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FOREWORD

The Accident Sequence Precursor (ASP) Program was established at
the Nuclear Operations Analysis Center (NOAC) at Oak Ridge National
Laboratory in summer 1979, The first major report of that program was
formally published in June 1982 and received extensive review. Since
then three other reports documenting the review of operational events
for precursors have been published in this program.

19691979 Precursors to Potential Severe Core Damage Accidents:
1965—1979, A Status Report (NUREG/CR-2497), June 1982

19801981 Precursore to Potential Severe Core Damage Accidents:
1960-1981, A Statue Report (NUREG/CR-3591), July 1984

1984 Precursore to Potential Severe Core Damage Accidents:
1984, A Statue Report (NUREG/CR-4674, Vols. 3 and 4)

1985 Precur-ore to Potential Severe Core Damage Accidents:

1985, Statue Report (NUREG/CR=-4674, Vols. 1 and 2),
Decem!' 1986

The current effort was undertaken on behalf of the Office of
Analysis and Evaluation of Operational Data of the Nuclear Regulatory
Commission (NRC). The NRC technical monitor for the project is F. M.
Manning. The present document {is a continuation, for 1986, of the
assessment undertaken in the previous renorts for operational events
that occurred in 1969—1981, 1984 and 1985, A preliminary assessment of
all precursors identified in 19841986 is also provided.

These models and analyses may in some instances be conservative,
particularly regarding operator actions or recovery given certain
events. A further review of the models and recovery actions is planned
for subsequent ASP analyses of LERs.,

As noted above, the ASP Program {s the responsibility of NOAC. 1In
addition to NOAC personnel (J. D. Harris and E. W. Hagen), personnel
from two subcontractors, Science Applications International Corporation
(Js We Minarick and P. N, Austin) and Professional Analysis, Inc. (J. D.
Cletcher), played a major role.

NOAC has designed and developed a number of major data bases that
it operates and maintains for NRC., These data bases collect diverse
types of information on nuclear power reactors from the construction
phase through routine and off-normal operation. These data bases make
extensive use of reactor-operator-submitted reports, such as the 1li-
censee event reports.

NOAC also publishes staff studies and bibliographies, disseminates
monthly nuclear power plant operating event reports, and prepares the
Technical Progress Review Journal Nuclear Safety,

Joel R. Buchanan, Director

Nuclear Operations Analysis Center
Oak Ridge National Laboratory

P.O, Box Y

Oak Ridge, TN 37831

615-574~0393 (FTS: 624-0393)
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EXECUTIVE SUMMARY

The Accident Sequence Precursor Program reviews licensee event re-
ports of operational events that have occurred at LWRs to identify and
categorize precursors to potential severe core-damage accidents.
Accident sequences considered in the study are those associated with
inadequate core cooling. Accident sequence precursors are events that
are important elements in such sequences. Such precursors could be in-
frequent initiating events or equipment failures that, when coupled with
one or more postulated events, could result in a plant condition with
inadequate core cooling.

Originally proposed in the PRisk Assesement Review Group Report
(Lewis Committee report) in 1978, the study — subsequently named the
Accident Sequence Precursor Program — was initiated at the MNuclear
Operations Analysis Center in 1979, Earlier reports by the program in-
volved assessment of events that occurred in 1969—1981 and 1984—1985.
The present report involves the assessment of events that occurred dur-
ing 1986.

A nuclear plant has safety systems for mitigating the consequences
of accidents or off-normal initiating events that may occur during the
course of plant operation, These systems are built to high-—quality
standards and are redundant; nonetheless, they have a nonzero
probability of failing or being in a failed state when required to
operate. This report uses LERs and other plant data, estimated system
unavailabilities, the expected average frequency of initiating events
(LOFWs, LOOPs, and LOCAs), and event details to evaluate the potential
impact of the following two situations.

1. Safety system unavailability., Given an LER-reported failure of
a safety system or partial failures in two or more systems, the report
uses expected initiating event occurrence iates to determine the number
of initiating events that may challenge the failed and backup systems
during the period associated with the failure. It multiplies the ex-
pected challenges by svstem failure probabilities, using event trees, to
evaluate the likelihood that the overall event sequence will occur.

2. Inmitiating event occurrences. Although standby safety systems
are ideally always available, the probability exists that they may fail
when called on to mitigate the consequences of expected accidents or
transient-initiating events. Based on expected response of the safety
systems, the report calculates the likelihood of potential severe core
damage for precursors that included initiating events. Failed or
degraded systems existing at the time of the initiating event are
accounted for in the calculations.

All LERs are screened for accident sequence precursors and selected
for detailed review if they included a reactor trip or more serious
initiator, included two or more component failures or unavailabilities,
or described an event that proceeded differently than expected. All
LERs selected for detailed review are subjected to an in-depth evalu-
ation, including

xiid




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

© a review of the design of systems in the reactor plant reporting the
LER to determine the {mpact of the failure on the operation of these
systems, and

© a review of the plant accident analyses to determine the extent to
which affected systems would be required to function for different
of f-normal and accident conditions.

Based on this detailed review, events were selected as precursors
if they met one of the following requirements:

© 1involved the failure of at least one system required to mitigate the
consequences of a LOFW, LOOP, small-break LOCA, or steam-line break;

© 1involved the degradation of more than one system required to mitigate
the effects of one of the above initiating events; or

© involved an actual {initiating event that required safety system
response.

Because LOFWs occur frequently within the reactor population, thev are
documented as precursors only {f other failures also occurred. (Repre=-
sentative calculations of the significance of LOFWs without additional
failures, however, are performed.)

Initiating event-frequency and system-failure probability estimates
are used, in conjunction with precursor event trees, to estimate a con=
ditional probability of potential severe core damage associated with
each precursor. This probability is an estimate of the chance of poten=-
tial severe core damage (inadequate core cooling), given that the pre-
cursor event occurred in the manner it did, and can be considered a mea-
sure of the residual protection against severe core damage available
during the event.

The conditional probabilities associated with each precursor are
used to rank precursors as to significance and to identify dominant
sequences among all postulated sequences to potential severe core damage
for the more highly ranked events.

Approximately 2900 LERs from 1986 were screened for precursors.
Thirty-four precursors were identified for 1986, approximately the same
number per reactor year (0.4) as {identified in 1969=1981 and somewhat
fewer than identified in 1984—1986 (0.6 per reactor year). Six events
with conditional core~damage probabilities of >10~* were observed in
1986, compared with 10 in 1985 and 17 in 1984, The two most significant
events involved small-break LOCA initiators.

Initiating-event frequencies and branch-failure probabilities util-
ized in the 1986 calculations were based on failures identified in the
19841986 period in the Accident Sequence Precursor Program. An over-
all reduction in estimated initiator frequencies and failure probabili-
ties compared with those estimated in 1969=1979 was observed for PWRs
and to a lesser extent for BWRs,

Likely core~damage accident sequences associated with the more
important 1986 precursors were generally consistent with sequences
associated with 1984~1985 events,
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As part of the current effort, more serious precursors observed in
1984—1986 were qualitatively compared with those observed in 1969~
1981, Based on this comparison, the more serious events currently being
identified appear more consistent with events typically modeled in
probabilistic risk assessments than was the case in 1969—198l. Com-
plicated events involving electric power and instrumentation and control
interactions were not seen nearly to the extent they previously were.
Performance of the PWR AFW systems and the BWR combined high-pressure
coolant injection and reactor-core-isolation cooling systems appears
improved compared with 1969-1981, and they both exhibit failure
probabilities consistent with PRA models.

The estimates developed in this report are subject to considerable
uncertainty because of the limited data available, the assumpticns that
had to be made, and the analysis approach itself.

An overview of the methodology 1is provided in Chap. 2 of Vols. 1
and 3 of this document; in Chapter 5 they also address program limita-
tions and sources of error. Chapter 4 of this volume provides a more
comprehensive discussion of results for 1986 precursors, plus an initial
assessment of 1984—1986 precursors compared with those observed in
1969981,
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PRECURSORS TO POTENTIAL SEVERE CORE-DAMAGE
ACCIDENTS: 1986, A STATUS REPORT

J. W, Minarick*
J. D. Harris

P. N. Austin*

J. W. Cletcher**
E. W. Hagen

ABSTRACT

Thirty-four operational events, reported in 1licensee
event reports and occurring at commercial LWRs during 1986,
are considered to be precursors to potential severe core
damage. These are described along with associated signif-
icance estimates, categorization, and subsequent analyses.
This study is a continuation of earlier work, which evaluated
the 1969—1981 and 1984—1985 events. The report discusses
(1) the general rationale for this study, (2) the sclection
and documentation of events as precursors, (3) the estimation
and use of conditional probabilities of subsequent severe core
damage to rank precursor events, and (4) the initial conclu=-
sions from the assessment of 1986 events and from the collec~-
tive assessment of 1984—1986 events.

l. INTRODUCTION

The Accident Sequence Precursor Program involves the review of
licensee event reports (LERs) on operational events that have occurred
at LWRs beginning in 1969 to identify and categorize precursors to
potential severe-core-damage accident sequences., The present report is
a continuation of the work published in NUREG/CR=2497, Precursors t?
Potential Severe Core Damage Accidents: 1969-~1979, A Status Report
and NUREG/CR-3591, Precursors to Potential Severe Core Damage Acei-
dente: 1980--1981, A Status 5%port,2 as well as {n earlier volumes of
this document.’»“ This report details the work of the Accident Sequence
Precursor Program in its review and evaluation of operational events
that occurred in 1986 and were reported in LERs, The requirements for
LERs are described in NUREG-1022, Licensee Event Report System, Descrip-
tion of System and Guidelines for Reporting,® as well as in the supple~-
ments to NUREG~1022 (Refs. 6, 7).

*Science Applications International Corporation, Oak Ridge,
Tennessee,

**Professional Analysis, Inc., Oak Ridge, Tennessee.



1.1 Background

The Accident Sequence Precursor Program owes its genesis to the
Risk Assessment Review Group,e which concluded that "unidentified event
sequences significant to risk might contribute . . . a small in-
crement . . . [to the overall risk]."® The report continues, "It is im-
portant, in our view, that potentially significant [accident] sequences,
and precursors, as they occur, be subjected to the kind of analysis con-
tained in WASH-1400" (Ref. 9). Evaluations done for the 19691981
period were the first efforts in this type of analysis.

Accident sequences of interest in this study are those that, if
completed, would have resulted in inadeauate core cooling in the short
term (typically up to 20~30 min) and that would have potentially re-
sulted in severe core damage. Accident sequence precursors are events
that are important elements in such accident sequences. Such precursors
could be infrequent initiating even*s or equipment failures that, when
coupled with one or more postulated events, could result in a plant con-
dition leading to severe core damage. Precursors were selected and
evaluated using a screening process and significance quantification
methodology similar to that used for 1984—1985 events.’ Discussed in
more detail in Chap. 2 of Refs. 3 and 4, this methodology permits a
reasonable quantification of the significance of an event without the
laborious detail associated with evaluation using event trees and fault
trees down to the component level, while including observed human and
system interactions.

A study of this nature {s subject to certain inherent limita-
tions, The results were based on limited data, and the study may be
biased by many of the decisions inherent in the process as well as in
the methodology itself., However, a determined effort has been made in
this program to address these problems. Although uncertainties exist in
the numeric probability estimates associated with each event addressed
in the report, the identification of the more serious events from a
core~damage standpoint is considered reasonably certain,

1.2 Organization of the Report

This effort has been divided into several tasks, the results of
which may be found in the sections indicated:

Section Task

Chap. 2 Detailed review of 1986 LERs for accident sequence
precursors

Appendix D Identification, description, and categorization of
events considered to be accident sequence precursors

Chap. 3 Quantification of precursor significance

Chap. 4 Discussion of results

In addition, a 1list of acronyms and a glossary are provided.

2



Because of its similarity with the 1984 and 1985 efforts, this
report is somewhat abbreviated compared with those repotts. In partic-
ular, Ref. 3 contains additional detail concerning the event-tree and
branch-probability models employed in the analysis, and Refs. 3 and 4
provide a more detailed overview of the accident sequence precursor
methodology, potential sources of error, and program limitations.
However, a preliminary analysis of events selected as precursors during
the 1984—1986 period is provided herein. References 3 and 4 only
address results for individual years.

1.3 References
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Vols. 1 and 2 (ORNL/NSIC-182/Vl1 and V2), Union Carbide Corp.,
Nuc. *ar Div., Oak Ridge Natl. Lab., June 1982,

2, W. B, Cottrell, J. W. Minarick, P. N. Austin, E., W, Hagen, and
J. D, Harris, Precureore to Potential Severe Core Damage Acci-
dente: 198081, A Statue Report, NUREG/CR-3591, Vols. 1 and 2
(ORNL/NSIC-217/V1 and V2), Martin Marietta Energy Systems, Inc.,
Oak Ridge Natl. Lab., July 1984,

3. J. W. Minarick, J. D, Harris, P. N, Austin, E. W. Hagen, and
J. W. Cletcher, Precursore to Potential Severe Core Damge Aceti-
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9. Reactor Safety Study: An Assessment of Accident Risks in U.S. Com-
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2, SELECTION OF 1986 OPERATIONAL EVFNTS
AS ACCIDENT SEQUENCE PRECURSORS

The identification of precursors within the licensee event report
(LER) data base involved a two-step process. First, all 1986 LERs, in-
cluding supplemental information, were reviewed to determine if the re-
ported event should be reviewed In detail, This initial review was a
bounding review, meant to capture events that in any way appeared to
deserve dctailed review Lut to eliminate events that did not aprear im-
pertant. Events selected for detailed review included:

® core-damage initiators (including LOFWs, LOOPs, and small-break
LOCAs );

2 all events in which reactor trip was demanded;

© all support system failures, including failures in cooling water
systems, instrument air, instrumentation and control, and electric
power systems;

© any event where two or more failures occur;

© any e'ent or operating condition that is not predicted or proceeds
differently from the plant design basis; and

© any event that, based on the reviewers' experience, could have re-
sulted in or significantly affected a chain of events leading to
potential severe core damage.

Over 2800 LERs were examined, and 1320 LERs (46%) from 1986 were
selected for detailed review.

These operational events were reviewed to {identify those events
considered to be precursors to potential severe core-damage accidents
either because of an initiating event or because of failures that could
wave affecied the course of postulated off-normal events or accidents.
These deta'led reviews were not limited to the LERs; they also used
FSARs, their amendments, and other information available a* the Nuclear
Operations Analysis Center.

The detailed review of each event considered (1) the {immediate
impact of an initiating event or (2) the potential impact of the equip-
ment failures or operator errors on readiness of systems in the plant
for mitigation of off-normal and accident conditions.

In the ruview of each selected event, three general scenarios (in-
volving both the actual event and postulated additional failures) were
considered:

l. If the event or failure were immediately detectable and
occurred while the plant was at power, then the event was evaluated
according to the likelihood that it and the ensuing plant response could
lead to severe core damage.

2, 1If the event or failure had no immediate effect on plant opera~
tion (i.e., if no initiating event occurred), then the review considered
whether the plant would require the failed {items for mitigation of
potential severe core-damage sequences given a postulated initiating
event during the failure period.



3. If the eveut or failure cccurred while the plant was rot at
power, then the event was evaluated according to whether it could have
occurred while at power or at hot shutdown immed?ately following power
operation, If the event could only occur during shutdown conditions, it
was not sele.“2d as a precursor.

Thus, tor each actual occurrence or postulated initiating event
associated with an LER event, the sequence of operation of various
mitigating systems requircd to prevent severe core damage was consld-
ered. Events were selected and documented as orecurscrs to potential
severe core-damage accidants (accident sequence precursors) if they
included one of the following attributes:

© a core-damage initiator [such as a LOOP, s¢rLeam=like break, or small-
break LOCA);

© a fallure of a system (all trains of a multiple-train system) re-
quired to mitigate the consequences of a core-damage initiator; or

© degradation in more than one system required to mitigate the
consequences of a core-damage initiator.

Of the 1320 LERs selected for detailed review, 34 operational
events were selected as accident sequence precursors:

© LOOP, small=-break LOCA, and small SLB initiators (8 events);

© LOFW initiators with failures in systems required for LOFW mitigation
(2 events);

© failures ol redundant systems required to amitigate postulated core-
damage initiators (18 events);

© degradation in multiple systems required to mitigate postulated core-
damage initiators (2 events); and

© reactor trips with failures of redundant systems required to mitigate
core damags following a reactor trip (4 events).

The reviev process is summarized in Fig. 2.1. Individual failures
of BWR high=pressure=coolant {njection, HPCS, and RCIC systems and total
LOFW events without additional mitigating system failures were iden-
tified during the detalled review (84 events) but not selected as pre-
cursors. The ‘mpact of such events was determined on a plant-class
basis, The impact of a nonspecific reactor trip without additional
failures wis also determined on a plant-class basis, to provide an
estimate of core-damage likelihvod for a typical trip, based on the
event sequence models employed in the study. The results of these eval~
uations are provided in Chap. 3.

