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ABSTRACT

l We present data summaries of Licensee Event Reports (LERs) of diesel |

generators at U.S. commercial nuclear power plants, froa January 1,1976 to I

December 31, 1978. We classified the events contained in the LERs as
failures and nonfailures. We further classified the events according to

f ailure mode, f ailure mechanism, comon cause, recurring, and various other !

classifications useful in risk assessment. The events reported in the LERs
that we classified as f ailures, were used to estimate gross standby,
operating, and demand failure rates, in units of failures per hour and
f ailures per demand, for the diesel generators. Explanation and summary

tables of all classifications and estimations are provided.
|
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FOREWORD
.

This report is one in a series sumarizing the statistics of Licensee
Event Reports (LERs) as recorded by the U.S. Nuclear Regulatory Commission.

The goal of the report is twofold: (a) to summarize the data for risk and
statistical analyses, and (b) to obtain gross constant failure rate estima-
tions and gross categorizations of the failures.

Because subjective judgments had to be made regarding population sizes
and pertinence of recorded events, and because some component f ailures may

not be recorded in the LERS, the component failure rates estimated in this
report should be interpreted as being only tentative gross indicators of
the true failure rates. The analyst himself must validate the applicability

of the LER-derived failure rates for his own particular use. Furthermore,

because LER reporting requirements can differ from plant to plant, compari-
sons of plant-to-plant failure rates should be interpreted with care: a(O>

\ j higher f ailure rate may simply be due to stricter reporting requirena.its.
As more data are collected and more analyses are performed in the future,
improved failure rate estimations will be produced.

The f ailure rates given in the report are only one of many kinds of
information presented. The tables and discussions give important informa-
tion on failure classifications, according to failure modes, f ailure causes,

and systems affected. Gross time trends are examined. Human errors are
identified as are common-cause failures and recurring f ailures. Each LER

anal.> zed is presented in a useful, sumarized form, and all evaluations are
prese1ted such that you can modify the authors' calculations or perform
your own evaluations if you so desire.

William E. Vesely

Project Manager
November 16, 1979
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( ) DATA SUMMARIES OF LICENSEE EVENT REPORTS
\ /

0F DIESEL GENERATORS AT U.S. COMMERCI AL NUCLEAR POWER PLANTS
''

FROM JANUARY 1,1976 TO DECEMBER 31, 1978

INTRODUCTION

in support of the Nuclear Regulatory Commission's (NRC's) data gath-
erIng and analysis effort, we selectively analyzed Licensee Event Reports
(LERs) of various diesel-generator events that were submitted to the NRC
between January 1,1976 and December 31, 1978. Initially, we obtained all
reports in the NRC file with the component code, ENGINES. INTERNAL COMBUS-

TION, submitted during this period. Subsequently, however, to ensure that

all LERs pertaining to diesel generator events were retrieved from the NRC
file, a text search for the word " diesel" was conducted on the remaining,
unretrieved LERs. We believe that these sorts yielded all of the LERs

pertaining to diesel-generator events for the period of January 1,1976
through December 31, 1978.

( ) We qualitattvely evaluated the data reported in these Licensee Event
Reports, and coded the pertinent information contained in each LER that
described a diesel-generator event (for example, failure mode, f ailure
mechanism, event date) into a one-line description of the event. Each

coe-line description was then stored in a computer-based data file for
future use. The computer has the capability to search, collate, retrieve,

update, and display the coded one-line LERS of the file by almost any item
of data contained in the original LER, for example, plant, Nuclear Steam
Supply System (NSSS) vendor, event date, failure mode, failure mechanism.

This capability makes the LER data file a useful tool for obtaining various
LER sumary statistics for use in further analyses of diesel-generator
events.

One type of sumarization used for this report was to estimate from
the LER data file, LER-based standby, demand, and eperating f ailure rates )
(or " standby LER rates," " demand LER rates," and " operating LER rates," for |

short). Specifically, we estimated various standby, demand, and operating
m

[v} LER rates for the diesel generators used by all operating U.S. commercial ]

1 l



nuclear power plants, with the exceptions of Fort St. Vrain, Humboldt Bay,
and Lacrosse, which were considered atypical, and Indian Point Unit 1,
which has been shut down and defueled for a significant period. We then

averaged these estimates to obtain various LER rates for the four NSSS
vendors considered. Finally, we averaged specific plant failure data to
obtain various rates for Pressurized Water Reactors (PWRs), Boiling Water

Reactors (BWRs), and for the aggregate population.

LER rates, as well as the one-line LERs, are useful for probabilistic
assessment, such as gross risk and reliability evaluations. Howdver, when
using the LER rates, the analyst must apply them with caution. Our LER
rates are estimates based on information contained in the LERs, and may not

represent actual failure rates of nuclear plant, emergency diesel gener-
ators. A difference between the actual failure rate and the LER rate may

be due to the averaging performed, but also to the various interpretations
of the criteria used for LER reporting. In Appendix A, we give a brief

explanation of the causes of these variations.

The body of our report has two major parts. First, we describe our
LER analysis. Included are the definitions, ground rules, coding schemes,
and assumptions we used in carrying out the analysis. Next, we evaluate
the data provided by our analysis and summarize the results of the data
evaluatton. In Appendix A, .,e explain the causes for the variations in LER

reporting. In Appendix B, we describe the LER coding scheme used to encode

the original LERs into the data file. In Appendix C, we discuss our methods

to estimate the LER f ailure rates. In Appendix 0, we list those plants to

which operating licenses with standard technical specifications were issued.

O
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(3
DESCRIPTION OF THE LER ANALYSIS AND EVALUATION METHODOLOGY

In order to analyze and evaluate the data contained in the LERs, we
found it was first necessary to define the diese1-generator component in a
way that was generally applicable for our use in this evaluation. Once we
accomplished this task, we made various assumptions and definitions that
were necessary for encoding the applicable LER data. When the data were
encoded, we collected pertinent component information and applied the sta-
tistical methods necessary for estimating the diesel-generator LER rates.

Component Definition

After considering several references ' ' and performing a cursory
evaluation of the information contained in the available LERs, we decided

to define the diesel-generator unit in terms that would generally parallel
the accepted industry definitions, as well as encompass the scope of the
diesel-generator LERs. For the context of this report, we defined the
diesel-generator unit as the diesel engine (s) and attached generator, and

(s' their corresponding support systems, up to and including the generator out-
put breaker.

Assumptions and Definitions

in light of this definition, we encoded the appropriate LERs into

one-line data records, and stored them in a computer-based file. A detailed

explanation of the coding scheme is given in Appendix B. Specific descrip-

tions of the assumptions and definitions used to encode these iata are
provided below.

Failure Mode

For this report, we identified two diesel-generator failure modes,
Does Not Start and Does Not Continue to Run. There are three kinds of
diesel-generator failures represented in the Does Not Start failure mode:
in the first, a " Start" cormiand was given to the standby diesel generator(m

( )' and the unit failed to respond, that is, roll over and " fire"; in the
v
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second, the " start" command was met and the diesel generator " started,"
that is, began running under its own power, but failed to reach rated speed
and voltage in the required time; and in the third, the diesel-generator
unit " started" successfully, that is, reached rated speed and voltage in
the required time, but failed to achieve the expected load. As you can
see, only after the unit had " started"--achitJed rated speed and voltage in
the required time, and had been loaded to the expected value--did we con-
sider the unit to be running, that is, a successful " start." Due to the
limited information available in most of the LERs, we did not differentiate
between the automatic and manual start of the diesel-generator sets. When
either of these types of start commands resulted in a diesel-generator
starting failure, the failure was classified under the general failure
mode, Does Not Start. Any diesel-generator failure that occurred after the
unit had completed a successful start, as we have here defined, was classi-
fled under the general failure mode, Does Not Continue to Run.

When an LER reported an event that involved placing the diesel in an
inoperable status, or reported problems with units that were already in an
inoperable status, we put these events in the Unavailable /Nonfailure, fail-
ure mode category. We do not consider this category as a true diesel-
generator failure mode, because no demand was placed on the unit. Only if
the demand was made and the unit failed to respond to the demand could a
definite failure be counted. No " implied" failures were considered in this
report. We also used the Unavailable /Nonfailure category ta record other
events of interest that were not considered to be diesel-g3nerator fail-
ures, such as technical specification violations.

Failure Mechanisms

The failure mechanisms (causes of failure) used in our report are

generally the mechanisms reported in the respective LERs, and should oe

j self-explanatory. However, a mechanism reported may or may not be the
true, root cause of a failure. The quality of the LERs vary, and an inter-
mediate mechanism may be reported as the cause. A study conducted by Boner
and Hanners of the University of Dayton further discusses this problem.

O
4



,

( ) Type of Event
v

Five types of events were classified: comnon cause, recurr ing, recur-
ring connon cause, connand f aults, and recurring command f aults. All other
events were considered to be random events.

