h
-

Analog Fault Modes

Reduced Capability' InoperableDigital
Component Hours Per Comrnand Command

Component Population Component Faults Failures _ Faults _ _,_ Failures

Core Flux Sensors 12 52608

i Temperature Sensors 6 52608 1
n Transmitters 36 52608 2 1

'

b $ Conditioning Systems 47 52608 2- 2
*j Comparators/Bistables 50 52608 1 2

h Switches 3 52608

e
; Core Flux Sensors 12 52608 2 2
' Temperature Sensors 8 52608
i, c Transmitters 47 52608 11 1

y g Conditioning Systems 59 52608 1 .1

A Comparators/Bistables 67 52608 i

Switches 3 52608 1

m Core Flux Sensors 12 52608
g Temperature Sensors 6 52608
'5 Transmitters 36 52608

I M Conditioning Systems 47 52608 3
M Comparators/Bistabics 50 52608 3 23

h Switches 3 52608 .1

i

- ,



_-________ _ _ _ _ _ - . . . .- ..

Table 20. (continued)

Westingliouse Plants (continued)
-

Analog Fault Modes

Reduced Capability inoperable
Digital

Component Hours Per Command Command
Component Population Component Faults Failures Faults Failures

s v Core Flux Sensors 12 52608
g Temperature Sensors 6 52608
'5 Transmitters 36 52608
I f Conditioning Systems 47 52608 1

p Comparators/Bistables 50 52608

7
-

:s

:// Switches 3 52608*

2
Core Flux Sensors 12 52608"

b
E Temperature Sensors
@ Transmittersb
& IIc Conditioning Systems 3 52608

>
j Comparators/Bistables 3 52608

h bSwitches

Core Flux Sensors 12 52608
Temperature Sensors 8 52608
Transmitters 47 52608 33 12-

8 y Conditioning Systems 59 52608 7 11
la Comparators/Bistables 59 52608 2

h Switches 3 52608

. .. .

_ _ _ ___- - -____________ - _ - _ . -. ._-__ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _
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Table 20. (continued)

3

Westinghouse Plants (continued) _,

_

Analog Fault Modes

fledu ed Capability inoperableDigiul
Component Hours Per Command Command'Component Population Component Faults Failures Faults Failures

~

12 52608 -2' Core Flux Sensors .

8: Temperature Sensors 8 52608
Transmitters 47 52608 26 6w

c Of Conditioning Systems 59 52608 4 12 |
N

$ Comparators/Bistables 59 52608 1 2

h Switches 3 52608

c

|

_ _ _ . . .
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Table 20, 1 continued)

General Electric Plants
i s_

| Analog Fault Modes
| ._

| Reduced Capability inoperable
Digital .

Component Hours Per Command Command
Component Population Component Faults Failures Faults - Failures

Core Flux Sensors 188 52608"

@ Transmitters 4 52608
I Radiation Monitors 4 52608 i

!E
~ Canditioning Systems 20 52608

g* Comparators/Bistables 18 52608

[ Switches 28 52608 16 1 3

a.

N Core Flux Sensors 188 52608

@ Transmitters' 4 52608
f Radiation Monitors 4 52608 4 3

E Conditioning Systems 20 52608 4m

$ Comparators/Bistables 18 52608"
o --y

// Switches 28 52608 7 21 4-*

* Core Flux Sensors 188 47328
$ Transmitters 4 47328
E Radiation Monitors 4 47328 1

g 2 Conditioning Systems 20 47328 1 45

g Comparators/Bistables 18 47328m

k Switches 28 47328 24 2 2

:

|

!
t

I e e e a

>
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Table 20. (continued)

General Electric Plants (continued) '

-

Analog Fault Modes

- Digital Reduced Capability inoperable

Component Hours Per Command Command
Component Population Component Faults Failures Faults Failures "

C Core Flux Sensors 8 52608
$ Transmittersb
o- Radiation Monitors

! t E Conditioning Systems 8 52608 1
'

E m Comparators/Bistables 8 52608;

.? m

: . / Switches 16 52608 1
m

$:

Core Flux Sensors 140 45864 1 2
Transmitters 4 45864~

$ Radiation Monitors 4 45864 11 2
g g Conditioning Systems 20 45S64 3 2

a Comparators/Bistables 18 45864 9; g

h Switches 24 45864 8 2,

Core Flux Sensors 140 52608 1 1
N Transmitters 4 52608
t Radiation Monitors 4 52608 3 2
's n Conditioning Systems 20 52608 1 4 10
g E Comparators/Bistables l'8 52608

h Switches 28 52608 33
,

+

_____ _ _ _ _
- w -a __-_ _ _ _ _ _ _ _
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Table 20. (continued)

General Electric Plants (continued)
-

Analog Fault Modes

educed Capability inoperable -
Di$al

Component Hours Per Command Command
Component Population Component Faults Failures Faults Failures

8 Core Flux Sensors 140 52608 1 1

i Transmitters 4 52608
5 Radiation Monitors 4 52608 1

_

g o Conditioning Systems 20 52608 3 2
ug Comparators/Bistables 18 52608

O h Switches 24 52608 4 3

?
-

Core Flux Sensors 98 52608 1 1
y

-o Transmitters 4 52608
E Radiation Monitors 4 52608 1
4 ,

y Conditioning Systems 18 52608 4 4
,

g Comparators/Bistables 16 52608 2
3
a

,

Sw tches 24 52608

: Core Flux Sensors 9 24840 1

| Transmittersb
bl

e Radiation Monitors
-8 Conditioning Systems 9 24840 12 1-

3 8 Comparators/Bistables 9 24840 3
O p -

| // Switches 12 24840
i

9 ) f ,a"

. __________ _ __ ____._____ _.________
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Table 20. (continued)

._

General Electric Plants (continued)
! -

Analog Fault Modes

Reduced Capability inoperable
Digital

Component Hours Per Command Command
Component Population Component Faults Failures Faults Failures

Core Flux Sensors ISO 52608 1'

N Iransmitters 4 52608
c Radiation Monitors 4 52608 4 2

f E Conditioning Systems 20 52608 8 6
Oy Comparators/Bistables 18 52608 3 1

h Switches 28 52608 2 15 2
'

%

Core Flux Sensors 180 52608 1 1
m Transmitters 4 52608
c Radiation Monitors 4 52608 1 2

$
g
e Conditioning Systems 20 52608 16 4
O

j Comparators/Bistables 18 52608 4

h Switches 28 52608 8 1

'
Core Flux Sensors 140 52608 1
Transmitters 4 52608
Radiation Monitors 4 52608 1 2-

1 5 g Conditioning Systems 20 52608
Comparators/Bistables 18 52608 1lii w

I

h Switches 24 52608 9i

,

,

w w -- -----m. ----
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Table 20. (continued)

General Electric Plants (continued)
_

Analo9 Fault Modes '

educed Capability inoperableDigital
Component Hours Per Command Command

Component Population Component Faults Failures Faults Failures

Core Flux Sensors 140 30648
'

4-
Transmitters 4 30648

$ Radiation Monitors 4 30648 1 1
S E Conditioning Systems 20 30648 1 1

f Comparators/Bistables 18 30648 6*

[ Switches 24 30648 18 1 4

8
Core Flux Sensors 140 52608 3 1 g
Transmitters 4 52608_w

-E Radiation Monitors 4 52608 1 2

{ { Conditioning Systems 20 52608 13 1. 24
d Comparators/Bistables 18 52608 1

/ Switches 24 52608 6 12 5

Core Flux Sensors 136 52608 2
Transmitters 4 52608-

g Radiation Monitors 4 52608 3 1
o = Conditioning Systems 20 52608 1

2g Comparators/Bistables 18 52608 1 i

h Switches 24 52608 1 16

. .. .

I
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Table 20. (continued)

General Electric Plants (continued)
-

analog Fault' Modes
__

Digital Reduced Capability inoperable '

Component flours Per Command Command
Component Population Component Faults Failures Faults Failures

Core Flux Sensors 112 52608.
Transmitters 4 52608o

% Radiation Monitors 4 52608
S o Conditioning Systems 20 52608
5 2 Comparators/Bistables 18 52608 4 2,

.

: y
i / Switches 28 '52608 g

_-.

j Core Flux Sensors 128 52608 gi

s Transmitters b
I Radiation Monitors 4 52608 t

,

3 2 Conditioning Systems 18 52608 1
Z Comparators/Bistables 16 52608 5

; g

h Switches 24 52608 5 |
_

j Core Flux Segsors 128 52608 6-

; % TransmittersD
Radiation Monitors 4 52608 2o -

o Conditioning Systems 18 52608 5,

Oy Comparators/Bistables 16 52608 .

i >.

kO Switches 24 52608 7 1

.

|

.-. -
__ _ , _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ __
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Table 20. (continued)
i

General Electric Plants (continued)'

I -

Analog Fault Modes

Reduced Capability inoperable
Digital

Component Hours Per Command Command'

| Component Population Component Faults Failures Faults Failures ;
_

I " Core Flux Sensors 188 52608 1

. $ Transmitters 4 52608
Radiation Monitors 4 52608 .3 2 34

S E Conditioning Systems 20 52608 1

5 Comparators/Bistables 18 52608 3"

; i ry,,

'// Switches 28 52608 3 1-'

d

} Core Flux Sensors 18d 52608
Transmitters 4 526081 o

s Radiation Monitors 4 52608 4 3'

Q Conditioning Systems 20 52608 2 1m i

5 n- Comparators/Bistables 18 52608 2
=.

h Switches 28 52608 1. 2 1

|
Core Flux Sensors 136 52608 1

{ Transmitters 4 52608
,

E Radiation Monitors 4 ~52608'

: 3 Conditioning Systems 20 52608 1
m

1 g Comparator3/Bistables 18 52608

h. Switches 28 ' 52608 -| 9

'

:
i

* ee >

________ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Tcbla 20. (centinusd)

General Electric Plants (continued)
-

Analoo Fault Modes

Reduced Capability inoperableDigital
Component Hours Per Command Command

Component Population Component Faults Failures Faults Failures

Core Flux Sensors 180 5260s
! Transmitters 4 52608
$ Radiation Monitors 4 52608
() G Conditioning Systems 20 52608

0y Comparators/Bistables la 52608
2

IhU / Switches 28 52608 18 1

Cora Flux Sensors 180 52608g
Transmitters 4 52608g ,,

3 Radiation Monitors 4 52608 1 1
O U Conditioning Systems 20 52608
j Comparators/Bistables 18 52608O

h Switches 28 52608 15

~

e Core Flux Sensors 94 52608
.3 Transmitters 4 52608
E Radiation Monitors 4 52608-

I $ Conditioning Systems 18 52608 1
E Comparators/Bistables 18 52608
E

N h. Switches 24 52608 2

a. Switches or di gi tal type channels found n'ot to be incorporated in reactor trip systees
for these plants.

D. Populati on unknown.

Note. Components affected by the footiates above are onitted free the LER rate calculations.

