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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 Goverr. nent not any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal li;bihty of re-
sponsibshty for any third party's.use, or the tesults of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.

I

NOTICE

Availability of Reference Materials Cited in NRC Publications i

Most documents cited in N RC pubhcations will be available f rom one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W. ;

Washington, DC 20555

2. The Superintendent of Documents, U S Government Printing Of fice, Post Of fice Dos 37082,
Washington, DC 20013 7082

3. The National Technecal Information Service, Springfield VA 22101 |

Although the hsting that follows represents the majority of documents cited in NPC pu'alicationt
it is not 6nterided to be euhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Pubhc Docu !

ment kom include NRC correspondence and internal NRC memoranda: NRC Of fice of Inspes ton
and Enforcernent bulletins, circulars, information notices, inspection and investigation noticas;
Licensee Event Reports; vendor renorts and correspondence; Corr nission papers; and applicant and
hcensee documents and correspondence. I

The following documents in the NUREG series are available for purchase from the GPO Sales
program: formal NRC staff and contractor reorts, NRC sponsored conferenca proceedings, and
NRC booktets and brochures. Also available are Regulatory Guedes NRC regulations in the Code of
federal Regulations. and Nuclear Regulatory Commission issuances.

,

'
Documents available from the National Technicat information Service include NUREG series,

reports aed technical reports prepared by other f ederal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Comrnission,

Documents available from pubhc and speoal technical hbraries include all open hterature i', ems,
such as t,ooks. Journst and periodical articles, and transactions, federal Register notices, federal and
state legislation, and congressional reports can usually be obtained from these hbraries.

Documents such as theses, dissertations, foreign reports and translations, and non NRC conference
proceedings are available for purchne from the organiistion sponsoring the pubhcation cited

Single copies of NRC dratt reports are available free, to the extent of supply, upon writMo
' request to the Division of infoimation Support 4rvius, Distribution Section, U.S. Nuclear

Regulatory Commission, Washington,. DC 20555,
i Copies of industry codes and standards used in a substantive manner in the N RC regulatory process

are maintained * the NRC Librat y, 7920 Norfolk Avenue, Bethesda, Maryland, and are amtable
there for reference use by the public, Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from the
American National Standardt institute,1430 Broadway, New York, NY 10C18.
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ABSTRACT

This document is an annotated bibliography of nuclear, nonnuclear, and
foreign data sources trat are useful in nuclear power plant reliability and
risk analysis applications. A brief description of the contents, areas of

usefulness, access information, and the name and address of a contact is
provided for data sources of all types. In addition, for nuclear data

sources, tabular comparisons are made. These comparisons include the scope

of the data sources; their operational, special-purpose operational, -

;

pedigree, aggregated, and derived data; the operational and design dati each
data source originates from; and access information.

t

Probabilistic risk assessments (PRAs) are profiled separately. For

enen PRA, background information that Gescribes the PRA and the plant itself
is providsd. Also the input data sources used to support each PRA are
identified. Of special interest is the '.dentification of unique

plant-specific data sources that have evolved from the PRA analyses. To the

extent possible, how the data sources were used in the analysis is also
discussed,
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SUMMARY

The United States Nuclear Regulatory Commission's Office of Analysis
and Evaluation of Operational Data (USNRC-AE0D) established two primary
objectives for FY 1986 for its Integrated Risk Assessment Data Acquisition
Program (IRADAP). The objectives were to a) identify and prioritize the
operational data needs of the USNRC's reliability and risk programs, and i

'

b) to document and profile existing data sources which can be used as direct
1

input to or provide support to USNRC programs and activities.

For IRADAP's second objective, EG&G Idaho (a prime operating contractor
at the Department of Energy's Idaho National Engineering Laboratory)
developed an annotated bibliography of data sources for use in reliability
and risk analysis. The data sources include both computerized data bases
and hard copy reports.

'

Most input for this document originated from three sources. Two were1

previous reports that identified a number of data sources: Nuclear
Regulatory Commission, Intearated Risk Assessment Data Acouisition Proaram
Status Reoort to the Office of the Executive Director, October 4, 1985; and !

C. Kido et al., A Biblicaraohv of Data Bases fer Nuclear Power Plant Risk

Assessment, EGG-EA-6100, November 1982. The third source was responses to a
questionnaire sent to USNRC and contractor personnel.

The data sources included in this document are grouped by ,

!crigin: nuclear, nonnuclear, or foreign. Because the intended use of thisi

document is in nuclear industry applications, the emphasis is placed on the
nuclear data sources of U.S. origin. The foreign nuclear data sources are
distinguished and given less attention because they are generally less I

readily accessible and often do not provide data on the population base of

interest (U.S. commercial reactors).

|
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A profile is provided for each foreign and nonnucia r ata source. The

profile includes a brief description of the source's contents, areas of
usefulness, access information, and reference information for a contact
individual. Similar profiles of 38 nuclear data sources are given. In

addition, tabular comparisons are provided for the nuclear sources. The ;

comparisons include the scope of the data sources, the operational, special !

purpose operational, pedigree, aggregated, and derived data contained in the !

data source; the operational and design data used to generate the source;
the published data sources used to generate the source; and access
information for the source. The tables provide for quick referencing of the
data sources and making an assessment of how applicable a source is to
meeting a data need.

A wide variety of data sources are included. The sources vary

considerably in size, potential application, and visibility through the
nuclear industry. For example, computerized data sources include the ;

sequence coding and search system, engineered safety features actuation,
human error reliability analysis, and maintenance performance indicators.

'

Reports address topics in areas such as diesel generator performance, harsh
i environment common cause dependencies, and initiating event frequcncies.

Probabilistic risk assessments (PRAs) have been addressed separately ,

from other nuclear data sources. PRAs have been highlighted for a number
of reasons. Because of the level of effort associated with performing PRAs, I

they often provide a wealth of information on a particular nuclear power |
'

I plant. PRAs include useful data originating as input in addition to their
|

useful outputs (e.g., core-melt probabilities, dominant cccident
Isequences). For this document, emphasis is placed on the operational data

sources tabulated for each PRA, in particular the identification of i
'

fplant-specific data sources used in the analysis. These data sources
represent a valuable commodity and have potential use in a variety of other

|
applications, including other PRAs. |

!
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For each of over 30 PRAs, the following are provided:

1. A discussion of the data sources used in the analysis and where
they appear in the reference document

2. A table of background information that describes the PRA and the
plant itself (e.g., plant type, architect / engineer, PRA completion
date, type of analysis)

:
,

3. A table identifying the operational data sources and how they were
used in the analysis.

,

A review of the input data sources used in PRAs as PRA analysis has
evolved over the past 10 years has shown a considerable refinement in the
input data sources. Better estimates are being produced for quantities such
as the number of failures, demands, exposure times, and unavailability. The

use of plant-specific data for these estimates is increasing.

For this document to maintain its usefulness, it is imperative that it
be updated periodically to reflect the availability of new data sources. A

future data sources section is included in this report. In this section,

data sources that were not published or were still in a developmental stage
at the time this docume't was written are enumerated. A brief description ;

is provided for each of these sources.
,

|
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ANNOTATED BIBLIOGRAPHY OF RELIABILITY AND RISK DATA jiOURCES

1. INTRODUCTION

This report provides the United States Nuclear Regulatory Comission
(USNRC) with a comprehensive list of sources of operational data that can be
used in reliability and risk assessments of nuclear power plants (NPPs).
The Integrated Risk Assessment Data Acquisition Program (IRADAP) exists to
make the UNNRC's use of oparational data as efficient and effective as

Ipossible; increasing the availability of current operational data to all ,

USNRC data users is a part of that goal. '

I

To fulfill the FY 1986 scope of work for IRADAP defined by the USNRC
Office for Analysis and Evaluation of Operational Data (AE00), personnel
from EG1G Idaho, Inc., interviewed USNRC and contractor personnel currently ,

working on USNRC programs that use operational data. The primary purpose of
these visits and exchanges was to assess data needs;l however, information
on the data sets- both formal and informal--that are currently being used to
meet those needs was also collected. In addition, questionnaires were
distributed and, in some cases, followed by phone contacts to clarify
information. This information was supplemented by source information

2 3
'

gathered in the FY 1985 IRADAP effort and by a data base bibliography
compiled in 1982 for USNRC use as part of the USNRC Office of Research's
National Reliability Evaluation Program.

Sumaries describing each of the resulting data sources are contained
in the next four sections. The greatest amount of detail is found in the
section on U.S. nuclear sources; foreign sources and nonnuclear sources are
included for completeness where information was available. In each case, a

brief summary of the content of the data source and access information is
provided. The sources include conventional computeri;ed data bases, data
bases that are supplemented by reports, and reports based on information
data records that may or may not be computerized. Information about the

1
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sources also includes the time frames covered by their data and whether they
are uodated.

The fourth data source section deals with probabilistic risk
assessments (PRAs) of U.S. commercial NPPs. A specially designed
ouestionnaire was distributed for this study to collect information about
the operational data sources that have been used in PRAs. This information
has two benefits. First, a knowledge of how existing generic sources have
been used in past risk assessments provides further insights on their
applicability. The second and most important benefit is that many of the
PRAs contain plant-specific operational data that could be used in risk
assessments of similar plants. Thus, the PRAs and their supporting
documentation in many cases are operational data sources in their own
right. The PRA source section of this report provides background
information and an evaluation of all the NPP PRAs from this point of view.

The individual data source description sections are followed by a
summary section that contains tabular comparisons of the profiled U.S.
nuclear data sources. Finally, a section lists future sources that are
currently being developed. These sources should be described in more detail
in future editions of this bibliography. The updating of this bibliography
every other year is recommended to keep it current.

2
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2. NUCLEAR DATA S0'JRCE DESCRIPTIONS AND ACCESS

A description of the fundamental features of the nuclear data sources
and access information is provided in this section. Also included is
itemized background information for each source. The itemization includes

| the type of source (e.g., report versus computerized data base), updating
frequency, and the time frame that the data, or the input data to thei

j source, span. This itemization provides a quick means of assessing, at an -

unfocused level, a data source's potential use (i.e., whether further
inquiries are warranted).,

The data source descriptions address topics such as the data origin,
how the source was developed, the specific types of data the source'

includes, and potential applications of the data.

The access information for each source includes a contact person, how
to obtain a copy of the source, computer access methods, and access
limitations,

i Tabular comparisons of the nuclear data sources are presented in a

| later section of this report.
, 1

|

2.1 Accident Seouence precursor

| Sponsor: USNRC-AE00
'

Type of source: Reports / computerized data base

Industry: U.S. commercial nuclear

| Number and type of records: 350 events representing occurrences of
| accident precursors
-

Frequency of record update: Annual
,

j Data Source Boundary: Events reported under licensee event report
] (LER) requirements and meeting one of the
' following requirements-
b '

i
i

i i

! I
; <

o

- - - . - ,-, ,,--, ,,--,,,, --- - ,- ,,
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o the failure of at least one function
required to mitigate a loss of main
feedwater, loss-of-offsite power (LOSP),
small break loss-of-coolant accident '

(LOCA), or steam line break

o the degradation of more than one function
required to mitigate one of the above

i
initiating events

o an actual initiating event that sequired
safety function response. ;

Time frame: January 1969 through December 1981 and January
1985 through December 1985

2.1.1 Descriotion

The Accident Sequence Precursor (ASP) program was established at Oak
Ridge National Laboratory (ORNL) in 1979. The program has provided a data
base of nuclear power plant potentially severe accident experience. The

program has produced three reports (NUREG/CR 2497,4 NUREG/CR-3591,5
6NUREG/CR-4674 ) that identify, categorize, and quantify precursors to

potential severe core damage accidents over different time periods.
Collectively, the reports cover precursors occurring from 1969 through 1981

|

and during 1985.

In the reports, LER and other plant data are used to calculate the
ordinary unavailability of plant safety functions. The expected average
frequency of initiating events (loss of feedwater, LOSP, LOCA, and steam

; line breaks) is determined, when possible from the precursors. Next, the
'

calculated unavailabilities and initiating event frequencies are used with
the event details to evaluate the potential impact of the safety function

i unavailability and/or initiating event occurrences that happened during each
precursor event. This potential impact is expressed in the form of an

! estimate of the conditional probability of potential severe core damage for
each precursor, given the initiating event frequency and function failure

. probability estimates that would apply during the precursor event. These

inputs are used in conjunction with event trees,

i

!
1
i

4
i
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The reports also include the precursors ranked by significance, a '

ilisting of dominant sequences, and descriptions and data on each precursor,
i

'

The precursor description and supporting data are maintained on a
personal computer (PC) for storage and easy retrieval purposes. The data

include the record number, date, the failure sequence, cause components
involved, and a host of other data, in addition, interactive user-friendly
software exists for assessing the potential for core damage for a specific
precursor and scenario of events.

|

2.1.2 Data Source Access

Contact: Joe Minarick

Address: Science Applications International Corp.
P.O. Box 2501
Oak Ridge, TN 37831

,

Phone: 615-482-9031

Report ordering address: National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road
Springfield, Virginia 22161

Report cost: Unknown

Report accessibility: No restrictions

Computer access: All requests for this data and the analysis
code should be made through Fred Manning at
NRC/AE00, 301-492-7418 (FTS 492-7418)1

i

2.2 Aoino Root Cautg !

Sponsor: USNRC RES

Type of source: Report / computerized data base

Industry: U.S. commercial nuclear |
*

|
' Number and type of records: 852 component failure records from the Nuclear I

Plant Reliability Data System (NPRDS)
]

; Frequency of record update: Irregular

l
<

) 5
!

)

2
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~

Data source boundary: NPRDS reports on service water system (SWS)
for BWR and Babcock & Wilcox (B&W) plants and
the IE electrical power distribution system
for B&W plants

Time frame: NRPDS records since its inception (1974)

2.2.1 Descriotion

7The report presents the results of a detailed root cause analysis of |

component failure performed for the USNRC Nuclear Plant Aging Research j

(NPAR) Program. In the analysis, the categorization and coding technique
developed in the EG&G Idaho Root Cause of Component Failure Program was
used. The report identifies aging related failures at the root cause level
from NPRDS data. The analysis was performed on a system basis (SWS and IE

electrical). The data provide insights into the effects of aging versus
nonaging failures on system performance. The components dominating the
failure contributions are identified. Also, root cause and aging-related
failure fractions for components are given.

The root cause data was processed using dBASE III. The data base is
structured so that easy retrieval of information specific to system,
component, failure mode, root cause, and age are possible. Because NPRDS is

proprietary, the data was reported generically with respect to plants. To

obtain a PC disk of the data, permission from the Institute of Nuclear Power
Operations (INPO) (the sponsor of NPRDS) would be required in addition to
USNRC RES approval.

2.2.2 Data Source Access

Contact: David Satterwhite

Address: EG&G Idaho, Inc.
P. O. Box 1625
Idaho Falls, ID 83415

Phone: 208-526 6067 (FTS 583 6067)

Report ordering address: Same as above

Report cost: None

6
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Report accessibility: No restrictions

Computer access: A copy of the data base in the form of a
floppy disk is obtainable with approval from
J. T. Vora (USNRC-RES), 301-443-7673
(FTS443-7673) and INPO

2.3 Comoonent Root Cause

Sponsor: USNRC RES

Type of source: Report / computerized data base

Industry: U.S. commercial nuclear !

Number and type of records: Approximately 375 events describing the root
causes of component failures

Frequency of record update: None ;

Data source boundary: Root cause data as captured by LER reporting
for the following components: motor-operated
valves, pneumatic-operated valves, check
valves, relief valves, turbine-driven pumps, ,

motor driven pumps, and circuit breakers

Time frame: !980 through 1985
i2.3.1 Descriotion l

8The report presents the results of the development and application
of a three-tier categorization scheme for root causes of component
failures. The data provide a valuable input for reliability assurance and
probabilistic risk assessments.

Root cause information on component failures was coded for the seven
components cited above. For selected failure modes for each component, 25
reports with third-tier root cause data were coded. The data were obtained
from LERs. When necessary, NPROS data from a trial coding session was used
to supplement the LER data. Common cause failure information was included I
in the coding.

7
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Root cause fractions that indicate the relative contribution of a
particular root cause for a component failure in a given failure mode were
calculated.

The data are maintained on a PC through use of dBASE 111 for easy

retrieval and editing.

1

2.3.2 Data Source Access

Contact: David Satterwhite

Address: EG1G Idaho, Inc.
P. O. Box 1625
Idaho Falls, ID 83415

Phone: 208-526 6067 (FTS 583 6072)
|

Report ordering address: Same as above

Report cost: None

Report accessibility: No restrictions

Computer access: A copy of the data base in the form of a
floppy disk is obtainable with approval from
P. K. Niyogi (USNRC RES), 301-443-7612

| (FTS 443 7612).

1

| 2.4 Centralized Reliability Data Oroanization
i

Sponsor: U.S. Department of Energy (00E)

| Type of source: Periodic reports / computerized data base'

Industry: U.S. nuclear (liquid metal fast breeder
reactor (LMFBR), high temperature, gas cooled
reactor (HTGR))

1

i
Number and type of records: 1500 failure events; engineering data for

1 20,000 components found in advanced reactors
i

I (e.g., LMFBRs)
|

Frequency of record update: Daily |

Data source boundary: The following advanced reactor sites and test |
facilities: Composite Reactor Components Test j

Activity (CRCTA), Experimental Breeder '

8
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Reactor-!! (EBR-!!), Fast Flux Test Facility
(FFTF), General Purpose Loop (GPL), Mine
Safety Appliance Research (MSAR), Prototype
Applications Loop (PAL), Sodium Reactor
Experiment (SRE), Thermal Hydraulic
Out-Reactor Safety Facility (THORS), and
Trantient Test Loop (TTL)

Time frame: Engineering data have been collected
since 1978, and historical data have been
compiled since the early 1960s

!

2.4.1 Descriotipa
.

!

The Centralized Reliability Data Organization (CREDO) data base is '

maintained at ORNL to provide a central computer based source of accurate,
timely data and information for use in reliability and availability analysis
of advanced reactors (LMFBRs and HTGRs).9 CREDO is a component-based

system, i.e., engineering, operating, and event data focus on a specific
item identified as a component within a given system. CREDO uses a

comprehensive list of 45 generic components that are representative of all
|components found at any reactor site. Each component may be associated with

only one system and subsystem at a time. Because system and subsystem

boundaries and nomenclature vary from site to site, CREDO has also developed
a generic list of systems and subsystems.

The data base management system (OBMS) used for CREDO catalogs and

stores data in three types of files that correspond to their respective data
types:

1. Engineering data design and operating characteristics and
information on the component's application in its particular
unit / system. Usually, engineering data are reported once per
component and updated when necessary

2. Operating data chronological sequential reports that provide a
profile of the accumulated operating history of the reporting
unit. The length of the reporting period is based on the most

9

|
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| logical operational increment (e.g., quarterly, length of test
run, reactor experiment run). Each operating data report form
includes the hours of unit operation in specified reactor modes
and provides information about facility availability

3. Event data--data concerning any CREDO reportable event that occurs

| to components being tracked by the CREDO system. These data

include a description of the event, method of detection, failure
mode, failure cause, corrective action, etc.

The combination of the information contained in the engineering,
operating, and event data files will allow for the calculation of various
reliability parameters such as average failure rate, mean-time to failure,
mean time to-repair, et:. In addition, various types of qualitative outputs
can be generated for use by a data analyst.

The data base is maintained on an IBM mainframe computer with a

combination of_ JOSHUA and ORCH!S DBMS. Although the DBMS is too large for
,

transport on floppy disk, subsets of the data base are obtainable in the
form of PC floppy disks. In addition, data base searches will be performed
by ORNL on request.

There are costs; assrciated with access and use of the data base.

| However, the following organizations are exempt from this fee: ORNL, DOE,
DOE contractors, and users under DOE's Applied Technology classification..

I Anyone outside of thr:se groups must obtain DOE approval for access to the
data base.

2.4.2 Data Source Access

Contact: John J. Manning

Address: Martin Marietta
Oak Ridge National Laboratory
P.O. Box X

| Oak Ridge, TN 37830
1

1 Phone: 615 574 5288 (FTS 624-5288)

10
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Report ordering address: Same as above

Report cost: Unknown

Report accessibility: No restrictions

Computer access: See contact above for information on how to
obtain 00E approval for ORNL data base
searches or PC floppy disks with subsets of
the data base

1
2.5 Decendent Failure / Harsh Environment Events

'

Sponsor: USNRC RES

Type of source: Report

Industry: U.S. commercial nuclear

Number and type of records: 700 events representing occurrences of common
cause failures and failures caused by harsh
environments

Frequency of record update: None

Data source boundary: LERs on failures of 26 component and
subcomponent types

Time frac- Inter.ittent: January 1971 through December
1985

I2.5.1 Descriotion

10This is a letter report from JBF Associates Inc., to Sandia
i4ational Laboratories (SNL) summarizing JBF's efforts to analyze dependent
(common cause) failures and failures caused by harsh environments. The

information used for the analysis was comprised of over 1000 failure reports
(mostly abstracts of LERs that were assembled for other studies).

1

The 26 groups of components selected for study are: accumulators,

batteries, cables, control rod drives, dampers, diesel generators, drains,
air filters, fuel bundles, heat exchangers, heaters, instrumentation and
controls (!!C), motors, offsite power supplies, access penetrations,

11
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pipings, condensate polishirs, pumps, electrical equipment, scram discharge
volumes, shock suppiessors, spargers and nozzles, strainers, transformers,
valves, and other. Air filters include moisture separators, steam traps,
high efficiency particulate air (HEPA) filters, charcoal filters, roughing
filters, and prefilters. The IAC category includes sensors, switches,
oetectors, monitors, transmitters, cables, amplifiers, bistables,
calculators, comparators, and summators. Electrical equipment includes
relays, breakers, starters, and timers. The "other" category applies to
those events in which the components involved are not explicitly indicated
(e.g., the following event has been reported for a BWR: *ECCS components

have doubtful temperature ratings for LOCA").

These data were studied and 700 unique events of interest were
identified and subsequently sorted into 10 data sets for analysis, The data

sets were constructed with different areas of focus for dependent failure
(e.g.,PWR-BWRcomparisons,componenttype,harshenvironment). The

description for each event includes LER number, NSIC number, date, plant,
event description, the failure cause, common cause classification, component
type, and, in several cases, the number of failed /unfailed components.

2.5.2 Q1ta Source Accen

Contact: Michael Bohn

Address: Sandia National Laboratories j

Olvision 6412 )
P.O. Box 5800
Albuquerque, NM 87185-5800

Phone: 505 966 5232 (FTS 844 5232)

Report ordering address: Same as above

Report cost: Unknown

Report accessibility: This report is the property of SNL and must be
obtained through SNL

,

12
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2.6 Reliability of Emeraency AC Power Systems

Sponsor: USNRC NRR j
Type of source: Report j
Industry: U.S. commercial auclear

Number and type of records: 900 occurrences of diesel generator failure at
U.S. nuclear power plants

Frequency of record update: One update in 1985
'

Data source boundary: LERs, NUREG-0737II responses, and responses
to a questionnaire designed specifically for,

! the study

Time frame: January 1976 through December 1980
,

| 2.6.1 Qgscriotion
'

j

Station blackout, or loss of all ac power, has been identified in many
PRAs as a major contributor to risk. This is because of the disablement of
all normal and most emergency cooling systems that occur during loss of ac
power. In addition, most engineered safety feature systems that would

-
'

3 contain radioactive material given a reactor accident are disabled as a !
result of station blackout. The seriousness of these consequences provided

'

,

the major motivation for this study.12 Specific plants were selected to l;

] estimate onsite ac power system reliability based on the most realistic data :
; available, but the reliability estimates calculated for the specific plants .

i were calculated with the intent of being used as representative figures for
any plant with the design and operational features identified in this

j report. |

;

I i
i

j The sources of data for this report were: ,

1

( e

1. Abstracts of LERs

: i

|| 2. Emergency core cooling system (ECCS) outage data submitted to the -

j USNRC by licensees in response to a questionnaire associated with !
! NUREG 0737 |

|
'

.

j 13
;

i !