We define common cause failures as the failu ? of two or more diesel
generators resulting from a single causal event (for example, fire,
flooding, human error). If an event was recorded as a single diesel-

generator failure, and yet we felt that there was potential for a conimon
cause failure, we assumed the event was a connon cause candidate and we

coded it as a common cause failure.

When we determined that the same diesel generator was reported to nave

failed two or more times, each of these events was coded as a recurring

failure.

g'"'s if the same common cause failure or the same coanon cause candidate
> $

\s_,/ was reported more than one time as a result of the same cause, we coded
this event as a recurring connon cause event.

!

'

We classified events as command faults when there was not an actual
physical failure of the diesel-generator unit, but, due to inputs (or lack
of inputs) from other components external to the unit, the diesel genera-
tors f ailed to function as expected. This failure could be the result of
some other f ailed component, human error, or, as in some cases, an environ-
mental condition. A connand fault does not involve actual diesel-generator

failure. For instance, if a diesel generator were connanded to start but
failed to do so because the fuel day tank was empty as a result of an
improper valve lineup, we did not consider this a diesel-generator f ailure
in itself, because, barring other unforeseen circumstances, the diesel
would have operated satisf actorily if fuel had been available. However,
since the diesel generator does f ail to function, given a demand and the
existance of a command fault, these events were included in our failure
rate estimations, and were encoded under the appropriate failure mode.

A
f \
\ _/ '
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Recurring command faults, of course, are command faults that involve
the same diesel-generator unit, and occur two or more times.

Event Date

Our data field, Fall DATE, corresponds to the event date reported in
the LER. But the event date is not necessarily the date of occurrence.

Though this is ostensibly the date of occurrence--and in most cases it
probably is--there could be instances when the component had been in a
failed state for some time before discovery, and the event date will actu-
ally correspond to the date of failure discovery, not occurrence. For our
purposes, we-assumed that the event date always corresponds to the date of
component failure.

Manufacturer /kW Rating

The diesel-generator manufacturer ar.d kW rating were usually not avail-
able in the LERs. However, we felt that this information would be useful

b 6for comparison to the AEC study and the University of Dayton study ,
among others. So, we consulted the respective plant Final Safety Analysis
Reports (FSARs), the AEC study, and the questionnaires used in the Univer-
sity of Dayton study. The information from thes? sources was combined to
form our list of manuf acturers and kW ratings.

Subsys tems

The diesel-generator-unit support systems, or subsystems, were chosen
to encompass the scope of the diesel-generator LERs, and to parallel the
industry's definitions of diesel-generator support systems.2'3'7'O

Failure Classification

In our attempt to extract as much additional, significant information
as possible from an original LER, we analyzed each diesel-generator failure
to determine if the failure was related to the exposure time or to the

actual demand. As the standby time or running time increases, the chance

6
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) of a time-related failure increases. The chance of a demand-related f ail-
" ure increases as the demands or cycling of the component increases, not

directly as the time increases. For example, a diesel generator that failed
by reason of the failure mechanism, Corrosion / Erosion, would be classified
as a " time related" failure. But a diesel-generator failure that resulted

from a jamed atr-start motor pinion gear, would be considered a " demand
related" failure. We used the classification, Unknown, for any failure

that could not be specifically classified.

For the most part, we subjectively analyzed each event to determine
its Failure Classification. Specific Failure Classification information
was seldom available in the LERs. Consequently, an analyst may find it

difficult to arrive at the same classifications as we did for some events.
Again, we emphasize that our classifications are largely subjective and
care should be exercised in their use.

Method of Discovery

(~'s
We also attempted to classify the failures according to the activity

taking place when the event occurred or was discovered. Unlike the Failure
Classification discussed above, this information was usually available in
the LERs and very few subjective decisions about the appropriate discovery
category were necessary.

R,e_ pair Time

Finally, we attempted to classify each event by the duratton necessary
to repair the unit and restore it to standby status. Some of the more
recent LERs provided this information. Unfortunately, the majority of the
LERS did not provide this information, and, again, we were required to make
subjective decisions, based on our experience, about the length of time
necessary to effect the appropriate repairs.

We put the repair times into intervals to simplify the estimating
technique and to increase the accuracy of our decisions. We assumed that

O maintenance practices varied from plant to plant. Consequently, we were(v;
7



more likely to put the repair time in a corre,i. interval than to provide a
correct, " discrete" repair time f or each event.

The 8-24 hour interval is probably the only interval that needs some
explanation. We chose this longer intu. val rather than breaking it into
several smaller intervals (that is, 8-12, 12-16, 16-20, 20-24) because we
assumed that if the repair was going to take longer than one shif t, it
would take until the following day shift to have the qualified maintenance
personnel available to continue repairs--no qualified maintenance personnel
would be available on backshifts.

Again, we must emphasize that our repair time classifications are
largely subjective and care should be exercised in their use.

Data Collection

For our analysis, the data necessary to estimate diesel-generator LER
rates were collected from a variety of sources. It was necessary to ::eter-

mine standby time, operating time, demands, populations, and the number of
failures for the diesel generators in each plant in our study. The discus-

sion below gives a summary of each of these data gathering efforts and the
assumptions and sources used to arrive at values for each of the data needs

mentioned above.

b0

In order to estimate standby hourly LER rates and operating hourly LER

rates, it was necessary to know the time the diesel generator was in a
standby and an aperating condition.

Standby Time. The emergency diesel-generator units are primarily used
as the emergency power source in the event of a loss of site power. Conse-
quently, we inferred, the diesel generators would ideally be in a standby
condition at all times, regardless of the status of the reactor plant. And
we assumed, therefore, that the total calendar time in hours for the time
interval in question, that is, 1976, 1977, 1976-1978, etc., would adequately

8
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|

|
,

i

represent the standby time for the diesel generators. However, in order to
V eliminate " initial" failures, that is, failures due to initial testing and

running of a new unit, standby time was calculated fron the date of a
plant's initial criticality. So, all plants that went critical before the,

time interval in question would have the same number of standby hours. All;

plants that went critical subsequent to the beginning of the time interval
,

in question, would have their standby hours calculated from their corres-
! ponding date of initial criticality., Due to the limited scope of this

report, we made no attempt to determine individual diesel-generator outages,
;

nor long periods of operation, nor to correct the corresponding standby
hours accordingly. We assumed these periods to be insignificant compared

' to the usual total standby time of the diesel generator. Consequently, we )
made no attempt to adjust standby time for these periods.

.

Calendar hours were determined to the 8760-hour year. This is based

! on a 24-hour day and a 365-day year. Initial criticality dates for all

f plants were obtained from the NRC " Gray Book."9

Operating Time. In rder to estimate an operating LER rate, the4

diesel-generator operating hours should be known. Since it was impractical

for us to gather all operating data for each diesel generator unit, we,

10-14consulted a number of sources and assumed that the diesel generators
re run for one hour, as part of the test to demonstrate operability.

Generally, the requirements for demonstrating diesel-generator operability
are as follows:j

:

At least once per 31 days, on a STAGGERED TEST BASIS,a
i

1. Verify the fuel level in the day and engine-mounted
fuel tanks

,

*;

2. Verify the fuel level in the fuel storage tank

4

a. STAGGERED TEST BASIS is defined by dividing the 31-day period by the
,

number of diesel generators at the particular plant.15

: 9
:

I

i
'
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3. Verify that the fuel transfer pump starts and transfers
fuel from the storage system to the day and
engine-mounted tank

4. Verify that the diesel generator starts from ambient
conditions and accelerates satisf actorily.

5. Verify that the diesel generator is synchronized and
loaded, and operates for at least 60 minutes

6. Verify that the diesel generator is aligned to provide
standby power to the associated emergency buses.

However, some of the same sources also imply that the test interval may be
as short as every three days. Boner and Hanners also state that testing
frequency for diesel generators varies from weekly to monthly. Due to

these variations, we based our total number of operating hours for each

diesel generator on both weekly and monthly testing.

Since there was usually no mention of how long a unit operated before

tripping or being shut down, the one-hour-run test requirement was assumerJ
for estimating the operating hourly LER rates for the diesel generators.
We assumed that the diesel-generator operating failures were experienced
before one hour of run time had expired.

We also assumed that there would be 12 operating hours per year for

each diesel generator, based on monthly testing, and 52 operating hcurs per
year, based on weekly testing. Again, any plant whose date of criticality
f alls af ter the initial date of t'le time interval in question, had its
operating time (hours) adjusted accordingly.

