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ABSTRACT, g

'

L- This report documents the results of an analysis of. balance-of-plant (80P)1.

i
,

related reactor trips at commercial U.S. nu: lear power plants over a 5-year.,

- period, from January-1, 193?, through December 31, 1988. .The study-was j

performed for the Plant Systems Branch, Office of Nuclear Reacto'r i

Regulation, U.S. Nuclear Regulatory Commission. The objectives of the study '

'
were:

,

.

1. to improve the level of understanding of B0P-related challenges to
safety systems by identifying and categorizing such events;- .,

t

2. to prepare a computerized data base of B0P related reactor trip' |

fhe popt t on ftee ents

3. .to. investigate the risk implications of BOP events that challenge
safety systems; ,

4. . to provide recommendationt n how to address B0P-related concerns.

|~
in'a regulatory context.
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EXECUTIVE SUMMARY-
:

This. report documents | the results of ~ a characterization and subsequent |

analysis of balance-of plant (B0P)-related reactor trips at commercial U.S. j
,

nuclear, power plants over the:5 year period from January 1. 1984 through ;

December 31, 1988.- The study was performed for-the Plant Systems Branch,-
Office of Nuclear' Reactor Regulation, U.S; Nuclear Regulatory Commission. !

4

Objectives
:

The objectives of the study were to: ,

-i

1. improve the: level of understanding of BOP-related challenges.to
safety: systems by identifying and' categorizing such events;

12. prepare;a computerized data. base of B0P-related reactor trip-
events and use the' data base-to identify trends and patterns in j
these events;

' nvestigate the risk implications of BOP events that challenge- ji3.
safety-systems;'and

'

4. provide recommendations on how to address 80P-related concerns in
a regulatory context.

Sources of B0P Information
|'

The primary sources of information used in the study were:

o '- an earlier investigation of B0P events reported in NUREG/CR-4783,
B0P Regulatory Issues, January 1987;

Licensee Event Reports (LERs) accessed through the Sequence Coding io
'

and Search System:(SCSS) maintained for USNRC by Oak Ridge
National-Laboratory; and

,

1x ,
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f

|.

o aistudy by the NRC Office-for Analysis.and Evaluation of
Operational Data (AE00), NUREG 1275 Volume 5, Operating Experience )
Feedback Report - Progress in Scram Reduction,' March 1989,

t

- Additional sources of information were industry organizations (e.g., INPO,. j

Owners Groups), NRC: documents (e.g., NUREG and NUREG/CR reports, AE00_ !
reports, inspection reports, generic letters, notices and bulletins) and :

information on foreign scram reduction programs, e.g., Proceedings of a
_ ,

Nuclear Energy Agency Symposium on Reducing the Frequency of Nuclear Reactor
Scrams, Tokyo, Japan, 1986.

|

p - 80P Data Base Development ;

- As part of this study, a computerized data base of B0P-related reactor trips
was created, based on information provided in Licensee Event Reports (LERs) ,

over the period January 1, 1984, through December 31, 1988. The Sequence
Coding.and Search System (SCSS) for the LER data base was used to identify

.

'

potentially rtlevant LERs. The LER search on 47 B0P-relsted SCSS codes
produced 2030'LERs with some level of 80P involvement.

'

I

The 2030 LER printouts were examined individually against predetermined |
criteria for B0P-relevance, and 1405 events were considered appropriate for

. entry into a B0P trip data base.' LERs were not included in the. BOP trip '

data base if any of the following conditions applied:

o 80P involvement was incidental to the reactor trip, i.e., not in
{the causation sequence,

The trip occurred during special tests or evolutions duringo

shutdown conditions and would not have occurred when the reactor I

was critical or at power. Events occurring at shutdown conditions
that could have occurred'at' power or with. substantial decay heat '

in the core were included in the 80P trip data base. !

l

o The trip resulted from loss of offsite power or other events
external to the plant systems.

lx
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,

The; BOP trip. data | base was developed on PC-dBase.III Plus software. Each ;

event record identifies the BOP system (e.g.,cfeedwater), subsystem (e.g.,
. ,

feedwater, control), and component-(e.g., feedwater control valve)-as
applicable. Up to' three potential causes' of the event may be'specified. A )

<

Inarrative event description is also provided.=

y

- Supplementary data bases were also found;to be necessary for conducting 3
analyses"of trends and patterns. The supplementary data bases contain plant

'

data and critical hours data.. Tha supplementary plant data base. includes j;

the following data elements:
,

,

o Operating license (0L) date
o Nuclear Steam Supply System (NSSS) vendor-

o Architect / engineer
o . Turbine / generator manufacturer.

.

The critical hours supplementary data base includes: ,

o Critical hours.per year for each plant of the years 1984 through
1988 ;

o Total critical years accumulated during the period 1984 through
1988.

I

Trend and Pattern Evaluations

- The'5-year, 1405-event B0P trip data base was searched for trends and [

patterns in the data. Searches were performed on -80P trips par plant per |

calendar year; B0P trips per plant per critical year; general causation of
- B0P trips (i.e., component failure, human-related, design-related, etc.);
multiple cause B0P trips; systems, subsystems, and components implicated in
B0P trip causation; and trend obser,vations by architect / engineer, plant age
and plant' power level at trip. Several special searches (e.g., feedwater {
tr_ips_ by NSSS vendor by year) were also performed to help understand the q,

results of earlier searches. .

A basic distinction was made between mature plants and new plants. Mature'' -

plants were defined as those which received operating licenses-(0Ls) before%

!,

xi

'

i

l

a. - -

I



t
.

'

i
, :

-January 1. 1983. Thus, all plants in the mature plant category had held an
OL for at ,least one' year before thetstart of the LER period covered by the-
study--January 1;1984. This| definition of mature plants resulted in a
constant population of 76 plants for trend and pattern' analysis. A-

" floating"-definition of- mature plants (e.g.,1 or 2 years after the OL y,

^date) was considered but not_ adopted because it would have introduced
another variable (plant population) into the trend and pattern analysis.

_

.

BOP Thips per. Calendar Year

The mature nuclear. plants showed a substantial reduction in 30P trips over
the 5 year period, from an average of 2.8 BOP trips per calendar year in
'1984 to 1.6 BOP trips per calendar year in 1988.

B0P Trips per Critical Year

The mature nuclear plants showed a substantial reduction in B0P trips over
the .5-year period, from an average of 4.4 B0P trips per critical year in
1984. to an average of 2.3 BOP _ trips per critical year in 1988.

General Causation of BOP Trips

The general causation categories used in the study were component failure,
human-related, design-related, procedure-related, and spurious or unknown. O

Nearly half (47-percent) of the B0P trips were caused by one or more
component- failures, and nearly one-third (31 percent) were human-related.
The human-relatea BOP-trips were further categorized by the activity in
progress as follows: 40 percent operations, 40 percent maintenance, 14
percent surveillance, 6 percent other.

Multiple-Cause BOP Trips ,

> < .

Approximately 70 percent of the B0P trips were determined to be single-cause
events However, a substantial fraction (27 percent) would not have
occurred in the absence of a second condition, and a few trips (3 percent)
would not have occurred in the absence of two additional conditions.

:
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Nif Causation of B0P Trips--Systems Implicated ;

h
.

~The two largest system contributors to BOP trips were the'feedwater system,

1, causing 40 percent of the trips, and the~ turbine / generator system,

j icontributing about 30 percent. The next largest contributors, the AC power
" and main steam-systems, contributed about 12 percent and 6.5 percent,

i respectively. Other systems, contributing- 3 percent or less to BOP trips
0 over the study period, include air, circulating water, DC power, and^

instrumentation and control systems. ,

r a-
f

f Causation of BOP Trips--Subsystems Implicated

I-

Feedwater control was the dominant contributing subsystem to feedwater-
related BOP trips. Within the turbine / generator system, the dominant
contributing subsystem was instrumentation and control, primarily the

-electro-hydraulic control (EHC) subsystem. Feedwater control and T/G 1&C I#
,

subsystem problems (component failure or human-related) combined caused-

about 40 percent of the total B0P trips,
s

L

Causation of B0P Trips--Components Implicated

The clearly dominant " component" contributor to B0P trips was the human,
,

K generally causing about 30 percent of all BOP trips across the major system

L contributors. The next largest component contributors, generally much less -

h significant than the human, were pumps, valves, electrical switchgear, and
circuit cards. For the dominant systems, the data are characterized by a

" - majority of the trips cc.ning from very small' contributions from very large
~

numbers of'componente..

Trends in B0P T.ips as a Function of Architect / Engineer

h The B0P data base was searched to see if positive or negative performance in
terms of B0P trips could be correlated with the architect / engineer (A/E)b

responsible for designing the B0P. For the major A/E firms that have-

designed several nuclear units--Bechtel,' Stone & Webster, Sargent & Lundy - |
;

, ,

and Ebasco--no clear trends were evident in the data as a function of the
h A/E firm that designed the B0P.

1

xiii ;
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,g iTrendsLin BOPfTrips. asia Function of Plant Age

w,

[ The data on;B0P trips; as a function of plant age were~widely scattered;.even-'

the annual- average:. values' at- a given age showed a large. degree.of
'

tvariability. The overall trend, determined by a linear _least squares fit of
theLannual average data', showed a. reduction of_ about one. B0P trip (during,
the 5 years considered in the study) for every 2 years of increasing age.

-Trends in B0P Trips as t function of Power Level
.

Approximately half of the B0P trips observed ever the study period occurred
above 75 percent power, and those trips were' dominated by problems in the
turbine / generator system. Nearly 30 percent of the observed trips occurred
below 25: percent power,-and they were dominated by problems in the fee'dwater
system., _ The remaining trips were distributed evenly between the 25 percent
to 50 percent range and the 50 percent to 75 percent range in power. level.

00P Trips vs. Feedwater System Design Characteristics

Because of the predominance of trips initiated by feedwater system
problems, an- analysis was done to determine if feedwater system design
characteristics were associated with differences in B0P trip frequency.
'Three aspects of feedwater system design were analyzed: the number of
feedwater pumps, feedwater supply capacity per pump, and the type-of pumps

-(motor-driven versus turbine-driven).

The data indicates that plants with three feedwater pumps perform only.
marginally better than' plants with two feedwater pumps in terms of'both
feedwateritrips and overall B0P trips. This parameter does not appear _to be
.signific' ant in-terms of B0P trip performance. Similarly, plants with excess
feedwater. capacity.(e.g., 100 percent capacity with one pump out of service)
performed only marginally better than plants without excess capacity in
terms of both feedwater trips and overall B0P trips.

.The only significant trend observed during these feedwater system

.' evaluations;was that amost all of the best performers have motor-driven feed
pumps-and that almost all of the worst performers have turbine-driven feed
pumps.' All of the top nine performers in overall B0P trips (that is, fewest

R xiv
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; ,

trips _'per critical, year) had motor-driven feed pumps, while five of six of
the worst; performers had turbine-driven feed pumps _ If feedwater-system-
induced reactor trips are considered 'instead~ of BOP trips, six of the worst*

seven have turbine-driven feed pumps and eight of the nine best have motor-
. driven feed pumps. . Similarly, if only feedwater-control-induced reactor~

' trips are considered, six of the seven worst performers have turbine-driven
pumps, while four of the top seven have motor-driven feed pumps.

'

N: Risk Implications of B0P Events

The objective of this task was to evaluate the impact of BOP-related events
on the risk, as measured by estimated core melt frequency, of nuclear power-
plant operation. The task was divided into two parts. First, a

quantitative analysis was performed to estimate the risk impact of reactor
trips caused by BOP system failures. Second, a qualitative evaluation,was
performed of the impact of BOP related events on safety system availability,
as reflected by the events having a relatively high risk ranking as reported'

in the Accident Sequence Precursor program for the years 1984 through 1986.

The'results- of the delta risk analysis and the evaluation of B0P-related'

precursor events both show that.the reliability of BOP system can have a
significant impact on the risk profile of nuclear power plants. For BWRs,
in particular, plant core melt frequency appears to be highly sensitive to'

the frequency of B0P-related transients. The delta risk anal,, sis showed
Y that core melt frequency differed by a factor of 2 to 4 as a function of BOP

-performance for BWRs. The difference for PWRs was comparatively small, only

a factor _of 1._1 to 1.3.

For the' years 1984 through 1986, 35 precursor events were identified that
had estimated conditional probabilities of severe core damage greater than
or equal to 1 x 10'4 Twenty-three of these 35 events (66 percent) had B0P
initiators. Thus, the fraction of B0P initiation of the more significant
precursor events is approximately the same as the fraction of B0P initiation
of reactor trips in general.

Twelve of the 23 precursor events that were considered to be B0P-related and
had a high probability of resulting in core damage occurred at BWRs. This
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' is a disproportionate number of such events as BWRs, since approximately
* two-thirds of all operating U.S. reactors are PWRs.: This finding supports.

the conclusion that BOP-related events'are more important, from a risk-

; perspective,: at BWRs.-
, ,

Findings and Recommendations'

The major finding of this study was the dramatic reduction in BOP-related.
t' rips at commercial nuclear power plants over the 5-year study period.from-
January 1, 1984 through December 31, 1988. This improved performance-<,

reduces the urgency of. regulatory action to address BOP-related safety
concerns. However, regulatory actions can be taken to '(1)- address: the -

,

problems of-licensees whose 00P trips performance. is'substantially less
favorable than the industry average, and. (2) maintain or further improve the
performance levels. achieved toward the end of the study period.

Findinas

1. For the 76 mature nuclear units (OL before January 1, 1983) in the-
-study data base, the average number of B0P trips per unit was reduced

.

from 4.4 per critical year in 1984 to 2.4 per critical year.in 1988.

.2.- On a ' calendar year basis, for the 76 mature nuclear units in the study
data base, the average number of B0P trips per unit was reduced from
2.8 per calendar year in 1984 to 1.6 per calendar year in 1988.

3. Nearly 30 percent of the B0P-related trips resulted from multiph-cause
. events.

4.: .Approximately 70 percent of the B0P-related trips resulted from a
single event.

5. Considering BOP trips resulting from both single and multiple causes,
nearly four out of every five events contributing to 80P trips were
either component / equipment failures (47 percent).or human actions (31
percent).

L!
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_6 . . ~NSSS Owners Groups with' aggressive trip reduction programs are q

apparently achieving results in the-form of reduced. frequencies of 80P- J

Irelated trips.
-

)
,- a

~7. At the system level, BOP trip causation was dominated by the- |
~

condensate /feedwater system (40 percent of total. trips). and thet

turbine / generator system (30 percent of total' trips).

8.- At the subsystem ' level, B0P trips cusation was dominated by the l
lfeedwater control- subsystem (61 percent of feedwater-related trips; 25

percent of total ' trips) and the turbine / generator instrumentation and :
'

control subsystem (60 percent of turbine / generator related trips; 18
percent of total trips).- t

9. At the component-level, excluding the human " component," BOP trip
'

- causation was not dominated by any single component or small group of ,

components._ ,

110. Nearly- all the units with the best BOP trip performance (fewest 80P . ,

related trips) have motor-driven feedwater pumps; nearl.v all- the units-
with the poorest B0P_ trip performance (highest numb: .s of BOP. trips) .

O have turbine-driven feedwater pumps. -!

11. From a risk- perspective, B0P-related transients contribute
significantly more, on a fractional basis, to the estimated core' melt

,

. frequencies o -BWRs t an t ey do to.PWRs.f h h
.,,

.. . .

L 12. B0P-related transients are the initiating events for approximately two-
p thirds of'the-more significant accident precursor events. - !

Recommendations:

i'
The~ dramatic reduction in the number of B0P-related reactor trips at -

commercial nuclear power plants' over the 5-year period ending December 31,
.' 988 reduces the urgency of regulatory actions directed at B0/ performance1

improvements. However, regulatory actions can and should be taken to-(1) ,

maintain the trend toward decreasing numbers of B0P-related reactor trips-
,

xvii|
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] among-NRC licensees, and (2) address the; problems of licensees whose
performance is substantially less favorable than the| industry average,

e
'

: General Recommendations"
,

1. ' Comunicate to licensees and- applicants,. in the form of an,

informational generic letter, the results of recent studies on B0P-
:c related trips and overall scram reduction experience.

.

2. Identify, monitor and communicate with licensees who are not-achieving
an acceptably low frequency of BOP related trip' events at their
facilities.

3. NRC should work with INPO, the Owners Groups, and EPRI to assist
'

'
>

m licensees in achieving and maintaining an acceptably low frequency of j

B0P-related trip events at their ~ nuclear. plants.

4. NRC should formally incorporate BOP trip avoidance experience into the
p._ Systematic- AssessneM af Licensee Performance (SALP) process, e.g., as

an element in the Safety Assessment / Quality Verification category.

Soecific Recommendations -

1. Establish a responsibility center within NRC to specifically monitor. j

and evaluate B0P-related reactor trip' experience.

2. NRC should expand the role of B0P systems. in-ongoing NRC activities,
h, specifically in the areas of inspections, maintenance policy, Technical

Specifications improvements, human factors and training, severe,

accident policy /IPEs, the Accident Sequence Precursor program, and
. ;

advanced reactors / standardization.-

. j
'3. NRC- should expand the evaluation of the risk implications of BOP events

to additional PRA studies to test the validity of the risk-related,

findings made herein.

4. NRC should investigate the implications of the relatively large numbers
of multiple-cause events for statistical and risk analyses.b

xviii
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e

:This report documents a: study of' react'or trips related to balance-of-plant-
(BOP)- system failures at commercial U.S. nuclear. power plants. The study. t

,
,

was performed to support assessment of the safety implications of BOP- ;

related trips and~_to. contribute to identification of. ways to' achieve and- |
.

maintain low occurrence frequencies for such trips. The study was performed- :' ,

by. Science Applications International Corporation for the U,S. Nuclear ,

- RWulatory Commission, Office of Nuclear Reactor Regulation, Plant Systems
Branch.

1.1 Backaround j
,

i
,

For the past several years, the NRC staff has been concerned with the non-
safety-related balance-of-plant (B0P) systems and the effects that fr.ilures "

in the B0P systems have on the safety of the plant. For the purposes of
*

this study, the BOP is considered to consist of what is often referred to as
the secondary system (all systems associated with the steam power conversion .

cycle) and supporting systems, such as instrument air and cooling' water.-
The-basic concern is the frequency'of challenges to plant safety systems .

that come about as a result of failures in the B0P_ systems. Because the B0P 1

systems are often designed without any redundancy,'there can be any number
of single active failures in the B0P systems that can result in a reactor,

plant trip, usually because of a turbine trip or a loss of main feedwater.-
Such challenges to the safety systems could be considered a weakness in the ;

defense-in-depth philosophy that has always been the cornerstone of nuclear
power plant regulation.

- .

,

A' previous: analysis of' BOP' regulatory issues by Mitre Corporation, j
(NUREG/CR-4783, Reference 1) found that during 1984 and 1985 B0P-related |
trips constituted about 70 percent of the total reactor trips. It can be 1

argued that B0P designs that incorporate reoundancy are able more often to (
accommodate plant transients and equipment failures without requiring a ,7

reactor trip.and a subsequent challenge to safety systems. Similarly, plant
maintenance practices and techniques, plant operating characteristics, and i

-even plant aging can increase the challenges to safety systems. A' careful-V
,

study of the operational data and experiences, combined with the use of |
quantitative risk assessment techniques, was needed to enable the NRC to ;

i
1-1
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better understand the' sources of challenges to safety systems and to
estimate the effect on public risk of B0P related trips,>

i

1 2' Qb.iectives- f-

q

The _overall objectiv'es of this study were to perform a comprehensive review - ;

and evaluation:of BOP-related challenges to safety systems, to examine the
'!risk implications'of these events, and to make recommendati;ons for resolving

BOP-related~ concerns. The study examined the-initiators of B0P challenges,
'

the_ frequency of these initiators, the degree of design sensitivity or-
tolerance to these' initiators through design features such as redundancy,

iand the effects on public risk of excessive BOP challenges to safety
systems. Specific' objectives were to identify generic B0P-related problems, I
common cause; events, similarities and effectiveness of utility / industry

. programs, and' effectiveness of NRC-related activities and to evaluate them
with emphasis on developing an overall approach to the resolution of B0P-
related concerns.

1.3 Scooe of the Study [

The~ initial' task.was to identify and evaluate available information- d
"

concerning B0P-related events and activities. Sources of information
included (1) B0P-related studies by NRC and NRC contractors, (2) evaluations >

'
- performed as a result of NRC requirements or requests, (3) generic issues
and.unresol'ved safety issues, (4) documentation of operating events (e.g.,
Licensee Event; Report , (5) information from the activities of the Advisory
Committee on Reactor Safeguards (ACRS), (6) information generated by the NRC
Office for Analysis and Evaluation of Operational Data (AE00), and (7) ,

efforts performed'by utilities and industry groups (e.g., owners groups).
These sources of information are discussed in more detail in Appendix L.

d

Licensee Event ' Reports (LERs) were obtained for evaluation through the use :
Iof the Sequence Coding and Search System (SCSS) data base of LERs maintained

for the NRC by' Oak Ridge National Laboratory. For the purposes of this
! study,- a reactor. trip was defined as an actuation of the reactor protection M

system, automatic or manual, independent of whether or not actual control
,
'rod motion-occurred.

l-2
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I~ .l.3'l' Definit' ion of BOP
'

,

,

- One of the early tasks in the: scope of the study was to define balance-of- :

plant systems. . Definitions.of,B0P are numerous, and are a function of the
,

contextLin which the. term is used. For the purposes of this study,.it was
decided to devise an operational (as opposed to theoretical) definition of
B0PLin-terms of.the system codes used in the:SCSS. The " definition" of B0Pg
used in the study incompasses 47 SCSS codes and related titles provided
later in Table 2-1. This resulted in a comprehensive list of B0P systems,

I

including all portions of the power conversion system, AC and DC power,
instrumentation, several air and water systems, and others,

:

1.3.2 Mitre Report
1

The Mitre report on B0P regulatory. issues, mentioned in Section 1.1 above,
was used as a point of departure for this study. Four major differences ;

between'this study and that reported in the Mitre report are: (1) the
definition of BOP used herein included about three times as many B0P
systems, not just those associated with power conversions (2) the LER data i

L base evaluated _herein covered a period of 5 years, 1984 through 1988,.
instead of 2 years; (3) this study examined the risk implications of 80PI

performance; and (4) one task in this study was the preparation of a B0P- ,

'

'
' specific reactor trip data base, to facilitate the identification of trends

and patterns in the population of BOP-related events. ;

1
|

L
1.3 3 AE00 Report.

L This study of B0P-related reactor trips was-performed in parallel with a
portion of a broader-scoped-NRC AE00 study that examined progress being made-
by licensees'in reducing the frequencies of reactor trips from all causes.
.The, study performed by AE00 was reported in NUREG-1275, Volume 5 (Reference
2). The 80P study differs from the AE00 study in that it:

h o' looks exclusively at B0P-relMed trip events;

includes the preparation of a B0P-related reactor trip data baseo

y to identify the relative contributions of component failures

1-3
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(single and moltiple), design adequacies, human errors (operation,j'3 o
' maintenance, test), and procedural inadequacies;

o includes the performance of detailed trend and pattern analyses of
the BOP data base on many parameters, including plant, year, age,
NSSE vendor A/E, turbine manufacturer, general cause, system,

- subsystem, and component implicated; and

o includes calculations of the estimated incremental risks
associated with B0P failures.

1.4 Qrannization of the Reoort

The developneat and use of the BOP data base are described below in Sections
2 and 3,'respectively. Insights gained from searching the BOP data base are
summarized in Section 4. The results'of a brief overview of the risk
implications of BOP systems failures ar. p*esented in Section 5, including
an estimate of the incremental risk associated with favorable versus
unfavorable BOP pet formance, based on selected probabilistic risk assessment
studies and on'information concerning B0P influence on accident precursor
events- Section 6 presents the findings and recommendations of the study.,

Detailed data are provided in Appendices A L.

1-4
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2. BOP DATA BASE DEVELOPMENT

A data base of BOP related reactor trips was created as part of this study.
BOPtripdataweredrawnfromtheLicenseeEventReport(LER) database
maintained by Oak Ridge National Laboratory (ORNL). The Sequence Coding and
Search System (SCSS) for the LER data base was used to identify potentially
relevant LERs. Table 2-1 lists the 47 SCSS codes, and the corresponding DOP
systems, used in the LER search. The LER search on the 47 SCSS codes
covered the S year period from January 1,1984, through December 31, 1988.
Approximately 2030 trips involving B3 systems were identified.

The information collected from the LER search was analyzed to determine
whether the reactor trip was directly related to a failure of a BOP
component or function. If so, the trip information was incorporated into
the BOP data base.

Of the 2030 LERs reviewed, 1405 B0P related events were considered
appropriate for entry into the BOP data base. LERs were not included in the
BOP data base if any of the following conditions applied:

o B0P involvement was incidental to the trip, i.e., not in the
causation sequence.

o T6e trip occurred during special tests or evolutions during
shutdown conditions and would not have occurred when the reactor
was critical or at power. Accidents occurring at shutdown
conditions that could conceivably have occurred at power, or with
substantial dect.y heat in the core were included in the BOP data
base.

o The trip resulted from loss of offsite power or other events
external to the plant systems.

The B0P data base was developed based on PC-dBase 111 Plus software. The

various data elements or " fields" are presented in Figure 2-1, which also
shows the format used for entering applicable data into the data base.

2-1
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Table 2-1
47 Sequence Coding and Search System (SCSS) codes

BP Main Steam Pressure Relief
BA Auxiliary feedwater
CA Component Cooling Water
CB Essential Water

e CC Essential Air
EA AC >35kv (exclude events with loss of offsite power)'
EB 600v <AC <3 Sky
EC AC <603v
ED Vital AC
EE DC
FA Main Steam
FB Turbogenerator
FC' Turbogenerator Turbine Steam Sealing

1 FD Main Condenser
FE Noncondensable Gases Extraction
FF Turbine Bypass
FH Steam Extraction
F1 Condensate and Feedwater
FK Moisture Separators / Reheaters
FP Condensate Domineralizer
FR Circulating Water
FT Seal Water
HL Turbine Bldg. HVAC
HR Pumping Stations HVAC
HS Misc. Structures HVAC
HT Chilled Water System
IB Computer
IF Fire Detection
11 Turbogenerator 1&C
11 Feedwater Control
IZ Nonnuclear Instrumentation
KC Control and Service Air
KD Demineralized Water
KF Fire Protection
KT Raw Cooling Water
KW Raw Service Water
SL Turbine Bldg.
SP Pumping Stations
SR Cooling Towers
ST Switchyard
SW Miscellaneous / Unknown Structures
WI Plant Drainage
WK Equipment Drainage
WL Roof Drainage
ZX Other
ZY Unknown
ZZ Multiple Known

2-2
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B0P Data Base Format
,
,

;

Plant: Plant-Name |
Forms 1-4 digit identifying number !

Event ID:' LER ID number Power Level: 0 100% I

Event Date: MM/DD/YY Trip Type: Automatic / Manual.

'

80P System System name (up to 30 characters)
B0P Subsystem: Subsystemname(upto30 characters) -

'

B0P Component: Componenttype(upto40 characters)

Cause 1: Root causes of event: Component
i Cause 2: Failures, human errors, etc.

|
L 'Ceuse' 3: (upto40characterseach) |
'

.!

Impact 1: Events, other than plant trips, resulting from B0P
Impact 2: event, e.g., safety system' failures (up to 40 characters each)
Impact 3: '

1

Event Description: Text description of event
,

b

>

i

|-

:

O '

|

|

|- Figure 2-1. B0P Data Base Format
1

l'
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The " Form" entry in Figure 2-1 is an LER-specific identification number for j-

locating the LER from which the data was taken. The event record identifies ;

the BOP system (e.g., feedwater), subsystem (e.g., feedwater control), and |

component (e.g., feedwater control valve) as applicable. Up to three
'

potential causes of the event may be specified. A narrative event
description is'also provided. Appendix A contains a sample of 30 entries
from the BOP data base.

ISupplementary data ba:es were also found to be necessary for conducting
analyses of trends and patterns. The supplementary data bases contain plant !

data and critical hours (number of hours the reactor was critical) data.
The supplementary plant data base includes the following data elements: .

o Operating license (OL) date ,

o Nuclear Steam Supply System (NSSS) vendor j
'

o Architect / engineer
o Turbine generator manufacturer, t

r

The critical hours supplementary data base includes: ;

,

o Critical hours per year for each plant for the years 1984 |
through.1988

'

o Total critical years accumulated during the period 1984
through 1988.

,

Printouts of these supplementary data bases are included in Appendices J
and K. ,

t

i

1
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3. TREND AND PATTERN EVALUATIONS USING THE BOP DATA BASE

Many searches were performed on the BOP data base to look for trends and
patterns \n the data. The searches were performed either by automatically
querying tue data base with structured dBase 111 program codes or by
manually saarching the data with embedded dBase III commands. Table 3-1
lists the initini searches performed on the BOP data base, some of which
also re. quired use of the supplementary plant data base (e.g., those
involving NS$$ vendor, architect / engineer, turbine generator manufacturer).
Searches addressing BOP trips per critical year per plant required use of
the supplementary data base containing the critical hours data. Additional
searches were performed as questions arose on the results of the initial
searches.

A basic distinction was made between mature plants and new plants. Nature
plants were defined as those receiving operating licenses before January 1,
1983. Thus, all plants in the mature plant category had held an operating
license (OL) at least 1 year before the start of the LER period covered by
the study -- January 1, 1984. This definition of mature plants resulted in
a constant population of 76 plants for trend and pattern analysis. A
" floating" definition of mature plants was considered but not used because
it would have introduced another variable (plant population) into the trend
and pattern analysis.

3.1 B0P Trios p.er Calendar Year

Table 3 2 presents the average number of 00P trips per calendar year (raw
data) for the years 1984 through 1988, grouped by NSSS vendor. Mature units
are distinguished from new units. The individual plant data used to compile
the averages are given in Appendix B.

The data for the mature Westinghouse units show a clear downward trend, with
the 1987 and 1988 values approximately half the 1984 value. This probably
reflects the work of the Westinghouse Owners Group in reducing trip
frequencies. Trends in the data for mature Babcock and Wilcox (B&W) units
are not as clear, but the average number of trips was reduced by a factor of
2 between 1985 and 1986, and the lower value was sustained in 1987 and 1983.
The average B0P trip frequencies for mature Combustion Enginee.ing (CE)

31
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Tabl e . 3-l'

,
BOP Data Base' Search logic y|

'

!

,

1

;,1

. >

l' BOP trips by plant j.

!

'

a 2.. BOP trips by plant by year
i

3. BOP trips by NSSS vendor i'
.

>
. ;

.i
4. BOP trips by architect / engineer - j

, ,

5. BOP trips by NSSS and architect / engineer combinations"- '

1
6. BOP trips by operating license date by plant |

!
<

', - 7. BOP trips by turbine nenerator manufacturer by. plant !''
,

I

8. BOP trips by cause by year ,
- i
i

.
9. B0P trips by system / subsystem combinations. !

N
.

|

10. BOP trips by subsystem / component combinations- !
P

!.

IL' 11. BOP trips by power level t

!
. 1

.

-

!

. i

t

Y~ '
.

I

,
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Table 3 2
Average 80P Trips per Unit per CalenQr Year (1984 through 1988)

Mature units
(OL Before Jan 831 HSA Dfd D.86 HS1 H.88

8&W (8 units) 2.43 4.13 1.86 1.86 1.62

CE(9 units) 2.33 2.78 2.67 3.33 1.33

GE (26 units) 2.35 2.50 2.04 2.26 1.46

W(33 units) 3.36 3.00 2.97 1.52 1.76

All vendors 2.76 2.92 2.47 2.00 1,59

New units
(OL After Jan 83) HB3 M81 HB6 DB2 DS.A

B&W (none)
' - - - - -

CE (2 to 6 units) 5.00 7.75 4.00 3.20 1.00 *

GE (3 to 11 units) 10,67 2.83 4.63 3.80 3.00

W (2 to 15 units) 10.00 10.20 6.00 7.08 3.53

" All vendors 8.86 -6.81 5.00 5.21 2.87

3-3
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units increased by 50 percent from 1984 to 1987 but dropped significantly in j

1988. The data for nature General Electric (GE) units do not indicate a j
. trend up or down until 1988, when the average trip rate dropped below two :

per year, comparable to the rates for units in the other three vendor
groups.

A comparison was made between total annual BOP trip frequency as identified )
in this study and the frequency as identified in the previous study of BOP-
related regulatory issues performed by Mitre Corporation (Reference 1). The

comparison was made for the calendar years common to the two studies,1984
and 1985. The results are shown below. [

Total BOP Trios r

M M 2 vr total !

!

Mitre study 148 145 293

Present study 179 251 430

The reason for these differences is in the definition of BOP for the two
studies. The B0P definition used in the Mitre study was limited to the i
power conversion systems (14 SCSS codes), whereas the present study included ,

the power conversion systems plus many other systems- electrical, ,

instrumentation and control, cooling water, air systems, etc. (47 SCSS

codes).
,

3.2 BOP Trios per Critical Year -Annual

l
*

A more meaningful indication of the frequency of B0P trips of interest is
the compilation of B0P trips per critical year, where the raw data per
calendar year are normalized to the time the unit was critical. (Note that
this normalization parameter is not entirely consistent, because some

;entries in the 80P data base represent conditions when the reactor was

subcritical).
>

Table 3-3 presents the average number of B0P trips per critical year for the i

years 1984 through 1988, grouped by NSSS vendor. Mature units are once :

again distinguished from new units. The individual plant data used to
,

compile the averages are given in Appendix C.
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Table 3 3
- Avera9e BOP Trips per Unit per Critical Year 1984 through 1988

Mature units
,

(OL Before Jan 83) 1981 1911 1981 1911 1988

B&W (8 units) 3.09 7.14 3.10 2.34 2.23'

CE (9 units) 3.36 3.88 3.45 4.51 1.71

GE (26 units) 4.15 4.07 3.46 3.68 2.52

~

W (33 units) 5.11 3.89 4.18 2.18 2.42

_ All vendors 4.36 4.23 3.77 2.97 2.33

New units

(OL Af ter Jan 811 1981 1181 1981 1911 19AB

B&W (none)
- - - - -

CE (2to6 units) 7.46 16.4 6.04 4.13 1.28

_- GE (3to11 units) 68.10 7.02 9.69 ,6.99 4.04

W- (2to15 units) 27.40 23.50 9.24 12.20 5.02

All vendors 24.40 15.80 8.53 8.66 3.93

=

~

-
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The trends in the critical year data are generally the same as observed in t

the raw (calendar year) data, i.e,:
|

o Westinghouse units show a clear downward trend from 1984 through ;

-1987 with a slight increase in 1988. !
:

o B&W units show a downward trend after 1985,

o CE units show an upward trend, increasing by about 50 percent from I
1984 through 1987, but decreasing substantially in 1988. i

>

k

o GE units show a general downward trend, with a significant i

decrease in 1988. !

,

o All four vendors groups show a significant improvement in BOP j
trip performance in 1988 versus 1984.

Table 3 4 lists the 10 "best and worst" BOP performers for the 5 year
' period. This information shows the range of plant performance and the
distribution of " good" and " poor" performances among the NSSS vendors. !

3.3 BOP Trios per Critical Year - Cumulative Averace

'

Data on the cumulative average number of B0P trips per critical year, for
the years 1984 through 1988, are given in Table 3 5. The individual plant
data from which the averages were calculated are given in Appendix 0. These |
data show remarkable consistency among the mature units of the different i

NSSS vendors, at slightly less than four B0P trips per critical year for ;

1984 through 1988, with a spread (highest to lowest) of only 18 percent. :

These data indicate that the conditions or parameters that cause variations
in B0P trip frequency do not strongly reflect NSSS vendor, a result that is
not surprising, although the degree of uniformity is somewhat surprising.

:

3.4 BOP Trios by General Cause ;

1

General causes of B0P trips defined for the purposes of this study were
component failure, human-related, procedure-related, design related, and
spurious or unknown. Table 3-6 presents the breakdown of general causes of

:
1

3-6

. _ _



. _ _ _ _ _ _ . _ _ . _ _ . . . .

h
'

'

4

Table 3 4,
, ,

Range of BOP Performance
(BOPTrips, 19841988),

.

Too 10 BOP Performers

Number of Average BOP Trips

Units NSSS BOP Trios per Critical Year

Prairie Island 2 W l 0.2

Fort Calhoun CE 1 0.3

Point Beach 2 W 3 0.7

Point Beach 1 W 3 0.8

Prairie' Island 1 W 5 1.1

- San Onofre 1 W 3 1.3

Duane Arnold GE 5 1.4

Ne-th Anna 2 W 7 1.6

Farley ' 2 W 7 1.6

Quad Cities 1 GE 7 1.8

Bottom 10 BOP Performers

Number of Average B0P Trips

Units _ NSSS BOP Trios per Critical Year

Salem 2 W 34 10.2

Grand Gulf 1 GE 27 9.4

Dresden 3 GE 22 7.2

Indian Point 3 W 26 7.1

Rancho Seco B&W 11 7.0

Maine Yankee CE 25 6.4

Davis Besse B&W 13 6.3

Indian Point 2 W 23 6.3

D.C. Cook 2 W 18 6.1

Diablo Canyon 1 W 18 6.0

3-7
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iTable 3-5

BOP Trips per Critical Year per Unit, 5-year Cumulative Average !

Mature Units.
,

;

NSSS Vendor 5-Year Cumulative Averaoe Standard Deviation ,

i

B&W (8 units) 3.98 1.75 |
CE (9 units) 3.40 1,64

GE (26 units) 4.02 2.44 j

W (33 units) 3.76 2.12 !