_ _ _ _ _ _ _ _ _ - _ __ -- . - .
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Table 21. Summary of input data for LER rate estimations for channels

3 c.
a. Babcock & Wilcox Plants

,

,_

Analog Fault Modes |

Reduced Capability inoperable '

Digital
Channel Hours Per Command Command

Parameter Population Channel Faults Failures Faults Failures<

Core Flux 4 52608 1,
'

Temperature 4 52608"

$ -

E k Flo w 4 52638
'

'

[f Pressure 4 52608
4,

Pressure 4 52608 1

Il
i M Core Flux 4 43512 5 3 1

i y Temperature 4 43512
; si m
~

s 6 Flow 4 43512 4 1-

E Pressure 4 43512 d 1
'

>.

h Pressure 4 43512 1. g
;

! .

4 38472 1
i

Core Flux-
,

3 Temperature 4 38472- 4'

E

|- '? E Flow 4 38472 4 'og Pressure 4 38472 1 1'

O 77
// Pressure 4 38472 i

|

|

5 49 P

i
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Table 21. (continued)

aBabcock & Wilcox Plants (continued)
-

Analog Fault Modes
; -

Reduced Capability Inoperable
Digital

Channel Hours Per Command Command
Parameter Population Channel Faults Failures Faults Failures

Core Flux 4 52608 4 134

: Temperature 4 52638,_

* G
E o Flow 4 52638 4 1
8 Pressure 4 52608 1
0

h Pressure 4 52608 3

d

Core Flux 4 52608
a Temperature 4 52608

h Flow 4 52608 2.,

Pressure 4 52608g
h Pressure 4 52638 1 1

4

i Core Flux 4 52608 4
Temperature 4 52608 1 1g.

E h Flo w 4 52608- 5'
Pressure 4 52608 1 1

h Pressure 4 52608

;

_ _ . . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ .
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. Table 21. (continued)

aBabcock & Wilcox Plants (continued)

Analog Fault Modes

educed Capability inoperableDigital
Channel Hours Per Command Command

Parameter Population Channel Faults Failures Faults Failures
"

Core Flux * 5260s 1
g Temperature 4 3200 d -
v)
j h Flo w 4 32608 1 1
E Pressure 4 9260s s 1

E
, ,- Pressure 4 520064

M

Core Flux 4 2o3ao-

i Temperature 4 263oe i

. -?
!- 2 % Flow 4 2636e 1
i 3 Pressure 4 283a8 2 1

E h" Pressure 4 283o8
_

i

N Core Flux 4 atoo 1
i Temperature 4 473o4

k Flow 4 o76 0
8 Pressure 4 8730
2

'

Pressure * 67ao

. . . .

_ _ _ _ _ _ _ _ _ . _



- . .. . . . .. . - ~ . . . - . . - . . - . . - -, . . . - _ . -. _. .-

e i e ..

?

Table 21. (continued)

Combustion Engineering Plantab
_

Analog Fault Modes

educed Capability InoperableDigital

.
Channel Hours Per Command Command ;

j Parameter Population Channel Faults Failures Faults - Failures

Core Flux 4 20992 1

y Tempuature 4 26952 4
,

E Flo wc= <t
' < Level 4 20952

Pressure le 26952 1

0

; Core Flux d 92606 4 d

E Temperature 4 >2o06 3 7 .

I

O
t U Flow 4 5260s 7 g
e u
2
S Level 4 9260d 2

Pressure 12 52008 5 4

[ Core Flux 8 44572 4 1 to

E Temperature 4 44572 ' 6 14
'

0 g
t u Flow 4 44992 g

I
I

~

Level 4 44592j
Pressure 12 44272 3 2-

,

_ _ _ _ - _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ - _ _ _ - _
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| Table 21. (continued)
.

Combustion Engineering Plantsb (continued)
-

'~

.
Analog Fault Modes ~

.

educed Capability inoperable
Digital

Channel Hours Per Command Command
Parameter Population Channel Faults Failures . Faults Failures -

--

Core Flux 8 52608 1 1 11- .

s Temperature 4 5260s 1 4 ,,

O '

{ Flow 4 52608 2

$ Level 4 52608 1 2
'

' Pressure 12 52608 44

d
i i

Core flux 8 52608 1 4 11-
n Temperature 4 52608 1 6
E E3 r

o 2 Flow 4 52608 6 3
$ i

i Level 4 52608 4 |
: Pres:;ure 12 52608 1 3 1

e

e Core Flux 8 52608 7
j Temperature 4 52608 3 7
e

h> Flo w 4 -52608- 3,

.E
' y Level 4 52608 2

Pressure 12 52608 1 1 3

;

% p 9 4

I:

. . _ _ . _ _
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Table 21. (continued)

Combustion Engineering Plantsb (continued)
-

Analog Fault Modes-

, , , , Reduced Capability inoperable

; Channel Hours Per Command Command
j Parameter Population Channel Faults Failures Fcults Failures
'i .

Core Flux 6 52608 2
Temperature 4 52608 1,

e
y ?. [ Flow 4 52608 1 3

=

E Level 4 52608 2
FYessure 8 52608 2

.

'

Core flux 8 49920 3
.

Temperature 4 49920 3 1
-

e
g e

j 3 t/3 Flo w 4 49920
e
") Level 4 49920 4

Pressure 12 49920 3 6

j

-- _______ -__- - _ .
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Tabie 21. (continued)
<

Westinghouse Plants
-

Analog Fault Modes

Reduced Capability inoperable
Digital ,

Channel Hours Per Command Command
!

-| Parameter Population Channel Faults Failures Faults Failures

", Core Flux 8 49488 2 8
>

Temperature 3 49',88 4 3 4e
.

{a Flow 15 49488. 4 1 4'

> Level 12 49488 3.

. *
2 Pressure 3 49488 1 [

h Pressure 3 494d8m

L 8 i
i

Core Flux 8 52608 13'

Temperature 4 52608 2 5-'

Flo w 20 52608 1 3 2"
-

o Level 15 52608 5- 11O

0 Pressure 4 52638. 5

iM Pressure 3 52608

:

Core Flux 8 33432 1 3 ,

Temperature 4 33432 2 '

N Flo w 20 33432 1 5

j h Level 15 33432 3 3

Prcssure 4 33432 4 2
u

Pressure 3 33432

;

v e9 >

_ _ . _ - - _ _ _ _ _ _ _ _ _ _ . _ _ _ _
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Table 21. (continued) ,
,

i

Westinghouse Plants (continued)
_

#"*IO9 Fault Modes

Reduced Capability ' Inoperable
Digital

Channel Hours Per Command Command, .

Population Channel Faults Failures Faults Failures; Parameter

| Core Flux 6 52608- 2 1

) S Temperature 4 52608
y p;g , 8 52608 1 2
E E Levei 3 52008 1

-E * 3 52608Pressure
. E
| h 4 52608-

I Pressure ,

8 52608 2 1N Core Flux
; 4 52608 1 gE Temperature>

20 5260s'5 Flow '

52608 1 215

@
-E Levelc 4 52608-Pressure.

C

/ Pressure j3 $2608~

'

1

i 8 50304 1 2m Core Flux .j 4 50304 6 g' E Temperature
'5 Flow 20 50304

I _E Level 15 50304 g

.5 Pressure 4 50304 1

E
- k. Pressure 3 50304

1,
*

,

'

*
}

I
i

_ _ _ _ _ _ _ _ _
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Table 21. (continued)
;

Westinghouse Plants (continued)

I Analog Fault Modes

Reduced Capability ' Inoperable -"

Digital
a

Channel Hours Per Command Command
Parameter Population Channel Faults Failures Faults Failures .

Core Flux 8 38544 4 2 1
Temperature 3 38544 2- '5

5 c Flow 15 38544 4 1 1 |

J!! ' Level 12 38544 2 2 !

y Pressure 3 38544 2 1 1 2
! _

// Pressure 3 38544 ;

N
i

Core Flux 8 5784
,

j Temperature 3 57s4 2
Flow 15 5784 2 1m a

g % Level . 12 5784 2
' r Pressure 3 5784

h Pressure 3 57d4

!
>
.

Core Flux 8 52608 1
Temperature 4 52608 1! e

I

| Flow 10 52608 8 2i
_y Level 9 52608 8 3I e

| | Pressure 4 52608 13 <

t w

f, Pressure 3 52608
;

; i.
l !
4

1

) !

! !
j !

4 > . .

. . _ , .
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Table 21. (continued)

Westinghouse Plants (continued)
-

Analo9 Fault Modes

Digital Reduced Capability inoperable

Channel Hours Per Command Command
Parameter Population Channel Faults Failures Faults ' Failures

Core Flux 8 3504 1 1
Temperature 4 3504 3.-

* Row 20 3504 2
'5 To Level 15 3504 1 1
3 7- Pressure 4 3504
3

h Pressure 3 3504

$

Core f lux 8 32808 1 2 3e

g Temparature 3 32808 1 4
y Flo w 15 32808 4 2-

y Leve! 12 32808 7 6 2 3m
j Pressure 3 32808 2 1 |z .

|

| Pressure 3 32808 1 |

n Core Flux 8 13632 1 5 4
Temperature 3 13632 2 1m

E Flow 15 13632 4 1
*

4 E Level 12 13632 1
$ 2 Pressure 3 13632 5 1
$ h Pressure 3 13632

l
i

_ _ _ _
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Table 21. (continued)

Westin0 ouse Plants (continued)h
_

Analog Fault Modes
._

Fleduced Capability inoperable
Digital

| Channel Hours Per Command Command
Parameter Population . Channel Faults Failures Faults Failures -

Core Flux 8 52608 2 2 3 4
-

i Temperature 4 52608 g

S Flow 10 52608 1
3 Level 9 52608 2-

:E E Pressure 4 52608 1 1
.

h Pressure 3 52608

2
8 52608 3N Core Flux
4 52608 4 gE Temperature

$ Flo w 10 5260e 4 1
9 52608,

-

E Level| .
:j Pressure 4 52608 1'

g y
3 52608// Pressure

Core Flux 8 52608 3
j -

3
g Temperature 4 52608 t

g Flow 10 52608 2'

-
am t Level 9 52608

j

j Pressure 4 52608
,

o

h Pressure
- 3. 52608

;

-

h (

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - ._ ._ - - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - -
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Table 21. (continued)

Westinghouse Plants (continued)
_

Analog Fault Modes

Reduced Capability inoperable
Digital

Channel Hours Per Command Command
Parameter Population Channel Faults Failures Faults Failures*

N Core flux 8 52608 1 3

y Temperature 4 52608
i g Flow 10 52608

p Level 9 52608 1e
;

n- Pressure 4 52608 1.s
"

Pressure 3 52638

Core Flux 8 b2608 2
Temperature 4 52608

= Flo w 10 52638
E 5 t evei 9 52608
5 * Pressure 4 52608 1 ;

h hessure 3 52608 ,

Core Flux 8 52608 l' 3 1

,
N Temperature 3 52608 1

! 8 Flow 15 52608m
E O Level 12 5263C 2

*g Pressure 3 52608
m y

//, Pressure 3 52608

.,

- _ _ - _ _ _ _ _ _ ___ _ _ _ _ _ _ . . _ .
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Table 21. (continued) ,

,

Westinghouse Plants (continued)
_

Analog Fault Modes,

-

e uced CapaWty inoperable
Digital

,
'

Channel Hours Per Command Command
Parameter Population Channel Faults ~ Failures Faults Feilures

Core Flux 8 44328 1 11
Temperature 4 44328 2 2-

i

U Flow 20 44328 5 1 10"

! ! q Level 15 44328 3 8
! m Pressure 4 44328 1 1]*

f) Pressure 3 44328

\ w

} Core Flux 8 12264 1

| Temperature 4 12264
N Flo w 20 12264 11.|

1 E Q Level 15 12264 1

( m Pressure 4 12264 1 1
m

.k Pressura 3 12264
.