Demands

In order to estimate a demand LER rate, one should know the number of

demands placed on the diesel generator during a specific time interval. We

9
10
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.

assumed that the diesel-generator demands corresponded to the testing fre-
s

quency (weekly or monthly) outlined in the above mentioned sources (see
References 10-14). .Therefore, each diesel generator would be subject to
12 demands per year, based on monthly testing, and 52 demands per year,
based on weekly testing. Again, the demands were adjusted according to the'

: initial criticality date of the plant.
|

|
k' know that the actual number of demands may vary from the assumed

number of demands, due to unexpected transients that require the use of the
diesel ganerators (for example, a loss of offsite power), and due to special
tests (f or example, refueling or an annual) that may be run in addition to
the periodic operability tests. We assume that the additional number of
demands are relatively small, however, compared to the number resulting
from tne weekly or monthly tests. And, due to the limited scope of this
analysis, we made a further attempt to account for these additional'

demands.

Populations*

N1

i

Diesel-generator populations for our failure rate estimations'were
l7I generally unavailable. The Crooks and Vissing and Boner and Hanners

i , ee Reference 6) studies provided some information. However, we deter-
mined most of our population information from the individual plant FSARs.'

f A number of different diesel-generator-to-plant configurations exist in the

! plants considered in this study. For some configurations, where diesel
i

! generators are shared between plants, we found it was necessary to make
! some assumptions about indivtdual plant diesel-generator populations. We

- identified the fol. lowing configurations:
,

No Diesel Generator Units: Of all_of the operating U.S. nuclear power
I

plants considered in this study, Oconee Units 1, 2, and 3 are the nQ
,

! plants that do not have emergency diesel generators as their standby
source of onsite A.C. power. This station has its own onsite hydrol
electric plant, which is it, standby source of emergency power; and,; ,:

, '

j consequently, has no need for onsite emergency diesel generators.
i

t ) 'Therefore, these three plants are not included in our study.
i
'

11

|
;

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



One Plant, One Diesel Generator Unit. Three plants included in our
_

study have this configuration. They are Big Rock Point, Dresden
Unit 1, and Millstone Unit 1.

One Plant, Two Diesel Generator Units. The majority of plants included
in our study have this configuration.

One Plant, Three Diesel Generator Units. Four plants included in our
study have this configuration. They are Indian Point Units 2 and 3,
Salem Unit 1, and Yankee Rowe.

One Plant, Four Diesel Generator Units. James A. Fitzpatrick is the
only plant with this configuration.

Two Plants, Two Otesel Generator Units. Point Beach Units 1 and 2 are

the only units equipped with this configuration. We assume that each
plant has a diesel-generator population of two.

Two Plants, Th_ree diesel Generator Units. Eight plants have this
configuration. They are Dresden Units 2 and 3, North Anna Units 1 and
2 (Unit 2 is not used in our study), Quad-Cities Units 1 and 2, and
Surry Units 1 and 2. In this configuration, each plant has one diesel

generator unit. The remaining diesel generator is shared between
plants. Since we could not determine which plant had the responsibil-

Ity for reporting the LER for the shared diesel generator, we included
the shared diesel generator in the population count for each plant.

Two Plants, Four Diesel Generator Units. Brunswick Units 1 and 2, and
Peach Bottom Units 2 and 3, have this configuration. All four diesel

generators are shared between the two plants. In this case, the oldest

units, Brunswick 2 and Peach Bottom 2, were assigned the total popula-
tion (4) and all plant-specific LER rates were estimated for these
plants only. The newer plants, Brunswick Unit 1 and Peach Bottom
Unit 3, were then assigned the LER rate estimated for the older plant.

O
12
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Three Plants, Four Diesel Generator Units. Browns Ferry Units 1, 2,

4 and 3 are the only plants with this configuration. All four diesel
^

generators are shared among three plants. Again, the oldest plant,
' Browns Ferry Unit 1, was assigned the total population (4) and all
! . plant-specific LER rates were estimated for this plant only. Browns

Ferry Units 2 and 3 were then given the '.ER rate estimated for Browns
Ferry Unit:1.

Three other unusual arrangements were found in Joseph M. Farley Unit 1,

i St. Lucie, and Trojan. Joseph M. Farley Units 1 and 2 (Unit 2 is not
! included in this study) have a total of five diesel generators between

them. As far as we could determine, all five diesel generators can be
shared between either plant. Consequently, we gave Farley Unit 1 a popula-
tion of five diesel generators. St. Lucie and Trojan each have two diesel-

generator units. However, each diesel-generator unit is driven by tandem
j diesels. So, in actuality, St. Lucie has four diesels and two generators
; and Trojan has four diesels and two generators. However, for the purpose
,

; of this report, these plants are given a diesel-generator population of two.
I \

Failure _s

We extracted the number of failures used for estimating the LER rates
from the coded one-line LERS stored in the computer-based data file. Not

all coded one-line LERs were considered as failures for this study. Only
i those one-liners categorized as Does Not Start or Does Not Continue to Run

events were considered to be failures.
i.

LER Rate Estimations

i We estimated diesel-generator failure rates for all operating U.S. nuc-
lear power plants, with the exceptions discussed above (pp. 1-2). Our;

; method for estimating these rates is discussed in Appendix C. We grouped |
| our estimations for each' failure mode, or combination of f ailure modes, as |

follows:

i g
)'

; J
t

; 13
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1. An LER rate for each licensed operating plant

2. An LER rate for each NSSS

3. An LER rate for PWRs and BWPs

4. An overall LER rate based on aggregating the failure
data of each licensed operating plant.

All LER rates given in this report are either standby failure rates
calculated in units of f ailures per hour, demand failure rates calculated
in units of failures per demand, or operating failure rates calculated in
units of failures per hour. The analyst must decide, according to the
particular problem being analyzed, which rates are applicable when he uses
these LER rates in risk or reliability assessments.

In addition to our LER rate estimations, we also obtained assoc'.ated
chi-square confidence bounds. These confidence bounds apply strictly only
when all the components combined have exactly the same failure rate. When
components have dif ferent f ailure r ates--which is due to individual compo-

'

nent variations, different plant environments, and so forth--the confidence
bounds will tend to bound only the avei3ge of the failure rates combined,
and not individual component variations.

O;

,
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SUMMARY OF RESULTS
,

i

We received from the NRC, 627 LERs identified as diesel-generator*

events of the pericd, January 1, 1976 through December 31, 1978. These
' LERs were obtained by making two searches of the NRC LER file for diesel-;

generator events. The first search yielded events that were coded,
ENGINES, INTERNAL COMBUSTION. This search resulted in 253 LERs. The'

second search of the NRC LER file was based on the same period as the first

search, January 1, 1976 through December 31, 1978, but a text search of the
LER narrative was made for the word " diesel," or any word in the narral.tve

;
that contained " diesel" as part of the word. This search netted an addi-
tional 374 LERs for our study. The second search did not include any LERs
that were coded as ENGINES, INTERNAL COMBUSTION. These two searches

obtained a total of 627 LERs to be screened for diesel-generator failures.
;

We believe these 627 LERs are all the LERs pertaining to diesel-generator
events that have been reported by the U.S. commercial nuclear power plants

during the period covered in this study.

These 627 LERs were then screened, and those that were not directly

applicable to this analysis were excluded. Examples of inapplicable LERs
are those reported prior to a plant's initial criticality date, reports of
component failures other than the diesel-generator component (that is,
diesel-driven fire pumps, diesel-driven auxiliary feed pumps, etc.), and
reports received from atypical plants. For this report, we considered
six plants to be atypical. They were Fort St. Vrain (gas-cooled), Humboldt
Bay (BWR/1, only 63 MW), Lacrosse (NSSS is Allis-Chalmers), and Oconee 1,
2, and 3 (supplied with a standby source of electrical power from a hydro-
electric plant located onsite). Indian Point 1 was also not considered
because it had been shut down and defueled for a significant t'ime.

,

! After our screening of the 627 LERs, there were 408 L x available for
analysis. We found LERs in our analysis that reported information descri-
bing more than 'one diesel-generator event. For example, at Salem 1, the 1A
and 18 diesel generators were reported as inoperable (LER Control No. 018799)
because they failed to reach rated speed on start. in this situation, we

made two one-line description entries into the data base, 018799A and

15 '|'
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0187998, for the respective diesel-generator, lA and 18, failures. Such

multiple events resulted in an additional 17 one-ltne descriptions being
inserted into the data base. Thus, after having analyzed the 408 LERs, we
had 425 one-line events available for coding. We then coded these into
one-line descriptions of the original LER and input them to the computer-
based data file for use in our data sumarizations. Appendix E is a com-

plete listing of the 425 diesel-generator-event one-liners contatned in our
data file.

