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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.

1969-1979 Precursors to Potential Severe Core Damge Accidente:
1969-1979, A Status Report (NUREG/CR-2497), June 1982

1980-1981 Precursors to Potential Severe Core Damge Accidente:
1980-1981, A Status Report (NUREG/CR-3591), July 1984

1984 Precursors to Potential Severe Core Damage Accidente:
1984, A Status Report (NUREG/CR-4674, Vols. 3 and 4)

1985 Precursors to Potential Severe Core Damage Accidente:
1985, Status Report (NUREG/CR-4674, Vols. I and 2),
Decemb' 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 reoorts for operational events
that occurred in 1969-1981, 1984 and 1985. A preliminary assessment of
all precursors identified in 1984-1986 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 is the responsibility of NOAC. In
addition to NOAC personnel (J. D. Harris and E. W. Hagen), personnel
from two subcontractors, Science Applications International Corporation
(J. W. 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 of f-normal operation. These data bases make
extensive use of reactor-operator-submitted reports, such as the li-
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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LIST OF ACRONYMS

ADS automatic depressurization system
AFW auxiliary feedwater
ATWS anticipated transient without scram
BWR boiling-water reactor
CC component cooling
CRD control rod drive
DHR decay heat removal
FSAR final safety analysis report
HPCI high pressure coolant injection
HPCS high pressure core spray
HPI high pressure injection
IC isolation condenser
LER licensee event report
LOCA loss-of-coolant accident
LOFW loss of main feedwater
LOOP loss of offsite power
LPCI low pressure coolant inj ection
LWR light-water reactor
MFWP main feedwater pump
MSIV main steam isolation valve
PCS power conversion system
PMG permanent magnet generator
PORV pilot- or power-operated relief valve
PRA probabilistic risk assessment
PWR pressurized-water reactor
RCIC reactor core isolation cooling
RHR residual heat removal
RV relief valve or reactor vessel
SG steam generator
SI safety injection
SLB steam-line break

vii



i

|

I

is
\

p
- LIST OF FIGURES

5

i Page

72.1 Operational review process for 1986 ......................

92.2 Precursor description and analysis sheet .................

112.3 Conditional core-damage calculations .....................

3.1 Example event tree for initiator calculation. Bleed
and feed is assumed capable of removing adequate

33decay heat for this example .............................

3.2 Example event tree for unavailability calculation 35........

3.3 Distribution of 1986 precursors as a function of
................................. 38core-damage probability

3.4 Distribution of 1986 precursors as a function of
38core-damage plus core-vulnerability probability .........

4.1 Observed vs expected nonrecoverable f ailures for
49BWR initiators and branches .............................

4.2 Observed vs expected nonrecoverable f ailures for
49PWR initiators and branches .............................

B-7B.1 PWR Class A nonspecific reactor-trip event tree ..........

B-8B.2 PWR Class A LOOP event tree ..............................

B-9B.3 PWR Class A small-LOCA event tree ........................

B.4 PWR Classes B, C, D, E, and F nonspecific reactor-trip
B-10event tree ..............................................

B.5 PWR Classes B, C, D, E, and F LOOP event tree B-11............

B.6 PWR Classes B, C, D, E, and F small-LOCA event tree B-12......

B-13B.7 PWR Class G nonspecific reactor-trip event tree ..........

B-14B.8 PWR Class G LOOP event tree ..............................

B-15B.9 PWR Class G small-LOCA event tree ........................

B-16B.10 BWR Class A nonspecific reactor-trip event tree ..........

B-17B.11 BWR Class A LOOP event tree ..............................

B-18B.12 BWR Class A small-LOCA event tree ........................

B-19B.13 BWR Class B nonspecific reactor-trip event tree ..........

B-20B.14 BWR Class B LOOP event tree ..............................

B-21
| B.15 BWR Class B small-LOCA event tree ........................

B.16 BWR Class C nonspecific reactor-trip event tree B-22..........
|

B-24B.17 BWR Class C LOOP event tree ..............................
t

B-25
| B.18 BWR Class C small-LOCA event tree ........................

ix

,



.-- - _ . . .

:

LIST OF TALLES

f.afd

2.1 Precursors listed by docket and LER number 13................

2.2 Precursors listed by plant name and LER number 14............

2.3 Precursors listed sequentially by plant event date 15........

2.4 Precursors listed by initiator or transient 16...............

172.5 Precursors listed by plant system .........................

2.6 Precursors listed by component 18............................

2.7 Precursors listed by plant operating status 19...............

2.8 Precursors listed by discovery method 20.....................

2.9 Precursors listed by plant type and vendor 21................

2.10 Precursors listed by architect-engineer 22...................

2.11 Precursors listed by operating utility 23....................

2.12 Abbreviations used in precursor lists 24.....................

3.1 Description and quantification of recovery classes 30........

3.2 Average initiating event-frequency and branch-failure
probability estimates developed from 1986-1986

32precursors ...............................................

3.3 Precursors listed by docket and LER number 37................

3.4 Reference conditional event probability values 39............

3.5 Precursors listed by conditional core-damage
41probability ..............................................

3.6 Precursors listed by sum of core-damage and core-
vulnerability probabilities 42..............................

3.7 Precursors for 1986 ranked by order of magnitude 43..........

4.1 Comparison of nonrecoverable failures seen in 1984-
1986 with those estimated based on 1969-1981

48precursors ...............................................

4.2 Comparison of average initiating-event frequency,
system-failure probability, and nonrecovery
likelihood point estimates for 1969-1979,
19 8 0-19 81, and 19 8 4-19 8 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

A.1 BWR plant classes A-5........................................

A.2 PWR plant classes A-6........................................

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

.I by plant name A-8 |...........................................

B.1 Abbreviations used in event trees B-4........................

xi

_, . __ - _ _ _ _ . _ _ __ ___ _ .-_



LIST OF TABLES (continued)

f_ agea

C.1 Initiating event frequency and function
failure probability estimates C-4............................

C.2 1986 BWR Class A branch probabilities C-9.....................

C.3 1986 BWR Class B branch probabilities C-10.....................

C.4 1960 BWR Class C branch probabilities C-ll.....................

C.5 1986 PWR Class A branch probabilities C-12.....................

C.6 1986 BWR Class B, C, E, and F branch probabilities C-13........

C.7 1986 PWR Class D branch probabilities C-14.....................

C.8 1986 PWR Class G branch probabilities C-14.....................

xii



i

EXECUTIVE SUMMARY

The Accident Sequence Precursor Program reviews licensee event re-
ports of operational events that have occurred at IMRs 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.

i Originally proposed in the Risk Assessment Revieu Group Report
(Lewis Commit tee report) in 1978, the study - subsequently named the
Accident Sequence Precursor Program - was initiated at the Nuclear
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 of f-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 f ailures in two or more systems, the report
uses expected initiating event occurrence rates 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 system f ailure probabilities, using event trees, to
evaluate the likelihood that the overall event sequence will occur.

2. Initiating 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 sys t ems 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

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

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

o a review of the plant accident analyses to determine the extent to
which af fected systems would be required to function for different
off-normal and accident conditions.

Based on this detailed review, events were selected as precursors *

if they met one of the following requirements:

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

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

o involved an actual initiating event that required safety system
response.

Because LOFWs occur f requently within the reactor population, they are
documented as precursors only if other failures also occurred. (Repre-
sentative calculations of the significance of LOFWs without additional '

failures, however, are performed.)
Initiating event-f requency and system-f ailure probability estimates

are used, in conjunction with precursor event trees, to estimate a con-
ditional probability of potential severe core damage associated with i
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 damagei

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
' f ewer than identified in 1984-1986 (0.6 per reactor year). Six events i

with conditional core-damage probabilities of >10-4 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
1984--1986 period in the Accident Sequence Precursor Program. An over-
all reduction in estimated initiator f requencies and f ailure 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

.aasociated with 1984-1985 events.

xiv
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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 1969-1981. Co m-

plicated events involving electric power and instrumentation and control
interactions we re no t seen nearly to the extent they previously were.
Performance of the PWR AW 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 assumptions that
had to be made, and the analysis approach itself.

An overview of the methodology is 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
1969-1981.

xv
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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. C1 etcher **
E. W. Hagen

ABSTRACT

Thirty-four operational events, reported in licensee
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 selection
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.

1. 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 cfPotential Severe Core Dimge Accidents: 1969-1979, A Status Report
and NUREG/CR-3591, Precursors to Potential Severs Core Damage Acci-,

'

dents: 1980--1981, A Status Report,2 as well as in earlier volumes of
this document.3: 4 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 Systen and Guidelines for Reporting,5 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.
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1.1 Baekground

The Accident Sequence Precursor Program owes its genesis to the
Risk Assessment Review Group,8 which concluded that "unidentified event

significant to risk mi contribute .
(to the overall risk]."ght

. . a small in-sequences
The report continues, "It is im-crement . . .

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 1969-1981
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 inadequate 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 events 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.3 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 is 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 result s of
which may be found in the sections indicated: .

L

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 list of acronyms and a glossary are provided.
7

2
,
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Because of its similarity with the 1984 and 1985 efforts, this
report is somewhat abbreviated compared with those repotts. In partic-
u1ar, Ref. 3 contains additional detail concerning the event-tree and
branch probability models employed in the analysis, and Re f s. 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

1. J. W. Minarick and C. A. Kukielka , Precursors to Potential Severe
Core kmge Accidents: 1989-1979, A Status Report, NUREG/CR-2497
Vols. I and 2 (ORNL/NSIC-182/V1 and V2), Union Carbide Corp.,
Nuc_ tar Div. , Oak Ridge Natl. Lab. , June 1982.

2. W. B. Cottrell, J. W. Minarick, P. N. Austin, E. W. Hagen, and
J. D. Ha r tis , Precursors to Potential Severe Core Mmge Acci-
dents: 1980-81, A Status Report, NUREG/CR-3591, Vols. I 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. Ha r ri s , P. N. Austin, E. W. Hagen, and
J. W. C1 etcher, Precursors to Potential Severe Core Damge Acci-
dents: 1985, A Status Report, NUREC-4674, Vols. I and 2 (ORNL/
NOAC-4674/V1 and V2), Martin Marietta Energy Systems, Inc., Oak
Ridge Natl. lab. , December 1986.

4. J. W. Minarick, J. D. Ha r ris , P. N. Austin, E. W. Hagen, and
J. W. C1 etcher, Precursors to Potential Severe Core Damge Acci-
dents: 1984, A Status Report, NUREG-4674, Vols. 3 and 4 (ORNL/
NOAC-4674/V3 and V4), Martin Marietta Energy Systems, Inc., Oak
Ridge Natl. Lab. , May 1987.

5. Licensee Event Report System, Description of System and Guidelines
for Reporting, NUREG-1022, U. S. Nuclear Regulatory Commission,
September 1983.

6. Licensee Event Report System, Description of System and Guidelines
for Reporting, NUREG-1022, Supplement 1, U.S. Nuclear Regulatory
Commission, February 1984.

7. Licensee Event Rcport System, Evaluation of Pirst Year Results, and
Recomendations for Improvemen ts, NUREG-1022, Supplement 2, U.S.
Nuclear Regulatory Commission, September 1985.

8. Risk Assessment Revieu Group Report, NUREG/CR-0400, U. S. Nuclear
Regulatory Commission, September 1978.
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9. Reactor Safety Study: An Aseessment of Accident Risks in U.S. Com-
mercial Nuclear Pouer Plante, WASH-1400 (NUREG-75/014), U.S.
Nuclear Regulatory Commission, October 1975.
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2. SELECTION OF 1986 OPERATIONAL EVF.NTS
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 detailed review but to eliminate events that did not aprear im-
pertant. Events selected for detailed review included:

o core-damage initiators (including LOFWs, LOOPS, and small-break
LOCAs );

o all events in which reactor trip was demanded;
o all support system failures, including failures in cooling water

systems, ins t rume nt air, ins t rume nt at ion and control, and electric
power systems;

o any event where two or more f ailures occur;

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

o any event that, based on the reviewers' experience, could have re-
suited 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
ua ve affected the course of postulated of f-normal events or accidents.
These detailed reviews were not limited to the LERs ; they also used
FSARs, their amendments, and other information available at 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 review of each selected event, three general scenarios (in-
volving both the actual event and postulated additional failures) were
considered:

1. 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. If the event or failure had no immediate ef f ect 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 co re-d ama ge sequences given a postulated initiating
event during the f ailure period.

5
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3. If the ev,ent or . f ailure occurred while the plant was not at
power, then the event . was evaluated according to whether it could have
occurred while at' power or at hot shutdown israediately following power
operation. If the event could only occur during shutdown conditions, it
was not sel e d as a precursor.

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

o a core-damage initiator (such as a LOOP, steam-like break, or small-
break LOCA];

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

o 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:

o LOOP, small-break LOCA, and small SLB initiators (8 events);
LOFW initiators with f ailures in systems required for LOFW mitigationo
(2 events);

o failures of redandant systems required to mitigate postulated core-
damage initiators (18 events);

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

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

The review pra:ess is summarized in Fig. 2.1. Individual failures
of BWR high pressure-coolant injection, HPCS, and RCIC systems and total
LOW events without additional mitigating system failures were iden-
tified during the detailed review (84 events) but not selected as pre-
cursors. The inpact of such events was determined on a plant-class
basis. The impact of a nonspecific reactor trip without additional
failures was also determined on a plant-class basis, to provide an
estimate of core-damage likelihood 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 LOTW and
single degraded systems) provide important information on the likelihood
cr! 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-term trips of the operating

6
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Fig. 2.1. Operational review process for 1986.
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train or trains) were also identified during the detailed review process
but we re not , in themselves, considered precursors. However, failures

of the DHR system in test or on demand would have been considered
precursors. Althe, ugh the Accident Sequence Precursor Program is con-
cerned with initiators and failures of core-damage mitigating systems
that occurred or could have occurred at power, the DHR system unavaila-
bilities were listed for informatian (see Appendix T).

Two potential sources of error in selecting events for detailed
review f rom the LER data base must be recognized.

1. Inherent biases in the selection proce s. Although the cri-
,

i teria for identification of an operational event as a precursor, once

| the event is selected in the initial review, are f airly well defined,
the selection of an LER for review can be somewhat judgmental, even
though criteria for that selection are established. Everts selected in
the study were more serious than most, so the maj ority of the LERs
selected for detailed review would likely have been selected by other
reviewors with experience in LWR syste ns and their operation. How.w r ,
some dif ferences would be expected to exist; thus, the selected set of
precursore should not 'be considered unique.

2. Lack of appropriate infornntion in the LER. The accuracy and
completeness of the LERs in reflecting pertinent operational information
is questionable in some cases. Requirements associated with LER report-
ing (i.e., 10 CFR 50.73),1 plus the approach to event reporting prac-
ticed at particular plants, can result in variation in the extent of
events reported and report details among plants. Although the revised
LER rule has reduced the variation in reported details, some variation
still exists. In addition, only "details of the sequence (or partial
sequencea for failures discovered during testing) that actually occurred
are usually provided; details concerning potential alternate sequences
of interest to the study naast often be inferred.

u
2.1 Documentation of Events Selected as Eccident

Sequence Precursorsi

For each of the precursors, two items were prepared. The first,

Precursor Description and Analysis Sheet (Fig. 2.2), briefly describes
the event sequence, identifies the corrective action taken after the
event, provides selected plant and event data, and documents the impact
of the event on event sequence models used in the study.

The second item, Conditional Core-Damage Calculations (Fig. 2.3),
documents the calculations perf ormed to estimate the conditional core-
damage probability associated with the precursor and includes probabil-
ity summaries for each end state, the dominant seqv.ence associated with
each end state, the conditional probability for the mora important se-
quences,* and the branch probabilities used. The -eselts of the condi-
tional probability calculations are described in Chep. 3.

* Sequences with a conditional p obability equal to at ieast 0.03 of
the dominant sequence associated with the end state.

8
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ORNL-DWG 87-3686 ETD

PRECURSOR DESCRIPTION SHEET

LER No.:
Event Description
Date of Event:
Plant:

EVENT DESCRIPTION

Sequence

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. 2.2. Precursor description and analysis sheet.
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MODELING CONSIDERATIONS AND DECISIONS

Ittitiators 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-OWO 87-3687 f TD

CON 0lfl0hAL CORE DAMAGE CALCULA110NS I

k

LER be6er:
Event Description:

,

'

Event Dates
Plac!:

UnAVA!LAi!LliY,DURAi!ON:

NON-RECOVERABLE IN]IlATING EVENT PROMllL11!ES >

SEOUEEE CONeli!DNAL PROMBILITY SURS

!

h

DOMihANT SE0VEEES
,

SEQUENCE C040!!!0nAL PR0Mt!Lii!ES
;

'

.L
4

'
note:

Conditional probability values are differential values shtth reflect the added rist due to observed f ailures.
Parenthetical valves indicate a reduction in risk toepared to a siellar period eithout the esisting f ailures. !

!

MODEL:

MTA:
>

IRANCH FREDUEntlES/ PROM 81Lil!ES *

;

!

Event Identifiers
!
L

i
I t

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 precursor 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 (ACE);

10. conditional probability of potential severe core damage Oosociated
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 unavailability if no initi-

ator was involved (TRANS).

The information in Table 2.1 has been sorted in several ways to

provide additional perspectists.

Table Sorted by

2.2 Plant name and tER number
2.3 Event date
2.4 Initfator or unavailability

2.5 System
2. 6 Component
2.7 Plant operating status
2. 8 Discovery method
2.9 Plant type and vendor
2.10 Ar chi t ec t-e ngi nee r
2.11 Operating utility

Abbreviations used in each table (Ta bles 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.'

12



Table 2.1. Precursors listed by docket and LER number

LER NO. EDATE MSCRIPilot plani HARE $Y Comp 0 0 E Alt CD PRCI la PRCI RATE i V AE OPR CR111 CAL TRAul

247/h-017 05/M/56 CPER THV MD TRIP InD.PoluT2 ME VALV0P E O N 13.0 1.M 4 1.0E 4 873 P u UE CEC 05/22/73MSLB
247th43510/20/66 TRIP LDFu 6 Mu TRu IC.P0thT21A Clipt E O h 13.4 2.M 4 1.M 4 173 P W UE CIC 05/22/73 TRIP
249/h413 01/27/66 HPCI, Cll 6 M WA DRilMe 3 SF VALV07 E i N 15.6 2.7E4 4.7E4 794 I I IL Cet 01/31/71 UhA A
250/h436 il/06/h UhAVAILAl!Ll1Y EPS itf PoleT3 EE iklity E 1 V 14.1 1.ll t 5.7E 9 693 P u II FPL10/20/72UNAA
250th-036 II/06th UuAv41LAl!LITY EPS inf.Polute El IbliRU E 1 Y 13.4 1.lE 9 5.7E t 693 P u II FPt Hilll?3 UhA A
250/86431 !!/04th UnAva!L431Llif Afu itf.Polif3 m INSTRU i i n 14.2 5. M 5 5.M 5 693 P u II FPL 10/20i72 UNAA
250/04-03912/27/h TRIP 6 DPts PORY itt.Polull CA VALV0P i 0 u 14.1 1.4E 3 2.lE 3 693 P W II FPL 10/20/72 TRIP
261/h-005 Ol/28/h 80$ FAILS tlTH LOCP R30!nS;9 2 El (LECCu E M u 15.4 3.M 4 5.M-3 700 3 6 UI CPL 09/20/70 LOOP
269th40101/31/h LDFu, OPit RSRV DC041 1 CC VALVII E O N 12.8 2.lE4 3.4E 5 317 P 1 UI PC 04/19/73 TRIP
269/64-01110/01/h ECCW !$ UhAVAILARE OC0mEE 1 tA PUMPII i i u 13.5 1.lf-5 1.lf-5 it? P 3 UI PC 04/19/73 UhAA
26t/h41110/01/h ECCu !$ UhAVAltakt DCouEE 2 uA PUMPll E I N 12.9 1.lf-5 1.lE 5 817 P I UI PC 11/11/73 UhAvt
269/h41110/01/h ECCW 15 thava!LARE DC04EE 3 WA PURPII E i N 12.1 1.!E 5 1.lf 5 017 P I UI PC 09/05/74 UNA A
277/M403 01/24/16 h IRIP CAulti SCRM PEACHOTM2 Cl VALVII E i u 12.3 5.lE 5 8.lE-5 1065 B 6 II PIC 09/16173 TRIP
280/h429 09/21/86 *ll IS UhAVAILARE SUHf i SF PURPII I 0 m 14.2 1.M4 3.41-6 788 P W Su YtP 07/01/72 UhAVL
280/h43110/30/84 HHil 15 UmavAILAILE SURRY I SF PURPII E M V 14.2 3.lf t 1.01 4 768 P W Se VIP 07/01/72 Uhan
N!/h410 07/ll/h HHil Il UhAVAILARE SUPRf 2 P PURPII E I I 13.3 3.lf-l 1.0E-5 781 P e Su YtP 03/07/73 UNA A
M2/h4M 09/M/B6 EPS UhAVAll.Al!Llif PRAIR!till EE EblikE E i N 12.0 1.M-1 2.41 4 530 P e II WSP12/01/73UhAvt
232/944% 09/Mll6 EPS UDAVAILAl!Llif PRAIR! Ell 2 EE EhllnE E i m 11.7 1.tE4 2.41 0 530 P W ll nSP 12/17/74 Uhan
H 2/ h-Cll 12/27/06 EPl tmov41Luf tlif PRAIRIEll! Et Ehllet E i u 13.0 4.M4 5.1E-1 530 P W II kSP 12/01/73 L'hAVL
N2/E641112/27th EPS UhAVAILAllll1Y PRA!Rlill2 E! Entihi E 1 m 11.9 4.M 1 5.lE4 530 P u il blP12/17/74UNAA
285/h40107/02/B6 TRIP l AlllTH FAIL FTCALMOUN El SEtERA E O u !!.9 4.1E-5 4.21 5 471 P C IN DPP M l06/73 1 RIP
213/h427 II/It/h UNCOMPLICAffi LOOP PILBAIMi (E ELECCN E 0 N 14.4 7.71 4 7.7E 4 655 8 6 31 NC 06/16'72 LOOP
301/h404 09/28/h RSivl Fall 10 CLOSE PT. MACH 2 CD VALVil 6 0 N 14.3 4.M 7 4.M 7 4t7 P e II ump 05/30/72 MSLI
318th-0N Ot/05/h TRIP Anp Opts MW CALCt!FFil E VALV0P E O h 9.8 1.M4 2.51 4 645 P C II iM 11/30/76 TRIP i

341/h44612/24th RCIC/HPCI UnAVAIL FERPI 2 SF RfCFLt C i N 1.5 6.M 7 6.M 7 1093 3 i St MC 06/21/85 UhAA
362/86-011 M/04/84 SeS/CCul UhAVAILAILI SA40m3FRt3 DA HTEICH E D h 3.0 2. M 7 8.9E 7 IMO P C II SCE M/29/83 Uha n
h6/N4;511/13/86 LPC$ !$ UhAVAILAkt MATCM 2 SF VAL"0P G i 1 8.3 3.6E 10 3.6E 10 784 I I El PC 07/04/71UhAA
370/h44 03/29/66 MutilPLE HH!l IP4lbs AC6UlfE 2 El EWiltE k i Y 2.9 3.4E4 4.M l 1100 P u DPC PC 05/08/B3 UhAA
319/h41107/09/86 (Pl UhAV AILAllLlif li.LUCIE 2 EE EntinE E 1 u 3.1 2. 61 4 3.41 4 830 P C El FPL 06/02/83 UNA A
409/h-023 07/10/56 UhCOMPLICATER LOOP LACPOSSE EE Clipt 6 0 h 19.0 2.M4 2.0E 5 50 i A R PL 07/11/67 LOOP
413/66431 M/13/h SBLOCA PLUS TRIP Cathe H I PC PIPEII i 0 h 1.4 3.M 3 4.tt-3 !!45 P e PC PC 01/07/95LOCA
414th428 06/2?lh OPER PSRV PtOS TRIP CAT AelA 2 CC lkliRU i 1 Y 0.1 1.lf-4 1.lt-4 1145 P u PC DPC 05/0llh MSLI
451/h402 01/0llh UNCOMPLICATED LOOP AlvtR M 61 It TRAtSF 6 0 V 0.2 7.M 5 7.M 5 th i I Se lly 10/31/85 LOOP
451/86 4 47 07/31/16 MULilPLE TRA!WS FA!L AlvtR M ut Et thlint E O N 0.1 7.!E 9 7.1E 9 sj6 9 8 fu 654 10/31/95 UhA n
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Table 2.2. Precursors listed by plant name and LER number

Ltt W. ICATE MSCRIPfl04 PtA41 h ME SY Comp 0 0 t All CD PR4 SM PROI RAf t i V At OPR CRITICAL Tukl

ill/h4h 09/05/66 TRIP AND OPlu AlDV CALCtlFFl2 HE VALYCF [ 0 t 9.9 1.M 6 2.M 4 tilPCII ME 11/30/76 1 RIP
413/h431 Mil 3/h IILOCA PLua TRIP CATAe N I PCP!PEliEON 1.4 3.X 3 4.91 3 !!45 P e DPC W C 01/07/85LOCA
414th421 h/27th OPit plRV PLUS TRIP CATAsk 2 CC luliRU i i 1 0.1 1.lE4 1.1E 4 1145 P W W C P C 05/Cil k R$LI
249th 013 N/27/le HPCI, Cll 6 M UtAA DRESME 3 SF WALv0P t i n 15.6 2.714 4.71 4 794 5 6 SL Cut 01111/71 ')mAA

s
341/86 4 41 12/24/84 RCIC/MPCI UhAVAIL FERR12 SF MCFut C i W 1.5 6.5E 7 6.M-7 1093 8 5 $L M C 06/21/95 UM A

285/h40107/02/86 TRIP n 405/195 FAIL FTCALM0Vu El lintRA E 0 e 12.9 4.!E 5 4.21 5 478 f C GH OPP H l06/73 1 RIP
346/h435 till3/h LPCl il LnAVAllekt NATCH 2 SF YALV0P l i 1 4.3 3. H 10 3 6E 10 784 I l ll W C 07/04/78 UW A
247/h417 05/21/h OPit illv 40 TRIP 10.P01hT2 ME v4Lv0P t 0 m 13.0 1. M-4 1.0E 4 873 P u UE Cic 05/22/73 R$LI
247th43510/20th TRIP,LOFu n Af u iPt ld.701412 la Clipt t 0 a 13.4 2.91 4 1.M 4 473 P u UE CEC 05/22/731 RIP

,
409/86-023 07/10/h UmC0mPLICAffl LOOP LACR0llt EE CETPt 8 0 W 19.0 2.0f-5 2.0E 5 50lA$L WL 01/11167 LOOP

| 370ih4h 03/21/h MailPLE HMll TEAlt$ RCSUIPt 2 E! Ehllht N i V 2.9 3.4E l 4.H4 1150 P W WC WC 05/04/93UhAVL
| 269th40101/31/86 LOFu, OPlu RSAV DCOWE I CC VALvil E 0 u 12.0 2.114 3.415 M7 P I L't W C 04/19/73 TRIP

269/6641110/01/86 (CCu 15 UhavAILAkt DCCdt I nA PunPII E i n 13.5 1.!! 5 1.!! 5 M7 P I UI WC04/19/73UtAA
269/6641110/0lth (CCu 15 UhAVAILAkt CC0(E 2 h4 PWII E I a 12.9 1.!E 5 1.11-5 M 7 P 1 UI WC11/11/73VaAA

269/h41110/01/H ECCI 15 UhAVA!LAkt 000(t 3 e4PURPiliiR12.1 1.lf 5 1.ll 5 M 7 P I UI WC 09/05/74 UtAA
277th403 01/24/84 M TRIP CAUlti SCRM Pt4C40TR2 CD VALVII E 1 W 12.3 8.ll 5 1.lE 5 th$ I i 11 PIC01/16173 TRIP
293/6642711/19186 URC04 PLICATED LOOP P!LSAIR I El ELECD# E O u 14.4 7.7E4 7.7E4 65556II HC hl!6/72 LOOP
212/h4h 09/Hil6 EPS UmAVA!LAi!Liff PHIR!Elli(EEWilnEE 1412.8 1.1E4 ~ .4E4 530 P u II klP 12/01/73 W VL
212/h-Cll 12/27th [Pl geh AIL 481Llif Pu!Rltlll (E !*l14 E i a 13.0 4.0E l 2.11 4 530 P s II alp 12/01/73UnAA
282/644h 09/M/h EPl UhAv41L481LITV PRAltlill!!![tllriEit11.7 1,91 1 2.4E4 530 P 5 II klP12/17/74UhAA
232th-0!! !!/27th EPl 'mAVAILAi!Llif PulRltli! [E Eu61mE E i N 11.9 4.0E-I 5.!!l 53J P s it blP 12117/74 UnAA
30llh404 09/28th nt!vt FAIL 10 CtDit PT.N ACM 2 CD VALvil l 0 # 14.3 4.H 7 4.lf 7 497 P W li ump 05/39172 ASLI

458/h402 01/0lth UhC0mPLICAltB LOOP AlvtRN61 Et TRANSF 6 01 0.2 7.01-5 7.0E 5 936 I I lu 659 10/31/95 LOOP
458/h447 07/31/H MA11PLE TH!al FAIL tlVERM@l it EhllhE E D E 0.1 7.!! t 7.lt1 936 3 $ is lly 10/31/15 UhAA,

'

261156 4 05 01/21164 IUS FA!LS tlTN LOOP R081t504 2 El EttC04 E A t 15.4 3.0E 4 5d3 700 I I UI CPL 09/20170 LOOP
342/64411 CD/04/h tel/Ctel UmvalLASLE latJn0FRt3 mA NTEICM E O N 3.0 2.61 7 1.tE 7 Ill0PC11 SCE Hl2til3 UeA4
319th41107/09/B6 EPl UhAVAILAllLITV li.LUCIE2ElEnllhEEiN 3.1 2.6E4 3.4E4 130PCEl FPL 06/02/83 UhA A
210/h4?109/29th $1515 UhAHILAKE $@At I $F PWII E O u 14.2 1.M4 3.4E 6 788 P W la vtp 97/01/72VeAA

280/h43110/10/h HMll ll NVAllekt $#Rf i SF PUPPII E R 114.2 3.119 1.0E4 711 P u le vtP 07/01/72 UhAA
26|th410 07/11/86 ell 15 UhAvi!L4kt SURRY 2 SF PPPII I i 111.3 3.!E4 1.0E-5 718 P s le vtP 03/07/73UmAn

250/96-034 Ill hll6 UhAVAILAl!Llif (Pl itY.PO!nf 3 EE 1hliRU i i T 14.1 1.lt 9 5.7E 9 693 P W II FPL10/20/72UhAA
250th438 !!/04/16 UtAVAILAl!Liff AFs itV.70l#13 HM ltliRU E i n 14.2 5.M 5 5.61 5 613 P s II FPL 10/20/72 UhA A
250!h-03912/27/561 RIP n OPit PORY ttV.PolmilCAv4LYO' EON 14.1 1.41-3 2.113 693 P s II FPL 10/20/721 RIP

250t h-03411/06/86 UnAVAILA!!LITY EPS itt.PO! nit Et !aliRU E i 1 13.4 1.lt-9 5.71 9 613 P e II FPL hill /73 UhAA

I
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Table 2 3. Precursors listed sequentially by plant event date

LER h0. EDATE MSCRIPfl0m PLANT HAE SY CORP 0 0 t Alf C8 PPCB $UM PPDI AAi! T V AE OPR CR!itCAL TRAtt

4H/h402 01/Ollh UNCOMPt!CATED LOOP plvtR M u01 EE TRAtlF 6 0 f 0.2 7. M 5 7.N 5 936 I I le 65010/11/95 LOOP

2H/h403 01/24th M TRIP CAvill SCAM PEAChicin2 CD VALVII E i a 12.3 8.!E 3 1.11 5 1045 3 8 il PIC 09/16 0 3 1 RIP
261/N-00501/20/86 IUS FAttl slim LOOP A0llt$0e 2 El ELEC0u E M u 15.4 3.M 4 5.6E 3 700 8 4 UI CPL 09/20no LOOP
269/66-001 01/31/ h LOFu, Opts plAV DCouEtI CC VALYt1 E 0 m 12.5 2.lE 4 3.4E-5 187 P 1 UI DPC04/19n3 TRIP
370/h4h 03/29/h MULTIPLE HMil TCAlul MClulRE 2 EE Emilet M i 1 2.9 3.4E 1 4.M 9 1180 P s PC PC 05/08/83 WA
247/84417 05/28/h OPit TISV AH TRIP !@.PoltT2 E VALYP E C n 13.0 1.M 4 1.0E 4 473 P u UE Ctc 05/2203R$LB
413/h431 h/13/8418LOCA PLul TRIP CATAsh i PC P!PEII E 0 a 1.4 3.M 3 4.tt 3 1145 P W P C P C 01/07/85 LOCA
414/k-028 H127th PEN R$RV PLUS TRIP CATAul; 2 CC lhliRV E I 1 0.1 1.114 1.11 4 1145 P u PC DPC 05/08/64 RSLB
205/84 4 01 07/02/46 TRIP & AM/TH FAIL FTCALMOUR El IttERA E O b 12.9 4.!E 5 4.21-5 478 P C SM P P Ol/H n 3 TRIP
349th-Cll 07/Hile EPS Unv4!LAl!LITV li.LUCIE 2 EE tellt! I i h 3.1 2.6E 6 3.4E 6 830PCEl FPL 06/02/83 UnAA
409/94-023 07/10/h UhC09LICAffi LOOP LACP015! Et CITMt I C N 19.0 2.M 5 2.0E 5 50 1 A SL PL 07/11/67 LOOP
281/h-010 07/11/h MH!l 15 UnAVAILARE SURRY 2 P PumPII E i f 13.3 3 It-1 1.0t 5 764 P e la YtP 03/07 n 3 UhAn
458/04 4 47 07/31/86 Mult!Ptt IRAlal FAIL RivtRMel EE Enllbf E O u 0.1 7.lf 9 7.11 9 136 I I Sa llU 10/31/85 W E
342/h41101/04/h $85/CCul UhAVAILULE $4G0FRt3 p MTEICH E O h 3.0 2.61 7 f.ft 7 lHO P C II SCE 06/29/83 Uu A
241/h413 08/27/84 HPCI, Cll & M UtAn CMS Eu 3 $ VALYOP E i a !$.6 2.71 4 4.7E4 794 8 6 SL Cet 01/3101 WA
315/144h 09/05/h tilP Am0 OPit Al)V CALCLIFFS2 NE VALVCP E O t f.8 1. lE 4 2.5( 4 545 P C II ISE II/30n6 TRIP
282/h4h 09/H/h EPS UnAVAILAllLlif PRAIRIEll! EE Entlhi i 1 a 12.8 1.tt-6 2.41-1 530 P u II WSP12/0103UhAA
282/le4h 09/08/06 (Pl WVAILAlltiff PRAIRIEll2 EE thilti E 1 h 11.7 1. 91 1 2.4E 9 530 P u II TSP 12/17n 4 W n
301/14404 09/28/86 R$1Vl FAIL TO CL0lf Pf. MACH 2 CD VALYtl 6 0 N 14.3 4.M4 4.lE4 497 P b II WRP 05/3002 RSLI
280/96-029 09/29th HMll !$ LeAVA!LAkt SURRY l SF PWII E O u 14.2 1.M-1 3.4E4 784 P u su VIP 07/0ln2 UmAA
269/h Cl! 10/01/h ECte 15 UmAVAILAILE OCONEE I N PURPII E i N 13.5 1.!E 5 1.lt 5 687 P I UI PC 04/19n3 Ue4VL
269/h-01110/01/h ECCe 15 UhAVAILAKE OCC4EE 2 N P W II E 1 a 12.9 1.lf 5 1.1E 5 M 7 P l VI P C 11/11 0 3 UW W
269/h Cil 10/0llh ICCu It Un4v41LAh! CCCuEE 3 DAPWIIEiN12.1 1.!E 3 1.lt 5 lif P I UI PC09/05n404A4
247/h43510/20th TRIP.LOFs 6 AFs TRu IC.Polut2 la tript E O N 13.4 2.ti4 8.M 4 173 P u UE Cic 05/22 n3 TR!P
290/6643110/30/84 MHil 18 UNAWi!LAILE IVARY l SF P W II E n Y 14.2 3.lt t 1.0E4 788 P e le vtP 07/0102 UmA W
250/H434 ll/04th UnAVAILAl!LITV IPl itV.P01513 EE !aliRU f f Y 14.1 1.!E9 5.71 9 693PuII FPL 10/2002 Dun
250/h-034 it/04/h UhAva!LAl!I,lTV EPS TKY.POlh14 ft inlfPU E i t 13.4 1.lt 9 5.7E 9 693 P e II FPL h /Il d3 N A
346/h43511/13/06 LPCI 18 UnAVAILAkt MatCM 2 SF VALYCP G 1 Y 4.3 3.6E 10 3.6E 10 784 I I $$ PC 07/04n4 UMn
293/h-02711/11/16 UDCCMPLICATED LOOP PlLSAIR1 EE ELEC0a E O h 14.4 7.7E4 7.7E 6 655 3 6 II MC06/1602LOCP
250/h43412/04/h UpVAILAllLlif AFs itY.P0!b13 $ ItlTRU E 1 h 14.2 5.M 5 5.II 5 693 P W II FPL 10/2002 Uur
341/h44812/24/84 PCIC/NPCIUHVAll FERR12 SF RECFLW C i k 1.5 6.5E 7 6.5E4 1093 3 $ St MC h/21/85 NA
250/84-039 12/27/ h TRIP & CPEn PC#V itY.Polti3CA4ALvCPt0h14.1 1.41 3 2.11 3 693 P e II FPL 10/20 02 1 RIP
282/54-01112/27/06EPStm4VAltil!LitV PRA!RIEll) EE Ent!*t E 1 h 13.0 4.0t 1 5.lt I 530 P e II TSP 12/01/73UhAA
282/h411 12/27th IPI UnAVAILil!Liff PAA!RIEll2 Et f allut E 1 m 11.9 4.M 1 5.it i 530 P e II kip 12/17n4 Uun
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Table 2.4 Precursors listed by initiator or transient