All reactor-trip events were reviewed as a part of the 1986 LER
review:. These are listed in Appendix F by LER number. Although only
those involving core-damage initiators, total system failures, and mul~
tiple degraded systems were individually analyzed, the remaining
reactor-trip events (particularly those involving partial LOFW and
single degraded systems) provide {important information on the 1likelihood
o! system/component failure following a true demand and are listed for
reference. Unavailabilities of decay-heat-removal (DHR) systems while
those systems were in use (typically short-tarm trips of the operating

6



1988 LERs

2087 LC e

ORANL-DWG 80C-82800 ETD

Select tor Detailed Review

COBIeACION 1P wes demanded

« any fallu.e 10 tunction of & system that should
have funciioned as o consequence of an off-
normael event or accident

© any instence wheio two o more fallures occwired

* OGNy avent or opersting condition that was not
enveloped by o1 p.ocesded differentiy from the
plant design basis, or

* any other svent that based on s reviewer s
sxperionce, couwld have reauited in or signiti-
contly affected o chain of evants v sding to
potential severe core damage

1323 LER

Detelied Review

« teactor trip releted (no other initistor) 1114 LEA.
total lows of fesdwater related 48 LERy
loss of offsite power related 4 LERy
emali-broak LOCA and amail SLB related & LEMy

Operational svents not
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end not documented

J

1534 LERy

mitigetion 84 LERs

< degredetion of multiple systems required for

Initisror mitigation 2 LERs

follure of @ aystem required for intister

Operationsl events not
selected for documentation
and sval ation besed on
delnled review

68 LERs

Document and Eveluate
Signiticance Individualily
+ LOOP, amali-bresk LOCA,
and small SLB initistor
8 avents
« LOFW with adgitionasl
falluies 2 aventy
+« eompiete failure of o
redundent ayetem requircd
for initiator mitigation
lincludes combinea HPCI/
HPCS and RCIC falluren)
18 wventa
« degreded muitipie systems
10Quired lor inttigtor
mitigation 2 events
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fallure 4 svanty
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+« HPCI MPCS and RCIC
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« LOFW with no sdditions!
faiiures 48 avents
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fripe lavelunted 1o
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ek 131 thp. Desed
on a'udy sssumptiors)

identify for Information
Oniy
« reector trip prior teo
criticality and duting
shutdown 936 events
(788 LERS)
* 188CIO tipe wilh single
fallures 32 avanta
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core cooling: 47 events
= othere, Including trips
withou! subsequent
falluios €8 aventy

34 Evennr
(20 LERY)

Fig. 2.1.
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ORNL-DWG 87-3686 ETD
PRECURSOR DESCRIPTION SHEET
m No.:
Event Description:
Date of Event:
Plant:

EVENT DESCRIPTION

chuence

Corrective Action

Plant/Event Data

Systems Involved:

Components and Failure Modes Involved:

Component Unavailability Duration:
Plant Operating Mode:

Discovery Method:

Reactor Age:

Plant Type:

Comments

Event Identifier:

Fig. &.2. Precursor description and analysis sheet,
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MODELING CONSIDERATIONS AND DECISIONS

Initiators Modeled and Initiator Nonrecovery Estimate

Branches Impacted and Branch Nonrecovery Estimate

Plant Models Utilized

Event Identifier:

Fig., 2.2 (continued)
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ORNL - OWG 87- 3687 ETD
CONDITIONAL CORE DAMAGE CALCULATIONS

LER Nusder:

tvent Description:
Event Date:
Plact:

UNAVALLABILITY, DURATION=

NON-RECOVERABLE INITIATING EVENT PROBABILITIES

SEQUENCE COMDITIONAL PROBABILITY SUmS

DOMINANT SEQUENCES

SEQUENCE CONDITIONAL PROBABILITIES

Note:

Conditional prodability values are difterential values shich reflect the added risk due to observed failures,
Parenthetical values indicate a reduction in risk Compared to a similar period without the eristing fatlures,

RODEL:
DATA:

BRANCH FREQUENCIES/PROBABILITIES

Event ldentifier:

Fig. 2.3. Conditional core-damage calculations.
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The Precursor Description and Analysis sheets and Conditional Core-
Damage Calculations are included in Appendix D. The LERs associated
with each precursor are included in Appendix E. Appendix F contains
various listings of the events identified in the review process but not
selected and documented as precursors, such as the DHR system unavaila-
bilities described above. Appendixes D, E, and F are bound separately.

2.2 Tabulation of Selected Events

The 1986 events selected as precursors to potential severe core-
damage accidents are listed in Table 2.1 at the end of this section.
The preccursor events have been arranged in numerical order by plant
docket and LER numbers, and the following information is included:

1. docket/LER number associated with the event (LER No.)’

2. date of the event (E DATE);

3. a brief description of the event (DESCRIPTION);

4, plant name where the event occurred (PLANT NAME) ;

5., abbreviations for the primary system and component involved in the
event (SY, COMP);

6., plant operating status at the time of the event (0);

7. discovery method associated with the event (operational or testing)
(D);

8. whether the event involved human error (E);

9. age (in years) of the plant from criticality at the time of the
event (AGE);

10. conditional probability of potential severe core damage r.sociated
with the event (CD PROB) as well as the sum of CD PROB and condi-
tional probability of core vulnerability associated with the events
(SUM PROB) (defined in Chap. 3);

11, plant power rating, type, vendor, architect-engineer, and licensee
(RATE, T, V, AE, OPR);

12, plant criticality date (CRITICAL); and

13, initiator associated with the event or unavailabilicy if no initi-
ator was involved (TRANS).

The information in Table 2.1 has been sorted in several ways to
provide additional perspecti\ s,

Table Sorted by

Plant name and LER number
Event date
Inftfator or unavailability
Systen
Component
Plant operating status
Discovery method
Plant type and vendor

0 Architect-engineer

1 Operating ucility

- -

- -

B AR PO NN
- - .- =
D OB DWW

-

Abbreviations used in each table (Tables 2.1=2,11) are defined in
Table 2.12. The information in the above tables is sorted by condi-
tional probability in Chap. 3.
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OPEN THSY AND TR
TRIP.LOFN & My RN
WCl, (88
UNAVALABILI
URAVALLARLL
JRAVAILABILI
TRIP & DPEN POR
BUS FAILS Wik
LOFN, OPEN MBRY
§ UNAVA
JNAVALAS
UNAYA LLAS
LAUSES SCRA
UNAVALABLE
UNAVAILARLE
5 15 UNAVAILARE
JMAVAILARILITY
JRAVAILAR Y
UNAVA|LAR
URAVALABIL
b ADS
WL ICATE
$ FALL
AD OPEN ABDY ¢
WPC1 UNAVA FERM

= E OE E xR " E W™

CUS UMAVAILABLE SAMOMOFRE !
S UMAVAILABLE waTDN
TIPLE WHIS TRAINS WCBUIEE
EPS UMAVAILARILITY §'

URCONPL ICATED LODP  LACRDSSE

Vi

SBLOCA PLL R)F ATANRA

OPEN SRV PLUS TRIP CATANBA 2
WRCONPLICATED LO0F  RIVERBEN
RULTIPLE TRAINS FAIL RIVERBEND







Table 2,3.

LER M0, E DATE  DESCRIPTION

A30/06-002 01/01/06 UNCOPLICATED LOOP

PLANT NARE §Y (OmP
RIVERDEND) EF TRANSF 6 0 v

277/86-003 01/24/86 D6 TRIP CAUSES SCRAM PEACKBOTAZ CD VALVEL E T N

201/84-008 01/28/86 BUB FAILS wiTH LOOP
269/86-001 01/31/86 LOFN, OPEN NSRY

ROBINSON 2 ED ELECON E W N
OCOMEE | CC vAVEL E O W

370/86-006 03/29/06 MULTIPLE WHIS TRA(NG MCBUIRE 2 EE ENBINE W T Y

07/86-017 05/28/86 OPEN THEV A TRIP
13/86~0%] 04/13/B6 SBLOCA PLUS TRIP

14786028 00/27/86 OPEN WSRY PLUS TRIP
205/86-001 07/02/86 TRIP & ADS/TIS FAIL
389/86-011 07/09/86 EPS UNAVAILABILITY
$09/86-023 07/10/86 UNCONPLICATED LDOP
281/86-010 07/)1/86 WK1S 15 UMAVAILABLE

456/00-047 07/31/86 WULTIPLE TRAINS FAIL
362/80-011 OB/04/86 SHS/CCHS UNAVA)LABLE
209/86-013 08/27/86 WL, CSS & D6 UnAvL

J18/86-006 09/08/86 TRIP AND OPEN ASDV
282/86-006 09/08/06 EPS UNAVALLABILITY
282/86-006 09/08/86 EPS UNAVA]LABILITY
J01/86~004 09/28/86 MEIVS FAIL T0 CLOSE
280/86-029 09/29/86 WHIS |5 UMAVAILABLE
209/86-011 10/01/86 ECCM 15 UWAVAILABLE
269/86-011 10/01/86 ECCN 15 UWAVALABLE
200/86-011 10/01/86 ECCH 1§ UNAVAILABLE
207/86-00% 10/20/86 TRIP LDFN & AN TR
200/86-031 10/30/86 KIS 1§ UMAVAILARLE
250/06-030 |1/706/86 UNAVAILABILITY EP§
T90/86~036 11/06/86 UMAVAILARILITY EPS
366/86-038 11/13/8s LPCE 16 UMAVA]LABLE
293/86-027 11/19/86 MCOWPLICATED LOOP
290/86-038 12/04/86 URAVAILABILITY aFy
MAL/B6-0MR 12/20/86 RCIC/WPCT UMAVALL
290/00+039 12/27/36 TRIP & OPEN PORY
W2/Be-011 12/27/86 EPS UMAVAILARILITY
2B2/80-011 12/27/8¢ EPS UMAVAILABILITY

14D, POINTZ ME VALVOP E O N |

CATANBA | PCPIPEITE D N
CATAME: 2 CC INSTRUE Ty
FYCACNOUN  EB BENERA E O N
ST.LUCIE 2 EE EMGINE € T
LACROSSE  EE CrThRe 6 © I
SURRY 2 SF PURPIIE T Y
RIVERBEMD! EE EwGINE £ O |
SANOROFRE! wa WIEICH E D
DRESDEN 1 6F VALVOP £ T
CALCLIFFE2 ME YALVOP £ O
PRAIRIEIS) EE EWGINE £ T n

PRAIRIEIS? EE EMGINE € T N 1), 2

PT.DEACK 2 CD VALVEI B O N
SURRY |  SF PURPIT E O
OCOMEE !
OCOMEE 2
OCOMEE )

BAPUNPILE T N
WOPURPITE T N

IND.POINTZ 14 CxTORE E O N 13,0

SURRY | BF PUNPII E M Y
TRY.POINTS EE [MSTAU E T ¥
TEY.POINTA EE [NSTRU € T ¥
WATON 2 OF WNVOP B T Y
PILBRIN | EE ELECON E O N
TRY POINTY M IMSTRU E T &
FERM] 2 BF MECFUN C T &
TRY.POINTS CA VALVOP E O &
PRAIRIEIS) EE EWGINE £ T &
PRAIRIEIS? EE ENGINE £ T N
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Precursors listed sequentially by plant event date

CD PROB SUN PROD RATE T v AE OPR CRITICAL TRANS

Y36 0 6 O B0 10/%1/88 LOOP

WS n
wibu
MWrau

PEC O9/14/73 TRIP
CPL 09/20/70 LOOP
DPC 04/19/73 TRIP

1100 9 ¥ DPC DPC 05/08/8) AL

PiP

CEC 05/22/73 MSLD

LI4S P w DPC DPC 01/07/89 LOCA
LIS P w DPC DPC 05/08/86 NSLD

e m
LA )
86 F w SN
ey
MW
W0
P v
TP B
Wit
AN N )
MWERESS
SN
AARE R |
LA
lfa
e mn
sorem

0°F 08/06/73 TRIP
FPL 06/02/83 Unavy
DPL 07/11/87 LOOP
VEP 03/07/73 umavi
BSU 10/31789 Umavy
SCE 08/29/83 Umavy
CoE 01731771 Umany
RGE 11/30/76 TRIP
NSP 12/01/73 AL
NP 12/17/74 UL
WP 08/30/72 WLE
VER 07/01/72 AW,
PPC 04/ 19777 Umavy
PPC 11711773 unawy
DPC 0R/08/74 Unav,
CEC 08/22/73 P
VEP 07/01/72 Unaw,
FPL 10720772 Umawy
FPL 08/11/7) Umany
BPC 07/04/78 UnavL
PEC 06/18/72 LOOP
FPL 10720772 Umany
DEC 00/21/8% Umavi
FPL 10720172 TRIP
NSP 12/01/73 unawvy
NSP 12/10/74 owaw,



Table 2.4, Precursors listed by initiator or transient

LER M0, B DATE  DESCRIPTION PLANT WAAE SY CONP 0 D € AGE D PROD SUM PROB RATE T v AE OPR CRITICAL "HANS

413706031 06/13/86 SBLOCA PLUS TRIP CATANDBA | PCPIPEILE O N 1.0 3,363  4.96-3 1145 P w DPC DPC 01/07/05 LOCA

261/86-008 01/20/86 BUS FAILS WITH LOOP ROBINSON 2 EB ELECON € W W 15,4 3.06-4  S.06-3 700 D 6 Ur CPL 09/20/7¢ L0o¢
293/86-027 11/19/86 MCOMPLICATED LOOP  PILBAIN | EE ELECON E O N 1.0 7.76-6  7.7E-6 635 B 6 DI BEC 04/16/72 LOOP
$00/86-023 07/10/86 UNCOMPLICATED LOOP  LACROSSE  EE CXTBRX 5 O W 19.0 2.06-5 2.06-5 S0 B A SL DML 07/11/67 LOOP
158/06-002 01/01/86 UNCOMPLICATED LOOP  RIVERBEND! EE TRANSF 6 0 ¢ 0.2 7.06-5 7.06-5 936 0 6 S 65U 10/31/63 LOOP
207/86-017 05/20/86 OPEN THSY AND TRIP  IND.POINTZ ME VALVOP € O W 13,0 1.06-4 1,064 B73 P W UE CEC 03/22/73 ML)
301/86-004 09/28/86 WS1VS FAIL 10 CLOSE PT.BEACK 2 CO VALVEL 5 0 W 14,3 4.BE-7  4.BE-7 497 F w D1 WP 03/30/72 ASLD
A14/86-028 06/27/86 OPEN NSRY PLUS TRIP CATAMBA 2 CC IMSTRUE T ¥ 0.1 1.0E=4  LIE-4 1143 P w DPC DPC 75/00/06 MGLD
200/86-038 10/20/86 TRIPLOFN & MW TRN IND.POINTZ 1A CXTBRK ¢ O W 13,4 2,94 B.06-4 873 P w UE CEC 08/22/73 TRIP
250/86-039 12/27/86 TRIP & OPEN PORY O POINTY CA WALVOP £ O W 141 1063 2.16-3 93 P BI FRL 10/20/72 TRIP
209/86-001 0)/31/86 LOFW, OPEN RSRY OCOMEE | CC VALVEI E O W 12,8 2,0E-¢ 3,465 887 P B UL DRC 04/19/73 TRIP
277/86-003 01/24/86 D6 TRIP CAUSES SCRAM PEACKBOTAZ CO ALVEL € T W 12,3 8.06-5  B.1E-5 1045 B 6 D1 PEC %9/16/73 TRIP
285/85-001 07/02/86 TRIP & ADS/TBS FAIL FICACHOUN EB SENERA £ O W 12,5 4165 4.26-5 470 P C oW OPP 0B/0M/TI TRIP
S18/80-006 09/08/86 TRIP AND OPEN ASDY  CACCLIFFS2 WE VALVOP £ O N 9.8 1.0E~4 2.86-¢ 84S P C BRI BBE 11/30/7e TRip
209/86-0113 08/27/85 WPCI, CSS & DG UNAVL DRESOEN 3 SF VACVOP € T W 15,0 2.76-0  &.7E-6 7904 B 6 S CME 01/31/71 UNAVL
290/86-03 11/06/86 UNAVAILABILITY EPS  TKY.POINTY EE INSTRU £ T ¥ 14,1 1169  S.76-% 493 P W B FRL 10/20/77 UL
750/86-036 11/06/06 UNAVAILABILITY EPS  TKY.POINTA EE INSTRU £ 7 ¥ 13,4 1. 06-9 8008 493 P W 1 FRL 00/11/73 UL
250/86-038 12/04/66 URAVAILABILITY WFW  TEv,-QINTD e INSTRU E T W 14,2 S.06-3  5.06-5 93 P W DI FPL 10/20/72 LN
209/86-011 10/01/86 ECCW 15 UNAVAILABLE OCOWEE | WA PURPII E 7w 13,8 1.0E-8  L1E-S  887 P D UL DPC O4/19/73 UN
269/86-011 10/01/86 ECCN 15 UNAVAILABE OCONEE 2  wA PUWPIL € 7 W 12,9 1 JE-8  LIE-S 887 P D UX DPC 11/11/73 UL
269/86-011 10/01/86 ECOW 16 (MAVAILADLE OCOMEE 1 w4 PUWPLI € T W 12,1 1. 1E-8 1. 1E-S 887 P B Ul DPC 09/08/74 UMVL
200/86-029 09/29/86 WHIS 15 UNAVAILABE SURRY | BF PURPIL £ O W 12 1.06-8  L.4E-6 T8 P W SN VEP 07/01/72 UMW
200/86-011 10/30/86 WAIS 1§ UNAVAILARLE SURRY | 8F PURPII E MY 14,2 JOE-%  L0E-e  THE P W SN VEP 07/01/72 UMW
201/86-010 07/11/86 WIS 16 UNAVAILARLE SURRY 2 8F PURPLI E T Y 133 3068 LLOE-5 788 P W Sw VEP 03/07/73 UNL
202/06-006 29/08/86 EPS UNAVAILABILITY  PRAIRIEIS) EE EWGINE € 1 W 12,0 1,968 2.46-8 530 P W D1 NOP 12/01/73 UMM
202/86-006 09/08/86 EPS UNAVAILABILITY  PRAIRIEISY EF EWEINE € 7 % 117 1968 2.46-8 530 P W B WSP 12/17/74 UMV
W2/00-011 12/27/86 EPS UMAVAILABILITY  PRAJRIEIS) EE EWBINE € 1 W 13,0 4.06-8 S, 1E-8 530 F W DI WEP 12/01/73 UV
22/84-011 12/27706 €PS UNAVAILABILITY  PRAIRIEISZ €F ENGINE £ 7 W 119 4.06-8 S.16-8 530 P W RI NSP 12/17/74 MWL
T1/06-048 12/20/86 RCIC/WPC) UNAVALL  FERMI 2 F MECFUN C T 1% &.567 0567 (081 B B BL DEC 04/21/85 Uwv
162/86-011 08/04/86 SUS/CCWS UNAVAILABLE SANONOFRED WA MTEICK £ O W 3.0 2,86-7  &.9-7 1080 P C Br SCE 08/29/83 Umn
166/86-038 11/13/86 LPCS 15 UNAVAILABLE WATCH 2 F vALVOP 6 T Y 5.3 J.06-10 J.8E-10 784 D 6 65 BPC 07/00/70 UMW
120/86-006 03/29/86 MALTIPLE WKIS TRAINS MCE/IRE 2 EE EWGINE % T v 2,8 .AE-8  A.BE-8 1100 P W DPC DPC 05/00/8 UMV
S09/06-011 07/00/86 75 UNAVAILABILITY  §T.LUCIE 2 EE EMGINE € T % 3.0 2.86-¢  J.0E-6 B30 P C B FPL 0/02/80 UMV
A58/00-047 07/31/86 WULTIPLE TRAINS FALL RIVERDEND) EE EMGINE £ O W 0.8 7.06-5  7.1E-% 930 B 6 5w 50 10/31/89 UMW



Table 2.5.