As stated earlier, not all of these one-line descriptions pertained to
an actual hardware failure of the ciesel-generator unit, but were events
that occurred outside the boundaries of the diesel-generator unit, as

defined by this report, and prevented the diesel-generator unit from
achieving its intended function to supply power to eaergency buses. We
classified only 18% (53) of these one-line descriptions as command faults
or recurring command faults. A significant number of the one-line LEP -,

30% (127), were neither f ailures nor comand f aults but rather technical
specification violations (for example, not complettng a test of the diesel-!

generator unit on time) or events indicating that the diesel generator was
declared inoperable because preventive maintenance was to be performed on
the unit, or events indicating that the otesel-generator unit was found to
be in an inoperable state and no demand was placed on the diesel generator
(for example, a person tagged out the wrong starting air pilot valves for a
diesci _ erator at D. C. Cook Unit 1, LER Control No. 021634). One-line

| descriptions of this type were considered nonfailures for this report.
These nonfailures were not used in any of the LER rate estimates, but we
will discuss them later because the diesel was placed in an inoperable

state by personnel error. Table 1 provides an accounting of the LERs anal-

yzed for this report.

All of the LER rate estimations and data summaries include data for
the period January 1, 1976 through December 31, 1978. We chose the starting
date of January 1,. 1976 for several reasons: more plants began operating
with standard technical specifications in 1976, studies were conducted of
diesel generators prior to this time by other organizations, and better LER
reporting requirements were implemented during this time.

16
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( TABLE 1. ACCOUNTING OF LERS ANALYZED

D . _ _ _

'

NRC ENGINE, INTERNAL COMBUSTION events 253

NRC events not coded as ENGINE, INTERNAL
COMBUSTION but containing the word " diesel" 374

Total LERs available for screening 627

Minus LERs not applicable -219

Total LERs available for analysis 408

Multiple events contained in a single LER 17

Total one-Line descriptions in data file 425

Minus one-line descriptions of nonfailures -127

Total one-liners used for LER rate estimations 298

The closing date was chosen in order to cover three full years. To have
extended the period into 1979, we believe, would not have allowed us toex

[y)' obtain all of the LERs submitted by the utilities in the additional 1979
period. We base this on the fact that factlities do not have to immediately
fill out an LER for a particular event; there exists a " grace" period.
Also, when the LER is recieved by the NRC, it takes some time to be filed.
For these reasons, then, only data from January 1, 1976 through December 31,

1978 were used.

We included command faults in all of our LER failure rate estimations.
We felt that since the LERs apply to safety system degradation, the LER
rates should reflect this by including all events that degrade a diesel
generator to a state where it no longer functions properly. All LER rates
stated in this report include command faults.

Failure Modes

Table 2 sumarizes the 425 one-liners used in this report by mode and

year.
\

V
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TABLE 2. SUMMARY OF DIESEL-GENERATOR EVENTS BY FAILURE MODE AND YEAR

|

Percent
Percent Percent Percent of |

of of of 1976-1978 I

Failure Mode 1976 Total 1977 Total 1978 Total 1976-1978 Total

Does Not Start 56 44 71 45 59 42 186 44 i

Does Not Continue 39 30 39 25 34 24 112 26

to Run-
co ;

,

Unavailable /Nonfailure 33 26 47 30 47 34 127 30 i
!

Total 128 157 140 425

|
!-

|
'

.

i

|

!

,
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|
Does Not Start

i

j Appendix F lists all of the diesel-generator events that were classi-
fled as Does Not Start failures,

i
' Remember that the failure mode, Does Not Start, encompasses diesel-

generator failures that resulted from the diesel failing to start (physt-
cally " rolling over"), failing to reach rated speed and voltage once a ;

start sequence was initiated, and failing to achieve expected loading (kW).'

The Does Not Start events, 186 in all, accounted for 44% of the
425 one-liners used in this report. When strictly considering the

| 298 events used for estimating LER rates, this failure mode accounted for
62% of the events.

Of the 186 Does Not Start failures, four plants, Big Rock Point,
;

Dresden 2, Beaver Valley, and Joseph M. Farley 1, accounted for 32% (59) of
,

these failures. The diesel generator at Big Rock Point was credited with i

i 19 of these 59 failures. A majority of these 19 failures classtfied as
.

-
,

f Does Not Start were the failure of the diesel generator to meet its required
starting time. These events, as recorded in our 1976-1978 data file,*

i

started appearing on 8/5/76 and continued through 2/2/78. During this
period, 13 LERs were submitted by Big Rock Point relating to the failure of
the diesel generator to meet the required starting time. Causes for these

4 failures, as specified in the LERs, ranged from possible water jacket fail-
ure, to possible fuel system failure, possible governor control failure,
and possible voltage drop on the starting cables and unknown reasons. In

an attempt to correct this problem, the governor was replaced (2/19/76),
goveraor lube oil supply modified (1/10/77), and fuel control valve modified
(5/27/77). After all these modifications, the last LER (No. 020575), rela- i

|>

ting to the starting time not being met, reported the cause as unknown. '

,

The Does Not Start failures (16) submitted by Dresden 2 resulted from
low air receiver pressure, overspeed trips, air-start motor mechanical'
problems, etc. The low air receiver pressure prevented the diesel generator

[#v)
from starting on two different occastons. One reason reported for this low

,
.

19
!
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air pressure was a loose wire at terminal 25AS, while the other occurrence
had a ruptured regulator diaphragm reported as the cause. The reported
causes for the various overspeed trips at Dresden 2 were possible out-of-
adjustment governor compensaticn (6/30/77), p. obable out-of-adjustment
governor compensation (7/12/77 and 3/8/78), and governor setting found set
too high (5/22/78). The air-start motor ev9nts described problems such as
the air-start motor pinion gear jammed (3/22/17), pinion gear not engaged
(8/24/78), and finally, air-start motors engaging for only a few seconds as
compared with the normal 15-second air start (12/16/78).

Of the 13 Does Not Start failures reported by Beaver Valley, 9 failures
pertained to either the No. 1 or the No. 2 diesel generator output breaker
failing to close onto the emergency bus. The remaining failures resulted
from moisture in the starting air (5/20/76 and 4/29/77) and the generator
failing to flash (7/17/77 and 7/28/78). The generator failing to flash on
7/28/78 was not detected during a test but later, when an actual demand was
placed on the unit. The sequence of events that created the demand for the
diesel generator was a fault in the station main transformer, resulting in
a generator trip, turbine trip, reactor trip, and safety injection, followed
in four minutes by a loss of offsite power.

The remaining plant, Joseph M. Farley 1, had 11 failures in the Does
Not Start failure mode. Two failures indicate the diesel tripped on over-

speed, due to the main air-start valve failing to close completely (8/17/77
and 8/28/77). Corrosion products clogging air-start valves contributed to
two more f ailures at Joseph M. Farley 1 (3/2/78 and 3/8/78). Blown fuses
in the motor-operated potentiometer (MOP) and motor-operated transformer

(MOT) also resulted in two failures (8/27/78 and 9/5/78) at Joseph M. Farley 1.
The remaining five failures had the following reported causes: speed switch

failure due to wrong voltage rating (120 volt versus 130 volt), main air-
start valve pusher assembly missing, loose coupling, out-of-alignment auxi-
11ary switches in the output breaker, and incorrect installation of a jumper
for Unit 1/ Unit 2 separation.

O
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'A
Does Not Continue to Run .

Appendix G lists the Does Not Continue to Run events..

,

We define the Does Not Continue to Run failure mode as any failure of'

an operating diesel generator to supply power to the emergency bus, given
that the diesel generator had undergone a successful start (that is,
starting, coming up to rated speed and voltage in the required time,
closing of the output breaker to electrically connect the diesel generator
to the emergency bus, and assuming the expected load).

The 112 Does Not Continue to Run events comprised 26% of the 425 one-

liners in our data file. Compared to all of the events that were classi-
fled as failures (298 total failures), the Does Not Continue to Run events
accounted for 38% of the failure events.

Millstone Unit 2 accounted for 14% (16) of the 112 Does Not Cortinue
to Run failures. Five failures described by this failure mode at Millstone

,

Unit 2 indicated that the 120 diesel generator was shut down because a
low-flow, cooling water alarm sounded due to excessive mussel fouling of
the diesel-generator heat exchanger (9/22/76, 8/17/77, 9/20/77, 5/8/78, and
12/5/78). The causes of the remaining Does Not Continue to Run failures at

l Millstone Unit 2 ranged from dirty fuel oil filters, to carbon in the crank-
case vent, lack of lubrication, dried leather washers, failed bearings,
leakage of lube / fuel oil, and dry starts of the diesel generator.

!

Unavailable /Nonfailure;

,

Appendix H lists the diesel-generator events in our data file that
! were classified as Unavailable /Nonfailure.

| The failure mode, Unavailable /Nonfailure, is defined as the mode for ;

those events where the diesel generator was in an inoperable state, given
I that no demand (test or actual) was placed on the diesel generator to detect

this state. Had a test or actual demand been experienced by the diesel

generator while in this state, an appropriate failure mode, Does Not Start,

21
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or Does Not Continue to Run, would have been assigned to this event mode.