LER NO. E HTI MSCRIP110s PLAaf WAM SV CORP 0 0 E All CD PR03 SUM PROI RATE 1 V M DPR CRITICAL ' Paul

413/h-031 H/13/84 $K0CA Ptus TRIP CATAsp 1 PC PIPEII E O N 1.4 3.M 3 4.9t 3 1845 P u P C DPC 01/07/95LOCA

261/N405 01/Nih BUS FAILS uliN LOOP R0tln50m 2 El ELECon E R N 15.4 3.M 4 5.6E 3 700 8 8 UI CPL 09/20/70 LOOP
293/M 027 II/it/h tmCCWLICATID LOOP PILMIRI El ELEC04 E O N 14.4 7.71 4 7.7E4 655 I I H MC N/16/72 LOOP
409/h423 07/10/66 UNC0tLICAffl LOOP LACR0llt Et Cli nt 8 0 m 19.0 2. M 5 2.M-5 50 i A St PL 07/11/67 LOOP

458/h402 01/01/64 VeCOMPLICATED LOOP RlVER M C l El TRANSF G 0 f 0.2 7. M -5 7.M-5 136 I I Su GSU 10/31/15 LOOP

247/h417 05/Nih OPfu ilSV AhD TRIP lhD. Pole 12 NE VALV0P t 0 N 13.0 1. H -4 1.M 4 173 P u UE CEC 05/22/73RRI

301/h404 09/29/84 RSIVS FA!L 10 CLOSE PT.MACM 2 CD VALYtl B 0 a 14.3 4.M 7 4.M4 497 P u H unP 05/30/72 RSLI
414th429 H/27th OPEN MSPV PtVS TRIP CATAsp 2 CC thSTRu ! I V 0.1 1.11 4 1.11-4 1145 P u P C P C 05/04/ h R$ll
247/h43510/20/h TRIP.LDFu n Wu TRu thD.P0th12 IA Clipt t 0 N 13.4 2.t1 4 8M4 173 P u UE CEC 05/22i73 TRIP
250/6643912/27/h TRIP n CPtW PORY ftY.P0!nT3 CA vntv0P I 0 N 14.1 1.4t 3 2.ll 3 693 P u II FPL 10/20/72 it!P
269/84 4 01 01/31/86 LOFu, DPH Ruv DCCtEE 1 CCVAlvilEDN 12.1 2.114 3.4E 5 M7 P I UI PC04/11/73ft!P
277th403 ClI24th D6 TRIP CaulI5 SCRAM PEACHOTR2 C3 VALVII E i N !!,3 8.!! 5 1.lt 5 1045 8 i H PEC 09/16173 TRIP

NS/h40107/02/96 TRIP & ADS / Tis F All FTCALHOUR El 6thlRA E O N 12.9 4 lf 5 4.21 5 471 P C BH OPP N /06/73 TRIP
311/844% Ot/05th TRIP Amp DPin ASDV CALCtlFFl2 HE VALV0P t 0 N 9.8 1.M4 2.St-4 845 P C 11 96E11/30/76IIIP
24tth413 Ol/27th HPCI, Cll 6 D6 UhAA pflDEu 3 SF VALYCP t i k 15.6 2.7E4 4.7E4 794 5 6 St Cet 01/31171 UMW
250th434 ll/hll6 UNAVAILAI!Llif EP1 fif.Poluil !! In$fRU E i T 14.1 1.11-9 5.719 693 P u 11 FPL10/20172UmAvt
250lH434 il/04th UnAVAILAi!Liff EPS TKY.PoltT4 Et tuliRU t i i 13.4 1.lf-9 5.7Et 693 P W II FPL N /lil73 UhAVL
250/h43812/04/84 UhAVAILAllLiff W u ifr.r01413 MH lblIRU i i N 14.2 5.M 5 5.M 5 693 P u H FPL 10/20172 Dun
269/84-01110/01/64 ECCu l$ UnvA!LAkt DC0aEE 1 mA PURPII i 1 N 13.5 1.11 5 1.!! 5 M 7 P 3 UI P C 04/19/73 Uh4W
269/h41110/01/h [CCu 18 LnA9AILA8LE OccuEE 2 DA PU9PIl E i N 12.9 1.lf-5 1.11 5 li7 P I UI DPC 11/11/73 UMA

269/h-Cll 10/01/86 ECCu 15 UhAVA!LAkt DCouf t 3 sA PumPIl i i N 12.1 1.!!-5 1.1E 5 M 7 P l VI PC 09/05/74 UWW
290/H42109/29/86 *ll ll Uh4VAILAutt IVRRY l SF PUaPII E O k 14.2 1.M 1 3.4E4 780 P u le vtP 07/01/72UWW
280/h-03110/30th HHil 15 UhAVAILARE SURRf I SF PumPIX E R Y 14.2 3.!!-t 1.01 4 786 P W Sa vtP 07/01/72UnAYL

281/N410 07/11/86 NH!l 15 UhAVAILAllt $URRf 2 SF PURPil E i i 13.3 3.lt-6 1.M 5 7H P u la VEP 03/07/73Unen

202/h4M 09/ Nile EPl Un4VAILAi!Liff PRAIR!ElstIEEn61htE1h12.1 1.tf 4 2.4I-0 $30 P W ll miP12/01/73Um64 *

N2/h4M 09/H/94 EPS UhavA!LHILITY PRA!Rltll2 EE Eh61st E i N 11.7 1. 91 4 2.4E-9 530 P W H klP 12/17/74 UhAR
N2/h41112/27/h EPl UhAVAILAllLITY PRAlR!till (E Eh6thE E i t 13.0 4.M4 5.lE4 530 P u 31 WSP12/01/73UhAR
282/h4tl 12/27th EPS Uh4VAILAllltif PRA!R!!!I2 ft fullhi t i n 11.9 4.0E4 5.lf 8 530 P W H NSP 12/17174UhAA
341/h44812124/h RCIC/HPCI UhAVAIL FIH! 2 SF RECFut C i u 1.5 6.5f 4 6.51 4 iH3 i i St MC 06/21/15 UWA
342th4tl 09/04/96 SellCCut utava!LABLE SAa0h0FRt3 bA hillCM E 0 N 3.0 2.6E 4 8.9t d lH0 P C H SCE N/29/83 UWA
364/86435 ll/13th LPCS 15 UhAVA!LARE NATCH 2 $F VALVCP G i Y 4.3 3.6E 10 3.6E-10 784 I I il PC 07/04/70 UhAA
370/h4M 03/21/h MULTIPLE HHll TRAINS RCF"lRt 2 Et Eh6!ht N 11 2.9 3. 4(4 4.lE4 !!IO P W DPC DPC 05/08/83 UMA
389/h41107/09/86 EP3 Leav41LAl!Llif $f.LUClf 2 El Et6]h! I i k 3.1 2.6E 4 3.4E4 530 P C El FPL M/02/83 Um44
458!h447 07/31/86 RJLilPLE TRAlbl FAIL R!vlRM e l Et Eh61nt t 0 t 0.9 7.lf-t 7.lE-t 936 I I Su $$U 10/31/05 UtAA
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Table 2.5. Precursors listed by plant system

LER h0. EDaft MSCRIPflon PLAnf Rant if Comp 0 D E 46E CD PRM Sun PRCI RATE i V Al OPA CA!!! CAL TRAhl

250/h43912/27/86 filP & CPit PCAV itY.P0thf3CAVALV07E0u14.1 1.4E 3 2.1E 3 693 P W II FPL10/20/72 TRIP
269/86 4 01 01/31/86 LOFu, CPin MidV DCoult I CC VALVII E 0 t 12.0 2.lE4 3.4E5 M 7 P I UI P C 04/19/73 TRIP
414/h4M 06/27/96 QPit R$Av PLUS TA!P CATAul4 2 CC ltliRU E i 1 0.1 1.lE 4 1.lf 4 1145 P W DPC pt 05/H/h plLB

277th403 01/24/66 M TRIP CAUSES SCA49 PCAC>l0fM2 CD VAlvil E i n 12.3 f.!! 5 9.ll 5 1065 I I II PEC09/16/73 TRIP
301/64404 09/28/h Ml!VI Fall TO CLOSE PT.MACM 2 CD VALYt! l 0 h 14.3 4.H 7 4.N 1 497 P W II kmP 05/30/72 RSLS
261/66405 01/Mlle IVS FAILS t!TM LOOP RClltSO4 2 II ELEC04 i R N 15.4 3.M-4 5.6t 3 700 I I UI CPL 69/20/70 LOOP
M5/h40107/02/h TRIP l Abl/fM FAIL FTCALH0til El StatRA E O t 12.9 4.11 5 4.21 5 410PCSM DPP08/06/73TA!P
250/h43611/06/06 Ub4 VAIL 481Llif EPS itY.PoluT3E!InlTRUEiY14.1 1.lE 9 5.7E t 693 P e H FPL 10/20/72VWVL
250/h434 ll/04th WVAILAllLliY IPS TEY.Polt14 Et thSTRU E i Y 13.4 1 lf 9 5.7E 9 693 P u II FPL h/ll/73 UhA 4
282/644h 09/Mll6 EPS WVA!LAllLlif PRAltltllt EE Eh6thE E i u 12.8 1.91 3 2. 4E4 530 P W II h5P 12/01/73 W VL
M2/h4h 09/N/86178 Uh4VA!LAi!Liff PRA!RIEll2 (E Entlet I i N 11.7 1.91-0 2.4E-1 530 P W II hSP 12/17/74 W A
252/64-01112/27/84 EPS UhAVAILAllLITY PRA!RIElli EE Enllhi E i u 13.0 4.0E-9 5.lE l 530 P W II hSP 12/01/73 UW A
282/8641112/27/56 EP5 WVAIL4i!LITY PRAltltll! EE En6thi E I u 11.9 4.0E-l 5.lE4 530 P W II h57 12/17/74 UhAVL
293/h 027 II/19/h UhCOMPLICATED LDOP PlLIAIR I El ELECC4 E O N 14.4 7.7E4 7.71-6 655 3 i BI NC06/16/72LOCf
370/h-0h 03/29/h MutilPLE HHll IRA!ks RClylRE 2 ft Ehllht M i V 2.9 3.4t l 4.lE 3 !!B0 P W DPC W C 6 08/83 W 4
389/8441107/09/h EPS UhAVAILA!!Llif $f.Lut!E 2 Et E 4th! E i n 3.1 2. 6E 4 3.4E4 830 P C EI FPL 06/02/83 UWA
409th-023 07/10/06 UNCOMPLICATEDLOOP LACROSSI II Ctipt B 0 a 19.0 2.M-5 2.0E 5 50 i A St PL 07/11/67 LO0.'
958/84402 01/01/h UNCOMPLICATED LOOP RivtRBEh21 El TRA*SF I O Y 0.2 7.M 5 7.0E 5 936 3 6 $W SSU10/31/k5 LOOP
451/h-047 07/31/h MutilPLE TRAlt$ FA!L AlvtRIEhD1 EE Eh6th! E D n 0.9 7.!E-9 7.11-9 936 I I $8 650 10/31/85 U W A
247/h417 05/28/h OPER illy Am) TA]P thD.P0lt12 HE VAlv0P E D N 13.0 1.0E-4 1. M-4 573 P W Ut CIC 05/22/73 nSLI
318/064h Ot/05/h IRIP AhD DPin ASDV CALCLIFFS2 HE VALV0P 10 N t.1 1.lE4 2.5E-4 845PCII NE 11/30/76 1 RIP
250/h43812/04/96 LDAVAILAllLlif AFu TKY.PoluT3 MH !aliRU E I k 14.2 5. H -5 5.It 5 693 P W II FPL 10/20/72 UWA
247/h-03510/20/86 TRIP.LOFW L AFu Tiu lut.70thT214 Cript t 0 m 13.4 2.91-4 1.0E 4 873 P W UE CIC 05/22/73TAIP
413/h43106/13/06 SILOCA PLUS TRIP CATAsl4 I FC P!PIII E O N 1.4 3. 31 - 3 4.9E-3 .145 P W P C CPC 01/07/85 LOCA
249/h413 Ol/27/h HPCI, CSS 6 H UhA4 p!6 DER 3 SF VALV0P E 1 a 15.6 2.7E 6 4.7E4 794IIBL Chi 01/31/71 Uh44
N0/h429 09/29/06 *ll 18 UhAVAILAkt SURif i SFPumPIIEON 14.2 1.014 3.4E4 788 P u la Yip 07/01/72UhA4
280/h-03110/30/86 mil 18 WVAILAkt SURif I SF PumPII E R Y 14.2 3.!E 9 1.0E4 7H P W $a vtP 07/01/72 W A
281/h410 07/ll/h all 18 Uhava!LARE SURty 2 SF PURPIl I i 1 13.3 3.lf-l 1.M 5 7H P e $8 VIP 03/07/73UhA4
341/86 04812/24th RCIC/MPCI Uh4 VAIL FERM1 2 SF Pitfut C i h 1.5 6.517 6.!! 7 1093 8 8 $L MC 06/21/85 UWA
346/h-035 ll/13/h LPCI 18 UNAVA!LAkt NATCM 2 SF VAlv0P i 1 Y 1.3 3 W 10 3.M 10 784 3 515 SPC 07/04/M UhA4
269/h Cll 10/01/86 ECCW 18 UhAVAILakt CC0=Et 1 N PURPIl E i n 13.5 1.11-5 1.1E-5 M 7 P 1 UI DPC 04/19/73 UW A
269/84-01110/01/86 ECCu 18 LnAVAILAkt 000 HEE 2 h4PURPII(1412.9 1.!E 5 1.lE-5 H 7 P l UI N C 11/11/73 UW A
269/h41110/01/h ICCs 15 UhAVAILAKE OCCNEE 3 H PumPII I i a 12.1 1.lt 5 1.115 h 7 P l UI DPC 09/05/74 LW A
362/64-01108/04/16 Sa5/ Ctrl thAVAILARE 5A40e0FRt3 p NTEICH E O n 3.0 2.6t 7 f.91 7 1000 P C II SCE 08/21!B3 W VL
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Table 2.6. Precursors listed by component

LER h0. I DATE MBCRIPi!ON PLAki hAmt $Y COMP 0 0 E Alt CD PRCI SUM PROI Raft i V At OPA CRITICAL TRAwS

247/8443510/20/h TRIP.LOFu 6 aft TRu IC.PC!nT214 CITMt E O N 13.4 2.91 4 8.0E-4 873 P u L'E CEC 05/22173IRIP
409/86423 07/10/h UNCOMPLICATED LOOP LACP0$5E Et Clipt B 0 t 19.0 2.M 5 2.M-5 50 | A st DPL 07/11/67 LOOP
261th405 01/28/86 80$ FAILS ulTH LOOP RCileScu 2 El (LIC04 E n a 15.4 3.M 4 5.61 3 700 8 8 UI th 09/20/70 LOOP
293th42711/19/86 UNCOMPLICATEDLOOP P!LIAln 1 (E ILECC4 1 0 m 14.4 7.7E-6 7.71 4 655 I I II HC 06/16/72 LOOP
212/h4% Ot/Mih EPS UtA9AILAl!Liff PRA!RIE!SI [E Enlint t i N 12.0 1.tE4 2,4E-1 530PW11 hSP 12/01/73 U4AA
292/86-04 Of/M/h EPS UhAVAILAlltii. PRAIR!Ill2 !! Eb6]hE E i u 11.7 1.91 1 2.4E-1 530 P e II hSP 12/17/74 UWA
212/86 4 11 12/27/94 EPStmAVA!LAllLITY PRAIRIE!$1 !! Eh6thE E i h 13.0 4.0E l 5. lE4 530 P 1 II hSP 12/01/73 Uhavt
292/64-0l! !!/27/h EPS tmAVAILAi!Liff PRA!RIEll2 El Eh6thE E i u 11.9 4.01-8 5.lE4 530 P W II RSP 12/17/74 Uh44
370/664M 03/29th MU1.T!PLE HHil TRA!ks MC6Ulst 2 Et th614E N T Y 2.9 3. 4E4 4.It 6 !!I0 P u DPC PC 05/08/03 UhAA
389/06-01107/09/h (PS tmAVAILAllLITY li.LUCIE 2 E! thllet ! i N 3.1 2. 6E-6 3.4!4 830 P C (I FPL 4/02/83 UhAA
458/84-04707/31/86 MULTIPLt TRAlh$ FAlt, RIVEPMCI EE th6!ht t 0 4 0.8 7.lE-9 7.lf t 936 3 6 $4 ISU 10/31/85 UhAA
285/0440107/02/h IRIP & ADS /fl$ FAIL FICALWOUn El 6tnERA i 0 N 12.9 4.lf 5 4.21 5 478 P C 6H OPP M!h/73 IRIP
362/64411 M/04/06 $st/CCr$ UWVAIL4llt $44040FRt3 W HTEICH I O N 3.0 2.6E 4 8.tE 4 IMO P C 11 SCI M/29/83 UWA
250/84 4 36 IIIN I H tm4VAILAl!LITY EPl itV. POINT 3 EE InSTRU E i Y I4.1 1.lE-9 5.7E 9 693PWll FPt 10/20/72 tWYL
250/04-034 il/H/h LRAVAILAllllif EPS itY.PD! aft (E InliRU E i Y 13.4 1.lE-9 5.71 9 693 P u II F h 04/11/73 UhAVL
250/h43912/04/h UhAVAILAllLlif AFW itY.P0lt13 HH lbSTRU t i N 14.2 5.M-5 5.H 5 693 P s II FPL 10/20/72 UhAA.
414/h-021 h/27/h OPit R$AV PLUS TRIP CAT 4glA 2 CC ltSTRU f T V 0.1 1.lE 4 1.114 1145 P u PC PC 05/Cilh MSLI
341/h44812/24th RCIC/MPCI UhAVAIL FERMI 2 $F MECFUN C i k 1.5 6 M-7 6.M4 1093 3 8 SL MC 06/21/95 L'WA
413/h431 Mllith 58L0tA PLUS TRIP CATAsia i PC P!PEII E O t 1.4 3.3E 3 4.ft 3 1845 P W tPC DPC 01/07/85LOCA
24t/h-0ll 10/0llh ECCW ll UhAVAILARE CCME I mA PURPII ( i k 13.5 1.!! 5 1.!E5 M7 P I til DPC 04/19/73 Uh4A
269/h-Cll 10/Ol/h ECCW 15 UhAVAILABLE OC0 met 2 W PunPII t i N 12.9 !.it-5 1.lE 5 M7 P I UI DPC11/11/73UhAA
269/84-01110/01/86 ECCu 18 UWVAILAKE OC0mit 3 p PURPII E 1 u 12.1 1.lf 5 1.1E5 M 7 P 3 UI DPC 09/05/74 UW VL

280/94-029 Ot/29th HHll !$ LmAVAILAKE SURRf I SF PUPPII E O n 14.2 1.M 1 3.41 4 718 P W ts VtP 07/01/72Uh4A
290/h-03110/30/96 ell 18 tmAVAILARE SURRY l SF PumPII E M T 14.2 3.lE 9 1.0E4 788 P W is vtP 07/01/72 UhA A
2tilh410 07/11/l6 MMll 15 UhAVAILAhl luRRf 2 SF PunPII E i V 13.3 3.1E4 1.0E-5 788 P W 5e VIP 03/07/73 Uh4A

450184402 01/0lth lac 0mPLICATED LOOP RivtR M e l if IR4h5F 6 0 1 0.2 7.M 5 7.01-5 136 I I 6e llu 10/31185 LOOP
!!!! 9 -2 1 01/31/ h LOFu, OPim PSPV DCOuti | CC VALVil E 0 N 12.0 2.!E4 3.4f 5 887 P I 91 P C 04/19/73 TRIP
277th403 01/24/s, ;; ?stP CAulti SCRAM PEACul0TR2 CD v4Lvil t i u 12.3 8.lE-5 0.1E 5 1065 l 6 II Pit 09/16'73 TRIP
30lth404 Ot/28th 481VI FAIL ** CLOSE PT.KACH 2 CD VALYt! l 0 k 14.3 4.H4 4.lE4 417 P u II ump 05/30/72 PSLI
247th417 05/29th OPEN TBSV AhD TRir IND.PDlki! HE VAlv0P ! O 4 13.0 1.01-4 1.01 4 873 P W UE CEC 05/22/73 RSLI
241/86-013 M/27/86 HPCI, Cll 6 DS UhAVL DhWN 3 SF VALY0P t i n 15.6 2.7E4 4.7E4 794 I I SL tut 01/31/71 UhAA
250/6643912/27th IRIP n OPlu Potv itf.PCl=?t CA VALv0P E O N 14.1 1.4E 3 2.It 3 693 P u 11 FPL10/20/72 TRIP
318th4% 09/05/861 RIP Ak: OPEn ASDV CALCLIFF52 h; VAlv0P E O N 9.1 1.lE 6 2.5E-4 645PC11 86E 11/30/76 TRIP
366th43511/13/06 LPC115 UhAVAllekt kATCM 2 SF YhMP S T T 3.3 3.6t*10 3.6E 10 784 I i 15 6PC 07/04/78 Uh4 A
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Table 2.7. Precursors listed by plant operating status

LERh0. E Daft M5CRIP1104 PLANT RAAE If C0W D 0 E A6E CO PRCl $UM Ptol Raft i V AE OPA CR111 CAL TRANS

341/h44812/24th RCIC/MPC) vuvAIL FERMI 2 $F RECFUW C i k 1.56.5(4 6.5(4 1093 I I St MC h/21/05 Uh44
247/h-017 05/21/86 OPf 4 f tSV Amt TRIP tu0.PDlu12 4 VALV0P E D N 13.0 1. M-4 1.0E 4 873 P W UE CIC 05/22/73 MSLI
247/6643510/20/h TRIP.LOFW n AFu TRu luD. POINT 214 CKTMK E 0 h 13.4 2.tE 4 8.0E 4 873 P W Ut Cic 05/22/73 TRIP
249/h413 08/27/66 HPCI, C$5 L M UhAA pilMN 3 SF v4LV0P E i k 15.6 2.7E4 4.71 4 794 5 6 R cue 01/31/71 UmAVL

250/h434 Illhll6 Uh4 VAIL 48!Liff EPS TKY.Poln13IfIhliRUEiY14.1 1.!!-t 5.7E 9 693 P W II FPL10/20/72UhA4
250/h43611/06/86 UNAVAIL*llLiff EPl TKY.PO!Nie IE InliRU f i f 13.4 1.lf-t 5.7E t 693 P W II FPL M 111'73 U W A
250/H43812/04/86 Ub4VAILAllLliY Afu TKY.P0lbf) HH lkliRV E I N 14.2 5.lE 5 5.l( 5 693 P W II FPL 10/20/72 UhA A
250/h43912/27/h TRIP & OPfu PORY TKY.Polhi3 CA VALV0P E D N 14.1 1.6E 3 2.11 3 693 P W II FPL 10/20/72 TR!P
261/h405 01/?Ilh lut Feltl stTH LOOP RCiltSON 2 El ELEC04 E R N 15.4 3.M 4 5.6E 3 700 3 8 VI CPL 09/20/70 LOOP
269/56 4 01 01/31/86 LOFu, CPik MSRy DCDeEEI CC VAlvil E O n 12.0 2.!! 4 3.4E-5 807 P 1 UI DPC C4/11/73 TRIP
26t/h41110/01/86 ECC1 !! UhAVAILAKE DC04EE I 54 PUV II E i N 13.5 1.lf-5 1.lf-5 387 P l VI DPC 04/19/73 UhA 4
269/h41110/01/86 (CCu 15 UhAVAILARE DC0mEE 2 DA PtePl! E i N 12.9 1.lE5 1.lt 5 687 P i UI DPC 11/11/73 UMA
269/h41110/01/h ECCu il LnAVA!Lakt OconEE 3 h4 PUW II E i u 12.1 1.!! 5 1.lE 5 ll? P I UI DPC 09/05/74 Ut4VL
277th403 01/24/86 M 1 RIP CAUSil SCRM PEACxlCTR2 CD VAlvil I i N 12.3 8.lt-5 1.11-5 th5 3 8 II PfC09/16/73 TRIP
290/h429 09/29/86 *!$ 15 Uh4VAILAKE SURRV 1 SF PUWil ! O h 14.2 1. M 4 3.41 4 718 P u se VtP 07/01/72UhAVL
290/h43110I30th HH;l !$ UhAVA!Lakt SUPRf I SF PUWII E R Y I4.2 3.lf 9 1.0E 6 784 P u lu VIP 07/01/72UtAA
201/h410 07/Illh MHil 18 UnAVA!LAkt IVARY 2 SF PUW II E i V 13.3 3.lE 4 1.0E-5 788 P s $s vtP 03/07/73 UNA A
282/h406 Ot/M/h EPS UtAVAILAllLITY PRAIR!!Ill EE Em61mf E i n 12.8 1.ti 8 2.4!-l 530 P e II n5P12/01/73UmAA
282/86406 09/N/96 (PS UnAVAILAllLlif PRA!RIEll! [E EullnE E i N 11.7 1.91 8 2.4E-9 530 P u II NSP 12/17/74 UnA n
282/h411 12/27/86 EPl UhA%AILAllLlif PRAIRlill! EE Eh61tE E i n 13.0 4.M l 5.11 4 530 P s II kSP 12/01/73 Uhan
212/56-01112/27/56 EPS Ut4Vf *6AllLlif PRAll!!!$2 E! Entful i i N 11.9 4. M-l 5.!! l 530 P u II WSP12/17/74Uh44
285/h40107/02/h TRlP & h$lill Fall FTCALHOUN ti SERERA E O h 12.9 4.!E 5 4.2E 5 471 P C IN DPP 08/06/73 TRIP
293/h42711/19/06 LaCOMPLICATIO LDOP P!L6AIRI (E ELECCa E 0 m 14.4 7. 7E 4 7.71 4 655 I I II MC 06/16/72 LOOP
310/h4h 09/05/h TRIP AC OPE 4 ASDV CALCLIFFl2 HE VALV0P E O 4 f.8 1. lE 4 2.5E 4 645 P C II H E 11/30/76 1 RIP
362/h-Cll Cl/04/h $s5/CCut UhAVAILARE SAnon0FRt3 W NTEICH E 0 W 3.0 2.6f 4 8.tE4 1000 P C 11 SCE 08/29/93 UnA n
389th-Cll 07/09th EPS UhAVAILAlltiff li.LUCit 2 EE EnllkE E i N 3.1 2.6E4 3.4E4 830 P C !! FPL 06/02/83 UWW
413th431 Hil3/86 Sh0C4 PLUS TRIP CATAsia 1 PC PlPEII E O h 1.4 3.3E 3 4.ti 3 1145 P W DPC DPC 01/07/85 LOCA
414/M-020 06/27/h OPit MSRV PLUS TRIP CATAsh 2 CC IWSTRU E 1 Y 0.1 1.1E 4 1.lf 4 !!45 P s DPC DPC 05/0llh RSLI
454/M447 07/31/h RJLilPLE TRAlts Fall A!VfRMG) E! Ihllti ! O N 0.8 7.lE-9 7.11 9 136 I I lu 65010/31/15 Cur
30llh404 09/28/16 R$1vl FAIL TO CLOSE PT. MACH 2 CD VALVil I 0 m 14.3 4.lE4 4.lE4 497 P s II ump 05/30/72 RSLB
366/H43511/13/06 LPCS 15 UhAVAILARE HATCH 2 SF V ALYOP I i Y 1.3 3.61 10 3.6E 10 784 I I il IPC 07/04/78 thA E
409th 023 07/10/h LeCOWLICATI) LOOP LACRClit ElCKipt50m19.0 2.0E5 2.0E5 50 3 A $1. DPL 07/11/67 LOOP
458/h402 01/01/16 kmCCWL!CATED LOOP R!v!RMGl (E TRAhSF G 0 f 0.2 7.0E-5 7.0E5 136 3 5 la $$U 10/31/15 LOOP
370/h44 03/29/86 MUL11PLE HMll IRAlt5 MCDUIRE 2 Et Emil>E N 1 V 2.9 3.4E-l 4.lE 1 1180 P u OPC DPC 05/01/83Uh44
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Table 2.8. Precursors listed by discovery method

LER WO. E DAff MSCRIP110N Plani 4AAE SY Comp 0 D E AH CD PRol SUM PR M RATE i V At OPR CRlilCAL TReal
,

261'h405 et/ Nile IVS FAlti u!Tn LOOP RCilul04 2 El ELEC04 E R a 15.4 3. M-4 5.6t 3 700 8 9 UI CPL 09/20/70 LOOP

290/6643110/30/86 MHll 15 Da4VAILABLE $UARY l $F PURPll E R Y 14.2 3.lf 9 1.0E-6 Ill P W $5 VIP 07/01/72 UNAA
247th417 05/28th OPin THV Aa0 TRIP luD.P01N12 NE VALV0P E 0 h 13.0 1.M 4 1.M 4 473 P u UE CEC 05/22/73PSLI
247/h43510/20/96 TelP,LDFW 6 AFs TRE l e.Poltf2 IA Cri pt E O u 13.4 2.91-4 f.M 4 173 P W Ut Cif 05/22/73 TRIP
250/h-03912/27/96 TRIP 6 OPlu PCRV ItY.P0ltt3 CA v4Lv0P E D m 14.1 1.41 3 2.lE4 693 P u il FPt 10/20/72 1 RIP
26t/h40101/31/h LDFu, DPEN RSRV OC04EE I Cf VALvil ! 0 u 12.0 2.114 3. 4(4 M 7 P 1 UI DPC04/19/73 TRIP
tl0/h429 09/21/86 HHil !$ LDAVAILAKE SL*RY l $1 PumPIl E O u 14.2 1.M4 3.41 4 788 P W $8 vtP 07/01/72 W A
295th40107/02/h TRIP 6 ADS /Th Fall FTCALHOUn El 6teERA t 0 u 12.9 4.lt-5 4.2E 5 478 P C 6H OPP 06/06/73 TRIP

293/h42711/19/h L* COMPLICATED LOOP P!L6 Alm i El ELEC04 E O u 14.4 7.71 4 7.7(4 655 3 6 11 MC 04/16172 LOOP
301/h-004 09/29/86 R$1VS Fall TO CLOSE PT.HACH 2 CD v4Lvil 6 0 N 14.3 4.M 7 4.lt 7 497 P W II WMP 05/30/72 MSLI
311/64 4 4 09/05/86 TRIP AM CPik ASDY CALCLIFFS2 HE VALVCP I O N t.1 1.M4 2.5E 4 845 P C II 16E11/30/761 RIP
342/86 4 11 01/04/86 SWS/CCtl UhAVAILABLE SA40n0FRt3 >A HIEICH t 0 m 3.0 2.617 1.9E 4 10 D P C II SCI N /29/83 UNAYL
4Ct/h-023 07/10/h Un0CMPLICATil LOOP LACRCSSE !! Cript 6 0 h 19.0 2.M4 2.M 5 50 3 A SL DPL 07/11/67 LD0P

413/h-031 M/13/86 SILOCA PLUS TRIP CATAalA| PC P!PEII E 0 m 1.4 3. 31 4 4.ti 3 1145 P W PC DPC 01/07/85LOCA
454/M -002 01/01/ h UNCOMPLICATED LOOP Rivt Hi @l Et IRA #$F G 0 Y 0.2 7.M-5 7.0E4 936 I I le ISU 10/31/85 LOOP
458/86447 07/31/h MULilPLE TRAL #5 FAIL R!vtRHCl E! IW61h! 10 u 0.1 7.11-9 7.11-9 136 8 8 St BSU 10/31/85 UNAA
249/h413 Oll27th HPCI, Cl3 6 H UtAA HilMu 3 5F VALv0P I i N 15.6 2.7E 4 4.71-6 714 8 9 SL Cet 01/31171 tmA A

250/h 036 ll/06th UnAVAILAlltiff IPl TRY.Polu13 Et IhliRU E i Y 14.1 1.lt-t 5.7E t 693 P W II FPL10/20/72UhAA
250/54-034 11/06/06 L*AVAILAllLlifIPS trY.Polti4 E! lulTRU E 1 Y 13.4 1.lf-t 5.7t-t 693 P u it FPL 06/11/73 UtAVL
250/84-(3912/04/06 tm4VAILHILlif AFI TKY.Polu13 MH InliRU E i n 14.2 5. M 4 5.lE4 693 P u II FPL10/20/72UtAA
26'/h4)! 10/0llh ECCu il Ln4VAILAh! OCD4EE I WA PumPII E 1413.5 1.115 1.11 4 847 P I UI DPC 04/11/73 UtAA
26tiie-0!! 10/01/h (CCu Il I,*AVAILARE OCNE 2 h4 PURPII E i N 12.9 1.11 4 1.1E4 167 P I UI DPC11/11/73UhAA
269/0641110/01/h ECCu ll UnAVA!LAh! OCCNEE 3 84 PURPII E i N 12.1 1.11 4 1.11 5 887 P I UI DPC 09/05/74 UmA A
277/86403 01/24th H TRIP CAUSEl SCRAN PIACHOTP2 CD VALYtl i i N !!.3 9.lE4 f.114 1065 8 I II PEC09/161731 RIP
281/h-010 07/Il/h HH!l Il LnAVAILAkt SWT 2 SF PumPil E i Y 13.3 3.lE 4 1.M4 7it P u la vtP 03/07/73 Un44
202/h44 Ot/00th EPS L*AVAILAl!Llir Pultllll! El Ettlet E i N 12.5 1.91-1 2.41 4 530 P s H htP 12/01/73 Uun
292th-0M 09/M/86 EPS VeAVAILAllllit PRAltlEll! [E Eullhi E i N 11.7 1.91-1 2.4E4 530 P u 31 h5P12/17174UhAA
292/8641112/27th EPl LAAVAILAl!Liff PRAltlilli (E Eb6!kt E i n 13.0 4.M-1 5.11 1 530 P W ll W5P 12/01/73 UhAA
212/66 4 11 12/27/86 EPSL*AVA!LHillif PRAlpittl2 (E th61st t i N 11.9 4.M-1 5.lf l 530 P u 11 WSP 12/17/74 UhAA
341th44112/24th RCIC/kPCI L* AVAIL FERm!2 SF PECFUW C i N 1.56.5(4 6.5(4 1093 I I St M C H I21/95 UhAA
166/h-03511/13/I6 LPCI Il UhAVAILARE HATCH 2 $4 VALv0P G i Y B.3 3.6E 10 3.6t 10 784 I I $$ PC 07/04/78 Uh44
370/h4M 03/21/06 MJLTIPLE HH!l T Hlh$ RCSUIRE 2 EE th61st M i Y 2.9 3.4E-1 4.lt 6 1180 P t DPC PC 05/05/83 L*AA
399/h41107/09/h EPs UnAVAILH!Lliv li.LUCIE 2 El En61hE E i N 3.1 2.6E4 3.4E6 130PCEI FPL 06/02/83 UhA A
414th-029 H/27/h OPit R$tV PLUS TRIP CATAalA 2 CC lh5TRU E i 1 0.1 1.11 4 1.lf-4 1145 P u LPC DPC 05/0l!B6 RSLB

i
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Table 2,9. Precursors listed by plant type and vendor

LEA h0. ICAft M$CRIPfl0m PLAuf but $1 C09 0 0 E AGE CD PRet 5U9 Pt:0 PATE i V At OPR CAlilCAL ftAh5

409/86-023 07/10th UhCC9 PLICATED LOOP LACRC$$( (E Ct1HK l 0 h 19.0 2.M 5 2.M 5 5014 SL PL 07/11/67 LOOP
24t/h-01308/27/86 HPCI. Cll n H t:hAA CRE$ Cts 3 SF v4Lv0P E i N 15.6 2.7(4 4.7E4 794 I I SL Chi 01/31/71 UhAW
277/86403 01/24th H 1 RIP CAUSES 6CRM PEA 0401'2 CD VALvil E i n 12.3 9.lE 5 1 ll 5 th5 8 6 Il Pit 09/16/73 TRIP
293/16 4 27 Illlith lmCC#LICATED LOOP P!LGA!9 1 EE ELECCu E D N 14.4 7.7E4 7.7E4 655 I I II M C M il6/12 LOOP
341/h44812/24/h RCit/MPCI UhAVAIL FERN! 2 SF P(CF M C i k 1.5 6 M -7 6.5( 7 1093 8 i SL MC 06/21/95 UhAn
3h/8643511/13/16 LPCl !$ Uh4ValLAKE kATCH 2 $F VA(VCP l i V 8,3 3,61 10 3.6E 10 784 I I ll GPC 07/04/78 UnA4
451/86 4 02 01/01/16 UhCCVLICATEDLOOP AlvtR H ht! El IRAhSF G 0 1 0.2 7.M-5 7.0E-5 936 i E Su ISU 10/11/95 LOOP
458th 047 07/31/86 90LilPLE TRAlh5 FAIL PlVERMkt! [E th6thE t 0 4 0.8 7.lE 9 7.It t t h I 6 Su Glu 10/31/95 UhA R
269th-00101/31/h LOFu. Cflu RSIV CC0 HEE I CC VALYtt t 0 W 12.6 2.!! 6 3.4E 5 H7 P 1 UI PC 04/19/73 ft!P
269/h-Cll 10/011h ECCu Il UhAVAILAh! DCChEE 1 h4 PL*Pli E i h 13.5 1.!!-5 1.11 5 M7 P I UI PC 04/19/73 UhAn
269/86-01110/01/16 (CCu 15 UhAVAIL48tE OC0 HEE 2 h4 PumPII E I E 12.9 1.lE 5 1.lE 5 M7 P l Ut PC 11/11/73 UhA4
269th-0!! 10/0lth ECCu !$ UhAVAILAKE OCChEt 3 h4 PLAPIt E i N !!.! !.!E 5 1.11-5 M7 P I UI PC09/05/74UhAA
285/h40107/02/06 TRIP 4 AHlill FAIL FTCALHOUM El SEhERA E O h 12.9 4.!!-5 4.2t-5 478 P C BH OPP H lh /73 ft!P
318/M -0 % Ot/05/ h TRIP AhD OPlu AIDV CALCLIFFl2 HE VAlv0P E D N 9.5 1.M 6 2.5( 4 545 P C 11 96E 11/30/76 TRIP
362/h-0!! 08/04/h SuSICCut LMVAILAhl SA4040 Fit 3 h4 Mi!ICH E O N 3.0 2.6E-7 8.9E 7 IMO P C 51 SCE H l21/83 UhA W
389th41107/09/h EPS LhAVAILAi!Liff $1.LUCIE 2 EE Eh31ht E i k 3.1 2.6E4 3.4E4 830PC11 FPL06/02/13UhAW
247th-017 05/28/h OPl4 fily AnD TRIP thD.P0!n12 HE VALV07 E 0 4 13.0 1.M 4 1.0( 4 873 P u UE CEC 05/22/73R$Ll
247/1643510/20th TA!P.LOFW 6 AFs TRt INC.Poln1214 tript E O h 13.4 2.t1 4 0.0E 4 873 P W UE CEC 05/22/731 RIP