;

New Units
,

NSSS Vendor 5-Year Cumulative Averaae Standard Deviation

'!
B&W (0 units) - -

,

CE (5 units) 6.31 2.69 -

GE (11 units) 10.67 7.31 ,

W (15 units) 14.02 12.29 !

f

-

[

,

,

'I

l
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Table 3-6
BOP Trips by cause

'

(All units 1984-1988)

Cause Percent

Component failure 46.5

Human related 30.9

-Design-related 5.6-

Procedure related 5.1

Spurious or unknown 4.8

Environment 1.5

Other causes 5.6

__

100.0

,.

3-9
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BOP trips in these categories. The percent column is percent of causes, not
trips, to account for multiple cause events. The percent of trips is not
easily extractable from the data (because of multiple cause events), but is
not expected to differ markedly from the percent of causes listed. The
breakdown by general cause- 47 percent component failure, 31 percent human
related, 22 percent all other cause categories -is not surprising.

By comparison, the Mitre report (Reference 1, p.'xix) estimated that about
half the B0P trips are caused by single component failure!. in the power
conversion systems and about half are caused by personnel errors. As

discussed in Section 3.5, this study evaluated multiple cause events, and
thus disagrees with the Mitre conclusion that about half the BOP trips are
caused by single component failures. Our estimate is about one third are
caused by single component failures. Similarly, our evaluation indicates
that about a third, rather than half, of the BOP trips are human related.
This does not include desiga- and procedure related problems as human-
related.

A comparise, with the AEOD report on scram reduction (Reference 2, Vol. 5)
is less periinent because the AE00 data are for all trips (not just B0P
trips) and ior mature plants (not all plants). Normalized data from the

'

AE0D report (Reference 2, Table 3 11, p. 24) indicate, for the time period
.

1984 through 1987, that about 60 percent of the trips were caused by
equipment fa' lure and about 25 percent by human error. '

3.5 BOP Trit s by Sinale or Multiple Ceusei

Table 3 7 pre tents the results of an evaluation of all single- and multiple-
cause BOP triis. Although most of the trips (70 percent) can be traced back
to a single B)P cause, a significant fraction (27 percent) resulted from two
causes, and a small fraction (3 percent) from three causes. There is a
subjective el~ ment to these categorizations, but an attempt was made to
distinguish toose 60P trips which probably would not have occurred in the
absence of a .econd (or third) causative mechanism.

I

3 10
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Table 3-7
"

Single- and Multiple Cause B0P Trips

(All units 1984-1988)
i

Sinole'engit
No. of trios

Component failure 487

Human-related 333

Procedure related 46

Design-related 34

Environment 4

Spurious or unknown 74

Other 9

Total single cause 987 (70%)

Double cause

379 (27%)

Triole cause

39 (3%)

Total BOP trips 1405

3-11
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~ 3.6 . B0P Trins by System and Subsystem'

.,.

The breakdown of BOP trips by system and subsystem is presented in Table 3- '

8. The feedwater system was implicated in about 40 percent of the total B0P
trips, and the feedwater control subsystem was . involved in 61 percent of the

ab of to t f he rbi er rr at d
trips, about 60 percent, involved the T/G instrumentation and control i

subsystem. .The next largest system contributors to BOP trips were the AC {
power systems, about 12 percent; the main steam system, about 6.5 percont; :

and air systems, about 3 percent. Clearly the dominant contributors to BOP |

trips were the feedwater control and the T/G instrumentation and control ;

subsystems, causing about 42 percent of the total BOP trips. The detailed
information on B0P trips by system and subsystem is presented in Appendix E.

t
t

3.7 BOP Trios by System and Comoonent i

The breakdown of BOP trips by system and component, shown in summary form in |
'

Table 3-9, indicated that human error clearly dominated as the source of the
failures. The human error contribution was about one-third of the total for
each of the major system contributors to BOP trips--feadwater,
turbine / generator, AC power, and main steam. In each case, the next largest
contributor was much smaller than the human error contribution, indicating

!that a very large number of individual components was involved, each
contributing a very small fraction to the system failure rates. The ;
detailed information on 80P trips by system and component is presented in
Appendix F.

3.8 B0P Trio Frecuenev and Feedwater System Desian Characteristics

Because of the predominance of trips initiated by feedwater system problems,
an analysis was done to determine if feedwater system design characteristics

;

were associated with differences in B0P trip frequency. Three aspects of ,

feedwater system design were analyzed: the number of feedwater pumps,
feedwater supply capacity per pump, and the type of pumps (motor driven

versus turbine driven). !

3-12
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Table 3 8
BOP Trips by System and Subsystem

(All units 1984-1988)

Number Number

Mm of Trios lubsystem of Trios Percent

feedwater 561 39 9
feedwater control 344
Unspecified 135
Condensate 26
feedwater heater 23

Others 33

Turbine generator 419 29.8
T/G l&C 250
Unspecified 87

Condenser 33

Generator 9

Lube oil 8

Others 32

AC power 168 12.0
High voltage 77

Vital AC (120V) 47
Medium voltage AC 31

Others 13

Hain steam 90 6.4

Moisture separator
reheater 20

Others 23

Air systems 44 31

1&C (general) 31 2.2

3 13
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Table 3 9
BOP Trips by System and Component

(All units 1964-1988)

.

Number Number Percent
System of Trios Comoonent of Trios Human Related

Feedwater 561

Human 213 38.0
FW regulating valve 38

Circuit card 29

Pump 31

Valves 23

Unknown 21

Turbine generator 419

Human 128 30.5
Circuit card 17

Unknown 25

AC power 168

Human 51 30.4

Transformer 23

Circuit breaker 10

Main steam 90

Human 34 37.8
Valve 6

3 14
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The base population for this analysis was.a set of 60 plants represented in' i

the BOP data base, for which data on.feedwater system characteristics were |o

available. Data on all three analysis variables were not available for all :

60 plants. Thus the specific analysis results described below address ;

somewhat smaller subpopulations that differ slightly in membership. ;
i

Comparison of various B0P trip rates per critical year for plans with two !

feedwater pumps and plants with three feedwater pumps revealed no : lear
advantage for either two or three pump plants. For the population of 60
plants, 15 use three pumps and 45 use two pumps. Although the three pump i

plants consistently performed better than the two pump plants, the $

difference was not large. The results of the comparisons made are [

fsummarized below,

Ava. Number of BOP-Related Trios per Critical Year
,

Total FW systems TW control system
>

2 pump FW plants 4.5 1.9 1.2

3-pump FW plants 4.2 1.6 0.9

The number of feedwater pumps does not convey the excess pumping capacity

for feedwater. Two pumps each with 50 percent capacity and three pumps with
33.3 percent capacity have the same excess pumping capacity, namely zero,

t

To learn the effect that excess feedwater pumping capacity might have on 90P-
trips, data on 51 mature plants were examined. Each plant was rated
according to what percentage of full feedwater flow could be delivered with ;

one pump out of service ("N 1 capacity"). For exampie, a plant that has two
50 percent pumps can supply only 50 percent if one pump is lost; a plant
with three 50 percent pumps can supply 100 percent. The intent here was to '

determine if plants with large excess feedwater pumping capability had fewer
BOP trips. There were eight plants with N 1 capacity of 100 percent and 13

,

plants with N 1 capacity of 178 percent. The plants with N 1 capacity of 78
percent or higher experienced only very slightly improved statistics; even
the plants with N 1 capacity of 100 percent were aniy 15 pn tent better
(fewer trips per critical year) than the average of all of the rest.

3 15 ,
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' Clearly, excess feedwater capacity was not a major factor in creating good
performers. A summary of these data is presented below. The complete data

'can be found in Appendix G.

Ava. Number of BOP-Related TrioLper Critical Year

Total BOP FW system FW control system
;

N-1 capacity = 100% 3.8 1.4 1.2 |
,

N-1 capacity 2 78% 4.2 1.8 1.4 i

i

N-1 capacity < 78% 4.4 1.9 1.2 !
t

The fact that many other factors besides the capacity or number of feedwater !

pumps enter into BOP and feedwater trip performance can be seen in the fact i

that some of the worst performers have high excess-feedwater capacity and j
that most of the high capacity feedwater plants are not in the best- |

performer group. In fact 3 of the top 10 performers have no excess
'feeowater capacity.

Finally, one trend observed during these evaluations is that most of the i
best performers have motor-driven feed pumps and that almost all of the |

worst performers have turbine driven feed pumps. All of the top nine
performers in overall BOP trips (that is, fewest trips per critical year) I

'had motor driven feed pumps, while five of six of the worst performers had
' turbine driven feed pumps, if feedwater-system-induced reactor trips are ;

considered instead of BOP trips, six of the worst seven have turbine driven -

' feed pumps and eight of nine of the best have motor-driven feed pumps.
Similarly, if only feedwater-control-induced reactor trips are considered, -

six of the seven worst performers have turbine driven pumps, while four of i
~

the top seven have motor-driven. Summarized below is a comparison of trips
at 57 plants classified by type of feedwater pumps.

[
<
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Ava. Number of BOP Related Trios per Critical Year

i
Total B0P _FW systig FW control system

-l

Motor driven FW plants 3.2 1.1 0.8 j

Turbine driven FW plants 5.5 2.3 1.5

3.9 BOP Trios by Plant. NSSS Vendor and A/E
,

1

Because BOP systems are the subject of this study, it is possible that the
failure frequencies would show some trends or patterns as a function of the |

architect / engineer. The results of our searches of the 60P data base ;

indicate that th'is is not the caset i.e., there are no clear patterns 1

observed among the major A/E firms who have engineered several units.

Table 310 presents data on A/E firms, number of plants and number of trips, I
grouped by NSSS vendor. The average number of BOP trips per plant was i

derived from Table 3 10. The results ranged from 9 to 14 trips per plant )
over the 5 years of data for the major A/E firms- Bechtel, Stone & Webster, j

Sargent & Lundy, and Ebasco. BOP trip data for individual plants, with NSSS !
vendor and A/E firms identified, are presented in Appendix H. ' ]

;

3.10 B0P Trios by Plant Aae i

!

The B0P data base was searched for information on the age dependence of BOP
trip frequencies. The resulting data are presented in Figure 3-1 for mature ;

plants, i.e., those receiving an operating license before January 1,1983. i-

The age of a unit was defined as 1986 (the middle of the study period) minus !

the year'of the unit operating license. Each data point represents the
average total number of B0P trips for units of the same age o,er the 5-year - i

time period.
1

As can be seer, from Figure 3-1, the data are characterized by a wide ,

scatter; the average values for plants of different age show large spikes
(both up and down). A linear least squares fit of the average data provided -

a downward slope of about half a trip per year of plant operation,

,

3 17
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2. Table 310
BOP Trips by NSSS Vendor and A/E Firm

(All units 1984-1988)

NSSS Vendor A/E Firm No. of Trios @. of Plan 11

B&W- Bechtel 38 3
B&W Duke and Bechtel 27 3
B&W Gilbert 24 2

B&W Total: 89 8
<-

CE Bechtel 110 g
CE Ebasco 59 3
CE Gibbs and Hill 1 1

CE Stone & Webster- 25 1

~

CE Total: 195 14

GE- Bechtel. 113 11
GE Burns & Roe 54 3
GE Detroit Edison and S&L 20 1

GE Ebasco 17 2
GE Gilbert 13 1

GE Niagara Mohawk Power Corp. 10 1

GE Sargent & Lundy- 92 7

GE Southern Company and Bechtel 33 2
GE Stone & Webster 51 4
GE TVA . 8 3
GC United Engineers 19 2

GE lotal: 430 37

W American Electric Power 28 2
W Bechtel 108 9
W Bechtel and Sargent & Lundy 24 1
W Duke Power Company 77 4
W Duquesne Light / Stone & Webster 26 2
W Ebasco 36 2
W Fluor Pioneer 22 3
W Gilbert 30 2
W Pacific Gas & Electric 39 2
W Public Service Electric & Gas 50 2
W Sargent & Lundy 77 6
W Southern Company and Bechtel 17 2
W Stone & Webster 9,1 7
W TVA 17 2
W United Engineers 49 2

W Total: 691 48

Total No. of Trips: 1405

3 18
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suggesting that BOP-related trips tend to decrease over the operating life
of a plant.

3.11 BOP Trios as a Function of Power level

A summary of the BOP trips as a function of power level at which the trips
occurred is given in Table 3-11. Half the BOP trips occurred above 75
percent power, and these were dominated by turbine-generator problems.
Because most' plants spend most of their time above 75 percent, this is not a
surprising result. In fact, a higher fraction might have been expected at
high power. Nearlv 30 percent of the BOP trips occurred at or below 25
percent power, and these were dominated by feedwater problems. The
relatively high percentage of BOP trips at reduced power levels could be an
indication of the difficulty of operating a nuclear power plant at reduced
power levels. The remaining trips were divided evenly between the 25
percent to 50 percent range and the 50 percent to 75 percent range. The

detailed data by plant, from wnich Table 3-11 was derived, are given in
Appendix 1.

3.12 Oriain of the Reduction in BOP Triot

Several special purpose searches of the BOP data base were performed to
identify the origin of the dramatic reduction in the number of BOP trips
between 1984 and 1988.

Table 3-12 presents data for B0P trips by general cause by year. The top
num.ber in each set is the value for mature units only, i.e., the 76 units

that received OLs before January 1,1983. The bottom number in each set is -|
the value for all units, which varied in number from 86 in 1984 to 108 in
1988. Note that the data for 1984 does not generally fit the trend, and the
largest reductions are usually between the 1987 and 1988 data. Overall,
both the component failure and human related causes (by far the two largest
contributors) showed substantial reductions over the 5-year study period.

Table 3 13 shows feedwater trips by year by reactor vendor, along with
normalized per-unit values, to account for the varying number of units over
the time period. The total number of feedwater trips was reduced 20 percent
from 1984 through 1988, in spite of a 25 percent increase in the number of

3 20
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Table 311
80P Trips by Power Level

(All units 19841988)

Power Level Range, Number of Percent of Total
-Percent BOP Trios BOP Trios _,_,

0 25 398 28.3

(0-5) (137) (9.8)
(5-25) (261) (18.6)

25 50 148 10.5

50-75 148 10.5

75-100 711 50.6

Total 80P Trips 1405 100%

3-21
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Table 312
BOP Trips by General Cause by Year

(19841988)

Number of Causes

Cause M M M 1211 M 19131

Component failure 138* 150 121 96 82 587

176 209 173 172 135 865

Human related 76 99 78 62 37 352

101 142 129 130 73 575

Design related 12 16 13 14 6 61

19 27 22 25 12 105

Procedure related 11 12 9 8 15 55

14 21 20 19 21 95

Environment 8 3 5 4 0 20

8 6 6 5 3 28

Unknown / spurious 21 16 15 4 8 64

23 22 21 13 11 90

Other 27 19 18 17 3 84

31 24 20 23 6 104

Totals 293 315 259 205 151 1223

372 451 391 387 261 1862

4

* Top Value: Mature units only (OL before January 1, 1983)
Bottom Value: All units

3 22
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l{ / Table 313;3

Feedwater Trips by Year by Vendorg,
'

' (All units,19841988)-

-

?

i .hSSS -Feedwater Trips

-Vendor 1984 1985 1986 1987 1988

-B&W: 5 (0.62)* 15 (1.87) 5(0.62) 7 (0.88) 7 (0.88)

'

CE 17. (l'.50) 29 (2.20) 12 (0.86) 19-(1.30) 11 (0.73);

1 GE 25'(0.86) 24 (0.83) 28(0.93) 41 (1.28) 18 (0.60)-

W 56 (1.60) 69 (1.77) 69 (1.77) 60 (1.36) 46 (0.96)

_

"

Total 103 137 114 127 82

:
i

=.

-

3 -* (xxx) - average trip / unit

.

"

1

- 3-23

=

'" . t

.... ._ _



..
_

.y
|

^ o ,

w, ,

L

Ii
units. There were 45' fewer feedwater trips in'.1988 than there were in 1987
;(35 percent reduction), and half of this redu tion came from GE BWRs. The

number of feedwater trips per unit. year decreased substantially between 1984 ,

| and 1988 for CE. W, 'a'nd GE units, but increased substantially for B&W units. j
-i

| Table 3-14 presents data on turbine trips by year by reactor vendor, along
with normalized per-unit values, to account for the varying number of units

' over the time period. The total number of turbine trips was reduced 25
percent from 1984 through 1988, in spite of a 25 percent increase in the

. number of units. A large reduction of 30 trips (30 percent) occurred 3

between 1987 and 1988, and more than half of this reduction is from W units. -{
? The per-unit values show substantial reductions for all reactor vendors !
L excepi B&W, which stayed the same between 1984 and 1988. f

Table 3-15 presents a breakdown of human-related causes by year. Focusing '

on the two major contributors, operations and maintenance, once again the

L 1984 data does not fit the trend. There were substantial increases in the i

two areas between 1984 and 1985, and an even larger decrease in the
maintenance-related causation between 1987 and 1988. Overall, there was a e

45 percent reduction in human-related 80P trips causation between 1987 and
;1988, with about half the reduction coming from the maintenance area.

Between 1984 and 1988, a 30 percent reduction in human causation was
achieved, in spite of a 25 percent-increase in the number of units.

L In summary, no single factor can be identified as the major reason for the
I . substantial reduction in BOP-related trips between 1984 and 1988 or, in
1
! many cases, between 1987 and 1988. In terms of general causation, fewer

-component failures and fewer human errors both contributed to the reduction
L in B0P' trips. At the systems level, both feedwater and turbine / generator

related trips decreased substantially, especially between 1987 and 1988.

|-
1-

:

|

?

.
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Table 314.
Turbine Trips by Year by Vendor (All units)

, ,

NSSS Feedwater Trips-

Vendor 1984- 1985 1986 1987 1988

B&W 3-(0,37)* 8 (1.00) 3 (0.37) 0 (0.00) 3 (0.37)
-:_

CE 6 (0.55) 15(1.15) 15(1.07) 16(1.06) 4 (0.27)

GE' 46 (1.60) 29 (1.00) 31 (1,03) 29 (0.91) 26 (0.87)

W. 32 (0.91) 32 (0.82) 42 (1.08) 49 (1,10) 31 (0.64).

Total 87 84 91 94 -64

* (xxx) - average trip / unit

3-25
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Table 315
Type,of Human-Related Cause by Year

(All units, 1984-1988)

i Types of
Human-Related

J'- Cause 1911 1931 JSJs 1931_. JSja Total Percent.

Operations 44 61 53 39 33 230 40,0 <

1

Surveillance 15 12 20 22 10 79 13,7- ;

Maintenance 35 63 48 57 26 229 39,8

Others 7 6 8 '2 4 37 6.4

Total 101 142 129 150 73 575 100.0
--

!
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4. INSIGHTS'INTO B0P EVENTS
- t

:'
.

y u
.

-This;section summarizes the insights. gained from the search for trends and
# patterns in the 5-year,1405-event' B0P data base. General observations are -

1

m . followed by. findings on B0P trips per calendar year; 80P trips per critical
*'

year (annual and 5-year average values); general causation of B0P trips
(i.e., component failure, human-related, design related, etc.); multiple
cause B0P trips; systems, subsystems, and components implicated in'B0P trip .

' causation; and trend observations by architect / engineer, plant age, and ;

!

plant power level. For the purposes of these evaluations, mature plants (as
!used for the calendar year and critical year data) were defined as those

receiving operating licenses before January 1,1983; all later plants were
' defined as new plants.

4.1 General Observations
i

o Data on the annual average number of B0P trips grouped by NSSS vendor
indicate that the owners groups with aggressive trip reduction programs

,

are achieving results in the form of reduced frequencies of B0P trips.
,

o Data on B0P. trip causation by system and component (Appendix F)
indicate that, for the-major system contributors ( the feedwater and

: turbine-generator ' systems), a majority of the trips are caused by very
small contributions from a very large number of components. This
implies-that to achieve further improvements, component reliability

| improvement programs must be very broad-based, and not focused on a few *

.
major'' contributors.'

o- Data on the general causes of B0P trips . indicate that programs directed
L toward achieving further reductions in B0P trip frequencies will need
P- .to contain both a technical element (component, system or functional

R reliability improvement) and a human performance element (fewer human
errors in operation, maintenance, surveillance, and testing). i

,'
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z4.2 _Soecific-Trends and Patterns-r

_.4.2'.11 BOP Trios ner Calendar Year'

Mature Westinghouse units'on average showed a downward trend,-o-
decreasing;by more than a factor of 2 between 1984 and 1987, with-
a' slight increase in 1988, to 1,76 BOP trips per calendar year.-

o Mature GE units showed no clear trend between 1984 and 1987, but
achieved a 35 percent reduction between 1987 and 1988,-to 1.46 BOP-
trips per calendar year,

o Mature CE units showed an increasing trend of-about 40 percent-
between 1984 and 1987, but.a decrease by more than a factor of 2
between 1987 and 1988, to 1.33 BOP trips per calendar year,

o Mature B&W units showed a substantial downward trend after 1985,
with more than a 60 percent reduction by 1988, to 1.62 B0P trips
per calendar year. (Note: There are only eight B&W units, and
the unit-with the least favorable B0P trip history - Rancho Seco --
did not operate between late 1985 and early 1988.)

Overall, the mature nuclear plants showed a substantial reductiono

in BOP trips over the 5-year period, from an average of 2.8 BOP
trips per calendar year in 1984, to 1.6-BOP trips- per calendar
-year in 1988.

The 1988 average B0P trip frequency of 1.6 trips per unit per calendar year
corresponds to a total. unplanned trip frequency of approximately 2.4- trips
per unit per calendar year. Data from Reference 1,.for the years 1980
through '1984, indicate that .this level of performance for U.S. nuclear

_ plants is approaching that for Japanese and German reactors, the world's
best- in ' terms of. minimizing unplanned reactor trips. Although the data are
not;directly comparable, some indication of comparative performance can be
drawn from the following values:

m
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Trips only while critical

:

PWRs > 1000 MWe,-1980 through 1984
'

O 00 to 1.50 unplanned trips per unit-year
:

BWRs > 1000 MWe, 1980 through 1984

0.33 to 5.00 unplanned trips per unit-year
i

' Germany
*Trips with turbine on line

PWRs, 1981 through 1984

0.45 to 1.40 unplanned trips per unit-year

BWRs, 1981'through 1984
.

0.99.to 2.80 unplanned trips per unit-year

The concept of what constitutes an acceptably low frequency of unplanned
reactor trips also needs to be addressed. Then-09RR Director Harold

'

E. . Denton, speaking'at an NEA Symposium in Tokyo in April 1986, recommended a
goal of achi(ving a trip-frequency (during power operation) of no more than

.

2: trips per, unit per year by 1990 (Reference 2). Similarly, the Institute j,

i of Nuclear Power Operations has established a 1990 goal of 1.5 unplanned
| ' automatic trips per unit per year while critical, for units with a capacity

,

factor of 25 percent or greater (Reference 3). t

L 4.2.2 fl0P Trios per Critical Year. Annual 'Dat'a- f

;, - Trips per critical year is a more meaningful parameter than trips per-

,

| -calendar year because it reflects the fraction of time that the reactor was '

being operated. The trends. in trips per critical year generally follow the
trends-in trips per calendar year, although some trends are magnified by-the,

| data on critical hours per calendar year. ;

\ \

L o Mature Westinghouse units showed~a decrease of approximately 60 ;

Ipercent between 1984 and 1987, followed by a 10 percent increase
in 1988, to 2.42 B0P trips per critical year.e

-
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e o Mature GE units showed a clearer downward trend on a critical year
basis than was evident'in the calendar year data:and decreased by'
approximately 40 percent between 1984 and 1988, to 2.52 B0P trips-
per critical year.

.o= Mature CE units showed a generally increasing trend between 1984
-

and 1987, followed by a 60 percent reduction between 1987 and
1988, to 1,71 B0P trips per critical year.

o Mature B&W units showed an upward spike-in 1985, but a 30 percent
decrease overall between 1984 and 1988,'to 2.23 BOP trips per
-critical year.

Overall, the mature nuclear plants showed a substantial reductiono

in BOP trips over the 5-year period, from an average of 4.4 B0P
- trip.s per critical year in 1984 to an averap of 2.3 B0P trips per,
critical year.in 1988.

The values for annual average B0P trips per unit per critical year (mature
plants only) compared favorably with comparable values derived from the AE00-
report- NUREG-1275, Volume 5- (Reference _4). The'AE00 values for trips per-
1000 critical, hours were multiplied by 8.76 to convert to trips per critical
year. |The~ resulting values were multiplied by 0.67 to approximate the B0P-
- related portion of the total trips. The resulting comparison is given below.

AE0D/SAIC Comparison

Annual Average B0P Trips per Unit per Critical Year
(MatureUnits, 1984-1988)-

M M M M M
,

From-SAIC B0P 4.4 4.2 3.8 3.0 2.3

data base

Derived from AE00 4.9 4.6 4.0 3.1 2.3
.

report data-
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| Differences in the values from the two sources can=be attributed to (1) !
L ! differences in the' definition of mature plants (AE00 used a " floating" !

~ definition; SAIC used a' fixed population)', (2) the approximation that BOP. ),
'

trips are two thirds of the total trips, and (3) a difference-in the
definition of reactor trip (AE0D required control rod motion; SAIC did not).

.

4.2.3. ~ BOP Trios per Critical- Year. 5-Year Averace' Data

These data are quite uniform for mature plants among the four different NSSS
,

vendors, ranging between 3.4 and 4.0 B0P trips per critical year for the 5-
year period. . The weighted average over the period (weighted by number of; e

plants for each NSSS vendor) is 3.8 B0P trips per critical year. !

4.2.4 Causation of B0P Trios - General

The general causation categories defined for the B0P study were component-
. related failure, human-related, design-related, procedure-related, and
spurious or unknown. Searches of the B0P data base on these parameters
indicated that nearly half (47 percent) of the B0P trips were caused by.one
or more component failures, nearly one-third (31 percent) were human-
related,- and the other categories were minor contributors. 1

It'should be noted that these causation categories are not always clearly
discernible in the LER descriptions, nor are they always clearly '

differentiated from each other. A design or procedural inadequacy, for i

example, could be termed human-related. However, in the preparation of the
- data' base, an attempt was made to differentiate among the categories. For-

example, 'if.an operator or technician correctly followed a procedure that ;
,.

L was. flawed and caused a B0P-related trip, this trip was categorized as

| procedure-rciated. If a procedure was not followed, and an incorrect or
L inadvertent human action caused a trip, this trip was categorized as h uan-

related-.

The human-related trips were further broken down as follows: ,';

o Operations activities 40% 7

o Maintenance activities 40%

|
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h
i o . Surveillance activities 14%'

a o- Other activities- 6%

'A breakdown of the human-related-trips as a' function of activity.by year
(1984 through 1988) is given in Chapter 3,-Table 3-15..

Both this study and the AE00 scram reduction report (Reference 4)' identified
equipment / component failure 'and human actions as the two largest
-contributors to reactor trips, either total trips, in the AE00 study, or
B0P-related trips, in this study. However, the fractional contributors of
these two genual causes were different, as shown below:

AE0D Study SAIC Study

(Total tries. 1984-11S]_). (BOP trios. 1984-1988)

Equipment / component 63% 47%

f ailure

-Human-related 25% 31%

This indicates that the human contributors to reactor trips originating in'

NSSS-related systems is smaller. than it is in trips originating in B0P-
related systems.

4.2.5 Multiole-Cause BOP Trios

|Approximately 70 percent of the B0P trips were determined to be single-cause
. events. However, a substantial proportion (27 percent) would not have
. occurred in the absence of a second condition, and a few trips (3 percent)
would not have occurred in the absence of two additional conditions.

An example of a double-cause trip is a situation where one channel of a B0P-
related trip parameter instrument has failed undetected, and a second
channel is actuated or taken out-of service for testing, causing a. trip.o

One of the counter-intuitive findings of the study was that about 30 percent>

[ of the-B0P trips are categorized as multiple-cause events. A detailed
review of the data base entries for multiple-cause events indicates some
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' softness" in the' data, and different-reviewers might have categorized some*
: >

,' L events differently. 'However, .it is evident that multiple-cause trips.are more !

. prevalent than previously assumed by many observers,~and this-finding has !
l

-implications for statistical and risk assessment analysts. Most of the '

'

i multiple;cause trips were not from coincident independent failures or j
L common cause events,:but'rather from pre existing conditions (e.g., degraded- . :
'

operability states'of various systems or components) that were revealed when I

a related system or component was actuated.
,

4.2.6~ Causation of BOP Trios - Systems Imolicated j
q
a

The two largest system contributors to B0P trips were the feedwater system,
causing 40 percent of the trips, and the turbine-generator system,-

contributing about 30 percent. The next largest contributors, the AC power '

and main steam systems, contributed about 12 percent and 6.5 percent,
respectively. Other systems, contributing 3 percent or less to B0P trips

- over the study period, include air, circulating water, DC power, and ~!

instrumentation and control systems. '

.;
'

There is general agreement among recent studies that. problems in the
condensate /feedwater system are the leading cause of B0P-related (as well as
total) reactor trips. The next largest system contributor to reactor trips

~

is the turbine / generator system. Together, these two systems cause.about 70
, percent of the B0P trips and about half of the total reactor trips.- Table- J

4-1 compares this study's-estimates of system contributors to B0P-related
trips to those derived from the-AE0D report (Reference 4) and from the Mitre

l' report (Reference 5). The Mitre estimates are considered somewhat distorted
.because they consider only the power conversion systems and'not AC and DC .!

.. power, water systems, air systems,-etc. Other differences in the studies
| 'are mature plants versus all plants, trip definitions, and the time periods

of the studies.
.

p 4.2.7 Causation of B0P Trios - Subsystems Imolicated
t

!

Feedwater control was the dominant contributing subsystem to feedwater-< .

related B0P trips. Within the turbine-generator system, the dominant' '

contributing subsystem was instrumentation and control, primarily the
. electro hydraulic control (EHC) subsystem. Feedwater control and.
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Table 4-1-,

Comparison of Estimates of
Initiating System Contributors to BOP Related Reactor Trips-

i

Percent of BOP Trios
~

,

SAIC AE00* - Mitre **

EtudX 111d1 11RdX

- Condensate /feedwater system 40 43 50

. Turbine / generator system- 30 27 29

AC power systems 12 15 -

Main steam sy' stem 6.5 8 7

Others- 11.5 7 14

.* - Data' from: Table' 3-13 of Reference 4 renormalized to includeLonly B0P

systems.

** Data derived from Table |2-11 of' Reference-5. ,

.

4-8

.

,

I .k- p

+
. r



-_ _ _ - _ _ _

$

:. turbine / generator-l&C subsyst'em problems (component: failure or human-

related);together caused about 40 percent of the total B0P trips.

The AE00 report, NUREGil275, Volume 5 (Reference 4) also identified the
.

feedwater contro1 Land turbine / generator EHC subsystems as major contributors'
to reactor trips.

4.2.8 Causation of BOP Trios - Comoonents Imolicated

The clearly dominant " component" contributor to B0P trips was the human,
generally causing about 30 percent of all BOP trips across the major system

- contributors. The next largest component contributors, generally much less -
significant than the human, were pumps, valves, electrical switchgear, and
circuit cards.. For the dominant systems, the data are characterized by a
majority of the trips coming from very small contributions from very large-
numbers of components.

The AE00' scram reduction study (Reference 4) indicates that problems with
feedwater regulating valves and feedwater pumps each contribute about 20
percent to the frequency'of feedwater-related trips. This study,--which
examined-component contributions in detail (see Appendix F) estimates that
contributors from these components are less than half as large asithe AE00
estimates, in.the range off7 to 8 percent each. This difference is probably
attributable to different treatment of the human " component" in the two
studies.-

.The fact that large numbers of components are each contributing small
' ' amounts-to the feedwater-related B0P trips complicates resolution' of _the

issue,-and points toward using " integral" measures such as the adjustments
to steam generator level trip setpoints being pursued by-the Electric Power
Research Institute in conjunction with the'PWR Owners Groups.

4.2.9 -Trends in BOP Trios as a Function af Architect /Enaineer-

The'B0P da's base was-searched to see if positive or negative performance in.
: terms of B0P trips could be correlated with the architect / engineer-(A/E)
responsible for designing the 80P. For the major A/E' firms that have
designed several nuclear units--Bechtel, Stone & Webster, Sargent & Lundy
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L and.Ebasco--no clear trends were evident in the data as.a function of the-

p A/E firm that designed the BOP.

4.2.10 Trends in BOP Trios as a Function of Plant Ace*

The data on BOP trips as a function of plant age were widely scattered;
even the annual average values at a given age showed a large degree of
variability. The overall trend, determined by a linear least squares fit of
the annual average data, showed a reduction of about one BOP trip (during
.the 5 years considered in the study) for every 2 years of increasing age.

.4.2.11 Trends in B0P Trios as a Function of Power level

Approximately half of the BOP trips observed over the study period occurred
above- 75 percent power, and those trips were dominated by problems in the
turbine-generator system. Nearly 30 percent of the observed trips occurred-
below 25 percent power, and they were dominated by problems in the feedwater
system. The remaining trips were distributed evenly between the 25 percent
to 50 percent range and the 50 percent to 75 percent range in power level.

Because most nuclear units spend most of their time about' 75 percent power,
it is surprising that only about' half of the BOP-related trips occur in this
power range. .The fraction of B0P-related trips at high power levels is
expected to increase as plant operators resolve feedwater control problems
at the lower power levels, e.g., steam generator level instabilities, or the
transition from manual to automatic feedwater control.

4-10



c .

4

s

References.

l.- " Comparative 0verview of Selected Scram St:Jistics," USNRC Office for
Analysis and: Evaluation of Operational Data, Proceedings.of an NEA-
Symposium, Reducing the frequency of Nuclear Reactor Scrams, Tokyo,

-Japan, April 1986.

,2.. " Reactor Scrams in the United States, A Regulator's Point of View,"
H.R. Denton, Director, ONRR, USNRC, Proceedings of an NEA Symposium,
Reducing the Frequency of Nuclear Reactor Scrams, Tokyo, Japan, April
1986.

3. "1988 Performance. Indicators for the U.S. Nuclear Power Industry,"
Institute of Nuclear Power Operations, March 1989.

4. NUREG-1275, Volume 5, " Operating Experience Feedback Report - Progress
in Scram Reduction, Commercial Power' Reactors," USNRC, Office for
Analysis and Evaluation of Operational Data, March 1989, with Addendum.

,

-5. NUREG/CR-4783, " Analysis of Balance of Plant Regulatory-Issues," Mitre
Corporation, January 1987,

t-

4-11

4

_ . _ _ _ . _ . _ . _ _ _ _ _ . _ _ _ _ . . _ _ _ _ _ _ _ _ _ . _ _ _ _



. _ _ _ -

f.
y
u

5. EVALVATION OF RISK; IMPLICATIONS^

EThe objective of this task was to evaluate the impact of B0P-related events-
on the risk, as measured by estimated core melt frequency, of nuclear power.-
plant operation. The task was divided into two parts. First, a

quantitative ' analysis was performed to estimate the risk impact of reactor
trips caused by BOP system failures. Second, a qualitative evaluation was

performed of the impact of BOP related events on safety system availability;
this evaluation addressed events that did not necessarily result in a plant
trip but did degrade the capability of a safety system.

The risk-impact of B0P related reactor trips was estimated by a parametric
analysis of six probabilistic risk assessments (PRAs). Data on trip
initiating events were selected from the B0P data base, representing " good"
and " bad" BOP performme plants (as defined based on frequency of B0P-
related trips). These initiating event data were used to replace the trip
frequency used in each of the PRAs for initiating events such as turbine ,

trip and loss of feedwater. The estimated core melt frequency was then
recalculated.and an assessment was made of the change in core melt frequency

-

for each PRA using its data, the " good" performance data, and the " bad"
performance data,

The impact of.B0P related events on safety system availability for events
other than B0P initiated reactor trips-cannot be simply evaluated. Events

have occurred, as reported in LERs, in which B0P system failures affectsd
safety systems. It is difficult, however, to quantify the effects because
of lack of consistency within the data base and lack of total system data:
(particularly an indication of the number of successful component demands).

'Therefore, a' qualitative evaluation was performed, using data from the NRC's
Accident Sequence Precursor. Program. By identifying the BOP-related
initiating events within the population of Precursor events, an estimate was
made of the importance of B0P systems to accident sequences involving safety
system degradation (i.e., sequences characterized by inadequate core cooling
and resultant core damage).

. 5-1
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5.1 lagt.ct of BOP System Performance en Plant Core Melt Freauency

.
. .

4 ; To evaluate-the impact: of BOP. system performance on calculated core melt
frequencies,~six PRAs, representing'five different nuclear power plants,
were selected: ,

'
o " Connecticut: Yankee Probabilistic Safety Study" (Reference 1).

o " Prob'abilistic Risk Assessment: Limerick Generating Station"
(Reference 2). 'I

,

o "A Review of the Limerick Generating Station Probabilistic Risk I

Assessment" (Reference 3).
,

t

* Millstone Unit 1 Probabilistic Safety Study" (Reference 4),o

o "A Review of the Millstone 3 Probabilistic Safety Study"
(Reference 5). |

!

o "0conee PRA: A Probabilistic Risk Assessment of Oconee Unit-3" l

(Reference 6). .

;

(Note: "PRA" is used as a generic term in this section, -|
encompassing both the probabilistic safety studies and the .

probabilistic risk. assessments-listed above.)