But, since no demand was made, no diesel-generator f ailure could be assumed.
Also, the Unavailable /Nonfailure fail *;re mode classifies LERs that indicate
surveillance tests that were not performed, and diesel-generator design
deficiencies. Even though the Unavailable /Nonfailure events are not con-
sidered as f ailures in the estimation process, we feel that they are impor-
tant, since problems with the diesel generator existed and are described in

these events.

We classified 30% (127) of the 425 diesel-generator one-liners as
Unavailable /Nonf ailure. Among the 47 plants that reported LERs classified
under this failure mode, no plant dominated the 127 one-liners. At Surry 1,
three LERs reported the discovery of flooded cylinders in the No. 1 diesel
generator (No. 1 cylinder on 5/8/76, No. 19 cylinder on 7/2/76, and No. 7
cylinder on 7/23/76). D. C. Cook Unit 2 submitted an LER (6/15/78) which
stated that, due to human error, both diesel generators were placed in a
condition of not being capable of auto starting (an operator tagged out the
wrong starting air pilot valves, when he was supposed to have tagged out
the pilot valves for the diesel generators serving Unit 1). At Browns
Ferry Unit 1, the 1C diesel-generator field breaker tripped, rendering the
diesel generator inoperable. The f' eld breaker tripped due to overheatinj
caused by an inoperable fan. These are only some of the many events that
are classified by the Unavailable /Nonfailure failure mode.

Table 3 sunnarizes the Unavailable /Nonfailure events by f ailure
mech an i sm. Human error (personnel operation, personnel maintenance, and

personnel testing) was the major mect '' m for these events. Thirty-two,

percent (41 events) were attributed to numan error. When design error,
fabrication / construction / quality control, and prccedural discrepancy are
added to human error, these failure mechanisms accounted for 51% (65) of
the 127 events classified by this failure mode.

O
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/^s TABLE 3. SUMMARY OF THE UNAVAILABLE /NONFAILURE DIESEL-GENERATOR( ,) EVENTS BY FAILURE MECHANISM AND YEAR

Percent
of

Failure Mechanism 1976 1977 1978 Total Total

Personnel Operation 3 7 5 15 12

Personnel Maintenance 6 1 5 12 9

Personnel Testing 3 4 7 14 11

Des 19n Errors 1 3 8 12 9

Fabrication / Construction / 1 2 3 2--

Quality Control

Procedural Discrepancy 5 1 3 9 7

Corrosion / Erosion 1 1 -- 2 2

Foreign Material Contamination 1 3 1 5 4

Mechantcal/ Electrical Control 4 7 8 19 15

H1/ Low Ambient Temperature 3 3 3 9 7i

,Q
Lube / Fuel / Water / Air Leakage 5 9 5 19 15

Vibration -- 5 -- 5 4

Out of Adjustment / Calibration 1 2 -- 3 2

Total 33 47 47 127

Failure Mechanisms

Table 4 surrmarizes the diesel-generator failure mechansims by f ailure
mode and time,

in general, the failure mechanisms given in Tc le 4 are self-explantory.
However, we will discuss the failure mechanisms Unknown, Human Error,
Procedural Discrepancy, and Foreign Material Contamination in more detail.

(~h
_,|

23



_ _ ___.

TABLE 4. SUMMARY OF DIESEL-GENERATOR FAILURES BY
FAILURE MECHANISM, FAILURE MODE, AND YEAR

Failure Modes

Does Not Start Does Not Continue to Run Percent
of

Failure Mechanism 1976 1977 1978 1976-1978 1976 1977 1978 1976-1978 Total Total

unknown 14 17 12 43 3 2 4 9 52 17

Personnel Operation 2 4 1 7 -- -- 2 2 9 3

Personnel Maintenance 5 1 5 11 5 5 1 11 22 7

g Personnel Testing 2 -- -- 2 -- -- -- -- 2 1

Design Error 2 8 1 11 4 3 -- 7 18 6

Fabrication / Construction / 1 -- 1 2 -- 2 1 3 5 2

Quality Control

Procedural Discrepancy 3 2 3 8 1 3 -- 4 12 4

Defective Fuel Injector (s) -- -- -- -- 1 1 3 5 5 2

- -- 1 3 1
Corrosion / Erosion 1 1 -- 2 1

Foreign Material Contamination 6 9 7 22 10 4 4 18 40 13

Mechanical / Electrical Control 15 18 23 56 6 7 12 25 81 27

8 9 e
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TABLE 4. (continued)

Failure Modes

Does Not Start Does Not Continue to Run Percent
of

Failure Mechanism 1976 1977 1978 1976-1978 1976 1977 1978 1976-1978 Total Total

Hi/ Low Ambient Temperature -- -- 2 2 -- -- 1 1 3 1

Lube / Fuel / Water /Atr Lea. age 1 4 -- 5 5 2 3 10 15 5
'

Vibration 2 4 2 8 3 6 1 10 18 6,,
u,

Out of Adjustment / Calibration 2 3 2 7 -- 4 2 6 13 4

Total 56 71 59 186 39 39 34 112 298

,
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Appendix I contains a sorted listing of the diesel-generator failures
by f ailure mechanism.

Unknown

The failure mechanism, Unknown, accounted for 17% (52) cf the 298

diesel-generator failures. Of these 52 failures, 83% (43) were reported
with the diesel-generator failure mode Does Not Start, and 60% (31) were
classified as recurring failures.

Human Error

We define human error as any failure resulting from personnel opera-
tion, personnel maintenance, or personnel testing. Human error accounted
for 11% of the 298 failures. When classifying the failures caused by human
error, either as an act of comission or omission, there was approximately a
50% split for each act. Looking at a yearly summary of the diesel-generator
failures (14 in 1976, 10 in 1977, and 9 in 1978), it appears thP the number
of LERs indicatir.g human error as the cause of failure, are ceclining. It

is not known whether this gradual reduction is the result of better admini-
strative practices, better training / maintenance programs, cr some other
function (such as recording anomalies in LERs).

Procedural Discrepancy

Even though Table 4 indicates that a small percentage of the diesel-
generator failures were attributed to procedural discrepancies, we feel
that it is important to cite several incidents where inadequate procedures
resulted in failures of the diesel generator. The first incident occurred
at Millstone 2 on 12/18/76 (LER No. 016755). During a surveillance test on

|
the 13U diesel generator, the bearing-cap capscrews in the No. 3 upper
piston connecting rod, sheared. This resulted in ejection of the rod
through the upper crankcase cover. The cause description for this failure
stated that "the diesel gt:rerator probably failed from a series of unlubri-
cated or dry starts. Emergency starting of the diesels under non-emergen;f
conditions have been eliminated." The second incident occurred on 9/20/7)
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N at Kewaunee (LER No. 019171). 'The LER stated, "While conducting a monthly

\s,/ test run of diesel generator 1A, smoke and a lazy orange flame was observed
' coming from the turbocharger." The cause description for this event stated

that the fire was caused by carbon buildup in the exhaust path through the
turbocharger, which was the result of intermittent, short-duration operation
of the diesel generator. The diesel generator was eventually run at high;

load for four hours, at the advice of the manufacturer, to reduce the
exhaust residue buildup. As pointed out by Boner and Hanners,18 exces-

sively long periods of no-load and light-load operation tend to be practiced
in nearly all plants. The diesel manufacturers oppose this practice, and
in the industry it is considered bad practice.

;

Foreign Material Contamination
,

!

Based on the 298 failures, a summary of this mechanism by failure mode
indicates that it was the third most numerous mechanism (13%) contributing

i to Does Not Start failures, and the second largest mechanism contributing
I to the Does Not Continue to Run failures. A majority of the Does Not Start

( failures (25%) were attributed to corrosion deposits in the starting air
system. The Does Not Continue to Run failures that were attributed to this
failure mechanism referred to sludge, scale, or mussel fouling as the speci-

1

fic cause for the diesel failure. Thirty percent of the Fortegn Material

Contamination failures occurred in the diesel-generator cooling system.