;

Core Flux s 13080 1 1
:

", Temperature 4 13080 2-

g Flow 20 13080 2 3

g Level 15 13080 2 3 10i- o
m Pressure 4 13080 2 3g

m

h
.

Pressure 3 13080.

:

1

. , e , ;
,

!

. .- -- -
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| Table 21. (continued)

Westinghouse Plants (continued) ,

_

Analog Fault Modes

Digital educed Capability Inoperable -

i Channel Hours Per Command Command -
Parameter Population Channel Faults Failures Faults Failures

Core Flux 8 1368 1 '

! N Temperature 4 1368 1
i Flow 20 1368
$ h Level 15 1368 -

E Pressure 4 1368

h'

Pressure 3 1368

! 5

) Core Flux 6 52608-

e Temperature 3 52608 1
Flow 6 52608 6o -

$ 0 Level 3 52608
Pressure 3 52608 6: c

5 Wi

// Pressure 4 52608>

:

Core Flux 8 52608
' Temperature 3 52608 1
4 ' Flow 15 52608 6 1-

3 Level 12 52608 2 1i >-

5 " Pressure 3 52608
1- m

h Pressure 3 52608
.

k

!

. i
'
,

_ . - _ - . _ _ _ _ _ - _ - _ -
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N xx cy - p. continued)
' '

(Table 21.
,' kt

s
,

, -

#
Westinghouse Plants (continued) +'

_
'

' Analog Fault Modes ..
'

educed Capability inoperable,' ] Digital
**

,
-

D'

Channel Hours Per Command Command
j Parameter - Popb!ation . Channel Foolts Failures . ' Faults" Failures . \

8)Jj'
'

1 ,

: s. . , ,

' 8 52605 Ex 2 1'

Cors Fl(x 'q'
3- .' '

' s.
s .

Tempe:ature 5260a 2\ 'N 1- < !:
'

. "'\' '' '* 115 52608N Flo w <s <
'

+ N9 :s '. I
'

| $ 3 Level 12 1 52608
'

2 N.,g. 1
'

* '

a Pressure 3 N52608 ' '"" 11

h Pr' essure
'

i 3 52608 , ,,

>g ~. ss x,

Core Flux 8 52608 3 2 A
Tempeiature 4 52638 'I..

% ''
Flow 20 52608 1 1e ii -

-

| $ % Level 15 52608 8 1

; p Pressure 4 52608 3 1,

h '

Pressure 3 52608 1

i

! m Core Flux 8 52608 2 1
*

E Temperature 3 52608- 2
~5 Flow 15 52608 2
I M Level 12 52608 1

M Pressure 3 52608 i
' p
I h Pressure 3 52608

l.

'
,

,

h

9 e $/ $ t

. - _ . . . - - _ . _ -- --- - .__- - _ _ _ _ _ _ _ _ - _ _ - - _ _ _ _
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Table 21. (continued)

Westinghouse Plants (continued)
-

Analog Fault Modes

educed Capability inoperableDigital
Channel Hours Per Command Command

Parameter Population Channel Faults Failures Faults - Failures

* Core Flux 8 52608
e Temperature 3 52608 1
'5 Flo w - 15 52608
I * Level 12 52608
E Pressure 3 52608
5 _

"

h. Pressure 3 52608
|

2
; Core Flux 3 52608

dy Temperature
j Flowd-

d
& $ Level
3 Pressured
e

h Pressured

Core Flux 8 52608 4 1
Temperature 4 52608 2 8
Flo w 20 52608 20 10"

_

o A Level 15 52608 15 3
A Pressure 4 52608 1 1

h. Pressure 3 52608

-_ -
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Table 21. (continued)
~

;

. ?;
.. &,. . , ,

0''Wsstinghouse Plants (continued) f-
' ~ '

'

.

_ v'

Analog ' Fault Modes ,. Y<-
, ,

[ Reduced Capability inoperable .x %'

Digimi
,

Channelj Hours Por Command Command -
_.

Parameter Population Channel ' Faults Failures Faults Failures

i Core Flux 8 52608 - 3
Temperature 4 52608 - 3" '
Flow 20 52608 12 7e ,

o Of Level 15 52608 -19 7
8 A Pressure 4 52608 i 2

// Pressure 3 52608
t,, i

|
*

|
|

|

|

|

|

v .,e .

<
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Table 21. (continued)

General Electric Plants -

_

Analog Fault Modes

Digital Reduced Capability inoperable

Channel . Hours Per Command Command
Parameter Population Channel - Faults Failures Faults Failures

Core Flux 18 52608-

$
y Flow 2 52608

Em
"y .; Level 8 52608 3 3

o
E

.

_

Pressure 20 52608 13 1

2
N Core Flux 18 52608 ^3&
d Flow 2 52608 1

^

,

i g -e
y m - Level 8 52608 7 2 .3
2
*

.

Pressure 20 52608 19 1
;.

i M Core Flux 18 47328 1 45

N Flo w 2 47328
E 2 ~

y e Level 8 47328 2 2 2
2
* ff, Pressure 20 47328 22

1
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. Table 21. (continued)
-

General Electric Plants (continued)
-

Analog Fault Modes

educed Capability Inoperable
Digiul

Channel Hours Per Command Command
Parameter Population Channel Faults Failures Faults Failures

!

!
"

Core Flux 8 52608 1
.E
E Flowe, -

i-
-

t $i
'

Level 4 52608g ;

as
iii Pressure 12 52608 -I

j ' 8
Core Flux 18 45864 13 4

,

.w

.g Flo w 2 45864
,

E.
''

5
' Level 8 45864 7 2

5 '

-| Pressure 16 45864 1
, __

|

Core Flux -la 52608 2 4 11

$ Flo w 2- 52608
3 E -

! .

Level 8 52608 17"3

g .

.

Pressure 20 '52608 16,,

,

O a W e
,

_ . _ _ _ _ _ . _ _ _ . _ _ _ _ _ . . _
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Table 21. (continued)
.

! General Electric Plants (continued)
_

Analog - Fault Modes
'

' Reduced Capability inoperable -
Digital

Channel Hours Per Command - Command
Parameter Population Channel Faults Failures Faults Failures

i Core Flux 18 52608 6 7

tu-

Flow 2 52608 6
g g

V o
_

I - Level 8 52608 4
a

Pressure 20 52608 2 11 2
'

,g
Core Flux 18 52608 20 1 4

,

a g
c Flo w 2 52608 1'

4 E
' -

E O ' Level 8 52608 4
| 0

.
Pressure 20 52608 4 -1

i

! Core Flux 18 52608 1 1

!

! Flow 2 52608"

i- E E
E *
z .

Level 8 52608 4
,

,

1
'

FYessure 16 52608 5 ,

j

!

<

.,
.

i

,

6 a # e

.
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! Table 21. (continued)
:

,

| General Electric Plants (continued)
| -

Analog Fault Modes<

_

Digital lieduced Capability Inoperable .

] Channel Hours Per Command Command .
1 Parameter Population Channel Faults Failures Faults Failures
1

1

j Core Flux 18 30648 7 5
.

. $ Flow 2 30648
*E ~

1 . u

| } Level 8 30648 3 1 4- .

Pressure 16 30648 15, , , .

i 8

Core Flux 18 52608 16 2 28
! w
i

E Flow 2 52608 1
lii

8 -
' Level 8 52608 6 2 ~3

i E
j -

, . Pressure 16 52608 10 2'
| r

,

! Core Flux 18 52608 4 t

'-
t

8 Flow 2 52608,

O =*

! h I ~

Level 8 52608
i 3 -

j Pressure 16 52608 1 16.,
,

1

'

i
W

.

A .. - - - - _
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Table 21. (continued)
.

:_~

|

General Electric Plants (continued)
_

Analog Fault Modes

Reduced Capability inoperable4

Digital
Channel Hours Per Command Command .

Parameter Population Channel Faults Failures Faults Failures
,

Core Flux 18 52608 4 7
i

'

i o '

j q Flow 2 52608
-

i .o o
3 - Level 8 52608 1j

2
Pressure 20 52609

-

8

}
" Core Flux 16 52608 6 4

| 5
", Flo w 2 52608

-
, 2=

2 z .

. Level 8 52608 4
_
.s ",

*
) Pressure 16 52608 1

!

Core Fux 16 52608 6 5"

j

E'

Row 2 52608i y -
O

E o
g

'

Level 8 52608 5

'

Pressure 16 1 52608 2 1

:

i

',
I

L

'

i.

i
f. . _ _ . _ _ _ _ _ _ _ _ __ _ _ _ _1

-

_ _ _ . .
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Table 21. (continued) - ,

,

'

General Electric Plants (continued)
,-

Analog Fault Modes

educed Capability inoperablej Digital
Channel Hours Per Command Command

Parameter- Population Channel Faults Failures Faults Failures ,;
,

"
} Core Flux 18 52608 4 1E

0

5 Flow 2 52608,

| m E -

^ 5 - Level 8 -32608 .1-
'

- e

| .

*
Pressure 20 52608 3

,' $
i M Core Flux 18 52608 3 I
! E

$ Flo w 2 52608 1n,

o mm a .-

; g Level 8 52608 i

e

|
5

.

Pressure 20 52608 1 2 1
:

_ ,.

I !

i

; Core Flux 18 52608 2
1

'

: Flow 2 52638-

h E
| 3? Level 8 52608 2
|- E

,

Pressure 20 52608 7-'

,,

1

t

:
_ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ._ _ . _ _ _ _ __ ____________.
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Table 21. (continued)

General Electric Plants (continued)
4_

Analog Fault Modes

Reduced Capability inoperable
Digital

Channel Hours Per Command Command
Parameter Population Channel Faults Failures Faults Failures

Core Flux 18 52608,

m

$ Flo w 2 52638
9 U

0 - Level 8 52608 4 1i'

! o
+ a

FYessure 20 52608 14

$
N Core Flux 18 5260s
E4

Flow 2 52608g g,

a . o -

3 o Level 8 52608
I o
! Pressure 20 5260s 15

|
! -

e Core Flux 16 52608
i

j p Flow 2 52608 1
,

'
- >- .