250/86 4 h illh ll6 t*4V4tLAllLiff EPS itY.Poln13 EE luSTRU E i Y I4.1 1.lE 9 5.71 9 693 P u II FPL10/20/72Uh44
250/h4h ll/06th L*AVAILHILlif EPS itY.PCitT4 EE th51RU E i Y 13.4 1.lE t 5.71-9 693 P W II' FPL 06/11/73 UhA4
250/h43812/04/86 t*AVAILAllttff AFs itY.P0!t13 MH lhliRU E i n 14.2 5.M 5 5.M 5 693 P W II FPL 10/20/72 UhA n
250/B643112/27th TRIP n OPit PORV TRY.P0lti3 CA v4Lv0P E O n 14.1 1.4E 3 2.11 3 693 P t II FPL10/20/72 TRIP
261/l6-005 01/2ilh DVI FAILS utfH LOOP RCllt30n 2 El (LECON E a n 45.4 3.M-4 5.6t-3 700 3 6 UI CPL 09/20/70 LOOP
280/h429 09/29th HH!l 15 UhAVAILAAE $@Rf I SF PUW II E D N 14.2 1.014 3.4(4 788 P W la Ytf 07/01/72 UhAW
290/h43110/30th HH!l !$ UhAVAILOLE SURRY l 5F PVW II E R Y 14.2 3.!! t 1.0E4 781 P W le vtP 07/01/72Uten
201/h-010 07/111h NH!l ll UhAVAILOLE SUREV 2 $F Pue II E i f 13.3 3 lE-I 1.0E 5 788 P W $4 YEP 03/07/73 UhAE
282/h4M 01/M/16 (PS Uh4VAILAl!Liff PRA!RIElli EE thilmE 1 i n 12.8 1.914 2.4E-1 530 P e 11 h5P12/01/73Umavl
282/h4M 09/0llh IPS UhAVAILAllLlif PRAIRIE!$2 EE EnllhE E i a 11.7 1.tf 8 2.4t-l 530 P W II h5P 12117H4 Uta n
282/h41112/27th EPS UhAVAILAl!LITY PRA!RIEllt El Ehllet E i n 13.0 4.M 1 5.lf I 530 P t II h5P 12/01/73 UhA n
282th411 12/27/86 EPl L*AV AILAllLliY PRAlt!E152 EE Eullut E i a 11.9 4.M-l 5.lE 9 530 P v II h5P !!/17n4 UhA n
301/h404 09/28/16 M51VS FAIL TO Ct0SE PT.HACW 2 CD VAivil 8 0 m 14.3 4.8E 7 4.lt 7 497 P t 11 to 05/30/72 RSLI
370/h44 03/29/86 MulilPLE HHIS TRalts PCSUIRE 2 Et fullt! H i V 2.1 3.4E I 4.lt i 1180 P W PC PC 05/08/83 Uta n
413/86431 h/13/16 $lt0CA Ptul TRIP CAihela 1 PC P!PEII E O h 1.4 3.3E 3 4.tt 3 !!45 P u PC PC 01/07/95 LOCA
414/h-029 06/27/16 DPEN 858V PLUS TRIP CATAala 2 CC IkliRU E 1 Y 0.1 1.lE 4 1.lE-4 !!45 P W PC PC 05/08/84 R$Ll
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Table 2.10, Precursors listed by architect-engineer

LER 40. E DATE MstilP1104 PLANT hAPI SY Comp 0 0 t A6E CD PRCI Sun PRCI RATE I V AE OFR CRiflC4 flat $

I
250/5643611/hlh L4AiA!LAllLlif (PS itY.P0ln13 !! InSTRU E i f 14.1 1.lf-t 5.7E 9 613 P e il FPL 10/20/12 Um4Vt
250/h434 Il/h/06 DaAVAILAllLlif EFl TFY.PO!nT4EtIhlTRVEIY13.4 1.lt 1 5.71 9 693 P W II FPL hill /73 LWVt
250/h-03812/04th UhAVAILAi!Llif AFs TKf.Poln13 MH lulTRU ! 1 N 14.2 5.9E 5 5.lt 5 693 P W II FPL 10/20/12 UhA A
250/8443912/27/h TRIP n DFlu Ptiv itt.P0!ti3 CA V4YOP i 0 N 14.1 1.4E 3 2.ll 3 693 P u II FPL 10/20/12 TA!P
277/86403 01/24th H TRIP CAUSES SCRAM PEAC>l0TM2 CD VAlvtl ( i N 12.3 8.!E-5 1.11 5 1065 I I 11 PEC 01/16/73 illP
N2/H4% 09/H/86 EPS Un4VAILAI!Llif PAAIRIEllt EE Et6thE E i N 12.8 1.tE-l 2.4E4 530 P u H NSP 12/01/73Uh4A
212/h4% 09/Hlh EPS UmAv41|,Al!Llif PRA!A! Ell 2 (E Et61mt E I a 11.7 1.ti-l 2.41-0 530 P u 11 WSP12/17174UhAn
202/h41112/27/l6 EPl UnAVAILAl!LITY PRA1Altllt it EnllnE E i t 13.0 4.M I 5.lt l 530 P s il WSP 12/01/73 UnAA
N2/h41112/27th (PS WAVAILAllLliY PRAltlEll2EEEnllhtEiN11.9 4.0E 1 5.!E4 530 P e 11 blP 12/17/74 LMA
213/h-027 tilit/h L4 COMPLICATED LOOP PIL6 AIR I ttELECC# eon 14.4 7.7E4 7.7E4 655 8 6 II MC h/16172 LOOP
301/h404 Ot/Mih MilVI Fall TO CLOSE PT. MACH 2 CC VALvil 6 0 4 14.3 4.lf 7 4.lE 7 497 P W II W9P 05/30/72 R$tt
311/h406 09/051h TRIP AND PEu ASDV CALCLIFFl2 NE vntv0P E D N t.I 1.814 2.5E4 645 P C II Ilt !!/30/76 1 RIP
362th-0l! 08/04/86 lul/CCut UtAVAILAILE $44DN YPE3 mA HTEICH E O N 3.0 2.61 7 B.ft 7 IM O P C 51 SCE08/29/33unAA
370th4% 03/29th MutilPLE HHil IRAlkt RClglRE 2 EE Enllat H i V 2.9 3.4t 4 4. M 1 1180 P W W C DPC 05/01/83 LW A

413/86 4 31 h/llth IlLOCA PLUS TRIP CATAeln i PC PIPEII E 0 N l.4 3.31-3 4.9t 3 1145 P W DPC N C 01/07/95LOCA
414/h-0N M/27/16 OPEu MSRV PLU$ 1 RIP CATAtlA 2 CC lhlTPU E i V 0.1 1.lf-4 1.1E-4 1145 P W WC DPC 05/Cilh RSLI
389/86-01107/09th EP3 Um4vAltallL11Y li.LUCIE 2 EE (=llut E i n 3.1 2. M 4 3. 4E 4 130 P C El FPL h /02/83 UhAA
285/86-00107/02/h TRIP 6 ADS /TH Fall FTCALHout El SEnttA E O u 12.9 4.!E 5 4.2t-5 478 P C IH DPP01/06/731 RIP

249/h-013 Ol/27/h HPCI. Cll n H UWAA PtSMR 3 SF v4Lv07 E i u 15.6 2.7E4 4.7t 6 794IISL Cut 01/31/71 LWVL
341/h44112/24th RCIC/HPCI UnAVA!L FIPRI 2 SF PICFL:n C i a 1.5 6.M 7 6.51 7 1093 8 I St M C H l21/95 UhAA
409/86-02307/10/06 tmCOMPLICATEDLOOP LACROSSE EE Cript 5 0 m 19.0 2.M 5 2.M 4 50 3 A SL DPL 07/11/67 LOOP

366th435 tillith LPCS tl UmAVAILAkt NATCM 2 SF VAtvCP 51 Y 1.3 3.6E 10 3.6t 10 784 5 6 Il SPC 07/04/71 UtAVL
N0/h-021 Ot/29/h HHil Il LEAVAILAkt SURRY l SF PumPl! ( 0 N 14.2 1.M4 3.4E4 789 P e $t vtP 07/01/72 LWA
Noth43110/30th HHis il LEAVAILAkt l@pf 1 $F P W II E R Y 14.2 3.lf-9 1.01 4 788 P W Sa vtP 07/01/72UtAA
2|lth-010 07/111h Mll !$ UhAVAILARE $#RY 2 SF P W II E 1 Y 13.3 3.lf-l 1.0E5 7H P s la vtP 03/C7/73 UhAvl
45BIh402 01/0lth LeCOMPLICAftl LOOP RlvEAH Wtl EE tron 5F G 0 V 0.2 7.M-5 7.0E 4 936 6 6 $a 650 10/31/95 LOOP
458/h447 07/31/h MutilPLt TRAlul FAIL R!vtRIEhal (E thllt! ( 0 R 0.1 7.lE 1 7.lt t 936 8 6 $s ISU 10/31/15 LtAvt
247/h417 05/Nih OPER THV AtD TRIP IkD.P0lui! HE VALv7 E O u 13.0 1.M 4 1.M 4 873 P s UE CEC 05/22/73R$tl
247/H43510/20/96 TRIP.LDFs 6 AFs TRh InD.P0th121ACalptiOu13.4 2.91 4 0.0E-4 873 P u UE CEC 05/22/731 RIP

26tth405 01/29/56 805 FAILS u!1H LOOP RCilnSch2ElELECCtERh15.4 3.M 4 5.6E-3 70016UI CPL 09/20/70 LOOP

269/84-00101/3tth LOFu. OPEt PSRv Occult 1 CC VALvil E O t 12.8 2.lE 4 3.4E 5 H 7 P I UI WC04/19173filP
269/h41110/0lth ECCu 15 UtAVA!Lakt CC0 TEE I mA PWII E 1 h 13.5 1.lE-5 1.1E4 817 P I UI DPC 04/11/73 LWA
269/h-0ll 10/01/h ECCu ll VanVAILAnt DCCult 2 e4PuaP!!EiN12.1 1.lf-5 1.1E 4 817 P I VI IPC11/11/73UhAVt
269/h41110/Cith (CCs il UhAVAILAh! CCC=tt 3 mAPWitiin12.1 1. lli 1.11 4 H7 P l UI PC 09/05/74 Um44
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Table 2.11. Precursors listed by operating utility

LER Wo. E DATE MICRIP110u PLAuf nME $Y C0mP 0 5 E Alt CD Put lum PR05 RATE i V At OPR CRITICAL TRhl

293/84 4 27 Illitlh UnC0WLICATED LOOP PlLIRlR I II EttC04 E O u 14.4 7.7E4 7.7E4 655 3 6 II MC06/16/72 LOOP
318/0444 Ot/0$lh TRIP AnD DPlu Alty CALCLIFFl2 4 VALV0P E O u 9.8 1.M4 2.51 4 145PCII MI11/10/16 TRIP
247/h417 05/Nih OPlu THV AH TRIP In0.FClu12 NE v4Lv0P E 0 u 13.0 1. M-4 1.M-4 173 P e 1K CEC 05/22/73 MlLB
247/0443510/20th TRIP.LOFu $ AFu Th thD.P0luf2 1A CtilRK E O N 13.4 2. 91 4 8.M 4 873 P W UE CEC 05/22/73 TRIP
261/l4405 01/ Nil 6 But FAlts slim LOOP Rollelce 2 II ELECCu E R 415.4 3.M-4 5.6E-3 700 t i UI CPL 09/20/70 LOOP
249/h-013 Ol/27/h MPCI, C$l l M UnAA DRilMu 3 SF VALV0P E i u 15.6 2.71-6 4.71 4 794 B 6 St Cut 01/31/71L*AA
341/84-04812/24/h RCICn4PCI 144v41L FERN! 2 SF ntCFUN C i u 1.5 6.5E4 6.51 4 1093 5 i St MC 06/21/15 UWA
269/h40101/31/06 LOFu,OPiuRSRV DC0(E 1 CC VAL W I E O h 12.0 2.114 3.41 5 667 P 1 UI PC 04/19173 TRIP
269/h411 10/01106 ECCu il UnAVAIL4kt CCCWI I mA PumPII E I h 13.5 1.lf-5 1.lt-5 867 P I UI DPC 04/19/73 UhAA
269/04-01110/0lth ECCu 15 LeAVAILAkt CC0mit 2 W Puvll E i h 12.9 1.!E 5 1.!E-5 817 P 3 UI DPC11/11/73UhAA
269/8441110/01/16 ECCu 15 UnAvnlLAKI DCCMI 3 mA PUMP!! I i u 12.1 1.1E-5 1.lf 5 887 P i UI DPC 09/05/74 UW A
370/844% 03/29th MilPLE HHil TRAlbl PClulRE 2 EE Enllt! M i Y 2.9 3.4E l 4.6E 8 1100 P t P C DPC 05/08/83 UW A
413/84431 N/13th th0CA PLU$ TRIP CATA4A 1 PCPlPittt0N 1.4 3.3t 3 4.9E 3 1145 P e DPC PC 01/07/85LOCA
414/54 4 28 06/27/86 OPlu MSRV PLU$ TRIP CAthl4 2 CC taliRV E i V 0.1 1.ll4 1.1E 4 1145 P u CPC PC 05/08/66 RSLB
409/h 023 07/10/h L4COWLICATED LOOP LACR0$lE (E CtilRK l 0 m 19.0 2.M-5 2.0E 5 50 | A Il DPL 07/11/67 LOOP
250/h434 !!/04/86 UnAVAltal!Llif EPl TKY.PoluT3 EI lulTRU E i Y 14.1 1.!! t 5.71 9 693 P u it FPL 10/20/12 UhA A
250/h434 !!/04/86 UtAVAILAl!LiffEPl TKY.P0thT4 Et IbliRU E i Y 13.4 1.11 9 5.71-9 693 P e II FPt N/II/73 UnAYL
250/h43812/04th UtAVAILAl!LITY AFs itY.PO!nT3 MH thlTRV E i u 14.2 5. M 5 5.81-5 693PtII FPL 10/20/12 UhAA
250/0443912/27/h TRIP $ CPlu PORV TKY.P0!aT3 CA VALv0P E O u 14.1 1.4E3 2.11-3 693 P e II FPL10/20/721 RIP
389/8641107/09/h EPS UNAVAILAllLITY li. LUC 112 II Ettint E T k 3.1 2.61 4 3.41 4 530 P C El FPL 06/02/83 th4A
346/66 4 35 ll/Illh LPCs il UhAv61L4ht kATCH 2 SF WALV0P l i Y 8.3 3.6E 10 3.6t-10 784 8 6 $$ PC 07/04/78 Vn44
450/66402 01/01/16 tmC09L!CATED LOOP RIVERNMI IE TRhlr 5 0 Y 0.2 7. M 5 7.0E 5 936 I I le llU 10/31/15 LOOP
450/h447 07/31/16 MULilPLE TRAlts Fall RivtRMC1 Et intial E C t 0.8 7.!E 9 7.!E 9 936 I l is llu 10/31/15UuAA
212/h4% 09/0llh EPl UnAVAILAllLITY PRAIRillit (E Emiltt I i u 12.1 1.914 2.4E4 530 P t it klP12/01/73UhAn
fl2/h4h Ot/08th (Pl t*AVAILAllLliY PRAlalEll2 (E Enllat E i u 11.7 1.tE 4 2.4[l 530 P u II hlP 12/17/74 UW A
N2/h41112/27/h EPl UnAvn!LAllLITY PRAlaltll! II Entlhi E f a 13.0 4.M-1 5.!!4 530 P t II hit 12/01/73UWA
N2/h-Cll 12/27/h EPS UWVAILAllLlif PRA!Iltll2 Et thilhi ! I u 11.9 4.M l 5.11 4 530 P e II klP 12/17/74 UhAA
285/54 4 01 07/02/84 TRIP $ Apl/Til FA!L FTCALHOUN El SEhERA i 0 N 12.9 4.!E-5 4.21-5 478PCSM DPP Ol/ H/73 TRIP
277/66403 01/24th H TRIP CAJ$El $CRM PEACH 80TR2 CD WALVEt E i u 12.3 8.ll-5 1.11-5 IM5 I I II PEC 09/16173 TRIP
342/h41106/04/4 lel/CCel UWVAILABLE $440h3FPf 3 to NTEICM I O N 3.0 2.614 1.tE-7 1080 P C II $CE 06/29/13 UW A
N0/h429 09/29/h HHis 15 UhAvn!LARE SURRY l SF PUvtl E O h 14.2 1.M-1 3.41 4 718 P u la vtP 07/01/72UhAA
N0/le-03110/30/h HHil Il leav41LAkt LURRY l SF PL*PIl E R Y 14.2 3.lE-9 1.0E 4 788 P u la vtP 07/01/72thAA
Niih410 07/Illh *ll Il L*AVAILARE $URRY 2 SF PumPII L i Y 13.3 3.114 1.M 5 798 P v le vtP 03/07/73 LW A
301/04404 09/29th R$1vl FAIL TO CLD$t Pt.MACM 2 CD WALYil 6 0 a 14.3 4.M-7 4.lf-7 497 P u II e4 05/30/72 Alli

<
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-Table 2.12. Abbreviations used in precursor lists

IAR ms 00CEST WLICaessa Ettaff NPOST ItasEt
a atTs erauf atts
OS$CRIPfices M8tBIPT108 0F EVENT
Pldpf EtsS RAIE OF PLAfff asD lar!T 1828Et

ST: SYtNet AA088VIAfl0E

SYSTEM CODE DESCtlPTION
REACTot

RA ttACTot VES5th INTERNALS
25 REACitWITY CONTROL SYSTEMS
RC REACTOR CDit

REACTot CDOLANT SY$ FEM MD CDNNECTED SYSTEMS j
'

;

CA 11ACT05 YES$tt,8 AND APPURTENANCES )
CB C00LMT RECitCULATION SYSTEMS AND (DNTROLS
CC MAIN STEAM ST$TEMS AND CONTROLS
CD MAIN STEAM 180LAfl0N SYSTEMS MD CDNTt0LS
CE REACTOR Cott ISOLAfl0N COOLING SYSTEMS AND CONTROL %
CF ti$1 DUAL NE AT REWVAL SYSTEMS AND (DNTa0LS
CG REACTot C00LMT CLEANVP SYSTEM.1 MD CONTROLS

]Of FEEDWATER $YSTF.MS MD CONTROLS
i

Cl itACTOR COOLUT Pat $$Ut! DOUNDARY LEAR. AGE ]
DETECTION SYSTEAS

CJ OTNER COOLLYT SUS $YSTEMS AND THEla CONTROLS

; ENGINEESED $AFETY FEATVall

SA REACTOR CONTAINMENT SY$ FEM $
$5 CDNTAINMENT NEAT REMVAL $Y$7 EMS MD CDNTROL$
SC CONTAINMENT All PUt!FICAf t0N AND CLEANUP Sf 6TEMS AND CONTROLS
SD CDNTAthMENT ISOLAf tom 5YSTEMS MD CDNit0Ls
$E CONTAINMENT COMSU$TISLA CAS CONTtf% SYSTEMS AND CONTROLS
SF EMERGENCY Q)tt (DOLING SYSTEMS AND (DNT40L5
SG CONTROL ROCM KAtlTABILITY ST5TEMS AND CONTROLS
$N OTHER ENGINEEEED SAFETY FEATVat SYSTEM 5 MD THEIR CDNit0LS

INSTRUMENTATION AND CONTROLS

la REACTot Tt!P SY$TEMS
| IB ENGlhEtt1% SAFETY FEATUtt INSTRUMENT SYSTEMS
; IC SYSTEMS REQUltED FOR SAFE SMUTDOWN

LD SAFETY ttLATED DISPLAY INSTRUMENTATION
IE OTNtt INSTRUMENT SYSTEMS REQVIRED FOR SAFsTY

| IF QTHER IN$1*UMENT SYSTEMS NOT REQUltED FOR SAFETY

ELECTt!C POWER SYSTEMS

. EA OFFSITE PohEt SYSTEMS MD Q>htt0LS
l El AC ON$lTE POWER SYSTEMS AND CONTt0L$

EC DC ONSITE POWit $Y5TEMS AND Q>NTROLS
ED ONSITE POWER SYSTEMS AND CONTROLS (COMPOSITE AC A.C DC)
Et EPitCENCY GEN 8tATGt $Y$TEMS MD QJNTROLS
EF EMERGENCY LIGHT!sc $YSTEMS AND CONTROLS
EG OTNtt ELECTt!C POWEt SYSTEMS AFD Q*TROLS

FUEL STORAGE AND MANDLING $1$YEME

FA NEW PUEL STotAGE FACILiftt$
FB SFENT FVEL STORAGE FACILITIES

j FC SPENT FUEL POOL (DOLING AND CLEMUP STSTEMS MD CDNTROLS
FD FUEL MANDLING SYSTEMS

i AUXtLI Alf WATER SYSTEMS

WA STATION SERVICE W ATER SYSTEMS AND CONTROLS
wt CuoLING SYSTEMS Pot REACTOR AJ1tLIAtlE5 MD CDNTROLS,

| WC DEMINERAtttEO W ATER Matt-UP SY$TEMS AND CONTROLS
WD POTAALE MD SANITARY Waft 1 EYSTEMS AND QWTROLS
WI ULTIMATE NEAT $1NK FACILITIES
WF CONDENSATE STORACE FACILITit5
W OTWEt AUXILI ARY W ATER ST57 EMS AND Tuilt CONTtoLS,

!

AUXILI ARY P90 CESS SYSTEMS

PA COMFitSSED All SYSTEMS AND CONTROLS
8 F8 PtoCEss SAMPLING SYSTLMS
i PC CHEMICAL. VOLUME C)NTROL AND LIQUID PUISON SY$TEMS AND Q>NTa0LS

PD FALLED FUEL DEftCTION $1 STEMS
j Pt OTHER AURILI ARY PROCESS tYSTEMS AMD CbNTROLS

!
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! Table 2.12 (continued)
l
I

i OTMLA Act!LI ARY SY$TEMS
l

AA AIR CUMJITIoh!NG, KLATING, CDOLl% AhD VthT!LAf ton SYWitMS MD Q>hTROL$
At P!KE FA0TECTivN bYSTEMS AA0 CONTROL $
AC OptMUNICAfluN SYSTEMS

AD UTMLA AUXILIARY 5tSTLMS AND TMtta CONTRaLS

STEAM MO PwEt O*Vta$ TON SY$TEMS

MA TVR$thE*GEbERATOR$ AND CUNTROLS
MS MAI4 $ TEAM $UPPLY 5Y$7tM MD O>hTROL5 (0T4tR Tug CC)
MC M414 COhat45Et SYSTEMS MU CONTROLS
MD TLR B t hE GLMD $EALING $YsitMS MD O>NTR0.5
NE TUR5tNE BYP AS$ $YSTEMS AND CONTROLS
NF CIRCULAT!hG WAf te $YSTEMS MD CONTROLS
HG CON 3ENSATt CLEAN-UP 5YSTEMS A.%D CukTROLS
RM C)NDthSATE MD Fttuw Af tR 515TEMS MD O>hTROLS (OTMtt TMAN CM)
di STEAM GEMEAATOR SLWDuaN SYSitMS A.hD CowfROLS
KJ OTMER FI ATURtl 0F STEM MD PO=Tu CDNVER$19N SY1f tMS (NOT teCLUDED EL$tWHtat)

R A310 ACTIVE W Atti MAN AGEMtvf 5Y5TEMS

MA LIQUID RADIOACTIVE WASTE MMAGEMth? 5:iTLMS
MB C ASEQU$ RAD 104CT!vt W A$TE %4 Af.EMEff $YSTE Ms
PC PROCES$ MD EFFLUENT LAD 10 LOGICAL CMITLt!4C SY5TEMS
MD SOLID RADIDACTIVE m ASTE MAN ACF.MEVT SY STEMS

R ADI AT10N FROTECTioh #TSTLMS

SA AREA ph>417081% SYSTEMS

BS AIR bO R.N E RAD 10ACT1WITY Mrdifet!=G SYSTtMS
L1 UTMER SYSTEMS

ZZ SYSTEM O>DE WT APPLICABLE

OMP s $1 STEM CDMFostrT Get

ComrohtNT TTPS OMPONLET TYPE
(CC*tPO% TWT CODt) CnM PO4 E WT TY PE 14CLUDis (CDetPO%ENT CODE) CG4PDutKT TYPE I kCLUDE S

ACCUMULATOR SCRM ACCUMULATVt3 C.iaTROL DRIVE MECHMI5MS
(ACCUMV) SAf TTY th> LCTION T A%1$ (C R Da W E )

SURCE TUTS
MaLDUP/$T084CE TAht5 DEMI us Alit t a $ 10N LECMAEE A S

(DLMINI)
Alt DRYERS
(A1RDtt) (LFCT#! CAL CONDUCTOR $ $US

( E LECOh ) CA8LE
blRE

ANhubCI ATOR MOLWLLS ALARMS

(M4VNC) SUZZERS LhGlht$, INTER %AL COMSW$t!ON
CLAtans (in41NE) OtEstL EJCINES
NORW1 GA$0L1tE EWGINES
GOES NATURAL GAS E NINES
SIREh5 ft)P M E ENGlMES

$TRA14ERS
SCetEW$

71LTERS
(FILTER)

BATTEttt$ AND CHARJERS CHARJ.fRS FLEL ELfMEMTS
( B A TT R Y ) C4Y CELL (FttLKt)

Wtf CFLLS
STORAct CELLS CL% ERAT 7tl thVESTER5

(LE%tRA)
S LNE R S CLMP t t s soR 5

( SLWi t ) GA5 CIRCULAT'4s HEATERS, FLECTtlC NEAT TRAClus
FA45 (ut ATit)
VENTILATutS

)

1
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Table 2.12 (continued)
titCUlf Clottes/ CitCUlf SAEM ERS NEAT EXCMAEtt$ CONDENSES $
INTtatVPfits CONTRACfots ( slitKCN) C00LE45
(CET6tt) CONTROLLEtt EVAPotAfott

STAsTERS RECENERAfttt NEAT EXCMA E tt$
SWITCNis (OTNES TMAN 5ENsot$) $ TEAM GENERAfot$
$d tTCESAR PAN Colk UNITS

CONTROL 100$ PQ! SON CURTA1N5
(Cost 00)

IN$itVMENTATION AND CONTROLLit$ RELATS Sd!TCNGEAR
! CONTt0LS SENSut$/DETECTutS/ ELEMENTS (BELATI)
| (INSTRU) INotCAf0il

CIPPERENTIALS SMOCE SUPPR1550t$ MD SUPPost NAACtts
INTEGRAfot$ (TUTAL!!!R$) (SUPotT) SUPP0tTS
POWit SLPPLitt $dAf BAACES/$fA31Ll1ERS |
RtcotDERS $NU43Et3 !
SWITCNt1 MT!*VISRAf toit !* VICES ITEMSMITTEt$ TRANSPORNEt$
COMPUTATION Pa>0Ukts (TRANSP)

MECAANICAL PUNCTION MLCHANICAL CONTeoLLits
L111T% COVERNots tut 8t%ES STEAM tut 81Mts
(MECPVN) CEAR SOIES (TU181N) CAS tut 81NES

vat! DRIVE 5 NTDRO WRBlWES

ELECTt!C 800T085 VALVES VALVLS DAMPtts
(MOTotI) IfTDRAULIC PIJTot$ ( V ALYt t)

| PNEUMATIC (Alt) MJTot$
! $1RVO Ptitut$ VALVE UrtKAfut$ EXPLOS!V8, SQUlt
! (W ALVpF)

PENETSAfl0N$. PRIMARY Att IACal
CONTAIN. Pit $0hWEL ACC0&$ VE$$1Ll, PRES $Utt C)NTAINMENT VES$ELt
(PENEft) PUEL MANDLING (VE51EL) ORTWELLS

EQUtPMENT ACCESS PRES $Utt $UPPatS$10N
ELECTK! CAL PREl$ct!!st$
INSTSVMENT LINE ttACTot VESSELS
Ptactl$ P!P!883

FIPts, P!TTIES Otutt COMPONENT $
(P! PERI) ( AtttEx)

PUMPS Cobt$ 183T APPLICatLE
(PUMPEX) (121222)

atCDMSINER$
(eECOMs)

Os PtJdPT QPtaattuC STAT 98:

g ST47VS

A (UNate) CONSTRUCTION
3 FREOPERATIONAL. ST ARTUP OR Powts ASCEN510N TEST $ (IN PRX8tS$)
C ROUT!bt STARTUP OP11ATIONS
D ROUTINE 5NUTJ0WN DritAttohl
t STEADT STATE OPERAfluN
P LDAD CMAKES DL' ale RXT!kt Pwtt OPER Atl0N
G $NVTDOWN (et0T of COLO) LICEPT Pot itPUELIE
N REPUELING
U UE SNM
I OTDtt (INCLUDIE SPECI AL TESTS, IJf uGENCT SHUTpuWM opt 1ATIONS, ETC.)
2 IThA IkJT APPLICABLE

D: Ot9(XMaaf IETuot (04PeaATIon&L DRst. T-Ts5TLE, IMIAINTsaAaCt)
3: Esses me05 IsROLWto (s-eD, T-Tas)
88 5 : PLANT 4G8 AT Tm T11E OF TIE BWts? 15 ftA83
CD Phott CeluDITion&L CDet bandGE FtotaatLITT
Ret PROSI GIEWITICEAL PROSASILITT OP (dst M AND GISS VUUIttA4!LITT
Waft: PLAIPT EJC?tICAL BAf teC En escenI4TTS MACTttC
T PLANT TIPS (D- Aft P-FWE)
vs FRANT ISS TRIIBM

A-ALLil $MALMit$
8-BAlcuCE AND WILCOR
C-COMat$ TION REINEtt1E
CH;tNERAL ELECTalC
W-dt STI ENOUSA

t
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Tabic 2.12 (continued)

All PLMT AECutTECT DIGl#4f t

At-pr alCM titCY alc P>mta UN-Glets M3 MILL 5%-50cTutRh EttVICLS
BR-5JRh5 Ah3 RDE LI-GILAERT Se-STust DD attsTtt
St StCWT% PI-Plahtta LK-LN1ind 1%!htta5
uPC-pLLS POWit CvMPANY E7-88*=4 A43 Emi Ut-VTILITT
(4-t&ASCO $L-5AAGthT M3 11hDY L1-0Tnts
P P-PLutt P tatt

Orts PLANT LICENSEE AAS4tVIAT10a5

LICtmitt LICth$tt

AtlWIV. Llet4sl1 ABBW5V. LICF44FE

APC ALA R AMA Pw E t OMPMY hMP hl AGR A EKAWIC P hti O.;&POLAfiv4

APL ME AMAS Poutt M3 L tGHT C#VP A%f h41 h0RTMEA$7 NUCLEAR LuftwY CCEPAMT
APS UllDhA PL5 Llc bf RVICL OJMP ANY hPP htBR ASilA PU BLIC PAtt 015TRICT
SLC SJSTOII ELECTRIC COMPAVY MSP h0RTuttu $T 4T15 PvWit C(mF AAY
Et SALT 1%At GA5 MD ElfCTel' 0:4PMY PRC PitlLADELPHI A ELECTt!C (IMPMY
CLC Coh50L LDATED 131%JN C'MP A.%7 PLC PUSLLC SERVICE ELECTt!C AND CAS CCmPANY
Ct! CLEVELA4) ELECTt!C ILLLM14ATlw ORP AAY PtP Pot mAC LLECTelC PwER O MP MY
Cbt CitC1444TI G AS AC) RLLCTelC COMPANY PGC PutTLAND CE%f R AL ELECTA tC COMP ANY

CPC CONhCM& al Phtt OMMY PLE PACIFIC GAS MD LLECTEIC GmPMY
CFL CAROLlh4 PVhti A40 Lt4WT OEP ANY PNf PuWtt AJTos!TY OF Tdt ST ATE OP h1V YORK
C% t CactJWWEALT4 E31504 OmPMY PFL PtnMSTLVM1 A PJWER MD LIGMT CLMPANY

CYA CD4%ECTICCT Y A4tf.t APJ41C PMER COMP A%T P6C PtBLIC StBVICE COMPMY OF COLotADO
tfL DAIRYLA4D Pt%ER O OPERAtlit PSI PV8LIC Ste vlCf. OP 14312 A
DLC DOVUtm51 Lib 4T COMPMY P hM 'PL BLIC 5tBVICE OP HEW MAMP5'ilt!
DPC DUtt Pwin OmPA.hY P50 PJBLIC 5ERVICE OmPMY OF CsLM9%A
Dt' P OMAAA PVett CJMPAAY PSP Putti 50tha romta AND LIGHT CL*PATY
PPC PLetIDA Pwin 01sPvtATIM rwa a0CHESTit GA5 M3 ELECTRIC QitPJtATLuN
FPL Plot 10A Pudit A40 LIG4T CimP MY bCC b)CT% CA80Llh4 ELtCTtt AND CA5 COMPMT
LPC LEetGI A Ptett OMPMY SCE SicTuttu CAL! rots! A ED15tni OL*PMY
GbC GL LF STATLS CTILiflE5 54) SACRM14TO MUmlCLPAL t'TILITIES Ul5TE!CT
Wir stJUSTA LIGMil% Mb Puhtm O MPMY TLC P4.L14 EDISA O mPANY
ILL 1964 ELLCTWIC LIGHT MD Powin OMP AMT TOG TI A AS VTittfill GE4tR ATIE CORPMY
IME 14DIAAA MD MlCulGM ELICTitC OmPMY TVA ftmuttsts V ALLLY AJTMut!TY
IPC ILLlh011 Powsm COMPANY UEC Luld (LtCTalC CowPMY
JCP JtustY CL%TR AL Pwit AND Llodt OmPMY ntP tinGin!A ELECTelC M D PJWit O MP MY
KCE 2 A4145 L AS Ahu (Lt(' Talc COMPA%Y VY C VER4oNT Y Aktil WJCLEAR Pvett CORPOSAT104
LlL L/MC 15LMD LIGNTlW OmPMY WtP *15 COW 514 ELECTS!C POWER O MPMY
LPL LnC 51 MA P0u t t AMD LIG4T COMP MY WMF ellCons!4-glC41CM Pvett CL*PMY

Mt C pa t t0 POLIT M 1915A OmPM1 wrP = AS41 %TA PVlLIC PUWII 5LPPkY SY ST t.M
MPL 41151551PPI Puef t AND LIGHT COMP A.hY Web W15Cim11N PUSLIC 518VICA CORPOR ATION
WY4 MA!4E 1A4tEt ArmIC Punta OMP A%Y YAC V4AKEt AT >41C ELF.CTalc O mPUT
MlC NORTMfR4 lkDIMA PLSLIC Sf fi1CE CmPMY

GlflCALt PLMT afflCALITY Daft

TEA 454 EvtWT lu!TIAfot (a thAVAILAS!LITY

LClf * ELCtss!VE C @LATT IU L4705Y
k jut * EARTwQUAtt
14AA * lhALW'ET A%T Aus ACTU ATIO%
LP PW - LJ55 UP Fttet4Tts
LOOP = LOS5 OP VFfSlit PUeft
IJnCA = l#55 Cf CuGL A4T ACClut%T
LETR = LUC LLD R JTUR ACClothT
MSLS * MA!4 litAM Ll%t BaEAK
EJTR - nTI AM CLit t 4 Toe TL Re. scPTi et

| It!P - REACTet Tu1P
L%4nA!L - 51sTt4(5) (n av 4 t LA tit

L MlQ * A L%I /Ut StQUt hE
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2. 3 Reference

1. 10 CFR Pt. 50.73.
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3. QUANTIFICATION OF PRECURSORS

Operational events selected as 1986 precuraors were quantified for
j ranking purposes. This quantification involved determination of a con-

|
ditional probability of subsequent severe core damage given the f ailures
observed during the event. The calculation assumed that the failure
probabilities for systems observed failed 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 (given that is was observed
degraded) and the probability that is would not be recovered within
a ~30 min period. The failure probability associated 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 trsin and common mode-failure probabilities. The conditional
core-damage probability is useful in 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 us,ing a process equivalent to that employed in the 1980--1981
and 1984-1985 event reviews.1-3 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 f

recovery that could be involved. Events were assigned to a particular
class based on an assessment of likelihood that recovery would not 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 recove ry class were based on engineering judg-
ment, which considered whether such recove ry would be required in a
moderate- to high-s t re s s situation following a postulated initiating
event. The four recovery classes are described in Table 3.1.

I
'

.

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. Ih!.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
j employed failure data in the precursors themselves, as was done in the

1980-1981 review.3 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 observation

j 29

2 ,

I

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



Table 3.1. Description and quantification of recovery classes

Likelihood of
Recovery fa ng to

class De scription
recoverfromevent

bR1 Failure did not appear to be recoverable in 1.00
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 f rom 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

"These 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.

b
Note 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 Se c t . 3. 2. of Re f . 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 1984-4986, and precursors identified during the period

t

formed the basis for the estimates. This information was then used to
tailor the component probabilities associated with the train-based

1system codels used in the 1984--1985 event reviews ,2 such that the
overall system probability estimates were consistent with the failures
observed in 1984-4986.