:

Subsystem

Appendix J provides a sorted list of the diesel-generator failures by
subsystem; Table 5 summarizes those subsystem events by failure mode. Fuel

oil, starting, and governor systems comprised 44% of the 298 diesel genera-
tor failures. Over half of the diesel-generator failures, attributed to ,

the governor, 28 of 52, were coded as recurring events. Table 6 summarizes

the subsystem events by failure mechanism.
,

*

YI *

.s
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TABLE 5. SUMMARY OF DIESEL-GENERATOR FAILURES BY
SUBSYSTEM, FAILURE MODE, AND YEAR

Failure Modes

Does Not Start Does Not Continue to Run Percent
of

Subsystem 1976 1977 1978 1976-1978 1976 1977 1978 1976-1978 Total Total

Fuel 011 5 9 6 20 9 1 6 16 36 12

Lube 011 1 4 4 9 5 2 2 9 18 6

Starting 15 12 12 39 -- 4 1 5 44 15

Cooling 3 6 -- 9 4 8 6 18 27 9

Scavenging Air -- -- -- -- -- 5 3 8 8 3

m
Engine Frame / Internals 3 -- 4 7 4 5 2 11 18 6*

Governor 10 10 13 33 8 7 4 19 52 17

Exhaust -- -- -- -- 3 -- -- 3 3 1

Shutdown 2 6 -- 8 -- 3 -- 3 11 4

Output Breaker 5 9 8 22 -- 1 2 3 25 8

Exciter / Voltage Regulator 3 7 5 15 2 2 6 10 25 8

Generator -- 2 1 3 1 1 -- 2 5 2

Other/ Unknown 9 6 6 21 3 -- 2 5 26 9

l

| Total 56 71 59 136 39 39 34 112 298

i

|

|
|

l
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TABLE 6. SUMMARY OF DIESEL-GENERAT(

Fuel Lube Scavenging Engii
Failure Mechanism 011 011 Starting Cooling Air Frame /In1

7 2 2 2Unknown 5 --

1 1Personnel Operation. 1 -- -- --

2Personnel Maintenance 3 4 2 3 --

Personnel Testing -- -- -- -- -- --

3 1Design Error 2 2 -- --

1 2Fabrication / Construction / -- -- -- --

Quality Control

2 2!! Procedural Discrepancy 2 -- -- --

: Defective Fuel Injector (s) 5 -- -- -- -- --

, Corrosion / Erosion -- -- 1 -- -- --

4

5Foreign Material Contamination 6 1 10 12 --

Mechanical / Electrical Control 5 5 18 1 -- --

Hi/ Low Ambient Temperature -- -- -- -- -- --

Lube / Fuel / Water / Air Leakage- 4 5 1 3 -- --

3 1 -- 3Vibration 3 --

Out of Adjustment /Ca11bration -- 1 2 4 -- --

Total 36 18 44 27 8 18

%
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IR FAILURES BY SUBSYSTEM AND FAILURE MECHANISM

Subsystem

le Output Exciter / Voltage
'ernals Governor Exhaust Shutdown Breaker Regulator Generator Other/ Unknown Total.

8 -- 1 5 -- 2 18 52

1 -- 1 3 -- 1 9--

5 -- -- 2 1 -- -- 22

-- -- -- 1 -- -- 1 2

1 2 -- 7 -- -- -- 18

1 -- -- -- -- 1 5--

1 2 1 1 1 12-- --

-- -- -- -- -- -- -- 5

1 -- -- -- 1 -- -- 3

4 -- -- -- 1 -- 1 40

24 -- 2 9 16 1 -- 81

3 3-- -- -- -- -- --

1 1 -- -- -- -- -- 15

3 -- 2 1 1 1 18--

2 3 -- 1 -- -- 13--

_

52 3 11 25 25 5 26 298

s

*
s
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Types of Event

Appendix K provides a sorted list of the diesel-generator events by *

event type, that is, comon cause, recurring, recurring common cause, com-
mand f ault!, and recurring comand f aults. All other diesel-generator
events were considered to be random. Table 7 is a sumary of the diesel-
generator events by type of event and f ailure mode. Table 8 is a sumary
of diesel events by type of event and failure mechanism.

Comon Cause and Recurring Comon Cause

Diesel-generator events coded as common cause and recurring common
cause, accounted for 16% of the 298 events that were considered as failures
for this report. Some of the reasons for the common cause events were
winter weather, corrosion products clogging air start valves (Foreign
Material Contamination), lack of lubrication resulting in binding fuel
racks, a rag found in an oil strainer (Personnel Maintenance), water
grounding out a cooling-water motor, and leaks in the air-line supply to a
master shutdown valve.

Recurring Common Cause events were the result of such things as dirty
fuel oil, dirty filters, carbon in crankcase vents (Foreign Material Con-
tamination), lack of lubrication, dried leather washers in booster servo-
motors, mussel fouling of diesel generator cooling heat exhangers (Foreign
Material Contamination), dirty relay contacts (Design Error), and failure
of a main air-start valve to fully shut. Of the 26 events classified as
recurring common cause, 15 occurred at Millstone Unit 2. And all but two
of these failures referred to the 12U diesel generator at Millstone 2.
Beaver Valley 1 reported dirty relay contact failures, which we classified
as a design error, since a request for a design change for sealed relays
was indicated by Beaver Valley in the LERs submitted. Joseph M. Farley
Unit 1 reported that f ailure of the main air-start valve to shut fully,
caused the diesel generator to trip on overspeed. Air leaking through the

~

partially-open valve maintained the mechanical booster in the high-rack j
position; which overrode the governor and caused an overspeed trip of the

|
diesel generator. This occured four times at Joseph M. Farley 1. L

%
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TABLE 7. SUMMARY OF DIESEL-GENERATOR FAILURES BY
TYPE OF EVENT AND FAILURE MODE

Does Not
Does Not Start Continue to Run Total

Type of Event Failures Percent Failures Percent Failures Percent

Common Cause 11 6 11 10 22 7

Recurring 69 37 25 22 94 32

Command Fault 30 16 13 12 43 14

Recurring Common Cause 9 5 17 15 26 9

Recurring Command Fault 3 2 7 6 10 3

Other (i.e., Random) 64 34 39 35 103 35

Total 186 112 298

i

i
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TABLE 8. SUMMARY OF DIESEL-GENERATOR FAILURES BY
TYPE OF EVENT AND FAILURE MECHANISM

Recurring Recurring Percent
Random Comon Common Comand Command of

Failure Mechanism Failure Cause Cause Recurring Faults Faults Total Total

Unknown 21 -- -- 29 2 -- 52 17

Personnel Operation 1 -- -- 1 7 -- 9 3

Personnel Mainenance 5 -- 3 -- 11 3 22 7

Personnel Testing -- -- -- 1 1 -- 2 1

Design Error 2 6 2 7 1 -- 18 6

Fabrication / Construction / 4 -- 1 -- -- -- 5 2

Quality Control

Procedural Discrepancy 4 -- 1 -- 7 -- 12 4

U Def ective Fuel Injector (s) 3 -- -- 2 -- -- 5 2

Corrosion / Erosion 3 -- -- -- -- -- 3 1

Foreign Material Contamination 11 10 6 13 -- -- 40 13

Mechanical / Electrical Control 36 7 2 31 5 -- 81 27

Hi/ Low Ambient Temperature -- -- 2 -- 1 -- 3 1

Lube / Fuel / Water / Air Leakage 6 2 3 4 -- -- 15 5

Vibration 7 1 2 6 2 -- 18 6

Out of Adjustment / Calibration -- -- -- -- 6 7 13 4

Total 103 26 22 94 43 10 298

O O O
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O In the Unavailable /Nonfailure listing of Appendix H, you will also
find diesel-generator events classified as comon cause. At Peach Bottom 3
(LER No. 018059), an air leak caused the starting air banks to depressurize,
making three of the four diesel generators inoperable. Further compounding
this situation, the depressurization finally resulted in overloading of the
start air compressors. This caused a thermal overload trip of the air

:

I compressors, which prevented the air banks from being repressurized to
i their normal operating pressure.
1

Recurring

i

| Recurring diesel-generator failures accounted for 44% of the 298 fail-
ures (32% for recurring, 9% for recurring comon cause, and 3% for recur-

| ring command faults). A sequence of recurring events, other than those at
Big Rock Point, which we discussed in our Does Not Start, failure mode
section, occurred at Surry 1. This sequence of events started on 4/16/76
and ended 7/23/76, three and one-half months later. The first LER

,

4
. (No. 014869) stated that the engine was started with No. 17 piston cylinder

flooded with water. The cause description on the LER stated, " Personnel
Error: Engine had a crack in No.17 cylinder head which extended between
two exhaust valve seats and into the water jacket. This area of high heat
stress probably [our emphasts] caused the crack." Nowhere in the LER was
theie any indication that the operator was at fault. On 5/8/76, the next ;

LER (No. 014840) reports, "While preparing to start No. 1 DG, water was
observed coming out of the air box drain. The cause was a crack in No. I
cylinder head which extended from the exhaust valve seat to the injector
well and through to the water jacket." The next occurrence (LER No. 015521),'

on 7/2/76, stated that No. 9 cylinder head had a crack. On 7/23/76 (LER
No. 015523), No. 7 cylinder head had a crack in it. For all of these

i

events, no cause was listed except the " probable high heat stress area."
In an investigation into the " root" causes for diesel generator failures,

Boner and Hanners learned that a water temperature control switch mounted

on the engine skid assembly failed. Vibration caused the switch to fail,
which, in turn, caused the radiator shutters to fall closed, resu ting in

overheating of the engine.4

33
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Command Faults and Recurring Command Faults

Again, comand f aults are events that did not result in an actual
physical failure of the diesel-generator unit, but, due to inputs, or the
lack of inputs, from other components external to the unit, the diesel
generator failed to function as expected. Command faults and recurring
commard f aults accounted for 18% (53) of the 298 failures. iluman error
accounted for 42% (22) of the command fault and recurring command fault
classification. Examples of comand f aults due to human error were as
follows: incorrect valve lineups, failure to reset trips, improper voltage
settings prior to paralleling, airbound cooling systems (not vented), and
improper adjustment of the governor and various electrical components (for
example, pressure switches, and overspeed relays).