JER MO, E DATE  DESCRIPTION
250/84-039 12/27/86 TRIP & OPEN PORY
209/86-001 01/31/86 LOFW, OPEN NBRY
A14/B6-028 06/27/86 PEN WBRY PLUS TRIP

Precursors listed by plant system

PLANT NARE SY COWP 0 D € AE

TEY.POINTS CA VALYOP E O &
OCOMEE | CC VALVEI E O
CATANBA 2 CC IMSTRUE T Y

277/86-003 01/24/86 08 TRIP CAUSES SCRAR PLACKBOTND CD VACVEL £ T N

S01/86-004 09/28/86 WS1VS FAIL T0 CLOSE
261/66~00% 01/28/86 BUS FAILS wITH LOOP
205/86-001 07/02/86 TRIP & ADS/TES FAIL
290/86-036 11/06/06 UNAVAILABILITY EPS
250/86-036 11/06/86 UMAVAILABILITY EPS
282/86-006 09/08/86 EPS UNAVAILABILITY
282/86-006 09/08/86 EPS UNAVAILABILITY
282/86-011 12/27/86 EPS UMAVAILABILITY
2W2/86-011 12/27/06 EPS UNAVAILABILITY
293/86~027 11/19/86 MCONPLICATED LOOP

PT.BEACK 2 CD vALVEL B O W
ROBINSON 2 EB ELECON E W i
FTCALHOUN EB GEMERA £ 0 K
TRY.POINTY EE INSTRU E T ¥
TKY.POINTA EE INGTRUE T ¥
PRAIRIEIS! EE EMGINE E T N
PRAIRIE!S? EE ENGINE E T N
PRAIRIEIS] EE EWGINE € T W
PRAIRIEISD EE EWGINC E T N
PILGRIN | EE ELECONE O

370/86-00¢ 03/29/86 MATIPLE WIS TRAINS ACGUIRE 2 EE EWGINE W T ¥

J89/86-011 07/09/86 EPS UNAVALLABILITY
408786023 07/10/86 UMCOMPLICATED LOOP
o38/86-002 01/01/86 UMCONPL ICATED LOOP

458/86-047 07/%0/86 WLTIPLE TRAINS FAIL

247/86-017 05/28/86 OPEN TBSV AND TRIP
116/86-006 09/03/86 TRIP AND OPEW ASDY
T50/80~038 12/04/86 MAVAILABILITY AFN
20/86-038 10/20/86 TRIPLOFNW & MY TRN
13/86~031 00/13/86 SBLOCA PLUS TR)P

209/86-013 08/27/86 WPCI, (88 & D6 UMW

200/86-029 05/29/86 WHIS 1S UNAVAILABLE
200/B6-011 10/30/86 W16 15 UNAVAILARE
201/86-010 07/11/86 WA16 15 UNAVALLARLE
SAL/Be-04B 12/74/80 RCIC/WPC! UNAVALL

306/86-035 11/13/86 LPCS (8 UNAVAILABLE
269/86-011 10/01/86 ECCH 1S UNAVAILABLE
209/86-011 10/01/86 ECCW IS UNAVAILABLE
209/86-011 10/01/86 ECTW IS UNAVAILABLE

ST.LUCIE 2 EE EwBINE E T
LACROSSE  EE CKTBRK 6 O N
RIVERBEND! EE TRANSF § 0 v
RIVERBEND] EE EWGINE E O N
IND.POINTZ WE VALVOP £ D N
CALCLIFFS? ME VALYVOP E O
TRY.POINTY W [NSTRU E T N
IND.POINTZ 1A CETDRK E O ¥
CATAMBA | PLPIPEILEO N
DRESDEN 3 §F vALVOP € T &

SURRY | OF PURPII E O N
SURRY | BF PUWPII E M Y
SURRY 2 SF PUNPII E T ¥
FERMI 2 OF MECPUNC T N
MATON 2 BF VNVOP B T Y
OCONEE | wa PUNPII E T &
OCOMEE 2 o PUNPII £ T &
OCOMEE ! w4 PUNPIIE T N

S62/Be-011 0B/04/B6 Sub/CCNS UNAVAILABLE SANONOFREY e WTEICK £ 0 &

CD PROB SUm PROB RATE T v AE OPR CRITICAL TRANS
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FPL 10/20/72 TRIP
DPC 04/19/73 TRIP

1145 P v DPC DPT 03/08/86 ML
oA RN

PEC 09/18/73 TRIP
WP 05/30/72 mSLB
CPL 09/20/70 LOOP
OPP 08/06/73 TRIP
FPL 10/20/72 Unavy
FPL 08/11/73 AL
NSP 12/01/73 UmavL
N8P 12/17/74 UmavL
NSP 12/01/73 Unavy
NSP 12/17/74 UnaL
BEC 08/18/72 LOC"

1180 7 u DPC DPL oo, 08/83 UNAWL

FPL 0&/02/83 Umavi
PL 02/11787 LONO?
#5U 10/31/88 LOOP
65U 10/31/785 Unavi
CEC 05/22/73 mSLD
B6E 11/30/78 TRIF
FPL 10/20/72 Unaw,
CEC 08/22/7) TRIP
BPC 01/07/88 LOCA
COE 01731771 L
VEP 07/01/72 vy
VEP 07/01/72 UmavnL
VEP 03/07/73 vy
DEC 04/21/78% uww
BPC 0/04/78 UwavL
DPC 04719773 UnanL
ML 11711773
DPC 09/08/74 UmavL
SCE 08/29/8) umavL



Table 2.6. Precursors listed by component

LER M0,  E DATE  DESCRIPTION PLANT NAME SY COMP 0 D E AGE (D PROD Sum PROB RATE T v AE DPR CRITICAL TRANS
207/86-038 10/20/86 TRIP,LOFW & AFW TRN IND.POINTZ |4 CXTORK E O N 3.4 2.9 ¢ 8,06-4 73 P v UE CEC 05/22/73 TRIP
409/86-023 07/10/86 UMCONPLICATED LOOP  LACROSSE EE CKTBRK 6 O W 19.0 2.06-5  2,06-5 50 D A SL DPL 07/11/87 LOOP
201/86~008 01/28/86 BUS FAILS WITH LDOP ROBINSON 2 ED ELECON € m W 15,4 3.06-4  S.6E-3 700 B 6 U1 CPL 09/20/70 LOOP
203/86-027 11719736 UNCONPLICATED LOOP  PILORIN | EE ELECON € O W 14,4 7.7E~6 7.76-6 635 B 6 BI BEC 0b/16/72 LOOF
282/06-006 09/08/06 EPS URAVAILABILITY  PRAIRIEIS! EE EWGINE € 7T W 12,8 1.96-8 2 4E-B 530 P W BI WP 12/01/73 UNAW
202/86-006 09/08/86 EPS UMAVAILABIL: . PRAIRIEISY EE ENGINE E T W 11,7 1.96-8 2.4E-8 530 P w BI NSP 12/17/74 el
202/86-011 12/27/06 EPS UNAVAILARILITY  PRAIRIEIS! EE ENGINE € 7 » 13,0 4. 06-8 S.1E-8  S30 P wBr NSP 12/01/7) UwAWL

02/86-011 12/27/86 EPS UNAVALLABILITY  PRAIRIEISY EE EWGINE € T W 11.9 &.0F-3 S.1E-8 530 P wBI WNSP 12/17/74 Umavi
370/84-006 03/29/86 MULTIPLE WIS TRAINS ACBUIRE 2 EE EWGINE ® T Y 2.9 J.46-8 4. BE-8 1180 P w DPC DPC 05/08/87 AL
399/84-011 07/09/86 EPS UNAVAILABILITY  ST,LUCIE 2 EE EMGINE E T N 3.1 2.8E-6 3.45-6 B30 P C EX FPL 04/02/83 UL
450/86-047 07/31/86 MULTIPLE TRAINS FALL KIVERBEND! EE ENGINE E O W 0.8 7.1E-% 7,16-9 936 D 6 S0 85U 10/31/85 wavL
205/86-001 07/02/86 TRIP & ADS/THS FAIL FICALHOUN EB GENERA € O W 12,9 &, 1E-5 4.26-5 478 P C 60 OPP 08/06/73 TRIP
362/86-011 08/04/86 SHS/CCHS UNAVAILABLE SANOMOFREY wé WTEICK € O N 3.0 2,867  6.96-7 1080 P C 81 SCE 08/29/83 UMW
250/80-036 11/06/06 UNMAILABILITY EPS  TXY.POINTY E INSTRU E T ¥ 141 1. 1E-9  S.76-9 693 P W D1 FPL 10/20/72 UnaVL
290/84-036 11/06/86 UNAVAILABILITY EPS  TXY,POINTA €E INSTRU E T ¥ J3.4 1. 0E-%  5.76-% 693 P W DL FPL 04/11/7 UnavL
290/86-030 12/04/86 UNRAYVALLABILITY AFW  TKY.POINTY WM INSTRU E T N 14,2 5.06-3  S.0€-5 93 P w BI FPL 10/20/72 UMAVL
414/86-020 06/27/86 OPEN WSRY PLUS TRIP CATANBA 7 CC INSTRUE T Y 0.0 1.16-4  L.1E-4 1145 P w DPC DPC 05/08/86 MSLD
S41/86-048 12/20/86 RCIC/WPCT UNAVAIL  FERMI 2 6F MECFUN C TN 1.8 &.5€-7  &.5€-7 1093 D B 5L DEC 04/21/85 LMWL
13/86~031 06/13/86 SBLOCA PLUS TRIP CATAWBA | PCPIPEXTE O W 1.4 3.36-3  4.96-3 1145 P v DPC DPC 01/07/85 LOCA
209/86~011 10/01/86 ECOW 1S UNAVAILABLE OCOMEF | wA PUMPII E T N 13,5 1.06-5  LLIE-S 087 P D UL DPC 04/19/73 Umavi
209/06-011 10/01/86 ECCN 1S UNAVAILABLE OCOMEE 2 WA PUNPII € T N 12,9 1. 0E-5  1.1E-5 887 P D UI DPC 11/11/7) UL
209/86~011 10/01/06 ECCW 16 UNAVAILABLE OCOMEE 3 WA PUMPII E T N 12,1 1. 1E-% 1L 1E-S 887 P B UL DPC 09/08/74 U
200/86-029 09/29/86 WH16 1S UNAVAILABLE SURRY |  SF PURPII E O W 14,2 1,06-8  J.4E-6 788 P W Sy VEP 07/01/72 UMW
200/86-031 10/30/86 WHIS 1S UNAVAILABLE SURRY |  SF PUMPII E M Y 14,2 J.1E-5  1,06-6 783 P W Sy VEP 07/01/72 UNAVL
201/86~010 07/11/86 WIS IS UNAVAILABLE SURRY 2 SF PUNPII E T v 13,3 3,16-8  1.0E-5 788 P w S0 VEP 0)/07/71 AW
A50/04-002 01/01/86 WCONPLICATED LOOP  RIVERDEND) EE TRANSF 6 0 v 0.2 7.06-5 7.06-5 93 B 6 S 68U 10/31/88 LOOP
246/04-001 01/31/86 LOFW, OPEN WGPV OCOMEE | CC ALVEN E O W 12,0 2.1E-6 3.46-5 887 P B U1 DPC O4/19/73 TRIP
A17/06-003 01/24/80 w "O1P CAUSES SCRAR PEACKBOTNZ CO VALVEL E T M 12,3 6,165  B.16-5 1063 0 6 B1 PEC 08/16/73 TRIP
301/86-004 09/26/86 "§1vE FALL ** CLOSE PT.DEACK 2 CD VALVEL 6 0 W 14,3 4.BE-7  4.8E<7 497 F w b1 WWP 03/30/72 &L
27786017 05/28/86 OPEN TRSV MND TRir  IND.POINTZ ME VALVOP € O W 13,0 1.0E-4 L.0E-¢ @73 P w UE CEC 05/22/73 WSLB
209/86-013 08/27/86 WPCL, CS8 & D6 UNAVL DRe 6N 3 SF VALVOP € T W 18,6 2.76-¢  4.7E-6 794 B 6 5L CWE 01/31/71 UL
290/86-039 12/27/86 TRIP & OPEN PORY TRV POINT  CA vAVOP € O N 14,1 1. 86-3  2.16-3 93 P W 1 FRL 10/20/72 TRIP
318/86-006 09/05/86 TRIP AN: OPEN ASDY  CALCLIFFS2 W VALVOP E O N 9.8 1.BE-¢ 2.56-4 845 P C B B6E 11/30/7¢ TRIP
300/06-038 11/13/86 LPCE 15 UNAVAILABLE WATCN 2 SF vm, 0P 6 T v 8.3 J.8E-10 1.0E-10 764 B 6 55 6FC 07/04/78 AV
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Table 2.7,

LER M0.  E DATE  DESCRIPTION
JA1/B0-048 12/20/86 RCIC/WPC] vRAVALL
7/86-017 0%/20/86 OPEN THSV AND TRIP
207/86-038 10/20/86 TRIP LOFW & AN TRN
209/86-013 0B/27/86 WPCI, 085 & D6 Unavy
250/86-03w 11706786 UNAVAILABILITY EPS
50/86-036 11, 06/86 UMAVAILARIL!ITY EPS
250/B6-038 12/04/86 UNAVAILABILITY AFN
250/86-039 12/27/86 TRIP 4 OPEN PORY
201/86-005 01/28/86 WS FAILE WITH LOOP
269/86-001 01/31/86 LOFN, OPEN WSRY
209/86-011 10/01/86 ECON 1§ UNAVAILABLE
209/86~011 10/01/86 ECCN I8 UNAVAILABLE
209/86-011 10/01/86 ECCW 18 UNAVAILARE

277/86-003 01/24/86 D6 TRIP CAUSES SCRAM PEACKBOTA2 CO VALVEL

200/B6-029 09/29/85 WHIS |5 UNMAVAILABLE
280/86-031 10730/86 WIS IS UNAVAILABLE
200/86-010 07/11/86 WH18 15 UNAVAILARLE
202/86-006 09/08/86 EPS UNAVALLABILITY
282/86-006 09/08/86 EPS UNAVAILABILITY
202/86~011 12/27/86 EPS UNAVAILABILITY
282/86-011 12/27/86 EPS Umav ABILITY
285/86-001 07/02/86 TRIP & ADS/THS FAIL
293/86~027 11/19/86 UMCOWPLICATED LOOP
JI8/B0-006 09/05/80 TRIP AND OPEN ASDYV

PLANT NARE SY COWP 0 D E ABE

FERMI 2 SF MECFUN C TN 1.8
IMD.POINTZ WE VALVOP E O W 13,0

IND.POINTZ 1A CYBRX E O M 134
DRESDEN I SF VALVOP E T N 15,8
TRY.POINTS EE INSTRUE T ¥ 14|
TRY.POINTA EE INSTRUE T v 13,4
TEY.POINTY WM INSTRU E T W 142
TKY.POINTY CA VALVOR £ O N 14, )
ROBINSON 2 EB ELECOM E m N 15,4
OCOMEE | CC VALVEI E O W 12,8
OCOMEE | wA PUWPII E T N 1).5
OCOMEE 2 wé PUNPII E T N 12,9
OCOMEE 1 WA PURPII E T N )2.1

E T3
SURRY |  SF PUWPII E O N 14,2
BURRY | BF PURPII E M Y 14,2
SURRY 2 SF PUMPIT E T v 13}
PRAIRIEIS! EE ENGINE € 7T N 12,8
PRAJRIEIS? EE EMGINE E T )1,
PRAIRIEIS) EE ENSINE E T N 12,0
PRAIRIEIS? € EWGINE € T N 11,9
FTCALHOUN EB GEWERA E O N 12,9
PILBRIN | EE ELECON E O w 4.4
CACCLIFFS2 M€ vALVOP E O W 9.8

362/86-011 0B/04/B6 SWS/CCNS UNAVAILABLE SANDNOFKED wh WTEICH E O N 3,0

309/86-011 07/09/86 EPS UNAVAILABILITY
413/86-031 06/13/86 SBLOCA PLUS TRIP
LA/BO-028 06/27/86 DPEN WBRY PLUS TRIP

A38/84-047 07/31/86 MULTIPLE TRAINS FAIL RIVERDEND) EE ENGINE E O N

301/06-004 09/20/86 ME1VE FAIL TO CLOSE
Jo6/80-035 11/13/86 LPCS 15 UNAVAILABLE
409/86-023 07/10/86 UNCOMPLICATED LOOP
A58/86-002 01/01/86 UNCOWPLICATED LDOP

ST.LUCIE 2 EE EWGINE € T N
CATANDA | PCPIPELIE O N
CATMEM 2 CC INSTRUE T ¥

31
1A
0.1
ol.
PT.BEACK 2 CO WALVEL B O N 14,3
WATON 2 6F WAVOP B T v 8.3
LACROSSE  EE CxTOR 6 O v 19,0
RIVERDEND| EE TRANSF 6 0 ¢ 0.2

370/86~006 03/29/86 MULTIPLE WIS TRAINS MCOUIRE 2 EE EMBINE T v 2.9
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Precursors listed by plant operating status

QPR CRITICAL TRANS

DEC 06/21/8% UmavL
CEC 08/22/73 ML)
CEC 03/22/73 RIP
CHE 01/31/71 Umawy
FPL 10720772 Umdwy
FPL 08711773 AL
FPL 10/20/72 UmawL
FPL 10/20/72 TRV
CPL 09/20/70 LOOP
DPC 04/19/73 TRIP
DPC 04/19/73 UNAVL
DPC 11711773 UMAvL
DPC 0%/0%/74 UNavL
PEC 09/16/73 TRIP
VEP 07/01/72 v
VEP 07/01/72 umavL
VEP 03/07/73 UNAVL
NSP [ 2/01/73 wavL
NSP 12717770 Uneny
NSP 12/01/73 umawvL
NSP 12/17/74 UMaWL
OPF 0B/04/7) TRIP
BEC 06/18/72 LOOP
BEE 11/30/76 TRIP
SCE 08/29/8) UmavL
FPL 06/02/B) UMW,