Such an approach results in system failure probability estimates I

that reflect to a certain extent the degree of redundancy actually
available and permits easy revision of these probabilities based on
train failures and unavailabilities observed during an operational |
event. !
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Probability values employed in the precursor conditional probabil-
icy 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 initiating 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

|

3.2 Conditional Probabilities Associated
with Each ?recursor

Failure events identified 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 rema ining, given the failures

i 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 period greater than ~30 min; core vulne rability (CV), in which
core protection is believed to be provided but for which no specific
analytic basis generally is available; and ATWS, for the failure-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 detailed analysis information does not generally
exist, core vulnerability sequences are expected to end in successful
core cooling. The ANS 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
probsbilities for the gi"en 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

1. If an initiating event occurred as part of a precursor (i.e.,i
'

the precursor consisted 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-

1 ator.
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1

Table 3.2. Average initiating event-frequency and branch-failure
probability estimates developed from 1984-1986 precursors

Initial
"#*# V''IInitiator / branch failure Total' ' ' ' " * *

likelihood

FVRa

) LOOP 4.1 x 10-2/ year 0.39 1.6 x 10-2fy,,,
i Small LOCA 1. 5 x 10-2/ year 0.43 6.4 x 10-3 / year

Auxiliary feedwater 3.8 x 10- 0.26 9.9 x 10-5
liigh pressure 6.1 x 10-4 0.84 5.1 x 10-4
injection

' Long-term core 1.5 x 10-4 1.00 1.5 x 10-4
cooling (high- :
pressure recir-

culation)
,

Emergency power 6.4 x 10-4 0.78 5. 0 x 10-4 ,

SC isolation 8.3 x 10-4 0.64 5.3 x 10 4
(MSIVs)

i
BWRa

LOOP 1.0 x 10-l / year 0.32 3. 3 x 10-2 / year .

Small LOCA 2.0 x 10-2/ year 0.50 1.0 = 10-2/ year *

llPCI/RCIC 1.7 x 10-3 0.49 8.4 x 10-4
RV isolation 1.7 x 10-3 1.00 1.7 x 10-3
LPCI 1. 0 x 10-3 0.71 7.4 x 10-4
Emergency power 1.0 x 10-" 0.85 8.9 x 10-5
Automatic 3.7 x 10-3 9.71 2.6 x 10-3
depressurization

2. If an initiating event did not occur as part of a precursor
(i.e., the precursor consisted of an unavailability), then the condi-
tional probability of potential severe core damage was calculated con-

i sidering potential initiating events, their expected frequency, and the
estimated or actual (if reported) duration of the unavailability. Only '

sequences associated with each potential initiator impacted by the pre-
cursor were included in the calculated probability.

3.2.2 Initiating Event Probability Determination

1. If an initiating event occurred as part of a precursor, then
: the initiator probability used in the calculation was the probability of ,

i failing to recover from the observed event (i .e . , the numeric value of 1

2 the recovery class for the event). I

2. If an initiating event did not occur as part of a selected pre-
2 cursor, then the probability used for the initiating event was developed !
l assuming a constant hazard rate. For the frequencies and durations |

j 32 i
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|

1
.

!

1

associated 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 failure existed)
were based on information included in each licensee event report (LER), ;
if provided. If the event was discovered during testing, then one-half j

of the test period (15 d for a typical 30-d test interval) was assumed,
unless specific failure durations were available.

>

3.2.3 Branch Probability Determination

1. 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 associated 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.

q 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-

I tional-failure probability under these conditions, train probabilities
; were modified to reflect the train failures or unavailabilities observed
; in the event. The calculational method employed recognized the change i

in system success criteria required given the observed failures or !

unava11 abilities. 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 if one train was observed f ailed. The calculations also addressed
the dif ference between a f ailed train, which would imply a higher like-
lihood of failure for the text train because of common mode effects, and
a train rendered unavailable 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 system.
4 Systems or trains rendered unavailable as a result of support

system failures were modeled recognizing that, as long as the affected
sopport system remained f ai1M, all impacted systems (o r trains) we re
unavailable; but if the support system were recovered, all the affected'

I systems were recovered.

I,

3.2.4 Event calculatione

Once the branch probabilities that reflected the conditions of the
precursor event were established, the sequences leading to modeled end

) states (core vul ne rabili ty , core damage, and ATVS) were calculated and
summed to produce an estimate of the conditional probability of each end
state for the precursor.

,
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3.2.5 sample calculations
,

i

Two hypothetical events are used to illustrate this calculational
'process. The first event assurnes an LOFW but no other observed f ailures

during mitigation. The (simplif*4?) avent tree for this event is shown
in Fig. 3.1. This hypothetical precursor involved an initiating evcat
that was assigned to recovery class R2 (t he numeric value associated
with this_ recovery _. class __i_a 0.34). Sys tems assumed available were'
assigned failure probabilities developed as described previously. The
estimated conditional probabilities for rionde sira ble end states assa-
ciated with the event are then

(1) core vulnerability:

P = P { seq. 3) = 0.34 x (1 - 3.5 x [) x 3x [x 0.04 x (1 - 0.3)
CV

= 2.9 x 10' .

(2) core damage:
.

I

0.04 x 0.3 !P (seq. 4) = 0.34 x (1 - 3.5 x 10-5) x 3x to-4P x=

CD

= 1.2 x 10- .

(3) ATWS

x 3.5 x 10-5 = 1.2 * 10-5P - P [ seq. 5) = 0.34 ,

g ,3

If more than one segience were associated with an end state (as is

. . . . . . . . . . . . . . . . . .
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Fig. 3.1. Example event tree for initiator calculaticn. Bleed and
feed is issumed capatle of removing adequate decay heat for this
example.

34

.An A



g
II )

|

|
t

1
t

i usually the case), the probabilities calculated for each of the se-
quences would be summed to estimate an overall conditional probability i

for the end state.
The second ex. ample event involves failures that would prevent sec-

ondary-side depressurir.ation if required to prevent core damage fo1&ow-
ing an LON with subsequent AFW and bleed-and-feed failure. Assume
these f ailures were discovered during testing. The event tree for this
example precursor is shown in Fig. 3. 2. The f ailuro probability associ-
ated with the precursor event (secondary-side depressurization failure)
would be asidgr.ed based on the recovery class associated with the
event. No ' initiating event occurred with the precursor; however, a
failure duration of 360 h was estimated based on one-half of a monthly
test interval. The estimated nonrecover:able LOW frequency (assumed to
be 0.3/ reactor year in this example), cochined with this f ailure inter-4

val (360 h). results in an estimated initiating event probability
of 1.2 x 10 . 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 e6timated, 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
1 degraded states). This value was subtracted from the value obtained in >
'

the first calculation to -ahtain the conditioyal probability associated I
; with the precursor. The probabilities for sequences involving undesir-

able end states (employing the' w me calculatinnal method as above and
, subtracting the norm.t1 risk during the tima in:erval) are -1 x 10-7 ior
i vulnerability, 1 = 10-7 for core damage, and 0.0 for AIVS. Notecore
i that the impact of the postulated failure on the core-vulnerability se-
J quence is negative, indicating an ef fective decrease in the likelihood

of this sequence during the failure period compared with the same period
i
.

|
1
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without the failure (1 x 10~7). Note also that the impact of the postu-
lated failure on the ATWS sequance is 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 undesirable
sequences was estimated by adding conditional probabilities for core-
damage and core-vulnerability sequences and is listed under the heading
SUM PROB. As noted in Chap. 2 of Refs. 1 and 2, this estimate is con-
servative because the core-vulnerability end state includes sequences
(such as uncontrolled cooldown without high pressure injection (HPI)]
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 as a function of core damage plus core vulnerability is shown in
Fig. 3.4. The shape of this distribution is somewhat similar to that in
Fig. 3. 3 -- a n 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 Ca l cula t ions
,

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
isolation cooling a nc. 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.

j Table 3.4 shows that nonspecific reactor trips without additional
observed failures have conditional core-damage probabilities in the
range of 10-5 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. LOW condit Snal core-damage probabilities range from 10-6 to
mid 10-5 per LOFW ovent. 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 CATE MSCRIP1104 PLANT 6 p! St CCPP 0 D E ASE CD PRCS SUM PROB RATE i V AE OPR CR!i! CAL TRANS

247/86417 05/28/B6 GPEN T85V AO IRlP IV.PO!kf 2 NE VALVCP E 0 N 13.0 1.0E-4 1.0E 4 873 P u UE CEC 05/22/73 MSL9
247/96 4 35 10/20/86 TRIP.LOFu 6 AFu TRW 10.P014121 A Ctil'RK E D N 13.4 2.9f 4 8.0E-4 873 P W UE CEC 05/22/73 TRIP
24'/86-013 08/27/86 HPCI, CSS 6 06 AAvt DPESDEN 3 SF VALV0P E i n 15.6 2.71 4 4.7E4 794 8 6 St cue 01/31/71 UhAR
250/86 4 36 11/06/06 LuvA!LABILlif EPS itY.PD!kT3 EE IkSTRU E i Y 14.1 1.lf-9 5.7E-9 693 P a II FPL 10/20/72 Utan
250/86 4 36 !!/06/86 M AVAILABILITT EPS TKY.P0!aT4 EE thSTRU E i f 13.4 1.!E-9 5.7E-9 693 P W 81 FPL 06/11/73 UhAA
250/96 4 38 12/04/06 UtAVAILAl!Liff AFu itY. POINT 3 HH lhSTPU E i t 14.2 5.8E-5 5.8E 5 693 P W II FPL 10/20/72 U W VL
250/86-039 12/27/86 TRIP & OPit PCRV itY.PO!n13 CA VALVCP E O N 14.1 1.4E-3 2.1E-3 693 P W II FPL 10/20/72 TRIP
261/86405 01/2B/86 BUS FAILS uliH LOCP RC8]hSCN 2 El ELECON E M 4 15.4 3.0E-4 5.6[-3 700 3 6 UI CPL 09/20/70 LOOP
269/B6-00101/31/86 LOFu, CPE4 MSRV DCChEE 1 CC VALvil E D W 12.8 2. !E 4 3.4E-5 887 P B UI DPC 04/19/73 1 RIP
269/86 4 11 10/01/86 ECCu l$ UNAVAILAPtf OC0 HEE 1 BA PU911 E i N 13.5 1.lE-5 U E-5 887 P i UI LPC 04/19/73 Uhavt
269/B6-011 10/01/86 ECCW ll MAVA!LABLE OCChEE 2 tA PU 9 11 E i n 12.9 1.1E-5 ..lE-5 887 P l VI CPC 11/11/73 UW R
269/B641110/01/86 ECCu 15 Uuv4!LAkt CCChEE 3 uA PURPII E i N 12.1 1.!E 5 1.lE 5 887 P 3 UI DPC 09/05/74 UhAvt

| 277/86-003 01/24/86 06 iPIP CAUSt$ SCRA9 PEAC40TM2 CD VALVEI E i W 12.3 8.lE 5 8.lf-5 1065 8 6 81 PEC 09/16/73 TRIP
| 280/B6-02909/29/86 HHIS IS U''A<AILAlti SURRY l SF PUPPII E D 4 14.2 1.0E 4 3.4E4 788 P u Su VIP 07/01/72 UhAVL
| 280/86 4 31 10/30/86 Hnii iS UM VAILAlti SUERf I SF Pup II E M V 14.2 3.lE-9 1.0E-6 788 P W Su VEP 07/01/72 UhAVL

281/86410 07/II/86 MHil 15 UNAVAILABtt SL*Rf 2 SF POW II E i V 13.3 3.lt-B 1.0E-5 788 P W Se vtP 03/07/73 bhAA
2a2/B6406 09/08/96 EPS UCVAILAllLliY PRAIRIE!$1 EE Emi PE E i N 12.8 1.9t-8 2.4E B 530 P W BI NSP 12/01/73 UhAVL
282/86-00609/08/86 EPS UNAVAILAl!Llif PRAIRIEIS2 [E th61kE E i N 11.7 1.9E 8 2.4E 8 530 P W II hSP 12/17/74 Uh4 R
282/86 4 11 12/27/96 EPS UnAVAILAl!Llif PRAIRIElli (E Eh6thE E i N 13.0 4.M-B 5.lE 8 530 P V BI NSP 12/01/73 UhAVL
282/96-01112/27/96 EPS M AVAILAllLITY PRAIRIEIS2 EE ENSint E i n 11.9 4.0E 9 5.lE B 530 P v BI kSP 12/17/74 UhA A
285/86 4 01 07/02/86 TRIP % ADS /T)$ FAIL FICALHOUW El BEttP A [ 0 h 12,9 4,lE-5 4.2( 5 478 P C GH OPP 08/06/73 TRIP
293/86 4 27 11/19/86 UNCCMPLICATED LOOP PILBRIM i El ELECCt E O N 14.4 7.7E-6 7.7E4 655 8 6 II MC 06/16/72 LOOP
301/96-004 09/28/86 PSlVS Fall TO CLOSE PT fEACH 2 CD VALVEt 6 0 N :4.3 4.8E-7 4.8E-7 497 P W II t9 05/30/72 MSL)
318/86 4 06 09/05/86 TRIP AkD DPEM ASDV CALCLIFFS2 Pt VAlv0P E 0 W 9.8 1.8E4 2.5E 4 845 P C BI 86E 11/30/76 TRIP
341/86-048 12/24/86 RCIC/HPCI UNAVA!L FERMI 2 SF RECFUh C i N 1.5 6.5E 7 6.5E-7 1093 8 6 SL CEC 06/21/85 UhAA
362/86-01108/04/B6 StSl*.CDS UW. AIL Ah! SACOFRE3 54 MTEICH E 0 m 3.0 2.6E-7 8.9E-7 1080 P C II SCE 08/29/83 UhAVL
366/86-035 11/13166 LPCS !$ UhavAILAPLE MICH 2 SF VALV0P S T f 8.3 3.6E 10 3.6E-10 784 8 8 $$ 6PC 07/04/78 UhAvt
370/96-00603/29/86 MULTIPLE WHIS 19A14S MC6UllE 2 [E Eh6thE M i V 2.9 3.4E-8 4.8E-8 1180 P W CfC DPC 05/08/83UbAvt
389/96 4 1l 07/09/06 EPS UhAVAILAl!L11Y St.LUCIE 2 EE EhiltE E i N 3.1 2.6E4 3. 4E 4 830 P C El FPL 06/02/83 UWVL
409186 4 23 07/10/96 LCCWLICATEDLOCP LACMSSE EE CRT65K 6 0 m 19.0 2. M-5 2.M 5 50 8 A SL DPL 07/11/67 LOOP
413/6643106/13/B6 SSLCCA PLUS TRIP CATAel4i PC P!PEII E D N 1.4 3.3E-3 4.9E-3 1145 P W IPC LPC 01/07/B5 LOCA

414/86-028 06/27/16 OPEt PSRV PLUS TRIP CATAuBA 2 CC IkSTRU E i V 0.1 1.lE 4 1.lE 4 1145 P u CPC CPC 05/08/B6 RSLB
4!B/86402 01/01/B6 tmCCRPLICATED LOOP AlvtRBE O! [E TR44SF 6 0 f 0.2 7.CE-5 7.M-5 936 B 6 SW 6SU 10/31/B5 LOOP
458186 4 47 07/31/86 MutilPLE TRAltS FAIL AlVEPIEC1 EE E=SlhE E f, N 0.8 7.lE-9 7.lf-9 936 8 6 Su SSU 10/31/B5 thAA

,
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Fig. 3.3 Distribution of 1986 precursors as a function of core-
damage probability.
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Table 3.4. Reference conditional event probability values I

~
4

|
#* "**E*Core-
lCalculation # damage P us core

vulnerability
probability

probability

BWR Class A nonspecific reactor trip 6.0 x 10-7 5.9 x 10-6
BWR Class A LOFW 1.2 x 10-5 1.2 x 104

BWR Class B nonspecific reactor trip 5.3 x 10-8 1.6 x 10-7
BWR Class P. LOFW 5.8 x 10-7 2.8 x 10-6
BWR Class C (turbine-driven feed pumps) 1.0 x 10-5 1.0 x 10-5

; nonspecific reactor trip

| BWR Class C (turbine-driven feed pumps) 6.0 x 10-5 6.0 x 10-5
| LOFW

BWR Class C (motor-driven feed pumps) 8.3 x 10-6 8.3 x 10-6
nonspecific reactor trip

BWR Class C (motor-driven feed pumps) 4.9 x 10-5 4.9 x 10-5
LOFW

PWR Class A nonspecific reactor trip 1.4 x 10-6 1.8 x 10-5
PWR Class A LOFW 2.6 x 10-6 2.2 x 10-5
PWR Class B, C, E, and F nonspecific 1.3 x 10-6 8.7 x 10-6
reactor trip

PWR Class B, C, E, and F LCFW 2.2 x 10-6 1.1 x 10-5
PWR Class D nonspecific reactor trip 1.3 x 10-6 3.4 x 13-6
PWR Class D LOFW 2.1 x 10-6 5.6 x 10-6
PWR Class C (with PORV) nonspecific 1. 8 x 10-6 3.5 x 10-6
reactor trip

PWR Class C (with FORV) LOPW 2.7 x 10-6 5.9 x 10-6
PWR Class C (without PORV) nonspecific 2.8 x 10-6 8.4 x 13-6
reactor trip

PWR Class G (without PORV) LOFW 1.3 x 10-5 3.6 x 10-5
BWR Class C HPCI unavailability 2.5 x 10-5 2.5 x 10-5
(turbine-driven feed pumps, 360-h
unavailability)

BWR Class C HPCS unavailability 1.8 x 10-5 1.8 x 10-5
(turbine-driven feed pumps, 360-h
unavailability)

BWR Class C RCIC unavailability 2.6 x 10-7 3.0 x 10-7
(turbine-driven feed pumps, 360-h
unavailability)

BWR Class C CRD cooling unavailability 3.0 x 10-7 3.0 x 10-7
(turbinc-driven feed pumps, 360-h
unavailability)

# ultiple calculations were performed for BWR C' ass C becauseM

plants in this class use turbine- and motor-driven feed pumps.
Closure of the MSIVs on low reactor water level results in an LOFW
for BWRs that use turbine-driven pumps. Multiple calculations were
also done for PWR Class C plants with and without PORVs.
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| 3. 's Precursor Rankings
|

The conditional probability of severe core damage was used to rank
each event selected as a precursor. This ranking is related to the im-
pact of an event under conditions consistent with those observed during
the actual event. Table 3.5 ranks events in order from the highest con-

ditional core-damage probability to the lowe s t . Table 3. 6 ranks the

precursors based on the sum of core-damage and core-vulnerability proba-
bilities.

The conditional probabilities of severe core damage listed in
Table 3.5 range from 3.3 x 10-3 to below 1.0 x 10-9, with many events

below ix 10-4 Because of the uncertainties inherent in the calcula-
tions, ranking events on an event-by-event basis is not considered
desirable. Therefore, events were binned into conditional probability
ranges to identify the more significant events. Table 3. 7 lists the

events identified in Tables 3.5 and 3.6 by order of magnitude.

3.5 Uses of Results

A comparison of the current results with 1969-1981 accident-
sequence precursor efforts cannot be made by simply adding all core-
damage and core-vulnersbility sequentes. Those efforts modeled sec-
ondary-side cooldowns in terms of success or core damage (using a steam-
line break event tree). did not address potential recavery af ter main-
and auxiliary-feedwater f ailure and f ailure of feed and bleed, and pro- s

vided a limited ATWS sequence de ve lot.me n t , with defined success and
core-damage end states. However, the 1986 results can be compared with
the 1984-1985 results.

For the current results, a more conservative measure of event sig-
nificance can be obtained by considering both the core-damage and core-
vulnerability end states as undesirable and adding them, as is done in
the column SUM PROB in Tables 3.3 and 3.4. Caution must be used when
doing this, howe ve r , since relatively mino r sequenecs (for example,
unavailability of HPI following a trip with a non-isolable stuck open
secondary side relief valve in a P4R) are included within the set of ,

core vulnerability sequences. Note that for ranking, however, use of CD
PROB or SUM PROB give similar results - see Figs. 3. 3 and 3. 4. A

)
| sequence-by-sequence assessment could also be used to eliminate those
j core-vulnerability sequences considered le s.a serious, such as mino r

}
overcooling sequences. Because AWS sequences were not developed in this
effort, they should not be added to other sequences for event ranking.i

!
!

;

l
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Table 3.5. Precursors listed by conditional core-damage probability

LER M. E CATE MSCRIP1104 PLANT hME SV CCW D D ! A6E CD PROS SUM P906 RATE i V AE OPA CR!ilCAL TRANS

413/86-03106/13/B6 SILOCA PLUS TRIP CATAule i PC PIPEII E 0 h 1.4 3.3E-3 4.9E 3 1145 P W DPC CPC 01/07/85LOCA,

| 250/86-03912/27/06 TRIP 6 OPEN PCRV itf.POIN13 CA VRYOP E O N 14.1 1.4E-3 2.lE-3 693 P W II FPL 10/20/72 TRIP
261/B6405 01/28/86 IVS FA!LS WifH LOOP RCBINSON 2 EB ELECON E M N 15.4 3.M-4 5.6E-3 700 8 6 UI CPL 09/20/70 LOOP

'

247/86-035 10/20/86 TRIP LOFW 6 AFs TRE ! O.POIN12 IA CtilRK E D N 13.4 2.9E-4 8.0E-4 873 P W UE CEC 05/22/73 TRIP
4I4/86 4 28 06/27/86 OPER PSRV PLUS ! RIP CATAelA 2 CC INSTRU E i Y 0.1 1.lf-4 1.lE 4 1:45 P W DPC DPC 05/CB/86 MSLI
247/86 4 17 05/28/86 DPEN TSSV AH TRIP IH,80!hT2 HE VALV0P E D N 13.0 1. M-4 1.M 4 873 P W UE CIC 05/22/73 MSLI
277/86 4 03 01/24/86 DG TRIP CAUSES SCRAM PEACHl0Th2 CD VALVII E i N 12.3 8 !E * B.!E-5 1065 8 6 II PEC 09/16/73 it!P
458/B6402 01/01/86 M CO MLICATED LOOP RIVERIEGI EE TRANSF 6 0 V 0.2 7.0E-5 7.M-5 936 I 6 Su 65010/31/B5 LOOP
250/86 4 38 12/04186 UhAVAIL4!L11Y AFW itY.P0lNT3 HH INSTRU E i N 14.2 5.8E-5 5.8E 5 693 P W II FPL 10/20/72 WAW
285/66-001 07/02/06 TRIP b ADS /fiS f A!L FTCALHOL2 El SENERA E O N 12.9 4.lE-5 4.2E-5 478 P C 6H OPP 08/06/73 TRIP
409/96 423 07/10/86 t*COMPLICATEDLOOP LACROSSE EE CrilRK 6 0 h 19.0 2. M -5 2.0E 5 50 i A St Det 07/11/67 LOOP
269/86-0!! 10/01/86 ECCW IS UhAVAILAK E DCONEE 1 >A PUMPII E i N 13.5 1.lE 5 1.!E-5 887 P i UI DPC 04/19/73 M R
269/84-01110/01/86 ECCW l$ WAVAILABLE DCONEE 2 sA PUMPII E * N 12.9 1.!E-5 1.lE 5 887PiUI DPC 11/11/73 UM vl
269/B641110/01/86 ECCW 15 L*AVAILAILE OCONEE 3 e4 PUWII E i k 12.1 1.lf-5 1.!!-5 887 P S UI DPC 09/05/74 DAR
293/86 4 27 11/19/86 VNCC@LICATED LOOP PIL5 AIM i EE ELECON E D N 14.4 7.7E-6 7.7E4 655 8 6 II SEC 06/16/72 LOOP
249/86 4 13 08/27/86 HPCI, CSS 6 D6 MA/t CRESDEN 3 SF VRv0P E i N 15.6 2. 7E4 4. 7E-6 794 3 6 St CwE 01/31/71 NA
389/86-0!! 07/09/86 EPS N AVAILAllllly St.Lut!E 2 E! Eh61NE E i N 3.1 2.6E-6 3.4E-6 830 P C El FPL 06/02/83 UhAVL
269/86 4 01 01/31/86 LCFv, OPEN MSRV DC0 HEE I CC VALVEI E D N 12.8 2.lE4 3.4E-5 887 P 3 UI DPC 04/19/73 1 RIP
31B/96406 09/05/86 TRIP A d OPEN ASDV CALCLIFFS2 HE VALV0P E D N 9.8 1.8E-6 2.5E 4 645 P C !! B6E 11/30/76 TRIP
341/B6448 12/24/86 RCIC/HPCI Uh4 VAIL FEMI 2 SF MECFUN C I N 1.5 6.5E 7 6.5E-7 1093 3 6 SL MC 06/21/85 UhAn
301/B6404 09/28/86 MSIVS FAIL TO CLOSE Pl.lf ACH 2 CD VALVEI 6 0 N 14.3 4.8f-7 4.8E-7 497 P W ll WMP 05/30/72 MSLI
362/06-011 08/04/86 sus /CCvS LMVAILAILE SAODFRE3 b4 HTEICH i 0 4 3.0 2.6E 7 8.9E 7 1000 P C II SCE 08/29/83 UM W
282/96-01112/27/96 EPS Uh4VAILAllLliy PRAIRIE!$1 EE Ek6thE E i N 13.0 4.M 8 5.lE-8 $30 P W II hSP12/01/73UtAA
282/86-011 12/27/B6 EPS UNAVAIL O!Llif PRA!RIEIS2 EE Eh61hE E i N 11.9 4.M-8 5.lE 8 530 P e II NSP 12/17/74 UMVL
370/B6406 03/29/96 MulilPLE HHil IR41kS MC6UIRE 2 EE Eh614E H i Y 2.9 3.4E-8 4.8E-8 1100 P W DPC DPC 05/08/03 WAVL
281/86 4 10 07/11/86 MHll IS WAVAILAh! SURN 2 SF PU@II E i Y 13.3 3.lE4 1.0E-5 788 P W SW VtP 03/07/73 U M E
282/86-006 09/08/86 (PS psynlLAl!LITY PRAtRIEll) E! Eh6!bt E i N 12.8 1.9E 4 2.4E4 530 P u BI NSP 12/01/73 U M 4
282/96 4 06 09/08/86 EPS M AvellA81LliY PRAIRIEIS2 EE EW61w! E i N 11.7 1.9E-8 2.4E B 530 P t II NSP 12/17/74 UhAA
280/86 4 29 09/29/86 MHil !$ W AVAILAR E SUH Y I SF PLW1110 h 14.2 1.M 8 3.4E4 788 ? u Se VIP 07/01/72 UNAR
458/66 4 47 07/31/86 MutitPLE TRAlks FAIL RIVERIEC1 E! EhilhE E D N 0.8 7 lE-9 7.lE-9 936 8 6 Su GSU 10/31/85 UM A
280/86 4 31 10/30/86 HHIS IS UhAVAILARE SURRY l SF PURPII E M T 14.2 3.!E-9 1.M4 788 P W St vtP 07/01/72 UMVL
250/86 4 34 11/06/86 WAVAIL8!!L11YEPS ftY.P0! Nil EE IhSYRU E i Y 14.1 1.lf-9 5.if 9 693 P W II FPL10/20/72UNAA
250/86-036 !!/06/16 L*AVAILAllL111 EPS TKY.P0!hf 4 EE IkSTRU E i Y 13.4 1.lE-9 5.7E-9 693 P u il FPL 06/11/73 UhAVL
366/84 4 35 !!/13/86 LPCS IS UhAValLAK E NATCH 2 SF VALV0P 6 i y 8.3 3.6E-10 3.6E10 714 8 6 $$ SPC 07/04/78 WA A

a
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Table 3.6. Precursors listed by sum of core-damage
and core-vulnerability probabilities

LIR NO. E DATE MSCRIP1104 PLANT NAME SI CPP 0 0 i A61 CD PR03 $UM PROI RATE I V AE OPR CRlilCAL TRANS

261/64 4 05 01/29/96 305 FAILS utfH LOOP RCBINSON 2 El ELECOM i M i 15.4 3. M-4 5.6t 3 700 B 6 UI CPL 09/20/70 LOOP
.13/h43106/11/86 SE0CA PLUS TRIP CATAsM 1 PC P!Pfl! O6 1.4 3.3E 3 4.9E-3 1145 P W DPC DPC 01/07/B5 LOCA

250/B643912/27/B6 TRIP & OPIN PORV TKY POINT 3 CA VALY0P l 6 - 14.1 1.4E3 2.11-3 693 P W II FPL 10/20/72 TRIP
247/h43510/20/86 TRIP,LOFW 6 AFI TRW IND. POINT 214 CIfl% E O N 13.4 2.tE 4 8.0E-4 173 P I Ut CEC 05/22/73 TRIP

318/84-0M 09/05/h TRIP AND OPIN ASDV CALCLIFFS2 HI VALY0P E D N 9.8 1.lE 6 2.5E 4 845 P C II HE 11/30/76 1 RIP
414/84-02906/27/86 DPEN MSRV PLUS TRIP EATAnl4 2 CC IkSTRU E 1 Y 0.1 1.1E-4 1.lE-4 1145 P W DPC DPC 05/05/86 MSLI

247/h417 05/28/86 OPEN ilSV AND TRIP th0.POIN12 HE HLV0P E O N 13.0 1.0E-4 1.0E 4 873 P W W CEC 05/22/73 MSLI

277/B4403 01/24/h M TRIP CAUSES SCRM PEACHl0fM2 Cl) VALYil E I N 12.3 8 lE 5 f !E-5 lH5 3 6 II PIC 01/16/73 TRIP
458/h402 01/01/86 UNCOMPLICAftDLOOP AIVERM ND) 11 1RANSF 6 0 Y 0.2 7 M-5 7.0E 5 936 8 6 Su bSU 10/31/05 LOOP
250/84 4 38 12/04/86 UhAVAILAllL11Y AFW TKY.P01N13 * IWSTRU E i N 14.2 5.lE 5 5.8E5 693 P W H FPL 10/20/72 U W A
295/h40107/02/86 TRIP l AM/TH Fall F1CALHOUN El 6EnERA E D N 12.9 4.11-5 4.2E-5 478 P C 64 OPP 08/06/73 TRIP
269/h40101/31/16 LOFW, OPEN MSRV DCMEI CC VALVII E D N 12.8 2.!E4 3.4E-5 887 P I UI DPC 04/19173 TRIP
409/B4423 07/10/86 UNCOMPLICATEDLOOP LACROSSE EE Cript 6 0 N 19.0 2.M-5 2.0E 5 50 3 A SL DPL 07/11/67 LOOP

269/B441110/01/86 (CCW |S tmAVAILARE OCME 1 W PLM II E i N 13.5 1.!! 5 1.!E 5 M7 P | UI DPC 04/19/73 UhAVL
269/h41110/01/B6 ECCW IS UhAVAILAk' OCCuEE 2 WA PUMPII E i k 12.9 1.!!-5 1.lE-5 887 P 1 UI DPC 11/11/73 UhAVL

269/h-01110/01/16 (CCW 15 smAVAILAkt DCONE! 3 BA PL*Pil E i n 12.J 1.1E-5 1.lE-5 087 7 3 UI DPC 09/05/74 UhAYL

211/94 4 10 07/11/86 HH!l IS Uh&VAILA RE SURRY 2 SF PUMPII E i Y 13.3 3.lE-0 1.M-5 788 P W $8 Yt? 03/07/73 UW R

293/94 4 27 11/19/94 UNCOWLICAi!D LOOP PIL6 RIM 1 CE ELECON I 0 N 14.4 7.71-6 7.7E-6 655 8 6 II MC hil6/72 LOOP
249/06-01306/27/86 WCI, Cll & M UWA DRtSDEN 3 SF VALY0P t i N 15.6 2.7E-6 4.7f 4 794 5 6 SL Cut 01/31/71 UhAVL

290/M-029 09/29/h HHll 15 UNAVAILARE SURRY l SF PUMPII ! O N 14.2 1.M4 3.4E-6 788 P W $8 VEP 07/01/72 Uh4A

349/h41107/09/86 EPS 1mAVAILAi!LiiY St.LUCIE 2 El EN61NE E i N 3.1 2. 61 4 3.41 4 B30 P C El FPL 06/02/83 044 4
290/0443110/30/96 leill 18 UWVAILARE SURRY l SF PUMPII E M V 14.2 3.lE-9 1.d4 789 P W Su YtP 07/01/72UhAn
342/h41106/04/84 Sv5/CCv6 UhAVAILAILE sam 040FRt3 WA HTFICH I O N 3.0 2.6t 7 8.917 1060 P C II SCE 08/29/83 UhAVL
341/N44812/24/84 RCIC/MPCItmAVAIL FERN!2 SF Micr6X C i N 1.5 6.5E7 6.5E7 1093 3 6 Ss MC 06/21/85 UW A
301/06 4 04 09/21/16 MSIVS Fall TO CLOSE PT. MACH 2 CD Valvil 6 0 N 14.3 4.lE-7 4.lE7 497 P W II 59 05/30/72 MSLI
282/64-011 12/27/96 EPS tmAVA!LAi!LITY PRAlRltlSt (E in61NE E i N 13.0 4.M i 5.11 4 530 P u II NSP 12/01/73 UW A
282/8441112/27/h EPS UNAVAILAllLITY PRAlRIEIS2 El th61NE E 1 A 11.1 4.M-8 5.lE-l 530 P u II NSP 12/17/74 Uh4VL '

370/h406 03/29/06 MULTIPLE HH15 TRAlWS MCSUIRE 2 EE EW61kt H i Y 2.9 3.4E4 4.BE 8 1180 P W D7C PC 05/08/83 UhAn )
282/h4% Ot/H/86 EPS tmAVAILAllL11Y PRAlRIEISI EE Ek6th! E i N 12.8 1.tEl 2. 4E9 530 P W II NSP 12/01/73 UhAn
292/h4M 09/H/86 EPS LEAVAILAl!LITY PRAIRiflS2 EE Eh6]NE I i N 11.7 1. tt-6 2.4E0 530 P u II NSP 12/17/74 Uh44
45B/h447 07/31/86 MulilPLE TRAINS FA!L RIVERHCl El Eh6thE E D N 0.8 7.!E-9 7.!!-t 936 3 6 Su 65U 10/31/B5 UhAVL

250/B4434 ll/hlh tmAVAILAl!LITT EPS TKY. POINT 3 E! IkSTRU E i V 14.1 1.!E-t 5.7E-9 693 P u II FFL 10/20/72 UhAVL

250/h43411/04/16 LDAVAILAl!Llif EPS TKY.P0lWT4 EE ikSTRU E i Y 13.4 1.!E 9 5.7E t 693 P W II FPL 06/11/73 UhAA
344/h43511/13/86 LPCS IS tmAVAILAkt HATCH 2 SF VALY0P G i V l.3 3.6E10 3.6E 10 784 5 6 SS 6PC 07/04/78 UhA4

{
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Table 3.7. Precursors for 1986 ranked by order of magnitude '

Events rankedConditional Events ranked by
probability probability of by probability

range core damage f core damage and
core vulnerability

10-1 to 1 None None

10-2 to 10-1 None None

10-3 to 10-2 Small L7CA f rom letdown- Small LOCA from letdown-
line repture at Catawba 1 line rupture at
(413/86-031) Catawba 1 (413/96-031)

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

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

10-4 to 10-3 Reactor trip, LOFW, and Reactor trip, LOFW, and
~

and failure of two AFW failure of two AFW -

trains at Indian Point 2 trains at Indian Point 2
(247/86-033) (247/86-035)

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

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

Reactor trip and one
atmospheric steam dump
valve stuck open at

Calvert Cliffs 2 (318/
86-006)

10-5 to 10-4 8 events 10 events
10-6 to 10-5 5 events 5 events
<10-6 15 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
method described in Chap 3. These events primarily involve stuck openi

secondary-side valves, reactor trip with failure of mitigating systems,
LOOP, as well as a small LOCA f rom a letdown line rupture.

At Ca t awba 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 f ailed valve's flange. Le tdown
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/b6-005) following a'~
transient when a west bus lockout occurred in the 115-kV switchyard.
The B emergency diesel generator (DG) was ou t of service at the time.
DG B was subsequently started manually and loaded to restore power to
its emergency bus.

At Indian Point 2 (LER 247/86-035) an inadvertent reactor trip from
100% power occurred, and in the ensuing transient AFW was demanded to
recover dropping steam generator (SG) levels. However, one motor-driven
AFW pump tripped and the turbine-driven AFW pump f ailed when the stea"
supply line became overpressurized, resulting in a relief val"e lift.
SG levels were maintained by the remaining AFW pump.

At Ca t awba 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 me t . 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, bu t train A actu-
ation closed the main steam isolation valves (MSIVs ), ending the high-
steam-flow condition.

!
1
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4.2 Number of Precursors Identified

| Of the 96 reactor years of experience in 1986, 34 accident sequence
precursors were identified. This is ~0.4 per reactor year. the same

number per reactor year identified in the 1969-1981 period. For the

1984 and 1985 periods, ~0.6 precursor per reactor year was identified.
With the revised LER rule that went into effect in 1984, requiring

more detailed reporting, and the review of all reactor-trip events f or
f precursors, some increase in the nunber precursors per reactor year
} might be expected over the number found in previous years. The fact

3,
' that no increase has occurred for the 1986 period may indicate a slight

imp rovement in operations over the 1984-1985 period. (Note, however,

that in 1986 a number of plants that in the past consistently reported
precursors were shut down for a substantial amount of time.)

The number of events with high conditional-core-damage probability
is also somewhat lower than in previous periods. For events with con-
ditional-core-damage probability of >10 4, 17 were observed in 1984, 10

in 1985, and 6 in 1986. Sixteen were observed in the 2-year 1980-1981
period. The number of events with conditional-core-damage probability
of >10-3 appears consistent with one observed in 1984, two in 1985, and
two in 1986. Six such events were observed in the 2 year 1980-1981

period.
When core-vulnerability-sequence probabilities are conservatively

added to core-damage-sequence probabilities, the number of events at
>10-4 are 21 in 1984, 11 in 1985, and 7 in 1986.

The frequency of events (per reactor year) with conditional-core-
damage probabilities of >10-4 for all periods reviewed in the Accident
Sequence Precursor Program are

Frequency of events
.

With Withp, g
P (core P (core
damage) damage)

>10-3 >10-4
-

1969-1979 0.039 0.15
1980--1981 0.045 0.12
1984-1986 0.022 0.13

Based on these frequencies, the incidence of accident sequence pre-
cursors of >10 4 has remained essentially constant in the three periods,
but the number of events that were >10-3 apparently decreased in
1984-1986 compared with those in 1969-1981. However, if 90% Poisson
confidence bounds are applied to the number of precursors observed in

>10-3, the expected number ofeither 1986 or 1984-1986 that were
precursors based on the number observed in 1969-1979 and 1980--1981
still falls within these bounds. Because of this, the apparent decrease

in highly significant events may be the result of random fluctuations in
the data.
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BWR plants currently contribute a greater number of orecursors with
conditional-co re-damage probability of >10-4 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, 56% 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 f requencies and branch-f ailure
probabilities used in the quantitative precursor assessments were devel-
oped f rom the precursors themselves when at all possible. This develop-
ment used the effective number of nonrecoverable events seen in the
observation period, combined with appropriate demand assumptions, to
estimate branch probabilities used in calculating sequence frequencies.

