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MEMORANDUM FOR: The Atomic Safety & Licensing Boards for:

Virgil C. Summer Station, Unit 1
Shoreham Nuclear Power Station, Unit 1
Palo Verde Nuclear Generating Station, Units 1, 2 & 3
William H. Zinner Nuclear Power Station, Unit 1
Waterford Steam Electric Cenerating Station, Unit 3
Byron Station, Unit 1
Enrico Fenni 2
Callaway Plant, Unit 1
Comanche Peak Steam Electric Station, Units 1 & 2
Allens Creek Nuclear Generating Station, Unit 1
San Onofre Nuclear Generating Station, Units 2 & 3
The Atomic Safety & Licensing Appeal Boards for:

Susquehanna Steam Electric Station, Units 1 & 2
Floatina Nuclear Plants 1-8
San Unofre Nuclear Generating Station, Units 2 & 3

FROM: Robert A. Purple, Acting Assistant Director
for Licensing

Division of Licensing

SUBJECT: BOARD NOTIFICATION - ACCIDENT SEQUENCE PRECURSOR
! PROGRAM REPORT (Board Notification No. 82-75)
|

In accordance with present NRC procedures regarding Board Notifications,
the enclosed information is being provided for your information as

,

| constituting new information relevant and material to safety issues.
I This information is generic and has applicability to all dockets.

The Accident Sequence Precursor Program Report presents the initial
results of a program that was begun as a result of one of the Lewis
Committee recommendations following their review of WASH-1400, the
Reactor Safety Study. The Precursor Program uses Licensee Event Reports
to evaluate potential nuclear plant accident precursors occurring at
operating reactors. These individual plant precursors are then suninarized
to evaluate the risk (for a particular time period) from all operating
nuclear power plants. This report covers the period from 1969 to 1979.
The estimate is between 1.7 x 10-J and 4.5 x 10-3 per reactor year and
includes contributions from three major events: (1) the loss of feedwater
and stuck-open relief valve at Three Mile Island Unit 2 (which actually
resulted in severe core damage), (2) the loss of nonnuclear instrumentation
at Rancho Seco, and (3) the fire in the cable spreading room at Browns Ferry 1.
This report was released as a progress report with the expectation that some

| conclusions may need to be changed as the report undergoes continuing peer
review and public conment.
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This information relates directly to issues on the probability of accidents
for nuclear power reactors. Since it estimates the probability to be much
higher than past studies, it may put a different light on the issue. I
would like to point out that this document does not represent an NRC position
concerning the pmbability of accidents, and is being furnished to you as back-
ground infomation. The mport is a contractor's assessment of the past
(1969-1979) probabilities based on the events and plant characteristics which *

existed during that period.
;

Approximately 85% of the total risk cited in the study should be mitigated

by the NRC required modifications resulting(from the events at TMI-2,Browns Ferry, Crystal River and Oconee 3. IE Bulletin 79-27). In addition.
,

| the upgrading of the Auxiliary Feedwater System reliability and other generic |'improvements should further reduce the total risk. The attached infomation
| refers to the future work in this area.

Due to the size of this report (3" thick) only sumary information is being
i provided. Cooies of the report are available as noted in the attachment.
,

i

Robert A. Purple, Acting Assistant
Director for Licensing

Division of Licensing
.

[ Enclosure:
| Accident Sequence Rrecursor

Program Report

cc: Board Service List

|
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DISTRIBUTION OF BOARD NOTIFICATION
!

| Sunn.er Unit 1/ALAB
! Docket No. 50-395 ACRS Members

|

Herbert Grossman, Esq. Dr. Robert C. Axtmann
Dr. Frank F Hooper Mr. Myer Bender
Christine N. Kohl, Esq. Dr. Max W. Carbon
Mr. Gustave A. Linenberger Mr. Jesse C. Ebersole
Alan S. Rosenthal, Esq. Mr. Harold Etherington

,

| Howard A. Wilber, Esq. Dr. William Kerr
Dr. Harold W. Lewis

Mr. Brett Allen Bursey Dr. J. Carson Mark
George Fischer, Esq. Mr. William M. Mathis
Joseph B. Knotts, Esq. Dr. Dade W. Moeller
Randolph R. Mahan, Esq. Dr. David Okrent
Mr. John Ruoff Dr. Milton S. Plesset
Richard P. Wilson, Esq. Mr. Jeremiah J. Ray

Dr. Paul C. Shewmon
Atomic Safety and Licensing Dr. Chester P. Siess

. Board Panel Mr. David A. Ward
Atomic Safety and Licensing'

Appeal Panel
'

Docketing and Service Section
Document Management Branch

|

|

|
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DISTRIBUTION OF BOARD NOTIFICATION

Shoreham I/ASLB
Docket Nos. 50-322 OL ACRS Members

Lawrence Brenner, Esq. Dr. Robert C. Axtmann
Dr. James L. Carpenter Mr. Myer Bender
Dr. Peter AL Morris Dr. Max W. Carbon

Mr. Jesse C. Ebersole
Edward M. Barrett, Esq. Mr. Harold Etherington
Howard L. Blau, Esq. Dr. William Kerr
Herbert H. Brown, Esq. Dr. Harold W. Lewis
Hon. Peter Cohalan Dr. J. Carson Mark
Mr. Jay Dunkleberger Mr. William M. Mathis
David H. Gilmartin, Esq. Dr. Dade W. Moeller
Mr. Marc W. Goldsmith Dr. David Okrent
Matthew J. Kelly, Esq. Dr. Milton S. Plesset
Stephen B. Latham, Esq. Mr. Jeremiah J. Ray
MHB Technical Associates Dr. Paul C. Shewmon
Mr. Brian McCaff rey Dr. Chester P. Siess
W. Taylor Reveley III, Esq. Mr. David A. Ward
Cherif Sedky, Esq.
Ralph Shapiro, Esq.
Mr. Jeff Smith

Atomic Safety and Licensing
Board Panel

Atomic Safety and Licensing
Appeal Panel

Docketing and Service Section .