Failure Classification

Table 9 is a sumary of the f ailures by failure classification and
failure mode. Appendix L is a sorted list of the diesel-generator failures
by the three failure classifications: Demand, Time, and Unknown.

TABIr 9. SUMMARY OF DIESEL-GtNERATOR FAILURES BY
FAILURE CLASSIFICATION AND FAILURE MODE

Does Not
Does Not Start Continue to Run Total

Failure
Classification Failures Percent Failures Percent Failures Perceni

Demand 95 51 43 38 138 46

Time 53 28 62 55 115 39

Unknown 38 20 7 6 45 15

Total 186 112 298

As mentioned, we attempted to classify all diesel-generator failures
as either " time related" or " demand related"; that is, we asked if the
failure was related to exaosure time (age) or to the frequency of demand.

O
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) As the stand-by time or running time increases, the chance of a ticie-related
(''''// f ailure increases. The chance f or a demand-related failure increates ass_.

the demands on the component increase, not directly as time increases.
Failures due to human errors that occurred during testing or maintenance of

the diesel generator were considered to be demand related, since the proba-
bility of this kind of failure increases as the frequency of test or main-
tenance acts increases, and not directly as time increases.

Due to the limited information contained in the LER, our classification
method is highly subjective. Therefore, care should be exercised in drawing

] conclusions from these data.
!

J

Repair Time
|
;

Table 10 is a sunnary of diesel-generator f ailures by failure mode and
repair times. Appendix M is a listing of diesel-generator failures sorted
by the repair-time intervals.

O'*''
We created this classification to provide information for risk

modeling. That'is, given an accident that requires the diesel gene-ators
to supply power to the emergency buses, and the diesel generator (s) f ails
to function as expected, how long would the emergency buses be without
power befcre a diesel generator would become available (be repaired) to
supply pcwer to these buses? Again, we note that this classification is
mostly determined subjectively and is based on our experience with diesel

~

. generators. However, there were LERs that stated exactly how long it took<

to repair the diesel generator. But the number of these LERs is small,'

approximately 19% of the 425 one-liners, compared to the number of LERs
that did not state how long the repair took.

1

' To provide additional insight into the repair-time classifications, ,

we provide various summaries. Table 11 sunnarizes the diesel-generator ,

f ailures by subsystem and repair times. Table 12 sunnarizes the diesel- '

generator failures by failure mechanism and repair times.
j

m

O
'
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TABLE 10. SUMMARY OF DIESEL-GENERATOR FAILURES BY
REPAIR TIME, FAILURE MODE, AND YEAR

Does Not
Does Not Start Percent Continue to Run Percent Percent

Total of Total of Grand Grand
Repair Times 137a 1977 1978 1976-1978 Total 1976 1977 1978 1976-1978 Total Total Total

0 to 1 14 19 18 51 27 7 4 7 18 16 69 23
Hour

1 to 4 13 21 11 45 24 7 14 10 31 28 76 26
Hours

4 to 8 9 13 18 40 22 11 7 9 27 24 67 22
Hours

M
8 to 24 7 2 5 14 8 9 5 2 16 14 30 10

Hours

Greater Than 3 4 6 13 7 4 9 6 19 17 32 11
24 Hours

Unknown /Not 10 12 1 23 12 1 -- -- 1 1 24 8
Applicable

Total 56 71 59 186 39 39 34 112 298

O O O



_ _ _- - -

es ( 'N

.

TABLE 11. SUMMARY OF DIESEL-GENERATOR FAILURES BY
SUBSYSTEM AND REPAIR TIME

Repair Time

Greater Unknown /
0 to 1 1 to 4 4 to 8 8 to 24 Than Not

Subsystem Hour Hours Hours Hours 24 Hours Applicable Total

Fuel 011 13 7 6 5 1 4 36

Lube 011 4 7 4 2 1 -- 18

Starting 5 16 12 7 1 3 44

Cooling 3 9 3 4 8 -- 27

Scavenging Air -- 1 -- -- 7 8--

Engine Frame / Internals ? 5 1 1 8 -- 18

Governor 12 14 19 -- 1 6 52

Exhaust -- -- -- 3 -- -- 3

Shutdown 3 4 3 1 -- -- 11

Output Breaker 8 6 6 2 2 1 25
'

Exciter / Voltage Regulator 7 3 10 3 2 -- 25

Generator 1 2 1 -- -- 1 5

Other/ Unknown 10 2 2 2 1 9 26

Total 69 76 6/ 30 32 24 298



TABLE 12. SUMMARY OF DIESEL-GENERATOR FAILURES BY
FAILURE MECHANISM AND REPAIR TIME

Repair Time

Greater Unknown /
0 to 1 1 to 4 4 to 8 8 to 24 Than Not

Failure Mechanisms Hour Hours Hours Hours 24 Hours Applicable Total

Unknown 21 2 5 3 3 18 52

Personnel Operation 6 1 1 -- 1 -- 9

Personnel Maintenance 7 8 3 3 1 -- 22

Personnel Testing -- -- 1 -- -- 1 2

Design Error 1 7 -- 3 5 2 18

Fabrication / Construction / -- 1 1 1 2 -- 5
Quality Controlm

co
Procedural Discrepancy 7 2 -- -- 3 -- 12

Defective Fuel Injector (s) 1 4 -- -- -- 5--

-- -- 1 2 -- -- 3Corrosion / Erosion

Foreign Material Contamination 6 11 9 6 8 -- 40

Mechanical / Electrical Control 16 21 33 5 4 2 81

Ht/ Low Ambient Temperature 1 1 -- -- 1 -- 3

Lube / Fuel / Water / Air Leakage 2 4 1 6 1 1 15

Vibration 2 12 3 -- 1 -- 18

Out of Adjustment / Calibration -- 5 5 1 2 -- 13

Total 69 76 67 30 32 24 298

O O O
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Method of Discovery

This is a classification of the diesel-generator events by the activity

taking place when the f ailure was detected. Note that the diesel generator !

could have been in a f ailed state prior to this activity. Table 13 sunmar-
12es the diesel-generator failures by failure mode and Method of Discovery.
As Table 13 indicates, 83% of the diesel-generator failures were detected

by testing,

f
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,

TABLE 13. SUMMARY OF DIESEL-GENERATOR FAILURES BY
METHOD OF DISCOVERY At40 FAILURE MODE

Does Not |
Does flot Start Continue to Run Total {,

! I

l Method of Discovery Failures Percent Failures Percent Failures Percent i

I
) During Maintenance 5 3 2 2 7 2 i

.

During Normal Operation 25 13 16 14 41 14;

$ During Testing 154 83 C4 84 248 83!

Unknown 2 1 0 -- 2 1 I

Total 186 112 293 |

|
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Manufacturer /kW Rating

s

We also provide data sumaries of f ailures by manuf acturer/kW rating.
The data are provided so that further analyses of the f ailures can be done
to determine if there exists a correlation between the manuf acturer/kW
rating and the diesel-generator failures. Note that the manufacturers |

listed are those that manuf acture or package the diesel. The generator is

usually built by another manufacturer. Note also that though these are the
manuf acturers of the diesel, they do not necessarily package the complete
diesel-generator unit.

Appendix N is a list of the diesel-generator failures sorted by
manuf actuer/kW rating. Table 14 sumarizes the diesel-generator f ailures
by failure mode, year, and manufacturer /kW rating. Table 15 is a yearly
sumarization of the diesel-generator population by manuf acturer/kW
rating. Table 16 is a sumarization of the diesel-generator failures by
manuf acturer/kW rating and f ailure mechanism. Table 17 sumarizes the

. diesel-generator failures by manufacturer /kW rating and subsystem.

(" Table 18 sumarizes the diesel generator f ailures by repair time and
manufacturer /kW rating. And Table 19 provides a sumary of all the f ailure
data (demands, operating hours, plant, etc.) by manuf acturer/kW rating and
subsystem.