)
, i
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3. Diesel generator data submitted to the USNRC in response to a
questionnaire prepared as part of the study.

The bulk of the information in the report is included in a 317-page
appendix that contains systems descriptions, station blackout fault trees,
diesel generator historical data, and diesel generator common cause failure
analysis results for 18 different nuclear power plants. Tables and graphs

are well organized and present data correlated to each plant studied. The

study also contains conclusions and recommendations for improving
reliability.

2.6.2 Data Source Access

Contact: Ronald E. Battle

Address: Oak Ridge National Laboratory
Building 3500, MS 8
Oak Ridge, TN 37831

Phone: 615 574-5531 (FTS 624-5531)

Report ordering address: GP0 Sales Program
Division of Technical Information and Document
Control
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Report cost: 58.00

Report accessibility: No restrictions

2.7 Diesel Generator Availability

Sponsor: USNRC-NRR

Type of source: Report

Industry: U.S. commercial nuclear'

Number and type of records: 600 occurrences of diesel generator (DG)
failure

,

Frequency of record update: None scheduled at this time

i

!

14
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,

!

,

Data source boundary: U.S. nuclear plant DG failures for the
specified time frame of the study as reported
in LERs, and responses to Generic Letter 84-15 |

Time frame: January 1981 through December 1983
,

!
,

2.7.1 Descriotion
i

S e purpose of this report I3 is to update the analysis of the !

operating experience of emergency DGs in nuclear power plants contained in
;

NUREG/CR 2989 (see Section 2.6 above). The contents of the reports differ
;

and are therefore described separately. However, the sources are combined
,

for the tabular comparisons of nuclear data sources (Section 6.1).
r

*

| The LER data base served as the primary source of DG failure data, while
; a data base for DG successes was formed from nuclear plant licensees' ;
{ responses to a USNRC questionnaire (Generic Letter 84 15). Estimatos of DG !4

. failure on demand were calculated from the LER data, DG test dsta, and |
| response data from the questionnaire. The questionnaire also provided data I

on DG performance during complete and partial LOSP and in response to safety
I injection actuation signals. Trends in DG performance are profiled. The !
) effects of testing schedules on diesel reliability are assessed. Individual

'

1 failures are identified in an appendix, i

| !

2.7.2 Data source Accen

j Contact: Ronald E. Battle
;

;

t

! Address: IOak Ridge National Laboratory
i

'

! Building 3500, MS 8
L

Oak Ridge, TN 37831
|
t

Phone:
615 574 5531 (FTS 624 5531) !

t

i Report ordering address: GPO Sales Program

! Division of Technical Information and Document
4

iControli :

U.S. Nuclear Regulatory Commission
|; Washington, D.C. 20555 '

f

Report cost: Unknown
1

Report accessibility: No restrictions i

4 1

i

! 15 !
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)

1
2.8 Diesel Generator Reliability

1

Sp nsor: USNRC-NRR

! Type of source: Report
|

1 1

I Industry: U.S. comercial nuclear
:

i Number and type of records: 5000 events representing occurrences of
I attempts to start emergency DGs (successes and
i failures)

|
Frequency of record update: None

i Data source boundary: U.S. nuclear industry response to USNRC and
!Brookhaven National Laboratory (BNL)

!

questionnaires |

j Time frame: January 1980 through December 1985
,

2.8.1 Descriotion
,

:

The report provides an analysis of data received from utilities in fI4

response to the USNRC Generic Letter 84 15. Inputs obtained through |'

responses to a BNL questionnaire cesigned specifically for the study were
I,

! also included in the analysis. Recomendations made for DG reliability by

j other various groups were also evaluated. The other groups include industry

I organizations (such as INPO and ASME), DG manufacturers or vendors, foreign
DG users, the Advisory Comittee on Reactor Safeguards (ACRS), and some ;

! miscellaneous groups.
I

'

i

! Report recomendations include ways to improve DG reliability and ways ,

to improve DG maintenance programs. Other information provided includes: {
the DG reliability at every site for the last 20 starts and last 100 starts, j

a listing of the number of DGs per unit, sumarte: of responses to GL 84-15
t

including population data, and sumaries of individual utility responses to |
J the BHL questionnaire.

O I

! 2.8.2 Data source Access
! <

| Contact: James Higgins
i

j Address: Brookhaven National Laboratory |
|4

| 16 j
; '

! |
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,

:

k

! i

Building 130 !

! Upton, NY 11973 i
!

Phone: 516-282 2432 (FTS 666 2432) !
:

Report ordering address: NRC Public Document Room i
1717 H Street, N.W. |
Washington, D.C. 20555 :

Report cost: Unknown

|
Report accessibility: No restrictions

;

2.9 Diesel Generator Test Intervals

1 Sponsor: USNRC NRR :

i

j Type of source: Report / computerized data base |

Industry: U.S. comercial nuclear j

l Number and type of records: Number of records is unknown. Records are for
; OG unavailability for 35 nuclear power plants, i

| with test and accident unavailability '

,

; distinguished
! |

) Freqttency of record update: None '

l1

i Data source boundary: Scope and d3 tail of plant maintenance records |

fTime frame: Unknown

f
1

; 2.9.1 Descriotion
!

t
15This report presents an analysis of DG unavailability, caused both |

by failure occurring while the DG is on standby and test-caused failurts.'
,

,

! The report presents a methodology for determining testing intervals (T!s) so
! that diesel unavailability is at an acceptably low level. Sensitivity

'

f analyses of test unavailability and accident unavailability to varying tis !
1 are presented. |

i
'

i <

j PC based models are presented for evaluating diesel unavailability. |

! Parameters for the models are discussed in the report, but individual DG j
.

unavailability events are not liued. Generic T!s for a range of parameters jd

and population of plants are displayed.

!
l 17 !

I
I
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1

i

i
i

i

| The software for the PC based algorithm evaluating the effect of

| varying TI on unavailability is transferable by PC disk. The software

j required to support the analysis is Lotus 1-2-3, One hypothetical set of
parameters for the model is included on the disk.

2.9.2 Data Source Access

Contact: John Boccio

Address: Brookhaven National Laboratory
Building 130i

; Upton, NY 11973
i

| Phone: 516 282-7690 (FTS 666-7690)
i

i Report ordering address: Same as above |
1 !

! Report cost: Unknown !
1

1

fReport accessibility: No restrictions
1 t
j Computer access: See contact above for analysis software. The
j data base is not available
j *

,

j 2.10 Electric MotorJ_gjng f
fSponsor: USNRC-RES

f Type of source; Report f
Industry: U.S. comercial nuclear

Number and type of records: Over 500 events representing occurrences of I
electric motor failure in nuclear power plants [

IFrequency of record update: None

} Data source boundary: Failures of electric motors captured by LER, j

1 NPROS, IPRDS, and Nuclear Power Experience i
j (NPE) reporting i
i t

i Time frame: January 1974 through Dece:nber 1983

:
!

!
:
t

18 j
.

t

. _ _ _ _ _ _ , _ . - . _ _ _ , _ , . _ . , , _ _ , . . - . _ _ _ _ , . _ _ _ _ _ _ . _ . - . . ,,..,-.___-___._....-_..___-.__...___.____.._.,__I



_ _ . . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ - . . _ _ _ _ - - . _ . . _ _ . . _ _ _ .__ _ _ - - _ _ = ,

!
i

i

I
i

2.10.1 Descriotion .

16The report provides an aging assessment of alsetric motors and was
conducted under the auspices of the USNRC NPAR. Pertinent failure related |

.

information was derived from a variety of sources for the study. The j
sources used were LERs, IPROS, NPROS, and NPE, Failure modes, mechanisms, !

and causes for motor problems were reviewed from operating experiences j

described in these sources. [
t

; In addition, motor design and materials of construction were reviewed [

| to identify age sensitive components. The study included consideration of ;

j the seismic susceptibility of age degraded motor components, that is !

I whether the failure mode, mechanism, and cause are directly attributable i

j or potentially susceptible to externally induced vibrational effects.
!

i>

The aforementioned reviews and assessments were assimilated to (
'

! characterize the effect of dielectric, rotational, and mechanical hazards I

on motor performance and operational readiness. The functional indicators ;

were identified that can be monitored to assess motor component ;
i deterioration caused by aging or other accidental stressors. The study

'

also includes a preliminary discussion of current st*,ndards ano guides, !
maintenance programs, and research activities pertaining to nuclear power [
plant safety related electric motors. Included are motor manufacturer
recommendations, responses from repair facilities to a questionnaire,
in service inspection data, expert knowledge, USNRC-!E audit reports, and '

4

a standards and guides published by the Institute of Electrical and i

Electronics Engineers (IEEE). !
I

i
i
1 2.10.2 Data Source Access i

!
2 Contact: Manomohan Subudhi |

.

|
'

Address: Brookhaven National Laboratory
Building 130
Upton, New York, 11973 -

;

Phone: 516-282 24?9 (FTS 666-2429)

) !
: i

; i

19 |
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Report ordering address: GPO Sales Program
Division of Technical Information and Document
Control
U.S. Nuclear Regulatory Comission3
Washington, D.C. 20555

Report cost: Unknown

Report accessibility: No restrictions

k 2.11 Enaineered Safety Feature Actuation / Scram Data Base

Sponsor: USNRC.AE00

Type of source: Computerized data base

Industry: U.S. commercial nuclear

Number and type of records: Approximately 1650 events per year describing
engineered safety feature (ESF) actuations and
650 scram events / year

t
Frequency of record update: Annually

Data source boundary: Events reported in accordance with
10 CFR 50.73(a)(2)(iv)

Time frame: January 1985 to current

2.11.1 Descriotion

The data base is the product of a study conducted for AE00 by the Idaho
National Engineering Laboratory (INEL). Unplanned ESF actu4tions and scrams

are reportable as Licensee Event Reports under 10 CFR 50.73 (a)(2)(iv) and
have been identified and categorized. Theso events are also noted in the
NRC's R9 portable Events File (see Section 2.32); as a result, the events are
entered into the ESF/ Scram data base within 5 days of their occurrence.

The characterization of ESF occurrences and scrams provides an

understanding of the frequency and cause of these events for the industry as
a whole and for various subsets (plants, utilities, nuclear steam supply
system (NSSS) vendors, reactor types, etc.). A study of the encoded data
also helps one usess the significance and implications of the current ESF
actuation and scram occurrence rates, whether specific actions by the NRC or

20
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industry appear warranted, and the usefulness of such rates as suitable |

measures for indicating licensee performance.

The data base was developed in dBASE III PLUS and it maintained on a

PC. Documentation on the structure of the data base exists but is not
contained in any formal publication. A disk of the data base is available
only through AE00 (see below).

2.11.2 Data Source Access
|

Contact: Wayne Christenson |

Address: EG&G Idaho, Inc.
P.O. Box 1625
Idaho Falls, Idaho 83415

Phone: 208-526-9289 (FTS 583-9289)

Computer access: Contact M. R. Harper
USNRC-AE00 (FTS 492-4497)

2.12 Electric Power Research Institute Reoorts

Sponsor: Electric Power Research Institute (EPRI)

Type of source: Reports

Industry: U.S. electrical power generation; reports with
"NP" in their number describe nuclear plants

Number and type of records: Varies from one report to another; see
.

examples in text below j

Frequency of record update: Irregular

Data source boundary: Varies; see examples in text below

Time frame: Varies

2.12.1 Descriotion

EPRI funds research on various topics dealing with the generation of
electric power. Reports for most of these projects are available from the

21
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Research Reports Center free of charge to EPRI member utilities and
affiliates, contributing nonmembers, U.S. utility associations, U.S.
government agencies, and foreign organizations with which EPRI maintains
exchange agreements. EPRI maintains a catalog of all its publications (EPRI
Guide 17) for the four-year period prior to the catalog's date of
publication. The number of these reports rendered it infeasible to attempt
to identify and profile each individually. The EPRI Guide is readily

available and provides a brief synopsis for each recort and can be used as a
preliminary screer g tool for assessment of a report's potential use.
Examples of EPRI aports are discussed below. These reports are in the
areas of transients, DGs, and component reliability.

!
ATWS: A Reaooraisal. Part 3: Freauency of Anticioated Transients, i

|
EPRI NP-2230,18 and Loss of Off-Site Power at Nuclear Power Plants: Data |

and Analysis, EPRI NP-2301,19 both deal with transient events. EPRI

NP-2230 lists various transient categories which have resulted in fast

reactor shutdowns (scrams). Fifty-two nuclear power plants have contributed
data on a total of 2,996 events, representing 315 plant years of expe-

I rience. The data are from the plants' commercial dates through approxi-

| mately April 1980. Occurrence rates are featured with means and standard
deviations, broken down by plant type, power level, and the cause of the
transients. F.PRI NP-2301 examines data on 45 LOSP incidents. The data were

collected from 47 nuclear power plant sites and used to derive frequency
estimates of LOSP and time to regain offsite power (recovery time).

Diesel Generator Reliability at Nuclear Power Plants: Data and

Preliminary Analysis, EPRI NP-2433,20 addresses emergency DGs. The report

uses OG performance data from nuclear power plants to estimate probabilities
of failure to start and failure to continue to run. The data on diesel
failures is taken from plant records, utility surveys, or LERs; the event
descriptions are provided in two appendixes.

Comoonent Failure and Reoair Data for Gasification--Combined Cycle
'

Power Generation Units, EPRI AP-2205,21 addresses components in coal-fired

l
22
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plants. The failure rate esti:..ates for various generic components are
garnered from Edison Electric Ir.stitute (EEI) estimates, failure mode
analysis, and expert consensus. Failure rates and restoration rates are
featured as mean time between failures (MTBF) and mean time to repair

(MTTR). This data, while not directly applicable to nuclear components,
could be applicable to reliability and risk assessment where components are
similar.

2.12.2 Data Source Access

Contact (for reports
; related to nuclear power): D. H. Worledge
!
! Address: Electric Power Research Institute

3412 Hillview Avenue
Palo Alto, CA 94304

Phone: 415-965-4081

Report ordering address: Research Reports Center
P.O. Box 50490
Palo Alto, CA 94303

2.13 Diesel Generator Performance

Sponsor: USNRC-lE

Type of source: Report

Industry: U.S. commercial nuclear
,

Number and type of records: 500 occurrences of DG failure at nuclear power
plants

Freouency of record update: None

iData source boLndary: DG failures reported in LERs, 10 CFR 50.53E,
Part 21, NPRDS, and EPRI document files

Time frame: January 1980 through December 1983

2.13.1 [Lqisriotion
|
|
,

22The report evaluates recent DG and DG vendor performance. All DG |

vendors were reviewed with the exception of Transamerica Delaval, Inc.

23



(TDI), because of the emphasis already being given to TDI diesels in other
studies. For the period 1980 though 1983 inclusivo, BNL reviewed and
evaluated DG failure data, DG vendor inspection reports, the TDI lessons
learned as they related to the other vendors, and previous pertinent
studies. The data sources used for DG failure analysis were LERs,
10 CFR 50.55E, Part 21, NPRDS, and EPRI document files. The DG failures
were classified relative to the DG component that failed (e.g., main
bearings, starting system). The failures were also categorized and analyzed
by mode, manufacturer, and cause. Manufacturers with significant failures
are identified in the report.

2.13.2 Data Source Access

Contact: James Higgins

Address: Brookhaven National Laboratory
Building 130
Upton, NY 11973

Phone: 516-282-2432 (FTS 666-2432)

Report ordering address: NRC Public Document Room
1717 H Street, N.W.
Washington, D.C. 20555

Report cost: Unknown

Report accessibility: No restrictions ;

2.14 Evaluation and Vodate of Baseline Data

Sponsor: USNRC-RES

Type of source: Report

Industry: U.S. commercial nuclear

Number and type of records: Not applicable

Frequency of record update: None

i

Data source boundary: A variety of nuclear power industry i

operational data sources used to supplement I

the original baseline data generated by

24



. -

i

|

experts from the USNRC, electric utilities,
NSSS vendors, nuclear consulting firms, and
national laboratories

Time frame: Varies; see text below

2.14.1 Descriotion

In April 1982, a data workshop was held to evaluate, discuss, and
critique data in order to establish a consensus generic data set for the
USNRC-RES National Reliability Evaluation Program (NREP).23 The data set

contained component failure rates and probability estimates for LOCA events,
transients, LOSP events, and human errors that could be applied consistently
across the nuclear power industry as screening values for initial
identification of dominant accident sequences in PRAs. This data set was

used in the development of guidance documents for the performance of
PRAs.24,25

In May 1984, an update effort was undertaken by EG&G Idaho, Int , at
INEL to reevaluate and update the original data set as presented in
Reference 25 so that it might be more applicable to fault tree / event model

26quantification. The subject report describes the results of this
effort. The sources / topics discussed include the following: LERs,27 INEL

LER Data Suinmaries,28-34 plant-specific data,35-39 WASH-1400,40 IEEE

Std. 500-1984,41 transient initiating event frequency reports,42-44
Nuclear Power Experience,45 NPRDS failure rate estimates, the Handbook of
Human Reliability,46 information from the In-Plant Reliability Data System
(IPRDS),47-48 DG common mode failure and recovery,49,50 LOSP,19

failure-to-scram probability,51 and fire and floods.52 Most of these
references and the time frames they cover are discussed elsewhere in this

bibliography. The EG1G Idaho report contains information summarized from
these sources; it contains little new data.

The component failure rate data provide high-level information on
common nuclear plant component types, but do not go to th evel of detail
necessary for most PRA applications. Data on transient ocurrence appear to

25
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be applicable to initiating event frequency calculations because they
originate from >1 ant-specific data and attempt to address both reactor types

(PWR and BLA' d plant anomalies. Special studies may find the specific
diesel, .udwater, LOSP, and failure-to-scram data helpful, especially when
plant unavailability considerations are being made.

2.14.2 Data Source Access

Contact: Cynthia D. Gentillon

Address: EG&G Idaho, Inc.
P.O. Box 1625
Idaho Falls, ID 83415

Phone: 208-526-9891 (FTS 583-9891)

Report ordering address: Same as above

Report cost: Unknown

Report accessibility: Report is informal; contact
Richard C. Robinson of USNRC-RES

| (FTS 443-7620) for access permission

2.15 Human Error in Risk Assessment

Sponsor: USNRC-RES

Type of source: Computerized data base / report
1 Industry: U.S. commercial nuclear

Numbar and type of records: The data base contains 1976 records on human
errors analyzed for 19 different PRAs

Frecuency of record update: None

Data source boundary: Human reliability data from PRAs of nuclear
power plants

Time frame: PRAs completed as of 1984

2.15.1 Descriotion

i The human error in risk assessment (HERA) data base contains 1,976
| records on human errors that were analyzed in the course of completing 19
|

; 26
!

|
|
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|

|

PRAs (7 for BWRs and 12 for PWRs). The data for HERA were extracted from
the human reliability analysis (HRA) segment of each PRA. The purpose of

establishing this data base was to assess the degree to which human
reliability data from PRAs of nuclear power plants are useful in addressing ,

human risk reduction issues of concern to the USNRC.

The development, contents, and structure of the HERA data base are

documented in NUREG/CR-4103.53 The contents of each HERA record is
provided in the report.

The HERA data base is maintained on a PC. A copy of the data base can

be obtained in the form of a PC disk.

2.15.2 Data Source Access

Contact: Claire M. Spettell

Address: Brookhaven National Laboratory
Building 130
Upton, New York 11973

Phone: 516-282-2700 (FTS 666-2700)

Report ordering address: National Technical Information Service
Springfield, Virginia 22161

Report cost: Unknown

Computer access: See contact above

2.16 INEL Comoonent Data Summaries of Licensee Event Reoorts

Sponsor: USNRC-RES

Type of source: Report / computerized data base

Industry: U.S. commercial nuclear

Number and type of records: One-line event descriptions, as follows:

Batteries and battery chargers 212
Control rods and drive mechanisms 199
Diesel generators 425

27
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Instrumentation and controls 5092
Inverters 161
Primary containment penetrations 143
Protective relays, circuit breakers 1028
Pumps 1026
Valves 2923

Frequency of record update: Irregular; none expected in the future
(the program ended in January of 1985)

Data source boundary: LERs reported according to plant Technical
Specification requirements and USNRC
Regulatory Guide 1.16

Time frame: Battery / battery chargers 1/76 to 12/81
Control rods / drive mech. 1/72 to 04/78
Diesel generators 1/76 to 12/78
Instrumentation / controls 1/76 to 12/81
Inverters 1/76 to 12/82
Primary containment pen. 1/72 to 12/78
Pro. relays / circuit breakers 1/76 to 12/83
Pumps 1/72 to 09/80
Valves 1/76 to 12/80

2.16.1 Descriation

EG&G Idaho, Inc., at the INEL reviewed LERs, both qualitatively and
quantitatively, to extract reliability information in support of the USNRC's )
effort to gather and analyze component fault data for U.S. commercial i

nuclear power plants. LERs describing failures or command faults for
selected components (listed above) have been analyzed in this program.
Failures are instances of components not functioning as required that
require repair; command faults, on the other hand, are instances of

components not functioning as required because of inputs or lack of inputs
from personnel, other components, or the external environment.

The data reported in the LERs were qualitatively evaluated and
pertinent information (e.g., fault mode, fault cause, and event date)
contained in each relevant LER was coded into a one-line event description.

'

Each one line description was then stored in a computer-based data file for
future use. Data in this computerized file can be searched, sorted,
collated, retrieved, updated, and displayed by almost any item of

28
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information contained in the original LER. This feature makes the one-line
LER data base useful for obtaining various LER summary statistics f'or use in

analyses of component and fault events. A summary description of the data
bases for most of the components is available in the Licensee Event Reoort
Data Base User's Guide.54

t

The data bases for each selected component type have been described in

a series of reports. With a few exceptions, the body of each report has two

major parts. First, the methodology used in encoding the LERs is

described. Included are the assumptions, definitions, and limitations used
in carrying out the analysis. Next, a summary of the data according to

i various encoded characteristics is provided. The summary of results also

contains fault and failure rates for significant component-fault mode
combinations. These are in most cases restricted to safety systems, where

LER reporting is likely to be more complete. Denominator information for
the rates comes from plant final safety analysis raports (FSARs) together
with very coarse estimates of numbers of demands. Specific plant fault data
were averaged to obtain rates for the four NSSS vendors, for PWRs, for BWRs,
and for the aggregate of both reactor types. Chi-square bounds for the

rates are computed.

Appendices in the reports provide explanations of LER reporting
variations, the LER coding scheme, and the methods used to estimate the
fault rates. Additional appendixes contain sorts of the one-line
descriptions by such attributes as NSSS vendor, human factor causes, system,
and type of event (command faults, common cause susceptibilities, recurring
events). Detailed plant-specific failure rate estimates are also contained
in appendixes.

In the paragraphs below, comments on special features of the one-line
data bases for each component type and exceptions to the general outline
presented above are noted.

55The battery and battery charger report is the only one that does
not contain fault rate estimates. Also, it is not a NUREG. The scope of

29
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that particular study stopped short of obtaining population counts and fault
rates because the USNRC's Reactor Risk Branch had more detailed population
and duty cycle information for these calculations. Fault modes for battery
and charger faults were categorized as degraded or inoperable.