Document Management Branch
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DISTRIBUTION OF BOARD NOTIFICATION

Palo Verde Units 1,2&3/ASLB
Docket Nos. 50-528/529/530 ACRS Members

Dr. Dixon Callihan Dr. Robert C. Axtmann
Dr. Richard, F. Cole Mr. Myer Bender
Robert M. Lazo, Esq. Dr. Max W. Carbon

Mr. Jesse C. Ebersole
Lynne Bernabei, Esq. Mr. Harold Etherington
Arthur C. Gehr, Esq. Dr. William Kerr
Mr. Rand L. Greenfield Dr. Harold W. Lewis
Ms. Lee Hourihan Dr. J. Carson Mark

Mr. William M. Mathis
Atomic Safety and Licensing Dr. Dade W. Moeller

Board Panel Dr. David Okrent
Atomic Safety and Licensing Dr. Milton S. Plesset

Appeal Panel Mr. Jeremiah J. Ray
Docketing and Service Section Dr. Paul C. Shewmon
Document Management Branch Dr. Chester P. siess

Mr. David A. Ward

t
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DISTRIBUTION OF BOARD NOTIFICATION

Comanche Peak Units 1&2/ASLB
Docket Nos. 50-445/446 ACRS Members

Dr. Richard Cole Dr. Robert C. Axtmann
Dr. Kenneth A. McCollom Mr. Myer Bender
Marshall E." Miller, Esq. Dr. Max W. Carbon

Mr. Jesse C. Ebersole
Mrs. Juanita Ellis Mr. Harold Etherington
Lucinda Minton, Esq. ' Dr. William Kerr
David J. Preister, Esq. Dr. Harold W. Lewis
Nicholas S. Reynolds, Esq. Dr. J. Carson Mark

Mr. William M. Mathis
Atomic Safety and Licensing Dr. Dade W. Moeller

Board Panel Dr. David Okrent
Atomic Safety and Licensing Dr. Milton S. Plesset

. Appeal Panel Mr. Jeremiah J. Ray
Docketing and Service Section Dr. Paul C. Shewmon

! Document Management Branch Dr. Chester P. Siess
Mr. David A. Ward

!
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DISTRIBUTION OF BOARD NOTIFICATION

Allens Creek Unit 1/ALAB
Docket No. 50-466 ACRS Members

Dr. John H. Buck Dr. Robert C. Axtmann
Dr. E. Leonard Cheatum Mr. Myer Bender
Christine NL. Kohl, Esq. Dr. Max W. Carbon
Mr. Gustave A. Linenberger Mr. Jesse C. Ebersole
Alan S. Rosenthal, Esq. Mr. Harold Etherington
Sheldon J. Wolfe, Esq. Dr. William Kerr

Dr. Harold W. Lewis
Bryan L. Baker Dr. J. Carson Mark
Ms. Margaret Bishop Mr. William H. Mathis
Ms. Carolina Conn Dr. Dade W. Moeller.,

J. Gregory Copeland, Esq. Dr. David Okrent
Stephen A. Doggett, Esq. Dr. Milton S. Plesset

: Mr. John F. Doherty Mr. Jeremiah J. Ray
j Ms. Robin Griffith Dr. Paul C. Shewmon
! Carro Hinderstein Dr. Chester P. Siess
! Ms. Rosemary N. Lemmer Mr. David A. Ward

D. Marrack
. Ms. Brenda A. McCorkle
| Hon. John R. Mikeska

Jack Newman, Esq.
Mr. William Perrenad
Susan Plettman, Esq.
Region IV, 1&E
Mr. Wayne Rentfro
Mr. William J. Schuessler
James Scott, Jr. , Esq.
Hon. Jerry Sliva

Atomic Safety an.d Licensing
Board Panel

: Atomic Safety and Licensing
Appeal Panel

Docketing and Service Section
Document Management Branch
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_D_lSTRIBUTION OF BOARD NOTIFICATION

Zimmer Unit 1/ALAB
Docket No. 50-358 ACRS Members

i

: Alan S. Rosenthal, Esq. Dr. Robert C. Axtmann
! Stephen F. Eilperin, Esq. Mr. Myer Bender

Howard A. Milber, Esq. Dr. Max W. Carbon
! John H. Frye III, Esq. Mr. Jesse C. Ebersole

Dr. Frank F. Hooper Mr. Harold Etherington
Dr. M. Stanley Livingston Dr. William Kerr

Dr. Harold W. Lewis
Lynne Bernabei, Esq. Dr. J. Carson Mark

; Brian Cassidy, Esq. Mr. William M. Mathis
Troy B. Conner, Esq. Dr. Dade W. Moeller
Andrew B. Dennison, Esq. Dr. David Okrent
Lawrence R. Fisse, Esq. Dr. Milton S. Plesset
W. Peter Heile, Esq. Mr. Jeremiah J. Ray
David Martin, Esq. Dr. Paul C. Shewmon

. William J. Moran, Esq. Dr. Chester P. Siess
| Mr. Samuel H. Porter Mr. David A. Ward

Deborah Webb, Esq.
John D. Woliver, Esq.