For 1984-4985 because of increased model specificity and the
limited observation period, initiating event frequencies and branch-
f ailure probabilities were developed in most cases from train-based
system models. Probabilities used to quantify the system models were
based on data developed from 1969-4981 events, 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

i entire system. Such an approach resulted in system-f ailure probability'

astima tes that reflected the degree of redundancy actually available and
permitted easy revision of these probabilities based on train f ailures
and unavailabilities observed during an operational event. Howe ve r, the
probabilities used in the calculations did not reflect later precursor
inf o rma tion.

The precursors identified in 1984-4986 were used to develop branch
probabilities for 1986 precursor conditional probability estimates. The
specific events utilized in this developmeat, the nonrecove ry likeli-
hoods assigned to each event, and the de mand assumptions utilized for
each estimate are listed in Appendix C.

Table 4.1 identifies the number of nonrecoverable events expected
in 1984-4986 based on frequency and probability values used in the
1969-4 979 and 1980-1981 efforts. The values listed are the number of
nonrecoverable events. Figures 4.1 and 4.2 show these values for 3WRs
and PWRs sepa ra t e ly and include 90% confidence bounds on the observed
number of events. (Confidence bounds were estimated by assuming the
f ailures 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
i events in each category are large (in fact in every instance any reason-

able confidence bound on the obs e rve d number of events in 1984-4986
overlaps the expected number of events), the number of categories with
fewer evente than expected can be used to draw conclusions concerning a
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Table 4.1. Comparison of nonrecoverable failures seen in 1984-1986
with those estimated based on 1969-1981 precursors

Expected events in 1984-1986
Observed

Based on number ofInitiating Based on Based on
event / branch e mbined events in

1969-1979 1980-1981 196 H 981 1984-1986
data / estimates data / estimates ,

PWRe

LOOP 5.1 3.0 4.6 2.6
Small LOCA 1.4 2. 2 1. 5 1.1
Auxiliary 1.7 0.1 1.2 0.4
feedwater

High pressure 1. 6 0.7 1.2 1. 0

injection
Long-term core 1. 3 0 0. 6 0

cooling
Emergency power 1. 7 0 0.7 1. 0

SG isolation 2.0 2.0 1.3 1.0

BWRs

LOOP 7.0 0.2 1.7 2.9
Small LOCA 1.9 4.0 1. 9 0.9
HPCI/RCIC 3.1 3.8 1.8 0.7
RV isolation 0.6 0 0.4 0.3
Long-term core 2.0 1.1
cooling

Emergency power 4.8 1.0 2.4 0

Automatic 1.2 0.2 0.6 0

depressurization

1

.
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Fig. 4.1. Observed vs expected nonrecoverable failures for BWR
initiators and branches.
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general reduction in initiating-event frequencies and demand-failure
probabilities compared with earlier observation periods (using the Chi-
square test). For PWRs this reduction can be demonstrated with >90%
confidence. For BWRs the confidence in such a reduction is less (80%),

partly because BWR long-term core-cooling f ailures were not the subject
of detailed review in 1969-1979.

Initiating-event frequencies and branch-failure probabilities
estimated using precursor data for the 1969-1979, 1980--1981, and
1984-1986 perinds are shown in Table 4.2. Values for 1969-1979 and
1980-1981 were developed using nonrecovery likelihoods consistent with
those used with 1984-1986 precursors and reflected resolution of com-
ments on the earlier Accident Sequence Precursor Program reports.

4.4 Likely Sequences

4Precursors with conditional core-damage probabilities of >10 that
occurred in 1984-1986 were reviewed to identify the more likely severe-
core-damage sequences associated with the precursors. The most likely
core-damage sequences associated with these events include the observed
plant state plus additional postulated f ailures beyond the operational
event, required for core damage. These sequences can generally be
categorized as

o failure of seconda ry-side cooling, plus failure to initiate con-
densate cooling successfully following SG depressurization (64% of
PWR events >10-4);

o station blackout (14% of WR events >104 );
o failure to initiate recirculation cooling following a small-break

LOCA (21% of PWR events >104 );
o failure of all high-pressure cooling and failure to depressurize

following transients, LOOPS, and small-break LOCAs (72% of BWR
events >104);

o failure of long-term decay heat removal following a transient (17%
of BWR events >104 ); and

o Failure of high pressure cooling following a LOOP plus unavaila- a

bility of emergency power for low-pressure core cooling (11% of BWR
'

events >104).

As has been also noted in earlier volumes in this report, these
sequences are generally consistent with those predicted in earlier
probabilistic risk assessment (PRAs ) . Results of the revised PRAs for
the five reference plants reported in the Reactor Risk Reference
Document (NUREG 1150, February 1987 (draf t)),2 estimate a more
substantial contribution from station blackout sequances than observed
in BWR precursors.

In addition, loss of component cooling water is an important con-
tributor to sequences in two of the three PWRs analyzed in NUREG 1150.
Although two precursors associated with loss of cooling water systems
were observed in the 1980.-1981 period (plus one precursor associated

i
'

with a non-safety-related cooling water system in 1985), only safety-
| related cooling '.'ater train unavailabilities have been observed in the
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Table 4.2. Comparison of average initiating-event frequancy,
system-failure probability, and nonrecovery likelihood point

estimates for 1969-1979, 1980-1981, and 1984-1986

erage
Average initiating event frequency" "

Initiating frequency /syst1em failure probabilityggkelihood
event / branch

( 1969-1979a 1980-19818 1984-1986'

198 986

PWRa

LOOP 0.39 3.1 x 10-2 1.9 x 10-2 1. 6 x 10-2
Small LOCA 0.43 8.3 x 10-3 1.4 x 10-2 6.4 x 10-3
Auxiliary feedwater 0.26 3.9 x 10 " 1.8 x 10-5 9.9 x 10-5
High pressure 0.84 8.1 x 10-4 3.5 x 10 " 5.1 x 10 "
injection

4b AbLong-term core 1.00 6.2 x 10-4 2.6 x 10 1. 5 x 10
cooling

4bEmergency power 0.78 8.5 x 10 " 2.6 x 10 5.0 x 10 "
SG isolation 0.64 1.0 x 10-3 1.0 x 10-3 5. 3 x 10"

BWRs

LOOP 0.32 2.2 x 10-2 2.7 x 10-3 3. 3 x 10-2
Small LOCA 0.50 2.1 x 10-2 4.6 x 10-20 1.0 X 10-2
HPCI/RCIC 0.49 3.8 x 10-3 4.7 x 10-3 8.4 x 10 "
RV isolation 1.00 3.3 x 10-3 3.8 x 10-3b 1. 7 x 10-3
Long-term core 0.71 1.1 x 10-4d 4.5 x 10-4 7.4 x 10 "
cooling

Emergency power 0.85 4.5 x 10-3 8.9 x 10 " 8.9 x 10-5b
Automatic depres- 0./1 1.4 x 10-2 2.7 x 10-3 2.6 x 10-3b
surization system

"With nonrecovery numeric values consistent with those used in the
i

assessment of 1984-1986 events (see Table 3.1).
bNo events were observed in the time period. The estimate was

developed based on assumption of 0.33 event in observation period x
average nonrecovery likelihood.

0Three 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.

d
Value assumed in NUREG/CR-2497 (Ref. 1). Based on zero observa-

tions in the observation period (see note o), a value of 9.2 x 10-5 g,
estimated.

1
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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 Clif f s 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 1969-1981 and 1984 -
1986 were reviewed to develop a preliminary, qualitative unt erstanding
of differences in the types of events obserred in the tw periods.
Events chosen for tt.is review were primarily those with conditional
core-damage probabilities of >10-3 However, because the number of such
events in 1984-4986 is very small, events with conditional probabili-

4ties of >10 were also utilized to some extent. Although the event
sequence models and pro'eability values used in the assessment of 1969 -
1981 precursors are so;ewhat different from those used in later
analvees, this is not expected to substantially bias the results of the
review.

Events that occurred in 1969-1981 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
LOC As , and miscellaneous events. Precursors identified in 1984-1986
were then reviewed against these categories to determine changes in the
number and nature of events currently being observed.

Transiente dnven by electMeat and inetmmentation interactions.
Eight events with conditional probabilities of >10-3 were 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 de bus at Millstone 2 (January 2, 1981), the

Crystal Rive r 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 plai" 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 >10' were obse rved in 1984-
1986.

Precursors involtring AFV or HPCI/RCIC inoperability. Six events
involving AFW system inoperability and two events with combined HPCI/
RCIC inoperability with conditional probabilities of >10-3 were observed

,

in 1969-1981. Included in this set is the Ihree Mile Island Nuclear
Station Unit 2 (TMI-2) accident and two events involving clogged AFW
pump suction strainers. For 1984-1986 only one event of >10-3 was
associated with AFW system failure (Da vis-Be s s e , June 9, 1985). AFW-
related events with probabilities of > 10 * were also observed in
1984-1986, but to a lesser euent than in 1969-1981. One HPCI/RCIC
unavailability with conditional probability of >10-3 was observed in
1984-1986, and it is described below.

Small-break LOCA-related events. In addition to the IMI accident'

two additional LOCA-related events with conditional probabilities >10
were observed in 1969-1981: the stuck-open PORV at Davis-Be s s e
(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 oM erved, an
open relief valve (caused by water dripping from a heating, ventilation,
and air-conditiong duct onto control room instrumentation) with both
RCIC and HPCI unavailable at Hatch 1 (May 15, 1985), a LOCA associated
with a letdown line drain valve at Ca tawba 1 (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.)

Miscellaneous eventa. Events placed in this category for 1969-
1981 include the Browns Ferry fire (March 22, 1975), unavailability of '

both RRR heat exchange rs at Brunswick 1 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 bubble incident during natural circulation cool-
down at St. Lucie 1 (June 25, 1980). In both the Oyster Creek and St.
Lucie 1 events, a misunderstanding of expected plant response was
exhibited. For 1984-1986 only one event was considered applicable:
the LOW combined with the potential for RCIC and shutdown cooling f ail-
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 identified 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 I 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 improved compared with 1969-1981 and, in fact, exhibit failure
probabilities consistent with PRA models.
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GLOSSARY

Accident. An unexpected event (f requently caused by an equipment fail-
ure or some misoperation as the result of human error) that ha' mde-
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 seve re core damage. The identification of an operational
event as an accident sequence precursor does not of itself imply that
a significant potential for severe core damage existed. It does mean
thr* at least one of a series of protective features designed to pre-
vent ore damage was compromised. The likelihood of potential severe
core damage, given an accident sequence precursor occurred, dapends
on the ef fectiveness 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.

Connon-cause failurse. Multiple f ailure s 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 ce rt ain
conditions.

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

Consequently failed system. A system was considered consequently failed
if it f ailed 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 HP1 system during a postulated LOOP due to
the unavailability of one of two HPI pumps plus the unavailability of
the DG that would provide power to the operable HPI pump. ]

Core dam 1ge. See severa 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
piece of equipment. See common-cause failures and conrnon-mode
failure.

Degraded system. 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 system. 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 f ailure to actuate when required or a failure to run fol-
lowing actuation.

1

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.

*Dom 4.nant sequence. The sequence in a set of sequences that has highest
probability of leading to a common end state.#

!

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

Engineered safety features. 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 is typically in violation of a
plant 's Technical Specifications. See occurrence.

Event sequence. A particular path on an event tree.

Event tree. A logic model that repre sent s existing dependencies and
combinations of actions required to achieve defined end states fol-
lowing art initiating event.

Failure. 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 ititervention. The likelihood of recovery was accounted
for through the use of recovery factors. See recovery factor.
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Failure probability. The long-term f requency of occurrence of failures
of a component, system, or combination of systems to operate at a
specified pe rf ormance level when required. In this study, failure
includes both f ailure to start and failure to operate once started.

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

Front-line eyetem. 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.

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

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

Initial criticality. 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 conce rn is only with
those initiating events that could lead to potential severe core
damage.

Licensee Event Reporte. Those reports submitted to NRC by utilities who
operate nuclear plants as required by 10 CFR 50 and NUREG-0161. LERs
de scri be abnormal operating occurrences at plants whe re , gene rally ,
the Technical Specifications have been violated.

Nultiple failure evente. Events in which more than one failure oc-
curs. These may involve independent or dependent failures.

Operational event. An event that occurs in a plant and generally con-
stitutes a re portable 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 damge. A plant operating condition in which,
following an initiating event, one or more protective functions fail
to mee t minimum operability requirements over a ceriod sufficiently
long that core damage could occur. This condition has been called in
other studies "core cult," "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 precursor.

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 is permanently shut down, and includes all
intervening outages and plant shutdowns.

Recovery factor (recovery class). A measure of t he likelihood of not
recove ring a failure. Failures we re assigned to a pa rt i cula r re -
covery class based on an assessment of likelihood that recovery would
not be ef fected, given event specifics. Considered in the likelihood
of recovery was whether such recovery would be required in a
moderate- to high-stress situation following 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 f requency and severity of undesired ef fects.

Sensitivity analysis. An analysis that determines the variation of a
given function caused by changes in one or mo re 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 Specifications. 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 item 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 re sult of malfunc-
tions. Unavailability is the complement of availability.

Uncertainty analysis. Analysis that y ovides a ce a su re of the ove rall
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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APPENDIX A

PLANT CATECORIZATION

The models used for evaluation of the selected accident sequence
precursors were based on the realization that many plants have a similar
response to a transient at the system or functional level, and they were
developed to reflect these similarities.

Detailed categorization of the plants by functional response was
initially performed by the University of Maryland for the Accident
Sequence Precursor Program.I The Accident Sequence Precursor Program
has generally employed these categorizations; however, some modifica-
tions were required to reflect more closely the specific needs of the
accident sequence precursor evaluations. Tables A.1 and A.2 identify

system similarities and differences important to the plant groupings.
Table A.3 lists plant-specific information previously included with the
individual precursor documentation.

For the BWRs, three general and one plant-specific class were
necessary. BWR Class A consists of the older plants, w'.!ch are charac-

terized by ICs and 1NCI systems that empicy the MFWPs. Wil Class B con-

sists of plants that have ICs but a separate HPCI systen instead of
FWCI. BWR Class C includes the modern plants that have neither ICs nor
FWCI. However, they have an RCIC system that Classes A and B lack. The
Class C plants could be separated into two subgroups, those plants with
motor-driven MFWPs and those with steam-turbine-driven pumps. This dif-

ference is addressed in the probabilities assigned to branches impacted
by the use of motor- vs turbine-driven pumps. A fourth, unique class
includes only the Lacrosse Boiling Water Reactor.

The PWRs are separated into eight classes. Two of the classes rep-
resent most Babcock and Wilcox Company (Class D) and Combustion Engi-
neering (Class G) plants.*

Wettinghouse plants require six classes due to inherent design dif-
ferences. One class comprises some unique plants that must be repre-
sented individually. The other five are characterized by dif ferences in
their HPI systems (high- vs intermediate-head), their use of CC for core
protection, and their employment of low pressure systems. Several of
these classes have similar responses to the point of core damage but
dif fer in containment response. Because post-core-damage sequences are

* Maine Yankee Atomic Power Plant was built by Combus tion
Engineering but has a response to initiating eventa mote akin to the
Westinghouse Electric Corporation design, so it is grouped in a class
with other Westinghouse plants. Davis-Be s se Nuclear Power Station was
also placed into a We stinghous e plant class because its HPI system
design requires the operator to open the PORY for feed and bleed, as in
mast Westinghouse plants. The requirement to open the PORV for feed and
bleed is a primary dif ference between event trees for Westinghouse and
Babcock and Wilcox plants.
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not currently addressed in the Ac cid e nt Sequence Precursor program,
these classes have been additionally grouped for analysis.

,

.

Reference

1. M. Modarres, E. Ioia, and P. Amico, LVR CategoMaation Report, Uni-
versity of Maryland, November 13, 1984.
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Table A.I. BWR pla

Plant BWR t ype
RPS SBLC* PCS SRV MFV I C / ICML' P FVCI RCIC H PCI CR

Big Rock Faint i X X X X X X X

Mtilstone 1 3 X X X X X X X X

Nine Mlle Point 1 2 X X X X X X X X

Oyster Creek 2 X < X X X X X

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

Dresden 2 3 X X X X X X X Y

Dresden 3 3 X X X X X X X Y

___ _........___-___.....___ ...___ __....__ ..____....

Browns Ferry 1, 2, 3 4 X X X X T X X X

Brunswick 1, 2 4 X X X X T X X Y

Coope r 4 X X X X T X X X

Duane Arnold X X X X M X X

Fermi 2 X X X X X X Y

Fitzpatrick 4 X X X X T X X X

Grand Gulf 1 5 X X X X T X X

Ra t c h 1, 2 4 X X X X T X X X

Hope Creek 1
LaSalle 1, 2 5 X X X X 2-T, 1-M X X

Limerick 1 4 X X X X T X X X

Monticello 3 X X X X M X X X

Peach Botton 2, 3 4 X X X X T X X Y

Perry 1 X X X X 2-T, 1-M X X

Pilgria 1 X X X X X X X

Quad Cities 1, 2 3 X X X X M X X

River Bend I X X X X X X X

Shoreham 4 X X X X X X

Susquehanna I, 2 X X X X X X X

Vermont Yankee X X X X X X

Washington Public Power 2 X X X X T X X

_.._......................_.............___......._...
Lacrosse X X X X X

__
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t classes

Systen

" "S H PCS ADS L PCI LPC S COND RHRSV S DC CC CI&Vg) (S PC

X X X X A

X " X X X A

X X X X A

X X X X A
>.. ...... .... .. ... --....-. ............... . .

X X X X X B

X . X 4 X %
"

>...... ............ ..... ........ ........---..-

X X X X X Y C
X X X X X X C
X X X X X X X C-

X X X X X X X X C
X X X X X X X X C
X X X X X X X X C

X X X X X X X X X C
X X X X X X X X C

X X X X X X V X X C
X X X X X X X X C
X X X X X X X X C
X X X X X X X X C

X X X X X X X X X C
X X X X X X X X C
X X X X X X X X C
X X X X X X X X C
X X X X X X X X C
X X X X X X X X C
X X X X X X X X C

X X X X X X X X X C

p.................... ............. ..............

enique
|
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Table A.2 (c

5

P1 ant l' tube OTSC AWS ICE COND ACC l'H ! CS CSR CS/CHR cst /CHR CS/LPR CVCS CARC HP/H P9
SC

Point Beac h 1, 2 X X X X X X

Turkey Point 3, 4 X X X X X X

................................ ...........................

Cata-aba 1, 2 Y X X X X X X X

Cook I, 2 A X X X X X X X

McGuire 1, 2 X X X X X X X X

Sequoyah 1, 2 X X X X X X X X

.......... .................................................

Arkansas Nucle ar One, 2 X X X X X X X X

Calvert Cliffs 1, 2 X X X X X X X'

Port Calhoun X X X X X X X X

.1111 stone 2 X X X X X X X X

Palisades X A X X X X X X

Palo Verde 1, 2 X X X X X X X X

St. Lucie 1, 2 X X X X X X X X

Sa n On o f e 2, 3 X X X X X X X X

..................... ........................... .... ....._
lladdam Neck X X X X

Indian Point 2, 3 X X X X X X X

San Onofre 4 X X X X

Yankee Rowe X X X X X

A-7
i

E -



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

ont inu:;d )

vsta

HP/LPR HPI LP!/LPR LP!/ CSS L PR /CHR RRR RNR/LP LPI H PI/L PR LPR/CSR HPl/CSR RECIRC RECIRC/.tHR **'

X X \ X E
X X X X g

.......................................,,.................
X X X X F
X X X y r
X X X X F
X X X X F

-........................................................
X X C
X X C
X X C
X ( C
X Y C
X X C
X X C i

X X C
..................... ...................................

X A X X X Unique
X X X X X X Unique

X X X Unique
X X x ti gqu,n

I
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APEllTUllE *
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i Mao Available On
! A erture Car 3l
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Table A.3.
Generic plant data as of September 30, 1986,

sorted by plant name

PLANT IS ARKANSAS UNIT 1
OOCKET IS 313
REACf0R TYPE IS PWR
REACTOR CLAS5 IS O
DESIGN ELECTRICAL RATING IS 850 MWE
CORE THERMAL POWER IS 2668 MWT
PLANT VENOOR IS BABCOCK ANO WILCOX
ARCHI TE C T / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS ARKANSAS POWER G LIGHT COMPANYCONTAINMENT TYPE IS 3
PLANT LOCATION IS 6 MILES WNW of RUSSELLVILLE, AR
INITIAL CRITICALITY OATE IS AUGUST 6, 1974
COMMERCIAL OPERATING DATE IS DECEMBER 19, 1974NRC REGION IS 4

PLANT IS ARKANSAS UNIT 2
OOCKET IS 368
REACTOR TYPE IS PWR
REACTOR CLASS IS G
OESIGN ELECTRICAL RATING IS 91C MWE
CORE THERMAL POWER IS 281S MWT
PLANT VENOOR IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS ARKANSAS POWER G LIGHT COMPANYCONTAINMEN1 TYPE IS 3
PLANT LOCATION IS 6 MILES WNW of RUSSELLVILLE, AH
INITIAL CRITICALITY OATE IS OECEMBER S, 1976
COMMERCIAL OPEkallNU DA1E 15 MARCH 26, 1980NRC REGION IS 4

|

PLANT IS BE AVE h v AL L L 1 UNil 1
DOCKET IS 334
REACTOR TYPE Id PAR
REACTOR CLASS IS A
DESIGN ELECTRICAL RATING 15 836 MWE
CORE THERMAL POWER IS 2652 MWT
PLAN 1 VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION,

ARCHITECT / ENGINEER IS STONE /.NO WEBSTER!

PLANT OPERATOR IS OUQUESNE LIGHT COMPANY!

CONTAINMENT TYPE IS 3
PLANT LOCATION IS 30 MILES NW of PITTSBURGH, PA
INITIAL CRITICALITY OATE IS MAY 10, 1976
COMMERCIAL OF'E R A TING O ATE IS OCTOBER 1, 1976NRC REGION IS 1

A-8
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Table A.3 (continued)

PLANT IS BEAVER VALLEY UNIT 2
00CKET IS 412
REACTOR TYPE IS PWR
REACTOR CLASS IS A
DESIGN ELECTRICAL RATING IS 833 MWE
CORE THERMAL POWER IS 2660 MWT
PLANT VENDOR IS WESTINGHOUSE ELLC~RTU CORPORATION
ARCHITECT / ENGINEER IS STONE AND WEBSTER
PLANT OPERATOR IS OUQUESNE LIGHT COMPANY
CONTAINMEN1 TYPE IS 3C
PLANT LOCATION IS S MILES E of E. LIVERPOOL, OH, PA
INITIAL CRITICALITY DATE IS ** UNKNOWN ** -

*

COMMERCIAL OPERATING DATE IS ## UNKNOWN **
NRC REGION IS 1 ,

i

PLANT IS BIG ROCK POINT ,

00CKET IS 155
REACTOR TYPE IS BWR
REACTOR CLASS IS A
DESIGN ELECTRICAL RATING IS 72 MWE
CORE THERMAL POWER IS 240 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS CONSUMERS POWER COMPANY
CONTAINMENT TYPE IS 1
PLANT LOCATION IS 4 MILES NE of CHARLEVOIX, MI
INITIAL CRITICALITY OATE IS SEPTEMBER 27, 1962
COMMERCIAL OPERATING DATE IS MARCH 29, 1963
NRC REGION IS 3

PLANT IS BRAIDWOGO UNIT 1
'

00CKET IS 456
REACTOR TYPE IS PWR
REACTOR CLASS IS 8
DESIGN ELECTRICAL RATING IS 1120 MWE
CORE THERMAL POWER IS 3425 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION ;

ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT OPERATOR IS COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE IS 3C
PLANT LOCATION IS E4 MILES SSW of JOLIET, IL
INITIAL CRITICALITY DATE IS ** UNKNOWN ** ,

COMMERCIAL OPERATING OATE IS ** UNKNOWN **
NRC REGION IS 3 l

,
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Table A.3 (continued)

PLANT IS BRAIDWOOD -JNIT 2
DOCKET IS 457
REACTOR TYPE IS PWR
REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 1120 MWE
CORE THERMAL POWER IS 342S MWT
PLANT VEN00R IS WESTINGHOUSE ELECTRIC CORPORATION'

ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT OPERATOR IS COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE IS 3C
PLANT LOCATION IS 24 MILES SSW of JOLIET, IL
INITIAL CRITICALITY DATE IS ** UNKNOWN **

r

COMMERCIAL OPERATING DATE IS ** UNKNOWN ** i
NRC REGION IS 3

|

PLANT IS BROWNS FERRY UNIT 1
DOCKET IS 259 '

REACTOR TYPE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 106S MWE
CORE THERMAL POWER IS 3293 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS TENNESSEE VALLEY AUTHORITY
PLANT OPERATOR IS TENNESSEE VALLEY AUTHORITY
CONTAINMENT TYPE IS 4A
PLANT LOCATION IS 10 MILES NW of DECATUR, AL

,

INITIAL CRITICALITY DATE IS AUGUST 17, 1973 (
COMMERCIAL OPERATING DATE IS AUGUST 1, 1974

'

NRC REGION IS 2

|

PLANT IS BROWNS FERRY UNIT 2
DOCKET IS 260
REACTOR TYPE IS BWR
HEACTOR CLASS IS C
OESIGN ELECTRICAL RATING IS 106S MWE
CORE THERMAL POWER IS 3293 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS TENNESSEE VALLEY AUTHORITY
PLANT OPERATOR IS TENNESSEE VALLEY AUTHORITY
CONTAINMENT TYPE IS 4A
PLANT LOCATION IS 10 MILES NW of DECATUR, AL
INITIAL CRITICALITY DATE IS JULY 20, 1974
COMMERCIAL OPERATING DATE IS MARCH 1, 1975
NRC REGION IS 2
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Table A.3 (continued)

PLANT IS BROWNS FERRY UNIT 3
DOCKET IS 296
REACTOR TYPE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 106S MWE
CORE THERMAL POWER IS 3293 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS TENNESSEE VALLEY AUTHORITY
PLANT OPERATOR IS TENNESSEE VALLEY AUTHORITY
CONTAINMENT TYPE IS 4A
PLANT LOCATION IS 10 MILES NW of DECATUR, AL
INITIAL CRITICALITY DATE IS AUGUST 8, 1976
COMMERCIAL OPERATING DATE IS MARCH 1, 1977
NRC REGION IS 2

PLANT IS BRUNSWICK UNIT 1
DOCKET IS 325
REACTOR TYCE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IB 821 MWE
CORE THERMAL POWER IS 2436 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS UNITED ENGINEERS AND CONTRACTORS
PLANT OPERATOR IS CAROLINA POWER G LIGHT COMPANY
CONTAINMENT TYPE IS SA
PLANT LOCATION IS 3 MILES N of SOUTHPORT, NC
INITIAL CRITICALITY DATE IS OCTOBER 8, 1976
COMMERCIAL OPERATING DATE IS MARCH 18, 19??
NRC REGION IS 2

PLANT IS BRUNSWICK UNIT 2
DOCKET IS 324
REACTOR TYPE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 821 MWE
CORE THERMAL POWER IS 2436 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS UNITED ENGINEERS AND CONTRACTORS
PLANT OPERATOR IS CAROLINA POWER S LIGHT COMPANY
CONTAINMENT TYPE IS SA
PLANT LOCATION IS 3 MILES N of SOUTHPORT, NC
INITIAL CRITICALITY DATE IS MARCH 20, 1975
COMMERCIAL OPERATING OATE IS NOVEMEER 3, 1975
NRC REGION IS 2
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Table A.3 (continued)

PLANT IS BYRON UNIT 1
DOCKET IS 454
REACTOR' TYPE IS PWR
REACTOR CLASS IS 8
DESIGN ELECTRICAL RATING IS 1120 MWE
CORE THERMAL POWER IS 3411 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT OPERATOR IS COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 17 hILES SW of ROCKFORD, IL
INITIAL CRITICALITY DATE IG FEBRUARY 2, 1985
COMMERCIAL OPERATING DATE IS SEPTEMBER 16, 1985
NRC REGION IS 3

,

PLANT IS BYRON UNIT 2
DOCKET IS 455
REACTOR TYPE IS PWR
REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 1120 MWE
CORE THERMAL POWER IS 3425 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT OPERATOR IS COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 17 MILES SW of ROCKFORD, IL
INITIAL CRITICALITY DATE IS ** UNKNOWN **
COMMERCIAL OPERATING DATE IS ** UNKNOWN **
NRC REGION IS 3

PLANT IS CALLAWAY UNIT 1
DOCKET IS 483
REACTOR TYPE IS PWR
REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 1171 MWE
CORE THERMAL POWER IS 3411 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS UNION ELECTRIC COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 10 MILES SE of FULTON, MO
INITIAL CRITICALITY DATE IS OCTOBER 2, 1984
COMMERCIAL OPERATING DATE IS DECEMBER 19, 1984
NRC REGION IS 3
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Table A.3 (continued) '

1

PLANT IS CALLAWAY UNIT 2 I

DOCKET IS 486
REACTOR TYPE IS PWR ;

REACTOR CLASS IS B
,

DESIGN ELECTRICAL RATING IS 1120 MWE
CORE THERMAL POWER IS 3411 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS BECHTEL CORPORATION L

PLANT OPERATOR IS UNION ELECTRIC COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 3S MILES WNW of COLUMBIA, MD
INITIAL CRITICALITY DATE IS ** UlJKNOWN **
COMMERCIAL OPERATING DATE IS ** UNKNOWN **
NRC REGION IS 3

!

PLANT IS CALVERT CLIFFS UNIT 1 |

DOCKET IS 317
REACTOR TYPE IS PWR -

: REACTOR CLASS IS G t

DESIGN ELECTRICAL RATING IS 84S MWE
CORE THE6 MAL POWER IS 2700 MWT
PLANT VENDOR IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS BALTIMORE GAS G ELECTRIC
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 40 MILEG S of ANNAPOLIS, MD

,

INITIAL CRITICALITY DATE IS OCTOBER 7, 1974
COMMERCIAL OPERATING DATE IS MAY 8, 1975

,

NRC REGION IS 1 '

PLANT IS CALVERT CLIFFS UNIT 2
DOCKET IS 316
REACTOR TYPE IS PWR
REACTOR CLASS IS G
DESIGN ELECTRICAL RATING IS 645 MWE
CORE THERMAL POWER IS 2?OO MWT
PLANT VENDOR IS COMBUSTION ENGINEERING ;

ARCHITECT / ENGINEER IS BECHTEL CORPORATION ,

PLANT OPERATOR IS BALTIMORE GAS G ELECTRIC |
CONTAINMENT TYPE IS 3 |

PLANT LOCATION I6 40 MILES S of ANNAPOLIS, MD |

INITIAL CRITICALITY DATE IS NOVEMBER 30, 1976
,

: COMMERCIAL OPERATING DATE IS APRIL 1, 1977
l NRC REGION IS 1

"
;

;
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Table A.3 (continued)
,

PLANT IS CATAWBA UNIT 1
DOCKET IS 413
REACTOR TYPE IS PWR
REACTOR CLASS IS F

i DESIGN ELECTRICAL RATING IS 1145 MWE
CORE THERMAL POWER IS 3411 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS DUKE POWER COMPANY
PLANT OPERATOR IS DUKE POWER COMPANY
CONTAINMENT TYPE IS 3C
PLANT LOCATION IS 6 MILES NNW of ROCK HILL, SC
INITIAL CRITICALITY DATE IS JANUARY 7, 1965
COMMERCIAL OPERATING DATE IS JUNE 29, 1985
NRC REGION IS 2

,

PLANT IS CATAWBA UNIT 2 ;

DOCKET IS 414 :
'REACTOR T )'P E IS PWR

i REACTOR CLASS IS F
DESIGN ELECTRICAL RATING IS 1145 MWE
CORE THERMAL POWER iS 3411 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION

| ARCHITECT / ENGINEER IS DUKE POWER COMPANY
PLANT OPERATOR IS DUKE POWER COMPANY |
CONTAINMENT TYPE IS 3C I

PLANT LOCATION IS 6 MILES NNW of ROCK HILL, SC
,

INITIAL CRITICALITY DATE IS MAY 8, 1986'

COMMERCIAL OPERATING DATE IS AUGUST 3( , 1986
NRC REGION IS 2

'

PLANT IS CLINTON UNIT 1 |

DOCKET IS 461'

REACTOR TYPE IS BWR
I REACTOR CLASS IS C

DEGIGN ELECTRICAL RATING IS 933 MWE<

CORE THERMAL POWER IS 2894 MWT'
PLANT VENDOR IS GENERAL ELECTRIC COMPANY -

ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT OPERATOR IS ILLINDIS POWER COMPANY
CONTAINMENT TYPE IS SAE
PLANT LOCATION IS 6 MILES E of CLINTON, IL
INITIAL CRITICALITY DATE IS FEBRUARY 27, 1987 !j

: COMMERCIAL OPERATING DATE IS ** UNKNOWN **
NRC REGION IS 3 !

*
,

b

! I
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Table A.3 (continued)

PLANT IS CLINTON UNIT 2 |

DOCKET IS 462
REACTOR TYPE IS BWR
REACTOR CLASS IS C '

DESIGN ELECTRICAL RATING IS 933 MWE
CORE THERMAL POWER IS 2894 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS SARGENT AND LUNDY l

PLANT OPERATOR IS ILLINDIS POWER COMPANY
CONTAINMENT TYPE IS SAE
PLANT LOCATION IS 6 MILES E of CLINTON, IL '

INITIAL CRITICALITY DATE IS ** UNKNOWN **
COMMERCIAL OPERATING DATE IS ** UNKNOWN ## '

NRC REGION IS 3 -

PLANT IS COMANCHE PEAK UNIT 1
DOCKET IS 445
REACTOR TYPE IS PWR
REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 1150 MWE
CORE THERMAL POWER IS 3411 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS GIBBS AND HILL '

PLANT OPERATOR IS TEXAS UTILITIES GENERATING COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 4 MILES N of GLEN ROSE, TX
INITIAL CRITICALITY DATE IS ** UNKNOWN **
COMMERCIAL OPERATING OATE IS ** UNKNOWN **
NRC REGION IS 4

| PLANT IS COMANCHE PEAK UNIT 2
DOCKET IB 446
REACTOR TYPE IS PWR
REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 1150 MWE
COPE THERMAL POWER IS 3411 MWT
PLANT VEN00R IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS GIBBS AND HILL
PLANT OPERATOR IS TEXAS UTILITIES GENERATING COMPANY '

CONTAINMENT TYPE IS 3 I

PLANT LOCATION IS 4 MILES N of GLEN ROSE, TX
INITIAL CRITICALITY DATE IS ** UNKNOWN **
COMMERCIAL OPERATING DATE IS ** UNKNOWN **
NRC REGION IB 4 '

!
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Table A.3 (continued)
.

PLANT IS COOK UNIT 1
00CKET IS 315
REACTOR TYPE IS PWR
REACTOR CLASS IS F
DESIGN ELECTRICAL RATING IS 1030 MWE
CORE THERMAL POWER IS 3250 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS AMERICAN ELECTRIC POWER SERVICES COMPANY
PLANT OPERATOR IS INDIANA G MICHIGAN ELECTRIC COMPANY
CONTAINMENT TYPE IS 3C
PLANT LOCATION IS 11 MILES S of BENTON HARBOR, MI
INITIAL CRITICALITY DATE IS JANUARY 16, 1975
COMMERCIAL OPERATING DATE IS AUGUST 27, 1975
NRC REGION IS 3

PLANT IS COOK UNIT 2'
r

DOCKET IS 316 i

REACTOR TYPE IS PWR
REACTOR CLASS IS F
OESIGN ELECTRICAL RATING IS 1100 MWE
CORE THERMAL PGWER IS 3411 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS AMERICAN ELECTRIC POWER SERVICES COMPANY
PLANT OPERATOR IS INDIANA G MICHIGAN ELECTRIC COMPANY
CONTAINMENT TYPE IS 3C
PLANT LOCATION IS 11 MILES S of BENTON HARBOR, MI,

INITIAL CRITICALITY DATE IS MARCH 10, 1978 ;

COMMERCIAL OPERATING DATE IS JULY 1, 1978 |

NRC REGION IS 3 -

1

PLANT IS COOPER STATION
DOCKET IS 298
REACTOR TYPE IS BWR
REACTOR CLASS Ib C
DESIGN ELECTRICAL RATING IS 778 MWE
CORE THERMAL POWER IS 2381 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS BURNB AND ROE
PLANT OPERATOR IS NEBRASKA PUBLIC POWER OISTRICT
CONTAINMENT TYPE IS 4A
PLANT LOCATION IS 23 MILES S of NEBRASKA CITY, NE
INITIAL CRITICALITY DATE IS FEBRUARY 21, 1974
COMMERCIAL OPERATING DATE IS JULY 1, 1974
NRC REGION IS 4
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Table A.3 (continued)

PLANT IS CRYSTAL RIVER UNIT 3
00CKET IS 302
REACTOR TYPE IS PWR
REACTOR CLASS IS 0
DESIGN ELECTRICAL RATING IS 825 MWE
CORE THERMAL POWER IS 2S44 MWT
JLANT VENDOR IS BABCOCK AND WILCOX
ARCHITECT / ENGINEER IS GILBERT ASSOCIATES
PLANT OPERATOR IS FLORIDA POWER G LIGHT COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS ? MILES NW of CRYSTAL RIVER, FL
INITIAL CRITICALITY DATE IS JANUARY 14, 19??
COMMERCIAL OPERATING DATE IS MARCH 13, 19??
NRC REGION IS 2

f

PLANT IS DAVIS-BESSE UNIT 1
DOCKET IS 346
REACTOR TYPE IS PWR
REACTOR CLASS IS B '

OESIGN ELECTRICAL RATING IS 906 MWE :

CORE THERMAL POWER IS 2??2 MWT
PLANT VENDOR IS BABCOCK AND WILCOX I

ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS TOLEDO EDISON COMPANY
CONTAINMENT TYPE IS 2A
PLANT LOCATION IS 21 MILES E of TOLEDO, OH
INITIAL CRITICALITY DATE IS AUGUST 12, 19??
COMMERCIAL OPERATING DATE IS JULY 31, 1978
NRC REGION IS 3

PLANT IS DIABLO CANYON UNIT 1
DOCKET IS 275
REACTOR TYPE IS PWR !

REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 1086 MWE '

CORE THERMAL POWER IS 3338 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS PACIFIC GAS G ELECTRIC COMPANY .

PLANT OPERATOR IS PACIFIC GAS G ELECTRIC COMPANY !

CONTAINMENT TYPE IS 3 ;

PLANT LOCATION IS 12 MILES WSW of SAN LUIS OBISPO, CA !
*INITIAL CRITICALITY DATE IS APRIL 29, 1984

COMMERCIAL OPERATING DATE IS MAY 7, 1985
NRC REGION IS S

!
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TablJ A.3 (continued)

PLANT IS DIABLO CANYON UNIT 2
DOCKET IS 323
REACTOR TYPE IS PWR
REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 1'J19 MWE
CORE THERMAL POWER IS 3411 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS PACIFIC GAS G ELECTRIC COMPANY
PLANT OPERATOR IS PACIFIC GAS G ELECTRIC COMPANY
CONTAINMENT TYPE IS 3C
PLANT LOCATION IS 12 MILES WSW of SAN LUIS OBISPO, CA
INITIAL CRITICALITY DATE IS AUGUST 19, 198S
COMMERCIAL OPERATING DATE IS MARCH 13, 1986
NRC REGION IS S

PLANT IS DRESDEN UNIT 1
DOCKET IS 10
REACTOR TYaE IS BWR
REACTOR CLASS IS A
DESIGN ELECTRICAL RATING IS 180 MWE
CORE THERMAL POWER IS 700 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE IS 1A
PLANT LOCATION IS 47 MILES NE of CHICAGO, IL
INITIAL CRITICALIT) DATE IS OCTOBER 31, 1959
COMMERCIAL OPERATING DATE IS AUGUST 1, 1960
NRC REGION I3 3

PLANT IS DRESDEN UNIT 2
DOCKET IS 237
REAC10R TYPE IS BWR

. REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 794 MWE
CORE THERMAL POWER IS 2S27 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS SARGENT AND LUNDY '

PLANT OPERATOR IS COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE IS 4A
PLANT LOCATION IS 9 MILES E of MORRIS, IL
INITIAL CRITICALITY DATE IS JANUARY ?, 1970
COMMERCIAL OPERATING DATE IS JUNE 9, 1970

'NRC REGION IS 3
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Table A.3 (continued)

I

.

PLAN 7 IS ORESDEN UNIT 3
,

DOCKET IS 249
REACTOR TYPE IS BWR
REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 794 MWE
CORE THERMAL POWER IS 2527 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT OPERATOR IS COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE IS 4A

,

PLANT LOCATION IG 9 MILES E of MORRIS, IL
INITIAL CRITICALITY DATE IG JANUARY 31, 1971
COMMERCIAL OPERATING DATE IS NOVEMBER 16, 1971
NRC REGION IS 3

PLANT IS DUANE ARNOLO
DOCKET IS 331
REACTOR TYPE IS BWR ;

REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS S38 MWE
CORE THERMAL POWER IS 1658 MWT !
PLANT VENDOR IS GENERAL ELECTRIC COMPANY I

ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS IOWA ELECTRIC LIGHT C POWER COMPANY
CONTAINMENT TYPE IS 4A
PLANT LOCATION IB 6 MILES NW of CEDAR RAPIDS, IA
INITIAL CRITICALITY OATE IS MARCH 23, 1974
COMMERCIAL OPERATING DATE IS FEBRUARY 1, 197S
NRC REGION IS 3

PLANT IS ENRICO FERMI UNIT 2
DOCKET IS 341
REACTOR TYPE IS SWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 1093 MWE
CORE THERMAL POWER IS 3292 MWT
PLANT VEN00R IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT OPERATOR IS DETROIT EDISON COMPANY
CONTAINMENT TYPE IS 4A
PLANT LOCATION IS LAGUNA BEACH, MI
INITIAL CRITICALITY OATE IS JUNE 21, 1905
COMMERCIAL OPERATING DATE IS ** UNKNOWN **
NRC REGION IS 3
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Table A.3 (continued)

PLANT IS FARLEY UNIT 1 j
DOCKET IS 348
REACTOR TYPE IS PWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 829 MV|E
CORE THERMAL POWER IS 2652 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS SOUTHERN SERVICES, INCORPORATED
PLANT OPERATOR IS ALABAMA POWER COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 18 MILES SE of DOTHAN, AL
INITIAL CRITICALITY DATE IS AUGUST 9, 19?? |

COMMERCIAL OPERATING DATE IS DECEMBER 1, 1977 j

NRC REGION IS 2

PLANT IS FARLEY UNIT 2
DOCKET IS 364
REACTOR TYPE IS PWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 829 MWE
CORE THERMAL POWER IS 2652 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS SOUTHERN SERVICES, INCORPORATED
PLANT OPERATOR IS ALABAMA POWER COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 18 MILES SE of DOTHAN, AL
INITIAL CRITICALITY DATE IS MAY S, 1981
COMMERCIAL OPERATING DATE IS JULY 30, 1981
NRC REGION TG 2

PLANT IS FIT 2 PATRICK
DOCKET IS 333
REACTOR TYPE IS BWR
REACTOR CLASS IS C
OESIGN ELECTRICAL RATING IS 821 MWE
CORE THERMAL POWER IS 2436 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS STONE AND WEBSTER
PLANT OPERATOR IS POWER AUTHORITY OF THE STATE OF NEW YORK
CONTAINMENT TYPE IS 4A
PLANT LOCATION IS 8 MILES NE of OSWEGO, NY
INITIAL CRITICALITY DATE IS NOVEMBER 17, 1974
COMMERCIAL OPERATING DATE IS JULY 28, 1975
NRC REGION IS 1
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Table A.3 (continued)

PLANT IS FORT CALHOUN UNIT 1

[
i DOCKET IS 285

REACTOR TYPE IF PWR !

REACTOR CLASS IS G I

DESIGN ELECTRICAL RATING IS 478 MWE
CORE THERMAL POWER IS 1500 MWT |

PLANT VENDOR IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER IS GIBBS AND HILL
PLANT OPERATOR IS OMAHA PUBLIC POWER DISTRICT
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 19 MILES N of OMAHA, NB
INITIAL CRITICt.LITY DATE IS AUGUST 6, 1973
COMMERCIAL OPERATING DATE IS JUNE 20, 1974
NRC REGION IS 4 '

'PLANT IS GINNA
DOCKET IS 244
REACTOR TYPE IS PWR
REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IG 470 MWE
CORE THERMAL POWER IS 1520 MWT

- PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS GILBERT ASSOCIATES

'PLANT OPERATOR IS ROCHESTER GAS G ELECTRIC CORPORATION
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 15 MILES NE of ROCHESTER, NY i

INITIAL CRITICALITY DATE IS NOVEUBER S, 1969 !

COMMERCIAL OPERATING DATE IS JULY 1, 1970 l

NRC REGION IS 1
t

PLANT IS GRAND GULF UNIT 1 !
DOCKET IS 416 j.
REACTOR TYPE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 1250 MWE
CORE THERMAL POWER IS 3833 MWT
PLANT VEN00R IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS BECHTEL CORPORATION j

PLANT OPERATOR IS MISSISSIPPI POWER G LIGHT COMPANY r

CONTAINMENT TYPE IS SAE [
PLANT LOCATION IS 25 MILES S of VICKSBURG, MS i
INITIAL CRITICALITY DATE IS AUGUST 16, 1982
COMMLRCIAL OPERATING DATE IS JULY 1, 1955
NRC REGION IS 2

,

i

|
t
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Table A.3 (continued)

PLANT IS HADDAM NECK
DOCKET IS 213
REACTOR TYPE IS PWR
REACTOR CLAGS IS H
OESIGN ELECTRICAL RATING IS 582 MWE
CORE THERMAL POWER IS 1825 MWT
PLANT VENDOR IB WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS STONE AND WEBSTER
PLANT OPERATOR IS CONNECTICUT YANKEE ATOMIC POWER COMPANY
CONTAINMENT TYPE IS 3 |

PLANT LOCATION IS 13 MILES E of MERIDEN, CT
INITIAL CRITICALITY OATE IB JULY 24, 1967
COMMERCIAL OPERATING DATE IS JANUARY 1, 1968 '

NRC REGION IS 1

PLANT IS HARRIS UNIT 1
DOCKET IS 400
REACTOR TYPE IS PWR
REACTOR CLASS IS B j
DESIGN ELECTRICAL RATING IS 900 MWE I.

CORE THERMAL POWER IS 2775 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS EBASCO SERVICES, INCORPORATED
PLANT OPERATOR IS CAROLINA POWER G LIGHT COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 30 MILES SW of RALEIGH, NC
INITIAL CRITICALITY DATE IS JANUARY 3, 1987
COMMERCIAL OPERATING DATE IS ** UNKNOWN **
NRC REGION IS 2

PLANT IS HATCH UNIT 1
DOCKET IS 321
REACTOR TYPE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 777 MWE
CORE THERMAL POWER IS 2436 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEEF. IS SOUTHERN SERVICES, INCORPORATED
PLANT OPERATOR IS GEORGIA POWER COMPANY
CONTAINMENT TYPE IS 4A
PLANT LOCATION IS 11 MILES N of BAXLEY, GA
INITIAL CRITICALITY DATE IS SEPTEMBER 12, 1974
COMMERCIAL OPERATING DATE IS DECEMBER 31, 1975
NRC REGION IS 2
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Table A.3 (continued)

|

PLANT IS HATCH UNIT 2
[ 00CKET IS 366
i REACTOR TYPE IS BWR

REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 784 MWE -

CORE THERMAL POWER IS 2436 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITE",T / ENGINEER IS SOUTHERN SERVICES, INCORPORATED
PLANT OPERATOR IS GEORGIA POWER COMPANY |CONTAINMENT TYPE IG 4A

i

PLANT LOCATION IS 11 MILES N of BAXLEY, GA '

INITIAL CRITICALITY DATE IS JULY 4, 1978 .

COMMERCIAL OPERATING DATE IS SEPTEMBEn S, 1979
NRC REGION IS 2

,

J

PLANT IS HOPE CREEK UNIT 1
00CKET IS 354
REACTOR TYPE IS BWR

,

REACTOR CLASS IS C
[OESIGN ELECTRICAL RATING IS 1067 MWE

CORE THERMAL POWER IS 3293 MWT
'

PLANT VEN00R IS GENERAL ELECTRIC COMPANY ,

ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS PUBLIC SERVICE ELECTRIC G GAS COMPANY
CONTAINMENT TYPE I6 4A
PLANT LOCATION IS 10 MILES SW of SALEM, NJ
INITIAL CRITICALITY DATE IS JUNE 28, 1986

j
COMMERCIAL OPERATING DATE IS ** UNKNOWN **

|NRC REGION IS 1,

i,

PLANT IS HUMBOLOT BAY
00CKET IS 133
REACTOR TYPE IS BWR '

,

REACTOR CLASS IS A
DESIGN ELECTRICAL RATING IS 63 WWE
CORE THERMAL POWER IS 163 MWT

| PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS PACIFIC GAS G ELECTRIC COMPANY
CONTAINMENT TYPE IS C
PLANT LOCATION IS EUREKA, CA |

,

INITIAL CRITICALITY DATE IS FEBRUARY 16, 1963 ',

COMMERCIAL OPERATING DATE IS JANUARY 8, 1963
t

9
i NRC REGION IS S '

L

!
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Table A.3 (continued)

PLANT IS INDIAN POINT UNIT 1
DOCKET IS 3
REACTOR TYPE IS PWR
REACTOR CLASS IS ** UNKNOWN **
OESIGN ELECTRICAL RATING IS 26S MWE
CORE THERMAL POWER IS SSS MWT
PLANT VENDOR IS BABCOCK AND WILCOX
ARCHITECT / ENGINEER IS
PLANT OPERArbR IS CONSOLIDATED EDISON COMPANY
CONTAINMENT TYPE IS 1A
PLANT LOCATION IS 25 MILES S of NEW YORK CITY, NY
INITIAL CRITICALITY OATE IS AUGUST 2, 1962
COMMERCIAL OPERATING DATE IS JANUARY 31, 1963
NRC REGION IS 1

PLANT IS INDIAN POINT UNIT 2
OOCKET IS 247

,

'REACTOR TYPE IS PWR
REACTOR CLASS IS H
OESIGN ELECTRICAL RATING IB 673 MWE -

3 CORE THERMAL POWER IS 27S8 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS UNITED ENGINEERS AND CONTRACTORS
PLANT OPERATOR IS CONSOLIDATED EDISON COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 25 MILES N of NEW YORK CITY, NY ,

'INITIAL CRITICALITY OATE IS MAY 22, 1973
COMMERCIAL OPERATING DATE IS AUGUST 1, 1974
NRC REGION IS 1

PLANT IS INDIAN POINT UNIT 3
00CKET IS 286
REACTOR TYPE IS PWR
REACTOR CLASS IS H
OESIGN ELECTRICAL RATING IS 965 MWE
CORE THERMAL POWER IS 3025 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS UNITED ENGINEERS AND CONTRACTORS -

PLANT OPERATOR IS POWER AUTHORITY OF THE STATE OF NEW YORK
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 25 MILES N of NEW YORK CITY, NY i

INITIAL CRITICALITY OATE IS APRIL 6, 1976 ;

COMMERCIAL OPERATING DATE IS AUGUST 30, 1976 :
NRC REGION IS 1 :

,

k
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Table A.3 (continued) i

I

|
1,

'

PLANT IS KEWAUNEE
DOCKET IS 305,

REACTOR TYPE IS PWR
REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS S3S MWE
CORE THERMAL POWER IS 1650 MWT
PLANT VENDOR IG WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS PIONEER SERVICES
PLANT OPERATOR IS WISCONSIN PUBLIC SERVICE CORPORATION
CONTAINMENT TYPE IS 2A
PLANT LOCATION IS 27 MILES SE of GREEN BAY, WI
INITIAL CRITICALITY DATE IS MARCH 7, 1974
COMMERCIAL OPERATING DATE IS JUNE 16, 1974

;

NRC REGION IS 3

PLANT IS LA CROSSE
DOCKET IG 409

.

REACTOR TYPE IS BWR
REACTOR CLASS IS O
DESIGN ELECTRICAL RATING IS SO MWE
CORE THERMAL POWER IS 165 MWT
PLANT VENDOR IS ALLIS CHALMERS

'

ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT OPERATOR IS DAIRYLAND POWER COOPERATIVE
CONTAINMENT TYPE IS 2
PLANT LOCATION IS 19 MILES S of LA CROSSE, WI
INITIAL CRITICALITY DATE IG JULY 11, 1967
COMMERCIAL OPERATING DATE IS NOVEMBER 1, 1969

,

NRC REGION IS 3

PLANT IS LA SALLE UNIT 1
DOCKET IS 373
REACTOR TYPE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 1078 MWE !
CORE THERMAL POWER IS 3323 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS SARGENT AND LUNDY i
PLANT OPER*. TOR IS COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE IS SA# '

PLANT LOCATION IS 11 MILES SE of OTTAWA, IL-

INITIAL CRITICALITY DATE IS JUNE 21, 1952

',
COMMERCIAL OPERATING DATE IS JANUARY 1, 1984
NRC REGION IS 3

i
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Table A.3 (continued)

PLANT IS LA SALLE UNIT 2
DOCKET IS 374
REACTOR TYPE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 1078 MWE
CORE THERMAL POWER IS 3323 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT OPERATOR IS COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE IS SA
PLANT LOCATION IS 11 MILES SE of OTTAWA, IL
INITIAL CRITICALITY DATE IS MARCH 10, 1984

,

! COMMERCIAL OPERATING DATE IS OCTOBER 19, 1984
NRC REGION IS 3

PLANT IS LIMERICK UNIT 1
00CKET IS 3S2
REACTOR TYPE IS BWR '

REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 1055 MWE
CORE THERMAL POWER IS 3293 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS PHILADELPHIA ELECTRIC COMPANY f

CONTAINMENT TYPE IS SAC i

PLANT LOCATION IS 21 MILES NW of PHILADELPHIA, PA
INITIAL CRITICALITY DATE IS DECEMBER 22, 1984

, COMMERCIAL OPERATING DATE IS FEBRUARY 1, 1986
] NRC REGION IS 1
; i

I
PLANT IS MAINE YANKEE '

DOCKET IS 309
REACTOR TYPE IS PWR :
REACTOR CLASS IS B

4

DESIGN ELECTRICAL RATING IS 825 MWE
CORE THERMAL POWER IS 2630 MWT
PLANT VENDOR IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER IS STONE AND WEBSTER
PLANT OPERATOR IS MAINE YANKEE ATOMIC POWER COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 10 MILES N of BATH, dE

,

INITIAL CRITICALITY DATE IS OCTOBER 2J, 1972*

COMMERCIAL OPERATING DATE IS DECEMBER 28, 1972
NRC REGION IS 1

;
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Table A.3 (continued)
,

1
'

PLANT IS MC GUIRE UNIT 1
DOCKET IS 369
REACTOR TYPE IS PWR ;

REACTOR CLASS IS F
DESIGN ELECTRICAL RATING IS 1150 MWE
CORE THERMAL POWER IS 3411 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS DUKE POWER COMPANY
PLANT OPERATOR IS OUKE POWER COMPANY
CONTAINMENT TYPE IS SA
PLANT LOCATION IS 17 MILES N of CHARLOTTE, NC
INITIAL CRITICALITY DATE IS AUGUST 8, 198t-

COMMERCIAL OPERATING DATE IS DECEMBER 1, 1981
NRC REGION IS 2

,

PLANT IS MC GUIRE UNIT 2
DOCKET IS 370
REACTOR TYPE IS PWR
REACTOR CLAGS IS F
DESIGN ELECTRICAL RATING IS 1180 MWE
CORE THERMAL POWER IS 3411 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS OUKE POWER COMPANY
PLANT OPERATOR IS DUKE POWER COMPANY
CONTAINMENT TYPE IS SA
PLANT LOCATION IS 17 MILES N of CHARLOTTE, NC |

INITIAL CRITICALITY DATE IS MAY 8, 1983
COMMERCIAL OPERATING DATE IS MARCH 1, 1984
NRC REGION IS 2 ,

PLANT IS MILLSTONE POINT UNIT 1
DOCKET IS 245 |a

REACTOR TYPE IS BWR ;

REACTOR CLASS IS A |
DESIGN ELECTRICAL RATING IS 660 MWE'

CORE THERMAL POWER IS 2011 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY !

ARCHITECT / ENGINEER IS EBASCO SERVICES, INCORPORATED
PLANT OPERATOR IS NORTHEAST NUCLEAR ENERGY COMPANY,

CONTAINMENT TYPE IS 4A-

PLANT LOCATION IS S MILES SW of NEW LONOCN, CT |
INITIAL CRITICALITY DATE IS OCTOBER 26, 1970
COMMERCIAL OPERATING DATE IS MARCH 1, 1971 ;

NRC REGION IS 1
'

|

5
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Table A.3 (continued)

a

PLANT IS MILLSTONE POINT UNIT 2
DOCKET IS 336
REACTOR TYPE IS PWR
REACTOR CLASS IS G
DESIGN ELECTRICAL RATING IS 870 MWE
CORE THERMAL POWER IS 2700 MWT
PLANT VEN00R IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS NORTHEAST NUCLEAR ENERGY COMPANY
CONTAINMENT TYPE IS 3B
PLANT LOCATION IS 5 MILES SW of NEW LONDON, CT
INITIAL CRITICALITY DATE IS OCTOBER 17, 1975,

COMMERCIAL OPERATING OATE IS DECEMBER 26, 1975
|NRC REGION IS- 1 <

PLANT IS MILLSTONE POINT UNIT 3
! DOCKET IS 423

REACTOR TYPE IS PWR
REACTOR CLASS IS A
DESIGN ELECTRICAL RATING IS 1154 MWE
CORE THERMAL POWER IS 3411 MWT
PLANT VEN00R IS WESTINGHOUSE ELECTRIC CORPORATION i
ARCHITECT / ENGINEER IS STONE AND WEBSTER '

PLANT OPERATOR IS NORTHEAST NUCLEAR ENERGY COMPANY
'l CONTAINMENT TYPE IS 3BC
j PLANT LOCATION IS 3.2 MILES WSW of NEW LONDON, CT
'

INITIAL CRITICALITY DATE IS JANUARY 23, 1986
COMMERCIAL OPERATING DATE IS APRIL 23, 1986
NRC REGION IS 1

|
'

>

PLANT IS MONTICELLO
DOCKET IS 263
REACTOR TYPE IS BWR
REACTOR CLASS IS C

'Di9IGN ELECTRICAL RATING IS 545 MWE
CORE THERMAL POWER IS 1670 MWT

i

PLANT VEN00R IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS SECHTEL CORPORATION
PLANT OPERATOR IS NORTHERN STATES POWER COMPANY
CONTAINMENT TYPE IB 4A i

PLANT LOCATION IS 30 MILES NW of MINNEAPOLIS, MN
|INITIAL CRITICALITY DATE IS DECEMBER 10, 1970 '

COMMERCIAL OPERATING DATE IS JUNE 30, 1971
NRC REGION IS 3

|
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Table A.3 (centinued)

PLANT IS NINE MILE POINT UNIT 1
DOCKET IS 220
REACTOR TYPE IS BWR
REACTOR CLASS IS C
OESIGN ELECTRICAL RATING IS 620 MWE
CORE THERMAL POWER IS 18SO MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS NIAGARA MOHAWK POWER COMPANY
PLANT OPERATOR IS NIAGARA MOHAWK POWER COMPANY
CONTAINMENT TYPE IS 4A
PLANT LOCATION IS 8 MILES NE of OSWEGO, NY

,

INITIAL CRITICALITY DATE IS SEPTEMBER 1S, 1969
COMMERCIAL OPERATING DATE IS DECEMBER 1, 1969
NRC REGION IS 1

PLANT IS NINE MILE POINT UNIT 2
00CKET IS 410
REACTOR TYPE IS SWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 1090 MWE
CORE THERMAL POWER IS 3323 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER TG STONE AND WEBSTER
PLANT OPERATOR IS NI d.m MOHAWK POWER COMPANY
CONTAINMENT TYPE IS .
PLANT LOCATION IS 8 MILES NE of OSWEGO, NY
INITIAL CRITICALITY DATE IS ** UNKNOWN **
COMMERCIAL OPERATING DATE IS ** UNKNOWN **
NRC REGION IS 1

|

PLANT IS NORTH ANNA UllIT 1
DOCKET IS 338
REACTOR TYPE IS PWR
REACTOR CLASS IS A
DESIGN ELECTRICAL RATING IS 907 MWE
CORE THERMAL POWER IS 22?S MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS STONE AND WEBSTER
PLANT OPERATOR IS VIRGINIA ELECTRIC C POWER CORPORATION
CONTAINMENT TYPE IS 3D
PLANT LOCATION IS 40 MILES NW of RICHMOND, VA
INITIAL CRITICALITY DATE IS APRIL 5, 1976
COMMERCIAL OPERATING DATE IS JUNE 6, 1970
NRC REGION IS 2
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Table A.3 (continued)

PLANT IS NORTH ANNA UNIT 2
DOCKET IS 339
REACTOR TfPE IS PWR'

REACTOR CLACS IS A
DESIGN ELECTRICAL RATING IS 907 MWE
CORE THERMAL POWER IS 2275 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS STONE AND WEBSTER
PL ANT OPERATOR IS VIRGINIA ELECTRIC G POWER CORPORATION
CONTAINMENT TYPE IS 3D
PLANT LOCATION IS 40 MILES NW of RICHMOND, VA
INITIAL CRITICALITY DATE IS JUNE 12, 1980
COMMERCIAL OPERATING DATE IS DECEMBER 14, 1980
NRC REGION IS 2

,

PLANT IS OCONEE UNIT 1
DOCKET IS 269
REACTOR TYPE IS PWR
REACTOR CLASS IS D
DESIGN ELECTRICAL RATING IS 887 MWE
CORE THERMAL POWER IS 2568 MWT
PLANT VENDOR IS BABCOCK AND WILCOX-

ARCHITECT / ENGINEER IS DUKE POWER COMPANY
PLANT OPERATOR IS DUKE POWER COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 26 MILES W of GREENVILLE, SC
INITIAL CRITICALITY DATE IS APRIL 19, 1973

i COMMERCIAL OPERATING DATE IS JULY 15, 1973
'

NRC REGION IS 2
,

PLANT IS OCONEE UNIT 2
DOCKET IS 270
REACTOR TYPE IS PWR,

REACTOR CLASS IS O
I DESIGN ELECTRICAL RATING IS 887 MWE
'

CORE THERMAL POWER IS 2568 MWT
PLANT VENDOR IS BABCOCK AND WILCOX
ARCHITECT / ENGINEER IS DUKE POWER COMPANY
PLANT OPERATOR IS DUKE POWER COWPANY
CONTAINMENT TYPE IS 3

| PLANT LOCATION IS 26 MILES W of GnEENVILLE, SC
INITIAL CRITICALITY DATE IS NOVEMBER 11, 1973;

| COMMERCIAL OPERATING DATE IS SEPTEMBER 9, 1974
NRC REGION IS 2

,

L
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Table A.3 (continued)

PLANT IS OCONEE UNIT 3
i

DOCKET IS 287 )

| REACTOR TYPE IS PWR

| REAC(OR CLASS IS D
DESIGN ELECTRICAL RATING IS 887 MWE
CORE THERMAL POWER IS 2568 MWT
PLANT VENDOR IS BABCOCK AND WILCOX
ARCHITECT / ENGINEER IS DUKE POWER COMPANY
PLANT OPERATOR IS DUKE POWER COMPANY I
CONTAINMENT TYPE IS 3 !
PLANT LOCATION IS 26 MILES W of GREENVILLE, SC |
INITIAL CRITICALITY DATE IS SEPTEMBER 5, 1974
COMMERCIAL OPERATING DATE IS DECEMBER 16, 1974 !

NR' REGION IS 9 !

|

,

PLANT IS OYSTER CREEK
DOCKET IS 219 i
REACTOR TYPE IS BWR l

REACTOR CLASS IS A
'

DESIGN ELECTRICAL RATING IS 650 MWE
CORE THERMAL POWER IS 1930 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS BURNS AND ROE
PLANT OPERATOR IS JERSEY CENTRAL POWER G LIGHT COMPANYj'
CONTAINMENT TYPE IS 4A

i

PLANT LOCATION IS 9 MILES S of TOMS RIVER, NJ
INITIAL CRITICALITY DATE IS MAY 3, 1969

'COMMERCIAL OPERATI.G DATE IS DECEMBER 1, 1969
NRC REGION IS 1

.

4

PLANT IS PALISADES :
i

, DOCKET IS 255
REACTOR TYPE IS PWR
REACTOR CLASS IS G |
DESIGN ELECTRICAL RATING IS 805 MWE ,

CORE THERMAL POWER IS 2530 MWT "

PLANT VENDOR IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER IS BECHTEL CORPORATION !

I PLANT OPERA 10R IS CONSUMERS POWER COMPANY ;

CONTAINMENT TYPE IS 3 ,

PLANT LOCATION IS 5 MILES S of SOUTH HAVEN, MI |
INITIAL CRITICALITY DATE IS MAY 4, 1J71
COMMERCIAL OPCRATING DATE IS DECEMBER 31, 1971
NRC REGION IS 1 |

i

,
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Table A.3 (continued)

.

PLANT IS PALO VERDE UNIT 1
00CKET IS S20
REACTOR TYPE IS PWR
REACTOR CLASS IS G
DESIGN ELECTRICAL RATING IS 1221 MWE
CORE THERMAL POWER IS 3800 MWT
PLANT VENDOR IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS ARIZONA PUBLIC GERVICE COMPANY
CONTAINMENT TYPE IS 3C
PLANT LOCATION IS 36 MILES W of PHOENIX, AZ
INITIAL CRITICALITY DATE IS MARCH 25, 1985
COMMERCIAL OPERATING DATE IS FEBRUARY 13, 1986
NRC REGION IS S

PLANT IS PALO VERDE UNIT 2
DOCKET IS 529
REACTOR TYPE IS PWR
REACTOR CLASS IS G ,

DESIGN ELECTRICAL RATING IS 1221 MWE
CORE THERMAL POWER IS 3800 MWT
PLANT VENDOR IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS ARIZONA PUBLIC SERVICE COMPANY
CONTAINMENT TYPE IS 3C
PLANT LOCATION IS 36 MILES W of PHOENIX, AZ
INITIAL CRITICALITY DATE IS APRIL 18, 1986
COMMERCIAL OPERATING DATE IS SEPTEMBER 30, 1986
NRC REGION IS S

,

PLANT IS PALO VERDE UNIT 3 i

DOCKET IS 530
REACTOR TYPE IS PWR
REACTOR CLASS IS G
DESIGN ELECTRICAL RATING IS 1250 MWE
CORE THERMAL POWER IS 3800 MWT r

PLANT VENDOR IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS ARIZONA PUBLIC SERVICE COMPANY,

CONTAINMENT TYPE IS 3C
PLANT LOCATION IS 36 MILES W of PHOENIX, AZ

; INITIAL CRITICALITY DATE IS ** UNKNOWN **
COMMERCIAL OPERATING DATE IS ** UNKNOWN **
NRC REGION IS S

| i

'

!
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Table A.3 (continued)

PLANT IS PEACH BOTTOM UNIT 2
DOCKET IS 2??
REACTOR TYPE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 106S MWE,

CORE THERMAL POWER IS 3293 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS PHILADELPHIA ELECTRIC COMPANY
CONTAINMENT TYPE IS 4A
PLANT LOCATION IS 19 MILES S of LANCASTER, PA
INITIAL CRITICALITY DATE IS SEPTEMBER 16, 1973
COMMERCIAL OPERATING DATE IS JULY S, 1974
NRC REGION IS 1

PLANT IS PEACH BOTTOM UNIT 3
DOCKET IS 276
REACTOR TYPE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 106S MWE
CORE THERMAL POWER IS 3293 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS PHILADELPHIA ELECTRIC COMPANY
CONTAINMENT TYPE IS 4A
PLANT LOCATION IS 19 MILES S of LANCASTER, PA
INITIAL CRITICALITY DATE IS AUGUST 7, 1974
COMMERCIAL OPERATING DATE IS DECEMBER 23, 1974
NRC REGION IS 1

i

PLANT IS PERRY UNIT 1
DOCKET IS 440
REACTOR TYPE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 120S MWE

| CORE THERMAL POWER IS 3579 MWT
| PLANT VENDOR IS GENERAL ELECTRIC COMPANY
| ARCHITECT / ENGINEER IS GILBERT ASSOCIATES

PLANT OPERATOR IS CLEVELAND ELECTRIC ILLUMINATING COMPANY
CONTAINMENT TYPE IS SAE
PLANT LOCATION IS ? MILES NE of PAINESVILLE, OH
INITIAL CRITICALITY DATE IS JUNE 10, 1966
COMMERCIAL OPERATING DATE IS ** UNKNOWN **
NRC REGION IS 3
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Table A.3 (continued)

PLANT IS PILGRIM UN!.T 1
DOCKET IS 293
REACTOR TYPE IS BWR
REACTOR CLASS IS C
OESIGN ELECTRICAL RATING IS 6SS MWE
CORE THERMAL POWER IS 1998 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS BOSTON EDISON COMPANY
CONTAINMENT TYPE IS 4A
PLANT LOCATION IS 4 MILES SE of PLYMOUTH, MA
INITIAL CRITICALITY DATE IS JUNE 16, 1972
COMMERCIAL OPERATING DATE IS DECEMBER 1, 1972
NRC REGION IS 1

PLANT IS POINT BEACH UNIT i .

DOCKET IS 266
REACTOR TYPE IS PWR
REACTOR CLASS IS E
DESIGN ELECTRICAL RATING 19 497 MWE
CORE THERMAL POWER IS 1518 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS WIBCONSIN-MICHIGAN POWER COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 15 MILES N of MANITOWOC, WI
INITIAL CRITICALITY DATE IS NOVEMBER 2, 1970
COMMERCIAL OPERATING DATE IS DECEMBER 21, 1970
NRC REGION IS 3

PLANT IS POINT BEACH UNIT 2
00CKET IS 301
REACTOR TYPE IS PWR
REACTOR CLASS IS E
DESIGN ELECTRICAL RATING IS 497 MWE
CORE THERMAL POWER IS 1S18 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS WESTINGHOUSE ELECTRIC COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 15 MILES N of MANITOWOC, WI
INITIAL CRITICALITY DATE IS MAY 30, 1972
COMMERCIAL OPERATING DATE IS OCTOBER 1, 1972
NRC REGION IS 3
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Table A.3 (continued)

|

PLANT IS PRAIRIE ISLAND UNIT 1
DOCKET IS 282
REACTOR TYPE IS PWR
REACTOR CLASS IS B {
DESIGN ELECTRICAL RATING IS 530 MWE
CORE THERMAL POWLR IS 1650 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS
PLANT OPERATOR IS NORTHERN STATES POWER COMPANY ,

'

CONTAINMENT TYPE IS 2A
PLANT LOCATION IS 28 MILES SE of MINNEAPOLIS, MN
INITIAL CRITICALITY DATE IS DECEMBER 1, 1973
COMMERCIAL OPERATING DATE IS DECEMBER 16, 1973
NRC AEGION IS 3

PLANT IS PRAIRIE ISLAND UNIT 2
00CKET IS 306
REACTOR TYPE IS PWR |
REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS S30 MWE
CORE THERMAL POWER IS 1650 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS
PLANT CPERATOR IS NORTHERN STATES POWER COMPANY
CONTAINMENT TYPE IS 2A
PLANT LOCATION IS 28 MILEE SE of MINNEAPOLIS, MN
INITIAL CRITICALITY DATE IS DECEMBER 1?, 1974
COMMERCIAL OPERATING DATE IS DECEMBER 21, 1974
NRC REGION IS 3

PLANT IS QUA0 CITIES UNIT 1
! DOCKET IS 254

REACTOR TYPE IS BWR
,

'REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 789 MWE
CORE THERMAL POWER IS 2S11 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT OPERATOR IS COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE IS 4A

L PLANT LOCATION IS 2 NILES NE of MOLINE, IL
INITIAL CRITICALITY DATE IS DCTOBER 18, 1971
COMMERCIAL OPERATING DATE IS FEBRUARY 18, 1973
NRC REGION IS 3
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Table A.3 (continued)

PLANT IS QUA0 CITIES UNIT 2
DOCKET-IS 26S
REACTOR TYPE IS BWR

2 REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 789 MWE
CORE THERMAL POWER IS 2511 MWT
PLANT VEN00R IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT OPERATOR IS COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE IS 4A

.
PLANT LOCATION IS 20 MILES NE of MOLINE, IL ;

'
INITIAL CRITICALITY DATE IS APRIL 26, 1972
COMMERCIAL OPERATING OATE IS MARCH 10, 1973

,

NRC REfiION IS 3

PLANT IS RANCHO SECO
00CKET IS 312

,

REACTOR TYPE IS PWR .

REACTOR CLASS 16 0
| OESIGN ELECTRICAL RATING IS 916 MWE
; CORE THERMAL POWER IS 2772 MWT
| PLANT VEN00R IS BABCOCK AND WILCOX

ARCHITECT / ENGINEER IS BECHTEL CORPORATION 1

PLANT OPERATOR IS SACRAMENTO MUNICIPAL UTILITY DISTRICT
I CONTAINMENT TYPE IS 3

PLANT LOCATION IS 26 MILES SE of SACRAMENTO, CA ,'
,

!: INITIAL CRITICALITY DATE IS SEPTEMGER 16, 1974
'

COMMERCIAL CPERATING DATE IS APRIL 17, 1975
NRC REGION IS S I

|
PLANT IS RIVER BEND UNIT 1

'

00CKET IS 458 !

REACTOR TYPE IS BWR
REACTOR CLASS IS C !

OESIGN ELECTRICAL RATING IS 936 MWE
I CORE THERMAL POWER IS 2894 MWT

PLANT VEN00R IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS STONE AND WEBSTER
PLANT OPERATOR IS GULF STATES UTILITIES :
CONTAINMENT TYPE IS SAE

.