E > - Level 8 52608,

5 -

i

| $ ' _ . 'Pressure 16 52608 2
|
\

|

|

| . ., .

1
i
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Table 21. (continued)

a. Level found not to os incorporated in reactor trip systems for these plants.

D. Di gi tal type channels found not to be incorporated in reacter trip systems for these plants.

c. RCP proxialty devices used and considered atypical.
,

d. Population unknown.

e. Flow found not to be incorporatec in r eactor trip systems for these plants.

f. The steam done level switches found at OR1 were considered atypical and
populations for these switches were unknown.

Note. Channels affected by the footnotes above are omitted from the LEA r ate calcul ations.

_ __
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Figure 15a. Scatter plot of operating LER rates for Babcock & Wilcox plant core flux sensors, inoperable, with
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Figure 15e. Scatter plot summarizing operating LER rates of core flux sensors, inoperable, with command faults.
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Figure 16d. Scatter plot summ.srizing operating LER rates of temperature sensors, inoperable, with command faults.
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Figure 22a. Scatter plot of operating LER rates for Babcock & Wilcox plant core flux channels, inoperable, with
command faults.
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APPENDIX A

DISCUSSION OF THE CAUSES OF VARIATIONS IN LER REPORTING

There are generally two criteria used by the utilities ting LER reports cause some variation. Also,
to determine reporting requirements for faults; these variation is caused by the difficulty in determining
are: (a) technical specifications for each individual the extent of safety and nonsafety systems and
plant and (b) the LER reporting guide, Regulatory therefore, by the questions of what faults are or areo

Guide 1.16.A-I The technical specifications for plants not required to be reported. Finally, variation can
licensed prior to January 1,1976, were independently be caused by the degree of importance assigned to
writ:en by individual plants without any planned the LER reports by management of the indisidual
uniformity among plants. All plants licensed after this utilities. Such variation in both the quantity and

*
date use standardized technical specifications that quality of LERs submitted by similar plants may
helped to create more uniform reporting. Three plants appear where one would expect a more uniform
(Calvert Cliffs I, Yankee-Rowe 1, and Brunswick 2) reporting.
that received operating licenses prior to 1976 con-
verted to standard technical specifications in 1977. in

, , The one thing that seems to have most hindered
addition to techmcal specification standardization

the development of uniform reporting is the lack
there have been changes m the rules that govern LER

of agreement about the purpose of a LER. Afanyreporting since 1976. These updated rules and the
persons feel that LERs are intended to highlight

standardized technical specifications are expected t
problem arcas within the safety systems. Some feelresult in more uniform LER reporting after
that the LERs ought to be used to highlight genericJanuary 1,1976. But pre-1976 LER data, as well as

roblem areas. Afany of these same people do notLER data reported by plants which are not n6jca
eel I s u es a e c mpath wim tk need to.

to standard technical specifications, will show con-
.eterm{ne fault rate infonnagion. These differm.gsiderable variation.

viewpomts may be an additional reason for the
,

The above mechanicalcauses for LER reporting variations in the quality and quantity of LERs
variations are explicable and expected. However, received by the United States Nuclear Regulatory
there are additional reporting variations. Dif- Commission. For further discussion of the causes
ferences in interpretation of the rules for submit- of variations in LER reporting, see Reference A-2.
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APPENDIX B

ONE-LINE LER CODING SCHEME

in order to extract as much pertinent informa- USNRC was entered into the CONTROL
tion as possible from the information provided in NUNIBER field. LERs describing 1981 events but
the original LER, and, at the same time, try to receised after December 31,1981 were assigned a
restrict the information to one line of computer out- ' number by the Nuclear Safety Information Center

"
put per LER, the following coding scheme was (NSIC). There were some instances of several dif-
developed. ferent events being listed in the narrative srmmary

of a single LER. To accommodate this situation,
In general, the order of the discussion that an alphabetic character was added to the six-digit

follows is the order in which the various fields number in order to separately identify each report. .

appear in the one-line descriptions of the I&C Thus, traceability back to the original LER number
events. The headings used for the corresponding ' was maintained, yet each report remained unique.
fields in the one-line descriptions are contained in When a single LER reported more than one inst mce
parentheses following the topic headings used or the same event (e.g., two bistables failed to trip)
below. in the summary description, an asterisk (*) was

placed after the control number to flag the coded

NSSS Vendor (NSSS) ne line description as containing muhiple mnts.
The corresponding number of events was then
entered into the Fall # field so that each event

The NSSS field indicates the vendor associated could be accounted for. The CONTROL NUN 1BER
with the plant submitting the LER report. A field can be used as a sort field, but it is primarily
1-character field is used to store and display the ven- intended for data record identification within the
dor code. This field can be used as a sort key. The data file.
following list gives the code and corresponding
NSSS vendor. Event Date (EVENT DATE)

Code NSSS Vendct
A six-digit field was used to record the date of

B Babcock & Wilcox the event: two digits each, for the month, day, and
C Combustion Engineering year. The EVENT DATE corresponds to the event
W Westinghouse date listed in the LER f or each event. The month,
G General Electric day, or year can be used as sort keys.

Plant (PLANT) Component (COMP)

A 3-character field was used to identuy the com- This field lists the types of I&C components iden-
,

mercial power plant responsible for submitting each tified in the LERs. Some related types are combined
LER. Table B-1 provides a list of the plants and t.nder one code, as show n in the following list. This
codes and clso supplies other plant information.B-1 field can be used as a sort key.
The PLANT field can be used as a sort key.

Code Component %

Control Number (CONTROL
ant Amplirier/burfer/itolation ampiirierNUMBER) CA Cable / receptacle / junction box / terminal
CL Controller

To identify each one-line LER within the data CN1 Comparator (bistable)
file, and to provide a cross-reference with the actual CN Converter / conditioner
LER submitted to the USNRC, the unique six-digit GS General switch
control number assigned to the report by the IIS Hand switch

B-4
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Table B-1.~ 1 General' plant informat on - -8

j

-
,

. Design4

Electrical Date of Date of
. Plant ~ Plant Name _ Rt. ting Initial Commercial Location
Code -(Docket Number) - . (NtWe) Criticality Operation - (State) Architect / Engineer Constructor

BABCOCK & WILCOX
.o

- ARI-[ Arkansas Nuclear One I . ~850 08/06/74' 12/19/74' - AR - Bechtel Bechtel

~ (50-313)

- CR3 brystal River 3 825 01/14/77 03/13/77 "FL Gilbert Associates 3. A. Joaes

(50-302) Construction,

,

DBI Davis-Besse 1 906 08/12/77 07/31/78 OH Bechtel Bechte!
! (50-346),

! OEI Oconee 1 887 04/19/73 07/15/73 SC- Duke & Bechtel Duke Powcr
I

(50-269)

OE2 Oconee 2 '887 11/11/73 09/09/74 SC Duke & Bechtel Duke Power

(50-270)

!

[ . OE3 Oconee3 887 09/05/74 12/16/74 -SC Duke & Bechtel Duke Power'

(50-287)
~

RSI Rancho Seco 1 918 09/16/74 04/17/75 CA Bechtel Bechtel

(50-312)

!- Til Three hiite Island la 819 06/05/74 09/02/74 PA Gilbert Associates United Engineers

| (50 289) & Constructors
|

!' T12 Three h!ile Island 2a 906 03/28/78 12/30/78 PA Burns & Roe United Engineers

!l (50-320) & Constructors

!' COh!BtJSTION ENGINEERING

AR2 Arkansas Nuclear One 2 912 12/05/78 03/26/80 AR- Bechtel Bechtel

| (50-368)

| CCI - Calvert Cliffs 1 845 10/07/74 05/08/75 hlD Bechtel Bechtel
I (50-317)

!- CC2 Cahert Cliffs 2 845 11/30/76 04/01/77 hlD Bechtel Bechtel

(50-318),

FCI Fort Calhoun 1 478 08/06/73 06/20/74 NB Gibbs, Hill, Gibbs, Hill,

(50-285) Durham & Durham &
Richardson, Inc. Richardson, Inc.

O lill2 hiillstone 2 870 10/17/75 12/26/75 CT Bechtel riechtel

(50-336)

blYI hlaine Yankee 825 10/23/72 12/28/72 hlE Stone & Webster Stone & Webster.
k (50-309)

'

pal Palisades 805 05/' U'l 12/31/71 hil Bechtel Bechtel

(50-255)

SLI - St. Lucie 1 830 04/22/76 12/21/76 FL Ebasco Ebasco

(50 335)

.

I- ,
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TatWe B4.1(continued).

a w
' Design
Electrical Daieof Date of

*
Plant Plant Name . . Rating - Initial Commercial Location
Code (Docket Number) - (MWe) . Criticality Operation (State) Architect / Engineer Constructor ps

WESTINGHOUSE -

BVI Beav'er Valley' I . 835 05/10[76 10/01/76 PA Stone & Webster Stone & Webster
*

(50-334)

IDCI Cooki 1030 01/18/75 . 08/27/75 Mi American Electric American Electric
(50-315) Power Senice Power Senice

; Corporation Corporation .

DC2 Cook 2 1100 03/10/78- 07/01/78 hil' American Electric . J.' A. Jones
(50-316) Power Senice Construction

- Corporation

'HNI Haddam Neck 582 07/24/67 _ 01/01/68 CT Stone & Webster Stone & Webster'

(50-213)
)~ !

'

IP2 Indian Point 2 873 05/22/73 08/01/74 . NY - ' United Engineers ~ Westinghouse -
(50-247) & Constructors, Development (

Inc. Corporation
i

!- IP) Indian Poins 3 %5 W O6/76 08/30/76- NY United Engineers Westinghouse
(50-286) & Constructors, De,elopment'

Inc. Corporation
r

.lFI Farley I 829 08/09/77 12/01/77 AL Southern Services, Bechtel
,
'

(50-348) Inc.

JF2 Farley 2 829 05/05/81 07/30/81' AL Southern Services, Bechtel
' (50-364) Inc.

KEI Kewaunce 535 03/07/74 06/16/74 WI Pioneer Senices Pioneer Services t

(50-305) & Engineering & Engineering
,

1 MGl McGuire 1 1180 08/08/81 12/01/81 NC Duke Power Duke Power
(50-369)

NAI North Anna ! 907 04/05/78 06/ % /78 VA Stone & Webster Stone & Webster
'

(50-338)

j 'NA2 North Anna 2 .907 06/12/80 12/I4/80 VA Stone & Webster Stone & Webster
(50-339)- *

,

PRI Prairie Island I 530 12/01/73 12/16/73 MN Fluor Pioneer, Inc. Northern States
(50 282) Power Company,

i PR2 Prairic Island 2 530' 12/17/74 - 12/21/74 MN Fluor Pioneer, Inc. Northern States
,

(50-306) Power Company

; PTl Point Beach I 497 11/02/70 12/21/70 WI Bechtel . Bechtel
(50-266)

PT2 Point Beach 2 497 ;05/30/72 10/01/72 WI Bechtel Bechtel

(50-301)
~

.,

' RGI . Ginna 470 l'i/08/69 07/01/70 NY \ Gilbert Associates Bechtel'-

(50-244)' ''

,

I. f g
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Table B-1. (contined)

Design

Electrical Date of Date of
Plant Plant Name Rating Initial Commercial Location
Code (Docket Number) (MWe) Criticality Operation (State) Architect / Engineer Constructor

WESTINGHOUSE (continued)
O

RO2 Robinson 2 700 09/20/70 03/07/71 SC Ebasco Ebasco

(50-261)

P. ' Salem i 1090 12/11/76 06/30/77 N3 Public Services & United Engineers

(50-272) Gas Co. & Constructors,
,

Inc.