Atomic Safety and Licensing
Board Panel

Atomic Safety and Licensing
Appeal Panel

Docketing and Service Section
Document Management Branch

.
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DISTRIBUTION OF BOARD NOTIFICATION

Waterford Unit 3/ASLB
Doc :nt, No. 50-382 ACRS Members

Dr. Harry Forenian- Dr. Robert C. Axtmann
Dr. Walter B. Jordan Mr. Myer Bender
Sheldon J. Wolfe, Esq. Dr. Max W. Carbon

Mr. Jesse C. EbersoleE. Blake, Esq. Mr. Harold Etherington
Luke B. Fontana, Esq. Dr. William Kerr
Mr. Gary L. Groesch Dr. Harold W. Lewis
Malcolm Stevenson, Esq. Dr. J. Carson Mark

Mr. William M. Mathis,

Atomic Safety and Licensing Dr. Dade W. Moeller:

Board Panel Dr. David Okrent;
'

Atomic Safety and Licensing Dr. Milton S. Plesset
Appeal Panel Mr. Jeremiah J. Ray

Docketing and Service Section Dr. Paul C. Shewmon
Document Management Branch Dr. Chester P. Siess

Mr. David A. Ward
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DISTRIBUTION OF BOARD NOTIFICATION

Byron Station, Units 1 and 2
Docket Nos. 50-454 & 50-455 ACRS Members

Stephen.F. Eilperin Dr. Robert C. Axtmann
Christine N. Kohl Mr. Myer Bender
Dr. Reginald L. Getchy Dr. Max W. Carbon
Morton B. Margulies Mr. Jesse C. Ebersole
Dr. A. Dixon Callihan Mr. Harold Etherington
Dr. Richard F. Cole Dr.' William Kerr,

Paul M. Murphy Dr. Harold W. Lewis
Myron H. Cherry Dr. J. Carson Mark
Mrs. Phillip B. Johnson Mr. William M. Mathis

i Ms. Diane Chavez Dr. Dade W. Moeller
Dr. Bruce von Zellen Dr. David Okrent
Doug Cassel Dr. Milton S. Plesset
Joseph Gallo Mr. Jeremiah J. Ray

Dr. Paul C. Shewmon
Atomic Safety and Licensing Dr. Chester P. Siess

Board Panel Mr. David A. Ward
Atomic Safety and Licensing

Appeal Panel
Docketing and Service Section
Region III, USNRC
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DISTRIBUTION OF BOARD N)TIFICATION

Fermi 2/ASLB
Docket No. 50-341 ACRS Members

.

Gary L. Milhollin, Esq. Dr. Robert C. Axtmann
Dr. Peter 4. Morris Mr'.'Myer Bender
Dr. David R. Schink Dr. Max W.aCarbon

Mr. Jesse C~. . Ebersole
Mr. David E. Howell Mr. Harold Etherington ''
Peter A. Marquardt, Esq. Dr. William Kerr '

Harry Voigt, Esq. Dr. Harold W. Lewis t

Dr. 'J. Carson Mark E'

Atomic c.2fety and Licensing Mr. William M. Mathis
Board Panel , Dr. Dade W. Moeller

Atomic Safety and Licensing . ' Dr. David Okrent
Appeal Panel Dr. Milton S. Ples et 7

Docketing and Service Section Mr. Jeremiah J. Ray -

Document Management Branch Dr. Paul C. Shewmon
Dr. Chester P. Siess
Mr. David A. Ward

,
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DISTRIBUTION OF BOARD NOTIFICATION

Callaway Unit 1/ASLB.
-

' Docket No. STN 50-483 ACRS Members

Mf. Glen 0, Bright Dr. Robert C. Axtmann
i James P. Gleason, Esq. Mr. Myer Bender

,

"Dr. Jerry R. Kline Dr. Max W. Carbon
Mr. Jesse C. Ebersole-

Mr. Samuel J. Birk Mr. Harold Etherington
,

. Mr. Dan I. Bolef Dr. William Kerr
' Mr. Donald Bollin'ger Dr. Harold W. Lewis

Mr. Earl Brown Dr. J. Carson Mark
A. Scott Cauger; Esq. Mr. William M. Mathis,

Kenneth M. Chackes, Esq. Dr. Dade W. Moeller
Gerald Charnoff, Esq. Dr. David Okrent
Eric A. Eisen, Esq. Dr. Milton S. Plesset
Mr. Harold Lottman Mr. Jeremiah J. Ray

- Mr. Fred Luekey Dr. Paul C. Shewmon
Professor William H. Miller Dr. Chester P. Siesss'-

4s !' ' Mr.' John G. Reed Mr. David A. Ward
'

" Ms. Marjorie Reilly
i - - Ms. Barbara Schull
; Mayor Howard Steffen

Mr. Robert G. Wright

Atomic Safety and Licensings,

: Board Panel
A'tomic Safety and Licensingi

Appeal Panel
;_ Docketing'and1 Service Section

Document Management Branch''
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DISTRIBUTION OF BOARD NOTIFICATION

San Onofre 2&3/COMM
Docket Nos. 50-361/362 OL ACRS Members

Stephen F. Eilperin, Esq. Dr. Robert C. Axtmann
Dr. Reginald L. Gotchy Mr. Myer Bender
Dr. Cadet H: Hand, Jr. Dr. Max W. Carbon
Mrs. Elizabeth B. Johnson Mr. Jesse C. Ebersole
Dr. W. Reed Johnson Mr. Harold Etherington
James L. Kelley, Esq. Dr. William Kerr

Dr. Harold W. Lewis,

Mr. A. S. Carstens Dr. J. Carson Mark
Mr. Gary D. Cotton Mr. William M. Mathis
Phyllis M. Gallagher, Esq. Dr. Dade W. Moeller
Mrs. Lyn Harris Hicks Dr. David Okrent
Janice E. Kerr, Esq. Dr. Milton S. Plesset
Charles R. Kocher, Esq. Mr. Jeremiah J. Ray
Charles E. McClung, Jr. , Esq. Dr. Paul C. Shewmon
David R. Pigott, Esq. Dr. Chester P. Siess
Alan R. Watts, Esq. Mr. David A. Ward
Richard J. Wharton, Esq.