'These six PRAs prov.ided analytical frameworks for estimating the effects of
'

B0P systemL failures on risk as measured by calculated plant core melt
frequency. The 80P-related transient initiator frequencies used in each PRA
were varied' according to the frequencies of actual B0P-related reactor trip-
causes, as' extracted from the B0P data base developed for this study.

'

The> frequencies of actual B0P-related reactor trip causes were drawn ~ from a
. subsetfof the events in the B0P data' base. Only mature plants were

,

considered (plants'that received an operating license before January 1,'

1983). From the mature plants, the 10 plants with the best B0P trip
- performance and the 10 plants with the worst BOP trip performance during the

:
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i period 1984 through_1987 were selected. Best and worst performance were
determined based on'the frequency of BOP related trips per critical year.

A wide iange of- BOP trip performance' resulted. The 10 plants with the.bestL
~

performance had 36 B0P-related plant trips during the 4-year. period 1984
throught1987,Lan~ average of 0.9 trips per plant per year. The 10 plants
with'the worst' B0P performance had a total of 194 BOP-related plant trips
for the same time period, an average of 4.85 trips per plant per year. In

addition, the worst performers generally had lower availability factors for
the 4 years studied. This results in a larger difference between the best
and worst performers when trips per critical year are used as the basis for
comparison.

The transient initiator categories used in the PRAs were maintained.- Trip
causes from the BOP data base were assigned to the appropriate PRA

categories.

Each PRA grouped transient initiators in a slightly-different way. The
Connecticul Yankee PRA, f example, separated BOP-related initiators into
General Plant Transients, Loss of Feedwater Events, Inadvertent Opening-of a
Relief Valve Events, and other system-failure-related transients (e.g., Loss

ofServiceWater). In comparison, the Millstone Unit 1 PRA separated the
B0P-related initiators into Transients, Loss of Feedwater Transients, and
Loss of-the Power Conversion System (PCS)-Transients.

For each of the PRAs, the data on actual B0P-related plant trip causes were
combined and used in the manner most consistent'.with the transient initiator
categories in the PRA.~ For example, the Oconee:3 and Millstone 1 PRAs used
both a Loss of Feedwater and a loss of PCS transient initiator category;
thus both categories were used in the categorization of the B0P study data
applicable to the Oconee 3 and Millstone 1 PRAs; However, the remaining
PRAs used only a loss of Feedwater g.t a Loss of PCS initiator; thus, for
those PRAs', the BOP data were combined so that each B0P-relatti trip event
contributed to the appropriate PRA transient initiator category. Simil arly,.
the Connecticut Yankee PRA was the only one to handle the Inadvertent
Opening of a Relief Valve as a separate transient initiator. This category
was therefore included in the analysis of Connecticut Yankee, but for the
remaining PRAs'this type of event was treated as a Plant Transient.
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~ - Table-5-1 shows the number of BOP related trips that occurred during the 4-
.

year-analysis ~ period in each applicable PRA transient initiator category;
-the~." good" and " poor" B0P performance plants are compared. ~ Table 5-2 shows

_

the average-frequency of BOP-related trips in each transient initiator
category 1 per, calendar year and per critical year, o'ver the 4 year period.
As in . Table 51, " good" and " poor" performance plants are. compared.

The data from Table 5-2 were used to modify the transient initiator
~

frequencies in each of the PRAs. The B0P-related trips per critical year
were converted to an equivalent trips per calendar year using the following
equation:

FB0P . ApF a
p

Initiator frequency for use in plant PRAwhere F -
p

FB0P Initiator frequency from BOP data base
(tripspercriticalyear)

Plant availability factorA =
p

For-example: The General Plant Transient category for the Connecticut
. Yankee PRA'is equivalent to the Plant Transients category of Table 5-2.. The

~ average frequency of Plant Transients for the " good" terformance PWRs from
Table 5-2- is 0.82 per. critical year. Connecticut Yankee had an availability
factor of 0.713. Therefore, the-frequency of Plant Transients at
Ccnnecticut Yankee, using the data for the " good" PWR plants would be:

(.82)(.713)F =
p

.58/yr.=

The BOP-related trip frequencies were converted to trips per critical year .
and-then back to trips per calendar year when used in the PRAs for two
reasons. First, the 10 plants'in the." poor" B0P performance group had
generally lower availability factors than the 10 plants-in the " good" B0P
performance group. In particular,- some of the plants with. lower
availability factors had extended periods (in one case, over 2 years)-during
which the plant was not operating. By converting to trips per critical
year, these periods.of plant inactivity were eliminated end no longer
distorted the initiator frequency calculations. Second, the events included
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. Table 5-1 i

B0P Induced Transients
Based on'1984-1987 LER Data

.

-Transient " Good" Performance' Plants " Poor" Performance Plants
Initiator Cateaory PWR BWR Total. PWR- BWR Total

Plant Transients 21 7 28 117 30 147 |
1

Loss of. Main feedwater 3 1 4 8 12 20 |

|

' Loss of Power Conversion 3 1 4 6 20 26

.

-Steam Line Relief 3

Valve Opens 0 0 0 1 0 1

't

i
i

t

->

.

~

1

|

i
'

y
|

||

| ' ||
,

!

|

^

1.

|
|
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h -Table 5-2
Average Frequency of B0P-Induced Transients-

Based on 1984-1987 LER Data

,

i

Transient Trips Per Year. Trips Per Critical Year. .

= Initiator Cateaory PWR BWR Total PWR BWR Total '

'

| - Good" Performance Plants"

L
<

Plant Transients 0.66 0.88 0.71 0.82 1.24 0.89

Lostcof Main Feedwater 0.09 0.13 0.10 0.12 0.18 0.13
1

:

-Loss of PCS 0.09 0.13 0.10 0.12 0.18 0.13

" Poor" Performance Plants i

t-

Plant Transients 4.20 2.50 3.70 6.80 4.6 6.20
>

Loss of Main Feedwater 0.29 1.00 0.50 0.47 1.8 0;84'

Loss-of PCS 0.21 1.70- 0.65 0.36' 3.1 -1.10
.

'

LSteam Line Relief 4

f
Valve Opens 0.04 0.00 0'03- 0.06 0.0- 0.04.

8

!-
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inithe BOP. data base generally occurred at power. (There are some:>

exceptions.) 1The data. base for the 10 " good""and 10 " poor" performance ;:

plants is therefore restricted .to 23.7 reactor years for the " poor" plants |
and 31.3 reactor years for the " good" plants. ,j
The data conversion described above was used to produce plant-specific, BOP-- g

i= related transient initiator frequencies. .The' results are presented in Table. !
'

5-3, along with the initiator frequencies used in the_PRAs. .
!

For the different plant transients considered, two PRA frequencies are given ;

in Table 5-3. The first is the frequency used for all events contained
within this category. The second frequency, listed as "PRA (B0P)," is a
subset containing only those events associated with the B0P. Excluded from

this group are the reactor transients such a spurious safety injection,
spurious RPS actuation, etc.

It can be seen from Table 5-3 that the initiator frequencies used in the
,

PRAs tend to be'within the range of the data for the " good" and " poor"
performance plants. Tlare are a fea exceptions. The most notable exception ,

is the Millstone 1 Los of Feedwater initiator frequency. This frequency is )

more than 30 percent less than the frequency obtained from the B0P data base
for " good" performance BWRs. The Millstone 1 PRA used plant-specific data |

as' the basis for its Loss of Feedwater initiating event frequency. Except

for this one case, all six PRAs used data that, in comparison with the data
derived from the B0P data base, are either within the expected range or
conservative (i.e., higher than the " poor" performance plant data from the

L - B0P data base). 3

a

The data in Table 5-3 were used to modify the core melt frequency
,

| calculations of each PRA. The first step was to determine the' contribution
to core melt frequency of each transient initiator as presented in the PRA.
In some. cases, only the dominant core melt accident sequences were provided

~

| in the PRA report; in other cases, the total contribution from each ;

L; initiator was available. The next step was to replace the transient

L initiator frequencies used in the PRA with the LER-based, " good" and " poor"
initiator frequencies shown in Table 5-3. After this substitution, the core

)
melt frequencies attributable to B0P-related transients were calculated.

i
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Table 5-3'
Comparison of PRA Transient Initiator Frequencies to

B0P-Related Transient Initiator Frequencies
Based on 1984 1987 LERData-(events /yr)

.

.. ~ Loss of: Inadvertent;

Main loss of Power Steam Relief--
Plant Transients' Feedwater Conversion System- Valve Openina-

: Connecticut Yankee-
PRA (all) 3.14 -- -- --

PRA-(BOP)- 1.93 0.36 -4.2E-3---

Good plants 0.58 0.17 0-00--
.

Poor plants 4.80 0.59 0.04--

Limerick (PEco)
'PRA-(all) 3.98 - -- --

PRA (B0P) 3.63(I). 1.78(2)-- ..

Good 0.77 0.22-- -

Poor 2.80 3.00-- --

Limerick (BNL)
PRA- 8.17(3'4) -- 1.23(5) ..

Good 0.77 -- 0.22 ---

Poor 2.80 -- 3.00 --

Millstone 1
.PRA-(all) 3.11 -- -- --

PRA-(BOP); 2.67 0.096 0.435 --

Good 1.04' O.lb 0.15 --

Poor 3.86 2.60 1.51 --

Millstone 3 (LLL)
PRA (all) 7.24 -- -- --

'

PRA (B0P) 3.73 2.32-- --

| Good- -0,55 0.16-- --

Poor 4.60 0.60-- --

Oconee'
-PRA- 5.70(3,6) 0.64(7)- 0.21

-

--

Good 0.62 0.09 0.09 --

Poor 5.20 0.36 0.27 -

-(1)Becomes 3.2 for ATWS sequences-
(2)Becomes 2.2 for ATWS sequences

-

(3)lnsufficient-informatica to separate Reactor Trips from B0P Trips
-(4)Becomes 7.39 for ATWS seq.'ences
(5)Beco_mes 2.01 for.ATWS sequeace's'
(6)
.(7)Becomes' 7.0' for some sequences (all transient initiators combined)Becomes 0.7 for ATES sequences

5-8
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;The following;is an ex;mple using the General- Plant Transient initiator"

category for the Connecticut- Yankee PRA. The frequencies for this transient- |

initiator. category are:- 3.14/ year using_ data in the PRA;' O.58/ year using- !

the." good" plant-performance data from the 80P data base; and~4.8/ year using-
-the " poor" plant' performance data from the B0P data base. The. Connecticut<

Yankee PRA provided a total. core melt frequency contribution of 5.34E 5/ year. q
' "

'for the accident sequences initiated by a General- Plant Transient. From

this information, the conditional probability of a core melt at Connecticut' !

~ Yankee, given a General Plant Transient. initiator, is- -

:

1.70E-55.34E-5/vear -

3.14/ year

Using the data derived from the B0P data base, the B0P-transient-induced <

core melt frequency for Connecticut Yankee would be 9.5E-6/ year (using the :|
'

" good" plant-performance data) or 8.2E-5/ year (using the " poor" plant
performance data). .

Similar calculations can be made for the Loss of Feedwater transient
initiator and the Inadvertent Opening of a. Relief Valve transient initiator.
The results of these calculations for Connecticut Yankee are shown.in Table

'

5 4.
,

Table 5-5 shows the final results for each of the PRAs examined as part of
this risk-impact evaluation. Two sets of results are provided for. the
Limerick ~ plant. The first set is based on the PRA performed by the utility,
Philadelphia Electric Company (PECo); the second set,is based on the results-

_

of.the Brookhaven National laboratory (BNL) review of the PRA. The BNL'
[
| review resulted in an estimated core melt. frequency an order of magnitude

'

|: higher than the original utility assessment. Because of this disparity,
L both PRAs were evaluated.

In the evaluation of both the Limerick PRA review performed by BNL and
'

p the Oconee 3 PRA, it was not possible to separate:the B0P transients from
the reactor transients in the general Plant Transients initiator category.
The-totals for the " good" and " poor" core melt frequencies for these two
PRAs are therefore slightly. low because they do not include the contribution

,

of reacter transients to the core melt frequency. However, the difference
|

.
.
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Table 5-4
Contributions. to Core Melt Frequencies _ at

Connecticut Yankee Due to Changes in
BOP-Related Transient Initiator Frequencies

low B0P High BOP

PRA Transient * Transient *

General plant transient 5.3E-5/yr 9.5E-6/yr 8.2E-5/yr
loss of main feedwater 3.8E-5/yr 6.4E-6/yr 2.2E-5/yr
10RV 5.9E-6/yr 5.9E-5/yr--

Other 4.7E-4/vr 4.7E-4/vr 4.7E-4/vr

Total 5.5E-4/yr 4.9E-4/yr 6.3E-4/yr

CHF calculated using' study data on the frequency of B0P-related transient*

initiators at PWRs rated best/ worst in terms of B0P performance.

1

.

!

.j

1

|

t '
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4 Table 5-5
, Summary of Calculated Core Melt Frequency Results-

oi CMF(/yr)

Low BOP High BOP-

R Transient (l) ' Transient (I)- ACHE (2)-

Connecticut Yankee 5.5E-4 4.9E-4 6.3E-4 1.5E-4

Limerick (PEco)- 1.5E-5 9.6E-6 1.7E-5 7.3E-6

-Limerick (BNL) 1.0E-4 5.3E-5(3) 1.5E-4(3) 9.6E-5-

. Millstone 1 (Rev .0) 8.lE-4 8.0E-4 3.5E-3 2.7E-3'

Millstone 3 (LLL) 1.0E-4 9.lE-5 9.6E-5 4.4E-6-

-Oconee 3 5.4E-5 4.6E-5(3) 5.3E-5(3) 6.7E-6-

(I) CHF. calculated using study data on the frequency of B0P-related
transient initiators at 10 best and 10 worst BOP trip performance
plants.

(2)ACMF = High B0P Transient CMF minus low BOP Transient CHF.

(3) This does not include the contribution from reactor. transients.

,

,.

5-11
..

,s

, , . . _ . . . . , .
..

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



.-

'

4 +
- .

' .between the " good'" and ' poor" core melt frequencies is accurate'since the
contributtin of reactor' transient' initiated core melt sequences would be the -

1

same for both' cases.

At an_be seen from Table 5-5, the impact on the core melt frequencies of-
the six PRAs varied considerably from plant to plant. . The' impact'was-

greatest for Millstone 1, where an increase of 2.7E-3/ year.resulted from the
use of the high BOP transient frequency versus the use of the low BOP
transient . frequency, i.e., " poor" plant data versus " good" plant data. This
increase is due to two factors. One is the relatively high frequency of
transients initiated by a loss of feedwater at the " poor" BOP performance
BWRs. -The second is the unique design of the Millstone I high pressure -
injection system.. Millstone 1 utilizes the feedwater system to provide high
pressure injection. Therefore a loss of feedwater not only trips the plant
but also results in the failure of the high pressure injection system.
(From plant specific data, the Millstone 1 PRA used a loss of teedwater
initiator frequency lower than the corresponding " low BOP transient"
frequency from the study data, 0.096 versus 0.15).

For the remaining plants the impact of the B0P system transients varies from
4 percent to nearly 100 percent of the total core melt frequency. Using the
delta between the core melt frequencies resulting from the use of " good" and
" poor" plant' data as the measure of the impact of B0P system behavior, the
three PWRs showed the least impact due to B0P related events; for all three
PWRs, the difference was less than 30 percent. This is due in part to the
smaller differences between the " good" and " poor" plant data for the Loss of
Feedwater and Loss of PCS transients for PWRs compared to'the BWR data. But-

-it is also indicative of the contribution of BOP-related transients to the
total core melt frequencies for BWRs and PWRs. In the BWR PRAs considered,

BOP-related transients contributed a third or more of the total core melt
frequency. For the PWR PRAs the BOP-related transients contributed only
approximately 10 percent of the total core melt frequency. BOP-related-
tran'sients contributed significantly more to the core melt frequencies of
BWRs than PWRs, and the results of BWR PRAs are therefore affected by
changes in B0P transient frequencies to a greater extent than the resu'its of
the PRAs for PWRs.

5-12
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The events for the ' good" and " poor" performance plants in the BOP data bne ;

have been categorized as Plant Transients, Loss of Feedwater events, Loss of ;

PCS events and in one case a Spurious Opening of a Steam Relief Valve. This |

1 set of events' does not include all of the types of BOP initiators generally j
? found in a F'%. System failures that causv a plant trip and also affect the f

oper+bility of systems used to mitigate the , msequences of a plant trip are j
|

also considered as initiating events. For example, loss of air is !
iconsidered as an initiating event that usually causes a plant trip, a loss
Iof feedwater, and a degraded operating condition for the auxiliary feedwater

(AFW) system in PWRs. These events can also be considered BOP related !

transient initiators, and in some cases they contribute a significant '

fraction of the core melt frequency for a plant.
;

The analysis discussed above addressed the difference in plant risk due to j
the difference between the reliability characteristics of " good" and " poor' |

performance plants. Because the types of system failures that could trip a !

plant and also degrade a mitigating system's performance did not appear in !

the data for the " good" and " poor' performance plants, no difference in f
plant risk due to those types of failures could be calculated. Those types ;

of failures generally have relatively low frequencies, on the order of IE- F

3/ year. It is therefore not surprising that there are no such events-in the
limited portion of the data base used in this analysis, which represents i

on,y approximately 55 critical years of reactor operation. The data bace :*

did include some partial failures of support systems, for example AC power
and air systems. Ttose failures resulted in either a trip or a trip and~
loss of feedwater and were included in the categories used in the analysis.

Table 5 6 presents data thtt nore completelv address the importance of B0P |
systems to olant risk. This table includes the delta rm caMt.ations 4

!described previously but it also includes "he total ccM ibution of B0P-
I

relCed transient initiators as calculated in the six PRAs. This table
showt that for the PWRs (Connecticut Yankee, Millstone 3, and Oconee 3), the ;

contribution of BOP related transients is significantly higher than the
delta ria calculations would imply. The BOP support system initiators
contribute more to the PWR PRA results than to the BWR PRA results.
Although Me delta risk calculations for the PWRs show a relatively minor ;

impact on pilint risk (as little as a 4 percent change) the importance of all
BOP-related initiating events is somewhat greater.

5-13
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Table 5 6
Contribution of BOP Related Transients to Core Melt Frequency'

|

Plant Total BOP-Related BOP % of
CMF f/vr) [MF f/vr)* 1., ACMF f/vr)+ lotal CMF

BWR

Limerick (PEco) 1.5E-5 7.8E-6 52 7.3E 6 49

Limerick (BNL) 1.0E 4 <5.9E-5 <59 9.6E 5 96

Millstone 1 8.lE-4 2.9E-4 36 2.7E-3 333

PWR

Connecticut Yankee 5.5E-4 8.lE-5 15 1.5E-4 27

Millstone 3 1.0E-4 1.4E-5 14 4.4E 6 4

Oconee 3 5.4E-5 <2.8E-5 <52 6.7E-6 12

(*) CMF due to transients initiated by events involving 80P systems
(+) The difference between the plant CMF using " good" and " poor * BOP

-performance plant data

5-14
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5.2 BOP Influence on Accident Precursor Events

The three most recent reports from the Accident Sequencs Precursor Program

(References 7 9) were examined to evaluate the influence of 80P failures on
accident precursor events.

The Accident Sequence Precursor Program reviews r ports (LERs) of
operational events at light water reactors to identify and categorize
precursors to r. Mential severe core damage accidents. The accident
sequences considered in the program are those which could lead to inadequate
core cooling. Accident sequence precursors are defined as events that are
important elements in those accident sequences characterized by inadequate
core cooling and resulting core damage. The precursor events of interest
could be either initiating events or events that contribute to such
sequences subsequent to the sequence initiator. This BOP influence
evaluation focused exclusively on initiating events.

During 1984, approximately 2400 LERs were prepared by licensees to report
operational events in accordance with NRC reporting requirements. Of these
2400 events, approximately 900 were selected for detailed review, and 48 of
these were judged to meet the definition of accident precursor events.
After inserting these events into the appropriate places of accident
sequence event trees and quantifying the sequences, 18 were estimated to
have an associated conditional probability of severe core damage 11 x 10*4
That is, given the precursor event, there was a probability 1 1 x 10'4 that
the operability states of other systems and components would be such that
inadequate core cooling and severe core damage would result. Information on
these 18 precursor events is provided in Table 5-7.

Elevan of the 18 precursor events with a comparatively high probability of
core camage had BOP initiatcrs. These are also identified in Table 5-7 and
consist of five feedwater/ condensate system degradations, two station
transformer failures that caused loss of offsite power, and four one-of a-
kind events (main generator bearing failure, MSiv spurious closure, moisture
separator high level trip, and a surveillance procedure inadequacy). Seven

of the 18 comparatively high-probability core damage precursor events did
not have BOP initiators.

5-15
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Table 5-7' :
; Summary
4 1984 Precursor Report Data *

Events With Conditional Estimated PCD > I X 10-4**
.

4

BOP Initiating Involved Conditional
Plant LER Initiator Event Systems Estimated P,0,

1. La Salle 1 373/84-054 No RCIC turbine trip; RCIC turbine oil 2.3 x 10-3,

| clogged prefilter RCIC turbine'

in actuator oil steam
: system.

2. La Crosse 409/o4-Oll Yes Loss of offsite Diesel 9.9 x 10-4
power; station generators
transformer failure. Safety Injection

E 3. Ouad Cities 1 254/84-014 No Two LPCI valves RHR; I HPCI MOV 6.7 x 10-4
would not open
for RHR mode.

4. La Salle 2 374/84-017 Yes Loss of feedwater, Turbine and 3.8 x 10-4
human error. motor-driven FW

4

pumps

5. Susquehanna 2 388/84-006 No LPCI Train "A" LPCI train "B" 3.3 x 10-4
inoperable. RHR,

6. Brunswick 1 325/84-006 Yes Loss of feedwater, Condensate; 2.6 x 10-4
human error. Instrument air '

,

* Reference: -NUREG/CR-4674, Precursors to Potential Severe Core Damage Accidents: 1984, A Status Report,
Volumes 3 and 4, May 1987.

i ** PCD - Probability of core damage.

|
|
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Table 5-7
Susmary

1984 Precursor Report cata*
Events With Conditional Estimated PCD 1 1 X 10-4** (Continued)

BOP Initiating Involved Conditional
Plant LB Initiator Evect Systems Estimated PCD

7. Susquehanna 2 388/84-013 .No Test - Loss of Diesel Generators 2.2 x 10-4
T/G and loss of (4-all failed to
offsite power. start); RCIC

8. St. Lucie 2 389/84-004 Yes Mair, feedwater Auxiliary FW 2.0 x 10-4
pump trip. (started and

tripped) Main Steam
Safety Valve

7
9. St. Lucie 2 389/84-011 Yes Main generator Auxiliary FW 2.0 x 10-4'

bearing failure (started and t

- loss of load. tripped)

10. Indian Pt. 3 286/84-015 Yes Loss of offsite Diesel Generators 1.9 x 10-4
power; station (1 breaker failed
transformer to close)
failure.

11. Davis Besse 346/84-003 Yes MSIV closure MSIV, MSSV, 1.5 x 10-4
during SFRCS SFRCS, AFW
testing.

12. Brunswick 2 324/84-018 Yes Moisture separator Condensate, 1.4 x 10'4
high-level trip. Turbine Bypass

t

* Reference: NUREG/CR-4674, Precursors to Potential Severe Core Damage Accidents: 1984, A Status Report,

Volumes 3 and 4, May 1987.

** PCD - Probability of core damage.
1
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Table 5-7
Summary

..

1984 Precursor Report Data *
2 1 X 10-4** (Continued)Events With Conditional Estimated PCD .7

i

BOP Initiating Involved Conditional
LE_Il Initiator Event Systems Estimated PCD 'EPlant

13. Susquehanna 1 387/84-010 No Stuck open SRV ADS, SRVs 1.4 x 10-4
during ADS test.

14. Browns Ferry 3 296/84-012 Yes low RV water SRVs, Condensate 1.2 x 10-4
level; inadequate Booster Pumps
su7eillance
procedure.

h 15. Brunswick 1 325/84-014 No Erroneous APRM RCIC, SRV, MSIV 1.2 x 10-4
v,

signal to RPS.

16. Quane Arnold 331/84-001 Yes FW recirculation SRV, HPCI, RCIC 1.2 x 10-4
valve failed open,
decreasing FW flow.

17. Browns Ferry 3 296/84-015 Yes- Failure of Condensate pump 1.1 x 10-4
condensate pump, breaker, CRD
low RV level. pumps-

18. Browns Ferry 1 259/64-027 No MSRV leakage. TORUS 1.0 x 10-4

Reference: NUREG/CR-4674, Precursors to Potential Severe Core Damage Accidents: 1984, A Status Report,*

Volumes 3 and 4, May 1987.

** PCD = Probability of core damage.

|
' ' '
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During 1985, approximately 3000 LERs were prepared by licensees to report
operations events in accordance with NRC reporting requirements. Of these ;

3000 events, approximately 1400 were selected for detailed review, and 63 of |

these were judged to meet the definition of accident precursor events.
; After inset ting these events into the appropriate places of accident
! sequence event trees and quantifying the sequences,11 were estimated to

have an associated conditional probability of severe core damage 21 x 10*4 !

Information on these 11 precursor events is provided in Table 5-8. !
!

Nine of the 11 precursor events with a comparatively high probability of !

core damage had B0P initiators. These are also identified in Table 5 8 and i

consist of seven feedwater/ condensate system degradation, one auxiliary i
transformer degradation, and one turbine pressure regulator failure. Only

;

two of the 11 precursor events with a comparatively high probability of core i

damage did not have BOP initiators.

During 1986, approximately 2900 LERs were prepared by licensees to report
operations events in accordance with NRC reporting requirements. Of these
events,1320 were selected for detailed review, resulting in 34 that were ;

judged to meet the definition of accident precursor events. After inserting i

these events into accident sequence event trees and quantifying the i

sequences, six events were estimated to have an associated conditional |

probability of severe core damage 1 1 x 10'4 Information on these six |
precursor events is provided in Table 5-9. j

!

Three of the 6 precursor events with a comparatively high probability of
,

core damage had B0P initiators. These involved (1) loss of pressure in the ;
turbine governor oli system, (2) fuse-related problems in an electrical bus ;

|
'

control circuit, and (3) a faulted controller for condenser steam dump- |
valves.

|,

! Summary |
:

I

for the 3 year period 1984 through 1986, 145 precursor events were J

|
identified from LERs, and 35 of these precursors had estimated conditional- j

probabilities of severe core damage 2 1 x 10'4 Twenty-three of these 35 j'

more significant precursor events (66 percent) involved B0P initiators. |
Thus, the fraction of BOP initiation of the more significant precursor

5-19
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Table 5-8
Sumary

1985 Precursor Report Data *
1 1 X 10-4**Events With Conditional Estimated PCD

BOP Initiating involved Conditional

LE_E Initiator Event Systems Estimated PCDE$ ant

1. Davis Besse 346/85-013' Yes Loss of AFW, PORV 1.1 x 10-2
feedwater;

control system
failure.

2. Hatch I 321/85-018 No Spurious SRV SRV, MSIV 1.8 x 10-3
actuation from (Unrelated HPCI
flooded electrical trip)

panel.
T

3. San Onofre 1 206/85-017 No Partial loss of AC vital buses 9.4 x 10-4E?

offsite power. diesel generators

4. Turkey Pt. 3 250/85-021 Yes Failure of AFW, Instrument 9.0 x 10-4
feedwater control Air

valve to open.

5. Trojan 344/85-009 Yes High temperature AC Power, AFW 4.5 x 10-4
trip on auxiliary (multiple trips.)
transformer.

6. Davis Besse 346/85-002 Yes Feedwater control AFW (inadvertent 3.0 x 10-4
system failure. trip),SFRCS

7. Oyster Creek 219/85-012 Yes Turbine pressure MSIV, SDV, Fire 2.3 x 10-4
regulator failure; Deluge System,
MSIV closure. Relief Valves, RCIC

* Reference. NUREG/CR-4674, Precursors to Potential Severe Core Da:nage Accidents: 1985, A Status Report,
Volumes I and 2, December 1986.

** PCD - Probability. of core damage.

_.
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Table 5-8^ -

Summary.
1985 Precursor Report Data *

2.1 X 10-4** (Continued)~ Events With Conditional Estimated.PCD

BOP Initiating. Involved Conditional
Plant LER- Initiator Event Systems Estimated PCD

8. Hatch 1 321/83-010 Yes Loss of vital AC, HPCI, RCIC, 2.3 x 10-4
FW pump runback, SBGTS, RWCU,
FW pump trip. MFW, RPS

9. Grand Gulf 416/65-050 Yes Loss of feedwater; Hotwell level 1.8 x 10-4
condensate and indication,

FW. pump trips. HPCS, RCIC

10. Hatch 2 366/85-030 Yes Loss of feedwater; HPCI, RCIC, 1.2 x 10-4
~

u, -condensate booster SBGTS,
A,

pump failure. Containment''

Isolation

11. Browns Ferry 1 259/85-016 Yes Loss of feedwater; HPCI, RCIC, 1.0 x 10-4
controller failure MSIV,
of turbine-driven Containment
feed pumps. Isolation

-

Reference: NUREG/CR-4674, Precursors to Potential Severe Core Damage Accidents: 1985, A Status Report,*

. Volumes I and 2, December 1986.

** PCD - Probability of c' e damage.
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Table 5-9
'

Summary
1986 Precursor Report Data *

1 1 X 10-4**. Events With Conditional Estimated PCD

BOP Initiating Involved Conditional
Plant LER Initiator Event Systems Est imated PCD

1. Catawba 1 413/86-031 No Weld failure in CVCS, letdown 3.3 x 10-3
letdown line heat exchanger,

MCC, 600v AC

2. Turkey Point 3 250/86-039 Yes toss of turbine Turbine control 1.4 x 10-3
governor oil- oil, PORV, auto
system pressure rod control

y 3. Robinson-2 261/86-005 Yes Failed or loose AC distribution 3.0 x 10-4-
g fuse in electrical emergency diesels

control circuit PORV, MSIV, SI

4. Indian Pt. 2 247/86-035 No loose wires in RPS, AFW 2.9 x 10-4
RPS relay circuits

5. Catawba 2 414/86-028 No Inadvertent opening SI, AFW, auxiliary 1.1 x 10-4
of SG PORVs shutdown panels,

CVCS

6. Indian Pt. 2 247/86-017 Yes Faulted controller SI, MSIV, 1.0 x 10-4
caused opeing of steam dump
condenser steae controller
dump valves

* Reference: NUREG/CR-4674, Precursors to Potential Severe Core Damage Accidents: 1986, A Status Report,
Volumes 5 and 6, May 1988.

** PCD - Probability of core damage.
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events is about the same as the fraction of BOP initiation of reactor trips
-in general. A summary of the BOP influence on precursor events for the
years 1984 through 1986 is given in Table 5-10.

5.3 Summary of Risk Imolications

The results of the delta risk analysis (Section 5.1) and the evaluation of
BOP-related precursor events (Section 5.2) both show that the reliability of
BOP systems can have a significant impact on the risk profiles of nuclear
power plants. For BWRs, in particular, plant core melt frequency appears to
be highly sensitive to the frequency of BOP-related transients. Using the
study data for " poor" BOP performance BWRs, the delta risk analysis yielded
core melt frequencies that were 2 to 4 times greater than the frequencies
obtained using the data for the " good" BOP performance BWRs. The
corresponding differences for PWRs were comparatively small, ranging from a
factor of 1.1 to a factor of 1.3.

Twelve of the 23 precursor events that were considered to be BOP related and
had a high probability of resulting in core damage occurred at BWRs. This
is a disproportionate number of such events at BWRs, since approximately
two-thirds of all operating U.S. reactors are PWRs. This finding supports
the conclusion that BOP-related events are more important, from a risk
perspective, at BWRs.

The overall impact of B0P system performance is greater than shown by the
delte risk analysis for both BWRs and PWRs. Each of the PRAs used in the
analysis included transient initiators with relatively low frequencies that
can be considered B0P related but Od not appear in the study data base for
the " good" and " poor" B0P performance plants. Therefore the risk associated
with those types of events is not reflected in the delta risk calculations.
However, if those types of events are included in the BOP contribution to
core melt frequency, the contribution of BOP related transients ranges from
14 percent to approximately 50 percent for PWRs, and from 36 percent to 59
percent for BWRs.
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Table 5 10
Summary of BOP influence on Precursor Events, 1984-1986

fffggrsor events desianated

48 events in 1984, out of approximately 2400 LERs

63 events in 19t% out of approximately 3000 LERs

34 events in 1986, out of approximately 2900 LERs

1984 ort _ursor events

1 1 x 10-4 |18 of 48 events had estimated conditional PCD

11 of 18 events h d BOP initiators ]

5 feedwater/ cot.densate system degradation
2 station transt'ormer failure; LOOP
1 main generator bearing failure ,

1 MSIV spurious closure ,

1 mnisture separater high-level trip :

;I surveillance procedure inadequacy
4

!7 of 18 events did not have B0P initiators
!

' 1985 orecursor events

1 1 x 10'411 of 63 events had estimated condi'.ional PCD

9 of 11 events had BOP initiators t

7_ feedwater/ condensate systen: degradation
1 auxiliary transformer degradation .

I turbine pressure regulator failure |

2 of 11 events did not have B0P initittors

1986 orecursor events

1 1 x 10'46 of 34 events had estimated conditional PCD
'

3 of 6 events had BOP initiators

1 loss of turbine governor oil system pressure
1 faulted or loose fuse in an electrical bus control circuit

iI faulted controller for condenser steam dump valves

3 of 6 events did not have BOP initiators

For 1984 throuah 1986, *

23 of 35 "|iigh PCD" events (66%) had B0P initiators

I 5 24
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' 6. FINDINGS AND RECOMMENDATIONS
:

The major finding of this study was the dramatic reduction in BOP-related
trips at. commercial nuclear power plants over the 5-year study period from
January 1, 1984 through December 31, 1988. This improved performance
reduces the urgency of regulatory action to address BOP-related safety
concerns. However, regulatory actions can be taken to (1) address the
problems of licensees whose BOP trip performance is substantially less
favorable than the industry average, and (2) r.iaintain or further improve the
performance levels achieved toward the end of the study period.

6.1 Findinas

1. For the 76 mature nuclear units (0L before January 1, 1983) in the
study data base, the avera9e number of B0P trips per unit was reduced
from 4.4 per critical year in 1984 to 2.4 per critical year in 1988.

The average mature unit over the 5-year period experienced 3.8 BOP
trips per critical year. The corresponding value for the best-
performing unit in the data base was 0.2 B0P trips per critical year;
the worst performing unit experienced 11.2 B0P trips per critical year.

2. On a calendar year basis, for the 76 mature nuclear units in the study
data base, the averapa number of 80P trips per unit was reduced from
2.8 per calendar yer.r in 1984 to 1.6 per calendar year in 1988.

The average mature unit over the 5-year period experienced 2.3 B0P
trips per calendar year. The best performing unit experienced 1 B0P
trip in 5 years; the worst-performing unit experienced 34 B0P trips in
5 years.

3. Nearly 30 parcent of the B0P-related trips resultec from multiple-cause
events.

This is a surprisingly large fraction of multiple cause B0P trip
events. Although there is some " softness" in the data, it is clear
that multiple-cause events are more prevalent than previously assumed
by many observers, and this finding has implications for statistical

6-1

.___ _-__ _ _ - -



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

.

and risk assessment analysts. Most of the mL1tiple cause trips were
not from coincident independent failures or common-cause events, but
rather from pre existing conditions (e.g., degraded operability states
of various systems or components) that were revealed when a related
system or component was actuated.

4. Approximately 70 percent of the 80P-related trips resulted from a
single event.

A single component failure was the causative mechanism in 49 percent of j
these single-cause trips, and a single human action accounted for |
approximately 34 percent. The balance of the single-cause events were

'

of design, procedures or environmental origin, with a few classified as
spurious or unknown. )

I

5. Considering B0P trips resulting from both single and multiple causes, )
nearly four out of every five events contributing to B0P trips were i

either component / equipment failures (47 percent) or human actions (31
percent).

Clearly the two most dominant general contributors to BOP trip l

causation are component / equipment failures and human actions. The
value cited for human actions does not include design or procedural
inadequacies, which were categorized separately. It follows from this
finding that, in order to be successful, programs directed at achieving
reductions in BOP-related trip frequencies will need to contain both a i

technical element (component, system or functional reliability - I

improvement) and a human performance element (a reduction in human
'

errors'in operations, maintenance and surveillance).
;

6.. NSSS Owners Groups with aggressive trip reduction programs are :

apparently achieving results in the form of reduced frequencies of B0P- i

related trips,

| Table 3-2, which shows annual average B0P trips per unit per calendar
year by NSSS vendor, suggests that:

i

62
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o the Westinghouse Owners Group's Trip Reduction and Assessment
Program (TRAP) began to show results in 19851

o the Babcock and Wilcox Owners Group's Safety and Performance
Improvement Program (SPIP) began to show results in 1986; and

o the General Electric Owners Group's Scram Frequency Reduction
Program and the Combustion Engineering Owners Group's Scram
Reduction Program did not begin to show results until 1988.

7. At the system level, 30P trip causation was dominated by the
condensate /feedwater system (40 percent of total trips) and the
turbine / generator system (30 percent of total trips).

The degree of dominance of the two major contributors to BOP trip
causation, the condensate /feedwater system and the turbine / generator
system, was significant. -The next largest contributor, AC power
systems, contributed only 12 percent. Proceeding down the list, main
steam systems contributed 6.4 percent, air systems about 3 percent, and
the other_ major systems contributed 2 percent or less (e.g.,
instrumentation and control systems, circulating water syt' ems, etc.).