1143 P W DPC DPC 01/07/85 LOCA
LIS P w DPC DPC 05/00/86 WSLD

e )
W

8
S
o
e

10731788 UNAVL
05/30/72 W8LE
BPC 07/04/78 UNavL
DPL 07/11/87 LOOP
88U 10731788 LOOP
DR 0S/08/83 unavL






Table 2.9. Precursors listed by plant type and vendor

LER M0, B DATE  DESCRIPTION PLANT NAKE SY COWP 0 D E AGE  CD PROD SUN PROB RATE T v AE OPR CRITICAL TRANS
409/86-021 07/10/86 UMCONPLICATED LOOF  LACROSSE EE CXTBRK & O N 19,0 2,06-%  2.06-5 S0 B A 8L 0PL 07/11/47 LOOP
209/86-013 08/27/86 WPCI, CSS & DG UMAVL DRESOEN 1 SF VALVOP € T N 15,6 2.76-6 A 7E-6 794 B 6 5L CWE O1/31/71 UmawL
207/86+003 01/20/86 DB TRIP CAUSES sCRAM PEACNBOT®2 CD WALVEI E T W 12,0 8. 1E-S  8.16-5 1065 B 6 D1 PEC 09/16/73 TRIP
293/86-027 11/19/80 UNCOWPLICATED LOOP  PILBRIN | EE ELECON E O W 140 7.76-6  7.76<6 653 B 6 B1 BEC 06/16/72 LOOP
JA1/B6-048 [2/20/86 RCIC/WPCL UNAVALL  FERR] 2 SF MECFUN C T n 1.5 &.56-7 4. 56-7 1093 D 6 SL DEC 04/21/89 Uwawn,
306/86-018 11/13/86 LPCS 16 UNAVAILABLE WATCH 2 SF UANVOP 6 T Y 8.3 DJ.66-10 J.86-10 784 B 6 S5 6PC 07/04/78 v,
A58/86-002 01/01/86 UMCONPLICATED LOOP  RIVERBEND! EE TRANSF 6 0 v 0.2 7.06-% 7.06-5 936 b 6 Su 65U 10/31/85 LOOP
A58/86~047 07/31/86 MULYIPLE TRAINS FAIL RIVERBEND| €E ENGINE € O N 0.8 7.1E-%  7,1E-9 934 0 5 Su 68U 10/31/85 uMWL
209/86-001 01/31/86 LOFw, OPEN WERY OCONEE | CC VALVEL E O W 12,8 2,16-8 3.4E-5 887 P B UL DPC O4/18/73 TRIP
269/86-011 10/01/86 ECCN |5 UNAVAILABLE OCOMEE | WA PURPIN E T N 13,5 1.1E-5 1 1E-5 887 P D U1 DPC O4/19/73 umavy
209/86-011 10/01/86 ECCw |5 UNAVAILABLE OCONEE 2 WA PUMPII E T N 12,9 1.0E-5 [.1E-5 887 P D UL DPC J1/11/73 Umawy
269/86-011 10/01/86 ECCw IS UNAVAILABLE OCONEE 3 wh PURPIL E T N 12,1 1.1E-S 1.1E-S 887 P B UL DPC 09/05/74 UmavL
285/86-001 07/02/86 TRIP & ADS/TBS FAIL FTICACHOUN EB GENERA E O N 12,9 4. 1E-S  A.26-5 0 P C 6 DPP 08/04/73 TRIP
JIB/Be~006 09/05/86 TRIP AND OPEN ASDY  CALCLIFFS2 WE VALVOP € O W 9.8 1.BE-6 2.%-4 R4S P C 01 BBE 11/30/7% TRIP
362/86-011 0B/04/86 SHS/CLWS UNAVAILABLE SANONOFRE) WA WTEICH E O N 3.0 2.8E-7 4,96-7 1080 P C 31 SCE 08/29/83 vy
389/86-011 07/09/06 EPS UNAVAILABILITY ST LUCIE 2 EE ENSINE E T W 3.1 2.8E-6 3.46-6 830 P C E1 FPL 04/02/83 WL
207/86-017 0%/28/86 OPEN TBSV AND TRIP  IND.POINTZ WE VALVOP £ O N 13,0 1.08-4 |, 0-4 873 P W UE CEC 08/22/73 mSL)
207/86-033 10720780 TRIP LOFW & AFW TRN IND.POINTZ A CETBRK E O M 13,4 2.96-4  0.06-4 873 P W UE CEC 08/22/7) pp
290/86-036 11/06/86 UNAVAILABILITY EPS  TEY.POINTY EE INSTRU € T v 14,0 1. 1E-9  S.76-9 493 P W DI FPL 10/20/72 UNAVL
250/86-0%8 11/06/B6 UNAVAILABILITY EPS  TKY,POINTA EE IMSTRU E 7 ¥ 12,4 1. 1E-9  S.76-9 493 P W DX FPL 04/11/73 UNAVL
250/86-038 12/04/86 UNAVAILABILITY AFM  THY, POINTY Wi INSTRU E T W 14,2 5.86-5  S.06-5 493 P W D1 FRL 10/20/72 AL
290/84-039 12/27/88 TRIP |\ OPEN PORY TEY.POINTY CA VALVOP E O W 14,1 1.46-3  2,16<3 693 P W D1 FPL 10/20/72 TRIP
261/66-00% 01/28/80 BUS FAILS WITW LOOP ROBINSON 2 EB ELECON € A m 5.4 3. 0B-4  S.86-3 700 B 6 UL CPL 09/20/70 LOOP
200/86-029 09/29/66 W15 1S UNAVAILABLE SURRY | SF PUWPLI E D N 14,2 1. 0E-B J.4E-6 T80 P w S VEP 07/01/72 UmaVL
280/86-031 10/30/86 WA1E IS UNAVAILABLE SURRY | SF PUWPII E m v 14,2 Y. IE-9  LL0E-6 788 P W BN VEP 0/01/72 UMAVL
201/86-010 07/11/80 WIS 15 UNAVAILABLE SURRY 2 SF PUNPIT E T v (3.0 N.1E-8  L.0E-%  TH6 P w Su VEP 03/07/73 UmavL
282/06-006 09/08/86 EPS UNAVAILABILITY PRAIRIEIS) EE EWBINE € T M (2.8 1,968 2,46-8 530 P w b1 N8P 12/01/7) UnAvL
2682/86-006 09/08/86 EPS UNAVAILABILITY PRAIRIEISY EE ENGINE € T W 11,0 1. 96-8 2.46-8 S} P W DI NSP 12/17/74 ymawnL
202/86-011 12/27/86 EPS UMAVALLABILITY PRAIRIEIS! EE EWBINE E T N 13,0 066 S.1E-0 5307 w51 W8P 12/01/73 UV,
282/86-011 12/27/86 EPS UNAVAILABILITY  PRAIRIEISY EE EWGINE € 7 % 119 A.0F-8 S.16-8 530 P w BI WSP 12/17/74 Umawi
301/86-004 09/20/86 WSIVS FAIL TO CLOSE PT.BEACK 2 CD VALVED 6 O M 14,3 4. BE-7  4.BE-7 497 P W B1 WP 08/30/72 ASLD
370/86-008 03/29/86 WULTIPLE MNIS TRAINS WCBUIRE 7 EE EWGINE M 7 v 2.9 3.46-8 4.BE-8 1180 P w DPC DPC 05/08/83 UNAWL
A13/Be~031 06/13/86 SBLOCA PLUS TRIP CATANBA | PCPIPELI EON 1.0 3. 38-3 4. 96-3 (145 P w DPC DPC 01/07/8% LOCA
A107B6-028 06/27/86 OPEN MSRYV PLUS TRIP CATANBS 2 CC INSTRUE T Y 0.1 1 JE=4 1, 1E<4 1345 P w DPC DPC 05/08/0¢ NSLD
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Table 2.10,

LER M0, B DATE  DESCRIPTION

250/86-036 11/06/86 UNAVAILARILITY EPS
290/06-0%6 11/06/06 UNAVALLABILITY EPS
250786030 12/04/86 UNAVAILABILITY AFw

250/06-039 12/27/86 TRIP & DPEN PORV

217/86-003 01/24/86 D6 TRIP CAUSES SCRAN PEACHBOTAZ CD YALVEL

282/86-006 0%/08/86 EPE UNAVAILABILLTY
202/86-006 09/08/86 EPS UNAVAILABILITY
82/86~011 12/27/86 EPS UNAVALLABILITY
202/86-011 12/27/86 EPS UNAVAILABILITY
291/86-027 11/19/86 UNCONPLICATED LOOP
J01/86-004 09/28/86 MSIVE FAIL T CLOSE
JIB/Be-006 09/0%/86 TRIP AND OPEN ASDY
J02/86-011 0B/04/84 SNS/CCNS UNAVAILABLE
370/86-006 03/29/86 WULTIPLE NI TRAINS
413/86-03) 06/13/86 SBLOCA PLUS TRIP
CLA/B6~020 06/27/86 OPEN RERY PLUS TRIP
189/86-011 07/09/86 EPS UMAVAILARILITY
285/86-001 07/02/86 TRIP & ADS/TRS FAJL
209/86-013 08/27/86 WCI, (85 b D6 UmavL
J4]/86-008 12/240/86 RCIC/WPCT UNAVALL
409/86-023 07/10/86 UNCONPLICATED LO0P
366766-029 11/13/86 LPLS |5 UNAVAILARE
260/86-029 08/29/86 WIS 1§ UMAVAILABLE
200/86-031 10/30/86 W13 IS UNAVAILARE
201/86-010 07/11/86 W18 15 UNAVAILABLE
A58/86-002 01/01/86 UNCOMPLICATED LOOP
A58/84-047 37/31/86 WULTIPLE TRAINS FAIL
207784017 05/28/86 DPEN THSV AwD TRIP
207/86-0038 10720786 TRIP LODFN | M TEN
201 /86-00% 01/28/86 BUS FAILS Wit (DOF
209/86-001 01/31/B6 LOFW, OPEN MSRY
260/86~011 10/01/86 ECCw 15 UNAVALLARLE
209/86-011 10701 /86 ECCN |5 UmAvA[LARE
269/84-011 10/01 /86 ECON 1§ UNAVAILARE

Precursors listed

PLANT NAME Sv COWP DD E

TRV, POINTY EE INSTRUE T ¥
TRV, POINTA EE INSTRUE T Y
TRV, POINTY W INSTRUE T N
TRY.POINTY CA YMVOP E O N

ETN
PRATRIEIS] EE ENGINE € T N
PRAIRIEISY EE ERGINE E T N
PRAIRIEIS) EE ENGINE € T N
PRAIRIEIS? EE EWGINE € T N
PILGRIN | EE ELECON E O W
PT.BEACH 2 CO VALYER 6 O N
CACCLIFFSY ME YALVOF E O N
SANDNOFREY w8 WTEICHN E O N
MCBUIRE 2 EE EMGINE W T ¥
CATANBA | PC PIPEITE O N

CAThubBa 2 CC INSTRUE T ¥
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Table 2.11. Precursors listed by operating utility

CER MO, € DATE  DESCRIPTION PLANT NANE SY COWP 0 D E AGE  CD PROD Sum PROD RATE T v AE (PR CRITICAL TRANS

293/86~027 11719/86 IMCONPLICATED LOOP  PILORIN | EE ELECON E O W 1.4 7.76-6 7,766 35 B
J18/86-008 CH/05/86 TRIP AND OPEN ASDY  CALCLIFFS2 WE VALVOP E O W 9.8 ). BE-6 2.5-¢ @5¢
207/86-017 05/20/86 OPEN THSV AND TRIP  [ND.POINT2 WE VALYOP £ O W 13,0 .06~ |, 06-4 873 °P
207/86-035 10/20/86 TRIPLOFW & MW TRN IND.POINTZ IA CETRRX E O W 134 2,96-4 B.06-4 B3P

3 BEC 06/16/72 LDOP

(

¥

¥
261/86-008 01/20/86 WS FAILS WITH LOOP RODINSON 2 EB ELECON € % N 18,4 3.06-4  S.0f-3 70006

]

]

b

L)

B BBE 11/30/76 TRIP
UE CEC 08/22/73 LB
UE CEC 05/22/7% mip
U1 CPL 08/20/70 LOOP
249/06-013 08/27/86 WPCI, CSS & DG UMAVL DRESDEN 3 BF VALVOP € 7 W 15,6 2.78-6 4.7E-0 794 B
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Tabie 2.12., Abbreviations used in precursor lists

LER WO DOCKET WUMBER/LICENSEE EVENT EEPORT MUMBER
B DATE: EVENT DATE
DESCEIPTION: DESCRIPTION OF EVENT
PLANT NAME: NAME OF PLANT AND UNIT MUNBER
ST:  SYSTEN ABBMREVIATION
SISTEN Gove OESCRIPTION
REACTOR

kA REACTOR VESSEL INTERNALS

L] REACTIVITY CONTROL SYSTEMS

RO REACTOR CORE

REACTOR COOLANT SYSTEM ANU CONNECTED SYSTEMS

REACTOR VESSELS AND APPURTENANCES

COOLANT RECIRCULATION SYSTEMS AND CONTROLS

MAIN STEAM SYSTEMS AND CONTROLS |
MAIN STEAM [SOLATION SYSTEMS ANU CONTROLS |
REACTOR CORE ISOLATION COOLING SYSTEMS AND CONTROLS |
RESIDUAL MEAT REMOVAL SYSTEMS AND CONTROLS [
REACTOR COOLANT CLEANUP SYSTEM! AND CONTROLS ‘
FEEDMATER SYSTEMS AND CONTROLS ‘
REACTOR COOLANT PRESSURE BOUNDARY LEAKAGE I

DETECTION SYSTEMS
OTHER COOLANT SUBSYSTEMS AND THELR CONTROLS

2983R88RES2

e

ENCINEERED SAFETY PEATURES

REACTOR CONTAINMENT SYSTEMS

CONTAINMENT HEAT REMOVAL SYSTEMS AND CONTROLS

CONTAINMENT AIR PURIFICATION AND CLEANUP SYSTEMS AND CONTROLS
CONTAINMENT [SOLATION SYSTEMS AND CONTROLS

CONTAINMENT COMBUSTIBLE GAS CONTR(L SYSTEMS AND CONTROLS
EMERGENCY CORE CDOLING SYSTEMS AND CONTROLS

CONTROL ROOM RABITABILITY SYSTEMS AND CONTROLS

OTHER ENGINEERED SAPETY FEATURE SYSTEMS AND THELR CONTROLS

EESREREY

INSTRUMENTATION AND CONTROLS

ia REACTOR TRIP SYSTEMS

i ENGINEERING SAFETY FEATURE INSTRUMENT SYSTEMS
1< SYSTEMS REQUIRED FOR SAFE SHUTDOWN

1] SAPETY RELATED DISPLAY INSTRUMENTATION

e OTHER INSTRUMENT SYSTEMS REQUIRED POR SAFETY

¥ UTHER [NSTRUMENT SYSTEMS NOT REQUIRED POR SAFETY

ELECTRIC POWER SYSTEMS

OFFSITE POWER SYSTEMS AND QUNTROLS

AC ONSITE POWER SYSTEMS AND CONTROLS

OC ONSITE PONER SYSTEMS AND CUNTROLS

ONSITE POMER SYSTEMS AND CONTROLS (COMPOSITE AC AND D0)
EMERGENCY GENERATOR SYSTEMS AND CONTROLS

EMERGENCY LIGHTING SYSTEMS AND CONTROLS

OTHER ELECTRIC POWER SYSTENMS AND QUNTROLS

ESRERCT

FUEL STORAGE AND HANDLING SYSTEMS

NEW PUEL STORAGE FACILITIES

SPENT FUEL STORAGE PACILITIES

SPENT FUEL POOL CDOLING AND CLEANUP SYSTEMS AND CONTROLS
FUEL HANDLING SYSTEMS

223

AUKTLTARY WATER SYSTHEMS

STATION SERVICE WATER SYSTEMS AND CONTROLS

COOLING SYSTEMS POR REACTOR AULILIARLES AND CONTROLS
DEMINERALIZED WATER MAKE-UP SYSTEMS AND CONTROLS
POTABLE AND SANITAKY WATER SYSTEMS AND QONTROLS
ULTIMATE WEAT SINK FACILITIES

CONDENSATE STORAGE FACILITIES

OTWER AUXILIAKY WATER SYSTEMS AND THELR CONTROLS

ES5S55s

AUXILIARY PROCESS SYSTEmS

COMPRESSED ALR SYSTEMS AND CONTROLS

PROCESS SAMPLING SYSTENS

CHERICAL, VOLUME CQONTROL AND LIQULD MILSON SYSTEMS AND CUNTROLS
FALLED FPUEL DETECTION SYSTEMS

OTHER AUKILIARY PROCESS SYSTEMS AND QUNTROLS

2E22ZT

24
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HA
HA
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W
e
e
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LH
W
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L
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A
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COMPONENT TYPE

ACCUMULATOR

(ACCUMY )

ALR DRYERS

(ALRORY)

ANNUNC LATOR MODULES
(ANNUNC )

BATTER [E5 AND CHARGERS

(BATTRY)

(BLOWER )

Table 2.12 (continued)

UTHER AUXILIAKY SYSTENS

AR CONBITIONING, MEATISG, QUOLING AND VENTLLATION SYSTEMS AND CONTROLS
FIRE PRUTECTIUN SYSTEMS ANU CONTROLS

COMMUNLCATIUN SYSTaMS

OTHER AUXTLIAKY SYSTEMS AND THEIR CONTROLS

STEAN AND POWER OQONVERSTON SYSTuMS

TURSINE-GENERATONS AND CONTROLS

MAIN STEAN SUPPLY STSTEM AND CONTROLS (OUTHER THAN CC)

MAIN CONDENSER SYSTENS AND CUNTROLS

TURBINE GLAND SEALING SYSTEMS AND OQUNTRO.S

TURBINE BYPASS SYSTEMS AND CONTROLS

CIRCULATING WATEM SYSTEMS AND CONTROLS

CONDENSATE CLEAN-UP SYSTEMS AND CUNTROLS

CONDENSATE AXD FEEJWATER SYSTEMS AND CONTROLS (OTHER THAN ON)
STEAM GENERATOR BLOMDOWN SYSTEMS AND CONTROLS

OTHER FEATURES OF STEAM AND POWER CUNVERSION SYSTEMS (NOT INCLUDED ELSEWHERE)

RACIOACTIVE WASTE MANAGEMENT SYSTENS

LIQUID RADIOACTIVE WASTE MANAGEMENT § TeMs

CASEOUS RADIOACTIVE WASTE MANAGEMENT SYSTEMS
PROCESS AND EFFLUENT RADIOLOGICAL MONITURING SYSTEMS
SOLID RADIOACTIVE WASTE MANAGEMENT SYSTEMS

RADIATION PROTECTION SYSTEMS
AREA MONITORING SYSTEMS
AIRBORNE RADIOACTIVITY MONITORING SYSTEMS
UTHER SYSTENS

SYSTEM CUDE NOT APPLICABLE

COMPONENT TYPE

SOMPOSRT TYPE INCLUDES Lopoousnt coog)

SCRAM ACCUMULATORS
SAFETY INIECTION TANKS
SURGE  TANKS

CONTROL DRIVE MECHANISMS
(CRDevE)

HOLDUP/ STORAGE TANKS DEM | SEXAL L2ERS
{ DEMINK)
ELECTH CAL CONDUCTORS
{ ELACON )
ALARMS
BUZZERS ENGCINES, INTERNAL COMBUSTION
CLATUNS (ENGINE)
HURNS
GONC S
STRENS
FlLLTERS
(FLLTER)
CHARGERS FUEL KLEMENTS
rY CELL (FURLEX)
WET CELLS
STORAGE CELLS CENERATORS
(LENERA)
COMPRESSORS
GAE CLRCULATORS HEATERS, ELECTRIC
FANS (HEATER
VENTLLATORS