Atomic Safety and Licensing
Board Panel

Atomic Safety and Licensing
Appeal Panel

Docketing and Service Section
Document Management Branch
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DISTRIBUTION OF BOARD NOTIFICATION

Susquehanna Urits 1&2/COMM
Docket No. 50-387/388 ACRS Members

Leonard Bickwit, Esq. Dr. Robert C. Axtmann
Samuel J. Ghilk Mr. Myer Bender

Dr. Max W. Carbon
Glenn 0. Bright, Esq. Mr. Jesse C. Ebersole
Dr. John H. Buck Mr. Harold Etherington
Stephen F. Eilperin, Esq. Dr. William Kerr
James P. Gleason, Esq. Dr. Harold W. Lewis
Thomas S. Moore, Esq. Dr. J. Carson Mark
Dr. Paul W. Purdom Mr. William M. Mathis

Dr. Dade W. Moeller
Mr. Robert W. Adler Dr. David Okrent
Mr. Thomas M. Gerusky Dr. Milton S. Plesset
Mr. Thomas J. Halligan Mr. Jeremiah J. Ray
Dr. Judith H. Johnsrud Dr. Paul C. Shewmon
Ms. Colleen Marsh Dr. Chester P. Siess
G. Rhodes Mr. David A. Ward
Jay Silberg, Esq.
Mr. DeWitt C. Smith
Bryan A. Snapp, Esq.
Susquehanna Environmental

Advocates

Atomic Safety and Licensing
Board Panel

Atomic Safety and Licensing
Appeal Panel

Docketing and Service Section
~

Document Management Branch



.

.

.

DISTRIBUTION OF BOARD NOTIFICATION

.

Floating Nuclear /ALAB
Docket No. 50-437 ACRS Members

Dr. George A. Ferguson Dr. Robert C. Axtmann
Dr. David L. Hetrick Mr. Myer Bender
Dr. W. Reed Johnson Dr. Max W. Carbon
Christine N. Kohl, Esq. Mr. Jesse C. Ebersole
Dr. David R. Schink Mr. Harold Etherington
Howard A. Wilber, Esq. Dr. William Kerr
Sheldon J. Wolfe, Esq. Dr. Harold W. Lewis

Dr. J. Carson Mark
Mr. Mitchell Attalla Mr. William M. Mathis
Vincent W. Campbell, Esq. Dr. Dade W. Moeller
Mary M. Cheh, Esq. Dr. David Okrent
City of Brigantine Dr. Milton S. Plesset

ATTN: Mr. Geroge B. Ward Mr. Jeremiah J. Ray
Troy B. Conner, Esq. Dr. Paul C. Shewmon
Barton Z. Cowan, Esq. Dr. Chester P. Siess
Thomas M. Daugherty, Esq. Mr. David A. Ward
John J. Degnan, Esq.
David S. Fleischaker, Esq.
Harold P. Green, Esq.
Dr. Alden McLellan
Keith A. Onsdorff, Esq.
Robert M Rader, Esq.
Dr. Willard W. Rosenberg
Carl Valore, Esq.
Mr. James A. Walker ,

Ellyn R. Weiss, Esq.
Mr. John H. Williamson

Atomic Safety and Licensing
Board Panel

Atomic Safety and Licensing
Appeal Panel

Docketing and Service Section
Document Management Branch
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DISTRIBUTION OF BOARD NOTIFICATION

San Onofre 2&3/COMM
Docket Nos. 50-361/362 OL ACRS Members

Stephen F. Eilperin, Esq. Dr. Robert C. Axtmann
Dr. Reginald L. Gotchy Mr. Myer Bender
Dr. Cadet I: Hand, Jr. Dr. Max W. Carbon
Mrs. Elizabeth B. Johnson Mr. Jesse C. Ebersole
Dr. W. Reed Johnson Mr. Harold Etherington
James L. Kelley, Esq. Dr. William Kerr

Dr. Harold W. Lewis
Mr. A. S. Carstens Dr. J. Carson Mark
Mr. Gary D. Cotton Mr. William M. Mathis

: Phyllis M. Gallagher, Esq. Dr. Dade W. Moeller
Mrs. Lyn Harris Hicks Dr. David Okrent'

Janice E. Kerr, Esq. Dr. Milton S. Plesset
.

Charles R. Kocher, Esq. Mr. Jeremiah J. Ray
Charles E. McClung, Jr. , Esq. Dr. Paul C. Shewmon!

David R. Pigott, Esq. Dr. Chester P. Siess
Alan R. Watts, Esq. Mr. David A. Ward2

Richard J. Wharton, Esq.

Atomic Safety and Licensing
Board Panel

Atomic Safety and Licensing
Appeal Panel

Docketing and Service Section
Document Management Branch
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REPORT SUMMARY
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The Accident Sequence Precursot s t udy invol ve s the review of Licensee
Event Reports of operational events that have occurred at light-water
power reactors to identify and categorize precursors to potentially sig-
nificant accident sequences. Accident sequences considered in the study
are those that could lead to severe core damage. Accident sequence pre-
cursors of interest are events that are important elements in a chain of
events (an accident sequence) possibly leading to core damage. Such pre-
cursors might be inf requent initiating events or equipsent f ailures that,
when coupled with one or more postulated events, could result in a plant
condition leading to severe core damage.

A nuclear plant has safety system eqcipment for mitigating accidents
er of f-normal initiating events that may occur during the course of plant
operation. These saf ety systems are built to high quality and are redun-
dant; nonetheless, they have a definite probability of f ailing or being in
a f ailed state when required to operate. This report uses LERs and other
plant data to calculate the unavailability of plant sa f e ty sy s t em s. It

then uses these calculated safety system unavailabilities and the expected
average frequency of initiating events (loss of feedwater, loss of offsite
power, lo s s-of-cool ant accidents, and steam line breaks, also determined

when possible f rom the precursors) to evaluate the end results of safety
system unavailability for two situations:

1. Safety sy s t em f ailures without initiatina events. Given an
LER-reported f ailure of a safety system or partial f ailures in several
sy s t em s , the report uses expected initiating event occurrence rates to
determine the number of initiating events that will challenge the failed
and backup safety systems during the period the safety system is f ailed.
It multiplies the challenges by system failure probabilities, using event
trees to evaluate the likelihood of the overall event sequence occurring.