For control rod drives and drive mechanisms,28 gross constant demand
and hourly fault rates were estimated for selected fault modes and
combinations of fault modes. Due to improved LER reporting changes
(effective January 1, 1976), two time periods were used in the estimates:
(a) January 1, 1972 to April 30, 1978 and (b) January 1, 1976 to
April 30, 1978.

For DGs,29 LER-based fault rates were estimated for selected fault

modes and classified as standby, demand, or operating fault rates. Command

faults were included in the estimation process because LERs generally report
safety system degradation; the fault rates should reflect this by including
all events that would prevent the DG from supplying emergency power on
demand.

For the instrumentation and control component report,33 gross
constant fault rates were estimated for major components and instrument
channels that provide a direct reactor trip.

For inverters,30 gross constant failure rates were estimated for
essential ac distribution and BWR low-pressure coolant injection system
static inverters having the inoperable fault mode.

For primary containment penetrations,31 gross constant standby and
operating failure rates were estimated for selected failure modes and
combinations of failure modes. Demand failure rates for access penetrations
were not estimated because the component demands necessary for a demand rate
estimation could not be determined. Due to improved LER reporting changes
(effective January 1,1976), two time periods were used in the estimates:
(a) January 1, 1972 to December 31, 1978 and (b) January 1, 1976 to
December 31, 1978.

30
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For protective relays and circuit breakers,56 the sorting of data by
numerous influencing parameters and their display in bar graphs allows the
analyst to see which factors affect relays and circuit breakers, and to what
degree. Gross constant fault rates were estimated for those relays and
circuit breakers found in the Class 1E medium and low voltage power f
systems. Note that this report is not a formal NUREG and is not available
through the GP0 Sales Program; it was issued in draft form and funds were
not available to make it formal and publish it.

For pumps,32 LER-based demand, standby, and operating fault rates

were estimated according to various fault modes. The validity and
applicability of this data may depend on recent changes in technical
specifications or preventive maintenance and testing schedules that alter
the demand spectrum. Inclusion of separate fault rates by operating mode
(i.e., running, alternating, or standby) provides useful distinc.' ions for
PRA model applications.

For valves,34 the limited availability of system component population
information limited the scope of the demand and standby fault rate estimates
to valves in selected engineered safety features systems plus primary reliefa

and safety valves. The following fault / failure modes were included in this
report: failed to open, faiied to close, internal leakage, external
leakage, reverse leakage, failed to operate as required, plugged, premature
open, maintenance, test not performed, and improper valve configuration.

The component faults and failure rates summarized in all these reports
should be interpreted as tentative gross indicators of true fault trends and
failure rates. Because subjective judgments had to be made regarding
pertinence of recorded events, and because some component faults may not be
recorded in the LERs, individual analysts should confirm the applicability
of the component faults and failure rates for their specific uses. The

failure rates are useful in gross risk and reliability evaluations.

31
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Each data base, composed of one-line data for a selected coinponent or
component group, was developed on a CDC Cyber 176/NOS Operating System using

CDC's "Query Update' software package. The data bases are maintained on a
magnetic tapes in archival storage. Copies of the tapes are obtainable
through EG&G Idaho with RES approval. The development of applications

programs could be required to produce output other than that prosided in the
data summary report. Standard INEL Cyber processing charges are applicable.

2.16.2 Data Source Access

Contact: Ms. Cynthia D. Gentillon

Address: EG&G Idaho, Inc.
P.O. Box 1625 i

Idaho Falls, 10 83415

Phone: 208-526-9891 (FTS 583-9891)

Report ordering address: GP0 Sales Program
Division of Technical Information and Document
Control
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555,
except for the battery / battery charger and
relay / circuit breaker reports; for these, see
above

Report cost: Unknown

Report accessibility: No restrictions

Computer access: Contact Richard C. Robinson, USNRC-RES
(301-443-7620, FTS 443-7620) for access
approval

2.17 NRC Reactor Safety Data Bank

Sponsor: USNRC-RES

Type of source: Computerized data base

Industry: U.S. and foreign nuclear (primarily test
facilities)

Number and type of records: 1000 magnetic tapes with data from tests,
primarily showing how measured parameters
changed with time during experiments

32
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Frequency of record update: As data and funding are available. A bulletin
describing data base updates is issued ,

approximately five times per year j

Data source boundary: Nuclear reactor test facilities and two U.S.
commercial nuclear power plants that will
contribute to the overall water reactor safety I

research objective of safe, acceptable nuclear i

power production. The projects or facilities |

that supply data bank information are listed
below

Pro.iect/ Facility Descriotion or location

Browns Ferry Nuclear Plant United States
FEBA West Germany
FIST. Fully Integrated System Test (INEL

and GE),

FLECHT Full-length Emergency Core Heater'

Transfer (Westinghouse)
G-2 Westinghouse
GERDA West Germany
G0 ETA Sweden
HALDEN Norway

_ .

JAERI Japan Atomic Energy Research Institute
KU0SHENG Taiwan
LOFT Loss-of-Fluid Test (INEL)
LTSF LOFT Technical Support Facility (INEL)
MARVIKEN Sweden
MRBT Multi-Rod Burst Test (0RNL)
NEPTUNE Sweden
NRU Canada
OTIS Once-Through Integral System (B&W)
PBF Power Burst Facility (INEL)
Peach Bottom Nuclear Plant United States
ROSA Rig of Safety Apparatus (JAERI)
SEMISCALE INEL
SHBF Single Heated Bundle Facility (GE)
SSTF Steam Sector Test Facility (GE)
THTF Thermal Hydraulic' Test Facility (0RNL)
TLTA Twin Loop Test Apparatus (GE)
U of OTTAWA Canada

,

Time frame: 1976 to present )i
|
l

2.17.1 Dnctiotion

The USNRC Division of Reactor Systems Safety (DRSS) maintains a Reactor |
Safety Data Bank Program administered by EG&G Idaho, Inc. It provides a

33
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central computer-based storage mechanism and access software for data from

26 foreign and domestic water reactor safety research programs. The User's
Manual 57 provides an introduction to the data bank and its capabilities,
and guides the general user through some of the data storage, retrieval, and
graphics functions that are available. The data will be used by code
development, code assessment, and experimentation groups in meeting the
overall objective of increased nuclear safety,

in general, only mechanical systems are considered although
thermal-hydraulic and nuclear fuel handling data are also entered. The

operating environment is within the component design basis and includes
; transients during startup of commercial plants. Each facility is

responsible for its own data qualification procedures. The USNRC and the

data bank administration are notified about any data errors, and the user
community is informed about resulting corrections. The data covers
information from 1976 to present, comprising nearly 1000 individual
component and system tests, and is stored on 1000 digital magnetic tapes.
The 6ata are described in the form of abstracts of the individual tests.
Failure rate values are not provided, but can be derived from event counts,
populations, and operating profiles. Maintenance and repair data, as well

, as recovery actions, are not considered. However, the raw data can be
1

| retrieved from the data storage at the individual test facilities.

The Reactor Safety Data Bank is maintained at the INEL on its CDC
Cyber 176 computer (N05 Operating System) as part of the INEL Scientific
Data Management System (ISDMS). The data base can be accessed with
permission of the USNRC DRSS. Less than 10Y. of the the data is

1

confidential, depending on the disclosure agreement with the participating
data source. There is a nominal user charge to cover the cost of processing

| a search request and the corresponding software time. Real-time access is
available through terminal interfacing. Access to the data bank in ISDMS
enables a user to store, select, discriminate, manipulate, and plot data as
a function of time or against other data. New data and data management

|
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software are continually being added to the data bank. However, information

in a form dire;tly applicable to reliability and risk analysis is not
provided.

2.17.2 Data Source Access

Contact: E. Thomas laats

Address: EG&G Idaho, Inc.
P.O. Box 1625
Idaho Falls, ID 83415

Phone: 208-526-9507 (FTS 583-9507)

Report ordering address: GPO Sales Program
Division of Technical Information and Document
Control
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Report cost: Unknown

Report accessibility: No restrictions

Computer access: See contact above

2.18 Initiatina Events
>

Sponsor: USNRC-RES

Type of source: Report

Industry: U.S. commercial nuclear

Number and type of records: Over 5400 events representing transient
initiating events causing scram as reported in
an earlier EPRI report and in the USNRC's
Operating Unit Status Reports

Frequency of record update: None |

Data source boundary: Events causing scrams
:

Time fra'.ie: All operating plant data through December 1983 |
:

|
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2.18.1 Descriotion ;

43The report documents the development of transient initiating event
frequencies for events causing scrams in nuclear power plants. This study

,

is based on nuclear power plant operational data. Existing data published |

by EPRI (EPRI NP-2230)18 and information from the Nuclear Regulatory
58Commissirn's Operating Unit Status Reports are combined to produce a |s

comprehensive statistical data base and derive initiating event frequencies ]
for use in PRAs of nuclear power plants. This new data base describes )
operating experience at 24 more plants than the NP-2230 study (76 plants in l

total), and covers at least three additional years of data for all the 1

| plants (thus covering events through December 1933). In .11, the new data

I base has over 5400 events, compared with approximately 3000 events in the
NP-2230 study.

The validity of the EPRI operational data, the adequacy of the
transient event categories used by EPRI, and the EPRI data analysis |
assumptions and methodology are investigated. New transient initiating i
event frequencies with upper bounds are presented, based on data from all

| operating plants through 1983. More detailed transient event categories and
a more rigorous data analysis methodology are developed and suggested to
allow further refinement of the transient initiating event frequencies

! derived from the new, larger data base.
|

| The report includes tables that contain event-related results from the
! combined data base. For each of the scarly 80 transient categories, a table

is provided showing plant-specific event counts as a function of plant age
in years. Other tables show, for PWRs and for BWRs, the total number of
transients in the categories, the average transient frequencies, their upper
bounds, the average outage time for each type of transient, and the ranking
of the categories in descending order by number of occurrences. Additional
analyses explore the impact of the outages on plant operations and the

| effect of power levels and scheduled scrams on transient event frequencies.
A table provides plant specific reactor critical hours from 1961 to 1983 by

|

|

1
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calendar year to support analysis of time trends in the overall transient
rates. A microfiche appendix lists one-line records of all the events ,

tabulated by EG&G Idaho. These records, sorted both by plant and event date

and by transient category, provide the reactor status before and after each
event, the reactor power level, the outage length estimate, whether the
scram was scheduled, and a brief event description. :

A magnetic tape of the data base exists. The tape contains data from

EPRI and EG&G Idaho. However, the data obtained from EPRI was from

|
responses to a questionnaire sent to the plants and may be proprietary. The

| "PLUNGE" software obtained from EPRI along with the data was updated only as

required to support the tables generated in the report. Thus, no support

software or computerized data base version of the data is available.

2.18.2 Data Source Access ,

4

Contact: David Mackowiak :
!

Address: EG&G Idaho, Inc. ;

P.O. Box 1625 ;

; Idaho Falls, ID 83415 -

Phone: 208-526-4382 (FTS 583-4382) |

Report ordering address: GPO Sales Program
Division of Technical Information and Document -

Control
"

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555 1

Report accessibility: No restrictions
:|

Computer access: None

2.19 In-Plant Reliability Data System

Sponsor: USNRC RES |

Type of source: Reports / computerized data base

Industry: U.S. commercial nuclear
I !

| i.

!
'
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Number and type of records: Records describe component populations and
failures, as follows:

Unit
Pooulation Failures Years

Pumps 1468 3998 27
Valves 24825 5712 24
Electrical 213 698 33

Repair action records also exist in some cases

Frequency of record update: None

Data source boundary: Maintenance work orders describing corrective
maintenance at units as follows:

Pumps and valves two PWR, four BWR
Electrical five PWR, four BWR

Time frame: Pumps 1975 through 1982
Valves 1975 through 1983
Electrical 1978 through 1984

2.19.1 Descriotion

! The main objective of the In-Plant Reliability Data System (IPRDS) is
to develop a comprehensive and component-specific data base for ppa and
other component reliability-related statistical analysis.59 Data base
personnel visited selected plants and copied all the plant maintenance work

|
requests. They also gathered plant equipment lists and plant drawings and
in some cases interviewed plant personnel for information on component
populations and duty cycles. They subsequently screened the maintenance

.

j records to separate out the cases of corrective maintenance applying to
particular components; these were reviewed to determine such things as
failure modes, severity, and, if possible, failure cause. The data from ;

'

these reports were encoded into a computerized data base. By having a team
|

of data base experts process all the data, problems with differences in the {
j interpretation of reporting requirements were minimized. Using in-plant
'

records provides assurance that even disabling incipient hardware problems
are included. Thus, the resulting data base has consistency and depth. l

Three reports have been issued containing IPRDS failure data.3

Information on pumps,4I valves,48 and major components in NPP electrical !
.

I 38 |
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60distribution systems has been encoded and analyzed. All three reports
provide introductions to the IPRDS, explain failure data calculations,
discuss the type of failure data in the data base, and summarize the
findings. They all contain comprehensive breakdowns of failure rates by
failure modes with the results compared with WASH-1400 and the corresponding

LER summaries. In addition, information on failure causes and repair time
distributions are presented. Statistical tables and plant-specific data are
found in the appendixes. Additional details particular to each report and
not contained in the tabular summary above are discussed below.

The pump report includes estimates of annual demands and duty cycle for
each pump. Failure rate probabilities and maintenance frequencies are also
calculated. depair times are included for one PWR unit. Aggregated failure
rate calculations are shown for 14 selected functional pump types (primarily
safety related).

In the valve report, a sample of statistics on valves from one PWR and
one BWR plant are developed to illustrate the degree of refinement possible
when using IPRDS. In addition to failure rates and repair time
distributions, failure, population, demand, and service-hour data for a full

.

list of valve types are provided and can be used to calculate failure rates
for particular data needs. An appendix provides a short study of safety
relief valves. The major observation in this report is that the preliminary
results obtained from the data base indicate WASH-1400 statistics may be
nonconservative for reliability estimates for some valve types in certain
failure modes. Because of the size of the data base, however, conclusive
results are not possible.

The electrical component report presents data for DGs, batteries, !

battery chargers, and inverters. Only companents in the essential ac power
systems have been considered. Batteries, chargers, and inverters below the
120-V level have been excluded. Inclusion of certain dedicated electrical
components (inverters, batteries, etc.) that are found in some
safety-related systems is beyond the scope of this report.

39
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The IPRDS data base is very helpful for corrective maintenance
frequencies and repair times. However, further information on component

duty cycles and use would improve the demand-based failure rate estimates
contained in the reports. In addition, because the data base was developed
from only four nuclear power stations, caution should be used for other than
generic applications.

The computerized IPRDS data base is maintained at ORNL on an IBM 3033.
The records are structured for interface with the Statistical Analysis
System (SAS). However, many of the original data records are proprietary;
in some cases agreements with the power plant licensees to obtain the
maintenance records preclude release of the identity of the nuclear units.
To obtain sorted listings of these records, one needs permission of the IEEE
Office of Standards, which provides assistance in data handling and
storage. Joel Buchanan (615-574-0377) should be contacted regarding access )

to the data base.

2.19.2 Data Source Access
,

Contact: Raymond J. Borkowski

Address: Martin Marietta
Oak Ridge National Laboratory
Building 9104-1
P.O. Box Y
Oak Ridge, TN 37831

Phone: 615-574 0376 (FTS 624-0376)

Report ordering address: GP0 Sales Program
Division of Technical Information and Document
Control
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Report cost: Unknown
1

Report accessibility: No restrictions i

Computer access: For inquiries about data listings, contact
Joel Buchanan at ORNL (615-574-0377)

|
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2.20 IEEE Standard 500-1984

Sponsor: The Institute of Electrical and
Electronic Engineers, Inc. (IEEE)

Type of source: Report (book)

Industry: U.S. commercial nuclear power

Number and type of records: Over 1000 data sheets, each containing
failure rate estimates and upper and
lower bounds for various failure modes
for a specified type of component. Where
available, repair times are also included

Frequency of record update: The standard is reviewed every five years

Data source boundary: Electrical, instrumentation, and
mechanical components in nuclear power
piants

Time frame: Varies, see text below

2.20.1 Descriotion

The IEEE Standard 500 document was originally issued in 1977 as a
manual of reliability data on electrical, electronic, and sensing
components.61 Since that time, data have been gathered on mechanical
equipment reliability, making the 1984 version of IEEE Std 500 a more
comprehensive work by including data on over 1,000 components.41 The
primary source for the reliability data presented in IEEE Std 500-1977 was
the judgment of nearly 200 experts on component reliability in the nuclear
power field. The Delphi method was used to ct.mpile and refine the expert
opinion data. This information is included in IEEE Std 500-1984 for the
nonmechanical components, but it is supplemented by data from 25 additional
sources. These include nuclear industry data from published reports such as
LER, NPRDS, and IPRDS data summaries and various manufacturers, utilities,
and plants as well as component data from U.S. military sources. Therefore,
the data developed represent either recorded data or the best collective
judgment of a group of specialists. In each case, the source of the data is
clearly identified. IEEE Std 500-1984 contains little unique data.

4
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The IEEE Std 500 document is based on a hierarchical structure of
component types set down in the manual's table of contents. The preface for
each subsection (defined by a component type) provides a tree diagram that
clearly shows the way the component classes have been subdivided to
determine "data cells." The failure modes for each component class are also

hierarch!cally organized according to failure severity: catastrophic,
degraded, or incipient. Rates per hour and demand rates (per cycle) are
both included, as well as upper and lower bounds.

The Std 500-1984 reliability data for electrical and electronic
components are useful for PRA applications because this is one of the few
sources that exists for many of the components it covers, in some cases,

repair time data are provided for application toward component
unavailability calculations. However, users of these data should be aware
of the original sources used and the fact that some of them may overlap (a j

single failure may be reflected both in LERs and IPRDS, for example). There

is also overlap between design-based groupings and application-based
groupings of the data. For example, the pump data are primarily structured
at a high level by the pump's internal method of operation (centrifugal,
positive displacement) rather than by type of driver (turbine, diesel), but
data sheets with pump and driver both are included and some data sheets have
this information at a system-specific level. The amount of actual
operational data supporting the rate estimates should be evaluated from a
knowledge of the sources used by IEEE.

2.20.2 Data Source Access

Contact: Lewie E. Booth

Address: Fluor Engineers and Constructors, Inc.
2801 Kelvin Avenue
Irvine, CA 92714

Phone: 714-966-5856

Report ordering address: IEEE Service Center
445 Hoes Lane
Piscataway, NJ 08854
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Report cost: IEEE Member--5121.50
Nonmember--5135.00

Report accessibility: No restrictions [

2.21 Licensed Ooeratina Reactors Status (Grey Book)

Sponsor: USNRC's Office of Resource Management

Type of source: Periodic report .

Industry: U.S. comercial nuclear j

Number and type of records: Oper0tional history of U.S. commercial
reactors

Frequency of record update: Monthly

Data source boundary: U.S. comercial nuclear reactors
! !

Time frame: 1974 to present i

2.21.1 Descriotion
:
t

The Licensed Operating Reactors Status Sumary Report (Grey Book)62i

is published monthly by the U.S. Nuclear Regulatory Comission's Office of
,

.

Resource Management. The report covers all U.S. licensed power reactors and
deals mainly with the availability of plants licensed for power generation. |

1
'

The Grey Book is divided into three sections. The first section
contains overall monthly statistics on power production for all the re d ors

: covered. The second section is composed of facility data for each plant,
j The data include general information about the reactor, an inspection

report, reports from the licensee during the month, and operating status
reports from the plant. The final section includes general information !,

i about spent fuel storage capability, reactor-years of operation, and
nonpower (experimental) reactors in the United States.

j The Grey Book contains a good deal of information directly applicable

| to event analysis. Plots show the ave. age daily power output (in percent)

!
'

!
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for each unit for each month. A brief explanation of each major power
reduction, including each shutdown, is provided. Since the data are not
statistically reduced, an analyst cannot directly use the information for
reliability and risk analysis. However, the Grey Book gives a good overall
picture of how efficient a nuclear plant actually is in terms of power
production and can be used to check other sources of event data.

Annual summaries of Grey Book information were issued as NUREGs

covering the years from 1973 to 1980.63

Grey Book data are maintained on magnetic tapes; copies of these tapes

are obtainable. However, the data are not maintained in a computerized data

base; no manipulation capabilities exist.

2.21.2 Data Source Access

! Contact: R. A. Hartfield
|
! Address: USNRC

| M/S MNBB-7602
Washington, D.C. 20555

Phone: 301 492-7834 (FTS 492-7834)
1

Report ordering address: For a year's subscription:
GP0 Sales Program
Division of Technical Information and Document
Control
U.S. Nuclear Regulatory Commission ;

Washington, D.C. 20555 :

For single copies:
National Technical Information Service
Springfield, VA 22161

Report cost: Unknown

Report accessibility: No restrictions

|
2.22 Licensee Event Reoort Comoilation (NUREG/CR-20001

| Sponsor: USNRC-AE00
|

l Type of source: Report
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Industry: U.S. commercial nuclear

Number and type of records: There are approximately 350 LER abstracts in
each monthly report

Frequency of record update: Monthly
,

Data source boundary: Event data from all U.S. commercial nuclear
power plants licensed for producing power, in
accordance with 10 CFR 50.73. Pre-1984, USNRC
Regulatory Guide 1.16 and Licensee's Technical
Specifications (NUREG-0161)

Time frame: 1982 to present

2.22.1 Descriotion

| This monthly report contains LER operational information that was64

! processed into the NSIC LER data file during a given month. The LERs, from

which this information is derived, are submitted to the USNRC by nuclear
power plant licensees in accordance with federal regulations. Procedures
for LER reporting for revisions to those events occurring before 1984 are
described in NRC Regulatory Guide 1.16 and NUREG-0161, Instructions for
Preoaration of Data Entry Sheets for Licensee Event Reoorts.65 For those

events occurring on and after January 1, 1984, LERs are being submitted in

accordance with the revised rule contained in 10 CFR 50.73--Licensee Event
Report System which was published in the Federal Register (Vol. 48, No.144)
on July 26, 1983. NUREG-10?2,66 Licensee Event Reoort System--Descriotion

of Systems and Guidelines for Reoortina, provides supporting guidance and I

information on the revised LER rule.a

|The LER summaries in this report consist of the event titles and
|abstracts provided by the licensees. They are arranged alphabetically by

!

a. Supplement No. 2 to NUREG-1022 (Licensee Event Reoort System--Evaluation
of First Year Results. and Recommendations for Imorovements, September,
1985) provides further guidance.

,
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facility name and chronologically by event date for each facility.
Component, system, keyword, and component vendor indexes follow the

summaries. Vendors are those identified by the utility when the LER form is
initiated; the keywords for the component, system, and general keyword
indexes are assigned by the compitter using correlation tables from the
Sequence coding and Search System (See Section 2.33).