25

LUN EXCHANGERS

Wik

DIESEL ENGINES
GASOLINE EWGINES
NATURAL GAS ENGINES
PROPANE ENGINES
STRALNERS

SCREENS

INVERTERS

MEAT TRACENS



Table 2.12 (continued)
CIRQUIT CLOSERS/ CIRCUIT BSREANERS HEAT EXCHANGEXRS CONDENSERS
INTERRUPTRRS CONTRACTORS (HTEACN) CONLERS
(CXToRK ) CONTRULLERS EVAPORATORS
STAATERS REGENERATIVE MEAT EXCRANGERS
SWITCHES (OTHER THAN SENSOGRS ) STEAM GENERATORS
So I TUMGEAR FAN COlL UNITS
CONTROL RODS POLSON CURTALINS
(CONROD )
INSTRUMENTATION AND CONTROLLERS RELAYS S¥ITONGEAR
CONTROLS SENSORS/DETECTORS / ELEMENTS (RELAYX)
(INSTRU) INDICATORS
DIFFERENTIALS SHOCK SUPPRESSORS AND SUPPORT HANGERS
INTEGRATORS (TOTALIZERS) (SUPOXT) SUPPORTS
POMER SLPPLIES SWAY BRACES/STABRILIZERS
KECORDERS SNUBBERS
SWITCHES ANTI-VIBRATION DEVICES
TRANSM I TTERS TRANS FORMERS
COMPUTATION MDOULES (TRANSY )
MECKANICAL FUNCTION MECHANICAL CONTROLLEXS
UNITS GOVERNCRS TURBINES STEAM TURBINES
(MECFUN) GEAR B0XLS (TURBIN) GAS TUumBImES
VARIDRIVES HYDRO TUKBINES
ELECTRIC MUTURS VALVES VALVRS DAMPERS
(MOTORX) HYDRAULLC moToRs {VALYEX)

PNEUMATIC (AIR) mouToRS

SERVU MOTORS VALVE OPERATOKRS EXPLOSIVE, SQle
(VALVOP)
PENETRATIONS, PRIMARY Al LOCKS
CONTALN, PERSONNEL ACC S8 VESSELS, PRUSSURE CONTAINMENT VESSELS
(PENETR) FUEL HANDLING (VESSEL) DRYWELLS
BQUIPHENT ACCESS PRESSURE SUFPRESSION
ELECTRICAL PRESSURIZERS

INSTRUMENT LiNe REACTOR VESSELS

PROCESS PIPING

PLPES, FPITTINGS OTHAN COMPUKENTS

(PIPEXX) (KXXRKX)

PUNPS CODES WOT APPLICABLE
(PUNFIX ) (2zzeze)

RECOMBINERS

(RECOMS )

01 PLANT OFERATING STATUS |

oot STATYS

- (UNDER) CONSTRUCT LON

s PREOPERATIONAL, STARTUP OR POWER ASCENSION TESTS (1IN PROGRESS)
¢ ROUTINE STARTUP OPERATIONS

D ROUTINE SMUTDOWN OPERATLONS

£ STRADY STATE OPERATION

¥ LOAD CHANGES DUKING ROUTINE PONER OPERATION

G SHUTUOWN (HOT OM COLD) EXCEPT POR REPUELING

" REPUELING

v UM SN

X OTVER (INCLUDING SPECIAL TESTS, ENEMGENCY SHUTLOWK OPLRATIONS, £TC.)
2 [Tes NOT APPLICABLE

IN MECANATTS ELECTRIC

A~ALLIS OMALMEERS
B-BABCUCK AND wWiulux
C=OOMBUSTION ENCINFERIN.
GGENRRAL ELECTRIC
VR ST NGO SE
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2,3 Reference

l. 10 CFR Pt. 50.73,




3. QUANTIFICATION OF PRECURSORS

Tperational events selected as 1986 precursors were quantified for
ranking purposes. This quantification involved determination of a con-
ditional probability of subsequent severe core damage given the failures
observed during the event. The calculation assumed that the failure
probabilities for systems observed falled during the event were equal to
the likelihood of failing to recover from the failure or fault that
actually occurred. Failure probabilities used for systems observed de-
graded during an operational event were assumed equal to the conditional
probability that the system would fail (gisem that is was observed
degraded) and the probability that is would not be recovered within
a ~30-min period. The failure probability assoclated with observed
successes and with systems unchallenged during the actual occurrence was
assumed equal to a failure probability determined, based on either
available system failure data or based on system success criteria and
typical train and common-mode-failure probabilities. The conditional
core~damage probability is useful {n ranking because it permits estima-
tion of the measure of protection remaining once the failures have
occurred.

The likelihood of recovery associated with the event failure(s) was
described using a process equivalent to that employed in the 1980-1981
and 1984—1985 event reviews.'~™? This process considered each failure
to be composed of an observed failure and a subsequent recovery step.
Four recovery classes were used to describe the different types of
recovery that could be involved. Events were assigned to a particular
class based on an assessment of likelihood that recovery would 7Ot be
effected in the required period of time, considering the event spe-
cifics. The assignment of an event to a recovery class and the numeric
value assigned to each recovery class were based on engineering judg-
ment, which considered whether such recovery would be required in a
moderate~ to high-stress situation following a postulated initiating
event. The four recovery classes are described in Table 3.1.

3.1 Estimation of Initiating-Event Frequencies
and Branch-Failure Probabilities

A set of initiating event frequencies and system failure probabili-
ties was developed for application in the quantification of the event~-
tree models associated with the precursors. Th's set includes initiat~-
ing-event frequencies and failure probabilities applicable to the
branches of each event tree included in Appendix B, which were used to
classify and quantify the majority of precursors. Frequencies and fail~-
ure probabilities for unique initiators and other plant functions were
also estimated, when required, using the same approach.

The approach used to develop frequency and probability estimates
employed failure data in the precursors themselves, as was done in the
1980—198] review.’ When precursor data were available for a system or
initiating event, its probability or frequency was estimated by counting
the effective number of nonrecoverable failures in the observaticn
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Table 3.1. Description and quantification of recovery classes

Likelihood of

Recovery failing to
class Description recover from
event

Rl Failure did not appear to be recoverable in l.OOb
required period, either from control room
or at failed equipment

R2 Failure appeared recoverable in required 0,34
period at failed equipment, and equipment
was accessible; recovery from control room
did not appear possible

R3 Failure appeared recoverable in required 0.12
period from control room, but recovery was
not routine or involved substantial stress

R4 Failure appeared recoverable in required 0.04

period from control room and was considered
routine or procedurally based

% hese values are used for consistency of analysis. The actual
likelihood of failing to recover from an event at a particular plant is
difficult to assess and may vary substantially from the values listed
above,

bNote that a value of 0,58 was used in NUREG/CR~3591 (Ref. 3) in
lieu of 1.00 to facilitate uncertainty analyses.

period, making appropriate demand assumptions, and then calculating the
effective number of failures per demand or initiating events per reactor
year as described in Sect. 3.2. of Ref, 3. For demand failure
probabilities, the number of demands was calculated based on the
estimated number of tests per reactor year plus any additional demands
to which the function would be expected to respond., This estimate was
then multiplied by the number of applicable reactor years in the obser=-
vation period to determine the total number of demands. The observation
period used was 19841986, and precursors {dentified during the period
formed the basis for the estimates, This information was then used to
tailor the component probabilities associated with the train-based
system models wused in the 1984—1985 event reviews'»’ such that the
overall system probability estimates were consistent with the failures
observed in 1984—1986,

Such an approach results in system failure probability estimates
that reflect to a certain extent the degree of redundancy actually
available and permits easy revision of these probabilities based on
train failures and unavallabilities observed during an operational
event,
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Probability values emploved in the precursor conditional probabil=-
ity calculations are developed in Appendix C., Probabilities applicable
to each significance calculation are also listed at the end of each cal=-
culation in Appendix D. Average initlating event frequencies and sys~-
tem~failure probabilities developed from 1984~1986 precursor data are
listed in Table 3.2, These values are compared with previous precursor
data in Chap. 4.

32 Conditiona{_?rob&bilittcn Associated
with Each Precursor

Failure events i{dentified in the detailed review of each precursor
were mapped onto plant-class event trees (included in Appendix B and
described in Ref. 1) to estimate a conditional probability of subsequent
severe core damage for each precursor. This probability can be consid=-
ered as a measure of residual protection remaining, given the failures
observed in an event.

Each event tree {includes three nondesired end states designated
core damage (CD), in which inadequate core cooling is believed to exist
for a perifod greater than ~30 min; core wulnerability (CV), in which
core protection 1is believed to be provided but for which no specific
analytic basis generally is available; and ATWS, for the fallure-to-trip
sequence, The end states are distinct; sequences associated with core
damage and ATWS are not subsets of core vulnerability sequences. Except
for the fact that detaliled analysis information does not generally
exist, core vulnerability sequences are expected to end in successful
core cooling. The ATWS sequence, if fully developed, would consist of a
number of sequences ending in either success, core vulnerability, or
core damage.

Conditional probabilities for each end state associated with a pre-
cursor were calculated by applying appropriate failure probabilities to
each event-tree branch and summing the resulting conditional sequence
probabilities for the given end states.

Because the frequencies and failure probabilities used in these
calculations are derived in part from data obtained across the LWR
population, even though they are applied to sequences that are plant-
class=-specific in nature, the conditional probabilities determined for
each precursor should not be directly associated with the probability of
potential severe core damage resulting from the actual precursor event
at the specific reactor plant at which it occurred. The probabilities
calculated in this study are homogenized probabilities considered repre-
sentative of probabilities resulting from the occurrence of the selected
events at plants representative of the plant class.

3.2.1 Event Sequences Requiring Calculation

l« 1f an initiating event occurred as part of a precursor (i.e.,
the precursor 2onsisted of an initiating event plus possible additional
failures), then the conditional probability of potential severe core
damage was calculated based on the event tree associated with the initi=-
ator,
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Table 3.2, Average {nit{ating event-frequency and branch-failure
probability estimates developed from 1984~1986 precursors

Inftial N
Initiator/branch fatlure °°'1f°'." Total
likelihood SATINALS
PwRe

LOOP 4.1 * 10~ /year 0.39 1.6 * 107? /year
Small LOCA 1.5 * 10~ /year 0,43 6.4 * 10~ /year
Auxiliary feedwater 3.8 x 10 0.26 9,9 x 10~°
High=pressure 6.1 x 10=% 0.84 5.1 x 10

injection
Long-term core 1.5 x 10™* 1.00 1.5 * 10
cooling (high=

pressure recir-

culation)
Emergency power 6.4 x 10~ 0,78 5.0 x 10=*

$G isolation 8.3 x 10=" 0,64 $.3 x 10"

(MS1Vs)

BWRa

LOOP 1.0 x 10°! /year 0,32 3.3 * 10~? /year
Small LOCA 2.0 * 10°? /year 0,50 1.0 * 107 /year
HPCI/RCIC 1,7 x 10~} 0,49 8.4 x 107
RV isolation 1.7 x 107} 1,00 1.7 = 10~}

LPCI 1,0 = 10~? 0.71 7.4 % 10~
Emergency power 1.0 = 10" 0,85 8,9 x 10~°
Automatic 3.7 = 10°? 71 2.6 x 10°3

depressurization

2, If an initiating event did not occur as part of a precursor
(1.es, the precursor consisted of an unavailability), them the condi~-
tional probability of potential severe core damage was calculated con-
sidering potential initfating events, their expected frequency, and the
estimated or actual (1f reported) duration of the unavailability. Only
sequences assoclated with each potential initiator impacted by the pre-
cursor were included in the calculated probability.

3.2.2 Initiating Event Probability Determination

ls 1f an initiating event occurred as part of a precursor, then
the initiator probability used in the calculation was the probability of
failing to recover from the observed event (i.,e,, the numeric value of
the recovery class for the nvent),

2, 1If an initiating event did not occur as part of a selected pre~
cursor, ther the probability used for the initiating event was developed
assuming a constanrt hazard rate, For the frequencies and durations
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assoclated with most precursors, this value is approximately equal to
the product of the estimated initiating event frequency and the time
during which the precursor existed, As described previously, the initi-
ating event frequency estimates include the potential for recovery.
Event durations (the period of time during which the faflure existed)
were based on information included in each licensee event report (LER),
{f provided., If the event was discovered during testing, then one-half
of the test period (15 d for a typical 30-d test interval) was assumed,
unless specific fallure durations were availabdle.

3.2.3 Branch Probability Determination

l. For event-tree branches for which no failed or degraded condi-
tion existed, a probability equal to the branch-failure probability
described previously was assigned.

2, For event-tree branches assoclated with a failed system, a
probability equal to the numeric value associated with the recovery
class was assigned., This permitted consideration of potential recovery
for observed failures.

3. For event-tree branches that included a degraded system (i.e.,
a system that still met minimum operability requirements but with re-
duced or no redundancy), the estimated failure probability was modified
to reflect the loss of redundancy. To estimate the system's condi~-
tional~failure probability under these conditions, train probabilities
wvere modified to reflect the train fallures or unavailabilities observed
in the event, The calculational method employed recognized the change
in system success criteria required given the observed fallures or
unavailabilities. For example, a system that required two of three
trains to be operable for success was modeled as a "two-out-of=-two" sys~
tem {f one train was observed failed. The calculations also addressed
the difference between a failed train, which would {mply a higher like-
lihood of failure for the rext train because of common mode effects, and
a train rendered unavallable because of surveillance testing or because
of support system failures, which would imply a failure probability for
the next train equal to the normally expected failure probability for
the first train in the systenm.

4, Systems or trains rendered unavailable as a result of support
system fallures were modeled recognizing that, as long as the affected
sapport system remained fall-l, all impacted systems (or trains) were
unavailable; but {f the support system were recovered, all the affected
systems were recovered,

3.2,4 Event Calculation

Cace the branch probabilities that reflected the conditions of the
precursor event were established, the sequences leading to modeled end
states {(core wvulnerability, core damage, and ATWS) were calculated and
summed to produce an estimate of the conditional probability of each end
state for the precursor,
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3.2,3 Sample Calculations

Two hypothetical events are used to {llustrate this calsulational
process, ‘lhe first event assumes an LOFW but no other oleerved fallures
during mitigation, The (simplif’c’) avent cree for this event is shown
in Fig. 3.1. Thie hypothetical pcrecursor involved an initiating evea:
that was assigned to recovery class R2 (the numeric value assoclated
with this recovery class is 0,34), Systems assumed avalladle were
assigned faliure probabllities developed as described previously. The
estimated conditional probanilities for rondesirable end states assv=
clated with the event are chen

(1) core vulnerability:

Pey = P [seq. 3] = 0,34 % (1= 3,5 x 10°°) x 3 % 10™° x 0,04 x (1 = 0.3)
.2.9%10°°,

(2) core damage:

Pop ® P [9eqs 4] = 0,34 % (1 = 3,5 10°%) x 3 x 10** * 0,04 * 0,3
. 1,2 % 107,

(3) ATWS:
Pogs = P (9040 51 = 034 x 3,5 % 107% = 1,2 % 107,

If more than one seqgience were associated with an end state (as {s
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Fig. 3.1, Example event iree for initiator calculaticn, Bleed and
feed is assumed caparle of removing adequate decay heat for this
example,
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usually the case), the probabilities calculated for each of the se-
quences would be summed to estimate an overall conditional probability
for the end state.

The second example event involves failures that would prevent sec-
ondary=side depressurization if required to prevent core damage fol)ow=-
ing an LOFW with suhsequent AFW and bleed-and-feed ‘fallure. Assume
these fallures were discovered during testing., The svent tree for this
example precursor is shown in Fig. 3.2, The fallure probadility associ~
ated with the precursor event (secondary-side depressurization failure)
would be aswigred based on the recovery class associated with the
event, No initiating event occurred with the precursor; however, a
fallure duration of 360 h was estimated based on one-half of a monthly
test interval, The cstimated nonrecoverable LOFW frequency (assumed to
be 0,3/reactor year in this example), coubined with this failure inter=
val (360 h), results in an estimated {nitiating event probability
of 1.2 * 10?2, So that event tree branches not involved with the pre-
cursor were eliminated and only the additional contribution (incremental
risk) associated with the precursor was estimated, the event tree was
calculated a second time using the same initiating=-event probability but
with all branches assigned normal failure probabilities (no failed or
degraded states). This value was subtracted from the value obtained in
the first calculation to obtain the conditionsl probability assoclated
with the precursor. The probadilities for ssaquences involving undesir~-
adble end states (employing the .ume calculatinnal method as cbovs and
subtracting the normsl risk_during the time in:erval) are =1 * 10° tor
core wvulnerability, 1 » 107 for core damage, and 0.0 for AIWS. Note
that the impact of the postulated failure on the core-vulnerability se-
quence is negative, indicating an effective decrease in the likelihood
of this sequence during the fallure period compared with the same period
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Fig. 3.2, Example event tree for unavailability calculation,
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without the fatlure (1 * 10~7). Note also that the impact of the postu-
lated failure on the ATWS sequunce 1is zero because secondary-side de-
pressurization success or failure does not impact that sequence as
modeled.

3.2.6 1986 Precursor Calculations

The conditional probability of potential severe core damage associ=-
ated with each precursor (calculated in Appendix D) is identified under
the heading CD PROB in Table 3.3.

A combined <conditional ©probability for non-ATWS wundesirable
sequences was estimated by adding conditional probabilities for core-
damage and core-vulnerability sequences and {s listed urder the heading
SUM PROB. As noted in Chap. 2 of Refs. | and 2, this estimate is con-
servative because the core-vulnerability end state includes sequences
[such as uncontrolled cooldown without high-pressure injection (HPT)]
not believed significant from a core-damage standpoint,

As discussed in Sect. 3.1, the conditional probabilities determined
for each precursor were based in part on industrywide data and therefore
should not be directly associated with the probability of potential
severe core damage resulting from the actual precursor event at the
specific reactor plant at which it occurred.