8. At the subsystem level, 80P trip causation was dominated by the
feedwater control subsystem (61 percent of feedwater-related tripst 25
percent of total trips) and.the turbine / generator instrumentation and
control subsystem (60 percent of turbine / generator related trips: 18
percent of total trips).

Taken together, feedwater control and turbine / generator 18C problems
caused more than 40 percent of the total B0P trips. Many of the
feedwater control problems were at low power levels, often associated
with manual feedwater control or the transition from manual to
automatic feedwater control. The turbine / generator I&C problems
centered primarily on the electro-hydraulic control (EHC) system for-
the turbine.

6-3
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g. At the component level, excluding the human * component," 40P trip
causation was not dominated by any single component or small group of
components.

A majority of the BOP-related trips was caused by aggregated small
contributions from a very large number of different components. Pumps,

valves and circuit cards were the largest contributors in most cases,
but none of these contributed a large fraction of the total. This
complicates the task of achieving further improvements by requiring
that a component reliability improvement program be very broad based,
and not focused on a few major contributors.

10. Nearly all the units with the best B0P trip performance (fewest 80P-
related trips) have motor-driven feedwater pumps: nearly all the units 1

with the poorest 80P trip performance (highest numbers of B0P trips) |
have turbine-driven feedwater pumps.

s

feedwater systems with motor driven feedwater pumps perform more4

reliably than systems with turbine driven feedwater pumps. In i

addition, plants with excess feedwater capacity perform only marginally
better than plants without excess feedwater capacity. Apparently, the .I

combination of feedwater control characteristics and reactor trip |

setpoints on steam generator level do not usually allow operators
enough time to utilize excess feedwater pump capacity to avoid a trip
when a feedwater pump is lost.

11. From a risk peh pective, 80P-related transients contribute
significantly note, on a fractional basis, to the estimated core melt )
frequencies of blRs than they do to PWRs. J

l

Core melt fre<uency estimates in BWR PRAs are more affected by changes ;

in B0P transient frequencies than are the corresponding estimates for
,

PWR PRAs. Based on a limited number of PRA comparisons, the
incremental core melt frequencies between " good" and " poor" performers
in term.. of B0P related trips were factors of 2 to 4 for BWRs and
factors of 1.1 to 1.3 for PWRs. ;

,

t
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12. 80P-related transt *nts are the' initiating events for approximately two-
thirds of the more significant accident precursor events.

The NRC's Accident Sequer.ce Precursor program estimates the conditional
- probability of severe core damage associated with the occurrence of

operating events. For the years 1984 through 1986, 35 operating events
were calculated to have eniented conditional probabilities of severe
core damage greater than or equal to 1 x 10'4 Two thirds of these
events (23 events) had BOP initiators. This two-thirds fraction is
approximately the same as the BOP related contribution to total
unplanned reactor trips.

6.2 Recommendations

The dramatic reduction in the number of BOP-related reactor trips'at
_

commercial nuclear power plants over the 5 year period ending December 31,
1988, reduces the urgen:y of regulatory actions directed at B0P performance

- improvements. However, regulatory actions can and should be taken to (1)
ir.aintain the trend toward decreasing numbers of B0P-related reactor trips

;

among NRC licensees, and (2) address the problems of licensees whose

L performance is substantially less favorable than the industry average.

6.2.1 General Recommendations

-

:' 1. Communicate to licensees and applicants, in the form of an
informational generic letter, the results of recent studies on BOP-.

related trips and overall scram reduction experience.

- This generic letter should point out where improvements in trip
reduction can be made while formally acknowledging the recent improved
performance of most licensees. Transmitted with this informational

.

generic letter should be a copy of this B0P-specific study and a copy
of Volume 5 of NUREG 1275, " Operating Experience feedback Report -

1 Progress in Scram Reduction," Harch 1989. This generic letter, with
the attached reports, will provide licensees with a basis for making
decisions on their plant-specific programs for minimizing unplanned
reactor trips.,

6 5! i
i

!

. . . . . . . . . . . . . _ _ _ _ _ _ . . .



2. Identify monitor and communicate with licensees who are not achieving
an acceptably low frequency of B0P-related trip events at their
facilities.

For the purposes of identifying licensees in need of increased
regulatory attention, an " acceptably low frequency of BOP related trip
events" could be defined as the 5 year (1984-1988) industry average,
3.8 BOP trips per critical year, plus one standard deviation
(approximately 2.2) or about 6 BOP trips per critical year. It is ,

recommended that licensees who do not achieve a frequency less than |
about 6 BOP trips per critical year, in any given year, be candidates

|
for increased regulatory attention to B0P performance. Actions could i

include consultatinns with the licensee on how the problem is being '

addrested, and spe:ial inspections on B0P systems reliability, the
cdequacy of ront -vause analysis of reactor trip events, and performance f
trends, j

f
3. NRC should wtrk with INPO, the Owners Groups, and EPRI to assist !

licensees in achieving and maintaining an acceptably low frequency of
B0P-related trip events at their nuclear plants. :

.

Because of the limited reach of NRC's regulations into the BOP systems, !

improvements in BOP performance will (and have) come largely through !
'industry initiatives on the basis of economics and reliability.

However, based on the findings of this study, NRC could stimulate I

improvements in BOP systems performance by working with industry in the
)following areas:
,

1

a. Encourage a steadily increasing level of industry performance ;

of root cause analyses of reactor trips,
;

b. Encourage Owners Groups and individual utilities to continue
their aggressive pursuit of trip reduction programs,

c. Process requests for BOP-related changes to Technical ;

Specifications in a timely manner.

,
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d. Investigate why turbine driven main feedwater pumps do not
perform as reliably as motor driven main feedwater pumps,

e. Investigate how to make better use of excess feedwater
pumping capacity (where it exists) to reduce the frequency of
feedwater-related reactor trips.

4. NRC should formally incorporate 50P trip avoidance experience into the
Systematic Assessment of Licensee Performance ($ ALP) process, 6 g., as

an element in the safety Assessnent/ Quality Verification category.

This action would increase the visibility level of BOP performance
trends among licensee management, resident inspectors, NRC Project
Managers, and HRC-senior management. This action could be coordinated
with programs on performance indicators, maintenance improvements and
routine inspections.

,

6.2.2 S.gecific Recommendations

1. Establish a responsibility center within NRC to specifically monitor
and evaluate B0P-related reactor trip experience.

The functions of this responsibility center would be to identify
" outliers" in terms of BOP trip experience; compare licensee and>

:

overall industry performance with goals established by NRC and by
industry; compare industry performance with that in foreign countries;
and periodically report to the NRC management on the state of B0P
systems performance.in the industry.

2. NRC should expand the role of 80P systems in ongoing NRC activities,
specifically in the areas of inspections, maintenance policy. Technical
specifications improvements, human factors and training, severe
accident policy /IPEs, the Accident Sequence Precursor program, and
advanced reactors / standardization, as discussed below.

6-7 i
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a. Inspections

NRC should assure that Resident inspectors periodically evaluate
the BOP trip experience of their units. The special BOP
inspection program should be re instituted for plants with
particularly poor BOP trip performance histories,

b. Maintenance Policy /Rulemaking.

Draft Regulatory Guide DG 1001, * Maintenance Programs for Nuclear
Power Plants," should suggest a goal of less than or equal to one
BOP trip per calendar year on the same basis (e.g., capacity j

factor greater than 25 percent) as tne INP01990 goal for total :

reactor trips of 1.5 per calendar ye&r. NRC should evaluate B0P |
trip performance as a function of whether a licensee's maintenance
program provides the same level of attention to BOP systems as is i

given to safety systems. Specific emphasis should be given to
,

main feedwater' control systems and turbine electro hydraulic
control systems.

-

c. Technical Specifications Improvements
.

|

. NRC should evaluate, in coordination with licensees, BOP-related
safety limits, limiting conditions for operation, surveillance |
frequencies and trip setpoints for their effects on BOP trip
causation. Specific emphasis should be given to steam generator
level tiip setpoints, steam flow / feed flow mismatch trips, and the
frequency of turbine control valve testing,

i

d. Human factors and Training

The NRC programs on human fa' tors and training should include an
element or, avoiding BOP tript caused by operations and maintenance r

errors (and to a lesser degrse surveillance testing errors) by- *

both licensed and unlicensee, operations personnel.
,

l !

;
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e. Severe Accident Policy /IPEs f
!.

Because of the influence of BOP system failures on core melt |
frequency estimates, the NRC review of IPEs should compare the BOP |
initiating event frequincies used in the analyses with the
experience values reported herein,.

f. Accident Sequence Precursor Program f
!

NRC should build on the evaluation reported herein and perform an |
in depth evaluation of the influence of BOP system failures or !

degradations on the higher ranking accident precursor events. >

I
g. Advanced Reactors and Standardization t

,

"

With regard to BOP considerations, the NRC reviews of advanced
reactors and standardized designs should focus on improvements in
the main feedwater control and turbine electro-hydraulic control !

systems. Further, NRC should encourage the use of motor-driven
(rather than turbine-driven) main feedwater pumps.

3. NRC should expand the evaluation of the risk implications of B0P events -

to additional PRA studies to test the validity of the risk-related
findings made herein.

;

Based on a comparison with 6 PRA studies (3 PWR, 3 BWR, two on the same
BWR) this study concluded that the incremental difference in core melt :

>frequency estimates between " good" and " poor" BOP performers was a
factor nf 2 to 4 for BWRs and a factor of 1.1 to 1.3 for PWRs. NRC !

should expand tPs evaluation to more PRA studies to test the validity
of these estimates.

4. MRC should investigate the implications of the relatively large numbers
of multiple-cause events for' statistical and risk analyses.

The methods used in statistical or risk analyses for estimating common-
cause or dependent-failure events may not adequately account for the
types of multiple failures found in this study for magnitudes as large

t
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as 20 to 30 percent of total failures. NRC should examine the
implications of these highe- frequencies of multiple cause events,
which are (in general) neither dependent failures nor common cause
events. Also, the trade-offs associated with additional component
testing or more frequent testing would car.over more undetected
degradations, but it could also result in more inadvertent trips
associated with the testing.

!
1
i

:

!
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APPEIG1X A

Sample Entries from the BOP Data Base
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*** BOP RELATED EVENT *** :
................. .

Form: 88
Plant Name:'Dresden 2 ;

Event 10: 237/85 035 Power Level: 00% |
Event Date: 09/29/85 Trip Type: Auto -

BOP System: Turbine Generator,.
'

B0P Subsystem: Steam Relief'

BOP Component: Bellows

Cause 1: Design Related |
Cause 2: Component Failure: Bellows

,

Event Description: Steam flow through seal steam relief valves may have ,

damaged the bellows (expansion joint) during normal .

system operation. The damaged bellows resulted in a low
condenser vacuum causing a turbine trip and a subsequent
reactor scram. !

!

,

*** BOP RELATED EVENT ***
;.................

Form: 229 I

Plant Name: Quad Cities 1

Event ID: 254/86-030 Power level: 90%

Event Date: 10/16/86 Trip Type: Auto ;

B0P System: Turbine Generator
BOP Subsystem: T/G Instrumentation & Control
B0P Component: Human

Cause 1: Human Related: Maintenance :

Event Description: While testing the electro hydraulic control system, test
personnel generated a turbine bypass valve open signal. >

Subsequent excess steam flow caused MSIV closure and a ,

'

reactor trip on MSIV position.

A-1
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*** BOP RELATED EVENT ***
.................

Form: 230-
Plant Name: Quad Cities 1

Event ID: 254/86 038 Power Level: 15%

Event Date: 12/09/86 Trip Type: Auto

B0P System: Turbine Generator
BOP Subsystem: Condenser
BOP Component: Unknown

Cause 1: Unknown !

Cause 2: Human Related: Operations |

I

Event Description: Adequate condenser vacuum could not be maintained during
startup. Personnel attempted to continue startua hoping
the condition would improve. It didn't and t 1e plant '

tripped. The reason for failure to maintain condenser :
vacuum was not given. !

:

!

*** B0P RELATED EVENT *** i

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

Form: 231 !

Plant Name: Quad Cities 1
|

Event ID: 254/87-005 Power Level: 92% ;

Event Date: 03/17/87 Trip Type: Auto

B0P System: Main Steam
BOP Component: Valve :

Cause 1: Component Failure: Valve ;

Cause 2: Human Related: Maintenance i

Event Description: Turbine stop valve closure caused a turbine trip and a
reactor trip. The stop valvo closure was caused by a
high level.in the moisture separators which in turn was
partially due to a stuck open level control valve.
Operator attempts to repair the valve contributed to this
event because other level control valves could not i

properly handle sufficient flow.

A-2 '
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*** B0P RELATED EVENT ***
.................

Forn: 232
Plant L ):- Palisades

Event ID: 255/84 015 Power Level: 48%

Event Date: 08/04/84 Trip Type: Auto

BOP System: Turbine Generator
BOP Subsystem: T/G Instrumentation & Control
BOP Component: Human

Cause 1: Human Related: Maintenance

Event Description: E4C system repairs were not properly performed. The
t esulting vibration in the EHC system caused a turbine
trip and reactor trip.

*** BOP RELATED EVENT ***
.................

Form: 233
Plant Name: Palisades

Event ID: 255/85 010 Power Level: 98%

Event Date: 08/11/85 Trip Type: Auto

B0P System: Turbine Generator
B0P Subsystem: T/G Instrumentation & Control
BOP Component: Transformer

Cause 1: Component Failure: Transformer

Event Description: A motor operated auto transformer operated erratically
during a voltage adjustment, The erratic performance
caused a loss of generator load and a turbine / reactor
trip.

A-3



*** BOP RELATED EVENT ***
.................

Form: 276
Plant Name: Robinson 2

Event ID; 261/87 020 Power Level: 100%

Event Date: 07/10/87 Trip Type: Auto

BOP System: DC Power
B0P Component: Wire

Cause 1: Component Failure: Wire
i

Event Description: The plant tripped on July 10, 1987 due to a Feedwater i
regulator valve failure caused by an electrical short in
the DC wire to one of the two safeguard solenoids for the
valve operator. The solenoid failed due to entrapped
water in the solenoid condulet. The Feedwater regulator ;

valve closure resulted in Steam /Feedwater flow mismatch
coincident with a low SG 1evel. ;

'
-- _

4

*** BOP RELATED EVENT *** 1
.................

Form: 276 t

Plant Name: Robinson 2 -

;

Event ID: 261/87-020 Power Level: 72%

Event Date: 07/16/87 Trip Type: Auto

B0P System: Feedwater -

BOP Subsystem: Feedwater Control
80P Component: Feedwater regulator valve

Cause 1:-Component Failure: Feed reg valve
;

Event Description: On July 16, 1987, the reactor tripped on low SG 1evel
coincident with Steam /Feedwater flow mismatch caused by ,

the failure of the same feedwater regulator valve as
described in the 7/10/87 event. This time, the valve
failure was caused by the impaired function of the valve

. positioner. )
:

.
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'*** BOP RELATED EVENTS ***
* :i-.................

i
'

Form:- - '278
Plant Name:: Robinson 2 ;

Event ID:- 261/88-001- Power Level:- 66% :
Event Date: 01/19/88 Trip Type: Auto j

'

: BOP System: Turbine Generator ,

BOP Component: Regulator valve i

L

| Cause-1::Survelliance >

p Cause 2: Component Failure: Regulator vtive
Q 1

( (,- -

Event Description: Normal surveillance testing of the turbine was conducted, sz1" Due to wear and tear, an air operated pressure regulator !
valve' did. not function properly and was unable to

.

withstand the back pressure after the turbine was '

returned to service. A pressure loss -in the-- turbine
cm d the turbine to trip, which subsequently caused a-

m dne trip.
~

,

!

.i
*** B0P RELATED EVENT ***

'

'

g .................

$ Form:- 280 r

Plant Name: Monticello
|

'
E Event 10: 263/85-008 Power Level: 100%

Event Date: 04/11/85 Trip Type: Auto

-B0P System: AC Power
BOP. Subsystem: High Voltage Offsite

: BOP Component: Transformer
3

f .CauseLl: Human'pelated: Maintenance
p ,

k Event Description: A -phase fault occurred while a transformer was being-
[ *estored from maintenance. The fault was caused by a !

|: "non-plant" worker who forgot .to remove grounding cable
L after the completion of the work. Because the tripping
', control system was not yet in serv. ice, the turbine

control system initiated reactor scram. ('
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*** BOP RELATED EVENT ***
.................

Form: 281
Plant Name: Monticello

Event ID: 263/85 010 Power Level: 100%

Event Date: 06/12/85 Trip Type: Auto

BOP System: Main Steam
BOP Component: Human

Cause-1: Human Related: Surveillance
.

Event Description: During surveillance testing of the main steam low "

-pressure. instrumentation, a human error contrary to the
approved procedure was committed leading to MSIV closure, '

which then lead to a reactor trip. The technician failed
'to properly valve in and out the appropriate pressure '

switch channels. -

.

t

*** B0P RELATED EVENT ***
.................

Form: 368 "

Plant hmne: Salem 1
.

Event ID: 272/87-007 Power Level: 100%

Event Date: 06/02/87 Trip Type: Auto <

'

B0P' System:-Turbine Generator
-B0P Subsystem: T/G Instrumentation & Control

Cause 1:. Environment: Lightning

Event Description: A turbine / reactor trip occured when lightning struck in.
the vicinity of the DEANS = switching station causing a
momentary loss of the 500KV transmission line and
actuating the SALEM / DEANS " cross trip scheme" for
" generator protection". 'This X-trip was established to
prevent potential generator instability at Salem 1.

:

..
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*** BOP RELATED EVENT.***-*

1

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

Form:= 370
Plant Name: Salem 1

Event ID: 272/88-009 Power level: .100%

Event Date: 03/30/88 Trip Type: Manual

. BOP System: Turbire Generator
- BOP Subsystem:.T/G Instrumentation & Control
BOP Component: Indicator

- Cause 1: Component Failure: Indicator
Cause 2: Human'Related: Operations

Event Description: During full power operation, EHC pump 12 tripped and the
standby EHC pump 11 failed to auto start.. With -both
pumps failed, the control oil system pressure : decreased -
and the- turbine governor valves drifted closed. The
reactor was then manually tripped due to increasing T
avg. Prior to the event, the EHC oil had been leaking,
and constant refill was required. However, the- level
indicator malfunctionned, and constantly indicated normal
or full level, although oil level was actually at the
pump low level lockout setpoint. Thus the lack of
communication and level instrumentation failure were the
root causes of this event.

*** B0P RELATED EVENT ***
.................

Form:. 371
Plant Name:'Diablo Canyon 1

. Event 10:-275/84-015 Power Level: 2%

Event Date:-05/08/84 Trip Type: Auto

80P System: Main Steam
BOP Subsystem: Steam Relief
B0P Component: Circuit card

Cause-1: Component Failure: Circuit card

Event Description: A -failed pressure control module in the steam dump
. control system allowed several 40% steam dump valves to
open, initiating a high steam flow coincident with LO-LO
Tavg that tripped the reactor. This event occurred
'during startup.

,
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*** BOP RELATED EVENT ***
t.

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

Form: '374.
- Plant Name: Diablo Canyon 1

Event.ID: 275/84-030 Power Level: 21%

Event Date: 11/24/84 Trip Type: Auto-

BOP System: Turbine Generator
BOP-Subsystem: T/:1 Instrumentation & Control
BOP Component: Human

Cause 1: Human Related: Construction
Cause 2: Component failure: Valve

Event Description:.This. event .was caused by a loose wire in the turbine !

control system, et sing the system to malfunction.
Additionally, the 40% condenser dump valves failed to 1

open resulting in a turbine / reactor trip. The cause for-
the dump valve failure to open was traced to the- :
installation of control wiring according to an incorrect- '

drawing of the electrical connections. ,

,

*** BOP RELATED EVENT *** 4

-.................

Form: 471
Plant Name: Prairie Island 1

Event ID:- 282/86-010 Power Level: 100%

- Event Date: 12/12/86 Trip Type: kato

BOP System: Turbine Generator I

B0P Subsystem: T/G Instrumentation & Control '

B0P Component: Human

Cause 1: Human Related: Maintenance

p.

k Event Description: During troubla.ooting of the turbine EHC, a multichannel
L- event trigge,ed recorder was being connected to.the EHC :

|: cabinet. Incorrect use of this' device caused a turbine
trip / reactor trip.

E
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*** BOP RELATED EVENT *** j'

................. - !

n
'!Form: 475-

Plant Name: Fort Calhoun 1 i,

Event ID:- 285/86-004 Power Level: 085%
,

-Event Date: 08/01/864 Trip Type: Manual'
'

L BOP System:.AC Power
BOP. Subsystem: High Voltage
BOP Component: Bus duct

Cause 1:-Component Failure: Bus duct
Cause 2: Component Failure: Bus duct insulation

'

Event Description: An operator noticed smoke coming from the plant isolated
phase- bus duct. During the following controlled ;

shutdown, the condition worsened (the smoke intensified), i
'

The operators manually scrammed the reactor at 85% power.
The arcing of the bus duct was due to a breakdown of- the ,

insulation-on the bus duct. !,
.

1

. |

1

I*** B0P RELATED EVENT ***
- 1..................

Form: 477-
Plant Name: Indian Point 3

Event ID:- 280/84/005 Power Level: 90%
''

Event Date: 02/20/84' Trip Type: Auto

B0P System: Feedwater
BOP Subsystem: Feedwater Control
BOP Component: Solenoid valve

Cause 1: Component Failure: Solenoid valve

Event Description: A Steam /feedwater flow mismatch caused a reactor trip.
The flow mismatch was caused by closure of. a Feedwater
regulator valve due to failure of a trip solenoid. The

i

! solenoid failure ~ was caused by' water leakage into the
,

tsolenoid terminal box,

|'
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*** BOP RELATED EVENT ***
....... .........

Form:- 893-
Plant Name: Duane Arnold

Event ID: 331/86-017 Power Level: 5%-

Event Date: 06/13/86- Trip Type: Manual

BOP 3ystem:-Air
BOP Component: Air line

.Cause 1:-Component Failure: Air line
Cause 2: Environment: Contamination

Event Description: Dessicant material in instrument air flow lines caused a
fluctuation in the position of Feedwater control valves,
which caused a' trip of Feedwater block valves. This led
to a loss of Feedwater, which led to a manual reactor
trip on low reactor water level.

*** BOP RELATED EVENT ***-
.................

Form: 896
Plant Name: Fitzpatrick

Event ID: 333/84-009 Power Level: 67%

Event Date: 03/22/84 Trip Type: Auto

BOP System: Feedwater
B0P Component: Pump

'Cause 1: Component Failure: Pump

Event Description: Failure of a Feedwater pump bearing caused a loss of the
Feedwater pump which led to a loss of Feedwater. This
resulted in a reactor trip on low reactor water level.

A-10
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*** BOP RELATED EVENT *** i
'

''.................-

Form: - 097 :

Plant Name: Fitzpatrick;;
'

e

|: Event 10: 333/84-010 Power Level:- 25% i

|: Event Date: 03/25/85 Trip Type: Auto

BOP System: Feedwater i
BOP Subsystem: Feedwater Control :

. BOP Component: Contr61 oil i

Cause 1: Compo9;-t 7?ilure: Control oil

i

Event Description: Control oil leakage resulted in a loss of Feedwater due -!
to a Feedwater pump trip. This lead to a reactor trip on
low reactor water level.

i

i(
-

s

-i
'

*** BOP RELATED EVENT ***
.................

,

Form: 1074
Plant Name: Limerick ' :

Event'ID:' 352/87-048 Power Level: 090%

Event Date:- 09/19/87 Trip Type: Auto
.

B0P System: Turbine Generator
..

B0P Subsystem: T/G Instrumentation & Control-
B0P Component: Weld.

Cause 1: Human Related: Maintenance j

.

Event' Description: A weld failure resulted in low EHC oil pressure which
caused a turbine trip and reactor trip. Review revealed,

!! an isadequate weld.
L

,

1
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*** BOP,RELATED EVENT ***
.................

Form:. -1075
Plant- Nare:i Hope-Creek 1

Event'ID:- 354/86-034' Power Level: 003%

Event Date: 07/12/86: Trip Type: Manual

BOP System: Main Steam
BOP Component: Pressure transmitter

Cause 1:-Component Failure:-Pressure transmitter
Cause 2: Component failure: Pressure transmitter

Event Description: Two erroneous high steam flow signals caused an :MSIV
closure.- Operators elected to shutdown the plant. Cause.
of the- failure of the 2 pressure transmitters was not
determined.

*** B0P RELATED EVENT ***
.................

Form:. 1192
Plant Name: Arkansas Nuclear One - 2

Event ID:-368/87-008 Power level: 100%

Event Date: 11/14/87 Trip Type: Auto

B0P System: Turbine Generator
BOP Subsystem: T/G Instrumentation-& Control
B0P Component: Human

-Cause 1: Human Related: Maintenance-

Event Description:. Improper- calibration settings in-the . turbine vibration
trip system'resulted in a spurious high vibration signal
(in the turbine journal bearing vibration trip logic)
that led to a turbine trip and a subsequent reactor trip.

A-12



L ' *** B0P RELATED EVENT ***
.................

Form:: 1196
Plant Name: McGuire 1

Event-ID:L369/84-024 Power Level: 100%

Event Date:-08/21/84 Trip Type: Auto

BOP System: JAC Power-
BOP Subsystem: High Voltage
BOP Component: Computer

Cause 1: Component Failure: Computer
Cause 2: Design Related

Event Description: After: corrective maintenance, the restarted switchyard-
computer opened power circuit breakers, causing a reactor
and turbine trip.

.

*** BOP RELATED EVENT ***
.................

Form: _1316
Plant Name: Waterford 3

Event ID:'382/87-028 Power Level: 90%

Event Date: 12/11/87 Trip Type: Auto.

B0P System: Main Steam
BOP Component: Solenoid valve

Cause 1: Component Failure: Solenoid valve
,

Event Description: During MSIV testing, one MSIV went partially shut due' to
a failed solenoid valve. This resulted in a reactor
trip.-

A-13
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*** BOP RELATED EVENT ***-
.................

1317' Form: .

Susquehanna 1
*

Plant Name:

Event 110: 387/84-013 Power Level: 74%

Event Date:L03/03/84 Trip Type: Auto

B0P System: Turbine Generator
BOP Subsystem: Thrust. Bearing Wear Detector
BOP Component: Thrust bearing wear detector

'Cause 1: Spurious. Signal
. <

Event Description: During. weekly preventive maintenance activities, the ,

: turbine tripped on a spurious trip of the TBWD pressure i

switches. The reactor tripped following the fast (
closure of the turbine control valves. The cause of the '

turbine trip was not determined and is considered to have
been a spurious occurrence.

1
1

*** B0P RELATED EVENT ***
.................

Form: 1764
Plant Name: Clinton 1

Event ID: 461/87-060 Power Level: 90%-

Event Date: 110/02/87 Trip Type: Auto j

BOP-System: DC Power
B0P Component: Human

Cause 1: Human Related: Operations i

1
|

Event Description: An operator incorrectly opened a crosstie bretker between j
L<

2 non-class lE 125VDC distribution channels. The reactor
tripped on a reactor high water level signal.

|

:
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*** BOP RELATED EVENT ***,

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

Form: -1768
Plant- Name: Wolf Creek 1

Event ID: 482/85-039 Power level: 006%

Event Date: 06/06/85 Trip Type: Auto.

BOP System: Feedwater
,

B0P. Subsystem:. Steam Relief
B0P| Component: Human

Cause 1: Human Related: Surveillance

Event Description: Level oscillations caused tr a steam dump control system
test resulted in a low SG ~ievel and a subsequent reactor
trip.

*** BOP RELATED EVENT ***
.................

Form: 1851
Plant Name: Palo Verde 1

Event ID: 528/86 020 Power Level: 60%

Event Date: 02/03/86 Trip Type: Auto

BOP System: Feedwater
BOP Subsystem: Feedwater Control
B0P Component: Circuit-card

.Cause 1: Component Failure: Circuit card

Event Description: A failed control board in the Feedwater control system
resulted in .a temporary inability of the operators to
control Feedwater pump speed from the control room.
Loss- of manual Feedwater control led to a low SG Level
that subsequently tripped the reactor.

A-15
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APPENDIX B
s

B0P Trips per Calendar' Year by Plant j
.(Raw Data, 1984-1988)'
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' Table 8.1. '

. BOP Trips.By Year.- ; Babcock and Wilcox Units ')
.

.

-v

s.. :
t

'OL- BOP TRIPS 1

VEll DAll ill 161 '01 iRZ 168. TOTALS i
_

-

t

ARKANSAS NUCLEAR ONE 1 DEC 74 3 8 1 2 0 14 l
1:.

CRYSTAL RIVER 3 OEC 76- 2 8 0 2 '2 14 |

.
O

DAVIS BESSE- APR 77 2 4 1 4 2 13- >

OCONEE 1 FEB 73 2 4 2 0' I 9

OCONEE 2 ^CT 73 0 3 3 2 1- 9
:

-OCONEE 3' JUL 74 3 2 2 0 2 -9 ,'

RANCHO SECO AVG 74 5 3 3 11- -

TMI 1 APR 74 1 4 3 2 10 i-

=j
^

TOTALS 17 33 13 13 13 89

.

MATURE UNITS AVG 2.43 4,13 1.86 1.86 1.62 I
.(OLLBEFOREJAN83) J

t

,

| ;

f.:

p
,

'

.; '

> ,
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Table B.2.

I = BOP Trips By Year --Combustion Engineering' Units
_

'

OL BOP TRIPS

g g. 3 3 -3 3 3 TOTALS.

ARKANSAS NUCLEAR ONE 2 JUL 78- 5 4 1 2 0 12:

CALVERT CLIFFS 1 Jbt 74 4 6 2 5 3 20

CALVERT. CLIFFS 2 AUG.76 1 1 3 4 2 11

FORT CALHOUN 1 MAY 73 0 0 1 0 0 ;

MAINE YANKEE JUN 73 6 8 6 2 3 25

MILLSTONE 2 AUG 75 2 0 4 5 0 11

PALISADES _ OCT /2 1 2 2 4 0 9

PALO VERDE 1 DEC 84 5 6 2 4 17-

6 2 1 9PALO' VERDE'2 DEC 85 - -

0 0-PALO VERDE 3 JAN 88 - - - -

. SAN'ON0FRE 2 SEP 82 1 4 3 3 0- 111

oSAN'ON0FRE 3 SEP 83 3 2 3- 2 0 10.

ST;.LUCIE1- MAR 76 1 0 2 5 4 12

ST. LUCIE 2 APR 83 7 5 3 5- 0 20-

19 2 5 1 27.WATERFORD'3. DEC 84 -

TOTALS- 31 56 44- 46 18 195

(9). MATURE PLANTS AVG 2.33 2,78 '2.67 3.33 1.33
-(0L BEFORE JAN 83)

NEW PL' ANTS AVG 5.00 7.75 4.00 3.20 1.00-'

B-2
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Table B.3 |
-BOP: Trips by Year - General. Electric Units: -!

OL BOP TRIPS'
.-1811 .DAIE '31 '31 '61 .'.81 '.68 TOTALS. _

'

> BIG- ROCK POINT AUG 62 2 2 0 0' 2 6

BROWNS' FERRY _1 DEC 73 2 1 1 4 i- -

BROWNS FERRY'2- AUG 74 1 1 |- - - --

BROWNS' FERRY-3 AUG 76 2 1 3- - -

BRUNSWICK 1- NOV 76 3 1 5 1 1 11-
s

BRUNSWICK 2 DEC 74 1 1 1 2 3 8.

- CLINTON 1 APR 87- 7 2 9- - -

3 r

-COOPER 'JAN 74 2 1 2 6 2 13' I

DRESDEN 2- DEC 69 2 2 3 5 0 14- .i

- DRESDEN'3 JAN 71 7 3 4 7 1 22
'

DUANE ARNOLD- FEB 74 3 0 l' 0. 1 5,

FERMI 2 MAR 85 ]5 4. 6 5 20-

FITZPATRICK OCT 74' 3 5 2 3 0 13 -t

- GRAND GULF I? JUL.82 7 la 3 2 -2 27.

HATCH . I'' AUG 74 3 2 1 4 5- 15

HATCH 2- -JUN 78 2 2 5' 3 6 18
.-

HOPE CREEK 1 JUL 86 7 4 5 16- -

,

= LA SALLE 1- APR 82 .6 4 0 6 0 16-

i -- .LA SALLE 2 DEC 83 8 0 4 1 0 13 i
!-

|- LIMERICK OCT 84 2 1 2- 0 5-

MILLSTONE 1- OCT 70 0 2 3 3 1 9 I
s ,

' , '
|

:

B-3

p -1
'

.

H
-1

-

L_________.____--__-_---_---------------------------------^---^-^^^^
.

['~ ? - '



. - .- _. . . . . - - . .

: ,.

. . Table B.3
BOP Trips by Year General: Electric Units:(Continued)

OL BOP TRIPS

Ulul 0811 ill 16.h 186 ML 168 TOTALS

MONTICELLO SEP 70 0 2 1 3- 2 8

NINE MILE POINT 1 AUG 69 1 6- 1- 2 0 10

5 110 15.NINE MILE POINT 2 OCT 86 - - -

,

0YSTER CREEK APR 69 2 4 '3- 1- 1 11

PEACH BOTTOM 2 AUG~73 0 4 3 0 1 8 i

PEACH BOTTOM 3 JUL 74 2 1 8 2 0 13
i

1 8 4 13 |PERRY l MAR 86 - -

0 6'PILGRIM JUN 72 1 2 3 -

QUAD: CITIES 1 OCT 71 2 0 3 1 1 '7 R

p QUAD CITIES 2 APR 72 1 2 0- 4 4 .11

3 13 2 4 22 {RIVER' BEND 1 NOV 85 -

,

SHOREHAM (1) 1 |
1

SUSQUEHANNA 1 JUL 82 4 2 0 1 2 9 1

.SUSQUEHANNA 2 MAR 84 4 3 2 1 0 10

2
VERMONT YANKEE FEB 73- 2 0 0 3 3 8

WPPSS 2 DEC 83 20 3' 5 2 0 30

TOTALS 93 82 90 97 68 430

q

MATURE PLANTS AVG 2.35 2.54 -2.04 2.26 1.46 |

(0L BEFORE JAN 83) |
f

NEW PLANTS- AVG 10.67 2.83 4.63 3.80 3.00

.

'

t

+
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Table B.4 . .

t

B0P_ Trips by Year -. Westinghouse Units. >

OL -80P TRIPS
WH11 D&IE _'J1 igji 'jl 111 188 TOTALS

'
BEAVER. VALLEY l JAN 76' 3 1 3 2 14

|- BEAVER VALLEY 2 AUG 87- 10 2 12- - -

r
,

(1) 6 2 9- .|BRAIDWOOD 1 MAY 87 - -

F

10 10BRAIDWOOD 2 - DEC 87 - - - - .

14 2 2 2 20BYRON 1 FEB 85 -

BYRON 2 JAN 87 9 4 -13- - -
<

CALLAWAY l JUN 84 10 12 4 1 6 33-

CATAWBA 1 JUN 85 9 4 5 0 18-

CATAWBA 2 MAY 86 8 7 6 21- -
.

'

CONN YANKEE JUN 67 1 2 5 1 1 10
:

COOK 1- OCT 74 3 !0 5 .2 0 10- ;

COOK 2 DEC 77 5 4 4 5 0 18 ,

- DIABLO CANYON l' SEP 81 4 5- 2 4 3 18

DIABLO CANYON-2 AUG 85 7 9 3 2 21-

FARLEY 1. - JUN 77 1 3 '2 3 1 10

:

|: FARLEY 2 OCT 80 2 3 2- 0 0 7-
'

GINNA SEP 69 1 -5 3 0 2 11

L INDIAN POINT 2 ' SEP 73 5 8 6 0 4 23 i

INDIAN POINT 3 DEC 75 5 6 6 5 4 26-

L.
L, KEWAUNEE DEC 73 4 6 2 2 2 16 i
u

McGUIRE 1 JUN 81 1 4 3' 1 2 11
1,

,

~ McGUIRE 2 MAR 83 10 7 4 4 2 27-

B-5 .i
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Table B.4-
BOP Trips by Year - Westinghouse Units:(Continued)

OL B0P= TRIPS

ilH11 DAII '.fi ' B.ti . '.86 '.81 '.BR TOTALS

MILLSTONE 3 -JAN 86 11 7 4 -~ 22- -

NORTH ANNA 1 NOV 77 5 1 4 2 4 16

NORTH ANNA 2 AUG 80 2 2 3 0 0 7

POINT BEACH 1 OCT 70 0 1 2 0 0 3

POINT BEACH'2 MAY 72 0 1 1 0 1 3

PRAIRIE ISLAND 1 AUG 73 2 1 1 0 1 5

PRAIRIE ISLAND 2 OCT 74 0 0 1 0 0 l'

ROBINSON 2' SEP 70 0 7 3- 2 3 15

SALEM 1 APR 77 7 1 7 1 3 19-

SALEM 2 AUG 81 7 7 9 3 5 31

SAN ON0FRE 1 MAR 67 0 1 1 1 0 -3

SEQUOYAH 1 SEP 80 3 1 2 6- -

SEQUOYAH'2 SEP 81 4 3 4 11- -

SHEARON HARRIS 1. JAN 87 18 -3 ' 21'- - -

SOUTH TEXAS MAR 88 3 3- - - -

SUMMER 1- AUG 82 8 3- 5- 3 0 19

:SURRY 1 MAY-72 3 3 3 1 0 10

SURRY 2 JAN 73 9 1 3 1 3 17

TROJAN- NOV 75 4 3 2 3 0 12

TURKEY POINT 3 JUL 72 7 3 3 4 0 17

~ TURKEY' POINT-4 APR 73 5 5 2 0 1 13-

V0GTLE 1 JAN 87 14 7 21- - -

B-6
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BOP Trips by Year - Wettinghouse Units (Continued) !

is

OL B0P TRIPS
MK11 DAIE 2 3 . A1 2 '68 _ TOTALS

'

_

12 6 6 0 24WOLF CREEK 1 MAR 85 -

'

YANKEE R0WE JUL 60 1 0 3 1 4 9
,

ZION l' APR 73 5 3 1 1 4 14

ZION 2 NOV 73 4 1 3 1 2 11 .