PLANT LOCATION IS 24 MILES NNW of BATON ROUGE, LA t;
INITIAL CRITICALITY DATE IS DCTOBER 31, 1985 ;

COMMERCIAL OPERATING DATE IS JUNE 30, 1986 |
,

NRC REGION IS 4 }
'

| '

P
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Table A.3 (continued)

PLANT IS ROBINSON UNIT 2
00CKET IS 261
REACTOR TYPE IS PWR
REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 700 MWE
CORE THERMAL POWER IS 2300 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS EBASCO SERVICES, INCORPORATED
PLANT OPERATOR IS CAROLINA POWER G LIGHT COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS S MILES NW of HARTSVILLE, SC
INITIAL CRITICALITY OATE IS BEPTEMBER 20, 1970
COMMERCIAL OPERATING OATE IS MARCH 7, 1971
NRC REGION IS 2

eLANT IS SALEM UNIT 1
DOCKET IS 272
REACTOR TYPE IS PWR
REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 1090 MWE
CORE THERMAL POWER IS 3338 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS PUBLIC SERVICE ELECTRIC G GAS COMPANY
PLANT OPERATOR IS PUBLIC SERVICE ELECTRIC G GAS COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 10 MILIS S of SALEM, NJ
INITIAL CRITICALITY DATE IS DECEMBER 11, 1976
COMMERP.IAL OPERATING DATE IS JUNE 30, 19??
NRC REGION IS 1

PLANT IS SALEM UNIT 2
00CKET IS 311
REACTOR TYPE IS PWR
REACTOR CLASS IS B
OESIGN ELECTRICAL RATING IS 111f, = VE
CORE THERMAL POWER IS 3411 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS PUBLIC SERVICE ELECTRIC G GAS COMPANY
PLANT OPEHATOR IS PUBLIC SERVICE ELECTRIC G GAS COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 10 MILES S of SALEM, NJ

,

INITIAL CRITICALITY OATE IS AUGUST 6, 1980
COMMERCIAL OPERATING DATE IS OCTOBER 13, 1981
NRC REGICN IS 1
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Table A.3 (continued)

PLANT IS SAN ONOFRE UNIT 1
DOCKET IS 206
REACTOR TYPE IS PWR
REACTOR CLASS IS H ;

'DESIGN ELECTRICAL RATING IS 436 MWE
CORE THERMAL POWER IS 1347 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IB BECHTEL CORPORATION
PLANT OPERATOR IS SOUTHER CALIFORNIA EDISON COMPANY
CONTAINMENT TYPE IS 1
PLANT LOCATION IS S MILES S of SAN CLEMENTE, CA
INITIAL CRITICALITY DATE IS JUNE 14, 1967
COMMERCIAL OPERATING DATE IS JANUARY 1, 1968
NRC REGION IS S

PLANT IS SAN ONOFRE UNIT 2
00CKET IS 361
REACTOR TYPE IS PWR
REACTOR CLASS IS G
DESIGN ELECTRICAL RATING 18 1070 MWE
CORE THERMAL POWER IG 3410 MWT
PLANT VENDOR IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS SOUTHER CALIFORNIA EDISON COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS S MILES S of SAN CLEMENTE, CA

'

INITIAL CRITICALITY DATE IS JULY 26, 1982
COMMERCIAL OPERATING DATE IS AUGUST 8, 1983
NRC REGION IS S

PLANT IS SAN ONOFRE UNIT 3
00CKET IS 362
REACTOR TYPE IS PWR
REACTOR CLASS IS G
DESIGN ELECTRICAL RATING IS 1080 MWE
CORE THERMAL POWER IS 3310 MWT
PLANT VENDOR IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS SOUTHER CALIFORNIA EDISON COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS S MILES S of SAN CLEMENTE, CA
INITIAL CRITICALITY DATE IS AUGUST 29, 1983
COMMERCIAL OPERATING DATE IS APRIL 1, 1984
NRC REGION IS S
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Table A.3 (continued) |

PLANT IS SEABROOK UNIT 1
DOCKET 18 443
REACTOR TYPE IS PWR i

'REACTOR CLASS IS B
OESIGN ELECTRICAL RATING IS 1200 MWE * i

CORE THERMAL POWER IS 3411 MWT
PLANT VEN00R IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS UNITED ENGINEERS AND CONTRACTORS
PLANT OPERATOR IS PUBLIC SERVICE OF NEW HAMPSHIRE -

,

i CONTAINMENT TYPE IS 3AC ;

PLANT LOCATION IS 10 MILES S of PORTSMOUTH, NH j
INITIAL CRITICALITY DATE IS ** UNKNOWN ** |,

COMMERCIAL OPERATING DATE IS ** UNKNOWN ** !,

NRC REGION IS 1 [
'

'

]

| i
PLANT IS SEQUOYAH UNIT 1
DOCKET IS 327$

REACTOR TYPE IS PWR,

, REACTOR CLASS IS F
| OESIGN ELECTRICAL RATING IS 1148 MWE !

; CORE THERMAL POWER IS 3411 MWT |
1 PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION ,

I ARCHITECT / ENGINEER IS TENNESSEE VALLEY AUTHORITY I

j PLANT OPERATOR IS TENNESSEE VALLEY AUTHORITY I

1 CONTAINMENT TYPE IS 2AC
PLANT LOCATION IS 9.5 MILES NE of CHATTANDOGA, TN [
INITIAL CRITICALITY DATE IS JULY 5, 1980
COMMERCIAL OPERATING DATE IS JULY 1, 1981

,

NBC REGION IS 2 ;

4

i i

] PLANT IS SEQUOYAH UNIT 2 ;

i DOCKET IS 328
REACTOR TYPE IS PWR4

REACTOR CLASS IS F :

DESIGN ELECTRICAL RATING IS 1145 MWE*

CORE THERMAL P03ER IS 3411 MWT
$ PLANT VENDOR IS AESTINGHOUSE ELECTRIC CORPORATION

"

ARCHITECT / ENGINEER IS TENNESSEE VALLEY AUTHORITY
PLANT OPERATOR IS TENNESSEE VALLEY AUTHORITY
CONTAINMENT TYPE IS 2AC;

PLANT LOCATION IS 9,5 MILES NE of CHATTANOOGA, TN
INITIAL CRITICALITY DATE IS NOVEMBER S, 1981 i
COMMERCIAL OPERATING DATE IS JUNE 1, 1982 |

|
' NRC REGION IS 2

i

:
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Table A.3 (continued)

PLANT IS SHOREHAM
DOCKET IS 322
REACTOR TYPE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 819 MWE
CORE THERMAL POWER IS 2436 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS STONE AND WEOSTER
PLANT OPERATOR IS LONG ISLAND LIGHTING COMPANY
CONTAINMENT TYPE IS SAC
PLANT LOCATION IS BROOKHAVEN, NY
INITIAL CRITICALITY DATE IS JUNE 1, 1986
COMMERCIAL OPERATING DATE IS ** UNKNOWN **
NRC REGION IS 1

PLANT IS SOUTH TEXAS UNIT 1 ;

OOCKET IS 498 6

3

| REACTOR TYPE IS PWR
REACTOR CLASS IS B
OESIGN ELECTRICAL RATING IS 1250 MWE
CORE THERMAL POWER IS 3800 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION'

,

ARCHITECT-r ENGINEER IS BURNS AND ROE
PLANT OPERATOR IS HOUSTON LIGHTING G POWER COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 12 MILES SSW of BAY CITY, TX

.

!INITIAL CRITICALITY DATE IS ** UNKNOWN **
COMMERCIAL OPERATING OATE IS ** UNKNOWN ** |

NRC REGION IS 4

|

PLANT IS SOUTH TEXAS UNIT 2 i
'

00CKET IS 499
REACTOR TYPE IS PWR

,

REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 1250 MWE
CORE THERMAL POWER IS 3800 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS BURNG AND ROE
PLANT OPERATOR IS HOUSTON LIGHTING G POWER COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 12 MILES SSW of BAY CITY, TX
INITIAL CRITICALITY OATE IS ** UNKNOWN **
COMMERCIAL OPERATING DATE IS ** UNKNOWN **
NRC REGION IS 4

i
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Table A.3 (continued)

PLANT IS ST LUCIE UNIT 1
DOCKET IS 335
REACTOR TYPE IS PWR
REACTOR CLASE IS G
DESIGN ELECTRICAL RATING IS 830 MWE
CORE THERKAL POWER IS 2700 MWT
PLANT VENDOR IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER 28 ESASCO SERVICES, INCORPORATED
PLANT OPERATOR IS FLORIDA POWER G LIGHT COMPANY
CONTAINMENT TYPE IS 2A
PLANT LOCATION IS 12 MILES SE of FT. PIERCE, FL
INITIAL CRITICALITY DATE IS APRIL 22, 1976
COMMERCIAL OPERATING DATE IS DECEMBER 21, 1976
NRC REGION IS 2

PLANT IS ST LUCIE UNIT 2
00CKET IS 389
REACTOR TYPE IS PWR
REACTOR CLASS IS G
DESIGN ELECTRICAL RATING IS 830 MWE
CORE THERMAL POWER IS 2700 MWT
PLANT VENDOR IS COMBUSTION ENGINEERING
ARCHITECT / ENGINEER IS ESASCO SERVICES, INCORPORATED
PLANT OPERATOR IS FLORIDA POWER G LIGHT COMPANY
CONTAINMENT TYPE IS 2A
PLANT LOCATION IS 12 MILES SE of FT. PIERCE, FL
INITIAL CRITICALITY DATE IS JUNE 2, 1983
COMMERCIAL OPERATING DATE IS AUGUST 8, 1983
NRC REGION IS 2

PLANT IS SUMMER UNIT 1
DOCKET IS 395
REACTOR TYPE IS PWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 900 MWE
CORE THERMAL POWER IS 2??S WWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS GILBERT ASSOCIATES
PLANT OPERATOR IS SOUTH CAROLINA ELECTRIC G GAS COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 26 MILES NW of COLUMBIA, SC
INITIAL CRITICALITY DATE IS OCTOBER 22, 1982
COMMERCIAL OPERATING DATE IS JANUARY 1, 1984
NRC REGION IS 2
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Table A.3 (continued)

PLANT IS SURRY UNIT 1
DOCKET IS 280
REACTOR TYPE IS PWR
REACTOR CLA95 IS A '

DESIGN ELECTRICAL RATING IS 788 MWE
CORE THERMAL POWER IS 2441 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS STONE AND WEBSTER
PLANT OPERATOR IS VIRGINIA ELECTRIC G POWER CORPORATION
CONTAINMENT TYPE IS 30
PLANT LOCATION IS 17 MILES NW of NEWPORT NEWS, VA
INITIAL CRITICALITY DATE IS JULY 1, 1972

'

COMMERCIAL OPERATING DATE IS DECEMBER 22, 1972
NRC REGION IS 2

PLANT IS SURRY UNIT 2
DOCKET IS 281
REACTOR TYPE IS PWR
REACTOR CLASS IS A
DESIGN ELECTRICAL RATING I6 788 MWE
CORE THERMAL POWER IS 2441 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS STONE AND WEBSTER
PLANT OPERATOR IS VIRGINIA ELECTRIC G POWER CORPORATION
CONTAINVENT TYPE IS 3D
PLANT LOCATION IS 17 MILES NW of NEWPORT NEWS, VA
INITIAL CRITICALITY DATE IS MARCH 7, 1973
COMMERCIAL OPERATING DATE IS MAY 1, 1973
NRC REGION IS 2

PLANT IS SUSQUEHANNA UNIT 1
DOCKET IS 387
REACTOR TYPE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 1065 MWE
CORE THERMAL POWER IS 3293 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS PENNSYLVANIA POWER G LIGHT COMPANY
CONTAINMENT TYPE IS SA
PLANT LOCATION IS ? MILES NE of BERWICK, PA
INITIAL CRITICALITY DATE IS SEPTEMBER 10, 1982
COMMERCIAL OPERATING OATE IS JUNE 8, 1983
NRC REGION IS 1
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Table A.3 (continued)
,

PLANT IS SUSQUEHANNA UNIT 2
DOCKET IS 388
REACTOR TYPE IS BWR I

REACTOR CLASS IS C
OESIGN ELECTRICAL RATING IS 106S MWE
CORE THERMAL POWER IS 3293 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS BECHTEL CORPORATION '

PLANT OPERATOR IS PENNSYLVANIA POWER G LIGHT COMPANY
CONTAINMENT TYPE IS SA
PLANT LOCATION IS ? MILES NE of BERWICK, PA

,

'

INITIAL CRITICALITY DATE IS MAY 8, 1984
,

COMMERCIAL OPERATING DATE IS FEBRUARY 12, 1985
NRC REGION IS 1 ,

PLANT IS THREE MILE ISL UNIT 1 !

DOCKET IS 289
REACTOR TYPE IS PWR

!
,

REACTOR CLASS IS 0 '

OESIGN ELECTRICAL RATING IS 819 MWE
| CORE THERMAL POWER IS 2535 MWT

'PLANT VENDOR IS BABCOCK AND WILCOX
ARCHITECT / ENGINEER IS GILBERT ASSOCIATES
PLANT OPERATOR IS METROPOLITAN EDISON COMPANY
CONTAINMENT TYPE IS 3

| PLANT LOCATION IS 10 MILES SE of HARRISBURG, PA ,

i INITIAL CRITICALITY DATE 16 JUNE S, 1974
j COMMERCIAL OPERATING DATE IS SEPTEMBER 2, 1974 ,

NRC REGION IS 1
i
; ;

PLANT IS THREE MILE ISL UNIT 2
4 00CKET IS 320

REACTOR TYPE IS PWR
'

REACTOR CLASS IS O
OESIGN ELECTRICAL RATING IS 906 MWE +

CORE THERMAL POWER IS 2772 MWT |
PLANT VENDOR IS BABCOCK AND WILCOX "

4

ARCHITECT / ENGINEER IS BURNS AND ROE
PLANT OPERATOR IS METROPOLITAN EDISON COMPANY f

CONTAINMENT TYPE IS 3 !

PLANT LOCATION IS 10 MILES SE of HARRISBURG, PA i

INITIAL CRITICALITY DATE IS MARCH 28, 1978 ;
'

COMMERCIAL OPERATING DATE IS DECEMBER 1, 1978 '

NRC REGION IS 1

J |
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Table A.3 (continued)

PLANT IS TROJAN
00CKET IS 344
REACTOR TYPE IS PWR
REACTOR CLASS IL C
OESICN ELECTRICAL RATING IS 1130 MWE
CORE THERMAL POWER IS 3411 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS PORTLAND GENERAL ELECTRIC COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 32 MILES NW of PORTLANO, OR
INITIAL CRITICALITY DATE IS DECEMBER 15, 1975
COMMERCIAL OPERATING DATE IS MAY 20, 1976
NRC REGION IS S

PLANT IS TURKEY POINT UNIT 3
00CKET IS 250
REACTOR TYPE IS PWR
REACTOR CLASS IS E
DESIGN ELECTRICAL RATING IS 693 MWE
CORE THERMAL POWER IS 2200 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS BECHTEL CORPORATION
PLANT OPERATOR IS FLORIDA POWER G LIGHT COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 2S MILES S of MIAMI, FL
INITIAL CRITICALITY DATE IS OCTOBER 20, 1972
COMMERCIAL OPERATING DATE IS DECEMBER 14, 1972
NRC REGION IS 2

PLANT IS TURKEY POINT UNIT 4
00CKET IS 251
REACTOR TYPE IS PWR
REACTOR CLASS IS E
DESIGN ELECTRICAL RATING IS 693 MWE
CORE THERMAL POWER IS 2200 MWT
PLANT VENDOR IG WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINFER IS BECHTEL CORPORATION
PLANT OPERATOR IS FLORIDA POWER G LIGHT COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 25 MILES S of MIAMI, FL
INITIAL CRITICALITY DATE IS JUNE 11, 1973
COMMERCIAL OPERATING OATE IS SEPTEMBER 7, 1973
NRC REGION IS 2
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Table A.3 (continued) }
>

!

! PLANT IS VERMONT YANKEE
i DOCKET IS 271

REACTOR TYPE IS BWR
REACTOR CLASS IS C
DESIGN ELECTRICAL RATING IS 514 MWE
CORE THERMAL POWER IS 1593 MWT
PLANT VENDOR IS GENERAL ELECTRIC COMPANY
ARCHITECT / ENGINEER IS EBASCO SERVICES, INCORPORATED

| PLANT OPERATOR IS VERMONT YANKEE NUCLEAR POWER CORPORATION
CONTAINMENT TYPE IS 4A
PLANT LOCATION IS S MILES S of BRATTLEBORO, VT

.

| INITIAL CRITICALITY DATE IS MARCH 24, 1972 !
' COMMERCIAL OPERATING DATE IS NOVEMBER 30, 19?2

NRC REGION IS 1
r

PLANT IS WASHINGTON NP UNIT 24

,

00CKET IS 397
; PEACTOR TYPE IS BWR
4 REACTOR CLASS IS C ;

DESIGN ELECTRICAL RATING IS 1100 MWE
,

CORE THERMAL POWER IS 3323 MWT
|

PLANT VENDOR IS GENERAL ELECTRIC COMPANY '

ARCHITECT / ENGINEER IS BURNS AND ROE i

PLANT OPERATOR IS WASHINGTON PUBLIC POWER SUPPLY SYSTEM I

CONTAINMENT TYPE IS 4AC !'

PLANT LOCATION IS 12 MILES NW of RICHLAND, WA
INITIAL CRITICALITY DATE IS JANUARY 19, 1984
COMMERCIAL OPERATING DATE IS DECEMBER 13, 19841

NRC REGION IS S
i

PLANT IS WATERFORD UNIT 3 ;

DOCKET IS 382
RFACTCR TYPE IS PWR

,

REACTOR CLASS IS G |
| DESIGN ELECTRICAL RATING IS 1104 MWE l

j CORE THERMAL POWER IS 3410 MWT
,

PLANT VENDOR IS COMBUSTION ENGINEERING [
'

ARCHITECT / ENGINEER IS EaASCO SERVICES, INCORPORATED
PLANT OPERATOR IS LOUISIANA POWER G LIGHT COMPANY
CONTAINMENT TYPE IS 2A

|
PLANT LOCATION IS 20 MILES W of NEW ORLEANS, LA

l INITIAL CRITICALITY DATE IS MARCH 4, 1965 |
COMMERCIAL OPERATING DATE IS SEPTEMBER 24, 1985 )
NRC REGION IS 4 i

!
,

!
;

~
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1 Table A.3 (continued)

PLANT IS WOLF CREEK UNIT.1,

i DOCKET IS 482
REACTOR TYPE IS PWR

! REACTOR CLASS IS 8
OESIGN ELECTRICAL RATING IS 1170 MWE
CORE THERMAL POWER IS 3411 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS BECHTEL CORPORAT.10N

; PLANT OPERATOR IS KANSAS GAS G ELECTRIC COMPANY
; CONTAINMENT TYPE IS 3C
; PLANT LOCATION IS 3.S MILES NE of BURLINGTON, KS

INITIAL CRITICALITY DATE IS MAY 22, 1985 i
COMMERCIAL OPERATING DATE IS SEPTEMBER 3, 1965
NRC REGION I6 4

1 PLANT IS YANKEE ROWE
00CKET IS 29,

REACTOR TYPE IS PWR
REACTOR CLASS IS H |
DESIGN ELECTRICAL RATING IS 1?S MWE :

CORE THERMAL POWER IS 600 MWT |
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION' '

ARCHITECT / ENGINEER IS STONE AND WEBSTER
i PLANT OPERATOR IS YANKEE ATOMIC ELECTRIC COMPANY

CONTAINMENT TYPE IS 1
t

PLANT LOCATION IS 25 MILES NE of PITTSFIELD, MA
i

: INITIAL CRITICALITY DATE IS AUGUST 19, 1960
COMMERCIAL OPERATING DATE IS JULY 1, 1961,

NRC REGION IS 1
!

<

PLANT IS ZION UNIT 1
DOCKET IS 295

] REACTOR TYPE IS PWR L

| REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 1040 MWE i

4

CORE THERMAL POWER IS 3250 MWT }
PLANT VENDOR IS WESTIF; HOUSE ELECTRIC CORPORATION :

ARCHITECT / ENGINEER IS SARGENT AND LUNDY ,

PLANT OPERATOR IS COMMONWEALTH EDIGON COMPANY
CONTAINMENT TYPE IS 3 |
PLANT LOCATION IS 40 MILES N of CHICAGO, IL i

,

.'
j INITIAL CRITICALITY DATE IS JUNE 19, 1973 !

COMMERCIAL OPERATING DATE IS DECEMBER 31, 1973 !; ,

NRC REGION IS 3 |
i I

!

:
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Table A.3 (continued)

PLANT IS ZION UNIT 2
00CKET IS 304

(- REACTOR TYPE IS PWR
REACTOR CLASS IS B
DESIGN ELECTRICAL RATING IS 1040 MWE
CORE THERMAL POWER IS 3250 MWT
PLANT VENDOR IS WESTINGHOUSE ELECTRIC CORPORATION
ARCHITECT / ENGINEER IS SARGENT AND LUNDY
PLANT OPEPATOR IS COMMONWEALTH EDISON COMPANY
CONTAINMENT TYPE IS 3
PLANT LOCATION IS 40 MILES N of CHICAGO, IL
INITIAL CRITICALITY DATE IS PECEMBER 20, 1973
COMMERCIAL OPERATING DATE IS SEPTEMBER 17, 1974
NRC REGION IS 3

4
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APPENDIX B

EVENT-TREE MODELS

Event trees were constructed to describe the core-damage mitigation
sequences for three initiating events: a nonspecific reactor trip, a
LOOP, and a small-break LOCA. These event trees are system based and
include an event tree applicable to each plant class defined. Plant
classes were defined (Appendix A) that allowed grouping of plants with
similar systemic response to these initiating events. A detailed
discussion of the development of these trees is included in Appendix B
of Ref. 1.

System designs and specific nomenclature may dif f er among plants
included in a particular class, but functionally they are considered to
be similar. Plants where certain mitigating systems do not exist, but
which are largely analogous in their transient response, were grouped
into the plant classes accordlngly. In modeling events at such plants,
the event-tree branch probabilities were wodified to reflect the systems
available at the plant. The specific branch probability estimates used
in evaluating the 1986 precursors are listed with the calculations in
Appendix D. The development of these estimates is described in Appen-
dix C. l

Certain events could not be described using any of the plant class
event trees developed. In these cases, unique event trees were devel-
oped to describe the sequences of interest.

This appendix presents the event trees used in the study for the
three initiating events described above for each of the plant classes.
For PWR Classes B, C, E, and F, one set of event trees adequately de- i

scribes the plant responses to the three initiating events. A slight I
modification to this same set of event trees also depicts the models i

applicable to FWR Class D plants. The event trees for the combined |
group apply to the greatest number of operating PWRs.

The event trees are constructed with branch (event or system)
success as the upper branch and failure as the lower branch. Each |

sequence path is read from left to right, beginning with the initiator j

followed by subsequent systems required to preclude or mitigate core '

damage. On the event trees, the sequences that do not rescit in suc-
cessful transient mitigation are numbered sequentially, utilizing series
100 numbers for nonspecific reactor trips, series 200 numbers for LOOPS,
and series 300 for LOCAs. Abbreviations appearing on the event trees
are defined in Table B.1. The trees are presented in the following
order:

B-3
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t

r

I

Table B.I. Abbreviations used in event trees !

!

Abbreviation Definition;

PWR event trees

AFW auxiliary feedwater f ails
ATWS anticipated transient without scram end state
CORE DAMAGE core damaga end state !

CORE VULN core vulnerability end state
CSR containment spray recirculation fails !

;

EP emergency power fails
], HPI high pressure injection fails

t'

HPR high pressure recirculation fails [
LOCA small-break loss-of-coolant accident
LOOP loss of offsite power
LPI low pressure injection fails;

LPR low pressure recirculation fails
MFW main feedwater fails ;

PORY OPEN power-operated relief valve fails to open for !
bleed-and-feed cooling '

,

PORV/SRV CHALL power-operated relief valve or safety relief valve !
is challenged (challenge rate) t

PORV/SRV RESEAT power-operated relief valve and/or safety relief
valve fails to rescat .

RT reactor trip fails
RT/ LOOP reactor trip fails given a loss of of fsite power
SEC SIDE DEPRESS secondary-side depressurization fails
SEC SIDE REL TERM secondary-side relief is terminated

i
SEQ N0 sequence number
TRANS nonspecific reactor-trip transient

BVR event trees-

: CC containment cooling fails
CI&V containment injection and venting fail,

; COND failure of condensate system
CRD control-rod-drive cooling fails
EP emergency power fails
FIRWTR or OTHER firevater or other equivalent water source fails
FW unavailability of main feedwater
FWCI failure of feedwater coolant injection system
FWCI or HPCI feedwater coolant injection or high pressure'

coolant injection fails
HPCI or HPCS high pressure coolant injection or high pressure

core spray fails
IC/IC MUP isolation condenser or isolation condenser makeup

fails
,

,
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Table B.1 (continued)

Abbreviation Definition

LOCA small-break loss-of-coolant accident
LOOP loss of offsite power
LPI low-pressure injection
LPC1 low pressure coolant injection fails
LPC1 (CC MODE) containment cooling mode of low pressure

coolant injection system fails
LPC1 (RHR) residual heat removal mode of low-pressure

coolant injection system fails
LPCS low pressure core spray fails
LPR low pressure recirculation
PCS failure of continued power conversion system

operation
RCIC reactor core isolation cooling fails
RRR (SDC MODE) residual-heat-removal shutdown cooling mode

fails

RHR (SP COOLING MODE) residual-heat-removal suppression pool cooling
mode fails

| RRR (SP MODE) residual-heat-removal suppression pool cooling
mode fails

RHR S'd or OTHER residual-heat-removal service water or other
water source fails

RT/ LOOP reactur trip or loss of offsite power
RX SCRAM reactor fails to scram

| SDC shutdown cooling system fails
| SLC/ ROD INSERT standby liquid control system fails or manual

rod insertion fails
SRVs/ ADS safety relief valve (s) fail to open for

depressurization or automatic depressuriza-
tion system fails

SRV C safety relief valve (s) fail to close
SRV CRAL safety relief valve (s) challenged (challenge

rate)
TRANS1ENT nonspecific reactor-trip transient

B-5
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Figure No. Event tree
,

.

;

! B.1 WR Class A nonspecific reactor trip
B.2 PWR Class A LOOP
B.3 PWR Class A small LOCA
B.4 WR Classes B, C, D, E, and F nonspecific reactor trip
B.5 PWR Classes B, C D, E, and F LOOP
B.6 WR Classes B, C, D, E, and F small LOCA
B.7 PWR C1sss G nonspecific reactor trip
B.8 WR Class G LOOP
B.9 WR Class G small-break LOCA i

B.10 BWR Class A nonspecific reactor trip
B.11 BWR Class A LOOP
B.42 BWR Class A small LOCA
B.13 BWR Class B nonspecific reactor trip
3.14 BWR Class B LOOP

i B.15 BWR Class B small-break LOCA
B.16 BWR Class C nonspecific reactor trip

'

B.17 BWR Class C LOOP
B.18 BWR Class C small LOCA

,

'
The event-tree models shown in this appendix are the same ones used

in Ref. 1. That report provides a detailed description of the mitiga-
!

-

tion sequences for each of the three initiators at each plant class !
(i.e., each event tree) as well as success criteria required for the
event-tree branches.

,

l

I

Reference
I l

1. J. W. Mina rick , J. D. Ha r ris , P. N. Austin, E. W. Hagen, and
i J. W. C1ctcher, Pracursors to PotentLxt Severe Core Iktmge Acci-
; dents: ISB5, A status Report, NUREG-4674, Vols. I and 2 (ORNL/NOAC-

4674/V1 and V2), Martin Marietta Energy Systems, Inc., Oak Ridge,

Natl. Lab. , December 1986.
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APPENDIX C

BRANCH PROBABILITY ESTIMATES

This appendix provides information concerning the probabilities
used in the core damage models as they pertain to the estimated f ailure
rates of systems included on the event trees. Branch probabilities are

estimated for each plant according to the methodology described in
Volumes 1 (Ref. 1) and 3 (Ref. 2) of this document and the development
provided here. Table C.1 develops average estimates based on 1984-66
precursors. These estimates are then used to develop plant-class
estimates in Tables C.2-C.4 for BWRs and C.5-C.8 for PWRs. Notes

applicable to the tables follow Table C.8.

i

|

C-3

.

m=- +-y -.-w - --,._y



_ _ _ _ - _ _

=-c

Table C.I Initiating event frequency

Event description
Initiating event /

function under
consideration Date Plant Event

, ,

_ _ - -

PVR initi

LOOP 369/84-024 08-21-84 McCutre 1 At 100% power, 30 power
opened, resulting in a
ac power; this was caut
defielency in the swit'
which led to f ailure tJ
put con *.rol circutts f

t enanc e

206/85-017 11-21-85 San onofre 1 Cround on 4160-V bus, w
tied to main generator
ators to trip the plan
LOOP had occurredi poe
all 4160-V buses

247/85-016 12-12-85 Indian Point 2 During reactor trip rec'
error resulted in trip
offsite power breakers

251/85-011 05-17-85 Turkey Point 4 LOOP occurred due to su
on the high-volt age pov

287/85-002 08-28-85 Oconee 3 With main feeder buses
energized during a ref

,

the reestning powered
energized by actuation
power relay

529/85-058 10-03-85 Palo Verde i LOOP occurred due to pl.
fatture from 52% power

528/85-076 10-07-85 Palo Verde i During troubleshooting i
multiplexer, a false e
a LOOP

261/86-005 01-28-86 Robinson 2 With plant loads on the
former following a tur
reactor trip f ros 80%
transformer was deener
bus lockout occurring
switchyard

Soalt LOCA 250/86-039 12-27-86 Turkey Point 3 During a transient caus
turbine governor oil e
a PORY opened and fail

413/86-031 06-13-86 Catawba 1 At power, the variable 1
valve f ailed open, and

d own s t ress o f t he valv(
result of vibration-ind

A
%

s . . . . _ . . . . . . . . . . _ .



.

nd funetton f ailure probability estimates f

Total Observationg,,g , ,, Frequency or
' '# " E*'recovery probability
nunber of on demanddus g,
events assurptions

'tini svente

sireuit breakers R2 2.56 164 PWR reactor years 1.6E-2/
loss of offsite (0.34) during 198 4-19 a 6 reactor year
ed by a de'ign period
by:rd comput e r,
rasat the out-
llowing cain-

th other buses R4

aut put led oper- (0.04)
, bitteving a

r was lost to

v;ry, operator R2
ing of the (0.34)

tiple faults R1
er systea !!.0)

and 2 de- 0.26
elleg outtge,
as wa s de-
if its fault

.

1t multipletar R3 %

(0.12)

TIf tbs plant R3

APEllTUREin,1 ,,u.ed (0.'2)

Jtartup trans- R2

int runback and (0.34)
wer, t he s t a rt up
1 :d by a west dkko Available On
* t h' il5""

Aperture Card

i by a loss of 0.05 1.05 164 PWR reactor-years 6.4E-3/
sta pressure, during 1994--1986 reactor year
i to close f ully period

:tdown orifice R1

th; letdo:m line (1.0)
rupturcd as a
ac:d f atigue

ssD526d2
= i

I
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*% %

Tatte C.l. 1

Evant desertption
Initiating event /

funetton under g7,
consideration 'I' I'" "'"

n um be r

-

DVP F nan.'h,

AFV f ailure 206/85-017 11-21-85 San Onofre ! Turbine pump flow delayed
pump warm-up pe riod! not c,
f at ted to actuate due to
of diesel generators to 1
AFV flow was degraded bec
fee / water-line check vals

344/85-009 07-20-85 Trojan AFW pumps st arted on demar

on l ow suction pressure.

346/85-013 06-09-85 Davis Besse 1 Operator error in actuatic
feedwater rupture control
for AFW flow, following a
f eedwat er, resul ted in Al'

inde pe ndent ly , bo*.n AFW r
( overspeed

HPI 272/84-017 07-16-84 Sales ! With the redundant charstr
able, pump 12 eeased whti
surveillance testing; set
f ound in the casings of C
on investigation

Failure of lorg- No events were observedi 6
tere core average nonrecovery of 1.

C-5



sontinued)

Total Observationa ue r requency oreffective period
#'# " #I probabilit ynumbe r o f on demand
# "" estleateevents assurptions

7ai l k eda

ocause of a 94 0.42 Twelve demands per 9.4E-5
7-driven pumps (0.04) reactor yea r due to
(OOP and f ailure testing plus one per
cad as required; shutdown of /4 4 h plus
si of failed t wo per shutdown of

is >48 h f Rased on 1985
operational data frem
Nt:PEC-0020. Vol. 9,
Nos. 6-10, a n a v e r a g e
6.0 nutares of '4' b

and 4.n outages of
>4R h necurred per
plant. This results in
26/ reactor year = 164
%'P reactor years,
yleidire 4265 demands

] but tripped P4

(0.04)

0 of steam and R2
system (%FRCS) (0.34)
loss of main

|pra t rtoped on
tooletton;

pu:p s inope r- RI 1.0 Twelve decinda per 5.!!-4
ptrforateg (1.0) reactor year dae t3
1 filings were testire in 164
1 the puers reactor years, re-

sulting in 196e

deeands

33 evtnt at an twelve des a3s per 1.5!-4s

hwasassamed reactor year due to N
test (eg plus one per ,Wan3WGs utdew, >i, h (4.0
such outa tes per re-

actor year - see ATV CARD
probability estinste)-
resulting in 2132
demands in 164 reactor

Aho Available Ony,,r,

Aperture Card

88D52do OZ78 -IN
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cheeeeee t eetele tet tes ewese / v t ee et Preteeeet ero
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Pettere of 1#9 e44t t 974944 St . lee se 2 he Sept posee, one #8 ese doctored In- 91 B.O helee deseede pee 1. nt-4
emergene, peces speeable fet teetag fes tece of the eemee (1.0) roertoe weee ese to

aC to e eareetiteere teet teet tag plee 0.9
t#90F esemed pee

t
reeet.e ..r eeeei t-e

iestoi.e4d - e

fet tere of SG BD9 /9M09 SO4f-41 amatee yeshoe greeM ie, pee ,e stessetttees (9 of to 1,94 hetoe deoende pee 4.35-4
B2) sete tened to f eelt, et teement. (9.44) roertoe peer des to
meen emeld =.oo prevented eseemsel,

.. tee deemede jre. ele t ee
.eeen-itee t leetae .e deoew to ts. .

101/98 4164 99-19-94 Pelet Soerk 2 All sette, felled to eteee f ece the 91
eeeeest esse f ee eefeat tg ( t .0)

?

I_. m i d .e. ._E.

L

teee live -ete er-te-e4 tesee are.td tone erometed see to doereded ef fette e2 2.92 ev nty-etoe swa e.e - s.iu-Ir ;e
eel t es* (9.M) tee yeere dettee weertoe veee
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Table C.I.

Initiating c'ent/ ~ ~ ~ - --

-

f unction under
LERconsideration Date Plant Event

n a be r

-

FWP inf tlat

Seall Loc 4: '31/84-001 .^ 5 -0 7-8 4 Duane Arnold SkV opened opuriously bec
nician error during rout
orocedure

259/84-027 06-27-84 Browns Ferry i SRV unreated and continue
startup following a shor

259/84-032 08-14-84 Browns Ferry i Operator and lastallation
in overpressurisation an
the low-pressure core sp
valve during survettlane

the valve

321/85-018 05-15-8s Hatch 1 Relief valve stucks open

vse kaanan

Failure of 121/85-010 01-06-8) Hatch 1 RCic was inoperable folio
HPCI aad RCIC HPCI f ailed on demand

321/dv-018 05-15-45 Match 1 HPCI was inoperable with '
service for maintepsnee

Failure of re- 324/45-005 09-27-85 trunswick 2 Three of eight MSlvs f alli-

actor vessel
isolation

.

.

|

Failure of lonF- 254/84-014 08-08-84 Quad Cities 1 LPCI valvat failed to ope >
! term core during refueling

j cooling

!

324/84-014 11-27-84 Brunswick 2 RNR loop A was rendered tj
to water hammer, and loJ[
able due to leakage past
mary containment isolatti

C-7
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(coatinu:4)

- .-

T tal Observat!onValue or Fgg weffecthe period
recovery probabilityn um be r o f on demand,g,,,

events assumptions

Mna e m tfa
-- -.

r2 of tach- R2 0.90 Ei ght y-nine WP 1.nr-2/
n7 survaillance (0.14) reactor years d w ing reactor u er

19 % -1986 period

j to leak in (0.!)
I outags

errors resulted R1

{ayisolation
isakage through (0.12)

testing of

R2

(0.34)

!1i ?1 *u

;ing a demani; #2 0.A9 Twelve demaads per 8.4!-4
(0.34) reactor year due to

testing plus one L*FW
CIC out of R2 demand per reactor

(0.34) year = 62 reactor
years f ar plants with
HFCl!'CIO sy 4t ees ,
resultine in 806
demands

d to fast close 0.30 0.30 One demand per reactor 1. 7E-3
year for the full

closure test rius
one LnrW eveet ter
react ar year in P 9

BWR reactor years,
resulting in 1:a

#[[demands

IQ){kh) or. demand R1 1.12 Function demanded on 7. '. E-4
(1.0) test, during LO N ,

hyand on shutdowns of
longer duration

( >4 8 h a s s ume d )

Sperable duc R3 NTREC-0020, Vol. 9 Also Available On
5 teas inoper- (0.12) N o s . f-10 s h ow e d 5 /-

ECNUIO { dthi LPCI pel- such shutdowns for
.n valv1. S WP4 , yielding 3.9

shutdowns per reactor
year; with 12 tests
and one LOW ass umed
per reactor year, 16.9
des.nds per reactor
, = 99 reactor years re-

suits in 1504 demands.

28050602M8- I6
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Table C.2. 1986 BVR Class A
.

.

3 3 3 5
S M M u
a ; '. 9,

z x u a

2 2 8 8 nm

2 C C d t 5 g 6 6

[R |= Q2 ja |2 |C |2 |F $5 ]E 3E gE $
3 93 C3 d3 93 93 93 93 93 E3 E3 E3 J3 D

-
{ac

da 'de sa d-asa ea ca na na ma na na ad-2 dum
_ m- m- se a- me m- m- m- ev ~~

Dyster Creek 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 16 1 of 2 1.0 1.0 0.01 Oc

Big Rock Pt 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 6 1 of 1 1.0 1.0 0.01 0.

Millstone 1 3.5E-4 0. 05 0.17 1.0 0.3 1.0 0.3 1.0 5 1 of 2 1.0 1.0 0.01 0.

Nine Mi Pt 1 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 16 1 of 2 1.0 1.0 0.01 0.

U Branch probability abbreviations:

ADS automatic depressurization system LPC1

AFV auxiliary feedwater L PCS

BIT boron injection tank LP1

CC containment cooling LPR

C HALL challenged M

C. I . AN D.V containment injection and venting MFV

COND condensate pumps PCS

CRD control rod drive pump cooling PORV

CSR containment spray recirculation RHR

DEPRESS depressurization RHRSV

RTEMERG emergency
F/t feed and bleed SDC

FV feedwater S LC . OR . Rod s

FVC1 feedwater coolant injection S PCOOL

HPCI high pressure coolant injection SRV

HP1 high pressure injection SS
-

HPR high-pressure recirculation T

ISOL.COND isolation condenser TERM

LOCA loss-of-coolant accident TRANS

LOOP loss of offsite power

b Branch notations:
/ given
-- branch success
( ) (sto " ") branch f ailure

(be f ore "/") sepa rates word s.

(siter "/") means M.

ONot yet developed in the program.

C-9
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brachprcbabilities,ba
m,

| 3 8i

N *i'

.