SA2 Salem 2 1115 08/08/80 10/13/81 N3 Public Senices & United Engineers

(50-311) Gas Co. & Constructors,
Inc.

SEI Sequoyah I i148 07/05/80 07/01/81 TN Tennessee Valley Tennessee Valley

(50-327) Authority Authority

SE2 Sequoyah 2 1148 11/05/81 06/01/82 TN Tennessee Valley Tennessee Valley

(50-328) Authority Authority

SOI San Onofre 1 436 06/14/67 01/01/68 CA Bechtel Bechtel

(50-206)

SUI Surry I 788 07/01/72 12/22/72 VA Stone & Webster Stone & Webster
(50-280)

SU2 Surry 2 788 03/07/73 05/01/73 VA Stone & Webster Stone & Webster
(50-281)

TRI Trojan 1130 12/15/75 05/20/76 OR Bechtel Bechtel

(50-344)

TU3 Turkey Point 3 693 10/20/72 12/14/72 FL Bechtel Bechtel

(50-250)

TU4 Turkey Point 4 693 06/11/73 09/07/73 FL Bechtel Bechtel

(50-251)

YRI Yankee-Rowe i 175 08/19/60 07/01/61 MA Stone & Webster Stone & Webster
(50-029)

*
Z11 Zion i 1040 06/19/73 12/31/73 IL. Sargent & Lundy Commonwealth

(50-295) Edison

ZI2 Zion 2 IMO 12/24/73 09/17/74 IL Sargent & Lbndy Commonwealth

(50-304) Edison
e

GENERAL ELECTRIC

BFI Browns Ferry i 1065 08/17/73 08/01/74 AL Tennessee Valley Tennessee Valley

(50-259) Authority Authority

BF2 Browns Ferry 2 1065 07/20/74 03/01/75 AL Tennessee Valley Tennessee Valley

(50-260) Authority Authority

BF3 Browns Ferry 3 1065 08/08/76 03/01/77 AL Tennessee Valley Tc:messee Valley

(50-2%) Authority Authority

B-7
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: Tatde B-1.' : (continued)

~

Design
- - Electrical Date of . Date of

.

" Plant Plant Name- Rating initial Commercial Location
= Code (Docket Number) - (MWe) Criticality Operation (State) Architect / Engineer Constructor.

: GENERAL ELECTRIC (continued)

BPl; Big Rock Point i . 72 09/27/62 _03/29/63 MI Bechtel Bechtel '*

(50-I$5)

BRI Brunswick I 821 10/08/76 03/18/77 NC United Engineers Brown & Root
-(50 325) & Constructors

.
BR2 Brunswick 2 821 03/20/75 11/03/75 NC United Engineers . Brown & Root

(50-324) & Constructors .

COI - Cooper Station - 778 02/21/74 07/0i/74 NB Burns & Roe Burns & Roe
(50-298) -

*

i

'DAl Duane Arnold 538 03/23/74 02/01/75 IA Bechtel Bechtel

(50-331).

DRI Dresden Ib. 200 10/15/59 07/N/60 IL Bechtel Bechtel

(50-010)

DR2 Dresden 2 794 01/07/70 06/09/70 IL Sargent & Lundy ' United Engineers

.{. (50-237) & Constructors

IDR3 Dresden 3 794 01/31/71 11/16/71 IL Sargent & Lundy United Engineers
'i (50-249) & Constructors ;

ENI ~ Hatch I 777 09/12/74 12/31/75 GA Bechtel - Georgia Power Co.

(50-321) .
'

EN2 Hatch 2 784 07/ N /78 09/05/79 GA Bechtel Georgia Power Co.

' (50 256)

Fitzp' trick 821 11/17/74 07/28/75 NY Stonh & Webster Stone & WebsterFPI a

(50-333)

Mil Millstone I (/o 10/26/70 - 03/01/71 -CT Ebasco Ebasco

(50-245)

MOI Monticello 545 12/10/70 06/30/71 MN Bechtel Bechtel
,
"

.(50 263)
.

NMI Nine Mile Point I 620 09/05/69 12/01/69 NY Niagara Mohawk Stone & Webster

(50-220) Power
Corporation

_(
OCI - Oyster Creek l 650 - 05/03/69 12/01/69 N3 Burns & Roc Burns & Roe ,

;

'
. (50-219)

. PB2 Peach Bottom 2 1065 '09/16/73 07/05/74 PA Behtel Bechtel

=(50-277)

,< PB3 - Peach Bottom 3 1065 08/07/74 12/23/74 PA Bechtel Bechtel

,
(50-278)

i

f Pil Pilgrim 1 - ' 655 06/16/72 12/01/72 MA Bechtel Bechtel
"

(50-293)

6
'

L
'
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. Table B'-1. (continued)
~

Design
Electrical Date of Date of

- Plant Plant Name Rating . Initial Commercial Location
Code (Docket Number) (MWe) . Criticality - Operation (State) Architect / Engineer Constructor

GENERAL ELECTRIC (continued)

QCl Quad-Cities I 789 '10/18/71 02/18/73 IL Sargent & Lundy
~

United Engineers
(50-254) & Constructors,

Inc.

'QC2 Quad-Cities 2 789 04/26/72- 03/10/73 IL Sargent & Lundy United Engineers
a (50-265) & Constructors,

Inc.

VYI Vermont Yankee 1 514 03/24/72 II/30/72 VT Ebasco Ebasco
(50-271)

a. Plant shutdown since 03/28/79.

b. Plant shutdown since 10/31/78.

Code Component Code Parameter

Ih1 Computation module L Liquid level
iN Indicator / meter / annunciator N Nuclear (core flux)
L 51 Computer F Flow
LS Limit switch T Temperature
A10 Afonitor R Radiation
PS Power supply P Pressure / vacuum
RC Recorder D Position
RE Relay / solenoid X Other/ unknown
SE Sensor
TI Timer Code Function
TR Transformer
TX Transmitter T Reactor trip
ZZ Other/ unspecified S. Engineered safety features actuation

. C Reactor control
Parameter and Function G General control / indication / alarm

- (PROCESS) R Radiation detection

em $WHWThe PROCESS field is a 2-character field. The
-first character indicates which plant parameter is
being measured or monitored, while the second A 2-character field is used to indicate the system
character indicates what type of function the faulted that was being monitored or controlled by the
component was providing the plant. Each character faulted I&C component. This field can be used as
can be used as a sort key. The following lists the a sort key. The following is a list of system codes
parameter and function codes and descriptions, and descriptions.

B-9
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Code System Code Fault Cause

SA Automatic depressurization (BWRs 12 Dirty, binding, or sticking
only) 13 Piece part fault

IC Containment (includes penetration 14 Drift
and isolation control)

SD Low pressure core spray (LPCS) Activity Resulting in Discovery
(BWRs only)

SF Containment spray injection (CSM (ACTIVITY)
'

AG Chemical volume control (CVCS)
(PWRs only) A l-character code was used to indicate the

SH High pressure coolant injection activity taking place that caused or led to the
(HPCI) discovery of the event. Any activity not specifically

SL Low pressure coolant injection identified was considered to ire during normal -

(LPCI) operation. This field can be used as a sort key. The
SQ Reactor core isolation cooling coding scheme for this field is as follows.

4(RCIC) (BWRs only)
AS Ser ice water Code Activity
CT Condensate and feed
PX Reactor trip N' During normal plant operation (other
NN All others than listed below)
SN Other ESF (parent system not M During maintenance

identified) R During records review
T During testing

Fault Mode and Cause (MODE &
CAUSE) Type of Event (TYPE)

A 3-character field indicates the fault code. A A 1-character field indicates the type of event
1-character subordinate field indicates the fault identified in the LER. A blank in this field implies
mode and a 2-character subordinate field indicates a random event. This field can be used as a sort key.
the fault cause. The following scheme was used to The following scheme was used to identify the event
encode the various fault modes and causes identified types.
in the LERs. Either field can be used as sort keys.

Code Type of Event
Code Fault Mode

B Recurring common cause failure
A Reduced capability C Common cause failure
B Inoperable R Recurring failure

S Command fault
Code Fault Cause T Recurring command fault

,

U Common cause comrnand fault
00 Unknown V Recurring common cause command
01 Personnel operation fault
02 Personnel maintenance Blank Random failure
03 Personnel testing .

4 Design enor Event Classification (CLASS)
05 Fabrication / construction / qual.ity

.

control
06 Defective procedures A 1-character field was used to classify the events
07 Extreme environment as age-related or frequency-of-use-related. A D in
08 Mechanical malfunction this field was used for frequency-of-use-related
09 Electrical malfunction events, and a Twas used for age-related events. If
1I Leaking or blocked instrument sens- no determination could be made, a U was inserted

ing lines in this field. This field can be used as a sort key.

B-10
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Number of Faults (Fall #) LER. If no manufacturer was given in the LER,
ZZZZ was used in the Alanufacturer field. The

The FAIL # field, mentioned in the " Control codes used for the various manufacturers were
Number', paragraph, was used to store a count of taken from Exhibit 3 of the Instructions for
the number of events per one-line LER description. Preparation of Data Entry Sheets for Licensee,

A blank m this field implies that the value of this Event Report (LER) Fi/e.42 Table B-3 lists the

field is one. Should there be more than one event manufacturer codes that were found in the LERs
per LER, the corresponding number of events is used for this report. The Afanufacturer field can be

entered in this field. used as a sort key.*

One should be cautious in using this manufac-
Fault Mode Description (FAULT turer inrormation because the manufacturer code
MODE DESCRIPTION) is sometimes missing and sometimes not appropriate

-
for the component coded in the data base.

The LER narrative summary of the fault mode Flagging. The Flagging field was used to distinguish
was condensed into a 50-character alphanumeric whether the faulted component caused an accident
field. This field provides a short, concise descriP- or failed to mitigate an accident. The letter A was
tion of the fault mode. It is not a sort field. used to identify those I&C components that caused

an accident (e.g., loss-of-coolant flow) upon failure,
Fault Cause Description (FAULT and B was used to identify those 1&C components

CAUSE DESCRIPTION) that failed to mitigate an accident upon iailure. The
letter C was used when the faulted I&C component
neither caused nor failed to mitigate an accident,

A 41-character alphanumeric field was used for but could have caused or failed to mitigate an acci-
a narrative description of the fault cause. If no dent. The letter C was also used to identify an LER
cause was reported, this field provided additional that requires some additional attention in future
space for a description of the LER. It is not a sort reports. The Flagging Field is a sort field.
field.