2. Initiatina event occurrences. Although standby saf ety systems
are ideally always available, there is a statistical probability that
these systems will fail when called on to mitigate expected accident or
transient initiating events. Therefore, the report calculates the like-

! lihood of severe core damage occurrence for each LER-reported ini:iating
I event based on expected response (failure probabilities) of the sofety

sy s t em s. Failed or degraded safety systems existing at the time of the
initiating event are accounted for in the calculations.

The study effort has been divided into several tasks, which are de-
scribed in detail in later sections of this report. These tasks include
(1) selection of LERs for detailed review as precursors; (2) in-depth re-
view of those LERs; (3) identification, description, and categorization of
events considered to be precursors; (4) selection of precursors considered
significant; and (5) subsequent analysis of the precursors to determine if,

( any trends or unique relationships exist omong them.

| For thi s study, LER event s were selected as precursors if they met
| one of the f ollowing requirements:

1. The event involved the f ailure of at least one f unction required to
mitigate an initiating event of interest.

|
| x1

!
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2. The event involved the degradation of more than one function required*

to mitigate an initiating event of interest.

3. The event involved an unusual actual initiating event (e.g., a total
loss of offsite power, a stuck-open primary relief valve, or another
infrequent event).

Approximately 19,400 LERs concerning events that occurred during
196P-1979 were screened for accident sequence precursors according to the
above requirements. Of these, over 500 LERs (~3%) were selected for de-
tailed review.

All LERs selected for detailed review were subj ected to an in-depth
evaluation, which included

1. a review of the accident sequence (if there was one) as described in
the LER,

2. a review of the design of systems in the reactor plant reporting the
LER to determine the impact of the failure on the operation of these
systems, and

3. a review of the plant accident analyses to determine the extent to
which affected systems would be required to function for different off-
normal and accident conditions.
As a result of this detailed review, 169 events were selected as ac-

cident sequence precursors. For each of these events, four items were

prepared: a sheet describing the event, a categorization sheet including
event- and reactor-specific information used in subsequent analyses, and
two event trees. The first event tree describes the actual occurrence as
reported in the LER and identifies the potential for severe core damage
stemming from the actual event. The second event tree describes a posta-
lated sequence of events that could have been af f ected by the actual re-
ported f ailures. A set of these four items for each of the 169 events is
included in Appendix B.

The f ailure information contained in the precursors was used to esti-
mate initiating event f requencies and function f ailure-on-demand probabil-
ities. This information was used, in conj unction with the precursor event
trees, to determine a measure of the probability of severe core damage
associated with each event sequence. This probability is an estimate of

the chance of severe core damage given the precursor event occurred in the
manner it did. These probability measures were then used to rank the pre-

Fif ty-two precursors with probability measures of 110-8 werecurs rs.
selected as significant.

The probabilities of severe core damage associated with the precur-
sors were also used to estimate the f requency of severe core damage per
reactor year for the years 1969-1979. This point estimate is between 1.7
x 10-s and 4.5 x 10-s per reactor year and includes contributions from
three maj or events: (1) the loss of feedwater and stuck-open relief valve
at Three Mile Island Unit 2 (which actually resulted in severe core dam-
age), (2) the loss of nonnuclear instrumentation at Rancho Seco, and (3)
the fire in the cable spreading room at Browns Ferry 1.

These numbers are compared with other estimates f rom PRAs and f rom
the IWI-2 event alone in Fig. 1.

;
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Fig. 1. Comparison of. ASP results with other core damage estimates.

lubsequent analyses of the information included in the selected pre-
cursors resulted in the following additional conclusions:

1. Many of the initiating event frequencies and function f ailure-on-
demand probabilities developed from operational event information
agree reasonably well (within a factor of 10) with the Reactor Safety
Study 2 median results.

2. A variation in the rate of occurrence of significant precursors per
plant as a function of plant age cannot be justified.

| 3. Differences do not appear to exist in the number of significant pre-
! cursors observed between plant types and among reactor vendors, archi-

| t e c t-e ng ine e r s , and plant power ratings.
'

!

| 4. Approximately 38% of all significant precursors involved human error.

'nese analyses did not involve extreme statistical sophistication but
,

| were first attempts to determine if trends were discernible in the so-

| 1ected events. Changes made in reactor plant operation after the TMI-2

'
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accident (particularly the potential use of high pressure injection fol-
lowing auxiliary feedwater system failure and the ability to provide flow
f rom at least one auxiliary feedwater pump during a loss of ac power in
PWRs) are expected to reduce this estimate considerably in later years.

For reference, highlights of this study are sammarized in Table 1.4

i

Table 1. Accident Sequence Precursor study highlights

! Period covered 1969-1979

Total number of LERs searched 19,400
4

: Number selected for detailed review 529

Number selected as precursors 169

Number of significant events 52

A point estimate of the frequency of severe core damage calculated from
precursor information for the years 1969-1979 lies between 1.7 x 10-8
and 4.5 x 10-s per reactor year.

Reasonable agreement exists between ASP and Reactor Safety Study initiat-
ing event f requencies and function f ailure probabilities.

No varistion with plant age can be demonstrated in the number of signifi-
'

cant events.

No apparent differences exist between plant types and among vendors,
a rchi t e ct- engine er s, and plant power ratings.

i
! Reference

1. U.S. Nuclear Regulatory Commission, Reactor Safety Study: An
Assessment of Accident Rieke in U.S. Commercial Nuclear Pover Ptar.ts,
WASH-1400 (NUREG-75/014) (October 1975) .