2.22.2 Data Source Access

Contact: Gr.ry T. Mays

Address: Nuclear Safety Information Center
Oak Ridge National Laboratory
P.O. Box Y
Oak Ridge, TN 37831

Phone: 615-574-0391 (FTS 624-0391)

i Report ordering address: Superintendent of Documents
U.S. Government Printing Office ,

P.O. Box 37082
Washington, D.C. 20013-7082

Report cost: $37.00/ annual subscription

Report accessibility: No restrictions
'

|

2.23 Maintenance Data Base
|

Sponsor: USNRC NRR

Type of source: Periodic report /computerited data base

Industry: U.S. commercial nuclear

Number and type of records: 11,000 records containing plant background j
information, maintenance performance r'

information, LERs, and '766' violations ,

Frequency of record update: Variable

Data source boundary: All U.S. commercial NPP; reports as listed
below'

,

Time frame: January 1980 through December 1985
i
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2.23.1 Descriotion

The Maintenance Data Base (MDB) contains data on equipment maintenance
performance at nuclear plants. The HDB is maintained by the USNRC Division
of Human Factors Technology. Six types of information are stored for each
plant in the MDB:

1. Background information about the plant
2. Plant performance on a yearly basis
3. Detailed information on plant outages
4. The plant's systematic assessment of licensee performance (SALP)

ratings
5. Summaries of LERs for the plants
6. Summaries of '766' Violations _67 investigated by the USNRC

The MDB includes over 100,000 pieces of information stored in dBASE III
data base files. The data can be accessed through two methods: dBASE III
commands can be used to retrieve and analyze the data, or a MDB menu system
can be used. The menu system consists of a group of prograsas, each of which
accomplishes one or more predefined data retrieval tasks. A comprehensive

,

discussion of the contents and structure of the MDB is provided in the MDB
Programmer's Guide.68

Deriodic reports containing an evaluation of the information stored in
,

the MDB are anticipated. One report, NUREG/CR 4611,69 includes a trends
'

and patterns anelysis of maintenance performance during 1980-1985.
|
|

The MDB data base is maintained on a PC. A 10-megabyte hard disk and I
dBASE III are required to use the data base. The data management system can
be used to generate special output reports. Access to the data base and
floppy disk copies of the data base can be obtained from Peter McLaughlin. |

2.23.2 Data Source Access
)

Contact: Peter McLaughlin

I
|
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Address: USNRC
Washington, D.C. 20555

Phone: 301-492 4904 (FTS 492-4904)

Report ordering address: GPO Sales Program '

Division of Technical Information and Document '
Control
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Report cost: Unknown

Report accessibility: No restrictions

Computer access: See contact above

2.24 Nuclear Plant Reliability Data Stilts
.

Sponsor: Institute of Nuclear Power Operations (INPO).

Type of source: Reports / computerized data base

Industry: U.S. commercial nuclear

Number and type of records: Engineering data from all U.S. '.iPP (currently
91 plants) with approximately 30 major systems-

per plant and 100 mechanical and
electro mechanical components per system;
failure data currently dercribing 44,000
events

Frequency of record update: Daily

Data source boundary: Voluntary reporting of engineering information
and failures for selected systems and
components as defined in a reportable scope
manual

Time frame: 1974 to present

2.24.1 Descriotion

The NPRDS is an industry-wide system for monitoring the performance of
selected systems and components at U.S. commercial nuclear power
plants.70-75 INPO has been responsible for this data base since January

of 1982; previously, Southwest Research Institute was its sponsor.
>
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Information in NPROS is derived from a standardized format input report
prepared by U.S. nuclear plant licensees. The plants are asked to submit
failure reports on catastrophic events and degraded failures within the
defined reportable scope; reporting of incipient events is optional.
Catastrophic ans degraded failure events are events that involve some loss
of component function for which repair is required. Command faults are not
reportable unless they make an entire system unavailable.

In addition, the plants are asked to file component engineering reports
on all components within the selected systems and reportable scope. These

reports contain detailed design data, operating characteristics, and
performance data on the selected systems and components (over
3000 components, from approximately 30 systems, per unit). The selected
systems are primarily safety systems.

NPRDS data are available to users, either through annual summary
reports 76,77 (to resume publication in the coming year) or through direct
on-line data base access from a computer terminal. Special reports and |

listings are available through requests for extraction or data analysis. A

requester is required to define the analyses to be performed.

With the engineering data, component and system failure statistics can
be derived from the data base. The reliability and failure data are useful
to utility and plant staff, designers, architect-engineers, NSSS suppliers,
construction firms, regulatory agencies, and PRA practitioners. Although |

the reporting period covers approximately 12 years, the most detailed
reporting has oeen implemented by most of the licensees since 1984 when the

new LER rule came into effect and fewer component failures were reported to
the LER system. Also, INP0 has actively encouraged data base participation,
particularly since 1984.

This data base represents an extensive, somewhat unique compilation of1

operating data from all U.S. commercial nuclear plants. With real-time data
base access, a spectrum of output products can be generated. Component and

49
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system failure rates can be derived to generate specific output reports.
One should note that no human error-related data are included in the data
bank except for actions that cause broken hardware. By nature, the degree
of reliance on statistical data generated from NPRDS data is dependent on
the consistency and completeness of reporting by individual contributors. A

detailed procedures manual and other user oriented material are available to
NPRD system users.

The NPRDS is maintained at INPO on a Prime 750 computer. The data base

is currently being converted to an IBM 3083. NPRDS data can be obtained in

the form of magnetic tapes; also, the data can be downloaded onto floppy

|
disks that are dBASE III or LOTUS 1-2-3 compatible. Real-time access is
available with documented procedures for record viewing, sorting, and
retrieval. l

The NPRDS data are proprietary. Access is permitted only to INPQ
members, participants, and the USNRC. Access is free to INP0 members and
participants. USNRC access costs $145 per connect hour. ;;

2.24.2 Data Source Access

Contact: Ron Simard
.

iAddress: Institute for Nuclear Power Operations
!1100 Circle 75 Parkway, Suite 1500

Atlanta, GA 30339-3064

Phone: 404-953-5337 i

; Report ordering address: Same as above
'

For annual summaries of data base for i

1978-1980: GPO Sales Program
Division of Technical information and Document
Control
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

; .

!Report cost: Unknown,

Cost exemptions: Free to INPO members / participants

j
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Report accessibility: Plant-specific NPRD data are proprietary. The
availability of information depends both on

1the requester and the specific information
desired. Summary reports with component and
system data are readily available

Computer access: Limited, as with report access

2.25 Nuclear Power Exoerience

Sponsor: The S.M. Stoller Corporation (SMSC)

Type of source: Report / computerized data base

| Industry: All U.S. and some foreign commercial nuclear
power

Number and type of records: More than 50,000 events indexed by plant,
system, component categories and keywords .

Frequency of record update: Monthly

Data source boundary: NPE data are compiled from sources available'

in the public domain that list events with
safety, generic, or outage causing
significance

Time frame: 1957 to present

-

2.25.1 Descriotion

j The purpose of the Nuclear Power Experience (NPE) data base is to
record and index information for engineering analysis applications on
operating event occurrences at large U.S. PWRs and BWRs and selected foreign '

facilities from startup to the end of commercial operation.45 The
information is supplied in two ways: a) a multi-volume loose-leaf
subscription service that provides hard copies of narrative event reports,-

plant operating histories, plant descriptions, and plant availability ;

tables, and b) &n automated retrieval system (NPEars) that provides a fully
'

automated, on-line search capability for the entire NPE article base. NPE|

excludes minor events relating to missed tests, instrument drifts (unless a

j generic fix is indicated), technical specifications, and other similar
,

t

i

2
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'

,cri teri a. The NPE is indexed by plant, system, component categories, and by
keywords.

The NPE is a good source of event descriptions and is useful as a

cross-reference for individual event data derived from other sources.
Because NPE and NPEars are geared to written narrative reports, statistical
data must be compiled by system users. This can be fairly difficult,

because population information cannot be easily derived from this source.
The keyword indexing system is not entirely adequate, because, in a very
complicated event, not every component of interest is always indexed.

The NPEars is proprietary to SMCS, but is available to NPE subscribers
as part of the service (the two cannot be acquired separately). The data
base is maintained on a VAX11/780 with a VMS Version 4.3 operating system.
Currently terminal access (with modem) is through the Telenet communication
system. The data base retrieval system provides a user with a standard menu

j of search options. The user may also build search criteria based on key
j word selections,

i
2.25.2 Data Source Access

Contact: James F. Franks
i

k Address: The S. M. Stoller Corporation
1919 14th Street, Suite 500
Boulder, CO 80302

1 Phone: 303-449-7220
|

Report ordering address: Same as above
'

,

Report cost: $2,172 annual subscription cost for NPE
and NPEars

Cost Exemptions: None
,

,

Computer access: See contact above
!

! 2.26 Nuclear Safety information Center Licensee Event Reoort Data Base
.

Sponsor: USNRC AE00
-

52
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Type of source: Computerized data base

Industry: U.S. commercial nuclear

Number and type of records: 50,000 to 60,000 records containing LER |
abstracts and a keyword listing ;

Frequency of record update: Monthly i

Data source boundary: LERs; see the LER compilation section

Time frame: 1960 to present '

!

| 2.26.1 Descriotion |

| LERs are submitted to the USNRC by U.S. utilities having licensed |

| nuclear plants. Pre-1984 LERs contain information about events reportable i
.

; under the technical specifications of the various plants.65 LERs 4

1 78submitted after 1984 follow the reporting requirements of 10 CFR 50.73
and the Licensee Event Report System.27 LERs consist of a narrative,

3
description and coded information (e.g., component, manufacturer); they
generally cover failures of safety related systems or components. Since
1984, their emphasis is on unusual events. !

;,

'

|
The purpose of the National Safety Information Center (NSIC) LER Data |;

1 Base is to provide a keyworded data file for retrieval of various |
!

information (e.g. components, system, type of failure). LER data from 1960
~

1 to the present are maintained in a 50,000- to 60,000-event data file by NSIC
! at ORNL under contract to the USNRC-AE00. The data base provides users with |
} an abstract of the LER and keywords so various events can ba found in

|
] computer searches. The data can be accessed on a cost-recovery basis.

,

j Monthly abstract listings with a keyword index are issued by subscription
(see Section 2.22; currently, information for these monthly compliations

j comes from the LER Sequence Coding and Search System (see Section 2.33)).
; ,

The NSIC LER data base is the primary reference for older (pre-1980)
i LERs. However, the data file contains no statistically reduced data, so [
l e

i |
l !
j !
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|

1

't

users must derive failure rates. Gross failure rate estimates for various >

components have been calculated from LER data; nee Section 2.16. !
;

:
;

The NSIC LER data base has been maintained on an IBM 3033 with an MVS
Operating System. Subsets of the data base are obtainable on tape or on PC

| disks. Computer charges are $300 an hour central processing unit (CPU) time
j and $4 an hour connect time. These charges are based on ORNL maintaining a '

cost recovery status. There are no exemptions from these charges. To'

I assist users who do not wish to use on line retrieval, NSIC will provide
,

'special searches and report production on an ad hoc basis.

1 2.26.2 Data Source Access
I

Contact: W. P. Poore >

Address: Nuclear Safety information Center
Oak Ridge National Laboratory

. P.O. Box Y
Oak Ridge, TN 37831

Phone: 615 574 0325 (FTS 624 0325),

j Computer access: See contact above :

| |

2.27 Ooeratina Plant Evaluation Code (OPECl-2,

1.

Sponsor: The S. M. Stoller Corporation

| Type of source: Periodic reports / computerized data base

Industry:. U.S. commercial nuclear

i Number and type of records: 67,000 events (operating experiences) of'

commercial U.S. nuclear power plants

frequency of record update: Quarterly

| Data source boundary: Each event at a greater than 400 MW(e) U.S.
! commercial nuclear power plant that fits into
1 one or more of the following categories is
; recorded:
:

j 1. All events that result in an outage (full
j or partial)

|
1
1
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2. All events which contribute to the length
of an outage (on the critical path)

3. All significant maintenance or repair
work on major components. Any work that

'
:

requires full or partial disassembly of
the component is considered to be
significant. Major components consist of
the turbine, generator, control rod
drives, reactor coolant pumps, steam
generators, etc. ;

4. The 1978, 1979, and part of year 1980
data also includes noncurtailing events
that resulted in either a safety-system
actuation, the failure or performance
degradation (beyond technical ,

specification limits) of a safety .

component, or significant work on a '

safety-system component

Time frame: 1968 to present

4

2.27.1 Descriotion 1

:

The Operating Plant Evaluation Code, Rev. 2 (OPEC-2) computer program
and data base 79 provide a comprehensive and organized compilation of
operating experience of modern commercial U.S. nuclear power plants. Tha

data base includes complete operating data for all nuclear plants in the !,

United States that are larger than 400 MW(e). Data for each plant extend '

from commercial operation to within approximately six months of the present
i date. Data consist of overall plant performance indices, the cause and

,

magnitude of each plant shutdown or power reduction, the cause and duration
of curtailing work on major components, and the nature of each plant tran-
sient experienced. For calendar years 1978, 1979, and part of 1980, the
data base includes the cause of each problem with safety-related equipment
that resulted in an LER. The OPEC-2 computer program provides an efficientt

means of storing, sorting, and analyzing this data. Analyses can be,

performed to determine failure rates and repair times for selected equipment
and to determine the effects that selected problems or groups of problems
have had on the availability and capacity factors of selected groups of
plants.'

,

~
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The primary source of data for OPEC 2 is the plant operating reports
that are periodically submitted to the USNRC. Generally these reports
contain extensive and informative verbal chronologies of plant operating
history. The NRC Grey Books (see Section 2.21) are used to supplement data
from the plant operating reports. Data from these two sources are
supplemented by information from technical papers, equipment vendors, and
direct communications with plant operators. LER descriptions and lists of
safety related maintenance in plant operating reports have also been major
sources of information for the more recent data.

The OPEC-2 software provides a means for sorting the data base and
generating preformatted output reports. The four basic output reports are:
unit performance statistics, problem component statistics, events listing
all information, and events listing selected information. The reports
include results of analysis on the specified data set (i.e., failure rates,
repair times, trends, outages).

OPEC-2 is available through a nonexclusive licensing arrangement with
SMSC. The system is proprietary to SMSC. The OPEC-2 data base and software
system can be operated on the licensee's own machine using FORTRAN 5 on a
VAX, COC, IBM mainframe, etc. Alternatively, a data tape can be d?wnloaded
to a PC disk or accessed at SMSC using a time-sharing and telephone link
arrangement.

2.27.2 Data Source Access

Contact: Eric Olson

Address: The S. M. Stoller Corporation
1919 14th Street, Suite 500
Boulder, CO 80302

Phone: 303 449 7220

Report ordering address: Same as above

Report cost: Variable '

User fee: Variable

56
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Cost exemptions: None

Computer access: See contact above

2.28 Pioe Break Frecuency

Sponsor: USNRC RES

Type of source: Report

Industry: U.S. comercial nuclear

Number and type of records: Nineteen occurrences of pipe failures
(breaks), supplemented by expert-opinion !
estimates of frequencies of safety significant !

pipe breaks in comercial U.S. nuclear power
plants

Frequency of record update: None ;

i

Data source boundary: Source covers all breaks in U.S. comercial
'

nuclear power plant piping (81 plants) having
a leak rate of at least 1 gpm for pipes at
least 2 inches in diameter and all leak rates
of 50 gpm or more regardless of pipe size

Time frame: The operational history of power plants
through December 1984

2.28.1 D.gscriotion

80This study empirically develops frequencies and bounds for
safety significant pipe tailuras in comercial NPPs. Its purpose is to
update the pipe break frequencies reported in the Reactor Safety Study
(WASH-1400),40 which are used in man / risk analyses. The study involved
reviewing various data sources for actual piping failure events of
significant magnitude. The data sources reviewed were LERs, NPE, and

several other sources documented in the report. When extant in the
documentation reviewed, information was extracted concerning conditional
factors such as the system in which the failure occurred, the operational
mode of the plant, and the size of the pipe involved to permit estimation of
conditional pipe break frequencies useful to risk analysts.
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Because there have been few significant pipe failures, the sparse real
data was supplemented with expert-opinion data. The report presents the
results of combining the real and subjective data through Bayesian
statistical methods. That is, posterior probabilities of given failure
rates were determined and are presented in the report.

The rates of pipe failures are also analyzed to determine whether or
not the rates are dependent on the system under consideration, the
operational mode of the plant, the size of the pipe, or other factors. In
statistical terms, an analysis of variance assessment was m:de on the rates
of pipe failure.

2.28.2 Data Source Acce u

Contact: Ronald E. Wright

Address: EG&G Idaho, Inc.
P.O. Box 1625
Idaho Falls, 10 83415

Phone: 208-525 9467 (FTS 583-9467)

Report ordering address: Same at above

Report cost: Unknown

Report accessibility: No restrictions

2.29 Reactor Safety Study (WASH-1400)

Sponsor: USNRC

Type of source: Report

Industry: U.S. commercial nuclear

Number and type of records: Not applicable

Frequency of record update: None

Data source boundary: Numerous sources such as Systems Reliability
Service (United Kingdom), failure Rate Data
Handbooks (U.S. military and NASA), LMEC, NASA
reports, General Electric Company reports, and
Defense Documentation Center reports. Failure
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data were gathered from eight PWRs and nine
BWRs for 1972

Time frame: Varies; all prior to 1975

2.29.1 Descriotion

The Reactor Safety Study (WASH-1400)40 was published by the USNRC in
1975 to set down a methodology for assessing nuclear plant reliability and
risk. Of particular interest to the data analyst are Appendix III, "Failure
Data," and Appendix IV, "Common Mode Failures."

Appendix III contains failure rate estimates for various generic types
of mechanical and electrical equipment. Included are listings of failure
rates with range estimates for specified component failure modes, demand
probabilities, and times to maintain or repair. It also contains some
discussion on such special topics as human errors, aircraft crash!

probabilities, loss of electric power, and pipe breaks. Appendix III
contains a great deal of general information of use to analysts on the
methodology of data assessment for PRA.

Appendix IV contains a thorough discussion of quantification techniques
'

and engineering studies of comon mode failures. Large LOCA, small LOCA,

and transient sequences are considered,

WASH-1400 is a fundamental document for PRA methodology. The datai

appendixes contain a great deal of useful information on methods of data4

assessment. A large number of sources for data are considered, and very
general failure rate estimates for nuclear power plant PRAs are presented.;

Studies using these estimates will produce only gross approximations. Sincet

the advent of data collection schemes across and within plants, the
;WASH-1400 data are solely useful as a constituent to a data aggregation

process or as widely bounded figures that provide a basis for comparison.

1 2.29.2 Data source Access

|

.

Report ordering address: National Technical Information Service
,'

!
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Springfield, VA 22161

Report cost: $68 for all volumes

Report accessibility: No restrictions

2.30 Reactor Coolant Pumo Seal Failures

Sponsor: USNRC NRR

Type of source: Report

Industry: U.S. commercial nuclear

Number and type of records: 200 events describing reactor coolant pump
(RCP) failures

Data source boundary: RCP failures captured by LER and NPROS
reporting at Arkansas Nuclear Unit 1, Calvert

:
Cliffs Unit 1, and Indian Point Unit 3 nuclear j

plants '

Time frame: January 1969 through December 1984

2.30.1 Descriotion

81The report briefly describes a group of RCP seal failures that
occurred at Arkansas N; clear Unit 1, Calvert Cliffs Unit 1, and Indian Point
Unit 3. Both mechanical ana maintenance-induced RCP failures are
discussed, for each event, the following information is provided: the
date, the pump identification code, the nature of the failure, the maximum
leakage per minute, and the total leakage in gallons. Data sources used as
input were LERs, NPROS, and final safety analysis reports (FSARs).

The report includes pedigree information on each plant. This includes
plant name and unit number, type, vendor, number of pumps, pump designer,
pump model number, and number of seal stages.

The report presents the findings made in analysis of the RCP failures.
Estimates of the annual frequency for the spectrum of leak rates induced by
RCP seal failures and their impact on plant safety (contribution to
core melt frequency) are made. The safety impact of smaller RCP seal leaks
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was assessed qualitatively, whereas for leaks above the normal makeup
,

capacity, formal PRA methodologies were applied. Also included are the life
distribution of RCP seals and the conditional leak rate distributions, given
a RCP seal failure; the contribution of various root causes; and estimates 1

for the dependency factors and the failure intensity for the different
combinations of pump designers and plant vendors.

2.30.2 Data Source Accra.

Contact: M. Ali Azarm

Address: Bruokhaven National Laboratory
|

Department of Nuclear Energy
| -Upton, NY 11973

Phone: 516-282-4922 (FTS 666-4922)

Report ordering address: Same as above

Report cost: None

! Report accessibility: No restrictions ,

Computer access: The raw records used to produce this report
are maintained at Brookhaven National
Laboratory. However, they are not readily '

available for external dissemination.
'Inquiries concerning these records should be

made to M. Ali Azarm
,

2.31 Safety System Unavailability'

Sponsor: USNRC-AE00

Type of source: Report / computerized data base

Industry: U.S. commercial nuclear

- Number and type of records: 1040 events that were actual or potential ;
i system safety unavailabilities

i
,

i Frequency of record update: Annual |
!

'

Data source boundary: Events recorded in accordance with LER )
.

reportability code 10 CFR 50.73(a)(2)(v) |
1

'| Time frame: January 1984 through December 1985 |

1
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2.31.1 Descriotion
i

The data base is in the form of coded records describing actual or !
potential nuclear plant safety system unavailabilities. The records are

i

h derived by extracting information from LERs submitted in accordance with LER
reportability code 10 CFR 50.73(a)(2)(v) (actual or potential loss of safety>

system function).

The data base was developed at the INEL for AE00 in support of its
trends and patterns analysis of operational data program. The data base and
supporting software are maintained on a PC using dBASE III PLUS. The :

content and structure of the data base are documented in a report.82 The
report describes methods for developing the data base, data entry
procedures, coding methods, and basic reports which can be produced from the
data base. In addition, information is presented on tne number of system
unavailability events described in the data base and a s m ary of the total
number of LERs that were screened for entry into the data base. !

Access to the safety system unavailability data base requires a PC with i
dBASE III PLUS. A floppy disk of the data base is obtainable. Obtaining a !

copy of the data base or portions thereof requires AE00 approval.
2.31.2 Data Source Access

! Contact: Charles M. Landgraver

Address: EG&G Idaho, Inc.
P.O. Box 1625
Idaho Falls, Idaho 83415

Phone: 208-526-9295 (FTS 583-9295);

!

Report ordering address: Same as above

i Report cost: tinknown
,

Report accessibility: No restrictions

Computer access: Contact Patrick O'Reilly, USNRC AE00
(FTS 492-8858)
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,

2.32 Rgoortable Events File
'

Spor or: USNRC
.

i

Type of source: Computerized data base ;-

! Industry: U.S. commercial nuclear

Number and type of records: Over 5700 records of events specified in'

10 CFR paragraphs: 50.72 (significant i

events): 50.55 (construction permits), 73.71
~

(lost nuclear material), 20.402 (theft or loss
of licensed material), and 20.403
(radiological in:ident notification)

Frequency of record update: Daily !

Data source boundary: Events reportable in accordance with CFR
| paragraphs cited above

Time frame: July 1982 to present

2.32.1 Descriotion ;;

This source is a data base of event reports maintained and used by the T

NRC. The data base is maintained on NRC computers and also at the National ;

Institutes of Health (NIH). Often this source is referred to as the "50.72i

i
' Data Base." The original reports that are coded into this computerized file

are submitted by nuclear power plants in accordance with the reporting |

requirements set forth in the CFR paragraphs cited above.

The bulk of the reports are related to 10 CFR 50.72, which describes
requirements for immadiate notification of significant events at nuclear '

power plants. Significant events include the declaration of any of the
emergency classes specified in a licensee's approved emergency plan, or any
of a set of nonemergency events specified in 10 CFR 50.72 paragraph (b)
(e.g., plant shutdown required by technical specifications, serious
degrading of principal safety barriers).

The data base's content is as-reported, without elaboration and
analysis; these reports sometimes prove to be an inaccurate description of

l
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the event after all facts are known. Requirements for 50.72 reporting and
LERs differ, so a one-to one correspondence doesn't exist between the two.
Where LERs are written, however, they are, t;y far, the more accurate of the
two data sources.