, , Report Type. The Report Type was taken directly
In order to provide as much informatica as possi-

from the LER. The letter A was used to indicateble in both the Af0DE and CAUSE DESCRIP-
TIONS, many words are abbreviated and many two-week reports, B was used to indicate 30-day

reports, and C was used to indicate other types of
acronyms are used. Afost of these acronyms can be reports. Report Type is a sort field.
found in the " Nomenclature" section at the
beginning of this report.

Plant Report Number. In addition to a plant
Table B-2 provides most of the codes used in the docket number, each plant assigns a number to each

one-line descriptions and is presented as a summary LER that it submits. This number is assigned,

of the preceding discussion. One of these coding sequentially within each calendar year to every LER
,

sheets will precede each sort of one-line descriptions submitted by the plant. At the end of the calendar

in this report so that the reader need not continually year tWant M number wiH start apn wM*

for the next year. A 3-character field was used torefer to th.is append.ix.
indicate the plant LER number associated with a
particular plant. Plant Report Number can be usedAdditional Information as a sort key, although it is primarily intended for

o
data record identification within the data file.

Although not presented in the one-line descrip-
tions, because of space limitations, additional infor. Af anufacturer, Flagging, Report Type, and Plant
mation pertaining to manufacturer and various Report Number are not found in the one-line
other items of interest is available. A discussion of description sorts. Also, the Flagging, Report Type,
the additional information fields follows. and Plant Report Number fields are only found,

where applicable, as additional information in the
Manufacturer. A 4-character alphanumeric field data base for LERs that have an event date later
was used to identify the manufacturer given in the than December 31,1978.

B-11
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Table B-2. Codes used in one-line descriptions

CODES USED IN LER ONE-LINE DESCRI, TION $
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Table B-2. (continued)

1

SYS,EN IDENTIFICAftDN C00E5

CODE DESCRIPTION
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Table B-3. Manufacturers referenced in 1&C LERs ,

Code j' hianufacturer

A015 "c " ' A.P.V. Company, Inc.
'

*

-JA109
~/ ? Adams & Westlake'A055 z

M AGASTAT Relay Co.'

Al23 . Airpac Electronics
'A 160

' '' *
, Allen-Bradley Co._ f
- Aloyco, Inc.y rf[A200, :,,

/ A370~ 'Amperei Ele' tronic Corp.e

A380 AhlPHENOL - ,

A382 Amp Special Industris .

A415 Anderson, Greenwood & Co.
'

A435 API InstrCo. |_.

A485 Armstronit Niach i

> A499 ASCO -
_

A501 Ashcrof t Gauge''

A533 Athend Control
A535 Atkomatic Valve Co., Inc.
AS$2 Atlas Valve
A580 Atomics International
A587 AUL Instruments
A610 Automatic Switch Company (ASCO)

/- A611 Automatic Timing and Control Inc.
A640 Automation Industries Inc.
A645 Automation Products, Inc.

B005 B-W Contrc" r
B015 Babcock & Wilcox Company
B030 Babcock-Persta
B040 Bailey Instrument Co., Inc.

< B045 i Bailey hieter Company
'

B066 Barber-Colman Co.
B067 Barber Alfg. Company

,

B069
^

Barksdale Company
'

B070 Barksdale Valve Company
B080 Barton Instrument Co., Division of ITF
B093 Basler Electric Company
Bl30 Bechtel Corp.

'
Bl35 Beckman Instruments, Inc.
B165 Bell and Howell /

B185 Belmont Smelting & Refining Works, Inc.
B222 Bertan Association,Inc-
B250 BIF

'

-
,q

B350 Borg-Warner Corp. "

B369 'Bostrom-Bergen hietal Products
B371 Bourns Co.

'

B415 Bristol ,

B440- Brooks Instrument Comp,any
B445 ,,cBiooks Rotameter
B450 '' Brown & Root Inc.
B481 Browning Co.

G .,r
'
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Table B-3. - (continued)
.

-

Code h1anufacturer

B485 Bruce GM Diesel, lnc.
B515 . Buffalo Forge Company -
B572~ Burns Engineering -

,

' O - -

CO28 Cajon Co.
C075 Cannon Electric-ITT
Cl38 Carolina Power & Light Company

m C268 Chemelex Corp.
..

| 2o C305: Chemtree Corp.
C345 Clare, C. P.
C360 Clark Controller
C415 Climet Instruments Co.
C470 Colt Industries, Inc.
C490 Combustion Engineering, Inc.

',

C515 CONAX Corp.,

I C518 Conde' Afilking Machine Company
C520 Condec Corp.
C521 Conde Pump Company
C560 Consolidated Controls Corp.
C568 Consolidated Valve Corp.
C626 Controlotron
C635 Copes-Vulcan, Inc..
C649 Couch
C650 Cosmodyne

i C680 Crane-Flowatics Div.
C685 Crawford Fitting Co.'
C720 Crouse-Hinds

! C753 Custom Component Switches, Inc.
i C770 Cutler. Hammer

D012 Daniel Industries, Inc.
D055 De Laval Turbine, Inc.

'D093 Deleval Condenser,~ 1nc.

D142 Devar Connecticut
D149 Dialco
D150 Diamond Power Specialty Corp.,

,

D232 Dragon Valve, Inc.
D243 Dresser Industrial Valve & Inst. Div.
D282 DWYdR

e -E020 Eagle Signal
E095 Edwards Valves Div.
E146 Electro-Mechanics - - -;

E158 Electro-Mechano .

| -E259 Engdahl Enterprises

| E328 ESSEX Wire Corp.

F010 Fairbanks Morse
F013 Fairchild Products Hiller, Fairchild Hiller Products

;

|
1
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N Table 'B-3.s !(continued) ' ^xw- ,4
...,n. ' .

s.+- ;. . . ,_

,1N - Code 51anufacturer
^

-
,

%: F020 Fanstcel, Inc.-

Y' F030 Farr Co.
F080 > Fenwall Electronics Co.

'
- ,,

y'

J'm . F081 - Fenwall, Inc. m.
' ' *N * F120 Fischer & Porter Co/

^- F127 Fisher Flow Control Div (Rockwell Inter)
E ^ F128 Flow Technology Inc.

F130 Fisher Controls Co. ,.s

F166 Flowmatics .

- FISO - Foxboro Co., The

G030 , Gamma Process Co., Inc.
.j' G039 Gates Rubber Co.

G046 Gast Alanufacturing Corporation.

'

G048 Gelman Instrument Co. c,
''

G050 Gems; inc.
- G051 Gedney Electric

.s

% .G063 Gencial Atomic Co.
G080 . General Electric Co.
G100 ! General hiotors
Gil2 General Precision Inc.

"''
.A G166 Glen Controls Inc.

"

G175 Gordon, Claud S. Co.
x Gl90 Goulds Nianufacturing -3

G200 Goulds Pumps Inc.s

G202 GPE Controls
G223 Grayhill m

,,

G272 GTE Sylvania Inc.
G290 GA Electronic Systems Div.

. G305 Gulf General Atomic, Inc. (see G063)

'

H015 Hagan Controls
H020 Hagan/ Computer Systems

- ' 'H021 Hagan Corporation
H025 Hamilton Alanufacturie Co-

H041 Hankison Corp."'
s

*
t ,. H065 Harshaw Chemic c1 ( -

H120 Hayden hlfg. Co.'

H138 Heise llourdon Tube Co.
,,

+ H165 Hewlett Packard Co.
H260 Honeywell Corporation'

. .

1010 IBN! Corp.
'. ~ 1075 Ingersoll-Rand Co.'

'

-1130 International Instruments, Inc.
'!!49 International Telephone & Telegraph Corp.'

-(202 ITE Imperial Corporation
1204: ITT.llarton

3 1207s ITT Grinnell

B 16
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Table B.3. (continued)

L
Code ' Manufacturer

P

3073 Johnson Controls Inc.
~

-J090 Johnson Service Co.

j. -o K085 Kerotest Manufacturing Corp.
K130 Kinemetrics, Inc.

1

L010 L N D, Inc.
'LO45 Lambda Electronics

" L130 Leeds & Northrup Co.
L180 Leybold.Heraeus Inc.
L185 LFE Corp.
L200. Limitorque Corp.
L206 .Licon Division (Illinois Tool Works Inc.)

M035 Magnetics, Inc.
M040 Magnetrol, Inc.
M095 Marotta Value Corp.
M120 - Masoneilan International, Inc.
M170 McDonnell & Miller ITT
M175 McGraw Edison
M225. Meltron Corp.
M235 Mercoid Corp.
M270 Metal Bellows
M282 Meter. Devices Co.
M285 Metra Instruments
M302 Micro Switch
M314 Mid. West Instrument
M325 Milton.Roy Co.

Moduflash Corp.M371 <

M422 Moore Industries
M455 Motorola

N007 NAMCO Controls
N010 Nash Engineering Co., The
NOIS National ACME Co.

* N049 National Semi Conductor
N080 Nelson Electric

5 Nil 4 Newport Laboratories
N120 NGK Insulator -
NISO Nooter Corp.

,
N191 Nortec . j
N235 Nuclear Containment Systems, Inc.
N305 Nuclear Measurements Corp. (NMC)
N310 Nuclear Pacific, Inc.
N330 Nuclear Research Corp.

0080 Oster Manufacturing Co.

B-17
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Tatdo B-3. - (continued).

.

;
.

Code ' Manufacturer

-P015 Pacific Electric Mfg.
,

-i P070- Parker Hannifin Corp.
~ '

~P129 Penn Controls Inc.- '

-Pl75 Permutit Co., The -
;P200 Philco Ford Corp. + *-

P235 Pioneer-Aluminum Inc. 5 ,
'' '

P29'i Potter & Brumfield'

P314 Power-Mate -
P323: Power Designs Inc.

*
P38"! Pressure Switch Co.

R070 Radiological d ,"tems -
R078- Ramapo Insticient Co.
R120 RCA Electrona Components
.Rl39 - Rees Instruments I TD.
R140 Reactor Controls Inc.
R165 Reliance Electric Company.
R278 Riley Co., The

. R290 Robertshaw Controls Co.
R335 Rochester Instrument Systems, Inc.
R340 Rockwell Manufacturing Co.
R344- Rockwell-International
R362 Roots-Connersville Blower
R369 Rosemount, Inc.'

R370 Rosemount Engineering Company.

R378 Rofork Inc.
R389 Rowan Controller
R390 Rowe Industries Div.

,

S054 Scam Instrument Corp.

1 S075 Schutte and Koerting Co.
SO93 Schwitzer
S185 Sigma Instruments, Inc.
S190 Signal Engineering Mfg.
S202 Simplex Wire and Cable Co.
S204 Simmonds Precision'

S205 ' Singer Co., The .