,
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PRECURSORS 10 POTENTIAL SEVERE CORE
DAMAGE ACCIDENTS: 1969-1979

A STATUS REPORT

J. W. Minarick* C. A. Kukielka*
,

ABSHACT

Descriptions of 169 operational events reported as Licensee
Event Reports, which occurred at commercisl light-water reactors
during 1969-1979 and which are considered to be precursors to
potential severe core damage, are presented, along with associ-
ated event trees and categorizations and subsequent analyses.
H e report summarizes work in (1) the development of methods

'

used to screen ~19,400 LER abstracts for potential precursors,
(2) the initial screening of those abstracts to determine which
should be reviewed in detail, (3) the detailed review of those

selected LERs that yielded the 169 events, (4) the categoriz a-
tion of the 169 events, (5) the calculation of function failure

estimates based on precursor data, (6) the use of probability of
severe core damage estimates to rank precursor events and esti-
mate the frequency of severe core damage, (7) the identification
of 52 events considered significant, (8) trends analyses of
those significant events, and (9) the identification of the

other events of interest that occurred within 1 month of signif-
icant events.

1. INHODUCTION

The Accident Sequence Precursor study involves the review of Licensee
Event Reports of operational events that have occurred at light-water pow-

. er reactors between 1969 and 1981 to identify and categorize precursors to
potential severe core damage accident sequences. This progress report
details this effort for 196 9-197 9 LER s. Although Licensee Event Reports,

| were not required until mid-1975, event reports comparable to LERs existed
' before the inception of the LER system and are considered to be LERs for
! the purpose of this study. [The requirements of Licensee Event Reports

are described in Regulatory Guide 1.16 (Ref.1) .] Work on the ASP study,

i began at the Nuclear Safety Information Center on June 15,1979, in re-
sponse to FY-1979 Nuclear Regulatory Research Order 60-79-185, " Accident
Sequence Precursor Study" dated June 7,1979, and subsequent orders.

The program was initiated, in part, because of conclusions contained
in the Risk Assessment Revieu Group Report.8 This report states "that
unidentified event sequences significant to risk might contribute . a. .

i * Science Applications, Inc.

1-1
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small increment [to the overall risk]." The report recommends:' . . .

It is important, in our view, that potentially significant (accident) so-"

quences, and precursors, as they occur, be subj ected to the kind of analy-
sis contained in WASH-1400 [Ref. 3] . .". .

Accident sequences considered in the study are those that could lead
to severe core damage. Accident sequence precursors of interest are
events that are important elements in a chain of events (an accident se-
quence) possibly leading to core damage. Such precursors could be infre-

quent initiating even.s or equipment f ailures that when coupled with one
or more postulated events, could result in a plant condition leading to
severe core damage.

Note that the results achieved in this report have been obtained
,

based on events reported in LERs and subsequently selected as precursors.'

Because of the use of LERs, biases may have been introduced as a result of
differences in plant technical specifications and approaches to LER re-
porting and of changes in LER reporting requirements over the period of
the study. These considerations may result in the f ailure to include cor-
tain events that under different circumstances would have been selected
for inclusion. How ev e r, the events selected were more serious than most,

and it is expected that most of these would have been reported indepen-
| dently of small differences in reporting requirements.

The ASP study ef fort has been divided into the following tasks:

1. selection of LERs deserving a detailed review as precursors;

2. detailed review of selected LERs;

3. identification, description, and categorization of events considered
accident sequence precursors;

j 4. selection of precursors that are considered significant; and
5. analysis of precursors to determine if any trends or unique relation-

ships exist.

These tasks are described in detail in the following sections.

References

!

1. U.S. Nuclear Regulatory Commission, Regulatory Guide 1.16, Reporting
of Operating Information, Appendix A: Technical Specificatione,
Rev. 4 (August 1975).

,

!

2. U.S. Nuclear Regulatory Commission, Risk Assessment Revieu Group
Report, p.15, NUREG/CR-0400 ( September 197 8) .

3. U.S. Nuclear Regulatory Commission, Reactor Safety Study: An Asseas-
ment of Accident Rieke in U.S. Commercial Nuclear Power Planta, WASR-
1400 (NUREG-75/014) (October 1975).

,
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I. P0 REWORD i
! \

; 4

This report presents the initial results of a program that was begun|

#
as a result of one of the Lewis Committee recommendations following their
review of WASH-1400, the Reactor Safety Study. One of the committee's
review findings was that more use should be made of operational data to
assess the risk from nuclear power plants. The Precursor Program, per- :
formed at Oak Ridge National Laboratory and administered by the Nuclear,

Regulatory Commission, responds to this Lewis committee finding. The Pre-
cursor Program uses Licensee Event Reports to evaluate potential nuclear
plant accident precursors occurring at operating reactors. These individ-
ual plant precursors are then sammarized to evaluate the risk (for a par-
ticular time period) from all operating nuclear power plants. This re-;
port, covering 196P-1979 LERs, is being released as a progress report with
the expectation that some conclusions may need to be changed as the report,

! undergoes continuing peer review and public comment. The next report

; (using 1980-1981 LER data) should reflect the risk from nuclear plants
since the TMI-2 accident and may show what effects new procedures and

,; equipment modifications (lessons learned) have had.
* * In addition to the documentation of 169 identified precursors and

preliminary trends analyses, the report estimates the frequency of severe
core damage based on the precursor information. It is a difficult problem;

to derive a credible probability for severe core damage using limited
operational experience data from plants that have many significant phys-
ical and operational differences among them. The authors of this report
partially account for plant dif ferences by using generalized (functional)
event trees for individual precursor evaluation, which in their quantifi-
cation are then specialized, as much as possible, to the particular plant.