The distribution of precursors as a function of conditional proba-
bility of core damage is shown in Fig. 3.3. A corresponding distribu-
tion &s a function of core damage plus core vulnerability {s shown in
Fig. 3.4. The shape of this distribution is somewha: similar to that in
Fig. 3.3 — an indication that the conservative use of the sum of the
probabilities of core damage and core vulnerability does not substan=-
tially impact the ranking of operational events in 1986,

3.3 Reference Event Calculations

Conditional core-damage probability estimates were also calculated
for nonspecific reactor trip, LOFW, and unavailabilities in certain
single-train BWR systems (HPCI, high-pressure core spray, reactor-core
{solation cooling anc control-rod drive-cooling). These calculations
provide a reference to the relative importance of these events, which
are too numerous to warrant individual calculations. The results of
these calculations are listed in Table 3.4,

Table 3.4 shows that nonspecific reactor trips without additional
observed failures have conditional core-damage probabilities in the
range of 105 to 10~7 per trip, depending on plant class. The likeli-
hood of an LOFW in conjunction with a trip is included in these calcula-
tions., LOFW condit’snal core-damage probabilities range from 10~° to
mid 10~° per LOFW _.vent, The conditional core-damage probabilities
associated with unavailabilities of HPCI and HPCS (single-train BWR
systems) are also above 10‘5, assuming a one-half-month unavailability.
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Table 3.3, Precursors listed by docket and LER number

LER %0,  E DATE  DESCRIPTION PLANT NAME §v COMP 0 [ £ AGE

207/B6-017 05/28/86 OPEN TBSY AND TRIF  IND.POINT2 ME VALVOP E O N 13.0
247/85-035 10/20/86 TRIP,LOFW & AFW TRN IND,POINT2 1A CKTBRX E O N 13,4
249/B6-013 08/27/86 HECL, CSS b D6 UNAVL DRESDEN 3 SF VALVOP E T N 15,4

250/886-036 11/06/B6 UNAVAILARILITY EPS  THY,POINTI EE INSTRU E
290/86-036 11/06/80 UNAVAILABILITY EPS  TEY.POINT4 EE INSTRY €
290/B6-018 (2/04/86 UNAVAILABILITY AFN  TKY,POINTY WW INSTRU €
250/86-03% 12/27/86 TRIP & OPEN PORY TRY,POINTY CA VALVOP £

- —

Y
A\
\

L=

Wi
13.4
14,2
N4

261/86-003 01728/86 BUS FAILS WITH LOOP ROBINSON 2 EB ELECON £ # N 15,4

$09/86-001 01/31/86 LOFM, OPEN WSRV OCOMEE | CC VALYEL E O N

2.8

269/86-011 10/01/86 ECCN 1S UNAVAILABLE OCONEE | W PUMPIT E T N 10,5
26%/86-011 10/01/86 ECCM 1S UNAVAILABLE OCONEE 2 wh PUMPIT E T N 12,9
269/86-011 10/01/86 ECCW 1S UNAYAILABLE OCONEE 3 WA PUBPITI £ T N 12,1
277/84+-00% 01/24/86 D6 THIP CAUSES SCRAN PEACHBOTMZ CD VALVEN E T N 12,3
280/85-02% 09/28/86 WKIS |5 USAVAILABLE SURRY | SF PURPIN E O & 14,2

280/88-031 10/30/86 Mni> 1S UNAVAILABLE SURRY |  SF PUNPLI E M ¥
281/86-010 07/11/88 We18 15 UNAVAILABLE SURRY 2 SF PUNPILE T v

1,2
13,3

202/86-004 09/08/86 EPS UNAVALLABILITY  PRAIRIEIS) EE EMGINE € T N 12,8
102/86-006 09/08/86 EPS UNAVAILABILITY  PRAIRIEISZ EE EMGINE € T N 117
282/86-011 12/27/86 EPS UMAVAILABILITY  PRAIRIEIS) EE ENGINE € © W 13,0

282/86-011 12/27/86 EPS UNAVAILABILITY  PRAIRIEIS? EE ENGINE E 7 W
285/86-001 07/02/86 TRIP & ADS/TBS FAIL FICALMOUM EB BEWERA £ 0 «
293/86-027 11/19/86 UNCONPLICATED LOOP  PILGRIN | EE ELECONE O N

J18/86-008 09/05/86 TRIP AND OPEN ASDV  CALCLIFFS2 ME VALVOP E O N
TAL/B6-048 12/20/8b RCIC/HPC] UNAVAIL  FERM] 2 SF RECFUNC T N
162/86-011 OB/0A/B6 SWS/TONS UNRAILABLE SANONOFRE! A WIEICH E O N
106/86-035 11/13/86 LPCS .S UNAVAILABLE WATCK 2 SF VALVOP 6 7 ¢
I70/86-006 03/29/86 MULTIPLE WKIS TRAINS ACBUIKE 2 EE ENGINE % T v
389/86-011 07/09/86 EPS UNAVAILABILITY ST, LUCIE 2 EE ENGINE E T N
40%/B6-023 07/10/86 UNCOWPLICATED (OOP  (ACROSSE EE CKTERK G O N
413/86-031 06/13/86 SBLOCA PLUS TRIP CATANER | PCPIPEITE O N
A14786-028 0b/27/86 OPEN MSRY PLUS TRIP CATANRA 2 CC INSTRU E T ¥
438/86-002 01/01/86 UNCONPLICATED LOOP  RIVERBEND! EE TRANSF 6 0 ¥
ASE/86-047 07/11/86 MULTIPLE TRAINS FAIL RIVERBEND! EE ENGINE € ( &
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FPL 10/20/72 UNAVL
FPL 10/20/72 TRIP
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0PC 11711773 Umavy
DPC 09/05/74 UNAVL
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VEP 07/01/72 UNAYL
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NSP 12/01/73 UmAVL
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NSP 12/01/73 UNAVL
NSP O 12/17/74 Rl
OPP 08/06/73 TRIP
BEC 04/18/72 LOOP
WHP 05/30/72 WSLER
BOE 11/30/7% TRIP
DEC 06/21/85 UNAVL
SCE 08/29/83 UNavL
BPC 07/00/78 UNAYL

FPL 08/02/83 UNAYVL
DPL 07711767 LOOP

1145 7 w §PC DPC 01/07/85 LOCA
1145 P w DPC DPC 05/08/B6 NSLD
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Fig. 3.3. Distribution of 1986 precursors as a function of core=-
damage probability.
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Fig., 3.4, Distribution of 1986 precursors as a function of core=-
damage plus core-vulnerability probability.
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Table 3.4. Reference conditional event probability values

Core-damage
Calculation? dcaor:ae- plus core
probabf?ity vulnerability
probability
BWR Class A nonspecific reactor trip 6.0 x 10~/ 5.9 x 10~8
BWR Class A LOFW 1,2 x 1073 1.2 x 10
BWR Class B nonspecific reactor trip 5.3 x 10-% 1.6 x 10~
BWR Class B LOFW 5.8 x 10~ 2,8 x 1y~®
BWR Class C (turbine-driven feed pumps) 1.0 x 10°° 1.0 x 1073
nonspecific reactor trip
BWR Class C (turbine-driven feed pumps) 6,0 x 10~° 6.0 x 103
LOFW
BWR Class C (motor-driven feed pumps) 8.3 x 106 8,3 x 10~8
nonspecific reactor trip
BWR Class C (motor-driven feed pumps) 4,9 x 10™° 4,9 x 10™°
LOFW
PWR Class A nonspecitic reactor trip 1.4 x 10-° 1,8 x 10~°
PWR Class A LOFW 2.6 x 10°8 2.2 % 1073
PWR Class B, C, E, and F nonspecific 153 %4 0~* 8,7 x 10~°
reactor trip
PWR Class B, C, E, and F LOFW 2.2 = 107 1.1 x 1073
PWR Class D nonspaci®{c reactor trip 1.3 x 10~ 3.4 x 128
PWR Class D LOFW 2.1 x 10-8 5.6 x 10°
PWR Class G (with PORV) nonspecific 1.8 x 10® 3.5 x 10~°
reactor trip
PWR Class G (with TORV) LOFW 2,7 x 10~ 5.9 x 10°®
PWR Class G (without PORV) nonspecific 2.8 x 10~® 8.4 x o8
reactor trip
PWR Class G (without PORV) LOFW 1.3 x 103 3.6 x 1073
BWR Class C HPCI unavailability 2,5 x 10™3 2,5 x 10™°
(turbine~driven feed pumps, 360-h
unavailability)
BWR Class C HPCS unavailability 1.8 x 10°° 1.8 x 10~°
(turbine-driven feed pumps, 360=h
unavailability)
BWR Class C RCIC unavailability 2.6 x 1077 3.0 x 1077
(turbine-driven feed pumps, 360-h
unavailability)
BWR Class C CRD cooling unavailability 3,0 x 107 3,0 x 10~
(turbine-driven feed pumps, 360-h
unavailability)

aHuLtiple calculations were performed for BWR L'ass C because
plants in this class use turbine- and motor-driven fecd pumps.
Closure of the MSIVs on low reactor water level results in an LOFW
for BWRs that use turbine-driven pumps. Multiple calcuiations were
also done for PWR Class G plants with and without PORVs,
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Table 3.5. Precursors listed by conditional core-damage probability

LER M0. € DATE  DESCRIPTION PLANT NAME SY CONP 0 D [ AGE (D PROB SUM PROB RATE T v AE OPR CRITICAL TRANS
413/86-031 06/13/86 SBLOCA PLUS TRIP CATAWBA | PC PIPEXI E O N 1.4 3,3E-3  4,9-3 1145 P u DPC DPC 01/07/8% LOCA
250/86-039 12/27/86 TRIP & OPEN PORY TKY.POINTS CA VALVOP € O N 14,1 1.46-3  2.1E-3 493 P W DX FPL 10/20/72 TRIP
261/B6-008 01/28/86 BUS FAILS WITK LOOP ROBINSON 2 EB ELECON € W N 15,4 3.06-4  S.66-3 700 B 6 UK CPL 09/20/70 LOOP
207/86-035 10/20/86 TRIP,LOFW & AFW TRN IND.POINTZ 1A CKTBRK € O N 13.4 2,96-4  6,06-4 873 P ¥ UE CEC 05/22/73 TRIP
414/86-026 06/27/86 OPEN MSRV PLUS 'RIP CATANBA 2 CC INSTRUE T Y 0.1 1.1E-4 1, 1E-4 1145 P ¥ DPC DPC 0S/08/84 WSLD
247/86-017 05/28/86 OPEN THSV AND TRIP  [ND.®QINTZ WE VALVOP € O W 13,0 1.06-4 (.06-4 873 P w UE CEC 05/22/73 ASLR
277/86-000 01/24/85 )6 TRIP CAUSES SCRAM PEACHBOTAZ (D VALVEN £ T N 2.3 B.0E-°  8.16-5 1065 B 6 BY PEC 09/18/73 TRIP
456/86-002 01/01/86 UNCOMPLICATED LOOP  RIVERDEMD! EE TRANSF 6 0 v 0.2 7.06-5 7.06-5 936 0 6 SN 65U 10/31/85 LOOP
750/86-038 12/04/86 UNAVAILARILITY AFW  TKY.POINTY W INSTRU € T N 14,2 S.BE-5  S.B6-S 693 5 W B FPL 10/20/72 UNAWL
285/86-001 07/02/86 TRIP & ADS/TES FAIL FICALWOUN EB GENERA € O N 12,9 4. 1E-5 4.26-5 478 P C GW OPP 08/06/73 TRIP
409/86-023 07/10/86 UNCOMPLICATED LOOP  LACROSSE EE CXTBRY § O W 19,0 2.06-5 2.06-5 50 B A 5L DPL 07/11/67 LOOP
269/86-011 10/01/86 ECON 1S UNAVAILABLE OCOMEE | A PUNPII E T N 13,5 1.1E-S 1.1E-S 887 P B UX DPC O4/19/73 UNAVL
269/86-011 10/01/86 ECCM 1S UMAVAILABLE OCOMEE 2 WA PUWPLI E ° N 12,9 1.1E-5  1.10-5 887 P B UL DPC 11/11/73 UmAvL
269/86-011 10/01/86 ECCW IS UNAVAILABLE OCOMEE I WA PUNPIX £ T N 12,1 1,06-5 1.1E-5 887 P B UL DPC 09/05/74 UNAWL
293/86-027 11/19/86 UNCORPLICATED LODP  PILGRIN | EE ELECON E O W 14,4 7,76-6 7.76-6 635 0 6 BI BEC 08/16/72 LOOP
249/86-017 08/27/86 WPLL, (S5 & D6 UNAVL [RESDEN 3 SF VALVOP € T N 15,6 2.76-6  4.76-6 794 B 6 SL CWE 01/31/71 UwAvL
389/86-011 07/09/86 EPS UNAVAILABILITY  ST.LUCIE 2 EE EMGINE € TN 3.1 2.86-5 J.46-6 830 P C EX FPL 06/02/83 UNAVL
269/86-001 01/31/86 LOFW, OPEN WSRY OCONEE | CC VALVEI E O N 12,8 2.16-6 3.4E-5 887 P B UX DPC 04/19/73 TRIP
S18/86-006 09/05/80 TRIP AND OPEN ASDv  CALCLIFFS2 ME VALVOP € D W 9.8 1.86-s 2.5-4 45 P C D1 BGE 11/30/76 TRIP
S1/86-048 12/24/86 RCIC/MPCT UNAVAIL  FERNMI 2 SF MECFUN C TN 1.5 6.%-7 6,57 1093 B 6 SL DEC 04/21/85 UNAWL
301/86-004 09/28/86 MSI1VS FAIL T0 CLOSE PT.BEACK 2 CD VALVEL 6 0 W 14,3 0.8E-7  A.BE-7 497 P w BI wAP 08/30/72 WSLD
362/86-011 08/04/86 SwS/CCNS UNAVAILABLE SANONOFRED wa WTEICK € O W 3.0 2.86-7 6.9-7 1080 P € BX SCE 08/29/83 UNAWL
82/86-011 12/27/86 EPS UNAVAILABILITY  PRAIRIEIS! BE EWGINE € T N 13,0 4.06-8 S, 16-8  S30 P & B1 WS 12/01/73 UNAWL
282/86-011 12/27/86 EPS UMAVAILABILITY  PRAIRIEIS? EE ENGINE € T W 11,9 4.06-8 S.16-8 530 P w BI WGP 12/17/74 UNAWL
170/86-006 01/29/86 NULTIPLE WMIS TRAINS MCBUIRE 2 EE ENGINE W T v 2.9 3.46-8  4.86-B 1180 P w DPC DPC 0S/08/63 UNAVL
201/86-010 07/11/86 WIS 1S UNAVAILABLE SURPY 2 6F PUNPII E T Y 13,3 3.16-8 1.06-5 788 P W SN VEP 03/07/73 UNAWL
782/B6-006 09/08/86 EPS UNAVAILARILITY  PRATRIEIS) EE ENG'™E € T W (2.8 1.96-8 24648 S30 P W BI NP 12/01/7) UNAWL
282/86-006 09/08/86 EPS UNAVAILABILITY  PRAIRIEIS2 EE ENBING E T N 11,0 1.96-8  2.4E-8 530 P w B1 NSP 12/17/74 UNAWL
280/86-029 09/29/86 WKIS 1S UNKAVAILABLE SURRY |  SF PURPII € O N 14,2 1.0B-B 3.46-6 788 ° w SN VEP 07/01/72 UMAWL
4568/86-047 07/31/86 MULTIPLE TRAINS FAIL RIVERBEND! EE EWBINE € O W 0.8 7.16-9  7.16-9 936 D 6 S0 6SU 10/31/89 UMAVL
200/86-031 10/30/8s WHIS 15 UNAVAILABLE SURRY |  SF PURPLI E M Y 14,2 3.16-9 [.06-6 788 F W SN VEP 07/01/72 UNAVL
250/86-036 11706786 UNAVAILARILITY EPS  TKY.POINTY EE IMSTRU E T ¥ 14,1 1. 1E-9  S.06-% 9372 o 1 FPL 10/20/72 UNAWL
250/86-036 11/06/86 UNAVAILABILITY EPS  TRY,POINTA EE INSTRU E T v 13,4 1.1E-9  S.76-9 93 P w DX FPL 06/11/73 UNAVL
66/86-035 11/13/86 LPCS 15 UNAVAILABLE WATCH 2 OF VALVOP 6 1 v 8.3 3.6E-10 3,86-10 784 B 6 S5 8PC 07/04/70 UNAVL
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Table 3.6, Precur:ors listed by sum of core-damage
and core-vulnerability probabilities

LER W0,  E DATE  DESCRIPTION

261/86-005 01/28/86 BUS FAILS WITH LOOP ROBINSON 2 EB ELECCH T W ' 15,4

+i3/86-031 06/13/86 SBLOCA PLUS TRIP CATAWBA | PC PIPEXT D)
250/86-039 12/27/86 TRIP \ OPEN PORY TEY.POINTY CA VALVOP ! o *
207/86-03% 10/20/86 TRIP,LOFN & AFN TRN IND.POINT2 1A CKTRF. E O N
318/86-006 05/05/86 TRIP AND OPEN ASDY  CALCLIFFL2 WE VALVOP E O N
A14/86-028 06/27/86 DPEN WSRY PLUS TRIP CATANBA 2 CC INSTRUE T Y
207/86-017 05/28/85 OPEX TBSY AMD TRIP  IND.POINT2 WE VALYOP E O N
277/86-003 01/24/86 D6 TRIP CAUSES SCRAM PEACKBOTA2 CD VALVEI E T N
458/86-002 01/01/86 UMCOMPLICATED LOOP  RIVERBEND! EE TRANSF 6 0 ¥
250/86-038 12/04/86 UMAVAILABILITY AFN  TEY,POINTY WM INSTRUE T N
28%/86-001 07/02/86 TRIP & ADB/TBS FAIL FTCALWOUN EB GEMERA € O N
209/86-001 01/31/86 LOFW, OPEN MSRY OCOMEE | CC VALVETE O N
409/R6~023 07/10/86 UMCOMPLICATED LOOP  LACROSSE EE CXTBRX 6 0 M
269/86-011 10/01/86 ECCM (S UNAVAILABLE OCOMEE |  wh PUWPII E T N
209/86-011 10/01/86 ECOW 15 UMAVAILABL® OCONEE 2 WA PURPII E T N
269/84~011 10701/86 ECCN 18 UMAVAILABLE OCOMEE ) WA PURPITI E T &
281/86-010 07/11/84 WHIS 1S UNAVAILABLE SURRY 2  SF PURPII E T ¥
293/84-027 11/19/86 UNCONPLICATED LOOP PILBRIN | CE ELECON E O N
209/86-013 08/27/86 WPCI, (S8 & D6 UNAVL DRESDEN I G5F VALVOP E T N
280/86-029 09/29/86 WH1S I8 UMAVAILABLE SURRY | BF PUWPII E O N
389/86-011 07/09/86 EPS UNAVAILABILITY  ST.LUCIE 2 EE EVBINE E T N
200/86-031 10/30/86 WHIS 1S UNAVAILABLE BURRY |  SF PUNPII E R ¥
362/86-011 08/04/86 SWS/CCWE UMAVAILABLE SANONOFREY WA WTFICH E O N
341/86-048 12/24/8h RCIC/MPC) UNAVALL  FERm] 2 OF MECFUNC T N
301/86-004 09/28/86 MSIVS FAIL TO CLOSE PT.BEACH 2 CD VALVEI 6 D W
282/86-011 12/27/86 EPS UNAVAILABILITY  PRAIRIEIS) EE EMGIME € 7
82/86-011 12/27/86 EPS UNAVAILABILITY  PRAIRIEIS? EE ENGINE £ )
370/86-006 03/29/86 MULTIPLE WHIS TRAINS WCBUIRE 2 EE ENGINE ¥ T
282/86-006 05/08/86 EPS UNAVAILABILITY  PRAIRIEIS) EE EWBINE £ 1
782/86-006 0%/08/86 EPS UNAVAILABILITY PRAIRIEISD EE EMGINE € 1
A58/86-047 07/31/86 WULTIPLE TRAINS FAIL RIVERBEND] EE ENGINE £ O
250/86-036 11/06/86 UNAVAILABILITY EPS  TKY.POINT) EE INSTRU £ 1
290/86-036 11/06/86 UNAVAILABILITY EPS  TKY,POINTA EE INSTRU E 1
366/86-035 11/13/86 LPCS 16 UNAVAILABLE WATCH 2 SF VAVOP B T
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CPL 09/20/70 LOOP

{145 P W DPC DPC 01/07/83 LOCA

FPL 10/20/72 TRIP
CEC 05/22/73 TRIP
BE 11/30/76 TRIP

1145 P W DPC DPC 05/08/86 WSLD

CEC 05/22/73 WSLD
PEC 09/14/73 TRIP
BSU 10/31/85 LOOP
FPL 10/20/72 UnanL
OPF 08/06/73 TRIP
DPC 04/19/73 TRIP
PPL 07/11/67 LOOP
DPC 04/ (%773 UmavL
PC 11/11/73 L
DPC 09/0%5/74 UNAVL
VEP 03/07/73 UNAVL
BEC 04/16/72 LOOF
CHE 01731771 vt
VEP 07/01/72 UMAL
FPL 04/02/83 UnAL
VEP 07/01/72 UNAWL
SCE 08/29/83 UNavL
DEC 06/21/8% UNaWL
P 05/30/72 mSLD
NSP 12/01/73 UMawnL
NSP 12/17/74 UmavL

1180 P W DPC DPC 05/08/87 UNAVL

NSP 12/01/73 UnavL
NSP 12/17/74 UNAVL
65U 10/31/89 UnawL
FEL 10720772 UNAWL
FPL 06/11/73 UMAVL
BPL 07/04/78 UNAVL



Table 3.7.