'S245 Sola Electric Co.
; -S257 Sorensen

S258 Sorgel Electric Co.
S260 Sostman. H. E. Company

-
S345 Square D Co.
S371 Stallings & Lanley
S379: Static Products
S382 Static-O-Ring
S392 Stearns-Roger Fabricators Inc.
S395 Steel Fabricating Co.
S420 Stone & Webster Engineering Corp.
SS25 Systems Engineering Laboratories, Inc.

,

.

4
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Table B-3. Montinued) -

E '
s

:c 1
Code - Nianufacturer - ,

,

.

1

T020. Target Rock Corporation
-

' T039 ' Taylor Instrument Companies -
f .T040 = .. Taylor Instrument Process Control Div.

3 T078 Technipower Inc.
-T083 * Teledyne Corporation - q
T100' . Teledyne-Geotech
Til5 Teleflex, Inc.

- T120 Tempo Instrument, Inc.
Je

. Tl47 . Terry Steam Turbine Company 0
-

'
TISS - Texas Instruments Inc. ,

T161< TGM Detectors, Inc.,

' T185- Thermon Mfg.
.T215' Times Wire and Cable

g. T248 Topay Electronics
T250 Torngren Co.:

T260 Tracer Lab
T287 Transmation, Inc.
T300 TRAPELO

- UO10 U.S. Gage Company
UO75 United Electric Controls Company

V033 Valmont Industries ''

V065 Varian Data Machines
- V085 Velan Valve Corp.
VIl0 Vickery Simms, Inc.
Vil5 Victoreen Instrument Div.
V125 -- Viking Pump Co.
Vl32 Vitro Engineering Division

,
Vl35 Vogt, IIenry Machine Co. '

,

WO30 Walworth Co.
W120 Westinghouse Electric Corporation
W121 Westinghouse Electric Company (Elev Div)
W128 West Steel
W130 Westronics, Inc. ~_.

'

W165 Whitey Co.
W209 Wilmar Electronics Inc.
W290 . Woodward Governor Co.
W305 Worcester Controls Corp.

.m
'X001 Xerox Data Sys em .

Y005 .Yarnall-Waring Co.
'

Y010 - Yarway Corp.

ZZZZ Unknown

.

4
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APPENDlX C-

LER RATE ESTIMATION METHODS''

' ' To estimate the LER fault rates for components, Confidence limits for hourly fault rates were
- the following well-known statistical methods were based on the assumption that the underlying com-
used for Type-I censored data with replacement.C-1 ponent fault distributions are exponential;

( therefcre, the resulting LER data are representable.

The general methods for estimating rates on an by a Poisson process. In demand evaluations, N is
hourly basis and on a demand basis are . binomially distributed. However, since the prob-

ability of fault is small and the number of demands
$(hourly) = E (C-1) is I rge, the Poisson distribution may be used to

* T approximate this variable. The generalized formulas
for estimating 100 (1 - a)'/o confidence limits on the'

i(demand) = E (C-2) fault rates are
D

2
x (2N) x (2N + 2)where a'

s A(hourly) s (C-3)T
i estimated fault rate=

and
N number of reported component faults=

2 2
xg(2N) Xg g(2N + 2)T total time accrued by all components 5 **^"N * I=

2D 2D

D total number of demands on all=
~

wherecomponents.

2
The general computational formulas, Equa- X ) = c square vadate at cumulah

a'
tions (C-1) and (C-2), may be applied to particular probability, a, with, b, degrees of
situations. The fault rate for a component in a par. freedom.

ticular plant is estimated by s'etting
In these equations, a is the fraction left out in

N=N the intervals. For example, for 90% confidence
limits a is 0.10, a/2 is 0.05, and the upper limit uses

T = T; the 95th percentile.

D=Dj if D is small, then the Poisson approximation of!

the binomial distribution is not adequate, and
where 100 (1-a)% confidence limits for the demand fault

4
, rate are'

Ni number of component faultsin plant i=

NF
T; total accrued hours of all like * #**"=

D - N + 1 + NFcomponents in plant i L
.

+ 'Itotal accrued number of demands on UDj =

all like components in plant i. D - N + (N + 1) FU
in a similar manner, fault rates may be estimated where
for components manufactured by a particular ven-
dor, for components in a particular plant type FL = F,f2 (2N, 2D - 2N + 2),

.(PWR or BWR), or for components present in all
plants. FU = F -a/2 (2N + 2, 2D - 2N), and1

C-3
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LF (b'c)| @ Il variate at cumulative proba-1 - N_ . ia ,,
~

* liility, a, with,6; and, c, degrees ' <

.f ,

"

'of freedom. =_30 30.15/T,

-o
- As before, for 90% confidence limits the 0.05 and .20 20.15/T .

-

0.95 quantities are used (a=0.10).y~
' ' ~10- 10.15/T -

~ . In this work,' hourly rate confidence limits were .
. 5.15/T

'

always based on Equation '(C-3). Demand rate con. 5L

( fidence limits _wcre based on- Equation (C-4) if '

'2 2.18/T _~ ' ' ; D 'N 2 100, and on Equation (C-5) otherwise.
;|

1 1.19/T' _ The lower limits in Equations (C-3), (C-4), and *

(C-5) are not defined in cases where no faults are '0 0.23/T -
,

*'' observed 'N =.0). Zero is the appropriate lower limit .p- y
. in these cas. However, Equations (C-1) and (C-2) The estimates of Equations (C-6) through (C-8)

Helso give zero as the point estimates when N =0. can be obtained in two ways. The first is to con-
- More realistic point estimates for.such cases are sider shrinking the confidence intervals of Equa- .

J- ~ tions (C-3),'(C-4), and (C-5) to the_ case where
2 a = 1.00 and both a/2 and 1-a/2 are 0.5. Because -

'

f_,y 0.50 (2N + 1)
(C-6) of the differing degrees of freedom, the intervals

2T do not shrink to a single point. The equations use
an average f r the differing degrees of freedom.'

2
x 0.50 (2N+ 1)

- Because the estimates use M pementHes,M are3
( re atd to m@nt isA' =

-2D ,

The second way of considering Equations (C-6)
"" ~

through (C-8) uses the medians 'directly, in a
"I' "" * " text. A is regaMed as a randont

(2N + 1) F -

'p ., Al variable. With Poisson sampling and a noninform-
(C-8)

2D-2N + 1 + (2N + 1)F ative c njugate prior distribution, the posterior
M distribution for the occurrence rate has a gamma

where distribution with parameters -3C

FM= F .50(2N + 1, 2D-2N + 1) (a, ) = (N+ 1/2, I/T) . - (C-9) ,0

2and the F andX distribution percentile and degree Because the gamma distribution with parameters
of freedom notations are as defined above. (N,2) is identical to the chi-square distribution with1

2N degrees of freedom,C-4 Equation (C-6) can be
Equation (C-6) applies.for hourly rates while shown to be the median of the distribution described

Equation (C-7)is used with the upper bound from by Equation (C-9). Using a similar relation between
*

Equation (C-4), and Equation (C-8) is used with beta and F distributions, Equation (C-8) can be
~ Equation (C-5). Equations (C-6) and (C-7) are derived as the median of the' posterior fault rate
applicable to faults occurring according to a distribution obtained in' sampling from a binomial

i ' Poisson distribution regardless of the number of distribution with a noninformative conjugate prior.
'

faults observed. A'similar comment applies to ,

,

i Equation (C-8) _ and the binomial distribution. In summary, Equations (C-6), (C-7), and (C-8)-

.
Typical estimates from Equation (C-6) are in the describe median point estimates for the fault rate,

j ' following table- for comparison with Equa- They can be used when N = 0, and are more con-
i

'

i tion (C-1). Equation (C-6) has been used in other servative in that case than the point estimates given

: fault data studies, such as Reference C-2. in Equations (C-1) and (C-2). In this work, they are

b
,

C-4.
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used with,'respectively, the upper confidence limits exactly the same true fault rate. No effort was made.

in Equations (C-3), (C-4), and (C-5) whenever no ' to account for possible variations arising from the
C faults are observed.: mixture of populations having different true fault

rates. For further discussion of the assumptions and .
In estimating the above confidence limits, all: limitations ' of these confidence limits, see

. components in the' sample were assume' to have - References C-1 and C-5.d

s
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APPENDIX H

RESULTS OF COMPONENT LER RATE ESTIMATIONS

Using the factors of the LER rate point estimate where
given in the Final Statistics section, the upper and
lower bounds can be determined as follows: X.X upper 95To confidence multiplier=

multiply X.X times Y.YE-YY to obtain upper 95%
confidence limit Y.YE-YY = LER rate point estimate and

""
Z.Z lower 5% ceinfidence divisor,=

o divide Z.Z into Y.YE-YY for lower $To confidence
limit NOTE: Table 18 provides this information.
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BABCDCKEWILCOX CORE FLUX SENSORS-REDUCED CAPABILITY-COMMAND FAULTS I NC L UDE D

COMP 0HENT POPULAT;"M OPERATING
F AUL T RATE- - - - - = = - - - - - -

PLANT POPULATION HOURS FAULTS HOURS (FAULTS / HOUR)
AR1 8 52608 0 420064 5.4E-07
CR3 8 43512 1 348096 2.9E-06
D81 8 38472 0 307776 7 4E-07
OEL 8 52608 0 420864 5.4E-07

I
DE 2 8 52608 0 420864 5.4E-07

I DE3 8 52608 0 420864 5.4E-07
S'

RS1 8 52608 0 420864 5.4E-07
T11 8 28368 0 226944 1.0E-06
TI2 8 8760 0 70080 3.2E-06

TOTALS 1 3057216 AVG. 3.3E-07
H-001

6 . T =

__ _ -- -__
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COMBUSTICN ENGINEERING CORE FLUX SENSORS-REQUCED CAPABILITY-COMMAND FAULTS INCLUDED

COMPONENT POPULATION OPERATING
F AUL T R A TE-------------------- ------

PLANT POPULATION HOURS FAULTS HOURS (FAULi$tHOURI

AR2 12 26952 0 323424 7.0E-07

CC1 20 52608 0 1052160 2.2E-07

CC2 20 44592 2 891840 2. 2E-0 6

FC1 20 52608 0 1052160 2.2E-07

MI2 20 52608 2 1052160 1.9E-06

g MY1 16 52608- 0 841728 2.7E-07

O PA1 10 52608. 0 526080 4.3E-07

SL1 20 49920 0 998400 2.3E-07

TOTALS 4 6737952 AVG. 5.9E-07

H-002 |
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WESTINGHCUSE CORE FLUE SENSORS-REDUCED CAPA81LITY-COMMAND FAULTS INC LUDEP

COMPONENT POPULATION OPERAT1hG
F AUL T R A TE- - - - - - - - - - - - - - - - - ~ ~ - - ----------~~~

PLANT POPULATIDM HOURS FAULTS HOURS ( F AUL T S / H DUR )

SV1 12 49488 1 593556 1.7E-06

DCL 12 52608 0 631296 3.6E-07

DC2 12 33432 0 401184 5.7E-07

HN1 8 52608 0 420864 5.4E-07

IP2 12 52608 0 631296 3 6E-07

IP3 12 50304 0 603648 3.8E-07

JF1 12 38544 1 462528 2.2E-06 .