! Nonetheless, simplified methods are used to determine and quantify severe
'

core damage precursors. Several aspects of this report are expected to
affect the calculated results, either conservatively or nonconservatively.
The first two of the following items are expected to introduce a conserva-
tive and nonconservative bias, respectively. The remaining items may in-
troduce either conservative or nonconservative biases.

The probability of subsequent core damage given the precursor may bee
conservative in some cases.

e The LER screening process may have overlooked precursors that should
have been included.

The accuracy and completeness of the LERs in reflecting pertinent oper-e
stional failure or initiating events is somewhat questionable,

e The event trees used for most precursors are generic and may not ade-
i

quately reflect dif ferences among plants.

Average or generic data are combined with plant-specific operationale
occurrences in calculating the probability of subsequent severe core
damage.

,

e The repair (recovery) credit for system failure involves engineering
judgment.

e The method used to calculate the frequency of severe core damage is
i subj ect to various interpretations because of the combined use of event

v
i
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statistics and generic initiating event and function failure probabil-
ities.-

The use of LERs to attempt to extract. severe core damage probabilities, on
a scale and to the detail such as done in this report, is unique. The
full meaning and limitations of the severe core damage calculations made

j in this report are not clear. It is felt, how ev er, that the report pro-

! vides valuable information that can help validate or supplement probabil-
istic risk assessments performed on nuclear power plants. Much of the
basic data and information needed for additional calculations or infer-
ences of reactor risk by the reader is included in the report. As men-
tioned, this report will be followed by other reports that will evaluate
LERs in the 1980-1981 time period and also will provide further analysis,
refinement, and practical use of the basic data contained within this re-
port.

Reader comments and suggestions are earnestly solicited and should be
sont to the Chief, Reactor Risk Branch, Division of Risk Analysis, at the

address below.

R. M. Bernero, Director
.

Division of Risk Analysis
Of fice of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555

vi
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The work reported here was undertaken by the Nuclear Operations Anal-
ysis Center at Oak Ridge National Laboratory on behalf of the Division of
Risk Analysis of the Nuclear Regulatory Commission. The FY-1982 NRC tech-
nical monitor, F. M. Manning, succeeded M. A. Taylor, who was technical
monitor until his reassignment in November 1981. The work on accident
sequence precursors was initiated early in 1979 with R. L. Scott as pro-
ject manager, assisted by the authors of this report. How ev e r, when Scott
was reassigned in July 1980, J. W. Minarick became acting manager and has
retained that role since. Both Minarick and C. A. Kulkielka are Science
Applications, Inc., amployees and performed their work under subcontract
to NOAC. Most of the work was performed at NOAC of fices because of the

availability of relevent documents and technical support. The training

and background of these authors well qualified them for the task.
Minarick, an electrical engineer, has had 12 years of reactor systems ex-
perience, including 5 years on Admiral H. G. Rickover's staff and 3.5
years with Babcock & Wilcox Company. Kulkielka, who received his M.S.
degree in nuclear engineering in 1979, had 2 years' prior experience with
the U.S. Army nuclear program bef ore j oining SAI in 1979.

This status report covers the first 2.5 years of effort. The work
involved (1) development of selection criteria for the identification of
those reactor events that are precursors of potential severe core damage,

(2) application of these criteria against all the licensee event reports
that have been received since 1969, and (3) detailed analyses of the se-

1ected events. This report covers the work completed for LERs submitted
during the 11 year period f rom 1969 to 1979. Although the NRC has pre-
viously reviewed the selection criteria and the events selected, it has
not been directly involved in the application of these criteria against
the existing LERs. This task has been performed entirely by the NOAC
staff, using its best judgment in doing so. Whil e this judgment reflects

many years of experience in reactor design, reactor operations, and sys-
tem s evalua tions, the process is subj ective, and not all specialists will

necessarily agree with every event selected and/or omitted.
This report deals only with historical data and, at this point, with

minimal statistical interpretation. The TMI-2 accident is responsible for
about half the core damage f requency value estimated herein. Yet, could

one say given the conditions of early 1979 - that the frequency of a
TMI-2-type accident at that time was once every 4 years or once every 100
years? Furthermore, the same selection criteria that were used in this
study would also have been applicable had the top event been severe fuel
cladding failure, severe core damage, or core mel tdown. In any event, the

many changes that have occurred in nuclear plant design and operation
since 1979 are expected to substantially reduce the future probability of
all such events.

Continuing work on this program is expected to include:

e an assessment of the uncertainty in the core damage probability calcu-
lations (a simplified approach, based on the fact that INI-2 has been
the only true core damage statistic, indicates the report estimate
could be too low by a f actor of 2 to 3 or too large by one or two
orders of magnitude) and

vil
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e a calculation of the probability of severe core damage accidents based
on the ~7500 LERs submitted in 1980 and 1981.

Inevitably, the results of this ieport will be compared with the data j
in the Reactor Safety Study (WASH-1400) and other probabilistic risk as- j
sessment studies. Although the casual reader may interpret the Accident -

Sequence Precursor study results as incompatible with other core damage
estimates, it is quite likely that because of the statistical uncertainty,
no significant difference exists. That, of course, remains to be demor-
strated.

In conclusion, I direct your attention to the various trends analyses i

included in this report. Although the statistical precision is not great,
the trends are of considerable interest. In any event, the results pre-
sented here indicate how very important it is that the operating experi-
ence be analyzed for trends that a more casual surveillance of such exper-
ience might not reveal.

Wm. B. Cottrell, Director
'

Nuclear Operations Analysis Center
P.O. Box Y
Oak Ridge, 'IN 37839

vili

- - - - _ - - - - - - - - - - - - - - - - - - - - - -- - - -- - - a



.

.

'
,

.