The data base is structured so that users can search on various fields
of the reports, but any "statistical" summaries would be invalid because the
event reports are not updated to correct the initial statements. (Some

update and tracking may be available in 1987 to cover the time period until

an LER is available). Gross numbers of reports (per plant, region,
emergency classification, for example) are frequently obtained to answer
inquiries and support more quantitative analysis.

The reportable events report file is maintained on two separate
computers, a Data General MV-6000 at the USNRC and an IBM 3081 at the NIH.

Sorts can be performed on the data and then one can download the information
to a disk for PC use. Access and cost information can be obtained from
James Carter (see below).

2.32.2 Data Source Access

Contact: James Carter

Address: USNRC Office of Administration and Resource
Management
M/S 3302
Washington, D.C. 20555

Phone: 301492 9860 (i;TS 492 9860)

Computer access: See contact above

2.33 Seouence Codino and Search System

Sponsor: USNRC-AEOD

Type of source: Computerized data base
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Industry: U.S. commercial nuclear

Number and type of records: More than 21,000 LER abstracts and
approximately 100,000 component / system event
occurrence records

Frequency of record update: Weekly

Data source boundary: Event data from all U.S. commercial NPP, as
required by 10 CFR 50.73 (Licensee Event
Report System). Pre-1984, event reporting per
USNRC Regulatory Guide 1.16 and Licensee's
Technical Specifications requirements

Time frame: 1980 to present

2.33.1 Descriotion

The Sequence Coding and Search System (SCSS) data base contains data I

from all LERs submitted by nuclear power plants after January 1,1980. The

data base is maintained at ORNL by the NSIC. |
|

SCSS's primary objective is to reduce the descriptive text of LERs to a
coded sequence of occurrences that is both computer readable and ;

searuable. This system provides a structured format for detailed coding of
faults for piece-parts, components, trains, systems, unit effects, and
personnel errors. Information for hardware faults includes cause, system,
interfacing system (if applicable), component vendors, performance (total or
partial loss of function), detection method, and effect. Records describing
personnel actions include the type of activity being done and whether the
action was an omission or a commission. These individual records are linked
in a network corresponding to the interrelationships among the individual
occurrences that together form the reportable event. The data base also
contains references to similar events for each applicable LER.

A four volume report documents and describes SCSS in detail.83

Volume 1 is a user's guide for searching the SCSS data base. Chapter 2 of
this guide is a tutorial on retrieving, displaying, and analyzing LERs and
provides hands on experience in executing basic commands. Volume 2 contains
all valid and acceptable codes used for searching and ennding the LER
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I
'

| data. Volumes 3 and 4 provide the information and methodology necessary to |
j capture descriptive data from the LER and to codify that data into a
'

structured format. These volumes serve as reference material for the more
experienced technical processor and contain information essential to a more !;

. :
1 advanced user who needs to be familiar with the intricate coding techniques ;
) -

' in order to retrieve specific details in a sequence.
I-

"

j The SCSS data base is maintained at ORNL on an IBM 3013 (MVS Operating
System). The data base is set up through the JOSHUA OBMS, with software1

;

i specifically written to manage the data base. On-line searches and sorts of f! SCSS are possible. Subsets of the data base can be downloaded to PC disks. !

Data base queries generally can be performed by ORNL personnel or one can i

) obtain direct access to SCSS. Charges for use of SCSS are on a cost i

! recovery basis; currently, CPU time is $300 per hour and connect time is $4 I

I per hour. Access to the data base requires AE00 approval.
|t!

; t

j 2.33.2 Data Source Access

Contact: Gary T. Mays
s

| Address: Nuclear Safety Information Center !

| Oak Ridge National Laboratory !
P.O. Box Y i
Oak Ridge, TN 37831 t

,

) Phone: 615 574 0391 (FTS 624 0391)
I

j Computer access: Contact Eugenia Boyle of NRC AE00
(FTS 492-4498) for access permission

2.34 Snubber Performance

f Sponsor: USNRC-!E

j Type of source: Report

Industry: U.S. commercial nuclear

Number and type of records: 400 occurrences of snubber failure at U.S.
nuclear power plants

frequency of record update: None;
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i

i

f
| Data source boundary: Reporting scope of LERs, NPROS, CFR 50.55(e) !

'

j reports, and CFR Part 21 reports ,

1

]
Time frame: July 1980 through December 1984

|

J
j 2.34.1 Descriotion
a

84The report contains a review of snubber operating experience at

j nuclear power plants from 1980 to 1984. Both hydraulic and mer.ianical
: snubber types are reviewed,

i

j The report includes an evaluation of snubber performance; operational, I
Iinstallation-related, and manufacturing problems are identified. General'

! failure data with failure modes and respective frequencies is provided.

Also included are a review of pertinent vendor activities and
recommendations for effective reliability and overall nuclear plant safety.a

) r

4 !

!2.34.2 Data source Access

! Contact: Monomohan Subudhi |

!

l Address: Brookhaven National Laboratory
Building 130 ,

Upton, NY 11973

i Phone: 516-282-2429 (FTS 666-2429)

Report ordering address: Same as above
;

Report cost: Unknown ;

;

Report accessibility: No restrictions

i

2.35 System Interaction Events '

r

'

Sponsor: USNRC-NRR

Type of source: Report / computerized data base

Industry: U.S. commercial nuclear
,

s
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!

!
.

,

Number and type of records: 235 events divided into 23 categories of !

. occurrences of adverse system interaction
,

| Frequency of record update: None |
|

Data source boundary: Events selected are adverse system interaction {occurrences (as defined by this study; see i
i

below)
|

| Time frame: LER data from 1969 through January 1, 1984,
also, additional data sources supplementing '

,

; the LER data as they became available and of
i use

1 2.35.1 Descriotion '

85j The report describes the first phase of a USNRC-sponsored project
! that identified and evaluated system interaction events that have occurred

at commercial nuclear power plants in the United States. A system
interaction occurs when an event in one system, train, component, or
structure propagates through unanticipated or inconspicuous dependencies to

j cause an action or inaction in other systems, trains, components, or
>

structures. !

For each system interaction event, the following are provided: plant,
date, plant operating status, interacting systems and components, and the

'

systems and components affected. Additional descriptive information is also-

included.
4
.

4

{ The report is in two volumes. Volume I contains appendixes that review
5 the data sources used in identifying events and outlines the information
| collected for each event. The primary data sources used to describe

individual events were LERs, SCSS, and Construction Event Reports (CERs),
in addition, because significant events often involve intersystemi

dependencies, a number of information sources on significant events were
used to supplement these primary data sources. These additional data

{ sources are documented in the report.

|

1

1

1
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,

t

Volume 2 provides a description of each adverse system interaction
Ievent and lists the references for the events. The information in' Volume 2

describing each adverse system interaction occurrence is maintained on an !

IBM computer. The set of events is also available on a PC disk in the form ;

of an ASCII file.
!

2.35.2 Data Source Access

Contact: George A. Murphy

Address: Oak Ridge National Laboratory !
Building 9201-3, MS-5 (
P.O. Box Y
Oak Ridge, TN 37831 i

Phone: 615-576-7053 (FTS 626-7053)

Report ordering address: GPO Sales Program '

Division of Technical Information and Document
Control
U.S. Nuclear Regulatory Commission

1

Washington, D.C. 20555
'

!

Report cost: Unknown -

,

:

Report accessibility: No restricticas ;

Computer access: Contact Dale Thatcher (USNRC NRR, |

(FTS 492-8358) i

>

2.36 Statistical Analysis of IPRDS Data

Sponsor: USNRC RES f

Type of source: Report !

Industry: U.S. commercial nuclear |

Number and type of records: All IPRDS data base re:ords for the pumps and i
valves selected for analysis

Frequercy of record update: 14one |

Data source boundary: The set of valves and pumps selected for |
analysis from the IPRDS cata base '

Time frame: 1975 through 1983

|
|
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2.36.1 Descriptio_n

Los Alamos National Laboratory performed separate statistical analyses
using the Failure Rate Analysis Code (FRAC)86 on IPRDS failure data for
pumps and valves. The major purpose of the studies was to determine which
environmental, system, and operating factors adequately explain the
variability in the failure data. The results of the pump study are
documented in NUREG/CR 3650.87 The valve study findings are presented in

NUREG/CR 4217.88;

; |

In the analysis of pumps, IPRDS failure data for 60 selected pumps at
four nuclear power plants were statistically analyzed using FRAC. The data

cover 23 functionally different pumps for each of two PWRs, and 21 and 17-

functionally different pumps, respectively, for two BWRs. Catastrophic,
degraded, and incipient failure severity categories were considered for both
demand-related and time-dependent failures.,

1

for catastrophic demand related pump failures, the variability is
] explained by the following factors listed in their order of importance:

{ system application, pump driver, operating mode, reactor type, pump type,
I and unidentified plant-specific influences. Quantitative failure rate

adjustments are provided for the effects of these factors.

In the case of catastrophic time dependent pump failures, the failure
.

rate variability is explained by three factors: reactor type, pump driver,
and unidentified plant-specific influences,

point and confidence interval failure rate estimates are provided for,

j each selected pump by considering the influential factors. Both types of
estimates represent an improvement over the estimates computed exclusively

,

from the data on each pump.

)
.

The coded IpRDS data used in the analysis is provided in an appendtx.

i
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A similar treatment applies to the valve data.

2.36.2 Data Source Access

Contact: Elizabeth Kelly

Address: Los Alamos National Laboratory
Group S 1, MSF 600
Los Alamos, NM 87545

Phone: 505-667-3308 (FTS 843-3308)

Report ordering address: GPO Sales Program
Division of Technical Information and Document
Control
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Report cost: Unknown

Report accessibility: No restrictions ;

!
2.37 Technical Soecifications

Sponsor: USNRC AE00

Type of source: Report / computerized data base

Industry: U.S. commercial nuclear

Number and type of records: 3181 events representing occurrences of either
technical-specification violations or
technical-specification required shutdowns

Frequency of record update: Annually

Data source boundary: Events reportable per 10 CFR 50.73 (a)(2)(i)

Time frame: January 1984 through December 1986

i
2.37.1 Descriotion

|
!

This source is a listing of incidents of technical-specification !
violations and of plant shutdowns required by technical specifications at
each U.S. commercial NPP. Incident descriptions are extracted from LERs.
The data base is maintained on a PC and was developed through use of dBASE
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!

!
III PLUS. Software for report production is, maintained at INEL. For each

event, the data base contains fields describing: a) the impact on plant
operation (outage hours), b) the system involved, c) the type of technical
specification involved, d) the cause of the original problems, and e) the |
Safety significance. j

A complete description of the data base and its contents is provided in !

an EG1G informal report.89 Copies of the data base ara obtainable on PC !
disks. AE00 approval is required to obtain a copy of the data base,

,

2.37.2 Data Source Access |

Contact: -Carl 1.ovell !

Address: EG1G Idaho, Inc.
P.O. Box 1625 '

Idaho Falls, Idaho 8341$ !
i

Phone: 208 526-9459 (FTS 583-9459)

peport ordering address: Same as above
!

Report cost: Unknown

Report accessibility: No restrictions |

|
Computer access: Contact G. L. Plumlee (USNRC AE00)

'

(FTS 492 4492)

2.38 Burns and Roe Valve Study

Sponsor: US DOE, Division of Nuclear Power Development

Type of source: Report

Industry: U.S. comercial nuclear

Number and type of records: 195 valve failures causing shutdowns or scrams
reported in LERs in the period from December
1982 to March 1979, supplemented by records of
all reported valve failures for 10 selected
stations from February 1966 to January 1979

Frequency of record update: None

Data source boundary: Valve related events reported in LERs, as

72
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noted above

Time frame: February 1966 through January 1979

2.38.1 Descriotion

90The study performed by Burns and Roe (B&R) shows that valve
failures constitute the component category most responsible for the shutdown
of PWR and BWR plants. This investigation, contracted with SNL for DOE,
identified the principal types and causes of valve failures that lead to
plant trips for the period from December 1972 to December 1978. The primary
source of data for the report was searches of the data base. Additional
sources included the monthly Gray Books and Nuclear Power Experience
publications, as well as discussions with utilities, valve manufacturers,
and suppliers.

As the result of a cursory review of the NSIC/LER abstracts, the report
investigates in greater detail the statistically most common types of valve
failures. These valves include power operated and spring loaded relief,
main steam isolation, feedwater regulator, pressurizer spray, and
solenoid operated pilot valves. Also considered are generic problems such
as valve stem leakage, valve actuation malfunction, and special valves that
do not require packing. Each subsection of the report discusses the system
application of the valves. Typical system flow diagrams present outline and
sectional drawings of the valve and typical installation arrangements.
Regulatory and code requirements as well as design responsibilities are

|

discussed. The report provides an analysis and statistics for each valve
type summarizes the utilities' and manufacturers' experience. It also
discusses possible solutions to the failure problems, the status of any I

ongoing corrective action and maintenance programs. The report concludes
with a summary of recommendations that could lead to long-term solutions.

The B&R valve failure report is a comprehensive study of valve failure
modes and the factors that contribute to their malfunction in nuclear power
plants. Each valve is investigated based on operating experience as well as

73
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discussions with utilities, manufacturers, and suppliers. This study is a
good reference for the construction of fault / event trees of systems that are
affected by valve performance. The valve failure modes are identified, the

associated mechanisms are described in detail, and preventive measures are
offered. However, there is a limited amount of quantification. The failure
calculations do not present statistics on the number of demands, operating
hours, or component populations. The number of failures are tallied, but

rates are not contained in the report. The calculations of the study are
based on the number of LER events reported by the plants. The report does

not specifically reference the contacts with various contributors. Thus. it
is difficult to ascertain the identity, content, and circumstances of those
discussions. A reference list of the manufacturers, utilities, and suppliers
that were contacted is not provided in the report. However, the B1R report

does include a copy of the LER abstracts that were used as the primary data
source.

2.38.2 Data Source Access

Contact: National Technical Information Service
Springfield, Virginia 22161

Report cost: $11.95

Report accessibility: No restrictions

;

i

i

I
:
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3. NONNUCLEAR DATA SOURCE DESCRIPTIONS AND ACCESS

Brief discussions of the fundamentti features of selected nonnuclear
data sources are provided in this section.a The data sources are
presented in alphabetical order based on their acronyms. A brief overview
of each data source is provided. This is followed by information on the
data source contents and its potential usefulness in nuclear applications.
Finally, reference information for contactiny the data source representative
is provided.

3.1 Failure and Inventory Reoortj.ng, System

The Failure and Inventory Reporting System (FIRS) program was developed
by the Geological Survey Division of the U.S. Department of the Interior for

|
safety and pollution prevention devices on offshore structures that produce
or process hydrocarbons. The program contains data on mechanical and some )
electromechanical systems on offshore oil platforms. About 8,000 failure
events are documented each year. Access has been limited to internal
materials management system use. No real-time access or periodic output
products have been available.

3.1.1 Contents

The system is composed of two programs. The safety device inventory
reporting program provides information listing the number of safety and
pollution devices by type, manufacturer, and model. The safety device
failure reporting program provides information about the failures of these
devices by failure causes, corrective actions, device type, manufacturer,
model, and frequency of failure. Failure percentages, reliability and
quality trends, mean time between repairs, and mean time between failures,
along with other statistical information, are darived from these data.

a. This information is largely adopted from Reference 3, and is current as
of late 1982.
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3.1.2 Areas of Usefulness

The FIRS data could be applicable to nue'iear plant reliability and risk
assessments. However, as long as the data are unavailable to outside
agencies, some administrative changes would be required to allow nuclear
industry users access to the data.

Contact: L. E. Bennett
Minerals Management Services (05 2)
U.S. Department of the Interior
P.O. Box 7944
Metairie, LA 70010

Telephone: 504-837 4720

3.2 Generatina Availability Data System

The National Electric Reliability Council (NERC) Generating
Availability Data System (GADS)9I covers cumulative information from

2,600 nuclear, fossil, hydro, and combined cycle electric power plants. All
~

systems and components whose failure caused an outage or partial derating
during normal plant operating conditions are reported. Information gathered
dates from the mid 1960s and is updated quarterly by status reports. These

quarterly reports provide the electric utility industry with periodic data
and information on the performance of power plants.

On January 1, 1979, NERC assumed responsibility for the operation of
the GADS from EE!. The objectives of NERC GADS are coordinated through a
Joint Advisory Committee comprised of representatives from the EE! Prime

Movers Committee, EPRI, DOE, the NERC Engineering and Operating committees.
6 and the NERC staif.

3.2.1 Con t er.t s

The NERC GADS encompasses 2,600 electric, power units, including
nuclear, fossil, hydro, and combined cycle. The data base is comprised of
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safety or commercial quality components, 25 percent electronic and
75 percent mechanical. There are over a million individual and
statistically reduced events, encoded in a structured extended text format.
Historically, system transients and external initiating events have been
grouped together.

Beginning in 1982, the categories started being reported separately.
Data supplied to GADS have been recorded by the electric utilities
participating in the GADS program. All generic categories of components are
included if their failure caused a forced, scheduled, or partial plant
outage. Noncurtailing outages of major components are also reported.
Immediate recovery actions are not included but long-term solutions are
indirectly available through the EEI committees. Approximately 80 percent
of the data are verified.

The data are statistically reduced to derive failure frequency rates,
modes, mechanisms, and intervals using calculated population and demands.
Also considered are the mean repair time and equipment downtime. Access to
unit-specific information is available only to utilities that own the unit
and others with specific needs. General statistical information is
available to the public in the form of quarterly or annual status reports.

| There is no charge to participant; of the GADS program.

The NERC GADS ten-year review report for 1971-1980 on equipment
availability presents statistical data sets on the performance of major
types of electrical power generating units. For example, performance data
on fossil plants identified that 126 utilities reported information on 1,129
individual units for a total of 9,179 unit-years. The equipment group
statistics are computed by considering only those situations where
components within that equipment group were the primary reason for the
outage. Cumulative and unit-year averages are calculated on such quantities
as service hours, available hours, scheduled outage rate, mean time between

full forced outages, shutdown because of economic reasons, and probability
of outage. The number of start demands and successful starts are included.
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Additional information as well as illustrative examples are included in the
appendixes to this NERC GADS report.

The ten-year review for 1971-1980 of the NERC GADS component cause code

report documents all outages attributed to each of the component cause
codes. The equations used to calculate the various quantities are included
in the report. Each three-digit numeric cause code identifies a specific
type of equipment, component, or system within the unit. A unique set of

cause codes is provided for each of the major types of electric generating
units. The calculated results include such quantities as average number o'
occurrences per year, average number of outage hours per year, and average
duration per outage. The report notes that the quantities are not additive
because of overlapping partial outages, or multiple work performed during an
outage. Additional information as well as illustrative examples are
provided in the appendices to this ten-year NERC GADS report.

3.2.2 Areas of Usefulness

The NERC GADS is a comprehensive collection of component and system j
data that addresses outages of electric generating units. Both nuclear and !

nonnuclear units are considered, which limits the direct applicability of
the data to reliability, risk assessment, and aging investigations of
nuclear plants. The availability of unit-specific data is limited, but

general statistical information in the form of quarterly and annual reports
is free of charge. Approximately 80 percent of the data entries are
verified. The management of the NERC GADS provides thorough and

illustrative examples of the tabular summaries. Limitations on the use of
the data are noted, such as the inhomogeneous nature of overlapping partial
outages or of multiple work done during a full outage.

Contact: Ronald Niebo, Director
Generating Availability Data System
North American Electric Reliability Council
Research Park, Terhune Road
Princeton, NJ 08540

Telephone: 609-924-6050
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3.3 Government-Industry Data Exchance Proaram

The Government-Industry Data Exchange Program (GIDEP)92 is funded and
operated by the United States Government. GIDEP has approximately 650- '

participants from U.S. government agencies and various industries. All
quality levels of components are represented with microcircuit, electronic,
electrical, electromechanical, and mechanical systems included. The

colle:ted data specifically excludes both proprietary and confidential data;
the emphasis is on off-the-shelf items. The data base is constructed from
both recorded historical data furnished by the participants and from
experimental or test data. Various environments, depending on the
component's applicP. ion, are included in the data bcse; the operating
environment is flagged. The failure frequencies, failure rates, failure
modes, failure mechanisms, and mean times to repair may be included.

Access is limited to contributors; no charge is levied except for some
special services. The data base is continually updated; standard output
products are generated either monthly or quarterly. Special outputs can be
generated on demand. Real-time access is possible.

3.3.1 Contents

GIDEP is comprised of four main data banks (referred to as data
interchanges):

1. The engineering data interchange contains engineering evaluation
and qualification test reports, nonstandard parts justification
data, parts and material specifications, and other related
engineering data on parts, components, materials, and
manufacturing processes !

l

2. The reliability-maintainability data interchange contains failure
!

i

rate / mode and replacement rate data on parts, components, and
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materials based on field performance information and/or
reliability demonstration tests of equipment, subsystems, and
systems

3. The metrology data interchange contains metrology-related
engineering data on test system:, calibration systems, and
measurement technology and test equipment calibration procedures.

4. The failure experience data interchange contains objective failure
information generated when significant problems are identified for
parts, components, processes, fluids, materials, or safety and
fire hazards.

Three special services are provided within GIDEP: The ALERT System,
which notifies the participant of potential problem areas: The Urgent Data
Request System, which allows a GIDEP participant to query all other GIDEP
participants on specific problems; and the Metrology Information Service,
which provides rapid response to a participant's queries related to test I

equipment and measuring services.

Two categories of data distribution are available. A full participant
maintains microfilmed data banks and indexes within the participant

organization, while a partial participant receives all program materials
except the microfilmed data bank. A partial participant can request needed
data from the GIDEP Operations Center.

If a participant has remote terminal equipment compatible with the
Operation Center's computers, real-time access to the GIDEP data banks may
be authorized.

3.3.2 Areas of Usefulness

GIDEP is a comprehensive data source that includes some data directly
applicable to nuclear power plant risk assessment. The Urgent Data Request
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system feature appears to be a potentially useful tool for exchanging data
on components in a nuclear environment. The real-time access features and
the data search capabilities are definite assets in accessing data rapidly.

A possible negative aspect would be the lack of verification of the
data compounded with the nonuniformity of reporting requirements from the

'

various organizations.

Contact: Edwin T. Richards or William Arnitz
GIDEP Operations Center
Corona, CA ')l720

'

Telephone: 714-736-4677

3.4 Military Handbook 217E

Military Handbook 217E (MIL 217E)93 establishes uniform methods for

predicting the reliability of military electronic equipment and systems. It

provides a common basis for reliability predictions and for comparing and
evaluating reliability predictions of related or competitive designs. There

are two methods of reliability predictions, namely parts count and parts
stress analysis. The methods are applicable for early and late stages of
design, respectively. Based on equipment environmental characteristics,
piece part count, electronic stresses, submodule repair rater, and system
configuration, the RADC-0RACLE computer program calculates piece part
failure rates, equipment failure rates, mean-time-to-failure availability,
and repair rates. The data base services are available to all military
organizations or specific contractors.

The part stress analysis prediction section contains failure rate
models for a broad variety of parts used in electronic equipment. This

method includes the effects of part quality factors and environmental
factors. The tabulated values of the base failure rate are "cut off" at the
design temperature and stress of the part.
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The parts count method is suitable for early design phase reli, ability
prediction. The method uses information on generic types, quality levels, !

and environment. The latter two effects are considered with the application
of specified factors. The failure rates for both methods are calculated
using the same generic expressions.

1

l
'

3.4.1 Contents

The military electronic components are subdivided into 13 categories.
Generic failure rates for these categories are derived by applying I

single-value factors, such as part quality level and operating environment.
The tabulated base failure rates are terminated at the rated design
temperature and material stress of the part. The handbook provides example

,

failure rate calculations for all of the categories considered as wall as |

for miscellaneous related parts. Maintenance information is coverer by a
separate program, which uses data from MIL 470 for equipment testing and
MIL 471 for prediction of maintenance.