TOTALS 131 160 147 .142 111 6c1 ;

(33) MATURE PLANTS AVG 3.36 3.00 2.97 1.52 1,76 ,-

~(OL-BEFOREJAN83)-

NEW PLANTS AVG 10.00 10.20 6.00 7.08 3.53
s

!

|
1
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Tab <e B.5
Summary Tables

' Average BOP Trips per_ Calendar Year (1984 Through 1988)
,

MATURE UNITS
;(Q.BEFOREJAN83)- 114 181 ill ill 188

B&W (8 UNITS): 2.43 4.13- 1.86 1.86 1.62

,CE(9 UNITS) 2.33 2.78 c.67 3.33 2 13 q

IGE(26 UNITS)- 2.35 2.54 2.04 2.26 1.46

W~(33 UNITS) 3.36 3.00 2.97 1.52 1,76

NEW UNITS
'

(OL BEFORE JAN 83) ill iR5 161 ISI 188

B&W (NONE) - - - - -

CE (2 TO 6 UNITS) 5.00 7.75 -4.00 3.20 -1.00 |

GE_(3 TO 11 UNITS) 10.67 2.83 4.63 3.80 3.00

W (2 TO 15 UNITS) '10.00 10.20 6.00 7.08 3.53- i

..

;
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APPENDIX C ,>
- ,

t

BOP Trips per Critical Year by Plant -;
i

(Normalized Data, 1984-1988) ;;
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Table C.1 BOP Trips per Critical Year - Babcock and Wilcox Plants
,

!
|

|
MATURE PLANTSj

I

,

| 84 85 86 87 88

Plant Name TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS " TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS - TOTAL 5 YRn
L YF.ARS /CY' ' YEARS /CY YEARS /CY YEARS /CY YEARS /CY ' TRIPS AVEJ

,

|

Arkansas Nuclear One -1 3 .71 4.2 8 .80 . . 10.0' 1 .63 1.6 2 .90 2.2 0 .70 0.0 14 3.7

Crystal River 3 2 .95 2.1 . 8 . . 50 16.0 0 .42 0.0 2 .61 3.3 2 .85 2.4 14 - 4.2

j. Davis Besse 2. .63 3.2 -4 .32 '- 12.5 1 .02 50.0 4 .85 4.7 2. .24 8.3 '13 6.3 -

1 Oconee 1 2' .85- 2.3 4 .96 4.2 2 .68 2.9 - .19 0.0 1J1.00 1.0 -9 - 2.1-

1 Oconee 2 0 1.00 0.0 3 '.77 - 3.9 '3 .83 ' 3.6 2 .98 2.0 1 .80 . 1.3 9 '2.1
Oconee 3 3 .74 41 -2 .70 2.9 2- .99 2.2 0 .70 0.0 2 .83 2.4 9' 2.3

|
' Rancho Seco 5 .61 8.2 3- .33 9.1 0 .00 -- 0 .00 -- 3 .63 4.8 11 - 7.0
I Three Mile Island 1 0 .00 --- 1 .24 4.2 4 .72 5.6 3 .73 4.1 2 .77 2.6 10 4.1'

6

| TOTAL 17 5.49 3.1 33'.4.62' 7.1 d 13 4.19 3.1 13 5.56 : 2.3 13 5.82 2.2 89 3.5

;

,.:.,,,-+r., .. , . , . ; ~, , -,~r - ..~<-c- ,m, , . , . , . - , - ~ . . - . . . - - , . , , - - , . ~ . . , - e . ~J-...~
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Table C.2 BOP Trips per Critical Year - Combustion Engineering ' Plants

IHTURE PUUITS

84 85 86' 87 88

Plant Name ' TRIPS CRIT. TRIPS ' TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS TOTAL 5 YR

YEARS /CY YEARS /CY YEARS /CY YEARS /CY YEARS /CY TRIPS AVE.-

Arkansas Nuclear One -2- 5 .87 5.7 4 .73 .5.5 1 .73 1.4 2 .88 3.6 0 .69 0.0 12 3.1n
4 Calvert Cliffs 1 .86 4.6 6 .61 . 9.8 2 .79 2.5 5 .76 6.6 3 .73 4.1 20 - - 5.3

Calvert Cliffs 2 1 .75 1.3 1 .79 1.3' 3 .96 3.1 4 .68 5.9 2 .89 2.2 11 2.7
Fort Calhoun b .61' O.0 0 .74 - 0.0 1 .97 1.0 0 .75 0.0 ~ 0 .74 0.0 1 0.3
Maine Yankee 6 .76 7.9 8- .80 10.0 6 .89 6.7 2 .65 3.1 3 .79 3.8 25 6.4
Millstone 2' 2 .38 2.0 0- .51 0.0 4 .75 ' 5.3 5 .94 - 5.4 0 .79 0.0 11 2.8 '
Palisades 1 .18 5.6 2 '.86 - 2.3 2 .17 '11.8 4 48 . 8.3 0 .57 ' O.0 9 4.0-

San Onofre 2 1 .60 1.7 ~4 .60- 6.7 3 .74 4.1 3 .71 4.2 0 .94 0.0 11 3.1
St Lucie 1- 1 .63 1.6 0 .81 0.0 2 .96 2.1 5 .81 6.3 4 .86 4.7 12 2.9

TOTAL ' 21 6.24 3.4 25 6.45 3.9 24 6.96 3.4 ^30 6.65 4.5 12 7.00 1.7 112- 3.4

|
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Table C.2 BOP Trips per Cr".tical Year - Combustion Engineering Plants (Con't)

NEW PUUITS

' 87' 88
- 84 85 86

Plant Name TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS - TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS- TOTAL 5 YR :

YEARS /CY YEARS /CY YEARS /CY YEARS /CY YEARS /CY TRIPS AVE.

5 .28 17.8 6 .58 10.3 2 .52 3.8 4 .66 6.1. 17. 8.3
n

-

.00
6 .25 24.0 2 .80 2.5 1 .65 1.~ 9 5.3'

~

y. Palo Verde 1 0 -

0 .00 --

0 .08 - 0.0 0 .93 0.0 0 0.0Palo Verde 2 0 .00 --

0 .00 --
-0 .00

St Lucie 2 ~7 .84 8.3 5 .85 5.9 3 .84 3.6 5 .84 6.0 0 1.00 0.0 20 4.6 ---

Palo Verde 3 0 .00 -

San Onofre 3 3 .50 6.0 2 .55 - 3.6 3 .84 3.6 2 .81 2.5 0 .68 0.0 : 10 2.9 -

19 .21 90.4 2 .80 2.5 5 .82 - 6.1 1 .75 1.3 27 10.4"

Waterford 3 0 .00 --

TOTAL 10 1.34 7.5 31 1.89 16.4 ZJ 3.31 6.P 16 3.87 4.1 6 '4.67 1.3 83 - 5.5

,
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Table C.3 BOP Trips per Critical Year . General Electric Plants

' MATURE Pt. ANTS

.

84 85 86 - 87 88'

Plant Name TRIPS CRIT. TRIPS - TRIPS CRIT. TRIPS ~ TRIPS CRIT. TRIPS TRIPS CRIT.' TRIPS TRIPS CRIT. TRIPS- TOTAL"
~

5 YR
YEARS /CY YEARS /CY YEARS /CY YEARS /CY YEARS /CY TRIPS AVE.

'

Sig Rock Point 2 .79 2.5 2 .75 2.7 0. .96 0.0 0 .71 0.0 ' 2 .73- 2.7' 6 1.5
Browns Ferry 1 2 .92 2.2 1 .19 5.3 1 .rA 0 .00 - 0 .00 -- 4 3.6 .-

Browns Ferry 2 1 .67 1.5 0 .00 - 0 .00 - - 0 .00 - 9 .00 --- 1 1.5-

Browns Ferry 3 .08 25.0 1 .17 5.9 0 .00 -- 0 .00 0 .00 - 3 12.0--

Brunswick 1 .80 3.8 1 .39 2.6 5 '95 5.3 1 .66 1.5 1 .76 1.3 11 3.1.

. Brunswick 2 A .30 3.3 1 .81 1.2 1 48 2.1 2 95 2.1 3 .64 4.7 8 2.5
Cooper 2 .68 2.9 1- .23 4.3 2 .75 ' 2.7 6 .96 6.3 2 .68 2.9 -13 3.9
Dresden 2 2 '. 74 2.7 4 .57 7.0 3 .81 3.7 5 .66 7.6 0 .79 0.0 14 ~ 3.97 Dresden 3 7 .44 15.9 3 .77 3.9 4 .31 12.9 7 .82 8.5 1 .72 1.4 22 7.2#
Duane Arnold 3 .75 4.0 0 .54 0.0 1 .84 1.2 0 .65 0.0 1 .75 1.3 .5 1.4
Fitzpatrick 3 .81 3.7 5 .66 7.6 2. .92 2.2 3 .70 4.3 0 .69 0.0 13 3.4
Grand Gulf 1 7 .11 63.6 13 .33 39.4 3 .64 4.7 2 .82 2.4 2 97 2.1 27 9.45 Hatch 1 3 .64 4.7 2 .79 2.5 1 .63 1.6 4 .82 4.9 5 .68 ' 7. 4 15 4.2
Hatch 2 2 .35 5.7 2 .84 2.4 5 .74 6.8 3 .97 3.1 6 .72 8.3 13 5.0
LaSalle 1 6 .71 ' 8.5 4 .66 6.1 0 .27. 0.0 6 .64 9.4 0 .68 0.0 16. 5.4
Millstone 1 0 .80 - 0.0 2 .84 2.4 3 .94 3.2 3 .80 3.8 1 .99 1.0 9 2.1Monticello 0 . 09 - 0.0 2 .93 2.2 1 .80 1.3 3 .82 3.7 2 1.00- '2.0 8 2.2
Nine Mile Point 1 1 .73 1.4 6 .97 6.2 1 .66 1.5 2 .93 2.2 0- .00 - 10 ~ 3. 0Dyster Creek 2- .19 10.5 4 .78 5.1 3 .27 11.1 1 .64 1.6 1 .66 ~1.5 11 . 4.3
Peach Bottom 2 0 .29 0.0 4 .33 12.1 3 .83 3.6 0. .20 0.0 . 1 .00 -- 8 4.8
Peach Bottom 3 2 .88 . 2.3 1 .46 2.2 8 .68 11.8 2 .21 9.5 0 .00 - - - . 13 5.8Pilgrim 1 .02 50.0 2 .93 2.2 3 .20 15.0 - 0 .00 -- 0 .00 0.0 '6' 5.2-
Quad Cities 1 2 .54 3.7 0 .95 0.0 3 .70 4.3 - 1 .71 1.4 1 .97 1.0 7 1.8
Quad Cities 2 1 .80 1.3 2 .73 2.7 0 .74 0.0 a .79 5.1 4 .72 . 4.2 -. 11 . 2.9Susquehanna 1 4 .75 5.3 '2 .64 3.1 0 .71 0.0 1 .74 1.4 2 '.94 2.1 - 9 2.4
Vermont Yankee ~ 2 .81 2.5 0 .72 0.0 0 .50 0.0 3 .84 3.6 3 .96 - 3.1 8 2.1 '

1

' TOTAL 61 14.69 4.2 65 15.98 - 4.1 53 15.33- 3.* 59 16.04 3.7 '38 15.05 2.5 -276 - 3.6

4

' ' ' ' " %
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Table' C.3 BOP Trips per Critical Year .- General Electric Plants (Con't)

NEW PLANTS
''

.

.

84 85 .86 87 88

Plant Name TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS ' TRIPS CRIT. TRIPS. TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS ' TOTAL 5 Y1t

YEARS /CY YEARS /CY YEARS '/CY YEARS /CY YEARS /CY TRIPS AV E .-

!
7 .10 70.0 2 .84 2.4 9 9.60 .00 '.---

| Clinton 1 0 .00 -- 0 .00 ---

(' ? Fermi 2 0 .00 --- 5 .00 --- A .10 40.0 6 .59 10.2 5 .57 8.8 20 ~ 15.9 -
'

7 .23 30.4 4 .86 4.7 5 -, .81 6.2 16 - 8.4 .S Hope Creek 1 0 .00 --- 0 .00 -.
a .

.

.

LaSalle 2 8 .18 .44.4 0 .43 0.0 4 .76 5.3 1 .55 1.8 0 .76 0.0 13 4.9

! Limerick 1 0 .00 --- 2- .39 5.1 1 .77 1.3 2 .70 2.9 0 .96 0.0 5 1.8 .

Nine Mlle Point 2 0 .00 --- '0' .00 --- 0 .00 - 5 .19 26.3 10 .34 29.4 15 28.3
f

Perry 1 0 .00 --- 0 .00 --- .1 .00 -- '8 .09 88.9 4 .79 5.1 13 '14.8

River Bend l 0 .00 -- 3 .00 --- 13 . 55 - 23.6 2 .68 2.9 4 .94 4.3 22 10.1-
1 .--0 .00 --- C .00'- 'O .00 --

! Shereham 0 .00 -- 1 .00 -

Susquehanna 2 4 '.24 - 16.7 3 .81 3.7 .2- .68 2.9 1 .97 1.0 0 .70 0.0 10 - 2.9
f

WPPSS 2 20 .05 400. 3 .79 3.8 5 .73 6.8 2 .71 2.8 0 .72 0.0 30 -10.0

TOTAL 32 .47 68.1 17 2.42 7.0 37 3.82 9.7 38 5.44 7.0 30 7.43 4.0'- 154 7.9

!

I
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' Table C.4'' 80P Trips per Critical Year - Westinghouse Plants
.

MATURE PLANTS

' 84 85 86 87. 88

Plant Jane TRIPS CRIT. TRIPS- ' TRIPS CRIT. TRIPS TRIPS ORIT. TRIPS '- TRIPS CP.IT. TRIPS TRIPS CRIT. TRIPS: TOTAL 5 TR'
YEARS /CY- YEARS' /CY YEARS /CY YEARS /CY YEARS /CY TRIPS - ATE .'

Beaver Valley 1 3 .74 4.1 5 .94 5.3 1 .71 1.4 3 .84 : 3.6 2 .80 2.5 14 3.5
Connecticut Yankee 1 .74 1.4 2 .99 - 2.0 5 .58 8.6 1 . 54 - 1.9. 1 .70 1.4 10 2.8

S' Cook 1 3 .92
Ch

. 3.3 0 .30 0.0 5 .86 5.8 2 .69 2.9 0 .96 - 0.0 10 2.7
Cook 2 5 .60 8.3 4 .68 5.9 4 .63 6.3 5 .72 6.9 0 .31 0.0 18 6.1-
Diablo Canyon 1 4 .11 36.4 5 .60 8.3 2 .68 2.9 4 .97 4.1 3 .65 4.6 18 6.0 '
Farley 1 1 .80 1.3 3 .86 3.5 2 .83 2.4 3 .35 3.2 . 1 .85 1.2 10 2.3
Farley 2 2 .95 2.1 3 .79 3.8 2 .86 2.3 0 .75 0.0 '0 '1.00 0.0 7- : 1.6
Ginna 1 .78 1.3 5 .89 5.6 3 .88 3.4 0 .91 - 0.0 2 .87 2.3 .- 11 2.5 '
Indian Point 2 5 . 54 - 9.3 8 .97 8.2 6 .58 10.3 0 .72 0.0 4 .85 4.71 ' 23 6.3
Indian Point 3 5 .79 6.3 6 .67 S.9 .6' .75 - 8.0 5 .63 7.9 4 .83 4.8 ~ 26 - . 7.1 -
Kewaunee 4 .86 4.7 '6. . 83 - 7.2 2 .87 2.3 2 .90 2.2 2' .Be 2.3 16 3.6

! NcGuire 1 1 .69 - 1.4 4 .78 5.1 3 '.57 5.3 1 .78 1.3. 2 .77 2. 6 . 11 3.1t

! North Anna 1 5 . 54 9.3 1 .79 1.3 4 .86 4.7 2 .52 3.8 4 .91 4.4' 16. 4.4
Morth Anna 2 2 .70 2.8 2 .97 2.1 3 .83 3.6 0 .78 0.0 0 .99 0.0 7 1.6
Point Beach 1 0 .73 0.0 - 1 .80 1.3 2 .90 ' 2.2 0 .84 0.0 0 .89 0.0 3 0.8 J
Point Beach 2 0 .86 0.0 1 .86 1.2 l' .83 1.2 0 .87 0.0 'l . 88 ' 1.1 3 0.7

| Prairie Island l' 2 .9 5 -' 2.1 1 .84 1.2 1 .90 1.1 0 .83 0.0 1 .89 1.1 :5' 1.1
! Prairie Island 2 0 . 89 . ' 0. 0 - 'O 85 ' O.0 1 .91 1.1 0 1.00 0.0 0 .89 . 0. 0 1 0.2
l Robinson 2 0 .07 0. 0 . 7 .90 7.8 3 .81 .37 2 .73 2.7 3 .66 4.5 15 4.7
l
1

l

j ..

.-
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Table C.4 - BOP Trips per Critical Year - Westinghouse Plants (Con't)-
'

i

,

1

MATURE PLANTS
_

. 84 35 ' 86 87 88

Plant Name TRIPS CRIT. TRIPS - TRIPS CRIT. TRIPS TRIPS CRIT. ' TRIPS . TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS, ' TOTAL ' S YR

YEARS /CY YEARS /CY Y EARS _/Cf YEARS /CY YEARS /CY TRIPS AVE.

Salem 1 7 .30 23'.3 .! .95 1.1 7 .81 R.6 1 .73 1.4 3 . 79 - 3.8 .19 - 5.3~

Salem 2 7 .39 17.9 7 .60 11.7 9 .64 14.1 D .73 4.1 5 .68 - i.4 31. 10.2

i $3 San Onofre 1 0 .10 0.0 1 .77 1.3 1 .34 2.9 1 .84 1.2 0 .32 0.0 - 3 1.3

0 . 00 . --- 2 .01~ 200. 6 5.2
'd Sequoyah 1 3 .71 4.2 1 43 2.3 0 .00 ---

4 .59 6.8 11 ~ 5.8 ;

Sequoyah 2 4 '.72 5.6 3 .60 5.0 0 .00 --- 0 .00 ---

Summer 1 8 .63 12.7 .3 .74 4.1 5 .96 5.2 3 .71 4.2 -0 .69 0.0 19 5.1

i
Surry 1 3 .60 5.0 . 3 .91 3.3 3 .71 4.2 1 .71 1.4 0 43 U.0 10 3.0

| Surry 2 9 .95 -10.6' 1 .68 - 1.5 .3 .70 4.3 1 .75 1.3 3 .57 5.3 17 4.8'

l Trojan 4 .56 7.1 3 .78 - 3.8 2 .81 2.5 3 .54 5.6 0- .67 0.0 12 3.6

! Turkey Point 3 7 .84 8.3 3 '. 62 4.8 3 .80 3.8 4 .22 18.2 0 .62 0.0 17 - 5.5 -

Turkey Point 4 5 .58 ~ 8.3 5 .90 - 5.6 2 .35 5.7 0 .51 0.0 1 .57 1.8 . 13 4.4|

Yankee Rowe 1 .73 1.4 0' .87 0.0 3 .95 3.2 1 .83 1.2 - 4 '.85 ' 4.7 9 2.1

Iton 1 5 .72 C.9 3 .61 4.9 1 .63 1.6 1 79 1.3 4 -77 5.2 14 ' 4.0.

| Zion 2 4 .72 5.6 1 .67 1.5 3 .89 3.4 1 .64 1.6 .2 .80 2.5 11 3.0;

l

TOTAL 111 21.71 5.1 99 25.44 3.9 98 23.43 4.2 50 22.97 2.2 58 23.99 2.4 416 3.5

,

i

.c. . -. , . _ - - . - - _ _ ,., ... ,, , - -- .,.,r . , . ~ . _ , . - . _ _ _ _ . . . - - . . , . . . . _ - . . . . . _._ . -_



.

y_. -

.. ___-
. --.

_ 3- , \ .-
- }~ .

.. m- - - ;-:.

,

? , _ ,

,

-

f(.N ,s.wn
- -

,P

- -'

-Table C.4 BOP Trips per fritical Year - Mrstinghouse Plants (Con't)

IOf PES

. 84 - 85 86. 87 C8

Plant Rome TRIPS CRIT. TRIPS- TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS TRIPS CRIT. TtIPS TRIPS CRIT. TRIPS TOTAL 5 YR
YEARS /CY VDuts /CY YEARS /C' YEARS /CY YDutS /CY TRIPS AK.

Beaver Vs11ey 2 0 .00 0 .00 0 .00 -- 10 - .11 90.1 2 .94 2.1 12 11.4
- -

Braidwood 1- ,0 .00 --- 0 .00 --- 1 .00 -- 6 .35 37.1- 2' .39 56 .9 -12.27 Brai W 2 0 .00 0 .00 0- .00 - 0 .00-
10 .17 58.8 10 58.8- --*

Byron 1 0 .00 - 14' .15 93.3 2 .89 2.2 2 .71 2.8 2 .74 2.7 20 8.0
Byros 2 0 .00 - 0- .00 D .00 - - G .27 33.3 4 .99 4.0 13 1C,3--

Callaway 10 .03 333. 12 .93 12.9 4 .33 4.8 - 1 .71 1.4 6 93 S.7 33 9.6 -
Catawba 1 0 .00 9 41 21.9 4 .62 6.5 5 .64 7.2 0 .80 0.0- 18 . 7.1

---

Catsuba 2 0 .00 - 0 .00 8 .16 50.0 7 C2 7.2 6- .74 8.1 21 - 12.2
--

Diablo Canyon 2 0 .00 - -7- .16 43.8 9 .78 11.5 3 .t* . 4.3 2 .70 2.9 21 9.0
McGuire 2 10 .70 14.3 7 .63 11.1 4 .66 6.1 4 .00- 5.0 2 .83 2.4 27 7.5
Millstone 3 0 .00 0 .00 - 11 .62 17.7 7 7? 9.2 4 .82 4.9 22 10.2

a-

Shearon Herris 0 .00 0 .00 - 0 .~ 00 - -+ Ift .5: ^ 35.3- 3- .75 ^ 4.0 21 16.1
South Texas 1 0 .00 0 .00 - 0 .00 - 0 .00-

3 .28 ' 10.7 3 10.7 .-

Vegtle ~ 0 .00 0_ .00 - 0 .00 - 1A 4C, 30.4 7 .76 9.0 ?! 16.9
-

Wolf Creek 0 .00 It .32 37.5 6 .74 8.) 3 .70 8.6 0 .70 0,0 - 24 9.?
--

TOTAL 20 .73 27.4 61 230 23.5 49 5.30 9.2 92 7.54 12.2 - 53 10.56 i* 275- 10.3

|

4
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Table C.5 80P Trips per Critteel Year - Ali Plants

FUTURE PtMf5

84 85 86 87 88
'

Plant Name TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS: TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS TRIPS CR T. TRIPS TOTAL 5 YR

YEARS /CY YEARS /CY TEARS /CY YEARS ftY YEMS /CY TRIPS AVE.

Arkansas Nuclear Ore -1 3 .71 4.2 8 .80 10.0 1 .63 1.6 2 .90 2.2 0 70 0.0 14 3.7

Arkansas Nuclear One -2 5 .87 5.7 4 .73 5.5 1 .73 1.4 2 .88 3.6 0 .69 - 0.0 12 3.1

Beaver Valley 1 3 .74 4.1 5 .94 5.3 1 .71 1.4 3 .84 3.6 2 .80 2.5 14 35

Big Rock Point 2 .79 2.5 2 .75 2.7 0 .96 0.0 0 .71 0.0 2 .73 2.7 6 f.5

4 1.40 .00Browns Ferry 1 2 .92 2.2 1 .19 5.3 1 .00 - 0 .00 ---

0 .00 --- 1 1.5
Browns Ferry 2 1 .67 1.5 0 .00 - 0 .00 - 0 00 --

0 .00 --- 3 12.0
Browns Ferry 3 2 .08 25.0 1 .17 5.9 0 .00 - 0 .00 -

Brunswick 1 3 .80 3.8 ) .39 2.6 5 .95 5.3 1 .66 1.5 1 .76 1.3 11 3.1

E unswick 2 1 .30 3.3 1 .81 1.2 1 48 2.1 2 .95 2.1 3 .64 4.T 8 2.5

p Calvert Cliffs 1 4' .86 4.6 6 .61 9.8 2 .79 2.5 5 .76 6.6 3 .73 4.1 20 5.3

e Calved Citffw 2 1 .75 1.3 1 .79 1.3 3 .96 3.1 4 .68 5.9 2 .89 2.2 11 2.7

Connecticut Yankee 1 .74 1.4 2 .99 2.0 5 .58 8.6 1 .54 1.9 1 .70 1.4 10 2.8

Cook 1 3 .92 3.3 0 .30 0.0 5 .86 5.8 2 .69 2.9 0 .97 0.0 10 2.7

Cook 2 5 .60 8.3 4 .E8 5.9 4 .63 6.3 5 .72 6.9 0 .31 0.0 18 6.1 -

Cooper 2 .68 2.9 1 .23 4.3 2 .75 2.7 6 .96 6.3 2 .68 2.9 13 3.9

Crystal River 3 2 .95 2.1 8 .50 16.0 0 42 0.0 2 .61 3.3 2 .85 2.4 14 4.2

Davis Besse 2 .63 3.2 4 .32 12.5 1 .02 50.0 4 .85 4.7 2 .24 8.3 13 6.3

Diablo Canyon 1 4 .11 36.4 5 .60 8.3 2 .68 2.9 4 .97 4.1 3 .65 4.6 18 6.0

Dresden 2 2 .74 2.7 4 .57 7.0 3 .81 3.7 5 .66 7.6 0 .79 0.0 14 3.9

Dresdes 3 7 44 15.9 3 .77 3.9 4 .31 12.9 7 .82 8.5 1 .72 1.4 22 7.2

Duane Arnold 3 .75 4.0 0 .54 0.0 1 .84 1.2 & .65 0.0 1 .75 1.3 5 1.4

Farley 1 1 .50 1.3 3 .86 3.5 2 .83 2.4 3 .95 3.2 1 .85 1.2 10 2.3

Farley 2 2 .95 2.1 3 79 3.8 2 .86 2.3 0 .75 0.0 0 1.00 0.0 7 1.6

Fitzpatrick 3 .81 3.7 5 .66 7.6 2 .92 2.2 3 .7G 4.3 0 .69 0.0 13 3.4

Fort Calheun 0 .61 0.0 0 .74 0.0 1 .97 1.0 0 .75 0.0 0 .74 0.0 1 0.3

Ginna 1 .78 1.3 5 .89 5.6 3 .88 3.4 0 .91 0.0 2 .87 2. 11 2.5

_ _ , - . ~ . _ . , , . . . _ _ _ . , ._ ,... . _ - _ _ . . _ _ . . . _ _ . _ . _ . _ _ .
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Table C.5 BOP Trips per Critical Year - All Years (Con't) .-+.

MRTURE PLANTS

84 85 86 87' 88

Plant Name TRIPS CRIT. 1 RIPS TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS TRIPS CRII. TRIPS TRIPS CRIT. TRIPS TOTAt. 5 YR
YEARS /CY YEARS /C' YEARS /CY YEARS /L YEARS /CY TRIPS Art

Grand Gulf 1 7 .11 63.6 13 .33 39.4 3 .64 4.7 2 .82 2.4 2 .97 2.1 27 9.4
Hatch 1 3 .64 4.7 2 .79 2.5 1 .63 1.6 4 .82 49 5 .68 7.4 15 4.2
Hatch 2 2 .35 5.7 2 .84 2.4 5 .74 6.8 3 .97 3.1 6 .72 8.3 18 5.0
Indian Point 2 5 .54 9.3 8 .97 8.2 6 .58 10.3 0 .72 9.0 4 .85 4.7 23 6.3
Indian Point 3 5 .79 6.3 6 .67 8.9 6 .75 8.0 5 .63 7.9 4 .83 4.8 26 7.1
Kewaunee 4 .86 4.7 6 .53 7.2 2 .87 2.3 2 .90 2.2 2 .88 2.3 16 3.6
LaSalle 1 6 .71 8.5 4 .66 6.1 0 .27 0.0 6 .64 9.4 0 .68 0.0 16 5.4
Maine Yankee 6 .76 7.9 8 .80 10.0 6 .89 6.7 2 .65 3.1 3 .79 3.8 25 6.4
4cGuire 1 I .69 1.4 4 .78 5.1 3 .57 5.3 1 .78 1.3 2 .77 2.6 11 3.1

? Millstone 1 0 .80 0.0 2 .84 2.4 3 .94 3.2 3 .80 3.8 1 .99 1.0 9 2.1
5 Millstone 2 2 .98 2.0 0 .51 0.0 4 .75 5.3 5 .94 5.4 0 .79 0.0 11 2.8

Monticello 0 .09 0.0 2 .93 2.2 1 .80 1.3 3 .82 3.7 2 1.00 2.0 8 2.2
Nir'e Mile Point 1 1 .73 1.4 6 .97 6.2 1 .66 1.5 2 .93 2.2 0 .00 - 10 3.0
North Anna 1 5 .54 9.3 1 .79 1.3 4 .86 4.7 2 .52 3.8 4 .91 4.4 16 4.4
North Anna 2 2 .70 2.8 2 .97 2.1 3 .83 3.6 0 .78 0.0 0 .99 0.0 7 1.6
Ocemre 1 2 .85 2.3 4 .96 4.2 2 .68 2.9 0 .79 0.0 1 1.00 1.0 9 2.1
Oconee 2 0 1.00 0.0 3 .77 3.9 3 .83 3.6 2 .98 2.0 1 .80 1.3 9 2.1
Oconee 3 3 .74 4.1 2 .70 2.9 2 .89 2.2 0 .70 0.0 2 .83 2.4 9 2.3
Oyster Creek 2 .19 10.5 4 .78 5.1 3 .27 11.1 1 .64 1.6 1 .86 1.5 11 4.3
talisades 1 .18 5.6 2 .86 2.3 2 17 11.8 A .48 8.3 0 .57 0.0 9 4.0
Peach Bottom 2 0 .29 0.0 4 .33 12.1 3 .63 3.6 0 .20 0.0 1 .00 8 4.8---

Peach Bottom 3 2 .88 2.3 1 .46 2.2 8 .68 11.8 2 .21 - 9.5 0 .00 -- 13 5.8
Pilgrim 1 .02 50.0 2 .93 2.2 3 .20 15.0 0 .00 - 0 .00 0.0 6 5.2
Point Be.ch 1 0 .73 0.0 1 .80 1.3 2 .90 2.2 0 .84 0.0 0 .89 0.0 3 0.8
Point Beach 2 0 .86 0.0 1 .86 1.2 1 .83 1.2 0 .87 0.0 1 .88' 1.1 3 0.7

, , -. . - __ _ - _ . , _. , , _ - . . - . . _ _ .___.
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Table C.5 BOP Trips per Critical Teer - AIT Flants (Con't)

fmTURE PUWTS

84 85 86 87 88

Plant Name TRI'S CRIT. TRIPS TRIPS CRIT. TRIPS TRI7S CRIT. TRIPS TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS TOTAL 5 TR

YEARS /CY YEARS /CY YEARS /CY ' EARS /CY YEARS /CY TRIPS ANIL

Prairie Island 1 2 .95 2.1 1 .84 1.2 1 .90 1.1 0 .83 0.0 1 .89 1.1 5 1.1

Prairie Island 2 0 .89 0.0 0 .85 0.0 1 .91 1.1 0 1.00 0.0 0 .89 0.0 1 0.2

Quad Cities 1 2 .54 .1. 7 0 .95 0.0 3 .70 4.3 1 71 1.4 1 .97 1.0 7 1.8

Quad Cities 2 1 .30 1.3 2 .73 2.7 0 .74 0.0 4 .79 5.1 4 .72 4.2 11 2.9

3 .63 4.8 11 7.00 .00
Rancte Seco 5 .61 8.2 3 .33 9.1 0 .DC

--

Rob + c 2 0 .07 0. 0 7 .90 7.8 3 .81 .37 2 .73 2.7 3 .66 4.5 15 4.7

7 51 4~ .e 1 1 .63 1.6 0 .81 0.0 2 .96 2.1 5 .80 6.3 4 .86 4.T 12 2.9

[ Salem 1 7 .30 23.3 1 .95 1.1 7 .81 8.6 1 .73 1.4 3 .79 3.8 19 5.3

Salem 2 7 .39 17.9 7 .60 11.7 9 .64 14.1 3 .73 4.1 5 .68 7.4 31 10.2

San Onofre 1 0 .10 0.0 1 .77 1.3 1 .34 2.9 1 .84 1.2 0 .32 P- 3 1.3

San Onofre 2 1 .60 1.7 4 .60 6.7 3 .74 4.1 3 .71 4.2 0 .94 0E 11 3.1

Sequoyah 1 3 .71 4.2 1 43 2.3 0 .00 - 0 .00 - 2 .01 200. 6 5.2

Sequoyah 2 4 .72 5.6 3 .60 5.0 0 .00 - 0 .00 - 4 .59 6.8 11 5.8

Sumer 1 8 .63 12.7 3 .74 4.1 ! .96 52 3 .71 4.2 0 .67 0.0 19 5.1

Surry 1 3 .60 5.0 3 .91 3.3 3 .71 4.2 1 .71 1.4 0 43 0.0 10 3.0

Surry 2 9 .85 10.6 1 .68 1.5 3 .70 4.3 1 .75 1.3 3 .57 5.3 17 4.8

Susquehanna 1 4 .75 5.3 2 .64 3.1 0 .71 0.0 1 .74 1.4 2 .94 2.1 9 2.4

Three Mile Island 1 0 .00 - I .24 4.2 4 .72 5.6 3 .73 4.1 2 .77 2.6 10 4.1

4 .56 7.1 3 .78 3.8 2 .81 2.5 3 .54 5.6 0 .67 0.0 12 3.6
Trojan
Turkey Point 3 7 .84 8.3 3 .62 4.S 3 .80 3.8 4 .22 18.2 0 .62 0.0 17 5.5

Turkey Polet 4 5 .58 - 8.3 5 .90 5.6 2 .35 5. Y 0 .51 0.0 1 .57 1.8 13 4.4

Vermont Yankee 2 .81 2.5 0 .72 0.0 0 .50 0.0 3 .84 3.6 3 .96 3.1 6 2.1

Yankee Rowe 1 .73 1.4 0 .87 0.0 3 .95 3.2 I .83 1.2 4 .85 4.7 9 2.1

Zion 1 5 .72 6.9 3 .61 4.9 1 .63 1.6 1 .79 1.3 4 .77 5.2 14 4.0

Zibn 2 4 72 5.6 1 .67 1.5 3 .89 3.4 1 .64 1.6 2 .80 2.5 11 3.0

- __
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Tab 12 C.5 BOP Trips per Critical Yeer - All Planta (Con't)
'

. NEW PLANTS

84 85 85 87 88

' Plant Name TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS - TRIPS CRIT TRIF5 TRIPS CRIT. TRIPS TRIPS CRIT. TRIPS ~ TOTAL ~ 5 YE

YEARS /CY TEARS /CY YEARS /CY YEAe5 /CY YEARS /CY TRIPS AVE.