'

| Printed in the United States of America Available from
National Technical Information Service

U S Department of Commerce
5285 Port Royal Road. Springfield, Virginia 22161

- - - _ . _

Available from

GPO Sales Program

DMsion of Technical information and Document Control
i U.S Nuclear Regulatory Commission

Washington, D.C. 20555
- .- __ _

''. s 'er- * was rrepared as a , a. count of *c'k sponsored by an agency of the
> n v ~ c r ., 3 ,4 - ree.,t ta ther the U n'tec States Go ernment nor any agency'
'u . -ar, c' tre,r emp c ees makes any warranty. express or implied. orr

, a t r ei a , lego. I abity or resporstinty for the accura;y completeness. or
i u!'*s:r c:s of a , info' met On apparates product. or process disclosed or
! 't;"esorts tha' ts use wou: not intringe privatesy onned rights Reference herein
! t; a- , spcife c:- * ercia'prodsct proce$$ or service by trade name. trademark

ma% *acturer or otherwise coes not necessaraty constitute or emp'y its
erdarserrert re::mmendatior, or fa.or,ng by the United States Government or
a'. age y teerect The iews and opeons of authors empressed herein do notv

'

necassa ., state or ref.ect these of ene Ur ted States Government or any agency
the eof

|

. _ .



~
,

|

.

.

CONTENTS*

.

PaLR
FOREWORD ......................................................... y

PREFACE .......................................................... vii
|

LIST OF ACRONYMS AND INITIALISMS ix.................................

REPORT SUMMARY ................................................... xi

ABSTRACT 1-1.........................................................

1. INIRODUCTION 1-1
|.................................................

|References 1-2 '...................................................

2. CRITERIA FOR SELECTION OF LERs FOR DETAILED REVIEW
AS PRECURSORS 2-1................................................

Reference 2-2....................................................

3. DETAILED REVIEW AND IDENTIFICATION OF SELECTED LERs
AS ACCIDENT SEQUENCE PRECURSORS 3-1

,
..............................

I

Reference 3-15....................................................

4. QUANTIFICATION OF PRECURSORS AND IDENTIFICATION OF
IIIOSE CUNSIDERED SIGNIFICANT 4-1.................................

4.1 Determination of Initiating Event Frequencies and
Function Failure Probabilities 4-1..........................

4.2 Calculation of Probability Measures Associated with
Each Precursor 4-2..........................................

4.3 Selection of Significant Precursors 4-23.....................

5. ANALYSIS OF TRENDS IN SELECIED EVENTS 5-1........................

5.1 Initiating Event Frequency and Function Failure
Probability Comparisons 5 -1-.................................

5.2 Instantaneous Failure Rate Trends 5-2.......................

5.3 Time Lines for Initiating Events and Function
Failures 5-4................................................

5.4 Variation in the Number of Significant Precursors
as a Function of Plant Age 5-4..............................

5.5 Potential Dif ference s Between Plant Types and
Among Vendors, Architect + Engineers, and Plant
Power Ratings 5-7...........................................

5.6 Identification of Degraded-Function Events that
,

| Occurred Within 1 Month of Each Significant Precursor 5-7...

5.7 Percentage of Precursors Involving Human Error 5-16..........

5.8 Estimation of the Probability of a Diesel Generator
Failing to Start Given a Loss-of-Of f site-Power
Demand 5-18..................................................

References 5-19...................................................

iii



- _ _ _ _ _ - _ _ _ --- --

C
. .

t

'

APPENDII A. STANDARDIZED EVENT TREES ............................ A-1
. APPENDIX B. PRECURSOR SUMMARY SHEETS AND EVDJT 1REES B-14 ............

APPENDIX C. SUPPGRT MATERIAL FOR SELECTION OF
POTENTIAL PRECURSORS THAT ARE CONSIDERED

SIGNIFICANT ......................................... C-1
APPENDIX D. SUPPORT MATERIAL FOR 1 RENDS ANALYSIS -

! TIME ON TEST PLOTS .................................. D-1
APPENDIX E. ADDITIONAL SUPPORT MATERIAL FOR 1 RENDS

ANALYSIS ............................................ E-1
l
!

?'
.

a.

-

k

]

l

f

I

, ..
l

i

t

's

s

1

.

p iv

3

k

_.

._ __. _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -



k*

..

e E ; Akr> '.'si! 5 :EATION

81.S'
..

AELIDE!,T S E'.UEi.CE PRECUCOR PEDSE*'. PL A!;

Di ab i c Ca n., o r.
Susquehanna
Sar C:.cfre
McGuire
Su: er
Sr,c char

Palc ce::e
Zir 'rer
S.'a t e r 'o rd
Bj ran
Fermi 2
Cal l a.iay
Corenche Peak
Allens Creek
FNP l-8

Document Management Branch
Distribution ( *../ encl os ure) Document Control Desk
Document Control. Room 016 -Phillips Building
NRC PDR* ,

L PDR*
PRC System *
liS I C*

Branch Reading (LB 1, LE=2, LE=3, LS#4) M. Williams
J. Youngblood H. Denton/E. Case
A. Schwencer PPAS
F. Miraglia F.. Voliner
E. Adensam H. Thompson
B . B u c kl ey * R. Mattson
R. Perch' S. Hanauer
H. Rood * Attorney , OELD*
R. Eirkei* IRE
W. Kane* Regional Administrator ( )
R. Gilnert* 1' .J. Di rc i:s , EDO ( 3) *
M. Licitra* A. Lennett, CELD (3) *
G. Dicl* E. Chris tenbury, OELD *
5. Bl ack* J. Scirito, CELD *
5. Chesnut *
L. Kintner *
G. Edison *
S. Bur. ell *
C. Moor.-
L. Stanle -
M. Rus r.b rook
E. Fylton
J. Lee
M 0;ncan

J. Kerrigan
DEiserhut/RTarple