The data contained in MIL 217E is not computerized and status reports
are generated every 12 to 18 months. Access to the data is not restricted,
nor is there any charge for a copy of the handbook. The data compiled in
the handbook is not verified by the data base and only on a voluntary basis
by the equipment suppliers / subcontractors.

3.4.2 Areas of Usefulness

The data are comprehensive in detail, but limited in their application
to nuclear plant risk assessment. The data are compiled from subcontractor
documents according to various requirements. The access to information is
limited to published reports. The handbook states that the methods of
reliability prediction for military electronic equipment do not "apply to a
nuclear survivability environment, nor do they consider the effects of
ionizing radiation."
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Contact: Lester J. Gubbins
Rome Air Development Center
Attn: RBET
Griffiss Air Force Base, NY 13441

Telephone: 315-330-2951

3.5 Reliability Analysis Center Handbooks

The Reliability Analysis Center (RAC)94 at Rome Air Development
Center, Griffiss Air Force Base, maintains a comprehensive accumulation of
electronic component reliability data and information representing the
combined experiences of hundreds and government, industrial, and independent
organizations.

Present data acquisition concentrates on microelectronic devices,
high-technology components, discrete semiconductors, and nonelectronic
parts. Data are snlicited among all phases of device and system
development, assembly, testing, and field operation. These activities are
enhanced and extended through direct interaction between the RAC and the
Rome Air Development Center reliability staff. Emphasis is given to failure
modes and mechanisms; material, device, and process technology; quality
assurance, reliability, and maintainability practices; specifications and
standards; test results; and application experience.

Collected data are classified according to physical, material, design,
and process control characteristics as well as applied stress environment.
The RAC data service maintains databooks, handbooks, reliability studies,
and synopses of symposium meetings. Consulting services are available to
support user requested informt. tion as well as to assume the dominant role in
a specific investigation. At additional cost, the reference material
identified by the search ctn be analyzed, evaluated, summarized, or
extracted in full. The RAC also conducts symposia and tutorial courses for
instruction, familiarization, and use of the various data services.
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The RAC is a Department of Defense Information Analysis Center operated
by IIT Research Institute of Chicago, Illinois.

3.5.1 Contents

RAC publications include data summaries for specific component types,
such as hybrid microcircuits, small, medium and large-scale integration
digital devices, linear and interface devices, digital monolithic devices,
and discrete semiconductors. In addition, there are reliability and

equipment maintenance data books that provide the failure and repair time
data on military electronic equipment by application such as subsystem.
Handbooks published by RAC provide guidance on methods for analyzing failure
data and for designing reliable equipment. Finally, there are publications
describing RAC technical reliability studies, technology abstracts, and
symposium proceedings related to the reliability of microcircuits and how to
protect them from electrical overstress (electrostatic discharge).

3.5.2 Areas of Usefulness

The RAC handbooks are very comprehensive in detail regarding the
reliability of military electronic components. In general, the data books
concentrate on failure rates, modes, and mechanisms, operating environment,
and quality and screening factors. The RAC interfaces extensively with
other military data banks for principal data sources. For this reason, the
RAC handbooks have lim)ted applications to the reliability of nuclear power
plants. The metnods of reliability prediction for military electronic
equipment are not specifically tailored to a nuclear survivability
environment.

,

Contact: Harold Lauffenburger
Reliability Analysis Center
Rome Air Development Center
Griffiss Air Force Base, NY 13441

Telephone: 315-330-4151
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4. FOREIGN DATA SOURCE DESCRIPTIONS AND ACCESS

Brief discussions of the fundamental features of selected foreign ,

isources are provided in this section.a The data sources are presented in
alphabetical order based on their acronyms. The discussion addresses such

topics as types of data collected from various sources, period of data
collection, access restrictions, degree of data reduction performed, types
of systems and equipment data, and generation of data base output reports.
For data sources not strictly nuclear in origin, observations are made on
the source's usefulness in nuclear applications.

Because of limitations in the amount of descriptive detail as well as
the unavoidable subjectivity of the 1982 survey, the reader is encouraged to
pursue topics of interest for clarification and a working knowledge of the
data source. The discussion of each data source is followed by reference

information for contacting the data source representatives.

4.1 Swedish Thermal Power Reliability Data System

The Swedish Thermal Power Reliability Data System (ATV) is maintained

and managed by the Swedish State Power Board at Stockholm, Sweden.

( Engineering and reliability data have been collected from both nuclear and
nonnuclear power generating plants. Nuclear data collection began in 1973.'

Collection of reliability data began in 1976. Over 30,000 events have been

recorded in the data base.
!

All data recorded in the data base have been acquired from plant

records. Statistical reductions of data for generation of reports or
specific end use are available. Data are currently collected from ,

Ifour operating plants (eight units). Time clocks have been installed on

a. With the exception of Section 4.4 below, this information is largely
adopted from Reference 3, and is current as of late 1982. It is included
for completeness.
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components to record actual exposure time. Event data are available on a
broad variety of safety and commercial grade components including pumps,
valves, transformers, instruments, diesels, filters, tanks (vessels), and
heat exchangers.

Real-time accass to the data base is possible through a data base
management system. In addition to safety-related system data, data for
interfacing (auxiliary) system components are also available. The data base

management system provides in-depth flexibility for generation of specific
output reports. Although access has been limited to members of the Swedish
Utility Consortium and the Swedish Power Board Directorate, a Reliability
Data Book 95 is available with generic failure rates based primarily on
this data base.

.

Contacts: Jean-Peirre Bento
Radet Fur Karnkraft Sakerhet
Nuclear Safety Board of the Swedish Utilities 1

Box 5864 S-102 48
Stockholm, Sweden

Telephone: 046-08-679540
(Telex: 131-08)

Gunnar Johanson
Statens Vattefallsverk
The Swedish State Power Board
S-162 87
Vallingby, Sweden

Telephone: 046 08-87 00 00
(Telex: 119-14)

4.2 Eurocean Reliability Data System

The European Reliability Data System (ERDS),96 sponsored by the

European Economic Community (EEC), is used by the European nuclear industry,
licensing authorities, and utilities. It contains information on all U.S.
light water reactors, and some 35 European reactors. Eighty percent of the
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information is accepted from national authorities and utilities and it not
internally reduced. The remaining 20% is data collected by the internal
data base investigators. The data base provides information on equipment

performance, repair and maintenance records, and human factors. The data

base is updated every six months but regular output products are not
presently available. Access to the data base is limited to data
contributors, while some design details are confidential.

4.2.1 Contents

The ERDS is comprised of four data banks:

1. The Component Event Data Bank contains raw data on component

failure, reliability, and operating modes. The content is similar

to the NPRDS (see Section 2.24). The data are from EEC countries
and also Spain and Sweden

2. The Abnormal Occurrences Reporting System contains unusual plant
events and human factors associated with normal operation. The

content is similar to pre-1984 LERs. Input is from the U.S.,
Sweden, and all relevant ECC countries except Germany (discussions
are in progress there)

3. The Operating Unit Status Report contains production and outage
log information on power reactor operation from EEC countries,
Spain, and Switzerland, and is very similar to the Generating
Availability Data System operated by the U.S. National Electric
Reliability Council (see Section 3.2)

4. The Generic Reliability Parameter Data Bank is a bibliography of
reliability information for plants with similar classes of

components.

The ERDS attempts to establish a uniform method of encoding the types
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of data submitted from the various entities. Inconsistencies of detail are
'

monitored automatically by the data bank computer services.

4.2.2 Areas of Usefulness

The data are very comprehensive with direct applications to
reliability, risk, and event analysis of nuclear power plants. Information

has been assembled on failure frequency, modes, repair, and maintenance.

Rate information is based on demands calculated. The time period covered

varies from the early 1970s to the present. Using real time access, the

output format of the event can be varied by selection of 20 generic and
detailed categories.

I

Contact: G. Mancini
Sector Head-Nuclear Installations Engineering Division
Ispra Establishment
I-21020 Ispra (Varese)
Italy

Telephone: (0332) 780131
(Telex: 380042EURI)

4.3 Gesellschaft fur Reaktorsicherheit

The German Gesellschaft fur Reaktorsicherheit (GRS) has a private
arrangement with the Rheinische Westalisshes Elekrizitatswerke (RWE) to
compile reliability data from an operating power plant, Biblis B. The data

base contains failure rate, maintenance, and operational event data.
External event data (floods, earthquake, fire, etc.) are compiled through a
separate utility-sponsored data base. The data base provides information on

repair and maintenance, and equipment performance. Data are available for
17,000 components, plus additional data on a "subcomponent" level. Output

products are produced as needed.

4.3.1 Contents

The GRS Reliability Data Collection on Nuclear Power Plant, Biblis B,
includes data from 37 safety-related peripheral systems, This data
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collection effort was concentrated on the following components because of
their extensive populations and repair action documentation: pumps, valves,

electrical positioning devices, electric motors, and drives. For each

component type, preface pages and data summary tables are provided. The
prefaces provide descriptions of the respective degree of impact of eight
influence parameters on different component failure modes. Separate data

summary tables are provided for each component type and are structured in a
format that allows for the inclusion of the number of pieces of operating
equipment, the total number of operating hours, total number of failures,
and hourly failure rates with upper and lower bounds.

All of the information listed directly above is correlated to an all
damages mode, individual subcategories of failure modes (internal leakage,
for instance). and the influence parameters and their subdivisions.
Real-time access is possible through a data base management system. Greater
confidence has been achieved through use of actual operational data for
computation of failure rate and significant event data. A companion data
bank is maintained through the participating utility for external event
data. There is no access cost to those having authorized use of the data

base. Individual data requests are made directly to RWE with approval of

GRS.
l

4.3.2 Areas of Usefulness

The Biblis data base project provides input for interesting comparisons

on numerous levels: European versus U.S. plant reliability and component

type variations, and the differing influence of various parameters on
various component types.

i
i

Contact: P. Homke j

Gesellschaft fur Reaktorsicherheit MbH j
Glockengasse 2.5000 i

Koln 1, West Germany (FRG)

Telephone: (02-21) 20 68-1 |

|
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4.4 Offshore Reljability Data Handbook

The offshore oil industry faces numerous concerns in the exploration,
drilling, and production of oil using platforms placed in extreme
environments.2 The realization that most of thase concerns dealt with
risk and reliability issues motivated a number of oil companies to pool
their resources and efforts to gather the data necessary to address these
issues through reliability analyses. The Offshore Reliability Data (OREDA)
project began in 1982 as a Norwegian government effort to survey and
evaluate existing data banks so that the best elements could be incorporated
into a. plan for offshore oil industry data collection. The operational
phase of this project in 1983 was managed and funded by the OREDA Steering
Comittee, composed of oil company members. All the member companies
contributed funds for the project which involved the monitoring,
compilation, analysis, and presentation of data gathered from the individual
companies. The results of the program were published in 1984 as the OREDA
Handbook.

4.4.1 Contents

The OREDA Handbook is structured by the type of systems (safety,
process, etc.). Components are cited beneath these headings and levels are
designated by numeric subdivisions, such as 4.2.1 and 4.2.2, much like IEEE

Std. 500-1984. A preface section precedes each. system and each component
type data page set. The system parameters to be considered are listed. A

full structured taxonomy, including components and subclasses numerically
identified, is also provided. Each component level preface describes a
variety of parameters including operating mode, component specifications,
and a diagram showing the component boundary. The data table pages all
employ the same format in which the heading provides component information
(operating hours, component population, etc.) and the body presents the
failure and repair data. Mean values for failure data and upper and lower

bounds are correlated to failure modes structured much like those in IEEE
Std. 500-1984, except that the "Catastrophic" severity category is called
"Critical" by OREDA. Repair time is given for each mode as well.
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4.4.2 Areas of Usefulness

Although the data in the OREDA Handbook originate from the offshore oil
industry, some components and their applications correspond to nuclear plant

!
scenarios. In these cases the component failure data can be useful for

incorporation into aggregated values of PRA model input. The key to

employing OREDA data would be the close examination and comparison of the
offshore oil component features, operating mode, and operating environment
with the nuclear plant component of interest to evaluate the degree of
correspondence.

Contact: Norwegian Science and Research Council
Safety Offshore Committee
Torkell Gjerstad
Systems Safety Section Head
Elf Aquitaine Norge A/S
P.O. Box 168, N-4001
Stavanager, Norway

Telephone: (45) 03000 4697237

4.5 Systeme Recueil Donnee' Fialilite'

The System Recueil Donnee' Fialilite' (SROF) data system is managed and
;

maintained through the Department of Central Functions, Electricite de

France (EOF). Since its inception in 1978, data have been collected from
two operating nuclear power units. The data base was in 1982 being expanded

to assemble and evaluate data from six nuclear units. Collected data are f
I

being used by a French user group consisting of French utilities and
1government agencies.

The information contained in the data base is specific to PWRs (data
input source). Reliability data are available for 800 components and
3,000 events. Verbal event descriptions are included in the form of

extended text. The event data (including maintenance events) are
statistically reduced as needed to generate specific outputs.

|
|
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Data access is available to all members of the French user's group.
Information access to others is presently not available, but exchanges of
information are given favorable concideration by EDF.

Contact: Henri Procaccia
Electricite De France
25 alle Privee-Carrefour Plajel
93026 St. Dem'o Cedex 1, France'

Telephone: (33) 1 823-9938

4.6 System Reliability Service

The Systems Reliability Service (SYREL) Data Base is used by the United
Kingdom Atomic Energy Authority (UKAEA) Systems Reliability Service (SRS).
It contains information from all industries, of which 20% is nuclear
related. Information is submitted by utilities, licensing authorities, and >

manufacturers in addition to inspection data gathered by the SRS staff. The

data base provides information to contributors on equipment performance, -

reliability, and availability, although certain aspects of manufacturing
design are confidential. The data base is updated continuously and status
reports are published every two months on 450 generic items. |

4.6.1 Contents

Membership in SYREL entitles the user to the services of four other
data banks:

1. The Accident Data Base

2. The Maloperation Data Base, covering events of less than accident
severity

3. The Event Data Store, applying specifically to nuclear power
plants but discontinued because of high cost (approximately 1000
times normal rates)

4

92

:

_. ___ __ _ _ ,



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

4. The Piping Data Base, with a limited amount of detailed
information which SYREL wishes to supplement with data from U.S.

facilities.

The annual membership fee entitles a user to five days of free
consulting, regular status reports, and in-house data reduction services.
There are a? proximately 100 international members.

Data on failure, repair, and maintenance are reduced if the information
has been collected for a period of over four years. The nonuniform quality

of available data complicates verification. Approximately 10 to 15% of

nuclear items are verified by SYREL investigators.

4.6.2 Areas of Usefulness

The data contained in this bank are very comprehensive with direct

applications to the risk assessment of nuclear power plants. Much
information has been assembled on failure, repair, and maintenance. Special

reports can be generated at the user's requast. The mean turnaround
response time is two to three weeks for a written request. Real-time access

is available for SYREL members only. At the user's request, SYREL will
|

contact the data supplier and arrange for a confidential exchange of
information.

Contact: Gilbert A. Cannon
System Reliability Service, UKAEA
Culcheth, Warrington Wigshaw Lane WA3 4NE
England

Telephone: (044) 925-31244 Extension 520
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5. PROBABILISTIC RISK ASSESSMENT DESCRIPTIONS

In 1975 the first PRA of a nuclear power plant, the Reactor Safety
Study (WASH-1400),40 was completed. A PRA on a nuclear power plant can

provide invaluable insights into basic design and operational features that
pose a potential risk to the public. This information is useful not only to

the analyzed plant (i.e., mitigating potential causes cf core damage) but
also can be extrapolated to a varying degree for use with plants of similar
design.

A survey was made of PRAs published to date. For each PRA identified,
a review was made that focused on the type of data sources used as input to
the analysis. In this section, a description of each PRA is given. Most of
the descriptions are divided into two parts. First, background information
on the PRA is provided. Second, the data sources used in the analysis (and
where and how these data are presented in the reference document) are
discussed.

In a later section of the report, background information on the plants
having PRAs and on the PRAs themselves is presented in tabular form. Also,
a table that identifies the data sources used in each analysis and how each
source was used (i.e., failures, repair times) is included.

5.1 Arkansas Nuclear Unit 1

5.1.1 Backaround

The Arkansas Nuclear One Unit 1 (AN01) nuclear power plant PRA35 was

performed as part of the Interim Reliability Evaluation Program (IREP). The

IREP has several objectives, two of which are achieved by the analysi,
presented in this report. These objectives are a) the identification, in a
preliminary way, of those accident sequences that are expected to dominate
the public health and safety risks, and b) the uevelopment of
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state-of-the-art plant system models that can be used as a foundation for
subsequent, more intensive PRA applications.

The AN01 PRA considered core melt accidents initiated by LOCAs for six
different break size ranges and considered eight different types of
transients. The emphasis of the study was on the estimation of core melt
accident sequence frequencies. Core melt accidents with the highest
frequency were analyzed in terms of containment phenomenology, and
associated radioactive material release categories were estimated.

5.1.2 Ooerational Data Contents

A brief discussion of the event data used in the analysis and the
data's origin is presented in Section 2.1 of the PRA. A complete list of
the data sources used in the analysis is provided in Table 2.1.

To identify initiating events and the initiating event frequencies,
ATWS: A Reaooraisal--Part III. Freauency of Anticioated TransifD11, EPRI
NP-801, was used as the basic source.44 Additional insight das obtained

!

through reviewing LERs for the plant and for plants of similar design.

A mixture of generic and plant-specific data was used to quantify the
fault trees. Basic hardware failure rate data were obtained from a modified
WASH-1400 data base. For particular componeats, plant-specific data
obtained from plant logs were used. Plant-specific test and maintenance
frequencies obtained from plant logs were used in the analysis. Data for
human error rates were obtained from the Handbook of Human Reliability
Analysis with Emohasis on Nuclear Power Plant Acolications,
NUREG/CR-1278.46

1

In addition to the above documentation, the utility personnel
participating in the study served as contacts with the plant to obtain more
information when needed.
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Unfortune.tely the report does not identify the components for which
plant-specific data were used. Consequently, the utefulness of the data in

other applications has not been assessed.

5.2 Bio Rock Point

5.2.1 Backaround

The Big Rock Point (BRP) nuclear power plant is unique relative to the
majority of U.S. comercial nuclear plants from the standpoint of size,
design, operating experience, and site location. The small size of BRP

(240 MW ) limits the capital that can be economically spent on plant
t

modifications. Regulatory requirements imposed on nuclear plants on a
generic basis after the accident at Three Mile Island made continued
operation of BRP an unattractive alternative from an economic perspective.
However, on the basis of the long, successful operating experience of BRP,
the relatively remote site location, and the fact that the plant was only
halfway through its projected lifetime, Consumers Power Company elected to
find a better way of evaluating and enhancing plant safety. It was judged

36 would allow consideration of the above factors whilethat use of PRA
focusing attention on those features of the plant where modifications tre
necessary and effective in reducing public risk. The PRA approach also

allows evaluation of several different modifications addressing the same
problent so that the most cost-effective modification can be pursued. This

is crucial if the capital expenditures are to be kept within economic
limits.

5.2.2 Ooerational Data Contents
,

i

The BRP PRA, Appendix III, provides a detailed description of the
reliability data used in event tree and fault tree quantification. Because

of its extensive operating experience and the uniqueness of the BRP design,
BRP plaat-specific data was used whenever possible. Plant-specific data
sources included plant maintenance orders, control room log books,

97

l
1

,



.

surveillance tests, LERs, event reports, deviation reports, plant review
committee meeting minutes, and USNRC correspondence. The plant-specific
data used spanned the period from 1970 to 1979. Data before 1970 did not
include maintenance orders or surveillance tests and therefore were
excluded. The plant-specific data collected for BRP is presented in detail
in Appendix XIII. Table III-4 summari..es 30 plant-specific component
failure rates and Table 11-06 contains plant-specific maintenance
unavailabilities for 20 components. These table are a summary of the BRP
component failure and maintenance outages.

The generic data sources used in the BRP data base originate from the
nuclear industry.

A systematic approach was undertaken for the BRP PRA to identify all
pctential sources of common mode failure. The first step in the treatment
of common mode failures was a compilation of a detailed list of common mode
initiators. To achieve this, available literature on common mode failure
analysis was reviewed. The next step was to qualitatively assess the
potential effects of those initiators on BRP systems. The initiator
categories and the systems selected for examination are presented in
Table VI.1. of the BRP PRA. I

The failure data base from the BRP PRA is suitable fer PRA applications
because it was developed and structured for that purpose. In addition,
maintenance frequency data can be applied to obtain average unavailability
determinations that can be used on a comparative basis with other

plant-specific sources or combined to develop broader-based averages.

5.3 Browns Ferry Unit 1

5.3.1 Backaround

The first Browns Ferry Unit 1 PRA was made as part of the USNRC
IREP.37 Specific goals of the study were to identify the dominant
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contributors to core melt, develop a foundation for more extensive use of
PRA methods, expand the cadre of experienced PRA practitioners, and extend
IREP analyses procedures to other domestic light water reactors.

Event tree and fault tree analyses were used to estimate the frequency
of accident sequences initiated by transients and loss of coolant

accidents. External events such as floods, fires, earthquakes, and sabotage

were beyond the scope of this study and were, therefore, excluded. From the

accident sequences, the dominant contributors to the frequency of probable
core melt were chosen. Uncertainty and Jensitivity analyses were performed
on these sequences to better understand the limitations associated with the
estimated sequence frequencies. Dominant sequences were grouped according
to common containment failure modes and corresponding release categories on

the basis of comparison with analyses of similar designs rather than on the
basis of detailed plant-specific calculations.

'

5.3.2 Ooerational Data Contents

37Table C-4 of Appendix C contains the IREP generic data set used for
the majority of the failure data for quantification of fault trees. Most of
this information comes directly from WASH-1400; because failure data were
not available for every component in the fault trees, other sources of data
were occasionally used. Table C-5 lists 10 components' failure rates that
either differ in value or represent an extension of the IREP data set -

application; the rupture disk leakage probability is based on information
from Tennessee Valley Authority (TVA). Repair times from WASH-1400 were

used. Preventive maintenance and testing contributions to system / component
unavailabilities were derived from information provided by the utility

i

company. Initiator frequencies cama from plant-specific data found in EPRI
NP-801.44

Human errors of omission were included where appropriate in the fault
'

tree models for errors involving test and maintenance, and those involving
crrors in response to an accident situation. Emergency operating

1
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l

instructions were reviewed with regard to potential accident sequences to
determine the required human interactions with mitigating systems in
response to the accidents. Section 3.2 of Appendix C describes in more
detail these operator response errors. Explicit human error models were
developed, based on the procedures found in NUREG/CR-1278.46 It was
especially important to create these models for human error events that
affected multiple systems. These human error models can be found in
Section 4 of Appendix B.

The Reliability Analysis System (RAS)97 computer code provided
unavailability calculations based on the fault trees and failure data. The

code calculates time-dependent system unavailabilities using one algorithm
to generate minimal cut sets and another to evaluate the unavailability
associated with these cut sets. The code also ranks the cut sets from
highest to lowest in terms of contribution to system unavailability.

A limited amount of plant-specific data was used in the analysis.
Consequently, there is minimal potential use for the data sources. The

generic data sources used in the analysis can support other risk assessments
when plant-specific data do not exist.