JF2 12 5784 0 69408 3.3L-06

KE1 12 52608 0 631296 3.6L-07

MGL 12 3504 0 42048 5 4E-06

NA1 12 32808 2 393696 5.1E-06

NA2 12 13632 1 163584 6 1E-06

PRI 12 52608 4 631296 6.3E-06

: PA2 12 52608 0 631296 3.6E-07

PT1 12 52608 0 631296 3 6E-07

PT2 12 52608 0 631296 3 6E-07

RG1 12 52608 0 631296 3.6E-07.

R02 12 52608 1 631296 1.6E-06

SAL 12 44328 0 531936 4.3E-07

SA2 12 12264 0 1,7168 1.5E-06

SE1 12 13080 0 156960 1.4E-06

SE2 12 1368 0 16416 1 4E-05

$01 8 52608 0 420864 5.4E-07

$U1 12 52608 0 631296 3.6E-07

SU2 12 52608 0 631296 3 6E-07

TRL 12 52608 0 631296 3.6E-07

TU3 12 52608 0 631296 3.6E-07

TU4 12 52608 0 631296 3.6E-07

YR1 12 52608 0 631290 3 6E-07

211 12 52608 0 631296 3.6E-07

2I2 12 52608 0 631296 3.6E-07

TOTALS 10 15156192 AVG. 6.6E-07

H-003
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=e d A

GENERAL, ELECTRIC CORE FLUX SENSORS-REDUCED CAPABILITY-COMMAND FAULTS INC L UDE D

COMPONENT POPULATION OPERATING
FAULT RATE--

PLANT PDPULATION HOUR $ FAULTS HOURS (FAULTS / HOURI
BF1 188 52608 0 989030t 2.3E-08

BF2 188 52608 0 9890304 2.3E-08
SF3 188 47328 0 8897664 2.6E-08
8P1 8 52608 0 420864 5.4E-07
8R1 140 45864 1 6420960 1.6E-07
BR2 140 52608 1 7365120 1.4E-07
Col 140 52608 1 7365120 1 4E-07

DAL 98 52608 1 5155584 1.9E-07
DR1 9 24840 1 223560 4.5E-06
DR2 180 526C8 1 9469440 1.1E-07

DR3 180 52608 0 9469440 2.4E-08
EH1 140 52608 0 7365120 3 1E-06

9" EN2 140 30648 0 4290720 5.3E-08
FP1 140 52608 3 7365120 4 1E-07
mil 136 52608 2 71546U8 2.8E-07
M01 112 52608 0 5892096 3.9E-08
NM1 128 52608 0 6733824 3.4E-06
OC1 128 52608 6 6733824 8.9E-07
P82 188 52608 0 9890334 2 3E-08
P83 188 52608 0 9890304 2.3E-08
PIl 136 52608 0 7154688 3.2E-08
QC1 180 52608 0 9469440 2.4E-08
QC2 180 52608 0 9469440 2.4E-08
VY1 94 52608 0 4945152 4.6E-08

TOTALS 17 170923080 AVG. 9.9E-08

H-004
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FINAL, STATISTICS CORE FLUX SENSORS-REDUCED C APA81LIIY-COMMAND F AULIS INCLUDED

OPERATING
FAULT RATE

(FAULfS/ HOUR)

47

BAS.CWIL. 3.3L-07

19.5

2.3

COM8.ENG. 5.9E-07

2.9

i
1.7

1

WESTIN3H. 6.6E-07

1.8

h
6 1.5

PWR'S 6.0E-07

1.6

1.5

G6 (3WR'SI 9.9E-08

1.6

1.3

DVERALL 1.6E-07

14

X.X - UPPER 95E CONFIDENCE MULTIPLIER
Y.YE-YY - LER R ATE E STIM ATE
Z.2 - LOWER SE CONFIDENCE O! VISOR

H-005
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The remainJer of Appendix }{ is provided on microfiche.
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Inoperable-Command Faults Excluded I-082 |......... . .. . ..... ... ....... ..... ...
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APPENDIX l

RESULTS OF CHANNEL LER RATE ESTIMATIONS

Using the factors of the LER rate point estimate where
given in the Final Statistics section, the upper and
lower bounds can be determined as follows: X.X upper 95% confidence multiplier=

J_ multiply X.X times Y.YE-YY to obtain upper 95fo
confidence limit Y.YE-YY = LER rate point estimate and

""
lower 5% confidence divisor.Z.Z =

divide Z.Z into Y.YE-YY for lower STo confidence9
limit NOTE: Table 19 provides this information.
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SASCOCKEWILCOX CORE FLUX CH ANNELS( AN ALOGI-RED. C AP.-COMMAND F AULT 5 INCLUDED

COMPONENT POPULATION OPERAi!WG
F AUL T Rt1E

PLANT POPULAi!ON HOUR 5 FAULTS HOUR 5 ( F AUL T5 tHOUR I

AR1 4 52608 1 210432 4.8E-06

CR3 4 43512 8 174048 4.6E-05 |

DSL 4 38472 0 153888 1.5E-06 j

OE1 4 52609 17 210432 8.1E-05

OE2 4 52606 0 210432 1 1E-06

DE 3 4 52608 4 210432 1.9E-05

RS1 4 52608 1 210432 4.8E-r6

Til 4 28368 0 113472 2 0k-06

T12 4 8760 0 35040 6.5E-06

TOTALS 31 1528608 AVG. 2.0E-05-

6s
I-001

|

|
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59519111SN,[NQlN{{R139 CORE FLUX CHANNELS ( AN ALOGI-RED. C AP.-CONNANO FAULT S INCLUDFD

COMPONENT POPULAT. ION
CPERATING

'; AUL T R A I E== -. ------

PLANT POPULATION HOURS FAULTS -HOURS 4 FAULTS /H004)

AR2 4 26952 0 107808 2.1E-06

CC1 8 52608 4 420864 9.5E-06

CC2 8 44592 4 356736 1.1E-05

FC1 8 52608 1 420864 2.4E-06

NI2 8 52608 5 420064 '1.2E-05

NY1 8 52608 0 420864 5.4E-07

PA1 6 52608 2 -315648 6.3E-06

;- SL1 8 49920 ..0 .....360 5.7E-07-399r

=.y
TOTALS 16 2863000 AVG. 5.6E-06

I-002

,
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WE ST INGH CUSE CORE FLUE CH ANNEL5( AN ALOGI-RED. C AP.-COMMAND F AUL T 5 INCLUDE D

COMPONENT POPULATION OPERATING
FautT RAIE- - - - - - - - - - --- - - - - - - - - - - - - -

PLANT POPULAi!ON HOURS FAULTS HOURS (FAULTS /HGUR)

SW1 8 49488 2 395904 5.1E-06

DC1 8 52608 0 420864 5.4E-07

0C2 8 33432 1 267456 3.7E-06

HN1 6 52600 2 315648 6.3E-06

IP2 8 52608 2 420864 4.8E-06

IP3 8 50304 1 902432 2.5E-06

JF1 8 38544 4 308352 1 3E-05

JF2 8 5784 0 46272 4.9E-06

KE1 8 52608 .0 420064 5.4E-07

MG1 8 3504 0 28032 8.1E-06

NA1 8 32808 3 262464 1.1E-05

NA2 8 13632 6. 109056 5.5E-05

PRI 8 52608- 4 420064 9.5E-06

$ PR2 8 52608 0 420864 5 4E-07

Pil 8 52608 0 470864 5.4E-07

PT2 8 52608 1 .20864 2.4E-06.

RG1 8 52608 0 420864 5.4E-07

R02 8 52608 1 420864 2.4E-06

5A1 8 44328 1 354624 2.8E-06
.

SAZ 8 12364 0 98312 2.3E-06

SE 1 8 13000 1 104640 9.6E-06

SE2 8 1?b8 0 10944 2.1E-05

501 6 52608 0 315648 7.2k-07

$U1 8 52608 0 420864 5.4E-07

SU2 8 52608 2 420864 4.8E-06-

TR1 8 52608 0 420064 5.4E-07

TU3 8 52608 0 420864 5.4E-07

TU4 8 52608 0 420864 5.4E-07

YR1 3 52608 0 157924 1 4E-06
_

211 8 52608 4 420864- 9.5E-c6

ZI2 8 52608 0 420864 5.4E-07

TOTALS 35 9911232 AVG. 3 5E-06
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GENERAL ELECTRIC CORE FLUX CHAMMELSI AN ALOGi-RED. C AP.-COMMAND FAUL TS INCLUDED

C0MPONENT POPULAT10N_ A
p

PLANT POPULATION HOURS FAULTS HOURS (FAULTS / HOUR)

BF1 18 52608 0 946944 2.4E-07

8F2 18 52608 0 946944 2. 4E-0 7
BF3 18 47328 1 851904 1 2E-06

BP1 8 52608 0 420864 5.4E-07

BRI 18 45864 13 825552 1.6E-05

BR2 18 52608 2 946944 2.1E-06

Col 18 52608 4 946944 4.2E-06

DA1 16 52608 7 841728 8.3E-06

DR1 9 24840 16 223560 7.2E-05

DR2 18 52608 6 946944 6.3E-06

DR3 18 52608 20 945944 2.1E-05

EN1 18 52608 1 946944 1.1E-06

EN2 18 30648 7 551664 1.3E-05

FP1 18 52608 16 946944 1.7E-05

MI1 18 52608 4 946944 4.2E-06

M01 18 52608 6 946944 4 2E-06

NM1 16 52608 6 841728 7.1E-06

0C1 16 52608 6 841728 7.1E-06

PS2 18 52608 4 946944 4.2E-06

P83 18 52608 2 946944 3.2E-06
'

PIl 18 52608 0 946944 2 4E-07

QC1 18 52608 0 946944 2.4E-07

GC 2 18 52608 0 946944 2.4E-07

VY1 16 52608 0 841728 2.7E-07

TOTALS 120 20444616 AVG. 5.9E-06

I-004
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FINAL STATISTICS CORE FLUE CHANNELSI AN ALOGI-RED. C AP.-COMMAND F AULT S INCLUDED

OPERATING
FAULT RATE

IFAULTS/ HOUR)

1.3

BAB.CWIL. 2 0E-05

1.6

1.5

CONS.ENG. 5.6E-06

16

1.3

WESTINGH. 3.5E-06

1.4

7
o

1.2

PWR'S 5.7E-06

1.2

12

GE IBWR'SI 5.9E-06

1.2

1.1
DVERALL 5.8E-06

11

X.X - UPPER 951 CONFIDENCE MULTIPLIER
Y.YE-YY - LER RATE ESTIMATE
Z.Z - LOWER 5t CONFIDENCE DIVISOR

I-005
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The remainder of Appendix I is provided on microfiche.
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