0 .00 -- 10 .11 90.1 2 .94 2.1 12 11.4Beaver Valley 2 0 .00 - 0- .00 -

6 .35 17.1 2 .39 5.1 9 12.2
Braidwood ! 0 .00 - 0 .00 - 1 .00 ----

10 .17 58.8 10 58.8 -0 .00Braldwood 2 0 .00 --- C . 00 -- 0 .00 ------

Byron 1 0 .00 - 14 .15 ' 93.3 '2' .89 2.2 2 . 71 ' 2.8 2 .74 2.7 20 8.0

0 .00 - 9 .27 33.3 4 .99 4.0 13 10.3-
Byron 2 0 .00 -- 0 .00 -

'.a11Leay. - 10 .03 333. 12 .93 12.9 4 .83 4.8 1 ~. 71 1.4 6 .93 9.7 33 9.6

Catawba 1 0- .00 -- 9 41. 21.9 4 .62 6.5 5 .69 7.2 0 .50 0.0 18 7.1

Catawba 2 0 .00 --- 0 .00 -- 8 .16 50.0 7 .82 7.2 6 .74 8.1 21 12.2

7- .10 70.0 '2 .84 2.4 9 9.60 .00Citnton 1 0 .00 - 0 .00 ---

Diablo Canyon 2 0 .00 -- 7 .16 43.8 9 .78 11.5 3 .69 4.3 2 .70 2.9 21 9.0

4 .10 40.0 S .59 10.2 5 .57 8.8 20 15.9
Femi 2 0 .00 -- 5 .00 -

.23 30.4 4 .86 4.7 5 .81 6.2 16 8.4*

Hope Creek 1 0 .00 --- 0 .00 ---

? LaSalle 2 8 .18 44.4 0 43 0.0 4 .76 5.3 1 .55 1.8 0 .76 0.0 13 4.9

y Limerick 1 0 .00 - 2 .39 5.1 1 .77 1.3 2 .70 2.9 0 .96 0.0 5 1.8 -

McGuire 2 10 .70 14.3 7 .63 11.1 4 .66 6.1 4 .80 5.0 2 .83 2.4 21 7.5

M111 stone 3 0 .00 -- 0 .00 - 11 .62 17.7 7 .72 9.7 4 .82 4.9 22 10.2:

Mine Mile Point 2 0 .00 --- 0 .00 - 0 .00 - 5 .19 26.3 10 .34 29.4 15 28.3

Palo Verde 1 0 .00 --- 5 .28 17.8 6 .58 10.3 2 .52 3.8 4 .66 6.1 17 8.3

6 .25 24.0 2 .80 2.5 1 .65 1.5 9 5.3
Palo Verde 2 0 .00 -- 0 .00 ---

0 .08 0.0 .- 0 .93 0.0 0 0.00 .00Palo Verde 3 0 .00 --- 0 .00 ----

1 .00 - 8 .09 88.9 4 .79 5.1 13 14.8
Perry 1 0 .00 --- 0 .00 -

13 .55 23.6 2 .68 2.9 4 .94 4.3 22 10.13 .00River Send 1 0 .00 --

St Lucie 2 7 .84 8.3 5 .85 5.9 3 .84 3.6 5 .84 6.0 . 0 1.00 s' 20 4.6

San Onofre 3 3 .50 6.0 2 .55 3.6 3 .84 3.6 2 .81 2.5 - 0 .68 - 0.; 10 2.9

Shearon Harris 0 .00 --- 0 .00 - e .00 - 18 .51 35.3 3 .75 4.0 21 16.7

0 .00 - 0 .00 - 1 -
.001 .00Shoreham 0 .00 ----

South Texas 1 0 .00 - 0 .00 -- 0 .00 --- O .00 -- 3 .28 10.7 3 10.7

Susquehanna 2 4 .24 16.7 3 .81- 3.7 2 .68 2.9 1 .97 1.0 0 .70 0.0 10 2.9 -

0 .00 -- 14 46 30.4 7 .78 9.0 21 16.9
0 .00Vogtle 1 0 .00 --

WPPSS 2 20 .05 400. 3 .19 3.8 5 .73 6.8 2 .71 2.8 0 .72 0.0 30 10.0

Waterford 3 0 .C0 -- 19 .21 90.4 2 .80 2.5 . 5 .82 6.1 1 .75 1.3 27 10.4

Wolf Creek 0 .00 - 12 .32 37.5 6 .74 8.1 6 70 8.6 0 .70 0.0 24 9.7

-
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Table D.1
List of 80P Trips by Plant per Critical Teor Cml?tive Aversee for SW Units

Plant home OL Date Criticet 80P Trips $ Tr Aversoe -
Years 1/04 * 80P frlps per

12/88 Criticet Year

| -

Arkennes Nucteer One 1 12/01/74 3.70 14 3.78
Crystet River 3 12/03/76 3.33 14 4.20
Davis Aesse 04/22/77 2.06 13 6.31
Oconee 1 02/06/73 4.28 9 2.10
Oconee 2 10/06/73 4.38 9 2.05
Oconee 3 07/19/74 3.86 9 2.33
tencho Seco 08/16/74 1.57 11 7.01
three Mlle Island 1 04/19/74 2.46 10 4.07

*" $4 tot et *" 0 Units 89 31.86

All plants *: Averages 3.98 lisme= 1.7548
i

* Att SW plants are in the "Meture" category, OL before 1/1/83 *

;

!
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fable D.2
List of DOP frips by Plant per Critical Yter Cumulettve Averses for CE Units

Plant meme OL Date Criticet 80P frips 5 Yr Aversee
Years 1/84 * 80P Trips per

12/88 Critiest Year

Arkansas Nuclear One 2 07/18/78 3.89 : 3.08
Calvert Cliffs 1 07/31/74 3.74 20 5.35
Cetvert C|1ifa 2 08/13/76 4.P4 11 2.70
Fort Cathom 1 05/24/73 J.82 1 0.26 ;

meine Yankee 06/01/73 3.90 25 6.41 |
MI1Lstone 2 08/01/75 3.97 11 2.77 i
Polisades 10/01/72 2.25 9 4.00
Peto verde 1 12/31/64 2.04 17 8.33 |

Pato verde 2 12/09/85 1.71 9 5.26 !

'
San Orefre 2 09/07/82 3.59 11 3.06

| San Onofre 3 09/16/83 3.38 10 2.96 ?

| St. Lucie 1 03/01/76 4.06 12 2. M

| St. Lucle 2 04/06/83 4.37 20 4.58 i
Waterford 3 12/18/84 2.59 27 10.42 i

*" subtotet '" 14 Units 195 62.15 ,

All Plants: Averages 4.44 Sigmas 2.5069
,

Nature Plants *: Averspe= 3.40 siemen 1.64

i
New Plants": Average. 6.31 Sieme= 2 69

|

* 9 plantt, with OL before 1/183
" 5 plants with OL af ter 1/1/83 -,

,

1 e

l

|

|

.

t

|
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1 4te D.3
80P 1 rips by Plant per critical fears Cunatative Averese for GE Unita

Plant Name OL Date Criticat 80P trips 5 Yr Aversee
Years 1/84 - 80P trips per

12/88 Critical Year

Big Rock Point 08/30/62 3.94 6 1.52

trowns Ferry 1 12/20/73 1.11 ' 3.60
Browns Ferry 2 08/02/74 0.67 1 1.49
Browns Ferry 3 08/18/76 0.25 3 12.00

Brunswick 1 11/12/76 3.56 11 3.09

Brurswick 2 12/27/74 3.19 8 2.51

Clinton 1 04/17/87 0.94 9 9.57
Cooper 01/18/74 3.30 13 3.94

Dresden 2 12/22/69 3.57 14 3.92

Oresden 3 01/12/71 3.07 22 7.17

Duane Arnold 02/22/74 3.53 5 1.42

Feral 2 03/20/8! 1.26 20 15.87

Fitspetrick- 10/17/74 3.78 13 3.44

Grand Gulf 1 07/01/82 2.88 27 9.38

h Netch 1 08/06/74 3.57 15 4.20

Natch 2 06/13/78 3.63 18 4.96
Nope Creek 1 07/26/86 1.90 16 8.42

Lesello 1 04/17/82 2.96 16 5.41

Letelle 2 12/16/83 2.67 13 4.87

Limerick 10/26/84 2.82 5 1.77

MitLstone 1 10/07/70 4.36 9 2,06

Monticelto 09/08/70 3.64 8 2.20

Nine Mlle Point 1 08/22/69 3.30 10 3.03

Nine Mt|e Point 2 10/31/86 0.53 15 28.30

Dyster Creek 04/09/69 2.55 11 4.31

Peach Botton 2 08/08/73 1.65 8 4.85

Peach Botton 3 07/02/74 2.23 13 5.83
Perry 1 03/18/86 0.88 13 14 . 71'

Pilgrim 06/08/T2 1.15 6 5.22

ound Cities 1 10/31/71 3.88 7 1.80

ound Cities 2 04/06/72 3.77 11 2.92

River Bond i 11/20/85 2.17 22 10.14

suscpehenne 1 07/17/82 3.77 9 2.39
Suscpehenna 2 03/23/84 3.41 10 2.93

vermont Yankee 02/28/73 3.83 8 2.09

WPPSS 2 12/20/83 2.99 30 10.03

m subtotet 36 Units 429 211.43

Att plants: Averagea 5.87 $lgmes 5.2893

Mature plants *: Averu p 4.02 sigena 2.44

New plants ** Averages 10.67 $leme= 7.31

* 26 plants with OL before 1/1/83
** 10 plants with OL af ter 1/1/83

D-3
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febte D.4
80P Trips by Pterit per Critical Years Cumulative Averete for Westinthouse Units

Plant Name OL Date Critical 80P fripe 5 Tr Averste
Years 1/84 * 80P fripe per

12/88 Criticet Year

Beaver Valley 1 01/30/76 4.03 14 3.47

Beaver Veiley 2 08/01/87 1.05 12 11.43-

Breldwood 1 05/21/87 0.75 9 12.00

Brelihood 2 12/18/87 0.17 10 58.82 |
i

Byron 1 02/14/85 2.49 20 8.03

Byron 2 01/30/87 1.25 13 10.40

Cattaway 1 06/11/84 3.44 33 9.59

Catase 1 06/01/85 2.53 18 7.11 |

Catsube 2 05/01/86 1.72 21 12.21

Connecticut Yankee 06/30/67 3.55 10 2.82
I

Cook 1 10/25/74 3.72 10 2.69

Cook 2 12/Z'l/77 2.94 18 6.12 .

Diablo Canyon 1 09/22/81 3.01 18 5.98

Diablo Canyon 2 08/26/85 2.33 21 9.01 ,

Farley 1 06/25/77 4.28 10 2.34

ferley 2 10/23/80 4.35 7 1.61 ,

Cinne 09/19/69 4.34 11 ?.53

Indian Point 2 09/28/73 3.67 23 6.L' ,

Indian Point 3 12/12/75 3.68 26 7.07- i

Kewounee 12/21/73 4.34 16 3.69

McGuire 1 06/29.d1 3.60 11 3.06
';

McGuire 2 03/01/83 3.62 27 7.46

Mittstone 3 01/31/86 2.16 22 10.19

North Anno 1 11/26/77 3.63 16 4.41 L

North Anno 2 08/21/80 4.28 7 1.64

Point Beach 1 10/05/70 4.17 3 0.72 |

Point Beach 2 05/25/72 4.30 3 0.70 |

Prairie Island 1 08/09/73 4.41 5 1.13

Protrie latend 2 10/29/74 4.54 1 0.22

habinson 2 09/23/70 3.16 15 4.75 ,

setem 1 04/06/77 * 5? 19 5.29.

Setem 2 08/18/81 3.04 31 10.20

sen onofre 1 03/27/67 2.49 3 1.20 ;

Se p yeh 1 09/17/80 1.18 6 5.08 4

se p yeh 2 09/15/81 1.92 11 5.73

sheeron Harris 1 01/12/87 1.26 21 16.67

south Texas 1 03/22/88 0.28 3 10.71

Summer 1 08/06/82 3.75 19 5.09

surry 1 05/25/72 3.35 to 2.99 ;

surry 2 01/29/73 3.55 17 4.79

frojan 11/21/75 3.36 12 3.57 .

'r
Turkey Point 3 07/19/72 3.0v 17 5.50

' Turkey Point 4 04/10/73 2.92 13 4.45

Vogtle l' 01/16/87 1.24 21 16.94

D-4
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febte 0.4 '

,

top frl;a W Plant per Celtical foer C a lative Average for hetinghouse Units [

(Contirnaad) |
|

Plant Name OL Date criticot DOP frips 5 fr Average
Years 1/N * 90P fripe per (

12/08 Criticet Year [,. .

'

.

'

Wotf Creek 1 03/11/85 2.46 24 9.76
fankee Rowe 07/09/60 4.21 9 2.13 i

tien i N/06/73 3.50 14 4.00 l

Zien 2 11/14/73 3.71 11 2.96 I

L

* " S etete| *** 48 unite . 691 334.52
I

ALL plants: Averages 6.97 $lgene 8.5381

Mature plants *: Averages 3.76 $lgaso 2.12

New plants": Averages 14.02 $lgeen 12.29 i

!

|* 33 plants with OL before 1/1/83
** 15 plants with OL efter 1/1/83 i
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APPENDIX E

BOP Trips by Systems and Subsystems
']
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toector irlps Counted by 90P Systens eral $@,yotens

top System DOP tueberstem No. of felps

AC Power 4

AC Power Nigh Voltese TT

AC Power Nigh Voltage Offetta 3

AC Power Low Voltese 6

AC Power Medium Voltese 31

AC Power Vitet AC (120v) 47

$4totet: 168

AC Power, Foodwater Low Voltays 1

84 total 1

Alt 42

Air Compressor i
Air Prelitter System 1

$4totalt 44

Air, feedwater 1

84totet: 1

Aamillery f eedwater 2

Aunillery feedwater ATW In tletion and Controt 2

$ 4totett 4

Circulatine Water 24

Circulating Water L ee Olt 2

Circulating Water tube Oil Cooling Water 1

Subttto11 27

ConsumicetIons 1

S4totali 1

Comparent Cooling Water 1

Subtotal 1

E-1
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teacter frlps teeted let top systems and theystems -

too system top edeyetem so. of Tripe

1Ca p ter

S4tetels i

Condensate storage i

Setotal: 1

Contalruent teoletten Foodneter 2

Setotal: 2

Cooling tester 1

84tetet: 1

DC Power 16

DC Power Irwerter 2

S4 total: 18

Dralne 2

setotet: 2

Foodneter 135

Foodneter Condensate 26

Fee &seter Condensate Polleher 1

feedseter Contelnment lootetlen 1

Foodneter Dominerallied teater 10

feedseter Drain 3

feedwater Feeduster Control 344

Foodneter Feedwater Drain i

Feedseter Foodneter nester 23

Feedseter feedmeter Indication 1

Feeduster feedseter Instrueentation 1

Feeduster Feedwater teolation 4

feedweter feedseter L4e Ott 3

Fooeseter poeter Drain 2

Fee 6seter L ee Olt 5

Feeduster Steen Relief 1

$4toiet 561

E-2
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teettor Trlps teeted by BGP Systens and Sesyotens '

I
DOP System top $ 4 system No. of Trips ,1

:

|Foodnoter, Hein Steam' Fook eter Control 1

i
$4 total 11

.

!
Foodneter, Steen Generetor Foechseter Control 1

'

i
84totalt 1 {

!

:

Fire Protection 4 .

>

'$4totett 4
|

1

NVAC 3

NVAC ~ tattery Room Cooling 1 i
NVAC Cabinet Cooling 1

84totett $

NVAC (Dullding) 2 3

!

Subtetai 2 I

I

NVAC Turbine building i
s

Setotett i -

r

Instrumentation and Controt 7 ,

Instrumentatten and Control Control Room Instrumentation 1
{

instrumentation and Control Foodwater Control 3

Instrumentation and Control Nuclear Instrumentation 3

Instrumentation and Control Power Canoe Instrumentation 3

Instrumentation and Control RCP Trip Circuit 2

Instrumentation and Control Radletion 2
,

instrumentation and Control Sefeguards Logic
,

1 i
instrumentat' M and Control Steam Generator Control 2

Subtotett 24 |
,

Main Steam 47 ,

Mein Steam Drain 1 e

Main Steen Encess Steam vent 1

Neln Steam MSLB Logic 2

L i

L E-3 <
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Rosetor Tr(pe Counted by 30P Systone and Sesyetone

- 00P system 5.'sce sesystes me. of tripe

Neln Steam Mein Steam Indication & Alors 1

Mein Steen Main Steam teolation 4

mein Steam Mein steam 160Letton volves 1

neln Steam Moleture Deparator Re W ter 20

main Steam Offpaa 2

Noin 8 team 8 teen Pypees 1

Mein steam steam Isoletion 1

Main Steam Steam Jet Alt Ijector 1

main steem steam hohooter 2

Main Steam steam Rollef 6

64 total 90 ;

hon-condenelble Genee tatre:t. 1 i

i

84totalt 1 -

!
.

Non nucteer Instrumentation 5 |

84totalt 5 \
1

;

Nucteer Instr m entation 2

84totalt 2

,

Panele/Cabineta 1 ,

I i

$stotal 1

,

I
i

Power Conversion 1
*

|.

94totalt 1

:
!

'
Primary $yeten Drain 1

t

h$4 total 1

RWCU Dreine 1

'

$4 total: 1

!

E-4
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teacter Trtge Counted by 30P Systems and teoretene ,

DDP System _ 00P 84eystem Ilo. et Tripe

toector Cootent Pump IOC 1
,

84totalt 1 :
1

I
.. !

Beactor Coolant hap Dil 1 )
| |
|

|

'

jSetotett 1

l
1

telemic Trip 1 j
i

tetotett 1 I._

I

tervlie Water 1 I

i

i

tetotalI i i

i
s- ;

- 1

8 teen Gererator 1

Steam Generator Instrumentation 1

Steen Generator SG tlowdown Drain 1

Steen Generator SC Lou Level Trip 1 ")
$ teen Generator 8 teen Generator Ammonie Suppty 1 )
Steam Generator Steen Generator Control 2 |

|

Setotalt 7

!

Turbine Generator 97 |
iTurtelne Generetor . Condenser 3$

Turbine Generator Cooling Water 1 1

Turbine Generator Drain 1 |
'

| Tur1>lne Generator taciter i
.

! Turbine Generator Generator 9 !

l' Turbine Generator Generator Cooling Water 2 !

| Turbine Generator Generator Nydrogen Control 1

Turbine Generator . Generator hydrogen test Olt 2

Turbine Generator Generator Stator Cooling i >

Turbine Generator L ee Ott t

Turbine Generator Preneure Seculator 3

Turbine Generator Steam Jet Air E]ector 1 i

Turbine Gerwrotor Steam belief 1

Turbine Generator Steam testing 1 i

- Turbine Generator T/G Instrumentation & Control 250 ;

Turbine Gereretor Thrust Deering Wear Detector 1 !

Turbine Generator Turbine 3y-

Turbine Generator Turbine typese 2 i

|-

L E-5 i
|

'

,

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



- - ... _ - . - . . _ . . - - . . . . . . . - -

3

.s|-

; heactor frlps Comted by BOP Systees and Smeystees

a 80P System - BGP 84eystem he. of frlpe

} furbine Generator fu sine Centret Olt 1

, turbine Generator Turbine Coellne Water 2

i [- Turbine Generator fu elne Drain 1

-! Turbine Generator turbine L 4 e Olt 3

h furbine toreretor turbine Lee 011 Cooler i
< l, turbine tenerator Turbine Steen looting 3

(
$$ Setotal 419

I

f furbine Generator, feedmeter 1/G Instr oentation & Control 1

-i
tetotet: 1 |

!

'! Unknown 1

-{ .

l

' i, tetotet: 1 ,

I

.

!

$

Total No. of Tripe 1605 ,

I

:\
,

t

!
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,

o
,

|

t

!

'l
!

' !
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.

. i
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APPENDIX F

BOP Trips by Systems and Components

!
4

|
|

'

.

e
a

f

i

i

e

, e v - -- - ~ - _ . - - - - - - - . _ _ _ - - - - . - - - - - . _ _ _ - - - - - _ - - - - - - _ _ - - - - - - . - _ - . - - _ - - - . - - _ . . - _ _ _ - - .



.

Reettor Trlys Counted by 80P Ceapanente and Byetens>

30P Systemi DOP Component be. of Trips

AC Power 3

AC Power 365 Ky test block stud 1

AC Power Aunillery treneformer 4

AC Power tus $

AC Pouer tus chact 4

AC Power Cable i

AC Power Capacitor 2

AC Power Circuit breaker 10

AC Power Circuit card $

AC Power Computer 1

AC Power Consksit - 1

AC Power Connection 3

AC Power Connector 1

AC Power Control circuit i

AC Power Fuse $

-AC Power- Numan 50

AC Power Moon (other unit) 1

AC Power 1rput filter 1

AC Power Insulation 6

AC Power inverter 7

AC Power -Inverter, fuse 2

; AC Power Liphtning errester 1

AC Power Main transformer 3

AC Power NuttIpteuer 1

AC Power OscILietor 1

AC Power Declitetor, Voltage controller i
AC Power Rectifier, fuse 1

AC Power Relay 7

AC Power Switch i
AC Power Switchgoer cabinet i
AC Power fest switch 1

AC Power transformer 23

AC Power Trenealosion line 2

AC Power Unknown 8

AC Power Wire 3

Setotal: 168

AC Power, feedwater Circuit breaker, Pres regulator valve 1

Subtotal 1

Air' Air control valve, Air Line i
Air Air dryer 2

Air Air Line 14

Air - Air line moisture trop 1

Air Ccapressor 2

F-1
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keec'er Trips Counted by 90P Capt and Systems

DOP lysten 80P Component ho. of Tripe

Air Coupressor, Proteure switch 1

Air Festener, Pressure tronomitter 1

Air human 11

Air ineutetten 1

Air Pipo 3

Air Retey i
Air lotenold velve 1

Air unknown 2

Air unknown (Contaminant) 2

Air Velve 1

Subtetatt 44

.Alr, Feedwater Air Line, Feedbeck are 1

Subtotett 1

Austlfery Feedwater Munen 2

Aunittery foodweter Pipe i
AuntLlery Foodwater Trenamitter/ Receiver i

S*totalt 4

Circulating Water Circuit card 1

Circulatine Water Human 5

Circulatine Water lootetten valve 1

Circulating Water Jet ymmy 1

Circulating Water Motor operated vetve i
Circulating Water Multiptener 1

Circulating Water Pg 3

Circulating Water Retey 1

Circulating Water Screen 1

Circulating Water $ trainers 1

Circulating Water Transaltter 1

Circulating Water Traveling screen 5

Circulating Water unknown 1

Circulating Water ~ Velve 4

Subtotett 27

Cosaunications Hand held radios 1

Subteteli 1

F-2
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heetter 1rlps Co mted Isr BOP Ceapanent and Systems

agP Systen 80P Casponent No. of Tripe

Campenent Cooling Water gemen 1

84tetels i

C @ er inverter i

94teteti 1

Condensete Storspe been i
<

estetet: 1

Centeinsent teetetton- Fuse 1

Centelquant teetetten Boteneld volve 1

-94tetelt 2

Coellne Water lumen i

94tetet 1

DC Power Due 2

DC Power circuit cord i
DC Power Centrol circuit 1

DC Power DC power eeurce i
DC Power Ihauen 10

DC Power Interlock 1

DC Power unkneun i
DC Power Wire 1

84tetet: 18

Dreine PIPS i
Drelne Wold 1

84tetel I

feeduster alt operated volve 2

feedseter Air regulator 1

feeduster Bletable i
foodseter typese volve 2

feedseter Cepeciter i

F-3
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heetter Trlye Cewited by MP Campenent and lyetone

30P System 00P Couponent No. of Tripe

Feeshester Check volve 6

Foesheeter Check volw, Circu't breaker 1

feesheeter Check velve, Pimp 1

feedhester Circuit brooker 1

Foodneter Circuit card 29

Foodwater Circuit card, Velve 1

feechseter Camputer 1

feedhseter Conekveste deelneretirer j
Foodwater Cormonaete polleher progrenner 1

feedwater Comection 1 j

feedweter control circuit 10 i

Foodneter Control clL 2 |

Foeshester Contret yetwe 11 |

feedwater Current preneure converter 2
'

Foochseter DC power source 1
'feedwater DC power source, FW ht tev cntrl switch 1

Foodneter Demerator tank i

Feeduster Dette P controller 1 i

Foodwater Diephem 1 |
feesheeter Drain tank 1 ,

Foodueter FWP delte P controtter meter 1 i

feedwater f eed regulator valve, bypees 1

Foodwater Feeduster control volve 3

Foodwater Feedwater heater 1

foodneter Foodwater regulator vetve 38 l

feedwater feedwater reguletor valve, Stock velve 1 )
Foechseter Foodwater agaere root extractor 1 |

feesheeter Flow controtter 3 j

Foodneter Flow recorder 2 |

Foodneter Flow tronomitter $ )
Foodwater Flybett governor 1 |

Foodwater Fuse 13 )

foodweter Meet exchanger 1

Foodneter Noeter Drain Tank 1

Feedwater Nigh elenal selector 1 ;

feodwater Human 213 |

feedwater Indicator 2

Feedwater Level controller 6 ,

feedus.or Levet recorder 1 |

Feodwater Leve| sensor 2

feedwater Level switch 2 )

'
Foodneter Level transaltter 1

|
|- Feedwater Limit evitch 4

l ~' feeduster Luw oil seperator i
Feedwater Manuel leol valve, air operated volve 1

Feedwater Manuel valve 1

Feedweter Motor operated velve 1

Feesheeter Nortle i
Feedwater 011 filter 1 ;

,
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testter Tripe Cowited by 00P Camponent and lyetme

80P System 30P Ceepenent the. of Tripe

Feedseter Olt line 3

foodmoter 011 Line, Wire 1

Fee & ster Olt test 1

Feeketer Olt/ water esperator 1

Fooketer Pipe 9

fee &eter Pnometic volve i

Foodneter Potentiesotor 1

Feedweter Power o pply 1

feedmeter Proseure Centret 1

Foodneter Preneure owltch 3

Feedweter Pressure tronomitter 5

feedweter Pg 31

freduster kocircutetten volve 1

Feedwater Regulator velve 2

feeketer teley 10

Fooketer hetey contacts 1

Fooketer hellef volve 2

feedwater kupture disk 1

fee & eter test 2

Foodseter Servo control motor 1

fooddeter Soleneld vetve 12

Foodwater totenold vetw, lootetton volve i

feeduster Speed controlter 5

feeduster Speed indicotten 1

Feedseter Stesm/ feed elonetch eunumtor 1

Foodneter stralners 2

Foodneter Switch $

Feehater lecheneter ;

Foodneter Thrust bearing weer detector 1

feeduster tronomitter 1

Foodmoter trip circuit 1

Fee & ster Trip twitch 1

Foedseter Tee 3

feedvetor turbine governor 2

Feedmeter Turbine pump 2

Feedwater unknown 21

Feodwater Vetve 23

Fw duster Velve operatore, Releye, Solenold volve 1

Foodneter Vent line 1

Fee &eter Vibration detector 1

Foodwoter Wire 6

Setotet t $61

feedwater, Main $ teen Musen 1

1oubtotal:
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keector Trips tested by 30P Caponent and Systems
,

DOP System 80P Camponent to. ef Trips

foesheeter, Steam Senerator Level centroller 1

94 total: 1

Fire Protection thanen 2
Fire Protectlen Proesure regulatur, tensing header pipe 1

Fire Protection Unknown 1

84totat 4

|

)
'

NVAC Fan 1 '

NWAC lhanen 2 !

WWAC' unknown 2 I

i

34 total: $
.

t

I
NVAC (Sullding) Fan 2 ,.

84totat 2 i

j'

u

NWAC Turtnine building eksnan 1

84 total 1 )

instrumentation and Control Amplifier 1
1

Instrumentation and Control Capacitor 2 ),

Instrumentetton and Control Circuit cord 1

instrumentation and Contrt.1 Comection %

!astrumentation and Control - Numan 7

Instrumentation and Control Instrumentetlen 1

Instrumentation and Control Inverter 2

Instrumentetlen and Control Level trenesitter presourlains ve|w 1 |

Instrumentation and Control Power o w ly 1

|* Instrumentation and Control Radletion monitor 2

Instrumentation and Control Relay 1

Instrumentation and Control Ctetic inverter, Switches 1

ins' rumentation and Control Transforser 1

Instrumentation and Control unknoen 1 |

S4 total 24 ,

!

| b
!'- Meln Steam Air operated check vetve 3

|- Main $tese typoes volve 1
|

F-6
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Rosctor Trips Comted by 90P Component and Systems

00P Systse top Ceaponent No. of Trips

Main Steen Check velve 1

moln Steen Circuit ceril 3

main steen Control circuit 3

mein Steam Drain tank 1

Mein Steen Drain volve 1

mein steen Gasket 3

Noin Steam Neon 33

neln Steam Neen, Unknown 1

neln steen insutetton i

main Steen Lewt controller 2

mein Steen Levet sultch 2

neln steen Limit sultch- 1

mein Stoem Nat.) Steen f ootetton valves 2

Meln Steen Pipe- 2
,

Nein Steen PneWatic velve i
Nein Steen Pressure control valve 1

Meln Stoes . Pressure switch 2

Mein Steen Proteure transducer i

Nein Steen Pressure transmitter 3

Main Steam , Pump 1

Meln Steen Retey %<-

mein Steen Relief velve 3

mein steen Solenoid valve 3

mein Steam Trip circuitry 1

mein Steen Trip switch 1

main Steam Trip vol w 1

Main Steen' Unknown 3

Main Steen Vetve 6

Meln Steam Vent line 1

84totett 90

Non condensible Geses Estract. Heen i

Setetet 1-

Non r.ucteer Instrumentation 1

Non nucteer instrumentation Flow switch 1

pon nuclear Instrumentation fuse holders 1

Non nuclear Instrumentation- Numan 1
'

- Non nueteer instrumentation vatye 1

S4totett 5

Nuc| ear instrumentation Human 2

,-

$ 4totet 2

F-7

:|

_ _ _



, <

heetter felps Comter' by 80P Cenpanent eral Systema

BIP System BOP Camponent so, of fripe

Penets/Cabineta punen 1

94tetelt 1

Power Converalen Pipe i

tetotet: 1

Primary System Drain volve 1

84totet: 1

kWCU Drelne Pipe 1

8 4totet: 1

Reector Coolent Pg R&C teley 1

,

8 4 total: 1

Reactor Cootent Puup Olt Levet evitch 1

84totets i,.

Setemic frlp Coll, relay 1

84 totals j

tervice Water numen g

-Subtotal 1

Steam Generator typeen yetwe 1

Stoem Generator Control circuit 1

- Steam Generator F|ow trenamitter 1

'Steen Generator Asnan 2

Steen Generator Retlef velwe 1
,

Steen Generator valve 1

84totelt y

F-8
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|

heetter Tripe Comted by top Ceepenent and Systees

90P System 30P Ceepenent No. of Tripe

Turbine Generator 2

1urbine Generetor Aglifler 1 j

Turbine Generator toering 3

Turbine Generator tellows 3

Turbine Generator trueh Assembly Enclosure 1

Turbine Generator trueh collector ring 1
|

| Turbine Generator tuoh!ng 2

| Turbine Generator outton 1

. Turbine Generatee 9 Woos velve 4

Turbine Generator Cebte i
Turbine Generetor Cepec1 tor 1 |

Turbine Generator Check velve 1

Turbine Generator - Circuit brooker 2 I

Turbine Generator Circuit cord 17 |

Turbine Generator Condenser water box 1

Turbine Generator - Connectlen 3
|

Turbine Generator Control circuit 4

Turbine Generator Control ott 1

Turbine Generator Control vetve 10
1Turbine Gnwrotor Fan 1

Turt Ine Generetor Filter 2

Tur% ne Generetor Flow switch i
Turbine Generator - Fluid cooler 1

Turbine Generator Fluid filter 1 ]
Turbine Generetor Fuse 2 i

Turbine Generator Geeket 4 l

lTurbine Generator Generator conforseble layer 1
'

Turbine Generator Generator exciter 8
l

Turbine Generator. Generator stator collo 1

Turbine Generator Governor 1 ,

Turbine Generator Netch 1

Turbine Generator Numen 128

turrine Generator Hydraulic control system 2

. Turbine Generator lepeller 1

| Turbine Generator Indicator 2 i
'

| Turbine Generator Instrumentation 1 ;

l Turbine Generator Insutstion 1

-- Turbine Generator Level controtter 1

Turbine Generator Level switch 1 e

Turbine Generator Level transmitter 3

Turbine Generator Limit switch 4

(; Turbine Generator Meln steen line Instrument rock 1

Turbine Generator Manuel volve 1

Turbine Generator Motor operated disconnect 1

Turbine Generator 011 Line i
N _ Turbine Generator Ortfice 4

Turbine Generator Pilot velve i
Turbine Generator Pipe 9

Turbine Generator Potentiometer 4

F-9
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Reactor Trips Counted by BOP Comonent and Systems-
,

i

- 00P SystemJ '90P Component, No. of Trips
,

Turbine Generator Power s g ply 3-
iTurbine Generstoi| Power supply, Circuit card 1

Turbine Generator Pressure control valve 1

. Turbine Generator Pressure limiter 1

Turbine Generttor' Pressure reputator 4

Turbine Generator : Pressure regulator volve 1

Tur'Jine Generator Pressure sensor 1

Turbine Generator Pressure switch- ' 4

Turbine Generator Pressure transducer 1

sfurt'ne Generetor Pressure trenseltter 4 i

. Turbine Generator Ptmp . 7 |

Turbine Generator- Recirculation velve 1

Turbine Generator Rectifier banks cooter 1

Turbine Generator Regulator valve 1

Turbine Geatrator Relay 9
Turbine Generator Relay contacts 4

Turbine Generator Relay contacts, Roller wheet 1

Turbine Generator. Relays, Circuit card 1
|Turbine Generator Relief device 1

Turbine Generator Relief vetve 4

Turbine Generator- Rotor. collector ring 1 (
Turbine Generator Rubber expansion joint 1 ['Turbine Generator Seal. 2

Turbine Generator Sennor 2
*

' Turbine Generator Solenoid volve 4-
Turbine Generator- Speed controller 1

t

-Turbine Generator Stator coil i
Turbin6 Conerator' Stop valve 2-
Turbine Generator Stralner, orifice 1~

Turbine Generator Switch 3 --
'

Turbine Generator ~ Switch,. Gauge 1

Turbine Generator Temperature cont / ler 1 |

' Turbine Generator- -Temperature senscn 1

Turbine Generator- Temperature switch 1

Turbine Gene;stor Test switch 1

Turbine Generator Thrust bearing wear detector 3 |
Turbint. Generator Transducer 2

| -Turbine Generator Transfer valve 1

Turbine Generator Transformer 6- |
Turbine Generator Trip Latch 1

Turbine Generator Trip circuit 1

Turbine Generator Trip switch 1

Turbine Generator Tube 9
Turbine Generator turbine 5

, m Turbine Generator Turbine bearing 1

: Turbine Generator Turbine bearing haar detector 1

!. Turbine Generator' Turbine bypass velve 5

q- Turbine Generator-- Turbine control valve 1

Turbine Generator Turbine governor 4

F-10
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,
' Reactor Tripe Comted by BOP Ceepenent and systems -

m.
!

.

' 00P Ceepenent No. of Tripe00P Systen

>

Turbine Generator Turbine sworner valve 9

Turbine Generator Turbine sworner volve, bypese volve 1

A Turbine Generator Turbine header prose. hand /oute station 1

Turbine Generator Turbine stop velve 3

Turbine Generator unknoun 25

Turbine Generator Velve 7

Turbine Generator' Vibretten detector 1

1' Turbine Generator Vibretten indicator i
Turbine Generator Voltage reputator 2

lurbine Generator Weld 1

1urbine Generator Wlre 4 ;

84 total: 419

Turbin6 Generator, Fee &seter Relay, Turbire feedpuup cogling 1

84totet: 1

,

unknown unknown -1

Subtotets' 1

1
i

|

I

-Total No. of Tripe 1405

i-
l I

J

1

;

|
|

!

|
l
1
'
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APPENDIX G

Mature Plants' Feedwater Pumping Capacity
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MATURE PLANTS' FEEDWATER PUMPING CAPACITYm

. .

Trips per Critical Year
"N 1" . Jan. 1, 1984 - early 1988

. ,

Capacity Number of FW Pumps
Plant (%1 (M-motor:T=turbinel HQE -EW FW Controlr;

"'

Dresden 2: 100 3M 5.0 2.1- 2 .1.

Dresden 3 100 3M. 8.9 3.4 3.0-
Ft. Calhoun- 100 3M 0.3 0 0

Nine Mile 1 100 3(M/T) 3.0 0.9 0.9
North Anna l' -100 3M 4.4 2.2 1.5

| North Anna 2 100 3M 1.8. 0 0

Zion 1 100 'TM/T) 3.6 1.1 0.7
Zion 2 100 4(M/T) 3.1 1.4 1.0-

Millstone 1 87 3M 2.4 0.6 0.3
ANO-1 80 2T 4.6 3.0 3.0
Rancho Seco 80 2T 8.5 4.3 3.2
Sequoyah 1 78 2T 3.5 0.9 _0.9
Sequoyah 2 78 2T 5.3 3.8 1.5
"each Bottom 2 72 3T 4.2 1.8 1.2

Peach Bottom 3 72 3T 5.8 2.7- 1.3

DC Cook _1 70 2T 3.6 2.2 1.8
DC Cook 2 70 2T 6.8 2.3 1.9
Trojan- 70 2T 3.6 1.5 0.9
Duane' Arnold 68 2M 1.4 0.4 0

Grand Gulf . 67 3T 12.6 5.2 1.0
V.C. Summer. 67- 3T 6.3 2.7 0.7~

Susquehanna 1 67 3T 2.5 0.4 10 . 4

Prairie Island 1 65 2M 1.1 0.8 0.6
Prairie-Island 2 65 2M 0.3 0 0

ANO 2 50 2T 4.6 1.2 1.2
Robinson 2 60 2M -4.8 2.0 2.0
-TMI 1- .