5.4 Browns Ferry Unit 1 Second Evaluation

A second PRA was performed on Browns Ferry Unit 1.98 Sponsored by

TVA, it was an analysis that included modeling of the containment and the
environmental transport of radioactive materials as well as identifying
sequences of failures that could lead to core melt. Several plant-specific
data sources were used to support the analysis; these are described in
Appendix D of Reference 98. However, this reference document was not
available for review. Information obtained from a questionnaire on the
sources used is included in a table in Section 6.2, PRA Comparisons.
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5.5 Calvert Cliffs Unit 1

5.5.1 Backaround

38The first PRA analysis for Calvert Cliffs Unit 1 was performed as

part of the IRED. Two of the IREP objectives are addressed by this
analysis. They are a) the identification of those accident sequences which
can be expected to dominate the risk related to the operation of Calvert
Cliffs Unit 1, and b) the development of system models that can be used for
future, more extensive PRAs of Calvert Cliffs Unit 1.

The scope of this analysis does not include external events
(earthquakes, fires, etc.) and the assignment of accident sequences to
release categorics was performed in a subjective manner with limited
plant-specific calculations. Thus, this portion of the study relied heavily
on analyses performed previously on similar facilities. Other limitations
are discussed in detail in Chapter 8 of NUREG/CR-3511. While accident
sequence and release category frequencies were quantified, they are of value
primarily in comparative analyses, and the absolute values determined should
not be used without a clear appreciation of their inherent uncertainties.
The principal product obtained is the integrated engineering logic presented
in the plant and system models and insights into plant features contributing
significantly to risk, not the specific values computed for accident
frequencies.

|

5.5.2 Ooerational Data Contents j

A mixture of generic and plant-specific data was used to quantify the j
fault trees. Basic hardware failure rate data were initially obtained from
a modified WASH-1400 data base 99 assembled by the USNRC. Later, the

generic data base given in the IREP procedures guide 24 was used in the
Calvert Cliffs study. For particular components, plant-specific failure
data obtained from plant logs were used. Plant-specific test and
maintenance frequencies were also obtained from plant logs and used in the
analysis. Data for human error rates were obtained from NUREG/CR-1278.46
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In addition to the above documentation, the utility personnel
participating in the study served as contacts with the plant to obtain more
information when needed. The PRA team visited the plant to view particular
equipment and to discuss questions with plant personnel. The utilities also
reviewed periodic reports to ensure accuracy of information.

5.6 Calvert Cliffs Unit 1 S'cond Evaluation.

5.6.1 Backaround

Another evaluation of the risk to the Calvert Cliffs Unit I nuclear
power plant, because of concerns about pressurized thermal shock (PTS),100

was performed by ORNL with the assistance of several other organizations.
This evaluation was part of a USNRC program designed to study the PTS risk

101 andto three nuclear plants. The other two plants were Oconee Unit 1
H. B. Robinson Unit 2.102 The specific objectives of the program were to
a) provide a best estimate of the frequency of through-the-wall cracks
(TWCs) in the pressure vessel at each of the three plants, together with the j
uncertainty in the estimated frequency and its sensitivity to the variables
used in the evaluation; b) determine the dominant overcooling sequences
contributing to the estimated frequency and the associated failures in the
plant systems or in operator actions; and c) evaluate the effectiveness of
potential corrective measures.

The program did not consider the effects of external events, such as
earthquakes, fires, floods (both outside and inside the containment), and

"

sabetage. ORNL suspects that the effect of excluding such events is not
serious because of a) the low probabilities that the events will occur and
b) the likelihood that failures of systems caused by external events would
cause undercooling situations rather than overcooling situations.

5.6.2 Ooerational Data contents

The three PTS analysis reports do not contain information on the input
data sources. The input data preparation and analysis was performed by SAI,
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Oak Ridge. The data was transmitted to ORNL from SAI by informal letter |

correspondences. Joe Minarick of SAI led the data collection effort.
|

5.7 Calvert Cliffs Unit 2

5.7.1 Backaround

The Calvert Cliffs 2 PRA is the third in a series of four that presents
the results of the analyses performed in the USNRC's Reactor Safety Study
Methodology Applications Program (RSSMAP). The results are documented in
NUREG/CR-1659.103 The RSSMAP analyses were an attempt to use insights

from the relatively detailed and elaborate WASH-1400 analysis to perform a
meaningful plant risk analysis with minimum manpower and economic impacts.
It was also desired that the study of plants with differing reactor and
containment designs would broaden the class of nuclear power plants
explicitly analyzed in terms of risk.

The results presented in the subject document should be considered with ,

caution and placed in their proper context. As was true of all the RSSMAP
plants studied, the Calvert Cliffs analysis was conducted primarily with
information available in the FSAR, technical specifications, and selected

| plant procedures. This approach does imply some limitations in the depth of
the analysis because as-built systems often differ from those depicted in
FSAR drawings. Also, FSAR analysis and technical specifications generally
indicate more conservative criteria and guidelines than are actually
required for system success.

5.7.2 Ooerational Data Contents
|

The Calvert Cliffs 2 PRA almost exclusively used WASH-1400 data. These

data came primarily from the nuclear and military industry. Expert opinion
is the foundation for portions of the data base. There is little actual
operational data in this study.
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The failure data base from the Calvert Cliffs 2 PRA is of limited use
d <tructured before a number |for PRA applications because it was developed e

of more current data sources. 1
!

5.8 [.ganycticut Yankee
i

5.8.1 Backaround

!

Northeast Utilities (NU) has been committed to developing and
maintaining living PRA models for all company-operated nuclear power plants
for use in in-house safety assessments, design engineering evaluation of
hardware and procedural changes, and operations policy decisionmaking. In

; support of this objective the Connecticut Yankee (Haddam Neck Plant) PRA was I

performed by personnel in the NU Safety Analysis Branch, PRA Section.

104The PRA study resulted in the discovery that certain size breaks
in the reactor coolant system loop, where a single charging header
connected, could not be mitigated. The PRA study was then used to identify
modifications to eliminate this problem. Temporary modifications were made
during the 1986 refueling outage. Those will be supplemented by permanent !

hardware during the next scheduled refueling outage. The PRA model was used )
to obtain a temporary exemption to General Design Criteria 35 from the USNRC
and to justify continued operation until tne next refueling outage.

The existing PRA models for core melt probability are being expanded to;

! cover fire events and flooding. Current use of the models has been for
evaluating the safety improvements of approximately 50 individual proposed
plant modifications under the Integrated Safety Assessment Program (ISAP) in*

I which NU is voluntarily participating with the USNRC.
i

5.8.2 Ooerttional Data Contents

The Connecticut Yankee PRA data base contains component failure and

maintenance unavailability data, and initiating event frequency data
.
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including typical PWR anticipated operational occurrences, LOSP, and RCP
seal failures. Section 4.1.1, "Component Data Collection." describes the
process used to gather component failure history, demand history, and run
time experience over a 10-year period. Included in the process was the use'

of the Baseline Events Analysis Reliability Data System (BEARDS), a
proprietary NU data base that includes failure and maintenance reports.
Section 4.1.2, "Component Reliability Analysis," shows the updated component
failure data. The results reflect a Bayesian update of WASH-1400, IEEE-500,,

and Westinghouse Nuclear Technology Division means and variances, using
plant-specific experience where available. Failure-on-demand rates were
modeled using beta-distributed priors. Hourly failure rates were modeled
using gamma-distributed priors.

The pump data base is broken down into pump types (each is treated
separately) and failure modes (start versus run). Limited motor-operated
valve (MOV) data were analyzed for critical, infrequently tasted MOVs inside
the containment. No plant-specific breaker data were obtained. Good

plant-specific data exist for batteries, chargers, inverters, motors, and
diesels.

Maintenance data are treated by computing an average maintenance
unavailability for each component type or system train.

Event frequency data are analyzed in Section 2.6, "Initiating Event
Frequency Quantifications," based on plant trip reports and shift
supervisor's log book entries for a one-year time period. The first two
years of plant experience were discarded as they appear to represent
experience typical of early plant operation and tests which are not typical
of operation in later years. The plant experience was used to perform a
Bayesian update of EPRI NP-223018 reactor trip experience.

s

The failure data base from the Connecticut Yankee PRA is suitable for
PRA applications because it was developed and structured for that purpose.
A large amount of plant-specific data was used in the analysis and the data
could be useful in other applications.
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5.9 Crystal River Unit 3
.

'
:
.

I 5,9.1 Backaround

The first PRA of the Crystal River Unit 3 nuclear power plant 105 js ;

.

an IREP study that provides a quantitative assessment of certain aspects of
the public risk associated with its operation.

,

The assessment includes estimates of the frequency (or probability per
year) of radioactivity releases in each of seven discrete categories
stemming from LOCAs and various anticipated transients. The primary ;

Iobjective is to identify and estimate the probabilities of those types of
accidents that are most likely to cause releases in these seven categories,

'and to identify and quantify the combinations of hardware and human faults
that contribute most to these probabilities. ,

i

5.9.2 Ooerational Data Contents ,

.

The component failure data sources and maintenance unavailability data
sources used in the Crystal River 3 analysis are discussed in Section 5.1 of
the report. The principal data base employed in the Crystal River 3
analysis for component failure rates was the IREP data base.i

1

; Plant-specific data were used in the analysis for a) emergency power
from the on-site fossil units 1 and 2, b) emergency diesel generators,
c) emergency feedwater turbine pumps, and d) maintenance outage frequency
and duration of active mechanical components. Section 5.1 also includes

! discussion of the approa.ch and data sources used in addressing common cause

| failure, maintenance outage frequency and duration, and human error rates,
j

l

j The amount of plant-specific data used in the analyses was minimal and
would be of limited use in other applications.

,

i

I
;
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5.10 Crystal River Unit 3 Second Evaluation

5.10.1 Backaround

|

106The second study was done in response to a request by its utility,
Florida Power Company. The study, completed in February 1986, was performed
by SAIC. It contains a detailed analysis of sequences that could lead to
core melt. It does not include an extensive analysis of external events,
but the analysis of plant-specific data is thorough.

5.10.2 Ooerational Data Contents

The Crystal River 3 plant has been operating since March 1977, but it 1

was considered essential to review the daily operating history through 1984
as well as the USNRC monthly reports to determine a start and end date for

data evaluation. Because of consideration of the plant's operating history,
September 19, 1978, was set as the start date and June 30, 1984 was set as
the end date.

1

Plant records, NPRDS files, and LERs from this period were all used as
plant-specific input to the data base, and were supplemented by generic data
to narrow the uncertainty bounds. The najority of the generic data used for
this base was obtained from nuclear power-related sources; however, a few of
the generic sources used to produce the final aggregated failure rates
contain data completely or partially from nonnuclear sources, such as the
military or the offshore oil industry.

The data base consists of system-by-system folders displaying the
various stages of data compilation the analyst went through to calculate the
failure rates, a table of generic component failure rates by failure mode,
and a partial write-up of the methodology employed for data base
development. Each system folder contains component folders for each
component type called out on the relevant system fault trees. Within each
of these component folders is a checklist of items needed to develop the
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data that are indicated by a reviewer as either being included, not ;

available, or not applicable. Such items include computer history file by
'

tag number, plant operating hours and cold shutdown list, and assumptions
made for determining interfacing demands. The input to demand related and

time-based failure rate calculations is all included in these folders and
'

final calculations are summarized on failure summary sheets. This method

was used to allow the data development process to be traceable, even years

after its completion. Rates compiled in this manner have been combined with

generic data summarized across component types in a table, which was
incorporated into the final quantification of the PRA. Test and maintenance

were considered in the construction of component demand histories, and the
unavailability rates caused by these situations have been calculated.

This data base employs a thorough approach to the development and
documentation of failure information. This data source will provide
valuable input to PRA model quantification and component unavailability
studies.

5.11 Grand Gulf Unit 1 j

5.11.1 Backaround

The Grand Gulf PRA107 was performed under the USNRC's RSSMAP. The

objectives of the study were to use the methods developed in WASH-1400 to
determine the sensitivity of domitiant accident sequences and risk to
plant-to plant variations.

The results of this analysis should be considered in the proper
context. As was true of all the RSSMAP plants studied, the Grand Gulf
analysis was conducted primarily with information available in the FSAR.

5.11.2 Ooerational Data Contents

Plant-specific data, technical specifications, and plant procedures
wcre not available for Grand Gulf because it was still under construction at
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the time of the analysis. Consequently, the Grand Gulf analysis was
; performed using generic data. Because of their similarities in design,

Peach Bottom Unit 2 data from WASH-1400 was used in the analysis. All '

failure rates, failures per demand, and repair time estimates came from
WASH-1400. Thus, this PRA is not useful as a source of operational data.

5.12 H. B. Robinson Unit 2

See Calvert Cliffs Unit 1 Second Evaluation (Section 5.6).

5.13 Indian Point Units 2 and 3

5.13.1 Backaround

The Indian Point Units 2 and 3 PRA study includes a discussion of
probabilistic risk assessment methodology; plant, containment, and site
analyses; an analysis of initiating events including events outside the
plant; an identification of the dominant contributors to risk; and a
quantitative statement of the level of safety at the Indian Point nuclear
power plants.

The study was prepared by Pickard, Lowe & Garrick, Inc.; Westinghouse'

| Electric Corporation; and Fauske & Associates under the supervision of the
utilities.

5.13.2 Ooerational Data Contents

The review of the data portion of the Indian Point 2 (IP2) and 3 (IP3)
PRA (a 1982 internal document prepared by Consolidated Edison and the New

York Power Authority) is confined to the site-specific and generic component
failure and service hour data sections because these were the only segments

;

available to the reviewers. The LERs produced during a ten-year span of 1

IP2's operation were evaluated to determine their applicability to the PRA
data needs. It was eventually decided to use only the LERs generated after
IP2 became critical (from May 23, 1973 to December 31,1979) for the
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component data base development, based on the availability of failure event
information and more unifor'n operability, testing, and reporting criteria.

The IP3 data portion presentation parallels the IP2 data section. The

discussion below applies to both plants. Distinctions are made for the
location of information in the PRA as it applies to IP2 versus IP3.

Opening segments of the IP2 PRA data analysis section (1.5.1), (IP3:
1.6.1) describe the definitions of terms and concepts employed, the
assumptions made, and limitations recognized during the data base
construction. Separate treatment of these discussions is given for
component failure data, component operability test and service hour data,
component failure modes, data uncertainty, and data applicability. A set of
39 (IP3: 37) plant-specific component failure mode summaries established
the basis for component service hour determinations, the number of failures,
and the test data source for each failure mode given for each component.
Generic data from WASH-1400, IEEE Std 500, and the LER data summaries on

valves, pumps, and diesels were combined with plant-specific failure data to
produce "updated" failure information. All the IP2 specialized component
hardware failure data, both generic and updated, are contained in

Table 1.5.1-4 (IP3: 1.6.1-4). This table contains (by systent, component,
and failure mode) plant-specific data on the number of failures and service
hours or demands. Additional updated and generic mean failure rates and
variances are provided. Component types and their failure modes are

correlated to the number of failures, service hours or demanjs, and updated
mean and variance estimate for failure rates. For some components, it was
determined that specification of the system was warranted because of its
impact on the data values; these system-specific cases are also noted in

Table 1.5.1-4 (IP3: 1.6.1-4). Tables providing IP2 cold shutdown dates,
durations, reasons, and component periodic test frequcncy are included as

1.5.1-1 and 1.5.1-2 (IP3: 1.6.1-1 and 1.6.1 2), respectively.

Potential users of LER data for reliability analyses will find the
experience of IP2 beneficial in noting how and where assumptions and
interpretations were made. In addition, the failure-mode specific
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explanations of service hour determinations are insightful for anyone
calculating the denominators for hourly (or demand, using the basic.
methodology concepts) failure rates. ;,

5.14 Limerick Units 1 and 2

5.14.1 Backaround

|

At the request of the USNRC, Philadelphia Electric Company, through its
contractor (the General Electric Company) and prime subcontractor (SAI), i

performed a PRA108 for the Limerick Generating Station. The purpose of [

the analysis was to assess the risk of operating Limerick Station,
,

specifically with regard to its location near a high population density
area. These risks were evaluated to determine whether they represent a
disproportionately high segment of the total societal risk from postulated;

nuclear reactor accidents. The USNRC requested that the Limerick analysis
; employ the methodology of WASH-1400, with modifications to account for both '

the design differences and the site specific differences between Limerick
and the WASH-1400 reference plants and sites.

. ,

b

In response to USNRC direction, the Limerick analysis accounted for a1

revised list of accident initiators based on the Limerick plant design and a
'

more detailed analytical modeling of event sequences following each accident
initiator. Plant-design-specific and site-specific data were also included
in the analysis of the Limerick Mark II containment and in the meteorology
and demography input to the evaluation of accident consequences.

5.14.2 Ooerational Data Contents
,

The Limerick Units 1 and 2 PRA, Appendix A, provides a detailed
discussion of the input data used in the evaluation of accident sequences.
Included are discussions of accident sequence initiators (Section A.1) and
equipment and component failure rate data (Section A.2).

i

,
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The component failure rate data used as input to the fault tree model
came from four basic sources: plant records from Peach Bottom (a plant of
similar design to Limerick), actual nuclear plant operating experience data
as reported in LERs (to produce demand failure rates evaluated for pumps,
diesels, and valves), General Electric BWR operating experience data on a
wide variety of components (e.g., SRV valves, level sensors, containment
pressure sensors), and WASH 1400 assessed median values.

The failure data for the Limerick PRA are of use for other risk
analyses. Although the data do not include any plant-specific values
generated specifically from Limerick, some plant specific data from oeach
Bottom are included.

5.15 Millstone Unit 1

5.15.1 Backaround

The first Millstone Unit I nuclear power plant PRA109 was performed
as part of the USNRC's IREP. Two of the IREP objectives have been achieved
by this analysis. They are a) the identification of those accident
sequences that can be expected to dominate the risk related to the operation
of Millstone 1 and b) the development of system models that can be used for
future, more extensive PRAs of Hillstone 1.

The IREP analyses represent integrated plant systems analyses.
Detailed analyses were performed on those systems required to respond to a !

variety of initiating events and on those systems supporting the responding !

systems. The analysis included unavailabilities during test and maintenanc.e
activities, human errors that could arise in restoring the systems to
operability following test and maintenance and in response to accident
situations, and a thorough investigation of support system faults that could
affect operation of more than one system.
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5.15.2 Ooerational Data contents
.

The sources of information used in the Millstone 1 analysis are listed
in Table 2.1 of the referenced document. The FSAR and plant system

descriptions and drawings provided the basic information base for the
analysis. This was supplemented by more detailed information in support of

'

particular aspects of the analysis.

To identify initiating events and initiating event frequencies, EPRI
44NP 801 was used.

Data for quantifying the fault trees were a mixture of generic and
plant-specific data. Basic hardware failure rate data were obtained from a
modified WASH-1400 data base assembled by USNRC personnel participating in
the study. For particular components, plant-specific data obtained from
LERs for Millstone 1 and similar plants were used. Plant-specific test and
maintenance intervals and duration were obtained whenever possible from
discussions with plant personnel and from reviewing plant logs. Data for

human error rates were obtained from NUREG/CR-1278.46 i

In addition to the above documentation, the utility personnel
participating in the study served as contacts with the plant to obtain more
information as needed.

A more current PRA has been performed on Millstone 1 (see the next

section). This study included the development of a data base with more
reliable and accurate estimates; thus, the IREP PRA is not recommended for
further reference for acquiring data.

)
5.15 Millstone Unit 1 Second Evaluation

5.16.1 Backaround

NU has been committed to developing and maintaining living PRA models
for all company operated nuclear power plants for use in in-house safety

\
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assessments, design engineering evaluation of hardware and procedural
changes, and operations policy decisionmaking. The Millstone Unit 1 IREP
PRA was not capable of supporting these needs because of its lark of
detail. Thus, a determination was made to perform a complete teanalysis

,

i in-house using personnel in the NU Safety Analysis Branch, PRA Section.

>

110The resulting PRA study uncovered inadequately sized RHR and

long-term decay heat removal in both LOCA and non LOCA accident sequences.
The study has been used to evaluate possible improvements and modifications.

The existing models for core melt probability were expanded to cover
fire events and flooding. Current use of the models has been for evaluating
the safety improvements of approximately 75 individual proposed plant
modifications under the ISAP that Northeast Utilities is voluntarily
participating in with the USNRC.

5.16.2 Ooerational Data Contents
,

i

The Millstone Unit 1 PRA data base contains component failure and i

maintenance unavailability data, and initiating event frequency data,
including typical BWR anticipated operational occurrences and LOSP. i

Section 3.1.1 describes the plant data collection process used to gather
system and component failure history, demand history, and run time
experience over a 13.5 year period. Section 3.1.2, "System and Component
Reliability Analysis," shows the updated system and component failure data.

| The results reflect a Bayesian update of WASH-1400 means and variances using
plant-specific experience. Failure-on-demand rates were modeled using"

beta-distributed priors. Hourly failure rates were modeled using
gamma-distributed priors.

The pump data base is broken down into pump types (each is treated
separately) and failure modes (start versus run). The MOV data base is

separated into MOVs inside the drywell versus those outside the drywell
(statistically significant differences exist in observed failure rates).
The MOV data base also reflects failure to open versus failure to close.

,
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The large electrical breaker (4160 V, 480 V) data base shows significant
differences from both the WASH 1400 and IEEE-500 data bases, i.e.,

3 failures in 34,333 demands for 4160 V breakers and 6 failures in
11,238 demands for 480 V breakers. Good data are also available for diesels
and the emergency gas turbine generator.

Maintenance data are treated by computing an average maintenance
unavailability for each component type or system train and fitting the data
to a beta distribution. This is because maintenance outages are logged on a
train basis in many cases.

Event frequency data were developed from a detailed review of plant
trip reports and shift supervisor's logbook entries. The first two years of
plant experience were discarded as they appear to represent experience
typical of .arly plant operation and tests that are not typical of operation
in later years. The plant experience was used to perform a Bayesian update
uf EPRI NP-2230 reactor trip experience. These calculations are summarized
in Section 1.2 of the PRA report.

The failure data base from the Millstone Unit 1 PRA is suitable for PRA
applications as it was developed and structured for that purpose. The data
set contains an extensive amount of plant-specific data that can be used in
other applications.

5.17 Millstone Unit 3

5.17.1 Backaround

in 1981, the USNRC requested NU to submit a PRA to identify, analyze,
and quantify the additional potential risk contributed by the Millstone
Unit 3 PWR to the surrounding population. This request was made in part
because of USNRC concerns about high population density sites and desires to
have a PRA available to assist the USNRC staff in reviewing the FSAR and I
operating license application. The scope of the study was to include
internal and external events, and the determination of core melt frequency,
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!
1
1

containment failure probability and hypothetical public consequences. The
'

study was performed by Westinghouse, the reactor supplier for Millstone
,

Unit 3. I

I
1

5.17.2 Ooerational Data Contents <

l

The Millstone Unit 3 PRAlll relied on exi. generic reliability
,

i data bases because the study was to be submitted three years before plant
operation. Appendix 2 A, "Unavailability Model and Failure Rate Data Base
for Random Component Failures," documents the failure data used. The data

sources included Westinghouse Nuclear Technology Division data
(proprietary), WASH-1400, NREP Procedures Guide, and IEEE 500.

! |

Event frequency data was based on EPRI NP-2230 reactor trip |
experience. LOSP experience was based on a Bayesian update of ORNL ]
experience using 13 years of site-specific experience. These calculations j

are summarized M Section 1.1.3, "Quantification of Internal Initiating
Event frequencies."