Precursors for 1986 ranked by order of magnitude

Events ranked

Conditional Events ranked by
probability probability of ofbi05§°3§§§§l‘§nd
range core damage core vulnerability
107} to 1 None None
10-2 to 10~! None None

103 to 10-2

10°% to 10°3

105 to 1074
10°% to 105
<10~6

Small LICA from letdown-
line ripture at Catawba |
(413/86-031)

Reactor trip with stuck-
open PORV at Turkey
Point 3 (250/86-039)

LOOP with one DG out
of service at Robinson 2
(261/86-005)

Reactor trip, LOFW, and
and failure of two AFW
trains at Indian Point 2
(247/86-035)

Inadvartent opening of
SG PORVs during a test,
followed by uncontrolled
letdown, failure to
provide HPI, and failure
of one MFW pump at
Catawbs 2 (414/86-028)

Steam dump valves inad-
vertently open, and one
safeguards train fails to
actuate at Indian Point 2
(247/86-017)

8 events
S5 events

15 events

Small LOCA from letdown-=
line rupture at
Catawba 1 (413/76-031)

Reactor trip with stuck=-
open PORV at Turkey
Point 3 (250/86~039)

LOOP with one DG out of
service at Robinson 2
(261/86-005)

Reactor trip, LOFW, and
failure of two AFW
trains at Indian Point 2
(247/86-035)

Inadvertent opening of

SG PORVs during a test,
followed by uncontrolled
letdown, failure to
provide HPI, and failure
of one MFW pump at
Catawba 2 (414/86-028)

Steam dump valves inad-
vertently open, and one
safeguards train fails
to actuate at Indian
Point 2 (247/86-017)

Reactor trip and one
atmospheric steam dump
valve stuck open at
Calvert Cliffs 2 (318/
86-006)

10 events
5 events

12 events
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4. RESULTS

This chapter describes results of the 1986 effort plus a prelimi~-
nary qualitative assessment of differences in more serious precursors in
1969—1981 and 1984—1936, The body of the report and the precursor
documentation in Appendix D contain additional insights and findings and
serve to place the following comments in perspective.

4.1 Important 1986 Precursors

The following 1986 precursors were ranked high by the ranking
me:hod described in Chap 3. These events primarily involve stuck-open
secondary-side valves, reactor trip with failure of mitigating systems,
LOOP, as well as a small LOCA from a letdown line rupture.

At Catawba 1 [licensee event report (LER) 413/86-031] a small LOCA
occurred, initiated by a loss of control power to the letdown orifice
valve, which caused the valve to fail open. Following the flow surge, a
line rupture occurred downstream of the failed valve's flange. Letdown
isolation valves were subsequently closed to contain the LOCA.

At Turkey Point 3 (LER 250/86-039), following a loss of turbine
governor oil pressure and subsequent rapid load decrease, the unit was
tripped. During the transient, a primary-side PORV opened but failed to
close fully. The operators closed the PORV block valve, and the unit
was stabilized.

A LOOP occurred at Robinson 2 (LER 261/66-005) following a
transient when a west bus lockout occurred in ths 115-kV switchyard.
The B c¢mergency diesel generator (DG) was out of service at the time.
DG B was subsequently started manually and loaded to restore power to
its emergency bus.

At Indian Poiut 2 (LER 247/86-035) an inadvertent reactor trip from
100% power occurred, and in the ensuing transient AFW was lemanded to
recover dropping steam generator (SG) levels., However, one motor-driven
AFW pump tripped aund the turbine-driven AFW pump failed when the stea
supply line became overpressurized, resulting in a relief val e 1ift.
SG leve'ls were maintained by the remaining AFW pump.

At Catawb. 2 (LER 414/86-028) all four atmospheric dump valves in-
advertently opened during a test for loss of control room function. A
transient ensued with SG depressurization, and a main feedwater pump
tripped on low suction pressure. Loss of letdown-flow control occurred
and high-pressure-injection (HPI) flow from the charging pumps was
demanded. Because of the test configuration and valve labeling errors,
HPI flow requirements were not met., The test was terminated, allowing
HPI to actuate,

At Indian Point 2 (LER 247/86-017) all 12 condenser steam dump
valves inadvertently opened, resulting in a transient and safety injec-
tion (SI) actuation. SI train B failed to actuate, but train A actu-
ation closed the main steam isolation valves (MSIVs), ending the high-
steam-flow condition.

45







BWR plants currently contribute a greater number of orecursors with
conditional~-core-damage probability of >10™ than would be expected if
the likelihood of such events was proportional to the number of BWR and
PWR reactor years in the observation period. Of such events in 1984~
1986, 56X occurred at BWRs; yet these plants make up ~37% of the reactor
population,

4.3 Initiating-Event Frequencies and
System-Failure Probabilities

In Accident Sequence Precursor Program efforts concerning 1969—
1981 operational events, initiating-event frequencies and branch-failure
probabilities used in the quantitative precursor assessments were devel-
oped from the precursors themselves when at all possible. This develop-
ment used the effective number of nonrecoverable 2=vents seen in the
observation period, combined with appropriate demand assumptions, to
estimate branch probabilities used in calculating sequence frequencies.

For 1984—1985 because of 1increased model specificity and the
limited observation perfod, initiating-event frequencies and branch-
failure probabilities were developed in most cases from train-based
system models. Probabilities used to quantify the system models were
based on data developed from 1969—1981 avents, if applicable, or from
typically assumed train-failure probabilities. Most system=-failure
probabilities employed in the calculation were developed by first
estimating train and serial component (such as a tank) failure proba~-
bilities and then using these to estimate the failure probability of the
entire system. Such an approach resulted in system-failure probability
estimates that reflected the degree of redundancy actually available and
permitted easy revision of these probabilities based on train failures
and unavailabilities observed during an operational event. However, the
probabilities used in the calculations did not reflect later precursor
information.

The precursors identified in 1984—~1986 were used to develop branch
probabilities for 1986 precursor conditional=-probability estimates., The
specific events utilized in this developmeat, the nonrecovery likeli-
hoods assigned to each event, and the demand assumptions utilized for
each estimate are listed in Appendix C.

Table 4.1 identifies the number of nonrecoverable events expected
in 1584—1986 based on frequency and probability values used in the
1969—1979 and 1980—1981 efforts. The values listed are the number of
nonrecoverable events. Figures 4.1 and 4.2 show these values for B3WRs
and PWRs separately and include 90% confidence bounds on the observed
number of events, (Confidence bounds were estimated by assuming the
failures could be described using a Poisson process and by interpolating
between Poisson 90% bounds integer values.)

Although the confidence bounds associated with the small number of
events in each category are large (in fact in every instance any reason-
able confidence bound on the observed number of events in 1984~1986
overlaps the expected number of events), the number of categories with
fewer event: than expected can be used to draw conclusions concerning a












Table 4.2, Comparison of average initiating-event frequ:ncy,
system-failure probability, and nonrecovery likelihcod point
estimates for 1969-1979, 1980—1981, and 1984—1986

Average initiamting event frequency

Initiating :zz;sz%;;;: frequency/system failure probability
event/branch (19691981, - .
1984—1986) 1969—-1979 L980—1981 1984—1986

LOOP 3.1 x 107 1,9 x 102 1,6 x 10~2
Small LOCA 8.3 x 10* 1.4 x 1072 6,4 x 10-3
Auxiliary feedwater 3.9 x 10=% 1.8 x 10=3 9.9 x 10~°
High-pressure 8.1 x 10°* 3,5 x 10" 5,1 % 10
injection
Long=term core 10~% lO‘“b 10=4b
cooling
Emergency power x 10~ x lO'“b 5.0 10~
SG 1solation x 10-3 x 103 5,3 x 107
LOOP x 102 x 1073 3,3 x 102
Small LOCA 2.1 x 102 x 107%¢ 1,0 x 10~2
HPCI/RCIC 3.8 x 103 x 103 8,4 x 10
RV isolation 3.3 x 1073 x 1032 1,7 x 103
Long-term core 1.1 x 1044 x 107 7.4 x 10
cooling
Emergency power 4,5 x 10~3 x 10 8,9 x 10-5%
Automatic depres— 1.4 x 10™2 103 2.6 x 10°3b
surization system

Aith nonrecovery numeric values consistent with those used in the

assessment of 1984—1986 events (see Table 3.1).

bNo events were observed in the time period.
developed based on assumption of 0.33 event in observation period X
average nonrecovery likelihood.

The estimate was

®Three small LOCA-related events were observed at Pilgrim during
this period. Two of these three events have been assumed to be specific

to that plant.

dValue assumed in NUREG/CR-2497 (Ref. l). Based on zero observa-
tions in the observation period (see note o), a value of 9.2 x 10~ {s

estimated.



other periods. Two reactor trips were identified in 1984—1986 in which
malfunction of the component cooling water system resulted in the need
to repair RCP seals:

Plant LER Plant
Calvert Cliffs 2 318/85-001 Degradation in RCP seals due to CCW
pressure fluctuations
St. Lucie 2 389/84-016 Loss of bus B following trip and

subsequent unavailability of non-
safety-related B loads, resulting in
seal degradation of the reactor
coolant pump

In both cases safety-related cooling water was maintained.

4,5 Qualitative Comparison of 1984—1986
and Earlier Precursors

The more significant precursors identified in 1969—198] and 1984~
1986 were reviewed to develop a preliminary, jqualitative uncerstanding
of differences in the types of events obser'ed in the tw periods.
Events chosen for this review were primarily those with conditional
core-damage probabilities of >1073, However, because the number of such
events in 1984—1986 is very small, events with conditional probabili-
ties of >10”“ were also utilized to some extent. Although the event
sequence models and pro.ability values used in the assessment of 1969—
1981 precursors are so.ewhat different from those used in later
analyecs, this is not expected to subscantially bias the results of the
review,

Events that occurred in 1969—198]1 and were assessed at >10~3 were
used to define a limited number of event classifications: transients
driven by electrical and instrumentation interactions, precursors in-
volving AFW or HPCI/RCIC inoperability, events related to small-break
LOCAs, and miscellaneous events. Precursors identified in 1984—1986
were then reviewed against these categories to determine changes in the
number and noture of events currently being observed.

Transients driven by electwical and instrumentation interactions,
Eight events with conditional probabilities of >10-3 vere identified in
1969—1981, including the Rancho Seco nonnuclear instrumentation bus
failure (March 20, 1978), loss of power to safety-related buses at
Millstone 2 resulting from incorrect undervoltage set points (July 20,
1976), the loss of a dc bus at Millstone 2 (January 2, 1981), the
Crystal River 3 nonnuclear instrumentation bus failure (February 26,
1980), and the installation of dummy instrument signals at Zion 2 and
subsequent draining of the pressurizer (July 12, 1977). In many of
these events, the observed pla.~ response was not anticipated by the
operators (although a detailed analysis could have predicted it), and
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restoration of stable plant conditions was haphazard. No events of this
type with conditional probabilities of >l were observed in 1984—
1986,

Precureore involving APW or HPCI/RCIC inoperability. Six events
involving AFW system inoperability and two events with combined HPCI/
RCIC inoperability with conditional probabilities of >10~® were observed
in 1969-1981. included in this set is the Three Mile Island Muclear
Station Unit 2 (TMI-2) accident and two events involving clogged AFW
pump suction strainers, For 1984—1986 only one event of >10™° was
associated with AFW system failure (Davis-Besse, June 9, 1985)., AFW-
related events with probabilities of >l10™ were also observed in
1984—1986, but to a lesser e..ent than in 1969—1981, One HPCI/RCIC
unavailability with conditional probability of >10~? was observed in
1984—1986, and it is described below.

Small-break LOCA-related events. In addition to the ™I accidentj
two additional LOCA-related events with conditional probabilities >10~
were observed in 1969—1981: the stuck-open PORV at Davis-Besse
(September 24, 1977) and a stuck-open safety valve with RCIC inoperable
and residual heat removal (RHR) degraded at Brunswick (April 29,
1975)., For 1984—1986, three LOCA-related events were also observed, an
open relief valve (caused by water dripping from a heating, ventilation,
and air-conditiong duct onte control :isom instrumentation) with both
RCIC and HPCI unavailable at Hatch 1 (May 15, 1985), a LOCA associated
with a letdown line dra.n valve at Catawba | (June 13, 1986), and a
stuck-open PORV at Turkey Point 3 (December 27, 1986), (Note: High
conditional probabilities for the latter two events may be driven by the
particular model used in the event assessments and may be overly
conservative,)

Migcellaneous event:. Events placed in this category for 1969—
1981 include the Browns Ferry fire (March 22, 1975), unavailability of
both RHR he:t exchangers at Brunswick | due to oyster-shell plugging
(April 19, 1981), an LOFW and subsequent low reactor vessel level due to
incorrectly closed recirculation valves at Oyster Creek (May 2, 1979),
and the top-head steam bulble incident during natural circulation cool-
down at St. Lucie 1 (June 25, 1980). In both the Oyster Creek and St.
Lucie 1 events, a misuncerstanding of expected plant response was
exhibited. For 1984—1986 only one event was considered applicable:
the LOFW combined with the poten:iial for RCIC and shutdown cooling fail-
ure within 15 d at LaSalle (September 21, 1984),

As a result of this review, it appears that the more serious cur~-
rent events being idcntified in the Accident Sequence Precursor Program
are more consistent with events typically modeled in PRAs than was the
case in 1969—1981. (This is not totally the case; the open relief
valve at Hatch 1 caused by water dripping onto control room instrumenta-
tion and control equipment raises the potential for complicated system
interactions only marginally addressed in contemporary PRAs,) Compli~-
cated events involving electric power and instrumentation interactions
were not seen in 1984—1986 nearly to the extent that they were seen in
1969—1981. Auxiliary feedwater and HPCI/RCIC system performance both
appear {mproved compared with 1969=1981 and, {n fact, exhibit failure
probabilities consistent with PRA models.
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GLOSSARY

Aceident. An unexpected event (frequently caused by an equipment fail-
ure or some misoperation as the result of human error) that hac ude-
sirable consequences.

Accident sequence precursor. A historically observed element in a pos-
tulated sequence of events leading to some undesirable consequence.
For purposes of the ASP Study, the undesirable consequence is usually
potential severe core damage. The identification of an operational
event as an acclident sequence precursor does not of itself imply that
a significant potential for severe core damage existed. It does mean
the* at least one of a series of protective features designed to pre-
veni - ore damage was compromised. The likelihood of potential severe
core damage, given an accident sequence precursor occurred, dipends
on the effectiveness of the remaining protective features and, :n the
case of precursors that do not include initiating events, the chance
of such an initiator.

Availability. The characteristic of an item expressed by the proba-
bility that it will be operational on demand or at a randomly
selected future instant in time.

Common-cauge failuree., Multiple failures attributable to a common
cause,

Common-mode failure. Multiple, concurrent, and dependent failures of
identical equipment that fails in the same mode.

Components, Items from which equipment trains and/or systems are
assembled (e.g., pumps, pipes, valves, and vessels).

Conditional probability. The probability of an outcome given certain
conditions.

Consequently degraded eyetem. A system was considered consequently de-
graded if a component fallure external to the system resulted in loss
of system redundancy (e.g., if an AFW train was rendered unavailable
during a pctential LOOP because of a DG failure).

Consequently ;ai.ed eyetem. A system was considered consequently failed
if it failed because cf (1) the failure of another system or (2) an
internal fault that would have rendered it degraded plus an external
fault that eliminated the remaining operability, [An example of the
second case is a failed HPI system during a postulated LOOP due to
the unavailability of one of two HPl pumps plus the unavailability of
the DG that would provide power to the operable HPI pump.]

Core damage. See gevere core damage.
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Core-melt accident., An event in a nuclear power plant in which core
cooling is insufficient to prevent the core from heating up to a tem-
perature at which core materials melt,

Coupled failure. A common-cause or common-mode failure of more than one
plece of equipment. See common-cause failures and common-mode
fa‘izu”@o

Degraded syetem, A system with failed components that still meets mini~-
mum operability requirements.

Demand, A test or an operating condition that requires the availability
of a component or a systems In this study, it includes actuations
required during testing and because of the initiating events that
were accounted for. One demand consisted of the actuation of all re-
dundant components in a system, even if these were actuated sequen-
tially (as is typical in testing multiple-~train systems).

Demand failure, A failure following a demand. A demand failure may be
caused by a failure to actuate when required or a failure to run fol-
lowing actuation.

Dependent failure. A failure in which the likelihood of failure is in-
fluenced by the failure of other items. Common-cause failures and
common-mode failures are two types of dependent failures.

Dominant sequence. The sequence in a set of sequences that has highest
probability of leading to a common end state.

Pmergency-core-cooling system. Systems that provide for removal of heat
from a reactor following either a loss of normal heat removal capa-
bility or a LOCA.

Engineered eafety featuree. Equipment and/or systems (other than
reactor trip or those used only for normal operation) designed to
prevent, limit, or mitigate the release of radioactive material.

Event. An abnormal occurrence that {s typically in violation of a
plant's Technical Specifications. See occurrence.

Event gequence. A particular path on an event tree.

Evernt tree., A 'cgic model that represents existing dependencies and
combinatiuns of actions required to achieve defined end states fol-
lowing an initiating event.