O O O
b b b
2 k k
M M E
B B E

k k k$ n
*. "s 2 2 92 a = = = = = = 2 e2
y

'a8m ga < < < pmg- qa ya ya- ma
? =s =z : @z 2z mz as as mz : as mz

*e De te Be 2e ne 2e 23 8e De ne
"d e d- v- m- v- a- w- w- w- m- v- v-

|

$0 1.0 3.4E-4 0.05 0.031 0.34 IE-3 1.0 1.0 1.0 7.lE-3 IE-3 0.34
0 1.0 3.4E-4 0.05 1.0 0.34 e 1.0 1.0 1.0 o o 0.34 +

0 0.1 3.4E-4 0.05 0.031 0.34 6.8E-4 1.0 1.0 1.0 3.7E-3 3.4E-5 0.34
0 1.0 3.4E-4 0.05 0.031 0.34 6.8E-4 1.0 1.0 1.0 9.9E-4 1.0 0.34

.

Iow pressure coolant injection
low pressure core spray
low pressure injection
low pressure recirculstion
cotor-driven
t.cin feedwater
power conversion system
power-operated relief valve
residual heat removal
residual heat removal system service water convoetion
rsector tripi

shutdown cooling
stendby liquid control or manual rod insertion
suppression pool cooling y{
safety relief valve

APERTUREescondary side
turbine-driven bkNbterminated
transient

Also Avelinhle On
Aperture Card

8205%40D71- /8'
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Table C.4 1986 BVR Class

g

$'
T M M v

*i J '.

!! !$ 4n <..

y3 d 8- $~S 3 3 3 3e w -'

r M: " 2 50% g^ 53 4^ is g^ "23.8^'

t.5. S.5. 5. c. d. J. p.t.-. .

3 It
.-

r 35 at Jt Jt JE JE Jr 5; si tt GT Stg3 d5 M5 $$ $5 55 55 55 65 d5 d5 S5 M5M5 m6

Arnold 3.5E-4 0.05, 0.17 1.0 1.0 1.0 1.0 1.0 8 I of 2 M M 0.020 0.042 1

Browns Ferry 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 13 1 o t' 3 T T 0.020 0.042 1

1. 2, 3

Brunswick 1 3.5E-4 0.05 0.17 1.0 0.3 1.0 0.3 1.0 11 1 of 2 7 T 0.020 0.042 1

Brunswick 2 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 11 1 of 2 T T 0.020 0.042 1

Cooper 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 11 1 of 2 7 T 0.020 0.042 1

Terst 2 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 15 1 of 4 T T 0.020 0.042 1

Fitzpatrick 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 11 I of 2 T T 0.020 0.042 i
Grand Gulf 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 20 1 of 2 T T 0.020 0.042 1

1, 2
Hatch 1, 2 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 !! I of 3 T T 0.020 0.042 1

Hope Creek 1 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 11 3 of 4 T T 0.020 0.042 I
LaSalle 1, 2 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 18 1 of 2 T T 0.020 0.042 i
Limerick 1 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 !! I of 3 T T 0.020 0. 04 2 1

Moaticello 3. 5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 8 1 of 2 M M 0.020 0.042 1

Nine Mi Pt 2 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 18 2 of 3 T T 0.020 0.042 1

Peach Botton 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 13 1 of 4 7 T 0.020 0.042 1

2, 3 :

Perry I 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 20 2 of 3 T T 0.020 0.042 1:
Pilgrim 1 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 6 1 of 2 M M 0.020 0.042 1:

Quad Cities 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 13 1 of 2 M M 0.020 0.042 1|
1, 2

River Bend 1 3.5E-4 0.05 0.17 1.0 1.0 10 1.0 1.0 18 2 of 3 T T 0.020 0.042 1:

Shorehas 1 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 11 1 of 2 T T 0.020 .0.042 1:

Susquehanna 3.5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 16 1 of 3 T T 0.020 0.042 1:

1. 2
Vt Yankee 3.5E-4 0.05 0.17 1.0 0.3 1.0 0.3 1.0 6 1 of 2 M M 0.020 0.042 l'

WNP-2 3~. 5E-4 0.05 0.17 1.0 1.0 1.0 1.0 1.0 18 2 of 3 T T 0.020 0.042 !=

aSee Table C.2, note a. for abbreviations and branch notations.
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TI
APERTURE
CARD

a
" bratch probabilities A,

A erture Card |P -

3 g .
$ %m* *w % k

b j f. k i
*

". .8* ** *

g C U U b y $
.

D $ $ M U 4
k"

6 s

U 4
f W W T $ 3 3

2 2 0 $2 2 28 0 2^ 2# 2 2E $2 80 "E5 ^

E- 2- 5" s" da da 84 84 8" m" 2"
- - - a"

3 3 53 33 e3 53 33 R3 33 S. S. $3 $3 $3 53
& Qe Ce 8e te 2e 5e se Ee Es Et *e te se ~e*

E-u- ad umo v- w- v- a- av m- m- v-

0 0.05 0.031 0.34 0.001 7.lE-4 0. 5 0.5 0.5 7.tE-3 6.8E-3 1.0 0.02 0.52 0.34
0 0.05 0.031 0.34 0.001 7.lE-4 0.5 0.5 0.5 7.lt-3 6.8E-3 1.0 0.02 0.52 0.34

0 0.05 0.031 0.34 0.001 7.lE-4 0.5 0.5 0.5 7. lt-3 6. 8E-3 1.0 0.02 0.52 0.34
0 0.05 0.031 0.34 0.001 7.lt-4 0.5 0.5 0.5 7.lE-3 6.8E-3 1.0 0.02 0.52 0.34

0 0.05 0.031 0.34 0.001 7.lt-4 0.5 0.5 0.5 7.tE-3 6.8E-3 1.0 0.02 0.52 0.34
0 0.05 0.031 0.34 0.001 7.1-E4 0.5 0.5 0.5 7.1E-3 6.8E-3 1.0 0.02 0.52 0.34
0 0.05 0.031 0.34 0.001 7.lE-4 0.5 0.5 0.5 7.lE-3 6.8E-3 1.0 0.02 0.52 0.34
0~ 0.05 0.031 0.34' O.01 4. 3E-4 1.0 1.0 1.0 7.lE-3 6.8E-3 1.0 0.02 0.52 '0.34

0 0.05 0.031 0.34 0.001 7.17-4 0.5 0.5 0.5 7.lE-3' 6.8E-3 1.0 0.02 0.52 0.34

0 0.05 0.031 0.34 0.001 7.lt-4 0.5 0.5 0.5 7.lE-3 6.8E-3 1.0 0.02 0.52 0.34-
0 0.05 _0.031 0.34 0.01 4.3E-4 1.0 1.0 1.0 7.1E-3 6.8E-3 1.0 0.02 0.52 0.34
0 0.05 0.031 0.34 0.001 4.3E-4 0.5 0.5 0.5 7.lE-3 6.8E-3 1.0 0.02 0.52 0.34
3 0.05 0.031 0.34 0.001 7.4E-4 0.5 0.5 0.5 7.lt-3 6.8E-3 1.0 0.02 0.52 0.34
0 0.05 0.031 0.34 0.001 7.4E-4 0.5 0.5 0.5 7.!E-3 6.8E-3 1.0 0.02 0.52 0.34

% 0.05 0.031 0.34 0.001 7.4E-4 0.5 0.5 0.5 7.lt-3 6.8E-3 1.0 0.02 0.52 0.34

8 0.05 0.031 0.34 0.001 4.3t-4 1.0 1.0 1.0 7.lt-3 6.8E-3 1.0 0.02 0.52 0.34
0- 0.05 0.031 0.34 0.001 7.4E-4 0.5 0.5 0.5 7.lE-3 6.8E-3 1.0 0.02 0.52 0.34
3 0.05 0.031 0.34 0.001 7.4E-4 0.5 0.5 0.5 7.lt-3 6.8E-3 1.0 0.02 0.52 0.34

3 0.05 0.031 0.34 0.001 4.3t-4 1.0 1.0 1.0 7.lE-3 6.8E-3 1.0 0.02 0.52 0.34
3 0.05 0.031 0.34 0.001 7.4E-4 0.5 0.5 0.5 7.lE=3 6.8E-3 1.0 0.02 0.52 0.34
0 0.05 0.031 0.34 0.001 7.4E-4 0.5 0.5 0.5 7.tE-3 6.8E-3 1.0 0.02 0.52 0.34

|0 0.05 0.031 0.34 0.001 7.4E-4 0.5 0.5 0.5 7.lE-3 6.8E-3 1.0 0.02 0.52 0.34
8 0.05 0.031 0.34 0.001 4.3E-4 1.0 1.0 1.0 7.lt-3 6.8E-3 1.0 0.02 0.52 0.34

i
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Table C.6. 1986 BWR Class B, C,

s
d d de

n & Q ua &
B v. 9~ #*

5 : 25 J"

he $2hk hk2 7 *2 30 a.R

a s !s as s ss s es ss sa s
s a na "a ma ma aa 8 a n. a 8 ~5 aa5- <- <- x- c. - c x m-c. x- m-

Byron 1 3E-5 ~0 1 of 2 1 of 2 0.05 T 0.04 2 2 1. 5E -2

Calloway 1 3E-5 ~0 1 of 2 1 of 3 0.05 T 0.04 2 2 1.5E-2
Catawba 1, 2 3E-5 ~0 1 of 2 1 of 3 0.05 T 0.04 3 3 1. 5E-2
Cook 1, 2 3E-5 ~0 1 of 2 1 of 3 0.05 T 0.04 3 3 1.5E-2
Da vi s-Be s s e 3E-5 ~0 1 of 2 Note 21 Note 22 T 0.08 1 1 1.5E-2

Diablo Canyon 3E- 5 ~0 1 of 3 1 of 3 0.05 T 0.04 2 2 1.5E-2
1, 2

Farley 1, 2 3E-5 ~0 1 of 2 1 of 3 0.05 T 0.04 2 2 1. 5E-2

Ginna 3E-5 ~0 1 of 2 1 of 3 0.05 M 0.04 2 2 1.5E-2
Indian Pt 2, 3 3E-5 ~0 1 of 2 1 of 3 0.05 T 0.04 2 2 1.5E-2
Kewaunee 3E-5 ~0 1 of 2 1 of 3 0.05 M 0.04 2 2 1.5E-2

McGuire 1, 2 3E-5 ~0 1 of 2 1 of 3 0.05 T 0.04 3 3 1. 5E-2
Point Beach 1, 2 3E-5 ~0 1 of 2 1 of 3 0.05 M 0.04 2 2 1.5E-2
Prairie Island 3E-5 ~0 1 fo 2 1 of 2 0.05 M 0.04 2 2 1. 5E-2

1, 2

Robinson 2 3E-5 ~0 1 of 3 1 of 3 0.05 M 0.04 2 2 1.5E-2
Salem 1, 2 3E-5 ~0 1 of 3 1 of 3 0.05 T 0.04 2 2 1.5E-2

Sequoyah 1, 2 3E-5 ~0 1 or 2 1 of 3 0.05 T 0.04 2 2 1. 5E-2

Summer 3E-5 ~0 1 of 2 1 of 3 0.05 T 0.04 2 2 1.5E-2
Trojan 3E-5 ~0 1 of 2 Note 21 Note 23 T 0.04 2 2. 1. 5E-1

Turkey Pt 3, 4 3E-5 ~0 1 of 2 Note 21 Note 22 M 0.04 2 2 1.5E-2
Wolf Creek 3E-5 ~0 1 of 2" 1 of 3 0.05 T'y O.04 2 2 1. 5E-2

g

Zion 1, 2 3E-5 ~0 2 of 3 1 of 3 0.05 T 0.04 2 2 1.5E-3

# See Table C.2, note a, for abbreviations and branch notacions.
bAssumed.
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1.5E-2 1 of 2 0.04 0.01 0.036 0.34 1.5t-5 0.67 1.5E-4 0.04 + HP1
1.5E-2 1 of 3 0.04 0.01 0.036 0.34 1.5E-5 0.67 1.5E-4 0. 04 + H P1
1.5E-2 1 of 2 0.04 0.01 0.036 0. 34 1. 5E-5 0.67 1.5E-4 0.04 + HPI
1.5E-2 1 of 2 0.04 0.01 ).036 0.34 1.5E-5 0.67 1.5E-4 0. 04 + H P I

D1. 5E-2 1 of 2 0.04 0.01 0.036 0.34 1.5E-5 0.67 1.5E-4 0.04 + HP1
1.5E-2 1 of 2 0.04 0.01 0.036 0.34 1.5E-5 0.67 1.5E-4 0.04 + HP1
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1. BWR Branch Probability Notes (for Tables C.2-C.4)

1. Iailure probabilities developed based on one observation (Browns
Ferry f ailure to scras, NSic 163405) through 1986. Estimated BWR
scrams for this period, at 9.5 scrams per reactor year through 1983
[see NUREG/CR-3591 (Ref. 1)] and 6.3 scrams per reactor year in the
f982-1985 period (based on a review of scrams documented in
NUREG-0020, Vol. 9, Nos. 6-10 (Ref. 3)] is 2858. This results in a

4f ailure probability estimate of 3.5 x 10 per demand. Recovery is
addressed in the branch for standby liquid control or manual rod
insertion (SLC.0R. RODS).

2. Rod insertion or boration failure is assumed to be dominated by
operator response. An equipment f ailure probability of 0.01, com-

| bined with an operator failure to initiate of 0.04, results in an
! overall f ailure probability of 0.05 per demand.

3. A generic value based on the number of trip initiators that would
f ault the PCS compared with the total number of trip initiators was
developed from data included in the draft of NUREG/CR-3862
(Ref. 4), Table 7. The primary contributors to loss of PCS were
assumed to be turbine bypass valve / control valve closure; MSlV
closure; and loss of condenser vacuum, of all feedwater flow, and
of of f site powe r. Comparing the frequencies of these initiators
with all trip initiators described in Ref. 4, Table 7, results in a
likelihood of PCS unavailability, given a reactor trip of 0.17.
Note that event specifics would be expected to modify this value
substantially.

4. All LOCAs analyzed are assumod sufficiently large to require
closure of the MSlVs. Because of this, a f ailure probability of
1.0 is assumed for this branch.

5. SRVs are assumed to lif t on trip except for plants with 100% tur-
bine bypass capacity. For those plants, a 0.3 likelihood of lif t
has been assumed.

6. SRVs are assumed to lift on all plants.
7. SRVs are assumed to lift except for plants with 100% turbine bypass

capacity. For those plants, a likelihood of lift of 0.3 has been
assumed.

8. SRVs are assumed to lift on all plants.
9. A failure to close probability of 3.3 x 10-3 per valve demand (see

NUREG/CR-2770 (Ref. 5), p. 119] has been assumed. ( All SRVs are
assumed to lift.) The column in the table lists the number of
valves per plant, including ADS valves. |

10. Fo r 1984-65 estimates (see Ref. 2), emergency power train failuro
probabilities were developed based on the assumption that train
failures are dominated by diesel generator failures. Ba sed on
NUREG-1032 (Ref. 6), pp. 4-6, a value of 0.05 per demand was used
for a single diesel failure on demand. This value is consistent
with an earlier estimate in NUREG/CR-2497 (Ref. 7) of 0.064 per
demand. Using the range of failure probabilities for emergency
power systems included in Ref. 6, and assuming a point estimate at
the geometric means of these ranges resulted in the following DG
failure probability estimates: first diesel, 0.05; second diesel,
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0.057; third diesel, 0.19. Emergency power-system failure proba-
bilities associated with these diesel failure probabilities were
then calculated to be: one of two trains required for success,
2.9 x 10-3; one of three trains required for success 5.4 x 10-4;
and two of three trains required for success, 8x 10-g Consider-.

ing data from the 1984-66 precursors and the f ractional contribu-
tion of BWRs and WRs , these estimates are still considered
salid. Re nonrecovery likelihood was revised to 0.80 to reflect
all precursor data. The column in the table lists the emergency
power system success criteria assumed in analysis.

11. The failure probability is a generic value based on the number of
trip initiators resulting in LOW, given that PCS is failed. Two
values were developed from data included in NUREG/CR-3862 draf t
(Ref. 4), Table 7: one fo r plants with motor-driven feedwater
pumps (for which MSIV closure does not result in LOW) and one for
plants with turbine-driven pumps. Rese two values are 0.46 for
turbine-d riven feedwater sys t ems and 0,29 for motor-driven feed-
water systems. A nonrecovery likelihood of 0. 34 wa s assumed for
turbine-driven feedwater systems, and a value of 0.12 was assumed
for motor-driven systems. The differences in these values were
intended to reflect the additional difficulty observed in restoring
faulted turbine-driven systems. Be column in the table lists the
type of MW system.

12. MSIV closure was assumed following a LOCA. Because of this, tur-
bine-driven MW systems were assumed initially unavailable follow-
ing LOCA. MW systems that utilized mo t or-d rive n pumps we re
assumed to trip with a probability of 0.04 Nonrecovery likeli-
hoods assumed were consistent with those specified in note 11. Be
column in the table lists the type of MW system.

13. Re combined HPC1/RCIC failure probability was estimated to be
1.7 x 10-3, with an additional nonrecovery likelihood of 0.49
(8.4 x 10-4 overall probability). Ba sed on individual HPCI and
RCIC f ailures observed following LOW and LOOP, HPCI and RCIC f ail-
ure on demand probabilities of 0.024 and 0.050, respectively, are
estimated. Ba sed on previous reviews of combined HPCI and RCIC
failures observed in the Accident Sequence Precursor Program, these
failures appeared independent. Using this fact, an estimate of
combined HPCI and RCIC unavailability (ossuming the independent
failure probabilities developed above) is 1.2 x 10-3 Rese inde-
pendent values were raised to result in a combined failure prob-
ability consistent with that developed in Chap. 3. This results in
an RCIC failure probability of 0.060. As suming that nonrecovery
for HPCI and RCIC could be equally apportioned between the two
systems, a nonrecovery likelihood of 0.7 was estimated.

14. Consistent with the development described in note 13, an HPCI f ail-
ure probability of 0.029 and a nonrecovery likelihood of 0.7 were
assumed.

15. All LOCAs analyzed were assumed large enough to preclude the use of
RCIC for mitigation. Because of this, a failure probability of 1.0
was used.
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16. Use of the control-rod-drive pumps for core coding requires manual
operator initiation for success. A nominal system f ailure proba-
bility of 0.01 was assumed, along with a failure to initiate of
0.04. No recovery of initially failed equipment was assumed.

the automatic depressurization17. A generic failure probability forsystem of 3.7 x 10~ , as developed in Chap. 3 of this document, was
employed, combined with an operator f ailure to initiate probability
of 0.04. A nonrecovery likelihood of 0.71 was additionally
assumed.

18. Because the feedwater system is assumed f ailed before the use of
this function is demanded and the condensate system must pump
through the feedwater system, it was also initially assumed failed
but recoverable with a nonrecovery likelihood of 0.34

19. The LPCS system was assumed to be a two-train system, each train
consisting of two pumps (required) and one closed motor-operated
valve. The first train failure probability was assumed to be 0.03,
and a comnon mode-dominated failure probability of 0.1 was assumed
for the second train. A nonrecovery likelihood of 0.34 [which is
consistent with the typical system nonrecovery estimated in

NUREG/CR-3591 (Ref. 1)] was utilized.
20. For 1984-65, the LPCI (RHR) failure probability was developed

based on the design of the Browns Ferry LPCI system and applied to
other plants with two-train systems. Each train was assumed to
contain two parallel pumps with closed, motor-operated suction
valves and a single closed, motor-operated discharge valve. The
use of an alternate head spray if ne with two closed motor-operated
valves was considered to result in success if the normal discharge

valve failed close. Considering these active components, a train
f ailure probability of 0.004 was estimated. This was used with a
conditional probability of 0.1 for the second train and a nonrecov-
ery likelihood of 0.34. Based on the precursors observed in
1984-86, the failure probability for the first train was revised
to 0.01, and the nonrecovery likelihood was revised to 0.71, re-
sulting in a system failure probability of 7.1 x 10 -'' . For three-
train systems-including those at Perry , LaSalle, Grand Gulf River
Bend, and WNP-2-the failure probability used was 0.02 for the
first train, 0.1 for the second train, and 0.3 for the third train
(given failure of the first two train).

21. Considering the design of the LPCI system and the location of the
service water connection, the probability of failure for RHR ser-
vice water is dominated by the likelihood that the LPCI failure
mode was the result of the failure of the discharge valve and the
alternate head spray injection patha Based on the probabilities
used to develop the LPCI failure probability, this value is 0. 5.
No recovery is assumed given an initial failure because such recov-
ery would be consumed in attempting to recover LPCI in the first
place. At Perry, LaSalle, Grand Gulf, River Be nd , and VNP-2, rio
service water connection exists. Instead, the LPCI system has
three trains.

22. RHR service water is assumed available if the emergency buses are
powered. See note 21 for development of the applicable failure
probability.
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23. RHR service water flow has been assumed adequate given a small-
break LOCA. See note 21 for development of the applicable failure
probability.

24. RHR (SDC) failure is dominated by the failure to open the two drop-
line suction valves. In addition, if LPCI has not been challenged,
then the same failure mechanisms that can fail LPCI are also
applicable to RRR (SDC). This system was modeled on the same basis
as LPCI but with the addition of a serial component (failure prob-
ability of 0.02) and a lower nonrecovery likelihood of 0.34 because
RHR (SDC) is not required in the short term.

25. Based on the design of the LPCI and RRR systems on Browns Ferry,
the probability of RHR (SDC) failure given LPCI f ailure is 1.0.

26. Based on the design of the LPCI and RRR systems on Browns Ferry,
RHR (SP cooling) failure given LPCI success and RHR (SDC) failure
is dominated by f ailure of the RRR drop-line valves.

27. Based on the design of the LPCI and RRR systems, RHR (SP cooling)
success given LPCI and RRR (SDC) failure requires LPCI and RHR
(SDC) failure due to inj e c t ion-valve failure. he likelihood of
the SP cooling valves failing to open plus the likelihood that LPCI
and RHR (SDC) were failed because of failure of the inj ec tion
valves result in a failure probability estimate of 0.02 +
0.5 2 0.52.

28. he likelihood of containment inj ec tion and venting (C.I.AND.V)
failure, given failure of RHR (SDC) and RRR (SP cooling), was
assumed to be 0.34, with no likelihood of recovery.

29. The Dresden isolation condenser consists of a heat exchanger and
two normally closed de-powered inlet and outlet isolation valves.
Redundant sources of shell-side cooling water are provided. The
f ailure probability for this system has been based on the failure
probability of either closed valve (0.01 each). Because these are
located in containment, no likelihood of recovery of an initially
failed system is assumed.

30. he Dresden core spray system is a two-train system, each consist-
ing of a pump and a normally closed motor-operated valve that must
function for train success. A failure probability of 0.02 for the
first train and 0.1 for the second train and a likelihood of non-
recovery of an initially failed system of 0. 34 were assumed, re-
sulting in an overall failure probability of 6.8 x 104

31. he LPCI system on Dresden is a two-train system, each train con-
sisting of two parallel pumps and one closed motor-operated dis-
charge valve. he first train failure probability was assumed
dominated by the motor-operated discharge valve (failure proba-
bility of 0.01). A second train conditional probability of 0.1 was
assumed, along with a nonrecovery likelihood of 0.71. This resul.ts
in a system failure probability estimate of 7.1 x 104

32. No firewater connection was identified on the Dresden FSAR draw-
ings. Because of this, this function has been assumed not avail-
able.
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33. The Dresden SDC system consists of three trains, each consisting of
a pump, a heat exchanger, and two normally closed motor-operated
valves. These three trains are connected to the recirculation
loops through normally _ closed, parallel suction and discharge
valves. A f ailure probability of 0.03 was assumed for the first
train, 0.1 for the second, and 0.3 for the third. A failure proba-

bility of 0.001 was assumed for the suction and discharge valves,
and a nonrecovery likelihood of 3.4 was employed. This resulted in
a system failure probability of 2.9 x 10-3

34 LPCI (CC) utilizes the same components as LPCI, with the addition
of a heat exchanger cooled by service water in each train. Service

i water is provided by parallel pumps and is not considered to domi-
'

nate the train failure probability. Because of this, the same
f ailure probability estimated for LPCI is assumed.

35. Because LPCI (CC) utilizes the same components as LPCI, the proba-
bility of f ailure of LPCI (CC) given LPCI f ailure is 1. 0, No re-
covery likelihood for an initially f ailed system is assumed because

,

recovery ef forts would have been expended on the initially f ailed

j LPCI system.
36. IC failure probability for this class was developed based on Mill-

stone 1. One motor-operated (de power) isolation valve must open
to initiate IC cooling. A failure probability of 0.01 was assumed.

37. The feedwater syst.en is realigned to FWCI in the event of a tran-
sient. Because the su: cess criteria for feedwater and FWCI are the
same, the likelihood of failure is addressed in FWCI feedwater
transient (FWCI/FW.TRANS), LOOP, and LOCA.

38. dither of the two feedwater trains provides success for this func-
tion. For nonspecific transients, a value of 0.29 was assumed for
this branch, with a nonrecovery probability of 0.34 See note 11
for the development of this value.

39. For FWCI given a LOOP, the failure probability was assumed domi-
nated by failure of the emergency power source required for the
feedwater pumps. Because of the design of the event trees, this
probability is the likelihood of f ailure of the FWCI power source,
given that emergency power has succeeded. For Millstone 1, oper-
ability of the gas turbine is required; this is the only plant in
the class in which FWCI is powered following LOOP. Based on an
assumed gas turbine (Millstone 1) failure probability of 0.1, the
f ailure probability of FWCI feedwater LOOP (FWCI/FW. LOOP) is p (gas
turbine fails) u 0.1.

40. Either of the two feedwater trains provides success for this func-
tion. An assumed f ailure probability of 0.01 for the first train
and 0.1 tor the second train, plus a nonrecovery likelihood of
0.34, results in an overall f ailure probability of 3.4 x 10 ~4

41. SRV automatic depressurization system (SRV. ADS) capability is not
specified for Big Rock Point. See note 17 for other plants.

42. For Oyster Creek, core spray consists of two trains, each contain-
ing two series sets of two parallel pumps plus two parallel dis-
charge valves. As suming a failure probability of 0.01 for the
first pump and valve, 0.1 f or the second pump and valve, 0.1 for
the second train given failure of the first, and a nonrecovery
likelihood of 0.34 results in an overall failure probability of
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1. 0 x 10-3 For Millstone 1 and Nine Mile Point 1 (assumed), the
system design and, hence, failure probability are similar to
Dresden 2 and 3 (see note 30).

43. Firewater connections could not be identified for either Millstone
1 or Oyster Creek. They have been assumed not to exist on the
other two plants in the class as well.

44. For Oyster Creek, SDC is similar to Dresden except that single-
suction and discharge valves exist to connect the three parallel
cooling trains to the recirculation lines. The resulting system
failure probability, developed using the same component and non-
recovery values, is 7.1 x 10-3 Nine Mile Point I has been assumed
to utilize a system similar to Oyster Creek, except only one final
component is required for system success. For Millstone 1, two
trains of SDC are provided. Each train consists of two closed
isolation valves, a pump, and a heat exchanger. Single valves.
serve to isolate the two parallel trains from the recirculation
loops, one of which is closed. Using an spproach similar to that
for Oyster Creek, the system failure probability is estimated to be
9.9 x 10 '' .

45. Containment cooling for Oyster Creek consists of two parallel pumps
and heat exchangers. No closed valves exist in the two trains.
Assuming a f ailure probability of 0.01 for the firi.t train and 0.1

for the second train results in a system failure probability of
1x 10-3 For Millstone 1, containment cooling utilizes LPC1 with
heat exchangers in each train and is therefore unavailable given
LPCI failure. The failure probability for Nine Mile Point 1 is
assumed uimilar to Oyster Creek but with a nonrecovery probability
of 0.34

C-20
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2. BJR Branch Probability Notes (for Tables C.5-C.8)

1. A generic value for failure to trip was applied to all IVRs. This
was developed by assuming that the single Salem f ailure to trip was
recoverable with a nonrecovery likelihood of 0.12. Ba sed on an
estimated average of 7.33 trips per year over the 1969-43 observa-
tion period (based on the number of PWR trips associated with shut-
downs reported for 1979 in NUREG/CR-1496 (Ref. 8) plus one-third
the number of manual shutdowns also reported (scram assumed as part
of shutdown procedure)] and an estimated average of 4.1 trips per
year (reported in NUREC-0020, Vol . 9, Nes. 6-10 (Re f . 3) } in
1984-46, a failure to trip probability of 3.4 x 10-5 is estimated.

2. Rods were assumed to trip upon loss of power to the buses powering
the control-rod-drive mechanisms. Some small failure probability
is acknowledged to still exist, associated sich mechanical failure
of a number of rods to insert, but it was considered sufficiently
small to be ignored.

3. See BWR branch probability notes, note 10.
4. AFW systems are dif ficult to model because of the use of two dif-

ferent design pumps (mo to r-d riven and turbine-driven) within most
systems. For AFW systems, e common-mode f ailure contribution was
considered as a separate serial component instead of being incorpo-
rated within each train failure probability estimate. One estimate
was assumed for both two- and three-train systems; it was based on
the average failure probability estimated in Chap. 3. In addition,
the conditional failure probability for the second mo tor-d rive n
train, if it existed, was increased above that of the first trair.
to reflect common mode coupling between these two components. The
following failure probabilities were typically assumed: first
motor-driven train. 0.02; second motor-driven train (given f ailure
of the first), 0.1; the turbine-driven train. 0.05; three-train
common-mode serial component, 2.8 x 10'"; nonrecovery 0.26. These
train probabilities result in the following system failure proba-
bilities: one of two trains required for success with one turbine-
driven train 3.3 x 10-", one of three trains reqaired for success
with one turbine-driven train, 9.9 x 10-5 The closeness of these

'

two failure probabilities is consistent with previous Ac cident
Sequence Precursor Program observations that there was little dif-
ference in failure probabilities for two- and three-train AFW sys-
tems. The column in the table lists the APW success criteria at,

I the plant. (See also note 21.)
| 5. The majority of AFW systems include one turbine-driven train cap-

abic of operating without diesel-backed power. On these plants, a
f ailure probability of 0.05 was assumed, with a nonrecovery like-
lihood of 0.34.

6. An estimate of noncontinuance of feedwater was developed based on
the frequencies of t of transients listed in Table 6 of the
NUREG/CR-3862 draf t."ypesThe following trip-related initiators were
assumed to render feedwater inittslly unavailable: total LOFW
f l ow , increased feedwater flow (due to expected feedwater system
trip on high SG 1evel), feedwater flow instability, closure of all
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MSIVs (at turbine KFW-pump plants only), loss of all condensate
pumps, loss of condenser vacuum, loss of circulating water, inad-
vertent safety injection signal, and LOOP. For plants with tur-
bine-driven pumps, this value is 0.20, for plants with motor-driven
pumps, 0.19. A nonrecovery likelihood of 0.34 was assumed in both
cases. The column in the table lists the type of feedwater pump at
the plant.

7. The challenge rate for primary relief valves was assumed to be 0.04
for plants with U-tube SGs, which is consistent with that employed
in NUREG/CR-3591 (Ref. 1). For plants with once-through SGo, this
value was raised to 0.08 to reflect the limited response time
available before the SGs dry out.

8. A f ailure to , ose probability of 0.01 was assumed for each PORV.
Failure to is late an open PORV considered failure of the block
valve to close (0.01) plus failure of the operator to initiate
closure (0.04). The column in the table lists the number of PORVs
on the plant. SRVs are not assumed challenged if PORVs are avail-
able.

9. All PORY block valves were assumed to require emergency power for
closure. In the event of unavailability of power on these buses,
the probability of PORV closure failure was based on 0.01 f ailure
to close probability for each valve alone, without supplemental
isolation capability.

10. Deleted.
11. The likelihood of failing to terminate secondary-side release, as a

result of either failure to close of an atmaspheric dump valve or a
turbine bypass valve. was developed using values consistent with
those developed in two pressurized thermal-shock studies reported
in NUREG/CR-4022 (Re f. 9) and NUREG/CR-4183 (Re f . 10) . Based on
information included in Appendixes C and B of these two documents,
a value of 1.5 x 10-2 per trip was assumed. This it dominated by
atmospheric dump valve failures. A nonrecovery likelihood of 0.34
was also assumed.

12. This branch requires continued MFW operation (for DHR), given sec-
ondary-side release terminated and, hence, prohibits closure of all
MSIVs as a means of isolating a secondary-side blowdown. Because
the maj ority of secondary-side blowdowns are isolable through
closure of an associated isolation valve or isolation of only the
associated SG the f ailure probability for this branch was assumed
to be equivalent to that in note 11.

13. For plants without boron injection tanks, the system f ailure proba-
bility was estimated based on the number of active components re-
quiring operation in each train, and assuming conditional failure
probabilities that account for common-mode effects for additional
trains. For three-train systens with one pump and closed discharge
valve, a system failure probability of 3 x 10-4 is estimated, plus
a nonrecovery estimate of 0.84. For plants with boron injection
tanks, a separate serial component was also used to reflect system
failure due to blockage at the boron injection tank. This conpo-
nent utill:e4 a failure probability of 1.2 x 10-3, again with a
nonrecovery estimate of 0.84 The use of the values results in an
average nonrecoverable failure probability for HPI consistent with
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that developed in Chap. 3. The column in the table lists the sys-
tem success criteria.

14 High-pressure recirculation given HPI success was developed based
on the number of components requiring operation in the low pressure
recirculation system to provide flow f rom the containment sump to
the HPI pump suctions. Typically three components per train we.e
involved: the containment sump isolation valve, the LPI (RHR)
pump, and the LPI/HPI cross-connect valve. Based on the values
developed in Chap. 3 for long-term core cooling, a f ailure prob-
ability of 1.5 x 10-4 is estimated, with no likelihood of recov-
ery. In addition, a 0.04 probability for the operator failing to
open the LPI/HPI cross-connect valves was included, except for com-
bustion plants where the HPI pumps take direct suction from the
sump and automatic switchover is assumed. Service water unavaila-
bility has been assumed not to contribute significantly to the
system failure probability.

15. The probability of the PORY failing to open for bleed and feed was
estimated as 0.01. Note that on most plants initiating bleed and
feed requires both opening the PORV and initiating HPI; both
actions are included in the same procedure. On plants with high-
head safety injection pumps (typically Babcock and Wilcox (B&W)
plants, but some Westinghouse plants as well], only HP1 need be
initiated. To account for both of these cases, the operator error
probability associated with bleed and feed was assigned to HPI
initiation.

16. The likelihood of failing to depressurize the secondary side is
dependent on the size of the atmospheric dumps, on whether the
MSIVs are closed, or on the operability of the turbine bypass sys-
tem and condenser if the HSIVs are open. Many plants do not in-
clude atmospheric dumps of sufficient size for depressurization,
and the analysis assumed that if the MSIVs were closed, secondary-
side blowdown could not be achieved. In addition, unavailability
of the condenser, due to either loss of vacuum or circulating
water, was also considered to fail secondary-side depressuriza-
tion. Based on the initiator f requencies listed in the NUREG/CR-
3862 draft," the likelihood of failing secondary-side depressuriza-
tion for a nonspecific reactor trip is 0.036. Note that this value

.

is consistent with typical operator failure-to-initiate values and
! has therefore been applied to other initiator situations as well.

17. See BWR branch probability notes for Table C.1-C.3, note 18.
,

18. Low pressure injection is typically independent of HPI, except for>

the refueling water storage tank (RWST) and associated isolation
valves. Estimates of low-pressure inj ection failure probability

.' were based on the number of trains and number of components
required to operate iu each train, with consideration of the prob-
ability values identified in Ch a p. 3 for long-term core cooling.
The average system failure probability was estimated to be
1.5 = 10-4, with nonrecovery probability of 0.34.

19. Operability of low-p res sure recirculation, given HPI success and
HPR failure, is dependent on the mechanism that fails HPR. Because
common mode effects typically dominate system failure modes, fail-
ure combinations resulting in failure of HPR (note 14) would
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consist of the system sump valves, the LPI pumps, or the LPI/HPI
cross-connect valves. Of these, failure of the sump valves and
pumps would also fail low pressure recirulation. Because the i

f ailure probability for these three items has been assumed the same
in this development, the likelihood of LPR failure, given high-
pressure recirculation failure, is 0.67.

20. The failure probability for low pressure recirculation is assumed
consistent with the estimate for failure of long-term core cooling
developed in Chap. 3.

21. AFW systems for these plants are atypical. We Davis-Be s se AFW
system is a two-train system utilizing turbine-driven pumps. The
Turkey Point system is a three-train system shared between units
and consists of three turbine-driven pumps. Trojan utilizes one '

diesel-driven and one turbine-driven pump. The following system
failure probability estimates were employed for these plants:
Davis-Besse, 1. 7 x 10-3; Turkey Point, 5x 10-4; and Trojan,
8.5 x 10-4 Each of these estimates included a nonrecovery esti-
mate of 0.34

22. Bo th the Davi s-Be s se and Turkey Point AFW systems were assumed
operable without emergency AC power. '

23. Only the turbine-driven train on Trojan is operable without emer-
gency power. ,

24 HPI feed and bleed (HPI(F/B)] consists of the manual initiation of
the HPI system for f eed and bleed. The syctem f ailure probabil-
ities were developed based on note 13. In addition, an operator
f ailure to initiate probability of 0.04 was assumed.

25. The containment spray recirculation system was modeled as a two-
train system requiring operation of one pump and one normally |
closed discharge valve per train. The correct operation of the
containment sump valves is also required but is addressed under
high pressure recirculation, note 14. A system failure probability
of 6.8 = 10-4 was estimated, including a nonrecovery estimate of
0.34.

26. Oconee utilizes two Keowee hydroelectric units for emergency
power. Their combined failure probability was assumed to be
1x 10-3

27. Containment spray recirculation at Beaver Valley provides an alter-
nate source of sump water to the HP1 pumps during recirculation.
During feed and bleed, containment spray recirculation is assumed
required for containment sump cooling; no cooling is provided by
LPR. Possible recovery is taken into account in the HPI branch.
The possibility of operator f ailure to align the HPI pump suctions
is already accounted for in the HPR branch. The system is thus
modeled as a two-train system with no recovery and failure prob-
ability of 1 = 10-3
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