; The PRA predates the operation of the unit by three years and provides
! no plant-specific data. Future updates and revisions to the Millstone

Unit 3 PRA models will incorporate plant-specific data when it becomes
available in statistically significant levels. At that time, the data would

|
become more useful.

i

; 5.18 Oconee Unit 1

See Calvert Cliffs Unit 1 Second Evaluation (Section 5.6).

i
:

) 5.19 Qconee Unit 3
1

| The first PRA analysis of Oconee Unit 3 was performed for the USNRC

| RSSMAP.ll2 In this analysis, a limited amount of plant-specific data was
used, in contrast, the second Oconee Unit 3 PRA used a large volume of

|
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!
1

plant-specific data. Also, this second analysis was far more comprehensive

(Level 3). Refer to the second Oconee PRA for the type of plant specific !

data for Oconee Unit 3 that has been produced.'
>

S.20 Oconee Unit 3 Second Evaluation !

iS.10.1 Jackaround ,,

t
,

FMiowing both WASH-1400 and the Three Mile Island incident, it became [
i'i:reasirigly apparent that risk assessments were to become a crucial tooi i

'

for the irivestigation and evaluation of nuclear power plant accident risks.
Du ing the four years between the two events cited above, however, the .

sponsorship for risk evaluation efforts originated strictly from regulatory
bodies. It decame clear that a more direct industry involvement in

; reliability and risk .ssessment was needed to allow for the maximum benefit
i frorr the insights gained and to enable utilities to be conversant with USNRC *

j licensing evaluators in the terms of the new technology. To enable the
utilities to it.itiate risk evaluation projects on their own, EPRI's Nuclear"

ll3Safsty Analysis Centar (NSAC) undertook the management of a PRA project
to be petfof451 in coop 9 ration with a utility. Oconee UnO 3 was selected
or this study because of the strong project support available from Duke

| Pow 6r, the access to detailed design and prior RSSMAP study information, the ;

| OcoTe our: Jing experience, and the USNRC's original intent to select
;

Ocona,e a' one of the first plants for the IREP study,

5.20.2 OricdllanaL oata Contents

:

ihe Oconee PRA data base includes component failure and maintenance |

duration cath initiating event data, and a special section on "rare event" ;
initiators such as LOSi> and steam generator tube ruptures (SGTRs). I

|Section 5.1.6, "If; dated Co:t'poncat-Failure Data," displays aggregated values
of generic and plant soccific data as "updated" values in a four4 ; . Je
tabl9 Compo6ent types and failure mo#s are correhted to mean median,s

5th anc 95th reycehti h , and v#riaqce values, there is no hierarth! cal
nructure of comperent types and Silure Todes, W compo6cnts arc ilated in

117 )
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|

a generic sense unless it has been determined that the failure rate is
sufficiently different to warrant the notation of a particular system. |
Maintenance frequency data, for the same five parameters as the failure,

data, are associated with specific components that are noted by their system
and train letter identifiers (e.g., LPI Pump C). Initiating events are

'

dealt with on an individual basis (pipe-break, small LOCA, etc.) through an;

| explanatory section on the treatment of these events. A final table in this
section summarizes these initiating event categories and their associated
frequencies.

!

The failure data base from the Oconee PRA is suitable for PRA
applications because it was developed and structured for that purpose. In

addition, the plant-specific data can be used on a comparative basis with
other plant-specific sources or combined to develop broader-based averages.t

1

5.21 Peach Bottom Unit 2

5.21.1 Backaround

! Peach Bottom 2 and Surry 1 were the two plants whose risks were I

| assessed in WASH 1400,40 the first comprehensive risk study performed on
nuclear power plants. It was performed to assess the risks associated with

i a typical PWR and a typical BWR and to place those risks into proper
j perspective with other societal risks. It was motivated by Congressional

consideration for renewal of the Price-Anderson Act, a law which,

establishes, in part, an insurance pool for nuclear plant accidents and
'

limits r1blic liability for those accidents. Surry 1 and Peach Bottom 2

were selected to represent the typical industry PWR and BWR, respectively,
primarily because of their stage of completion (they were readily accessible

<

by the study team) nnd they were typ$ cal of current generation plants of the
1000 MWe class.

As noted in the Nuclear Data Bases section, the WASH-1400 data
i represent an aggregation of data from a number of nuclear and nonnuclear
1

j sourcos. Because it was the first of its kind, a considerable amount of
1
i

1 118
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effort was used to collect and compile these data. Most of the failure data
were compiled'by searching through LERs, although numerous other sources
were used. Other sources include data from foreign nuclear plants, fossil
fuel plants, IEEE, military sources, and chemical plants. Technical

specifications and discussions with plant personnel provided test interval
and repair time estimates. .

5.21.2 Ooerational Data Contents

Event occurrence frequencies, equipment failure rates, and appropriate
time intervals (i.e., test intervals and repair times) are contained in
Appendix III of WASH-1400. Although there was considerable uncertainty in
the data because of their sparsity, subsequent data collection and
evaluation have tended to validate, or confirm, the values selected.

Most PRAs performed since WASH-1400 to some extent have used the data

compiled in WASH-1400 and/or subsequent refinements of that data. It is

used primarily where data specific to the plant studied are not available.
Some refinements to the data are recommended.Il4

A major drawback in the use of most of these data is the lack of
| sufficient resolution for event descriptions. WASH-1400 event categories

tend to be larger blocks than an analyst would like to specify in fault tree
models, particularly for electrical and control system components. For

example, the WASH-1400 may list "control device" as a component, but an
analyst may find it necessary to break that "control device" into a large ;
number of components, j

5.22 Seabrook Units 1 and 2

5.22.1 Backaround
I

The PRAll5 performed on the twin nuclear power plants that comprise
the Seabrook generating station in New Hampshire was done during the I

|
|

|
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construction phase of these units. A full assessment, including seismic and
consequence analyses, was performed from 1982 to 1983. :'

,

i 5.22.2 Qoerational Data Contents
!I

Nuclear industry data sources, including the LER data summaries and.

WASH-1400 that are described fully in this review document, were used as .

input to the data documented for the Seabrook PRA. Proprietary data from1
1

the consultant responsible for the effort was also used, but was not
1 reviewed during this study to determine its origin. Plant-specific sources

j were not available because the plant had not been licensed to operate.
.

The Seabrook PRA Data Analysis Section (Section No. 6 in Volume Two)
contains component failure rates, common cause failure parameters (beta
factors), component maintenance frequency and duration, human error rates,
and initiating event frequency dar.a. A seven page table of component
failure data includes mean, media 1, and 5th and 95th percentile values
associated with specific component types and failure modes. A table of ;,

common cause failure related beta factors is given for a more select and
system-specific list of component types. Generic component maintenance

frequency distributions have been derived. Components, such as diesel

] generators and startup feed pumps, were correlated to their appropriate
maintenance frequency distribution type and values (mean, 5th and 95thi

'

percentile). A similar structuring method was used for the component
maintenance mean duration distribution table. Basic human error rates per
demand are provided in a table that categorizes them either as errors of
commission or omission. Finally, the Seabrook PRA data base displays mean,,

median, 5th and 95th percentile, and variance values in a sumary table for'

24 initiator categories. The development processes for all of these tables
are explained in preceding sections, including the equations and
calculational and data references that were used.;

:

For Seabrook, the risk analyses predate the plant operation date.

] Therefore, while the analysis provides insights to different approaches for
modeling and quantification it cannot supplement the available body of

120j
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1

plant-specific reliability data. The values included should, therefore, be

used in full recognition of their scope and limitations.

5.23 Seouovah Unit 1

5.23.1 Backaround
i

The PRA for Sequoyah Unit 1 is one of four that present the results of
analyses performed in the RSSMAP. Other plants included in the analyses
were Grand Gulf, Oconee Unit 3, and Calvert Cliffs Unit 2. The RSSMAP

analyses were an attempt to use insights from the relatively detailed and
elaborate WASH-1400 analysis to perform a meaningful plant risk analysis
with minimum manpower and economic impacts. It was also desired that the
study of plants with differing reactor and containment designs would broaden {

the class of nuclear power plants explicitly analyzed in terms of risk.

5.23.2 Ooerational Data Contents

116The Sequoyah 1 PRA was performed before the plant's commercial
operation. Consequently, no plant-specific failure data was included in the
analysis. WASH-1400 data were used almost exclusively in the analysis.
Thus, this PRA is not recommended as a source of data.

I 5.24 Shoreham

5.24.1 Backaround

Before its operation, a PRA was performed on the Shoreham Nuclear Power
Stationll7 to assist in identifying potential accident sequences and
determining whether minor plant alterations could reduce their chances of
occurring. An overall idea of the areas of risk significance before plant
start up may also help to focus the preventive maintenance programs on
important components and systems. The data used to quantify the Shoreham
PRA is not specific to Shoreham operating experience but is taken from
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;

generic sources and modified by data from studies on similarly designed !
plants that were already operating (e.g., fitzpatrick). L

5.24.2 Ooerational Data Contents
,

t

The input data appendix includes data on accident sequence initiators,
component failure, human failure, system unavailability because of L

maintenance, diesel unavailability, LOSP, and dependent failure analysis.
There is no uniform format used for data presentation on these varied

!
subjects but data of interest within sections is organized into tables, such
as "Cross reference between BWR Anticipated Transient Categories and
Applicable Operating Experience." The initiating event categories and

,

initiating event frequencies were based on EPRI NP 801. The component
'

failure rate section has the greatest amount of structuring, using a
six page table to compare rates extracted from four basic sources: LER |
summaries for pumps, diesels, and valves; a source which uses General
Electric BWR data, WASH 1400, and IEEE Std. 500-1977. Rates from each of ;

these sources are correlated to a general grouping (highest level component !
type, such as valves), a component type (relief valves, for example), and as
many failure modes as were available from these sources. Limerick PRA data |
were used'to estimate unavailability and maintenance actions. Error
indicators such as upper and lower bounds or error factors are included '

where available. Data selection was based on a hierarchy indicated by the
order of source listing above.

From the standpoint of BWR accident sequence and initiating event
evaluation, the Shoreham PRA may provide useful insights report and their
usefulness has been addressed. Because Shoreham was not operational at the
time of the analysis no new plant specific data were produced.

5.25 Surry 1

See Peach Bottom 2 (Section 5.21).
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5.26 Yankee Rowe |>

i .

1 i

,

5.26.1 Backaround
!

i .

I

The Yankee Nuclear Power Station (YNPS) was designed during the 1950s,
'

,

and was first licensed for operation in 1961 by the U.S. Atomic Energy ;

I Commission. The plant is at a remote location in western Massachusetts, in
I the town of Rowe. It is relatively small, compared with contemporary

I nuclear power plants, reliably producing about 185 MW electric power, with a ,

lifetime capacity factor exceeding 70%. ,

:

A probabilistic safety study (PSS) of the YNPS was performed by Energy
-

Incorporated and Yankee Atomic Electric Company to provide additional
insight into the design and operation of the plant and to use the latest
analytical tools in support of the decisionmaking process. A spectrum of ,

events ranging from turbine trips to large-break LOCAs was examined. t

;

| Plant specific data and modeling were used in assessing the 1%elihood of
core melt and risk to the public. The analysis is documented in the YNPS4

PSS.118
,

i
,

1

Because of YNPS's age, an extensive history of plant experience was i;

available for use for the comprehensive risk analysis performed in 1983, i

Plant information records, maintenance department information (such as !

surveillance schedules and machinery history cards), instrument and controls |
department item identification index, and reactor engineering department

Ioperating data report and statistics all provided valuable data resources
for the PRA. LERs and NPRDS data were also used to reduce the data
reduction workload to a manageable effort. Special generic data studies on

component-specific issues were accessed to supolement this plant-specific

information.

5.26.2 Ooerational Data contents
I

Section 7 of the PRA describes the Yankee PSS Data Development and

Use. The major data areas addressed in this section are: initiating

123 ,
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events, sequence data, top event data components, and human error data.
'

Subsections describe the data development process for each of these cases,
and the resulting values are presented in a series of data tables. Twelve
event tree descriptions of initiators are correlated to a means and
variances for rates occurrence in Table 7-1. An alphabetical presentation
of component types (mechanical, then electrical), subtypes where deemed
necessary, and failure rate data in terms of mean, median, range factor, and
variance values are logged in Table 7 2. Table 7-3 organizes NUREG/CR-1278

human error probability data into a matrix format, listing task descriptions
along the side and stress levels along the top with mean and variance error
rates at their junctions. These human error data are also given in
Table 7-6, but is applied to specific event tree-identified manual actions.
Special consideration was given in this PRA to piping and tube failure
rates; therefore, mean and variance values are cited for small,
intermediate, and large 1.0CAs and secondary system piping failures in
Table 7 7.

The component hardware data are well based because they are derived
from 22 years of records. It is also useful because of the structure and
depth of the presentation; for example, the inclusion of data on pumps in
different systems (emergency feedwater, condensate, service water). Such

detail is very helpful for PRA model applications for similar plants.

5.27 Zion Station

5.27.1 Backarotndn

After the Three Mile Island accident, the staff of the USNRC examined
the risk posed by a number of nuclear power plants, concentrating on those
that are located close to major population centers; one of these plants w s
the Zion station. The USNRC staff assessment, which was of limited scope,
was performed by postulating that the PWR plant analyzed in WASH-1400 was
located at the Zion site.

The detailed risk assessment conducted for the Zion station as a result
of this assessment considered both Units 1 and 2. A comprehensive data
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base, covering topics similar to those dealt with in the Shoreham and Oconee
Unit 3 PRAs, is discussed and presanted in PRA Section !!.4.4 on Data Base
Development of the report.39

5.27.2 Ooerational Data Contents
,

The Zion PRA data base includes generic, plant-specific, and combined

"updated" component failure data, maintenance frequencies for components,
initiating event data, human error rates, and r.omponent operability, test,
and service hour data. A nine-page component failure data table specifies
mean values and 60% confidence interval error factors for generic data and

updated mean values and variances for particular component types and failure
modes. Most of the component failure rates were applicable to all systems,
but exceptions are noted in some cases. Tables with maintenance frequency

mean and variance values for selected components; tables with initiating
event occurrence probability mean, median, and 90% confidence bound values;
and fluid systems unavailability values are among the Zion PRA Data Base
tables with features. A series of graphs shows the distribution of
probability density versus occurrences per year for each initiating event;
for example, loss of RCS flow, core power excursion, and turbine trip. A

System Description and Analysis Summary section provides brief deteriptions-

of the safety systems essential to core damage prevention.

Information from this PRA is useful for analysis of performance,
availability, and reliability of similar nuclear plants and for calculating
aggregations of plant-specific values.
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6. DATA SOURCE COMPARISONS

A sumary of the description and contents of the nuclear and PRA data
sources is presented in the form of tables in this section. The two groups

are addressed separately.

For both groups, the tables provide an easy means of evaluating one
specific source, or for making comparisons between different sources.

6.1 Nuclear Data Source Comoarison

In this section, tabular comparisons of the nuclear data sources are
presented. The tables provide a quick index to the origin, contents,
accessibility, and areas of potential application for each data source.

The entries in the following tables should be reviewed with some
caution, in some cases, a data source may contain a certain type of
information, but it may not be as comprehensive as required to fulfill a
specific data need. This type of evaluation must be made on a case by-case
basis. However, when an assessment was made that a data source marginally
included a specific feature, L for "limited" was used in the tables.

All the nuclear data sources are included in each of the tables except
for the EPRI reports source. The variety present in the EPRI reports
precluded evaluating them collectively. Also, as pointed out earlier thei
reliability of ac power systems and diesel generator availability sources
have been combined for these comparisons. If the contents of a table do not
apply to a data source, then this is indicated by an "X" in the "none
included" column of the table.

A discussion of each of the tables follows. The tables are presented
consecutively at the end of this discussion.

Table 1, a data source overview, includes a orief statement of the

focus of each source. Also the type of data source (report versus

127
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computerized data base) is indicated and whether or not the source is
updated. The remaining columns of Table 1 provide an approximate idea of
the scope of the source. Design information relates to the static or
planned operation of the plants, their component layouts, and operating
procedures. Operational scope relates to events that occur during
operatir.n; it includes testing as well as operation abnormalities. The,

"aggregated" column refers to data that are combined or summed up over a set
of events or time period, generally to produce statistics for particular
applications, finally, derived data are data that result from further
manipulation of aggregated data. Counts may be divided by exposure times to
produce occurrence rates, or more complicated analyses may be performed.

Each of these refinements of the data is described in further detail in the
remaining tables.

The type of pedigree data each source contains appears in Table 2.
Pedigree data consist of information on characteristics or features that are
static with time, or that are not anticipated to change rapidly with time ~

(e.g., component type and population, design characteristics), in cases
where only limited design information such as plant type and vendor is
contained it, the data source, an L is used.

The scope of the data sources relativo to the operating data contents
is presented in Table 3. This information includes basic off. nominal events
and descriptions, the duration of unava!1 abilities, and initiators (events
that lead to a reduction in power and/or challenge safety systems). In the
description of individual events, the failure mode and failure cause columns
are marked only if the source identifies these explicitly for each event
described. The event environment column is marked if the source describes
physical parameters or other environmental factors for each event. Althcugh
the emphasis in Tabic 3 is on individual events, sources citing initiating
event frequencies are also included.

!
I Table 4 is used to idontify any special purpose areas of operational

data captured in a data source (i.e., human reliability, root cause). The

"operational" column o' ; ale 1 is checked for a source if any items from
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| Tables 3 or 4 are marked for a data source. Possible application areas for

the data sources are reflected in these tables.
-

'
j

Information on aggregated data appears in Table 5. The level which the

data are aggregated over (i.e., plant, component) is indicated. Also
,

indicated are some of the possible types of aggregates. For example, the

"design" column is checked if the data source contains tabulations of
,

| component failure by component design or manufacturer. Many data sources |
'

have the capability of readily producing aggregated data sets or products
but do not utually contain them. Parenthesis around entries in Table 5 are
used to indicate when a data source has the capability of producing

;

i aggregates. ,

Table 6, Derived Data, is the last table closely related to Table 1.

It shows whether the source contains calculated data. In most cases, it

refers to contents of reports associated with a source. As with the
previous table, parentheses indicate that a capability to calculate derived;

data exists. The derived data may be rates or probability estimates, as
mentioned above, or they may be the result of statistical evaluations or
other modeling.;

r

b

Tables 7, 8, and 9 provide a map of the origin of the data in each

source. Only the immediate origin is described; there is no attempt to
traco data back to their ultimate in-plant source. Knowing the data from
which a source evolved can be used in evaluating merit. These tables are

not intended to be all inclusive; in some cases only the primary input data i

sources are identified.

Finally, the access instructions, computerized features, and overall
availability of each source are presented in Table 10.

l
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6.2 Probabilistic Risk Assessment Comoarisons

In performing a PRA, an enormous amount of input data must be
assembled. Estimates of failure rates, unavailabilities, initiator -

frequencies, test intervals, and a number of other quantities for the plant
are required to support the analysis. Just as the level of detail and scope
of a PRA can vary, so can the input data. The more plant-specific the data
are increase the likelihood that the data accurately characterize the daily
operation of the plant.

A plant-specific data source developed to support a PRA has potential
use in other PRA applications. The data might also be used in other
applications such as screening occurrence frequencies, a detailed component
reliability analysis, or a PRA on a similarly designed plant.

Table 11 summarizes PRA studies. Table 12 explains the containment
types listed in Table 11. Table 13 describes the levels of analysis listed
in Table 11. Most of the PRAs listed in Table 11 were discussed earlier.
The table provides a reference for comparing the plants and the scope of the
PRAs. As shown in Table 11, the analysis level indicates whether
containment response is modeled and whether the propagation of source terms
and their impact on the pubite is modeled.

The main feature of Table 11 pertinent to the bibliography of data
sources is the index rating each PRA's operational data. High valuec of
this index flag those PRAs that have the most thorough and traceable
plant-specific data development. The index is backed up by the greater
detail of Table -14, where the major sources used for data in the PRAs, and
their use, are profiled.

In Table 15, the name of each data source entry in Table 14 is indexed
to a formal referencing of the data source.

;
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I Atti 93 PRA AX111515 Ittitia
_ _ _ __

tevel I PRA A level 1 PAA coaststs of an analysts of plant destga and opetallen, formsed on the
accident sequences that could lead to a core melt, Shelt basic ceu::.. AcJ thelt
f r equenc ie s . the analysts may or may set tac tus's esternal everts. Ihe quantitative
results of this analysis coastst of l>e f requentles of each core-pelt accident. they
can be used to derive the core melt f requency by simply shmalag the frequencies of the
ladividual sequences.

tevel 2 PRA A level 2 PBA e eaststs of as analysis of the phystcal processes of the &ccldent and the
response of the rentalament la addit osa to the analysis perferred la a level i PRA.
Besides estimating the frequencies el core melt sequentes, it predic ts the llae and
mode of contanament f allste as well as the laventerles of radlensclldes released to the
env ir onmen t . As a result, core. melt accidents can be rategorised by the severity of
the rebase laternal events may or may met be lactuded la the analysts, the
quantitallee results of a level 2 PBA represent as lategration of the results obtained
la system analysis and la contalament analysis. Event trees reflecting ceasequence
distinc tioat are constructed and quantitled la this 43alysts. As la a level 1 PRd, the
pseduc t of the sequence.quantificallen task Is a frequenc; fee each evens tree
sequenc e . In additten, the frequency of each plant-damage state muy be estimated.

level 3 PRA A level ? PRA analyses the transport of radlanuclides through the envireament and
assesses the public -health and etenemic consequences of the accideal la addllles le
perfosalag the analyses of a level 2 PRA. lhe quanti; allee res.Its of this le.el of
PRA lategrate results from the systems analysla, the costalhaent analysis, and the
ceasequenc e analysts. Complementary cumulative distributton funciless (CC0id are the
most (casan lategrated pred cts of these analyses. The results are generally presealed
la the f arm of a CCDI accompaaled by a table of sequences whose frequencics a.o grouped

{[ by selease e ategory.
*a

tevel 4 PBA A level 4 PRA is lite a level 3 PNA, escept that la addllle9 a detalled, site.spett01c
analysts af esternal events is perf ormed.

_

a. thest def taltions as f rom Ref erenc e 52.
_

|

__.
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7. FUTURE DATA SOURCES
.

A number of data sources were identified before tnis document was
written but are not included for two reasons:

1. The data source was still in a developmental stage and had yet to

be published

2. The information required to adequately describe the source was not
obtainable before this document's publication.

Table 16 lists of these data sources with a brief description of each

source's focus. It is anticipated that these data sources will be included
in an update of this document.
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1

TABLE 16. FUTURE BIBLIOGRAPHY DATA SOURCES

1. Accident Sequence Evaluation Program (ASEP) data base--Data includes
demand and time related component failure probabilities and
unavailabilities; also included are initiator frequencies, common cause
dependencies and human error estimates. Uncertainties are given for
each point estimate.

2. Risk Methods Integration Evaluation Program (RMIEP) Recovery Data--The
source provides probabilistic estimates for diagnosis of operator
recovery action following abnormal events. The data originates from
eighteen simulator experiments conducted at the LaSalle plant
simulator.

3. Power Reactor Information System (PRIS - A computerized data source of
operational statistics from nuclear pow)er plants in member countries of
the International Atomic Energy Agency.

| 4. OECD-Nuclear Energy Agency Incident Reporting System (NEA-IRS)--A
computerized system in which abnormal occurrences are collected and
analyzed.

5. IAEA-IRS--A reporting system analogous to the NEA-IRS, but with a
different set of participants. Included in the groups reporting are jSoviet countries and East European countries.

6. Union International des Producteurs et Distributers d' Energie
Electrique Significant Event Reporting System -An on-line reporting and
interrogation system for significant events occurring at nuclear power,

plants.
>

7. RMIEP PRA (LaSalle)--A state-of-the art PRA.!

i

|

|
:
!

|
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