60 2T 4.7 1.2 1.2
Turkey Point 3 60 2M 6.9 0.8 _0.7
Turkey Point 4 60 2M 5.1 0.8 0.4
Indian Point 2~ 55 2T 6.8 3.9 3.6
Millstone 2 55 .2T 3.5 1.9 1.3

St. Lucie 1 55 2M 2.5 1.9 1.6
Surry 1 55 2M 3.4 1.4. . 0

Surry 2 55 2M 5.2 2.6 1.5
Beaver Valley 1 50 2M 3.7 0.6 0.6
Conn. Yankee 50 2M 3.2 1.8 0.7
Davis-Besse 50 2T 4.9 3.8 .2.7
Diablo . Canyon 1 50 2T 6.4 2.1 13
Farley lL 50 2T 2.6 1.4 1,2

'Farley 2 50- 2T 2.1 -1.5 0.9.
Fitzpatrick- 50 2T 4.2 1.6 0.3
Ginna 50 2M 2.6 0.3 0.3
Indian Point-3 50 2T 7.7 4.9 3.5

iv g,3
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W'.TURE PLANTS FEEDWATER PUMPING CAPACITY (Continued)
'

Trips per Critical, Year
"N-1".. . Jan.1,' 1984 - early 1988

Capacity Number.of FW Pumps
Plant - -(%) (M-motor:T turbine) - RQE [W. FW Control

Kewaunee 50t 2M 4.1' 1.8 1.8
Palisades: 501 2T 5.4 0.6 0
Point Beach' l' 50 2M 0.7 0.0 -0.0

'- Point-Beach 2 50 2M 0.7- 0.0 0.0
Salem 1- 50. 2T 5.8 3.6- 2.2-
Salem 2 50! 2T 12.3- 5.5 4.7
San Onofre-1 50 '2M 1.5 0 0
San-Onofre 2 '50 2M 3.8 2.3 0.4

. .

p ha

G-2
,

,



.

.

; '

. ' -, 'j 'd

'
-

.

I

APPENDIX H

, BOP Trips by Plant with NSSS Vendor and A/E
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Reactos felps Counted by Plant
(with Associated NSSS Vendors

and by A/E Fires

-Plant Name NSSS vendors -A/E Firma No. of Trips

Arkanses Nucteer One 1 B&W Bechtet 14*

- Arkansas Nucteer One 2. CE ' Bechtet 12

Beaver Valley 1 W Dtapeone Light / Stone & Webster 14

Beaver Valley 2 W Otapeone Light / Stone & Webster 12'

Big Rock Point GE Bechtet 6

Breldwood i W Serpent & Lundy 9

Breichsood 2 W Sergent & Lundy 10

Browns Ferry 1 GE TVA 4

Browns Ferry 2 GE TVA 1-

Br<wns Ferry 3 GE TVA 3

Br n wick 1 GE United Engineers 11

Brtmewick 2 GE United Engineers 8

Byron 1 W Sergent & Lundy 20

' Byron 2 W Serpent & Lundy 13

Caltauey 1 W Bechtet 33

?alvert Cliffs 1 CE Bechtet 20

' Catvert Cliffs 2 CE Bechtet 11

Cata se 1 -W Duke Power Company 18

Catsube 2 W Duke Power Company 21

, Clinton 1 GE Sergent & Lundy 9

Cornecticut Yankee W Stone & Webster 10

. Cook 1- W Amerleen Electric Power 10

Cook 2 W American Electric Power 18

Cooper GE Burne & Roe 13

Crystal River 3 5&W Gilbert 14

-. Davis Besse- B&W Bechtet 13

Diablo Canyon 1 W Pacific Gas & Electric 18

Dirblo Canyon 2 W Pacific Gas & Electric 21

Dresden 2 GE Sergent & Lundy 14'

-Dresden 3 GE Jorgent & Lundy 22

Duane Arnold GE Bechtet 5-

Farley 1 W Southern Ccapeny and Bechtet 10

-Farley 2 W Southern Company and techtet 7

Feral 2 GE Detroit Edison and S & L- 20

Fitapetrick GE Stone & Webster 13

Fort Cathom 1 CE Gibbs and Hill 1

Glnne W Gilbert 11

Grand Gulf 1 GE Bechtel 27 -

Natch 1 GE -Southern Company and techtet 15.
- ' - . Netch 2 GE Southern Ccapeny and Bechtel 18

Nope Creek 1 GE Bechtel 16

~ Indien Point 2 W United Engineers 23

. Indian Point 3 W United Engineers 26

Kewomoe W Fluor Pioneer 16

LaSette 1 GE Sergent & Ltedy 16-

LaSalle 2 GE Sergent & Ltndy 13

Limerick GE Bechtel 5
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/ReacterTripsCountedbuyPtont.

'(uith Associated NS$$ Vendors
W by A/C Fires

>

. g.

LPlantName NS$$ Vendors A/E Firms No. of Trips.

. Malne Yankee CE Stone & Webst'er- 25
McGulre 1 W Duke Power Company 11

. McGuire 2 W Duke Power Company 27
Millstone 1 . GE Ebesco ' 9
Millstone 2 - CE Bechtel ' 11 -
Millstone 3 W Stone & Webster O
Monticetto' GE Bechtel' 8
Nine Mlle Point 1 GL Nittere Mohawk Power Corp. ' 10 |

.

Nine Mlle Point 2 GE stone & Webster ' 15
'

North Anne 1 W Stone & Webster 16

f
North Anne 2 W- Stone & Webster 7
Oconee 1 .B&W Duke and Bechtel 9 *

Oconee 2 B&W Duke and techtet 9 *

Oconee 3 -B&W Duke and Bechtet 9 .

I Oyster Creek. GE Burne & Roe and GE (Turnkeyl) 11 - f-~Pallandes .CE Bechtet 9 i

Pato Verde 1 CE - Bechtel - 17 -
Pelo Verde 2- CE Bechtel 9 i-

f
' Peach Botton 2' GE Bechtet -8 -

Peach Bottom 3 GE Bechtel 13_
Perry 1 ' GE Gilbert: 13

PilBria GE Bechtel 6 '-
'

Point Beach 1 W Bechtel.|;.
, Point Beach 2 . W- Bechtet .

3 1
-

3
Prairie latend 1 W Fluor Planeer 5

I;[ Prefrie Island 2 W Fluor Pioneer 1 ;

Quod Cities 1 GE Sortent & Lundy 7
*

Quod Cities 2 GE serBent & Lundy
* '

11 ;

Rancho seco. B&W Bechtel 11

River Bend i GE stone & Webster ' 22
. Robinson 2 W - Ebesco . 15

Setem 1 W - P 4 tic service Electric & Gas 19
3

Setem 2 . .W Pubtle Service Electric & Gas 31- '

-' San Onofre 1 W Bechtel 3 -

sen onofre 2 CE Bechtet 11
1

San onofre 3 CE Bechtel 10

'sequoyah 1: W -TVA 6
Sequoyah 2~ W TVA- 11

h'' Sheeron Herr'is 1- W'' Ebesco 21 ;
;, Shoreham GE Stone & Webster 1,

% South' Texas 1 W Bechtet 3 *

'

2St. Luctc 1 ' CE Ebesco 12

i St. Lucie 2| CE Ebesco 20 .[U" summer 1' W- Gilbert 19 |

Surry 1 W- Stone & Webster 10

, sorry 2, W stone & Webster 17
'

Susquehanne 1 GE B H tet 9

.[
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Reactor Trips Counted W.Ptent4

(with Associated NSSS Vendors-.
and by A/E Firms >

Plant Name NSSS Vendors A/E firms No. of Trips .

Sungwhanna 2 GE ~ tochtei 10

Three Mlle Island 1 t&W Gilbert 10

Trojan- W' 8echtel 12

Turkey Point 3 W tochtel 17

Turkey Point 4 W tochtel 13

Vermont Yankee GE Ebeaco 8

Vogtto 1 .W tochtel -21

WPPSS 2 - GE turns & Ros 30

Waterford 3 CE Ebesco 27

Wolf Creek 1 W tochtet and Sergent & Lundy 24

Yankee Rowe W Stone & Webster 9

Zion 1 W . Sergent & Lundy 14

Zion 2 W Sergent & Lundy 11

Total No. of Trips: 1405

i !

..

i .

- |.

'!
.;

I

j

,

,|
s

3

s '.

H-3

w
*

j '.
_ _ _ _ _ _ - - - _ - - - - _ - _ __



. .

> >

:q ,. ;g .
i L ,

,

'

., j'$e . k/ .
' '

&

. .o

i

r 1

, E

s

1

.'\;

APPENDIX 1'

BOP Trips as-a Function of Power Level

,

4[i

.

5

i L

f 1



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

, ,

'

a

Lletint of teactor. Trips' by Power Lowl
- .i:

' Plant mome'- 0 55 |5255 25 505 50 75E ' 75 100E Totet

- Arkansas Muclear One 1 0 3 2 1 8 14'
. Arkansas mucteer one 2 - 2'- .1 0 1 8- -12
Beever Velley 1- 0 4' 2 0 8 14

toever Valley 2 O 2 1 3 6 12
'

1
Sig Rock Point 1 4 0 0 1 6
trolduood 1. 3 1 2 0 3 9

. trolesoort 2 = 2 3 '2 1 2 10| ..'
' Browns Forry 1 1 1 0 0 2 4

- Browns Ferry 2 0 0. 0- 1 0'- 1

. troer.s Ferry 3 - 1 0 1 0- 1 3
Brv.mulck 1- 1 0 3 1. 6 11

Brunswick 2 1 0 0 2 5 8
0 tron 1 0. 'T 4 0 9- 20
Fyron 2- 1 5 1 0 6 13
:stlausy 1 7 4 4 3 15 33

'etvert Cliffs 1 1 2 2- 1 14 20,

Calvert Cliffs 2 0 1 1 0 9 11

Catsube 1 0 :5 0 3 10 18

Cateube 2 1 7 4 2 7 21

!Cttnton 1 1 2 0 3 3 9-
Connecticut Yankee -1 0 1 1 7 10 ,

cook 1 1 2 0 2 5 10

. Cook 2- 5 3 0 1 9 ' 18 -

Cooper 1 2 3 3 4 '13
Cryotel River 3- 1 4 0 3 6 14 :

' Davis lesse 2 1 4 1 5 13-
Diablo Canyon 1 1 6 5 1 5 18 I

Diablo Canyon 2 0 5 7 1 8 21 I

Dresden 2 3 0 'l 2 7 14

- Dresden 3 - 2 4 3 1 12 - 22
Duane Arnold - 1 0 0 1 3- 5- .,

Farley 1 0- 1 1 0 8 10 'I
Farley 2 0 2 1 1 3 7

'

Feral 2 8 7 3 1 1 20
Fitapetrick 0 2 1 2 8 13 $

LFort Calhoun 1- 0- 0 0 0 1 1 [
Ginna 2 1 1 0' 7 11 -

'

Grand Gulf 1 3 4- 1 8 11 27
;'Natch 1 0 1 1 3 10 15 <

|h Natch 2 1 1 3 0 13 18' '
'

.' Nope Creek 1- 3 1 1' 1 10 16

Indian Point 2 5 4 3- 1 -10 23 '
Indian Point 3 2 5 1 3 15 26
Keueunee 4 4 0 '2 -6' 16

.

LaSalle 1 1 0 1 6 8 16 i
,

Lesalte 2 1 2 1 3 6 13

Limerick. 1 0 1 0 3 5
~i' Nelne Yankes 1 6 0 5 13 25

McGuire 1 0 0 0 2 9 11
.
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Listing of Reactor Trips by Power Levet ..

D' ant pene 0 51L 5 25%- -25 50% 50-?5%- : 75 100% ' Totat '!

Meectre 2 - 0. 3 1 0 23 27 L

Mittstone 1 1 1 1 1 5 9-

Mittstone 2 0' i 1 1 -~ 7- 11

Mittstone 3 'O 10 2 1 9- 22

Monticetto 1= 0 0 1 6 8-
Nine Mlle Point 1- 3 1 0 0 -6 10

Nine Mite Point 2 3 1 6 2 3 15

North Anna 1 0 4 0 0. 12 16

' North Ama 2 1 0 0 1 5 7

. Oconee 1 0 1' 2 1 5- 9

- Oconee 2
= 0 0 1 1 7 9

Oconee 3-: 0 2 1 2 4 9

oyster Creek 3 1 1 0 6 11

-Palisades. 0 0 3 3 3 :9

Pato Verde 1 1 3 2 4- 7 17

- Pato Verde 2 0 2 2 1 4 9

Peach totton 2 - 1 0 2 1 4 8

Peach Bottom 3 3 0 2 1 7 13

Perry 1 3 1 3 4 2 13

Pilgrim 1 2 1 0 2 .' 6 .

' Point Beach 1 0 0 0 0 3 ~3-

Point Beach 2. 1 0 0 0 2 3

Pretrie Island 1- 1 2 0 0 2 5

- Pralrie Island 2 0 0 0 0 1- 1

oued Cities 1 ~1 1 0 2 3 7-

Quod Cities 2- 1 0 1 0 9 11

Rancho seco 0 3 1 3 4 -11'

River Send 1 6 3 2 -6 5 22

' Robinson 2 1 4 0 4 6 15 .4

solem 11 0 3 0 3 13 19 l
' set em 2 - 3 7 2 6- 13 -31 j

l,sen onofre 1- 0 0 0 0 '3 3 t

-san onofre 2- 1 0 3 1: 9 11

San onofre 3 0 2 1 0 7 10 j

Sapoyoh 1 0. 1 0 1. 4 6 -j
'

sequoyah 2- 0 4 1 1' 5 11 ;

'i- shenron Harris 1 1 3 5 3 9 21 |
'

shoreham 1 0 0 0 0 1 ,|
south Texas 1- 0 1 0 0 2- 3

''

St. Lucie 1.; 1 2. 1 0 8 12
.

St.,Lucie 2= 0 6 3 1. 10. 20 y
' summer .1 - 0 6 1 1 11 19 ;

surry 1-' O 4 1 0 5 10 :!

surry 2 :. 1 8 1 .0 7- 17 ,

susque> anne 1 0 1 1 2. 5 9 .)
'

-sus W anna 21 2 0 2 1 5 10 j'
,

:Three Mite Island 1 1 3 0 1 5 10

Trojan: 0 1 2 1 8 12

furksy Point 3 1 2 4 1 9 17

;
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' a . -- . Listing of Reector Trips by Power Level
e

?v -

3.t
jf;- .

,?f? Ptont name 0 S% .5 25% 25 50X- 50 75%- 75 100%- Totet !

n,
4,,.. -. ,- ,

.

. .

[: Turkey Point 4 - 0 -1 1- 0 11' 13

= versent Yankee - '1 2 -0- 0 5- -- 8'

'E vogtte t 2- 5 1 0 13 21--

WPPts 2 3 13 6 2 6 30

Waterford 3 2 8 0 3 14 27-

Wotf Creek 1 3 4 4 1 12 24

Yankee towe 2 0 0 1 6 9

tion 1' 3 4 2 1 4 14

Zion 2 4 3 0 0 4' 11

Totet to. of Trips: 137 261. 148 148 711 1405'
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Supplemental Data Base
: Plant Design Data
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LISTING OF OPERATING HUCLEAR POWER PLANTS

NAME 0F-PLANT. OL DATE -POWER NSSS A/E -T/G MFG,

Arkansas Nuclear One 1 - 12/01/74- 836 B & W Bechtel- W-

Arkansas Nuclear One 2- 07/18/78 858 CE Bechtel GE

Beaver Valley 1- 01/30/76 810 W Duquesne W
Light &
Stone &
Webst

Beaver Valley 2 08/01/87 830 W Duquesne W
Light / Stone

= & Webster

Big Rock Point 08/30/62 69 GE Bechtel GE

Braidwood 1 05/21/87 1120 W S&L W

Braidwood 2 12/18/87 1120 W Sargent & W
Lundy.

Browns Ferry-'l' 12/20/73- 1065 GE TVA GE

Browns Ferry 2. 08/02/74 1065 GE TVA GE

-Browns Ferry 3 08/18/76 1065 GE TVA GE-

Brunswick 1 11/12/76 790 GE United GE-
Engineers

Brunswick 2 12/27/74 790 GE= United GE-

Engineers

-Byron 1- 02/14/85 1120 W S & L- W'

. Byron 2 01/30/87 1120 W S&L W

Call away - 1- 06/11/84 1150 W Bechtel GE

~ Calvert Cliffs 1 07/31/74 845 CE Bechtel GE'o

'Calvert Cliffs 2 08/13/76 845 CE Bechtel W

:
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; LISTING'0F|0PERATING NUCLEAR POWER PLANTS

< g.. J NAME'0F PLANT .0L DATE POWER- NSSS A/E T/G MFG.
-

[ .

W Catawba 1 06/01/85 1145 W- Duke Power GE

y Company

Catawba 2 05/01/86 1145 W Duke Power GE,

o Company

Clinton 1 04/17/87 950 GE Sargent & GE- ,

Lundy-

-Connecticut Yankee 06/30/67 582 'd Stone &- W |
j Webster
o
D ~ Cook'1 10/25/74 1030 W American GE

".; Electric
j Power

l' Cook 2 12/23/77 1100 W American- ' Brown Boveri
Electric'

,

Power
'

,

Cooper _ 01/18/74 778 GE Burns &-Roe W .!

Crystal River 3 12/03/76 _837 8 & W Gilbert W

Davis'Besse- 04/22/77 906 B & W . Bechtel GE

Diablo Canyon 1 09/22/81 1086 W Pacific Gas W l

:& Electric !

Diablo Canyon 2 08/26/85 1119 W Pacific Gas W
and Electric

'Dresden 2 12/22/69 794 GE Sargent & GE
Lundy'>

Dresden 3 01/12/71 794 GE .Sargent & GE
'

Lundy

Duane Arnold 02/22/74 538 GE Bechtel GE

'

Farley 1 06/25/77 829 W Southern _ W
Company and<

s: Bechtel
'

.

u
i .
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-LISTING OF OPERATING NUCLEAR POWER ~ PLANTS >

I;NAME CF PLANT: OL DATE- POWER NSSS A/EJ T/G MFG.
,

Farley 2: 10/23/80- 829 W Southern W
~

Com)any and
Becitel

Fermi 2 03/20/85 1093 GE . Detroit English. !

Edison and S Electric I

[ &L'

Fitzpatrick 10/17/74 816 GE Stone & GE
'

Webster i

Fort Calhoun 05/24/73 492 CE Gibbs and GE

Hill i

Ginna 09/19/69 470 W Gilbert -W

Grand Gulf 1 07/01/82 1250 GE- Bechtel Alli s-Chalmers_ |

Hatch 1 08/06/74 786 GE- Southern GE
Com)any and

i

Becitel "

Hatch 2 06/13/78 795 GE Southern GE
Com)any and
Becitel l

Hope Creek ~l 07/26/86 1067 GE- Bechtel GE '

Indian' Point 2 09/28/73 873 W United W ,

Engineers

Indian-Point 3 _12/12/75- 965 W United W
Engineers i

Kewaunee 12/21/73 535 W Fluor W ;

Pioneer l

La Crosse 11/01/69 50 Allis Sargent & Allis Chalmers "

Chalmers Lundy

La Salle 1 04/17/82 1078 GE S &.L GE |

La Salle-2 12/16/83 1078 GE S&L 1E .l

J-3 !
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. LISTING'0F 0PERATING NUCLEAR POWER PLANTS

NAMEf0F PLANT-
.

OU DATE POWER; NSSS A/E T/G MFG.-

Limerick 10/26/84'1055GE Bechtel -GE

: Mainb Yankee- 06/01/73- 825 CE Stone &- W
Webster

Mcguire=1- 06/29/81 1180 W Duke Power W
Company

,

. Mcguire 2 03/01/83 1180 W- Duke Power W
'

Company ~

' - Millstone 1. 10/07/70 660 GE Ebasco GE

M111 stone'2 08/01/75 870 CE Bechtel GE

Millstone 3: 01/31/86 1150 W Stone & GE

Webster-

- Monticello 09/08/70 536 GE Bechtel GE

Nine Mile Point 1 08/22/69 610 GE Niagara GE L
~

Mohawk Power
Corp.

Nine Mile Point 2 10/31/86 1080 GE' Stone-& GE
Webster

North Anna 1 11/26/77_ 915'W Stone & W
Webster

North Anna 2~ 08/21/80 ~ 915 W1 Stone & W__
Webster

Oconee-1: 02/06/73 860.B & W Duke and. GE
Bechtel

.

Oc>) nee 2 10/06/73 860 B'& W Duke and GE

Bechtel

Duke and GEOconee 3 07/19/74 860 B & W .
.Bechtel

Oyster Creek 04/09/69 620 GE Burns & Roe GE
and GE - TURNKEY 1

l I

J-4
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LISTING 0F OPERATING NUCLEAR POWER PLANTS

NAME OF PLANT: OL DATE POWER NSSS- A/E .T/G MFG..

Palisades- 10/01/72 777 CE Bechtel W

Palo Verde 1 12/31/04 1210 CE Bechtel GE-

Palo Verde.2 12/09/85 .1270 CE Bechtel GE

Palo Verde 3 03/25/87 1270 CE Bechtel GE

Peach Bottom 2- 08/08/73 1065 GE Bechtel GE

Peach Bottom 3 07/02/74 1065 GE Bechtel GE

Perry 1 03/18/86- 1205 GE Gilbert GE

Pilgrim '06/08/72 670 GE Bechtel GE

Point Beach 1 10/05/70 497 W Bechtel W

Point Beach 2 05/25/72 497 W Bechtel W

Prairie Island 1 08/09/73 520 W Fluor W
Pioneer

Prairie Island 2 10/29/74 520 W Fluor W
Pioneer

-Quad Cities 1 10/01/71 789 GE S&L GE

Quad Cities 2 04/06/72 -789 GE S&L GE
,

Rancho:Seco- 08/16/74 916 B & W Bechtel W

-River Bend 1 11/20/85 940 GE Stone & GE
Webster-

Robinson 2 09/23/70 665 W Ebasco W

Salem 1 04/06/77 1090 W Public W
Service
Electric &
Gas

' Salem 2 08/18/81 1115 W Public W

Service

, .
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LISTING OF OPERATING NUCLEAR POWER PLANTS

NAME OF PLANT ~ OL DATE POWER NSSS A/E- T/G MFG.

San Onofre l' 03/27/67' 436 W-- Bechtel W'
'

, .

' San Onofre'2-- 09/07/82-~1070CE Bechtel GEC. Turbine-4
.

,

Generators,
Ltd.

San Onofre 3 09/16/C3 1080 CE Bechtel GEC Turbine
Generators,-
Ltd.

Sequoyah 1 09/17/80 1148 W TVA -W

Sequoyah 2 09/15/81 Il48 W -TVA W
,

.Shearon Harris-1 01/12/87 860 W Ebasco W

Shoreham- 12/31/99 809 GE- Stone & GE-
Webster

South Texas 1~ 03/22/88 1250 W Bechtel W-

-St Lucie 1 03/01/76 810 CE Ebasco W

St.- Lucie~2 04/06/03 810 CE Ebasco W

Summer 1 08/06/82 900 W Gilbert GE

:Surry 1 05/25/72 781 W Stone & W
Webster

Surry-2 01/29/73 781 W Stone & W
Webster

~Susquehanna 1. 07/17/82- 1050 GE Bechtel GE

.Susquehanna 2 03/23/84 1050 GE Bechtel GE

Three Mile Island 1 04/19/74 792 B & W Gilbert GE

Trojan 11/21/75 1130 W Bechtel GE

Turkey Point-3.' 07/19/72 728 W 'Bechtel W

~ Turkey' Point 4' 04/10/73 728 W Bechtel W

i

'
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LISTING'0F 0PERATING NUCLEAR POWER PLANTS

|NAME OF PLANT OL DATE POWER NSSS A/E T/G MFG. .

Verr.ont Yankee- -02/28/73 514 GE Ebasco GE

Vogtle 1: 01/16/87 1160 W Bechtel- GE
'

,

WPPSS 2 12/20/83 1150 GE Burns & Roe W
,

Waterford 3 12/18/84 1165 CE Ebasco W .;

._

Wolf Creek 03/11/85.1150W Bechtel and GE
Sargent &i

L
(. undy

Yankee-Rowe 07/09/60 175 W Stone & W ~>

Webster

Zion 1 04/06/73 1040 W S&L W

" Zion 2 11/14/73 1040 W S&L W

.,
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-APPENDIX K

'

Supplemental Data Base
Critical Hour Data
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Listlnt of Criticet Hours for Each Plant
i;* Durint 1984 + 1988 Period

'~ Plant Name. Critical Critical Critical Critteet .;riticet 5 Yr Total

Hours. . Hours Hours Hours Hours Criticat.
n 1984 1985 1986 1987 1988 Years

Arkansas'#ucteer one 1 6222.4~ 7005.4 5536.5 '7855.7 6156.60 3.70

. Arkansas Nucteer One 2 7631.9 6377.4 6370.0 7715.4 6032.00 3.89

toever Valley 1- 6476.3 8245.3 6243.8 7339.4 7066.70 4.03

Beaver velLey 2 0.0 0.0 0.0 %5.5 8283.80 1.05

;; - Big Rock Point 6981.9 6539.5 8387.3 6214.6 6394.20 3.94

Braldwood 1 0.0 0.0 0.0 3059.7 3510.40 0.75

traidwood 2 0.0 0.0 0.0 0.0 1517.20 0.17

trowns Ferry 1 8067.4 1647.7 0.0 0.0 - 0.00 1.11

trow w Ferry 2 5895.7 0.0 0.0 0.0 'O.00 0.67

trowna Ferry 3 -700.7 1517.5 0.0 0.0 0.00 0.25

Brunswick 1 7023.8 3409.6 8317.6 5788.7 6660.70 3.56

Brunswick 2 2650.1 7134.8 4232.4 8328.4 5645.80 3.19

Byron 1 - 0.0 1281.0 7820.9 6210.3 6485.10 2.49

Byron 2 0.0 .0.0 0.0 2327.2 8676.00 1.25

Cellowey 1 302.5 -8161.0 7306.6 6227.7 8202.10 3.44

Caivert CL1ife 1 7531.0 5367.6 6906.2 6615.5 6398.50 3.74

Ceivert CLIffa 2 6630.2 '6884.2 8443.0 5957.8 7827.10 4.08

Cateuba 1 0.0 3612.4- 5425.2 6076.4 7070.30 2.53

Catawbn 2 0.0 0.0 1392.9 7212.8 64 % .80 1.72

Clinton 1 0.0- 0.0 0.0- 898.3 7399.40, 0.94
_

Connecticut Yankee 6515.6 8682.4 5060.9 4728.9 6177.00 3.55

Cook 1 8085.9 :2595.6 7536.4 6000.6 .8433.80 3.72-

Cook 2 5294.8 5948.8 5560.5. 6283.1 2715.50 2.94

Cooper: 5952.6 2057.5 6570.1 8424.2 5 % 7.90 3.30

Crystal River 3 8346.5 4385.3- 3691.4 5333.6 7457.30- 3.33

' Davis Besse 5529.0- 2846.6 178.0. -7425.7 2126.70 2.06

Diablo Canyon 1 %7.0 5295.6 5%7.4 8475.7 5682.30 3.01

Diablo Canyon 2 0.0 1361.0 6857.0 6058.8 .6190.70 2.33

Oresden 2' 6511.4 4%1.6 . 7110.1 5763.7 .6974.90 3.57

-Dresden 3 3889.0 6718.8 2756.8 7208.7' 6346.30 3.07

Duane Arnold 6627.1 4733.2 7350.2 5668.3 .6609.90 3.53

Farley 1 7005.8 7504.1 7276.4 8307.2' 7423.30 4.28

Farley 2 8375.7 6888.1 7549.7 6537.7 8784.00 4.35

-Feral 2 0.0 .0.0 869.8 5147.8. 5022.50 1.26

Fitapetrick 7087.2 5799.6 8075.8 6161.3 6060.60 3.78-

Fort Calhoun 1 5386.3 6466.1 8485.2 6608.3 6510.00' 3.82

Ginna- 6848.7 7838.5 7716.7 8014.5 7679.20 4.34

Grand Gulf 1 1010.1 '2883.4 '5624.6 7203.3 8498.10. 2.88

Match.1 5638.7 6907.5 5521.2 7191.7 6008.80 3.57

Match 2 3108.7. 7373.1 6451.7 8519.6 6359.20 3.63

Hope Creek 1 0.0 0.0 2037.9 '7570.1. 7089.50 1.90'
,

-Irdlan Point 2 4718.4 8504.1 5101.7 6347.3 7492.10 3.67

' Indian Point 3 6941.6 5901.1 6581.6 54 % 5 7312.70 3.68

Kewaunee 7570.5 7266.5 7584 i 7860.9 7755.60 4.34
.,

#1 LaSatle 1 6280.0 5757.5 239L.> 5609.1 5931.10 2.96

Lesatte 2 1611.8 3777.6 6613.9 4781.4 6648.20 2.67

Limerick 0.0 3420.1 6717.0 6127.0 8476.30 2.82

Meine Yankee 6688.8 7037.1 7790.8 5724.4 6949.70 3.90

K-1



,; Listin8_of Criticet Hours for toch Plant
[ Durire 1984 - 1988 Period-,

c

' Plant Name critical Critical criticet critical Criticat 5 Yr Total
Nours ' Hours - Nours Hours Hours Criticet

1984 1985 1986 1987 1988 Yeers

.McGuire 1 6090.8 6842.4 5022.2 6835.7 6783.00 3.60
McGuire 2 6138.3 5490.5 5770.4 7046.9 7313.50- 3.62
MitIatone 1 6990.2= 7324.4 8276.5 6970.7 8661.60 4.36

' Millstone 2 8596.8 4460.7 6599.6 8242.0 6953.10 3.97
MILletone 3 0.0_ 0.0 5412.8 6350.7 7196.30 2.16,

Monticetto 810.6 8163.0 6984.9 7173.6 8768.70 3.64
Nine Mlle Point 1 6414.0 8524.0 5423.5 8171.2 0.00 3.30
dine Mlle Point 2 0.0 0.0 0.0 1638.9 2982.30 0.53
North Anno 1 4759.9 6938.8 7560.0 4585.4 8019.50 3.63
North Ame 2 6136.0 8534.4 7301.3 6842.2 8734.90 4.28
Oconee 1 7452.4 8453.3 5948.7 6913.9 8769.00- 4.28
oconee 2 8784.0 - 6740.3 7253.7 8604.9 6989.20 4.38
oconee 3 6520.7 6140.9 7835.4 6142.2 7229.70 3.86
Oyster Creek 1700.0 6818.5 2389.1 5620.0 5789.00 2.55
Pellsades -1550.5 7490.2 1490.5 4226.6 4990.40 2.25
Pato Verde 1 0.0 2450.7 5112.5 4589.7 5762.90 2.b4

:Pelo Verde 2 '0. 0 0.0 2217.9 5084.2 5750.00 1.71

- Pelo verde 3 0.0 0.0 0.0 726.9 8201.70 1.02
Peach Botten 2 2583.9 2910.6 7272.8 1729.8 0.00 1.65-,

Feech Botton 3 775 7.7 4055.7 5929.6 1823.2 0.00 2.23
Perry 1 0.0 0.0 0.0 811.3 6939.10 0.88

' PIL8rls - 170.3 8159.0 1715.5 0.0 0.30 1.15
Point Beach 1 6420.1 6974.4 7905.4 7389.4 7847.70 4.17
Point Beach 2 7544.2 7576.2 7262.7 7583.1 7707.80 4.30
Preirle Island 1 8321.3 TM3.2 7898.1 7287.6 7835.60 4.41
Pretrie Island 2 7864.0 7408.6 7972.1 8760.0 7813.90 4.54
Quad cities 1 - 4766.9 8339.0 6151.3 6251.6 8477.90 3.88
ound cities 2 6988.6 6361.8 6448.0 6941.4 6292.80 3.77
Rancho seco 5338.8 2874.6- 0.0 0.0 5543.80 1.57

'
River Send 1 0.0 0.0 4777.5 5995.1 8279.80 2.17
Robinson 2 616.1- 7859.6 ?118.3 6354.3 5791.40 3.16
Selen 1 2672.3 8361.9 7097.2 6412.5 6937.10 3.59

~seten 2 3386.0 5231.2 5629.4 6423.0 5992.80 3.04-
. San onofre i- 888.6 6783.8 2975.3 7382.9 3817.70 2.49 ..

6 son onofre 2' 5272.4 5235.8 6479.1 6192.5 8286.30 3.59 l
sen Onofre 3 4395.2 4789.9 7402.2 7135.2 5930.80' 3.38 j
se p yeh 1- 6206.1 3797.2 0.0 0.0 379.50 1.18 ,j

'se p yeh 2 6334.0 5289.4 0.0 0.0 5202.10 1.92
iSheeron Harris 1 0.0 0.0 0.0 4449.9 6585.10 1.26

South Texes'1 0.0 0.0 0.0 0.0 24 % .90 0.28 a
St.-Lucie 1 5555.2 7134.7 8424.0 6971.6 7554.30 4.06

lSt. Lucie 2 7379.2 '7442.7 7326.7 7382.3 8784.00 4.37
sunner 1 5553.4 6439.9 8453.2 6222.4 6067.70 3.73
surry 1 5293.7 7935.4 6233.2 6178.3 3755.20 3.35 q
surry 2 - 7435.3 5936.5 6171.1 6555.2 5028.30 3.55

"

Susgeheme 1 6549.3 5598.5 61 % .3 6464.6 8289.70 3.77
Susquehenne 2 2145.9 7121.2 5946.6 8484.0 6156.90 3.41 i

three Mlle latend 1 0.0 2084.8 6268.6 6435.2 6760.90 2.46
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Listing of Critical Hours for Each Plant
During 1984 1988 Period

Plant Name critical Critical Celtical Critical Critical 5 Yr Total
Hours = Hours Hours Hours Hours Critical

1984. 1985. .1986' 1987 1988. Tears

f roj en . 4895.4 6804.7 7064.1 4730.5 5925.30 3.36

Turkey Point 3 7366.6 5405.0 6988.1 1909.7 5408.10 3.09

Turkey Point 4 5079.8 7916.8 3048,1 4503.2 5050.10 2.92

Vermont Yankee 7115.2 62?7.2 4359.6 7374.6 8404.40 3.83

Vogtte 1 0.0 0.0 0.0 4048,1 6822.30 1.24

WPPSS 2 ' 416.5 6899.7- 6391.5 6199.4 6310.90 -2.99

Waterford 3 0.0 1868.7 7011.6 7224.3 6624.50 2.59

Wolf Creek 1- 0.0 -2790.3 6523.6 6152.6 6117.60 2.46

- Yankee Rowe 6398.6 7598.3 8343.5 -7248.2 7486.70 4.23

Zion 1 6319.8 5321.2 5491.0 6877.3 6723.90 3.50

2 ion 2 6285.2 5909.2 7783.5 5569.7 7004.60 3.71-

*** T ot e t . *** 315.17

* L
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APPENDIX L

SOURCES OF INFORMATION

This study of the safety significance of balance-of-plant systems failures
drew upon a broad range of information sour:es. The primary source for

quantitative analyses was the Licensee Event Report (LER) data bese
spea'ored by NRC and currently maintained by Oak Ridge National aboratory.
The LER data base was used to develop a study data base of B0P-ret.4.ed
reactor trips. The development and use of the BOP data base tre described,
respectively, in Sections 2 and 3 of the report.

'I

In addition, the study included an extensive review of other studies and
activities by the NRC, its contractors, and nuclear industry organizations,
in this appendix, synopses are provided of the documents reviewed for the
study. Summaries of activities that also served as information sources are
also included.

The material presented in this appendix is organized in eight subsections:

1. NUREG Reoorts and Inspection Reports

2. Information Resulting from NRC Rcquirements and Requests

3. Unresc1ved Safety issues and Generic issues
4. Maintenance Rulemaking Activities
5. The Precursor Identification Program
6. ACRS Information and Meetings

7. AE00 Activities
8. Efforts by Utilities and Industry Groups.

' L.1 NUREG Reports and Irispection Reports

following are synopses of the NUREGs and Inspection Reports reviewed in
preparation for the analyses conducted in this study.

NUREG-lll5, " Categorization of Reactor Safety issues from a Risk
Perspective," March 1985

NUREG-lll5 reports on the results of a categorization and ranking of
reactor safety issues based on risk considerations. With regard to the

L-1
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portions of the program relevant to BOP systems, the risk based
importance ranking was generally consistent with importance ranking
of data derived from Licensee Event Leports (LERs), i.e., hardware
failures nn: human errors were highly ranked. Other issue areas with
high rankings were initiating events, system responses, and accident
sequence analysis.

NUREG-1206, " Analysis of French (Paluel) Pressurized Water Reactor
Design Differences Compared to Current U.S. PWR Designs," June 1986

The NRC staff identified 25 differences between the French P4 design
and the U.S. SNVPPS plant, of which four to six issues are perceived
as BOP-related. Three issues have a " moderate" impact on safety
significance: the capability to resupply the Condensate Storage Tank,
the use of self-ctiled safety-rel:ted pumps, and the improvement in the

*

DC power supply system.

NUREG-1217, " Evaluation of Safety implications of Control Systems in
LWR Nuclear Power Plants; Technical Findings Related to Unresolved
Safety issue A 47," Draft Report for Comment, April 1988

NUREG 1217 reports the technical findings of an evaluation of
Unresolved Safety Issue (VSI) A-47 concerning the safety implications
of umol system failures in nuclear power plants. The report
concludes that with the exception of the specific events stat d below,
transients or accidents resulting from or caused by control system
failures are less severe than, and therefore bounded by, the transients
and accidents identified in the FSAR. The exceptions are reactor
vessel (BWR) or steam ;,enerator (PWR) overfill events, core overheat
events, and primary system overpressure events.

NRC recommendations for actions to deal with these events are given in
a companion document, NUREG 1218, " Regulatory Analysis for Proposed
Resolution of USl A-47, Safety Implications of Control Systems," April
1988. An evaluation of the risk implications of control systtu
failures should therefore focus on the :Jequacy and implementation
effectiveness of the actions recommended in NUREG4218.