Pailure. The inability to perform a required function. In this study,
a failure was considered to have occurred if some component or system
performed at a level below its required minimum performance level
without human {utervention. The likelihood of recovery was accounted
for through the use of recovery factors. See recovery factor,
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Pailure probability. The long-term frequency of occurrence of failures
of a component, system, or combination of systems to operate at a
specified performance level when required. In this study, failure
includes both failure to start and failure to operate once started.

Failure mate. The expected number of failures of a given type, per
item, in a given time interval (e.g., capacitor short-circuit fail-
ures per million capacitor hours).

Pront-line eystem. A system that directly provides a mitigative func-
tion included on the event trees used to model sequences to an un=-
desired end state, in contrast to a support system, which is required
for operability of oth r systems.

Immedictely detectable. A failure is considered to be immediately de-
tectable if it results in a plant response that 1is apparent at the
time of the failure.

Independent., Two or more entities are said to be independent if they do
not exhibit a common failure mode for a particular type of event.

Initial eriticality. The date on which a plant goes critical for the
first time in first-cycle operation.

Initiating event. An event that starts a transient response in the
operating plant systems. In the ASP study, the concern i{s only with
those initiating events that could lead to potential severe core
damage.

Licensee Event Reports. Those reports submitted to NRC by utilities who
operate nuclear plants as required by 10 CFR 50 and NUREG=0161, LERs
describe abnormal operating occurrences at plants where, generally,
the Technical Specifications have been violated.

Multiple failure events, Events in which more than one failure oc-
curs. These may involve independent or dependent failures.

Opemational event. An event that occurs in a plant and generally con-
stitutes a renortable occurrence under NUREG-=1022 as an LER,

Postulated event. An event that may happen at some time in the course
of plant life.

Potential severe core damage. A plant operating condition 1in which,
following an initiating event, one or more protective functions fail
to meet minimum operability requirements over a period sufficiently
long that core damage could occur. This condition has been called in
other studies "core melt,"” "core damage,” and "severe core damage,”
even though actual core damage may not result unless further degrada-
tion of mitigation functions occurs.
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Precursor., See accident sequence precurgor.

Reactor years. The accumulated total number of years of reactor oper-
ation. For the ASP Study, operating time starts when a reactor goes
critical, ends when it 1is permanently shut down, and includes all
intervening outages and plant shutdowns.

Recovery factor (recovery clase). A measure of the likelihood of not
recovering a failure. Failures were assigned toc a particular re-
covery class based on an assessment of likelihood that recovery would
not be effected, given event specifics. Considered in the likelihood
of recovery was whether such recovery would be required in a
moderate- to high-stress situation fullowing a postulated initiating
event.

Redundant equipment or system. A system or some equipment that dupli-
cates the essential function of another system or other equipment to
the extent that either may perform the required function regardless
of the state of operation or failure of the other,

Reliability. The characteristic of an item expressed by the probability
that it will perform a required function under stated conditions for

a stated period of time.

Risk., A measure of the frequency and severity of undesired effects.

Seneitivity analyeie. An analysis that determines the variation of a
given function caused by changes in one or more parameters about a
selected reference value,

Severe core damage. The result of an event in which inadequate core
cooling was provided, resulting in damage to the reactor core. See
potential severe core damage.

Technical Speeifications. A set of safety-related limits on process
variables, control system settings, safety system settings, and the
performance levels of equipment that are included as conditions of an

operating license.

Unavailability., The probability that an {tem or system will not be
operational at a future instant in time, Unavailability may be a re-
sult of the item being tested or may occur as a result of malfunc-
tions. Unavailability is the complement of availability.

Uncertainty analyeis. Analysis that , ‘ovides a measure of the overall
uncertainty in a result because of known uncertainties that influence

the overall result.

Unit, A nuclear steam supply, its associated TG, auxiliaries, and ESFs,
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Table A2 (
Plant Ustube - z :

$C OTSC AFVS ICE COND ACC U'M! CS CSR CS/CHR CSR/CHR CS/LPR CVCS CARC HP/H
Point Beach 1, 2 X X X ¥ ¥
Turkey Point 3, & X X X ¥ X X
.......................... B el B A ad b eala e wia T B P SRS
Catawadba !, 2 ¥ X X X X X X X
Cook ‘, 2 L X X X ¥ ¥ X X
MeCuire 1, < X ¥ X X ¥ X X X
Sequovah |, 2 X X X X X X X X
...... TS S AR SRR S I S T e S AL . L R LT T L R N
Arkansas Nuclear One, I X X X X X X X
Calvert Cliffs 1, 2 X X X X X X X
Fort Calhoun X X X X X X X X
1illstone 2 X X X ¥ X < ¥ X
Palisades X 5\ X X X X X ¥
Palo Verde !, 2 X X X X X X X X
St. lucle 1, 2 X X X X X X X X
San Onof-e 2, 3 X X X X X X X X
e T R T e T R R R e e e e e e e e R e E E P ..o 8 o4
Haddam Neck X X X X
Indian Point 2, 3 X X X X X X X
San Onofre | X X X X
Yankee Rowe X ¢ X X X







iable A.3. Generic plant data as of September 30, 1986,
sorted by plant name

PLANT 18 ARKANSAS UNIT 1

DOCKET 18 313

REACIOR TYPE IS8 PWR

REACTUR LLASS I8 D

DESIGN ELECIRICAL RATING IS BS0 MWE

CORE THERMAL POWER IS 2568 MWT

PLANT VENDOR 18 BABCOCK AND WILCOX

ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS ARKANSAS POWER 6 LIGHT COMPANY
CONTAINMENT TYPE IS 3

PLANT LOCATION 15 6 MILES WNW of RUSSELLVILLE, AR
INITIAL CRITICALITY DATE I8 AUGUST 6, 1974
COMMERCIAL OPFRATING DATE IS5 DECEMBER 19, 1974
NRC REGION IS5 &

FLANT 15 ARKANSAS UNIT 2

DOCKET 15 368

REACTOR TYPE 15 PWR

REACTOR CLASS IS8 G

DESIGN ELECTRICAL RATING 16 912 MWE

CORE THERMAL POWER IS 2815 MWT

PLANT VENDOR 18 COMBUSTION ENGINEERING

ARCHITECT / ENGINEER I8 BECHTEL CORPORATION
PLANT OPERATOR IS ARKANSAS POWER & LIGHT COMPANY
CONTAINMENT TYPE 1S 3

FLANT LOCATION 185 & MILES WNW of RUSSELLVILLE, AW
INITIAL CRITICALITY ODATE IS DECEMBER S, 19786
COMMERCIAL OFER&T N HATE 1S MAKCH 25, 1680

NRC REGION IS 4

PLANT 18 BEAVER vALLE UNJ T

DOCKET 18 334

REACTUN TYPE Is W

REACTOR CLASS 1S A

DESIGN ELECTRICAL RATING 15 835 MwE

CORE THERMAL POWER IS 2652 mwT

PLANT VENDOR 18 WEETINGHOUBE ELECTRIC CORPORATION
ARCHITECT / ENGINEER I8 STONE AND WEBSTER

PLANT QOPERATOR IS5 DUQUESNE LIGHT COMPANY
CONTAINMENT TYPE I8 3

PLANT LOCATION IS 30 MILES NW of PITTSBURGH, PA
INITIAL CRITICALITY DATE IS MAY 10, 1976
COMMERCIAL OFERATING DAYE 1S OCTOBER 1, 1976
NRC REGION IS5 1
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Table A.3 (continued)

PLANT I6 BEAVER VALLEY UNIT 2

DOCKET 18 412

REACTOR TYPE IS PWR

REACTOR CLASS 186 A

DESIGN ELECTRICAL RATING IS 833 NMWE

CORE THERMAL POWER IS 2660 MWT

PLANT VENDOR 16 WESTINGHOUSE ELLL AT, CORPORATION
ARCHITECT / ENGINEER 16 STONE AND WEBSTER

PLANT OPERATOR 186 DUQUESNE LIGHT COMPANY
CONTAINMENT TYPE IE 3C

PLANT LOCATION IS 5 MILES E of E. LIVERPOOL, OH, PA
INITIAL CRITICALITY DATE IS ## UNKNOWN #%
COMMERCIAL OPERATING DATE IS #% UNKNOWN ##

NARC REGION IS 1

PLANT 16 BIG ROCK POINT

DOCKET IS8 188

REACTOR TYPE 18 BWR

REACTOR CLABS IS A

DESIGN ELECTRICAL RATING 16 72 MWE

CORE THERMAL POWER IS 240 MwT

PLANT VENDOR 16 GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IE& CONSUMERS POWER COMPANY
CONTAINMENT TYPE IS 1

PLANT LOCATION I6 4 MILES NE of CHARLEVOIZ, MI
INITIAL CRITICALITY DATE IS SEPTEMBER 27, 1962
COMMERCIAL OPERATING DATE 18 MARCH 29, 13963
NRC REGION IS 3

PLANT 16 BRAIDWOGO UNIT 1

DOCKET I8 456

REACTOR T1YPE 16 PWR

REACTOR CLASS 1S B

DESIGN ELECTRICAL RATING IS 1120 Mwe

CORE THERMAL POWER IS8 3425 NNWT

PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT QOPERATOR 1S COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPeE I8 3C

PLANT LOCATION 16 £4 MILES S6W of JOLIET, IL
INITIAL CRITICALITY DATE 16 ## UNKNOWN ##
COMMERCIAL OPERATING DATE 16 #% UNKNOWN ##
NRC AEGION I8 3
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Table A.3 (continued)

PLANT IS BAAIOWOOD INIT 2

DOCKET 185 457

REACTOR TYPE IS PWR

REACTOR CLABS I8 B

DESIGN ELECTRICAL RATING IS 1120 MWE

CORE THERMAL POWER IS 3425 MwT

PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER 1S5 BARGENT AND LUNDY
PLANT OPERATOR I8 COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPL IS 3C

PLANT LOCATION IS 24 MILES SSW of JOLIET, IL
INITIAL CRITICALITY DATE 16 ##% UNKNOWN #=
COMMERCIAL OPERATING DATE IS ## UNKNOWN ##
NRC REGION IS 3

PLANT IS BROWNS FERRY UNIT 1

DOCKET 18 289

REACTOR TYPE IS5 BWR

REACTOR CLASS IS5 C

DESIGN ELECTRICAL RATING IS 1065 MWE

CORE THERMAL POWER 15 3293 WMWT

PLANT VENDOR I8 GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER 186 TENNESSEE VALLEY AUTHORITY
PLANT OPERATOR 18 TENNESSEE VALLEY AUTHORITY
CONTAINMENT TYPE I8 4A

PLANT LOCATICON IS 10 MILES Nw of DECATUR, AL
INITIAL CRITICALITY DATE IS AUGUST 17, 1973
COMMERCIAL OPERATING DATE IS AUGUST 1, 1974
NRC REGION I8 2

PLANT I8 BROWNS FERRY UNIT 2

DOCKET 18 260

REACTOR TYPE IS BWAR

HEACTOR CLASS IS C

DESIGN ELECTRICAL RATING IS 1065 MWE

CORE THERMAL PCWER 186 3293 MW7

PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IB TENNESSBEE VALLEY AUTHORITY
PLANT OFERATOR I8 TENNEGSEE VALLEY AUTHORITY
CONTAINMENT TYPE IS 4A

PLANT LOCATION I8 10 MILES NW of DECATUR, AL
INITIAL CRITICALITY DATE I§ JULY 20, 1974
COMMERCIAL OPERATING DATZ IS MARCH 1, 1978
NRC REGION 18 2
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Table A.3 (continued)

PLANT IS BROWNS FERRY UNIT 3

DOCKET IS 296

REACTOR TYPE IS BWR

REACTOR CLASS I8 C

DESIGN ELECTRICAL RATING IE 1065 MWE

CORE THERMAL POWER IS 3293 MWT

PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECY / ENGINEER IS TENNESSEE VALLEY AUTHORITY
PLANT OPERATOR IS TENNESSBEE VALLEY AUTHORITY
CONTAINMENT TYPE 16 4A

PLANT LOCATION IS 10 MILES NW of DECATUR, AL
INITIAL CRITICALITY DATE IS AUGUST B8, 1976
COMMERCIAL OPERATING DATE IS MARCH 1, 1977
NRC REGION 18 2

PLANT IS BRUNSWICK UNIT 1

DOCKET I8 325

REACTOR TYRE IS BWR

REACTOR CLASS I8 C

DESIGN ELECTRICAL RATING IS 821 MWE

CORE THERMAL POWER IS 2436 MwT

PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER I8 UNITED ENGINEERS AND CONTRACTORS
FLANT OPERATOR IS CAROLINA POWER & LIGHT COMPANY
CONTAINMENT TYPE IS SA

PLANT LOCATION IS 3 MILES N of SOUTHPORT, NC
INITIAL CRITICALITY DATE 16 OCTOBER B, 1976
COMMERCIAL OPERATING DATE IS MARCH 18, 1977

NRC REGION I& 2

PLANT 16 BRUNSWICK UNIT 2

DOCKET I8 324

REACTOR TYPE 1S BWR

REACTOR CLASE I8 C

DESIGN ELECTRICAL RATING 16 821 MWE

CORE THERMAL POWER 15 2436 MWT

PLANT VENDOR IS5 GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER 1S UNITED ENGINEERS AND CONTRACTORS
PLANT OPERATOR IS CAROLINA POWER 5 LIGHT COMPANY
CONTAINMENT TYPE 16 SA

PLANT LOCATION IS 3 MILES N of BOUTHPORT, NC
INITIAL CRITICALITY DATE 16 MARCH 20, 1978
COMMERCIAL OPERATING DATE IS NOVEMFER 3, 1975
NRC REGION I8 2
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Table A.3 (continued)

PLANT IS BYRON UNIT 1
DOCKET 18 454

REACTOR TYPE IS5 PWR

REACTOR CLASS 16 B

DESIGN ELECTRICAL RATING IS 1120 MWE

CORE THERMAL POWER IG5 3411 MWT

PLANT VENDQOR 16 WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS5 SARGENT AND LUNDY

PLANT OPERATOR IS8 COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE I8 3

PLANT LOCATION IS 17 MILES SW of ROCKFORD, IL
INITIAL CRITICALITY DATE 18 FEBRUARY 2, 1885
COMMERCIAL OFERATING DATE IS SEPTEMBER 16, 1985
NRC REGION 18 3

PLANT IS8 BYRON UNIT 2

DOCKET I8 455

REACTOR TYPE 16 PWR

REACTOR CLABE 16 B

DESIGN ELECTRICAL RATING IS 1120 MwE

CORE THERMAL POWER I6 3425 MwT

PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT OPERATOR IS COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE I8 3

PLANT LOCATION IS 17 MILES SW of ROCKFORD, IL
INITIAL CRITICALITY DATE IS ##% UNKNOWN ##
COMMERCIAL OPERATING DATE IS ## UNKNOWN #%
NRC REGION I8 3

PLANT I8 CALLAWAY UNIT 1

DJOCKET IS 483

REACTOR TYPE IS PWR

REACTOR CLASS 156 B

DESIGN ELECTRICAL RATING I8 1171 MWE

CORE THERMAL POWER IS 3411 MWT

PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER 18 BECHTEL CORPORATION
PLANT OPERATOR IS UNION ELECTRIC COMPANY
CONTAINMENT TYPE I8 3

PLANT LOCATION IS 10 MILES SE of FULTON, MO
INITIAL CRITICALITY DATE IS OCTOBER 2, 1984
COMMERCIAL OPERATING OATE 18 DECEMBER 19, 1984
NRC REGION IS 3
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Table A.3 (continued)

PLANT 1I& CALLAWAY UNIT 2

DOCKET I3 486

REACTUOR TYPE 18 PWR

REACTOR CLASS 16 B

DESIGN ELECTRICAL RATING IS 1120 MWE

CORE THERMAL POWER IE 3411 MWT

PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS5 UNION ELECTRIC COMPANY
CONTAINMENT TYPE 1B 3

PLANT LOCATION I8 35 MILES WNW of COLUMBIA, MO
INITIAL CRITICALITY DATE I6 *# UNKNOWN ##*
COMMERCIAL OPERATING DATE I8 *# UNKNOWN ##

NRC REGION IS 3

PLANT IS8 CALVERT CLIFFS UNIT 1

DOCKET 18 317

REACTOR TYPE I8 PWR

REACTOR CLASS 16 G

DESIGN ELECTRICAL RATING IS 845 MWE

CORE THE-MAL POWER 1S5 2700 MwT

PLANT VENDOR IS5 COMBUBTION ENGINEERING
ARCHITECT / ENGINEER 16 BECHTEL CORPORATION
PLANT OPERATOR 16 BALTIMORE GAS & ELECTRIC
CONTAINMENT TYPE I8 3

PLANT LOCATION IS 40 MILEEC § of ANNAPOLIS, MO
INITIAL CRITICALITY DATE 16 OCTOBER 7, 1974
COMMERCIAL OPERATING DATE IS MAY 8, 1978
NAC REGION I8 1

PLANT I8 CALVERT CLIFFS UNIT 2

DOCKET IS 318

REACTOR TYPE 18 PWAR

REACTOR CLASSE 18 G

DESIGN ELECTRICAL RATING I& 845 MWE

CORE THERMAL POWER IS5 2700 MwT

PLANT VENDOR IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER 1S BECHTEL CORPORATION
PLANT OPERATOR 16 BALTIMORL GAS & ELECTRIC
CONTAINMENT TYPE 16 3

PLANT ILOCATION IS 40 MILEE & of ANNAPOLIS, ™MD
INITIAL CRITICALITY DATE i6 NOVEMBER 30, 1976
COMMERCIAL OPERATING DATE IS APRIL 1, 1977
NRC REGION 18 1
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Table A.3 (continued)

PLANT I8 CATAWBA UNIT 1

DOCKET IS 413

REACTOR TYPE IS PWR

REACTOR CLABS IS F

DESIGN ELECTRICAL RATING IS 1145 MWE

CORE THERMAL POWER IS5 3411 MWT

PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER 15 DUKE POWER COMPANY
PLANT OPERATOR I8 DUKE POWER COMPANY
CONTAINMENT TYPE IS 3C

PLANT LOCATION IS 6 MILES NNW of ROCK HILL, SC
INITIAL CRITICALITY DATE I8 JANUARY 7, 1985
COMMERCIAL OPZRATING DATE IS JUNE 29, 1985

NRC REGION I8 2

PLANT 18 CATAWBA UNIT 2

DOCKET I8 414

REACTOR TYPE IS PWR

REACTOR CLABSB I8 F

DESIGN ELECTRICAL RATING IS 1145 MWE

CORE THERMAL POWER .5 3411 MWT

PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS DUKE POWER COMPANY
PLANT OFERATOR 1S DUKE FOWER COMPANY
CONTAINMENT TYPE IS5 3C

PLANT LOCATION IS 6 MILES NNW of ROCK MILL, SC
INITIAL CRITICALITY DATE 18 MAY 8, 1986
COMMERCIAL OPERATING <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>