L-2
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NUREG-1218, " Regulatory Analysis for Proposed Resolution of USI A 47,
Safety implications of Control Systems," Draft report for Comment,
April 1988

NUREG 1218 presents the regulatory analysis relat d to the proposed
resolution of USI A-47, " Safety implications of Lontrol Systems."
Technical findings regarding USI A 47 are given in NUREG 1217. Although
the scope of USI A 47 is quite large, the proposed resolution is quite
limited, addressing primarily tne need to improve protection against
overfill events (steam generators for PWRs, reactor vessel for BWRs)
for selected types of reactors.

Many of the events of interest to the BOP project relate to feedwater
system failures, but most of these are not overfill events. Thus, the

resolution of USI A 47 is of limited interest in the larger context of
the risk implications of BOP failures.

NUREG 1272, " Report to the U.S. Nuclear Regulatory Commission on
Analysis and Evaluation of Operational Data - 1986," May 1987

NUREG 1272 is the 1986 annual report of the NRC's Office of Analysis
and Evaluation of Operational Data (AEOD). This NUREG covers a wide
range of activities, some of which parallel the BOP project. These
activities include the evalustion of initiating systems of plant trips
that occurred du.Ing 1984-1986, which could be used to check the
methods employed for the B0P study.

NUREG-1275, " Operating Experience Feedback Report - New Plants," July 1987

Newly licensed commercial reactors ha've always exhibited a higher
operational event frequency than mature ants. NUREG-1275 concludes

that this behavior should not be accepte, as inherent in the process of
debugging a new plant. Early increased attention to operations,
aggressive root cause analysis, enhanced training, and emphasis on B0P
systems that have historically caused many events will significantly
reduce new plant trips Emergency Safety Features actuations, and
violations of Technical Specifications.

L-3
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NUREG/CR-3541, " Measures of the Risk Impacts of Testing and Maintenance
Activities," November 1983

No information of direct applicability to the BOP study was found.

NUREG/CR-3568, " Handbook for Value-Impact Assessment," December 1983

No information of direct applicability to the B0P study was found.

NUREG/CR-3591, " Precursors to Potential Severe Core Damage Accidents: 1980-
1981, A Status Report," July 1984

An evaluation of about 8400 Licensee Event Reports for 1980 1981 was
performed to evaluate precursors to potential severe core damage
accidents. In general, redoctions in the frequency and safety
significance of initiating eventt were observed when compared to the
1969-1979 period which was previously analyzed. A significant number
of events were initiated or exacerbated by ?ailures of BOP systems that
could have resulted in severe core damage. ibis substantiates the
importance of B0P systems in nucienr power p1mnt safety.

NUREG/CR-3762, " Identification of Equipraent and Components Predicted as
Sipificant Contributors to Severe Core Damage," May 1984

NUREG/CR-3762 describes work performed to identify equipment and
components whose failure would make a significant contribution to
severe core damage probabilities, based on predictive methods
(probabilistic risk assessment) and performance data (Licensee Eveat
Reports). The results are qualitative and not directly usetul in
developing quantitative data on the impact of B0P failures on safety
systems.

NUREG/CR 3922. " Survey and Evaluation of System Interaction Events and
Sources," January 1985

NUREG/CR-3922 identifies adverse system interactions from the body of
documentation available from the NRC and industry. From some 4000

L-4
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events during the years 1969 to 1983, 235 were identified as adverse
system interactions; these were put in 23 categories.

This document was prepared as the first phase of a project to identify
and evaluate adverse system interactions for the Unresolved Safety
issue A-17, " Systems Interactions in Nuclear Power Plants." The
document draws some conclusions about the characteristics of the
resultant data, but provides no conclu; ions about systems interactions
on the whole.

NUREb/CR-3958, " Effects of Control System Faiiures on Transients, Accidents
and Core-Melt frequencies at a Combustion Engineering Pressurized Water
Reactor," March 1986

Pacific Northwest Laboratory performed a study of the jominent comrol
system failure scerarios defined by Oak Ridge National Labora'ory for
the Calvert Cittis-1 nuclear power plant. This study used an existing

probabilistic risk assessment to evaluate the value or impact of
proposed corrective actions in reducing public risk from these
postulated events. Two of the three postulated events involve failures
in the main feedwater system, a B0P system. These events result in
overfilling the steam generator with a potential main steam line break
and steam generator tube rupture as consequences. The most promising

corrective action to mitigate thest events is a high steam generator
level trip of the main feedwater pumps and/or feedwater block valves.

NUREG/CR-4103, "Uses of Humtn Reliability Analysis Probabilistic Risk
Assessment Results to Resolve Personnel Performance Issues That Could
Affect Safety," October 1985

No informatian provided in this report had direct relevance to the B0P
study.

NUREG/CR-4281, 'An Empirical Analysis of Selected Nuclear Power Plant
Maintenance f actors and Plant Safety," July 1985

NUREG/CR-4281 extmines the relationship between five maintenance
program attributes and the intermediate and final safety indicators.

L-5
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_ The five program attributes are related to the size and organization of

I
the maintenance program and the expeience of the top level managers in
the maintenance programs. The intermediate safety indicators included
the number of maintenance related LERs, Systematic Analysis of Licensee
Performance (SALP) ratings, and the number of maintenance-related
instances of noncompliance. The final safety indicators were all
related to radiological releases and occupational exposures.

The study found a relationship between the maintenance program
resources and the safety indicators. There was son indication that
smaller, less hierarchical maintenance ?rograms, wf .h separate units
for mechanical, electrical, and instrumentation anc control
maintenance, result in better performance as rated by the intermediate
safety indicators. -However, programs with combined mechanical,

~

electrical, and instrumentation and control units tended to perform
better when the final safety indicators were used.

The correlations found were not always as expected and in some cases
were not in the direction expected. A possible explanation suggested

-by the authors is that the safety indicators may not have been
complete. Suggested additions included maintenance-related trips and
outages.

NUREG/CR 4314, 'Brief Survey and Comparison of Comon cause Failure
Analysis," June 1985

NUREG/CR 4314 presents a sumary of the methods and models available

for the evaluation of comon cause and comon mode failures. This
report provides information on .the, general approaches to modeling
comon cause events, but does not deal with the causes of such events,
nor does it address possible solutions. The methods identified for
comon cause analysis include: bounding techniques, a 09ta-factor
model, a Binomial Failure Rate model, a C-factor moc;1, and comon load
models. Computer codes that can be used as aids to comon cause
analysis were also discussed.

L-6
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Recommendations for the improvement of common cause analysis techniques

were presented:

o Develop a standard terminology.

o Develop criteria for comparative assessments of proposed
methodologies,

Develop credible data bases designed to answer the relevanto

estimation questions raised by system designers, performance
analysts, and decision makers.

None of the methods summarized in NUREG/CR 4314 was found to include
all three of these features.

NUREG/CR-4372, "Probabilistic Risk Assessment (PRA) Applications," .
5

January 1986

NUREG/CR-4372 reports the results of a study to correlate system
reliability insights from a specific PRA (Limerick Generating Station)
with utility survetilance programs and test procedures, and with NRC
inspection procedures. A similar program could be performed to'
correlate PRA risk and reliability insights with utility maintenance
and surveillance testing programs for B0P systems and components. Sdch

a study would be one way of distinguishing B0P related risk concerns
from BOP related reliability concernr. The results could also help
provide assurance that the utility maintenance and surveillance testing
programs contain sufficient detail to cover the more common failure
modes expected'in B0P components and systems.

NUREG/CR-4385, " Effects of Control System Failures on Transients, Accidents
and Core Melt Frequencies at a Westinghouse PWR," November 1985

Although a number of control system failures (some involving the B0P)
can lead to previously unanalyzed events with a risk of core-melt, the
magnitude of this risk is small as compared to the overall plant risk.
The relative magnitude of this risk is exaggerated due to the inherent
conservatisms used for those areas in which there is considerable
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phenomenologicat uncertainty. The relative. benefit' of proposed
corrective actions cannot be justified solely on value impact (i.e.,
cost-benefit). The role of the operator is crucial in reducing both
the frequency and consequences of these events. The B0P
components / systems were involved in steam generator overfilling and
reactor coolant system (RCS) overcooling scenarios, but not in RCS
overpressurization and steam generator tube rupture scenarios. The

conclusions of the study pertain specifically to the Westinghouse PWR
design and were obtained from modeling of the H.B. Robinson 2 power
plant by the Idaho National Engineering Laboratory.

NUREG/CR 4386. Effects of Control System Failures on Transients, Accidents,
and Core Melt frequencies at a Babcock and Wilcox Pressurized Water
. Reactor," December 1985

The relevance to the B0P project is in the analysis of the plant risk
caused by failures of B0P systems and components such as main feedwater
(MFW) pumps and valves, or the integrated control system (ICS).

For the steam generator overfill scenarios, the initiating event is
postulated as a combination of an ICS failure that causes a feedwater
increase and an undetected failure of the high-level MFW pump trip.
The accident is then postulated to progress to a transient or a main
steam line break event, which then results in t core-melt accident.

For the ICS related power failures which lead to overfill and undercool
events, two cases were identified: (1) loss.ofICShandpower,and(2)
i m of ICS' auto power. For case 1, it is assumed that continuous MFW

purg operation at minimum speed,wou,1d prevent operation of the
emergency feedwater (EFW) system, since no trip signal would be
generated. Steam generator dryout would occur unless the operator
manually initiated the EFW system within 30 minutes or high pressure
injection within 60 minutes.

For case 2, the outcome depends on whether the operator detects the ICS
auto power failure before an upset condition develops, if the operator
detects the failure.early.enough, he.or she will be able to control the
event before the plant trips. . If the condition is not detected, the

L-8
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plant will eventually trip due to perturbations in the system caused by
the 1C5 power failure.

~

NUREC/CR 4387, " Effects of Control System Failures on Transients, Accidents,
and Core Melt frequencies at a General Electric Boiling Water Reactor,"
December 1985-

The relevance to the BOP project is in the analysis of the risk to the
plant caused by BOP system failures such as condensate booster pump
failures that cause reacter vessel overfill, and failures that initiate
reactor vessel overfill and also defeat the high level feedwater trip.

The four failure modes leafing to failure of level indication and the
high level t"ip are all related to the water ievel sensors or sensor
circuitry.

The failure modes associated with the condensate booster pump may be

summarized as follows: any of the feedwater pump discharge valves, or
their bypass valves, fails open; or the condenser bypass valve used to
recirculate excess condensate flow back to the condenser fails closed.

NUREG/CR-4611. " Trends and Patterns in Maintenance Performance in the US
Nuclear Power Industry 1980 1985," October 1986

NUREG/CR-4611- presents an analysis of maintenance performance in the US
nuclear power industry for the years 1980 through 1985. The analysis
addressed the impact of maintenance practices, not the specifics of the
programs that may cause the trends and patterns identified. The
analysis focused on five performance categories that are directly
influenced by the maintenance function: (1) overall system / component

reliability, (2) overall safety system reliability, (3) challenges to
safety systems, (4) radiological exposure, and (5) regulatory
assessment. Trends and patterns over the 6-par period were explored.
The most significant finding was that, althougi overall plant
performance improved, the number and proportio1 of maintenance related
events increased. This was attributed to either a decrease in
attention to this type of event by both the NFC and the nuclear
industry or an actual decline in maintenance program effectiveness.

L9
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The effects of _ BOP systems were not-explicitly identified in this
reprt. From the information provided in the report it is not possible'

to sepa.ute the impact of BOP maintenance programs from the impact of
safety-relabd system maintenance programs.

NUREG/CR-4674, " Precursors to Potential Severe Core Damage Accidents: 1985
A Status Report," December 1986

Of the 10 most serious severe accident precursor events identified in
this study, several involved or were initiated by BOP
systems / components:

o Failure of an electric pressure regulstor resulted in the closure
of a main steam isolation valve and reactor trip. Subsequent
multiple failures resulted in equipment overheating, high reactor
vessel wster le tel, and loss of the isolation condenser function,

o Following a loss of pr 'or to safety-related buses, the failure of
five check valves in the main feedwater system prevented auxiliary
feedwater flow to the steam generators, caused a damaging water
hammer in the feedwater piping system, and resulted in an
unisolatable leak in that system,

o An auxiliary transformer cooling system-initiated trip resulted in
the temporary loss of all auxiliary feedwater.

o Several reactor trips initiated by loss of main feedwater were
followed by further degradation due to failures in the auxiliary
feedwater system, the reactor core isolation cooling system, or
the high pressure cooling system.

NOREG/CR-4783, " Analysis of Balance of Plant Regulatory Issues,
January 1987"

The information in this report was used widely in the BOP project,
and is reflected throughout this report.

L-10
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The following NRC Inspection Reports and documents regarding inspections
i

provfJed background informrtion for the BOP study:

letter from R.M. Gallo, USNRC Region 1, to C.A. McNeill, Jr.,o
Senior Vice President - Nuclear, Public Service Electric and Gas
Company, " Combined Inspection 50 272/37-18 and 50-311/87-20."
(Salem 1 and 2), August 13, 1987.

SECY-86 349, from V. Stello, J ., to the Commissioners, " Balanceo

of Plant," November 21, 1986,

inspection and Enforcement Manual, Temporary Instruction 2515/83,o
" Balance of Plant Trial Inspection Program (Feedwater System),"
February 26, 1987,

Internal NRC memo from R.P. Correia to distribution, " BOPo

Initiated Trips Data," (undated) CIRCA late March 1987.

Letter from A.R. Herdt, USNRC Region II, to J.P. O'Reilly, Senioro
Vice President - Nuclear Operations, Georgia Power Company, "NRC

Special Inspection Team Reports Nos. 50-321/87-17 and 50-366/87-
17," (Hatch 1 and 2), September 2, 1987.

letter from J.J. Harrison, USNRC Region III, to C. Reed, Senioro

Vice-President, Commonwealth Edison Company, (No Subject), (Re:
Zion 1 and 2 80P Inspection).-November 25, 1987,

Letter from A.R. Herdt, USNRC Region 11, to W.L. Stewart, Viceo

President, Virginia Power Company, ''NRC Special Inspection Team
Reports Nos. 50-280/88-02 and 50-281/88-02" (Surry 1 and 2), March
15, 1988.

L2 liiformation Resultina From NRC Reauirements and Reauests

Information sources in this category are Generic Letters, Bulletins, and'
Notices. NRC Circulars were not investigated in detail because they
generally covered less significant issues and events, and tho issuance of
circulars was terminated in 1981.

L-Il
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F Titles of Generic Letters, Bulletins, and Notices were reviewed to identify
those with generic implications and potential relevance.to the BOP study.
Documents describing. failures of specific pieces of BOP equipment or
specific plant events were generally not selected for further review.
Selected Generic letters, Bulletins, and Notices were reviewed for input
into the BOP project. Relevant documents are grouped by ruoject and
summarized below. (Note: for Notices and Bulletins, th9 first two digits
of the identification numbers indicate the year of issuts.)

Electrical Systems - Failures / Problems (Informatioa Notices 83-80, 84-76,
84-80, 85-28, 86-70, and 87 24)

,

Electrical system problems were expected te be a significant
contributor to B0P challenges to safety systems. The Information
Notices on this topic gave information on problems with inverters, lead
acid batteries, non-nuclear instrument ptswer, and elevated DC control i

voltr.ge. As a result of these notices, some of the electrical problems
have been resolved.

Instrument Air. System Failures / Problems (Iriformation Notices 81-38, 87-28,
and 87-28 Supplement 1; Generic Lettrr 88-14)

Because of the number and persisten:e of instrument air problems, and
because of their potential effects on safety systems, instrument air
failures leading to reactor trips were flagged as an item of particular
interest in the analysis of Licensee Event Reports performed during
this study.

Human Error (Information Notices 84 58, 87-25)

Information Notices 84-58 and 87-25 are devoted to human error as it
appears in the so-called wrorig unit, wrong train, or wrong component
events. Between the two notices, 15 events are described, and
reference is made to an AE0] report which identified some 200 such
events. Clearly, 5:rong unit, wrong train, and wrong component errors
are relatively frequant, t.pply to both B0P and safety systems, anri are
a problem which could have serious ramifications. Human errors have
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been a-recognized concern for some time, as evidenced by the two-

Generic Safety Issues-on human factors.

InstrbmentationandControls(InformationNotices 84-86, 85-51, and 85-89)

Information Notices 84 86, 85-51, and 85-89 cover three independent
problems in the area of instrumentation and control: inadequate signal

isolation, detrimental removal of fuses, and total loss of control room
cooling. Of the three, only detrimental removal of fuses seems to have
precedents and might be considered a generic problem. The other two
incidents appear to have been isolated cases.

Six events of detrimental removal of fuses were reported to have
occurred between 1981 and 1984. However, only one of the six of these
human errors was on BOP equipment. This area does not seem to be a
significant contributor to BOP challenges to safety systems.

Fire Protection (Information Notka 83-41)

Information Fotice 83 41 describes 11 cases of fire suppression
actuation causing inoperability of safety-related equipment and
indicates that many other cases were reported. Additionally, the
Notice extrapolates some of these events to more serious situations.

In spite of the fact that only one Information Notice has been issued
on the subject, actuation of fire suppression systems can pose a

-

serious and unpredictable challenge to safety systems. Because.the

systems interactions from such events are sometimes hard to identify
before they occur, there are potentially many such problems existent
yet undetected, many of which could challenge safety systems.

The thrust of the B0P study, however, was not to find system
interactions; so, although the information in notice 83-41 is relevant,
it is not applicable within the study scope.
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Flooding (Information Notice 83-44)

Information Notice 83-44, titled " Potential Damage to Redundant safety
Equipment as a Result of Backflow Through the Equipment and Floor Drain
System," later became part of Unresolved Safety Issue A-17, " Systems
Interaction." This issue was reviewed for the BOP study and is
summarized in Section 2.3 of this report.

Auxiliary Equipment (Information Notice 83-56)

Information Notice 83-56 gives the specifics of one case where the
auxiliary equipment required to support operation of the Emergency Core
Cooling System was too narrowly defined. This is an isolated case and
has no generic conclusion applicable to the B0P study.

Service Water (Bulletin 81-03)

The increasingly wide distribution of Asiatic clams and their ability
to live in freshwater piping systems, as well as the growth of mussels
in saltwater systems was the topic of Bulletin 81-03. The Bulletin
required licensees to look for clams and mussels and to set up ongoing

') programs to detect theit establishment, and to eliminate them if
detected.

Although this problem does have some safety significance, it is
difficult to see how it could create a challenge to the safety systems.
In addition, the programs required by the Bulletin should have
mitigated the problem. It was concluded that this issue required no
follow-up in this study.

Gas Entry into Solid Systems (Information Notice 83-77)

Entry of gas into normally solid syetems has caused multiple incidents
of system failures, as presented by Information Notice 83-77. Gas-
bound pumps in the B0P could cause safety problems, and some situations
could result in challenges to the safety systems. The Information
Notice gives details on four such gas entrainment events, one of which
was on a B0P system (service water). In spite of this, however, the
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root causes of these events seem scattered, with no apparent generic
lesson to be addressed by the B0P project. Therefore, due to the

limited number of reported events, and the variable root causes, there
was no purpose in considering this issue further. Note, however, that

gas (steam) binding of auxiliary feedwater pumps was dealt with
elsewhere (Notice 84-06 and Bulletin 85-01).

Main and Auxiliary Feedwater System Problems (Information Notices 84-06, 86-
14, 86-14 Supplement 1, 87-34. snd 87-53; Information Bulletins 85-01

and 85-03)

These Information Notices and Bulletins point to some repetitive
problems experienced in the feedwater systems, especially in auxiliary
feedwater systems. The role of these systems in the B0P-related
reactor trips was addressed in the analysis performed in this study.

L.3 Unresolved Safety Issues and Nuclear Generic Issues

Two Unresolved Safety Issues (USIs) and seven Nuclear Generic Issues (Gis)
were identified as being related to the BOP study. These nine issues were
reviewed in detail and applicable information was factored into the B0P
study. The nine issues are listed below, each with a summary of how it
relates to the B0P study.

USl A-17, " Systems Interactions in Nuclear Power Plants''

The class of adverse systems interactions that is the subject of USl A-
17 includes, as a subset, the B0P-related plant trips or safety system
degradations that are under investigation in this study. The

resolution of the narrowly-defined USI A-17 is directed toward the risk
implication:; of specific external events, i.e., earthquakes and floods.
The documentation generated during the NRC/ industry investigation of
USI A-17 did not provide significant B0P-related insights beyond those
obtained from examination of the LERs that reported on significant
systems interaction events.
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USI A 47, ' Safety Implications of Control Systems"

Documentation related to the investigation and resolution of USI A-47r

included two NUREG reports (1217 and 1218) and four NUREG/CR reports
(3958, 4385,'4386, and 4387). The resolution of USI A-47 focused
almost exclusively on the adequacy of steam generator (PWR) and reactor
vem1.(BWR) overfill protection, with implications for reactor vessel
damage, steamline break, or steam generator tube rupture events. The>

risk-related-information in the USI A 47 documents reviewed was
reviewed concerning the estimation of the effects on public risk of BOP
challenges to safety systems.

GI-23, " Reactor Coolant Pump Seal Failure"

GI-23 considered the causes and effects of reactor coolant pump (RCP)
seal failure ar.d concluded that station blackout was the only probable
event that could cause a RCP seal failure severe enough to result in ;

leakage equivalent to a small-break loss of coolant acciL Hence,

the resolution of this issue was tied to station blackout (Unresol,ed
Safety Issue A 44).

The LER search done for the BOP study identified station blackout
events, but they were not included in the B0P data base initiating
event for the blackout was onsite, e.g., transformer failure.

GI-65, " Component Cooling Water System failures"

Generic issue 65 identified reactor coolant pump seal failure in PWRs
"

as the primary safety concern resulting from total loss of component
cooling. This issue was therefore absorbed by GI-23, " Reactor Coolant

* Pump Seal failure." Consideration of GI-23 as part of this study
covered all issues raised by GI-65.

GI 93, " Steam Binding of Auxiliary Feedwater Pumps"

GI-93 raised a potentially serious BOP issue. The problem was
effectively solved in 1985 by increased operator surveillance of the
auxiliary feedwater line temperature and is no longer a regulatory or
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technical issue. The BOP study therefore did not consider GI-93, since
steam binding of the auxiliary feedwater pump should not be a future
concern.

Cl-122, " Miscellaneous Feedwater Issues"

GI-122 principally investigated the reliability of auxiliary feedwater
systems. It was concluded that plants with a two-train auxiliary
feedwater system were the most vulnerable. On a plant-by-plant basis,
each of the seven two-train plants was evaluated and recommendationu
for changes were made and implemented.

.

Since the roliability of the auxiliary feedwater systems had recently
been evaluated and the least reliable systems improved, the B0P study
did not concentrate on the auxiliary feedwater system.

GI-130. " Essential Service Water Pump Failures at Malti-Plant Sites"

GI-130 deals with a narrow problem which can occur only in a small
pupulation of plants. The methods and ideas employed for.the
investigation and resolution of this issue were found to be of little
relevance to the B0P study since the conditions ualyzed are
probabilistic. An event of the kind considered in GI-130 has never
occurred.

GI-HF 01, " Human Factors Program Plan"

The Human Factors Program Plan provides a definition of perceived
weaknesses in the human factors engineering of nuclear power plants,
goals'to correct those weaknesses, and outlines of how to achieve those
goal s. Reduction of human errors was of interest to the B0P study and
was considered by evaluating trends in human-error-related trips.

GI-HF-02, "Meimenance and Surveillance Program Plan"

Investigations for the Maintenance and Surveillance Program Plan served
as a sourci for the muntenance policy and the proposed rule on
maintenance program effectiveness. Since the area of maintenance, as
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it applies to the BOP, is believed to be an important part of the
problem of BOP challenges to safety systems, these' efforts toward>

improv y maintenance may be part of the overall solution to the
4

r' R: problem at which the B0P study was aimed. Hence, this Generic Issue,
the documents prepared for it, and, perhaps most importantly, the
proposed rule on maintenance programs, were all considered in the;

j study.
I

L.4 Maintenance Rulemakina Activities;

'!

| The development of'the Maintenance Rule was reviewed from its inception as
the Maintenance and Surveillance Program Plan in 1985, through the proposed
Rule on Maintenance (November 1988) and its subsequent deferral in May 1989.

part of the monitoring of the maintenance rulemaking, BOP project-

personnel attended the NRC-sponsored workshop in November 1988, as well as a

| meeting of the Advisory Committee on Reactor Safeguards (March 1989) and an

| NRC meeting (Mey 1989) on this topic. The proceedings of the workshop were
. published as NUkEG/CP-0099.

. The maintenance rulemaking efforts are the result of NRC concern that
inadequate maintenance on the part of some licensees is compromising safety.
The industry has resisted NRC attempts at rulemaking in this area, citing
industry improvements through self-regulation.

Action on the proposed rule was deferred as of May 1989 to allow for further
study and monitoring of industry progress. Initially, the proposed
maintenance rule was to cover essentia11y' all 80P systems; the final rule,
as proposed by the NRC staff, was somewhat rrsiricted in scope, but stills

relevant in its implications for the B0P.systens. All licensees were to
have a maintenance program with certain broadly stated attributes.

~

L.b Precursor Identification Proara_r0

The Accident Sequence Precursor Program was examined, principally as it was
presented in NUREG/CR-3591 and NUREG/CR-4674. The results of this effort
ara discussed in Section 5.2 of this report.
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L.6 ACRS Information and Meetinos

The activities of the Advisory Committee for Reactor Safety (ACRS) and its
subcomittees were monitored for BOP-related information, which was utilized
in this study when it was applicable. The former ACRS subcommittee on BOP

systems has been discontinued, with its functions picked up by the
Subcommittee on Secondary Systems. Other subcommittees monitored were:

o AC/DC Power Systems Reliability

o Auxiliary Systems
o Human Factors

o Instrumentation and Control Systems

o Maintenance Practices and Procedures
o Reliability Assurance

.
o Systematic Assessment of Experience.

L.7 AE00 Activities

Relevant activities for the Office of Analysis and Evaluation of Operational
Data (AE0D) were monitored, primarily by reviewing AE00 reports. Many of
the applicable reports are periodic reports (quarterly, annual, etc). Two
of these, AE00/P503 and AE0D/P504, are summarized below as examples:

AE00/P503, " Engineered Safety Feature Actuations At Commercial United States
Nuclear Power Reactors January 1 Through June 30, 1984"

AEOD/P503 documents an analysis of Licensee Event Reports of ESF
actuations. Many of the events reported involved or were influenced by
failures in BOP systems. One of the four problem areas identified from
this study that is of safety significance, involving the B0P, is
component cooling water system interaction.

AE0D/P504, " Trends and Patter s Report of Unplanned Reactor Trips at U.S.
Light Water Reactors in 1984"

This report presented findings that were very relevant to the B0P
study. It indicated that in 1984, about 59 percent of reactor trips
above 15 percent power were related to B0P systems: feedwater (27
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| percent), turbine (15 percent), condensate (6 percent), main generator

| (6 percent), main steam (5 percent). It was also identified that 71
I percent of the trips i etween 2 percent and 15 percent power level were

associated with BOP systems: feedwater (40 percent), turbine (18
percent), and main steam (13 percent). Most of these trips were caused
by hardware failure in B0P systems.

L.8 Efforts by Utilities and Industry Groups

Numerous utilities and industry groups have reactor trip reduction programs,
almost all of which have a B0P component. Information about these
programs was evaluated for the B0P study. Four categories of programs were
evaluated: utility programs, NUMARC/INP0/EPRI programs, Owner. aroup
programs, and international programs.

L.8.1 Utility Proarams

NUREG/CR-4783, " Analysis of Balance of Plant Regulatory issues," contains a
detailed discussion and comparison of reactor trip reduction programs or
performance / reliability improvement programs at six U.S. utilities. No

additional information on individual utility programs was reviewed; rather,
composite information from sources such as INP0, NUMARC, and the Owners
Groups was emphasized.

L.8.2 NUMARC/INP0/EPRI

The Nuclear Management and Resource Council (NUMARC) has established
quantitative scram reduction goals for the 'ndustry. The original goal was
set in 1984 and there have been yearly revisions downward since.
Establishing the methods to achieve the goals and tracking the results was
left to INP0 and the Owners Groups.

The Institute for Nuclear Power Operations (INP0) has defined areu for
specific scram reduction efforts, as detailed in INP0-85-Oll, " Scram
Reduction Practices," May 1985. The areas are: administrative,

system / design, maintenance, surveillance testing, and operations.
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In the administrative area, three efforts were urged: improved

communicat'sa between plants; improved quality of root cause evaluations,
and aun.ented sharing of ideas to reduce reactor trip frequency. In the
system design / modification categ:ry, three goals were defined: identify

common design problems that are reactor trip root causes, identify possible
solutions to the design problems, and focus on feedwater-related trips. The

maintenance 9041 is to initiate activities to reduce on-line and outage
maintenance errors. Reducing surveillance test errors was the stated goal
in the surveillance category, and for operations, two goals were set:
identify human factor root causes of trips and identify possible solutions.

The involvement of the Electric Power Research Institute (EPRI) in the
effort to reduce scram frequency has been primarily the production of a
series of studies of the effects on scram frequency of trip setpoint
modifications. Four reports were generated:

o " Reducing Scram Frequency by Modifying Reactor Setpoints for a
Westinghouse 4-Loop Plant," NSAC/94, April 1986.

o " Reducing Scram frequency by Modifying Reactor Setpoints for a
Westinghouse 3-Loop Plant," NSAC/99, December 1988.

o " Scram Reduction by Relaxing Setpoints, An Analysis of C-E PWR's
with Digital Controls Using RETRAN-02," NSAC/93, January 1986.

o " Scram Reduction by Relaxing Setpoints, An Analyses of C-E PWRs
with Analeg Contro' M ng RETRAN-02,'' NSAC/92, November 1985.

L.8.3 Owners Group Proarams

The frur nuclear steam supply system owners groups are very active in B0P-
related activities. Babcock and Wilcox (B&W) Owners Group activities
include the Safety and Performance Improvement Program (SPIP), the Trip
Reduction and Transient Response Improvement Program, and the Comparative
Study. Owners of B&W plants are implementing the recommendations of these
programs through plant-specific modifications aimed at reducing the
frequency of reactor trips.
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The Combustion Engineering owners Group (CEOG) consists of a steering group
,

and several technical subcommittees. The Scram Reduction Program, initiated
in May 1985, is being implemented through the Operations Subcommittee. The
major thrust of this program is not in the balance of plant. The only
significant BOP activity involves an open interchange of information between
the member CE utilities at meetings in which BOP related trips, root causes,
and experience with corrective actions are discussed. The consensus among
CE utilities is that the major contributor to BOP trips is feedwater system
malfunction, caused by either equipment failure or human error. Florida
Power and Light has installed the Combustion Engineering digital feedwater
control system at St. Lucie and has reported excellent results in terms of
low power feedwater control, which is one problem area causjng frequent
trips. Sc1thern California Edison is looking into reducing'the steam
generator fow level trip setpoint by advanced analyses, anticipating that a
set 90s.'.t veduction would help reduce feedwater-associated trips. Combustion

Enoneertag is preparing specific proposals to the CEOG regarding reduction
in .he frequency of trips, which will include consideration of BOP systems
and components.

The General Electric Boiling Water Reactor Owners Group (BWROG)is conducting
a Scram Frequency Reduction Program (SFRP), which is subdivided into three
areas - operations, systems design, and maintenance. The operations group
is establishing a data base on both automatic and manual reactor trips, with
root cause information, and is examining the question of how best t, perform
effective root cause evaluations. The systems design group is responsible
for maintaining the reactor trip data base, for suggesting improvements in
root cause evaluations and related training, and for trend analysis of the
data base. The maintenance group is examining maintenance-related
contributions to reactor trips. Plans for the SFRP include identification
of the most critical BOP components in terms of trips and investigating why
some BWRs are more resistant to trips than others, given the same B0P
component failure.

The Westinghouse Owners Group is conducting a Trip Reduction and Assessment
Program (TRAP). Based on operating experience, the initial emphasis is
being placed on the feedwater control system configurations at low power and
on the steam generator low-level trip setpoints. Analyses indicated that a
steam generator level trip modtfication that included sensor inputs for
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containment temperatura id pressure could allow up to a 15 percent widenings

of the level trip band Feedwater and steam generator level trip
modifications have been made on several Westinghouse plants. The TRAP clso

includes examination of turbine-generator and control systems, electrical
systems, maintenance issues, and detailed categorization of the root causes
of trips.

L.8.4 International Proarams

The Nuclear Energy Agency of the Organization for Economic Cooperation and
Development (NEA/0 ECD) conducted a symposium on scram reduction in Tokyo,
Japan, in April 1986. The proceedings of this symposium, " Reducing the
Frequency of Nuclear Reactor Scrams," were reviewed for the BOP study. Ten

countries participated: Belgium, Canada, France, West Germany, Great

.

Britain, Italy, Japan, Spain, Sweden, and the United States. All of the
types of commercial nuclear power plants found among the OECD nations were
represented. Each country offered its experience, analysis, and philosophy
on scrams and scram reduction, including detailed scram statistics. Other

papers were given which outlined the process of scram cause identification
and correction, including the resulting design improvements. The Germans

made a presentation on their instrumentatioa 'nd control system which helps
keep the German scram rate to around one per reactor year. The Japanese

described improvements they have made to keep their scram rate to a similar
low number, which was approximately one-fifth of the scram rate of the U.S.
in 1985. Automatic testing devices, scram setpoint changes, operator and
maintenance training, preventive maintenance, and improvements in design and
construction were all discussed as methods to reduce scram frequency.

L-23

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



, _

,

| i g'.,N6|,yt anay.o , ns u s wuc6iaa as outatomv couwssio=
,,

,,,u,,,,,, ,i
am am BIBLIOGRAPHIC DATA SHEET

~ "' ~ ~ ~'
NUREG/CR-56?2, m t i a,e.vt - t .

SAIC-69/1148
Analysis of Reactor Trips Originating :' Da's a t *o" *un '5"' D
in Balance of Plant Systems |

" * ' " " * *

September 1990
. e in on caa=, ~vvei .

D1313
s aun.oan, e ivet os airou

Fred T. Stetson
Daniel W. Gallagher Formal
Phuoc T. Le ' ' ' " ' '''"'D"*"'****'"'

Martin W. Ebert January,1984 thru
December, 1988

e ri a onvi.~. c.,.o.nc.*~ir a no~ waus a~o aooaiss.....c ,- + o . o" - e > - ,a. ,e - . . - . ... - -.- e .
-. .m

Science Applications International Corporation (SAIC)
P.O. Box 1303
1710 Goodridge Drive
McLean. Virainia 22101

, s.po.wsog .i~c oacawiinnow . wavi awo aoomiss ". =ac .. s.- .. -a .. . .~.. .- ,- + = ar o- - o"- a=- v s w= a +." c.---
p .d sh e a. ,

Division of Systems Technology
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Wuhingtnn. DC ?OREA

10 SUPP&iMiN1 av Nolis

11 Absl aaCl ,ptap ee.. y me;

This report documents the results of an analysis of balance-of-plant (BOP) relattd
reactor trips at comnercial U.S. nuclear power plants over a 5-year period, front.
06tiuary 1,19P4, through becumber *,1,1988. Tht. study was performed for the Plant
Systenia branch, Office of hucher Reactor Regulation, U.S. Nuclear Regulatory Com.nission.
The cbjectives c1 the study v.ere:

1. to iniprove the level of understanding of B0P-relateo challenges to safety systems
by icer.tifying and categorizing such events;

2. to prepare a cuir.puterized data base of COP-related reactor trip events and use the
data base to identify titr:(!s and patterns in the pcpulation of these evtuts:

3. to investigate the r1>L implii.ations of B0P events th6t challenge safety systems;

4. to provide recorratndatibt.s on how to address DF-related concerns in a regulatory
conto t .

ir ni v woaos oi sc a ei oa s ,. , --. ., .a . m, - . . .-i = =r w - =.- . u n 'n * * n ' " 5 ' ' ' t "L '*1

Bale ce of P1ont (BOP) ,,","jj;Qf,,,,,c ,,,
BOP-Related Reactor Trips

, , , , , , , , ,
Risks Related to B0P Systems
Risk Implications of BOP Systems gnc,las si fied

,,

Safety Significance of BOP Systems
unclassified

is NUMBift of PAGis

16 PalCi

testC SO89W 335 G49'

_ _ , _ _
am , w .. %



,

6

1 q v;. ,

|p
.

1 - ps

B:

;

-' - JTHIS DOCUMENT WAS PRINTED USING RECYCLED PAPER.

:



.
. . .. . _ _

. ,.
.

! 8:, r > : ~.
> y;n .4;;n , j';;

, '
-

'

'

, _ -cm

J;;' ,1 . , h ii UNITF.9 STATES '; 4% NUCt. EAR RESULATCRY COMMittl0N
**'"%*ff',

2
f- inc,u o,,i mg*un

-

. .g , , f WASHINGTON, D.C.20555.'

,%,
- t . p. .

*
, ,

' ' ~ f ' 0FHCIAL SUSINESS -< -

$; ;, <p W PENALTY FOR PAfVATE USL 000
ug, * 120555139531

g g gg g 9L

k,% [y k'tk PUBLICATIONS SVCSN

TPS POR-NUREG'i ' "

P-225 DC 20555+,

WASHINGTONM., ,

.

f h's

0;b.

.

.k -

s -

Y

I *

| _
*

. ..

l'

V

W

4 A

,b

.Y

?
,

1

!.'-
?6,

':4.

- \ t '^' ,q

^si.-
+; .

ji
n

-_N_

>

1

,,

s|'
s- ,

..

P .