. _ . , _ _
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TABLE 14. SUMMARY OF DIESEL-GENERATOR FAILURES BY MANU

Does Not
,

Does Not Start Percent Continue to R
of

Manuf acturer/kW Rating 1976 1977 1978 Total Total 1076 -1977
,

Alco
1 1 1 3 --1750 to 1950 -- --

2500 to 2850 2 -- 2 1 2 2--

Caterpillar

200 to 400 11 7 1 19 10 2 --

Cooper-Bessemer

4000 to 4418 2 -- 5 7 4 3 4

De Laval
-- -- 2 2 1 -- --500 to 1000

Fairbanks Morse
2500 to 2850 15 10 8 33 18 18 15
3000 to 3500 2 9 9 20 11 2 3

4000 to 4418 -- 3 5 8 4 2--

General Motors
200 to 400 -- 1 -- 1 1 -- 2
500 to 1000 -- -- 5 5 3 -- --

2500 to 2850 20 31 19 70 38 6 6
3000 to 3500 2 4 1 7 4 1 2

4000 to 4418 -- 1 -- 1 1 -- 1

Nordberg Manuf acturing
3000 to 3500 3 3 1 7 4 2 2

Worthington
3000 to 3500 1 -- 2 3 2 -- --

Total 56 71 59 186 39 39

1
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FACTURER/kW RATING, FAILURE MODE, AND YEAR
,

i
Percent Percuat S

un ' Percent of of
of Grand Grand Total

1978 Total - Total Total Population Total Population

-- 3 3 4 8 1 6
1 5 4 7 7 2 5

1 3 3 22 1 7 1

5 12 11 19 7 6 5

-2 2 1 2-- -- --

7 40 36 73 21 24 16
4 9 8 29 16 10 13

2 2 10 3 3 2 |
--

!

2 2 3 3 1 2
'--

-- -- -- 5 1 2 1
12 24 21 94 43 32 34

3 3 10 6 3 - 5
--

1 1 2 2 1 2
--

1 5 4 12 4 4 3

3 3 3 6 4 2 3

34 112 298 128 i-

'

1
y

.I
-



' TABLE 15. SUMMARY OF DIESEL-GENERATOR POPULATIONS BY
'

MANUFACTURER /kW RATING AND YEAR

Diesel Generator Population

Percent
of

Manuf acturer/kW Rating 1976 1977 1978 Total

Alco
1750 to 1950 8 8 8 6
2500 to 2850 7 7 7 5

Caterpillar

200 to 400 1 1 1 1

Cooper-Bessemer

4000 to 4418 7 7 7 5

De Laval
500 to 1000 2 2 2 2

[- Fairbanks Morse
.

- 2500 to 2850 13 15 21 16'

3000 to 3500 12 14 16 13
4000 to 4418 3 3 2--

General Motors.

200 to 400 3 3 3 2''

500 to 1000 1 1 1 1
~ ~ ~ ~ " " ' ' ~~~ 2500 to 2850 41 43 43 34

3000 to 3500 6 6 6 5

4000 to 4418 2 2 2 2

Nordberg Manuf acturing
3000 to 3500 4 4 4 3

Worthington
3000 to 3500 2 2 4 3

Total 109 118 128

f
L
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UFACTURER/kW RATING AND FAILURE MECHANISM

'D
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2 -- -- -- -- 4 8 1 6--

-- 2 -- -- 1 -- 7 7 2 5

2 3 -- 1 -- -- 22 1 7 1

:

1 7 -- 1 3 1 19 7 6 5 |

]-- 1 -- -- -- 2 2 1 2
a

;

14 12 -- 5 4 4 73 21 24 16
7 5 -- 1 4 1 29 16 10 13 |
1 8 -- -- -- -- 10 3 3 2

2 1 -- -- -- -- 3 3 1 2
-- 3 2 -- -- -- 5 1 2 1

9 29 1 5 5 7 94 43 32 34
3 2 -- 1 -- -- 10 6 3 5

-- 1 -- -- -- -- 2 2 1 2

1 2 -- 1 -- -- 12 4 4 3

f
3 -- -- 1 6 4 2 3-- --

40 81 3 15 18 13 298 128
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; . TABLE 17. SUMMARY OF DIESEL-GENERATOR FR
,

.f '
5-
s_...

t]
1. . L
i. s ,

i. Engine

| Manufacturer / Fuel Lube
.

Scavenging Frame / .

j kW Rating 011 011 Starting Cooling Air Internals Governor ExhausG
t

Alco..

2; -1750 to 1950 --- ---- -- --- -- --

-- -- 1 1 -- -- 2'i 2500-to 2850 2

I
Caterpill ar

i 200 to 400 4 4 5 6 ---- -- --

;

| Cooper-
| Bessemer

i 4000 to 4418 2 2 2 -- -- 1 3- --

1-

{. De Laval-

j 500 to 1000 2 -- -- -- -- -- -- ---

Fairbanks'

i Morse
I~ 2500 to 2850 7 5 4 14 -- 8 11 1~

3000 to 3500 3 4 1 3 -- 7 6 --

4000 to 4418 -- -- 6 -- -- -- 3 --

! General
Motors

200~to 1400 -- 1 2-- -- -- -- --

500 to 1000 1 1 1 -- -- -- -- --

2500 to 2850 8 4 21 2 .5 2 15 --

3000 to 3500 2 2 -- 2-- -- -- --

4000.to 4418 ~1-- -- -- -- -- -- --
,

,: Nordberg
j ' Manufacturing

[[ 3000 to 3500 -3 2 2 2-- -- -- --

f Worthing' ton
~

!. 3000 to 3500 2 2 1-- -- -- -- --

U k
' Total '36 18 44 27 8 18- 52 3| -[.r

|- -

-

v
!!

'

li

o <

!

!}'
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ILURES BY MANUFACTURER /kW RATING AND SUBSYSTEM
!

'

Subsystem

Percent
Exciter / of Percent

Output Voltage Other/ Total DG Total of DG
Shutdown Breaker Regulator Generator Unknown Failures Population Failures Population

-- 1 -- 1 -- 4 8 1 6
-- -- 1 -- -- 7 7 2 5

-- -- 2 22 1 7 1-- 1

2 1 4 -- 2 19 7 6 5

-- -- -- -- -- 2 2 1 2

1 4 5 1 12 73 21 24 16
2 1 -- 1 1 29 16 10 13

-- 1 -- -- -- 10 3 3 2

-- -- -- -- -- 3 3 1 2
-- -- -- -- 2 5 1 2 1

5 13 12 2 5 94 43 32 34
1 1 1 -- 1 10 6 3 5

-- -- -- -- 1 2 2 1 2

2 1 -- -- 12 4 4 3--

-- -- 1 -- -- 6 4 2 3
f

11 25 25 5 26 298 128
i,

|

45
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TABLE 18. SUMMARY OF DIESEL-GENERATOR FAILURES BY MANUFACTURER /kW RATING AND REPAIR TIME

Greater Unknown / Percent Percent'
Manufacturer / 0 to 1 1 to 4 4 to 8 8 to 24 Than Not of of

kW Rating Hour Hours Hours Hours 24 Hours Ap?licable Total Population Total Population

Alco
1750 to 1950 1 1 2 4 8 1 6-- -- --

2500 to 2850 -- 3 1 2 1 -- 7 7 2 5

Caterpillar

200 to 400 1 4 3 -- 2 12 22 1 7 1

8 Cooper-
Bessemer

4000 to 4418 3 6 4 3 2 1 19 7 6 5

De Laval
500 to 1000 2 2 2 1 2

-- -- -- -- --

Fairbanks
Morse

-

2500 to 2850 21 13 17 6 -12 4 73 21 24 163000 to 3500 10 9 8 -- 1 1 29 16 10
. 13

4000 to 4418 -- 1 4 3 2 lu 3 3 2
--

: e

., '
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TABLE 18. (continued)'

Greater Unknown / Percent Percent

Manufacturer 0 to 1 1 to 4 4 to 8 8 to 24 Than Not of of
kW Rating Hour Hours Hours Hours 24 Hours applicable Total Population Total Population

General
Motors

3 3 1 2200 to 400 -- 1 2 -- ----

5 1 2 11 3500 to 1000 1
--

-- --

2500 to 2850 22 28 24 8 9 3 94 43 32 34

3000 to 3500 5 2 1 -- 2 -- 10 6 3 5

4000 to 4418 1 1 2 2 1 2-- -- -- --

0
Nordberg
Manuf acturing

12 4 4 33000 to 3500 1 4 2 5 -- --

s

Worthington
-- -- -- 6 4 2 33000 to 3500 2 3 1

Total 69 76 67 30 32 24 E98 128
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SUMMARY OF FAILURE DATA BY MANUTABLE 19.

|
(

Mtntum Number
ofMinimum Number Standby ~ ~ ~

of Demands Operating Hours Fuel tube
Hours

[ per Component per Component , Oil 011 Starting
g per

_ System System Syst_emOtesel Generate-
Weekly Monthl,y Weekly Month] CmponentPlant Generatorg Manuf acturer Code Q t 3 Population.

and Plant Name*

N0

IP2 1750 3 156 36 156 36 26230
Alco

IP3 1750 3 142 33 142 33 23925
-

- --

Indian Potnt 2

RG1 1950 2 156 36 156 36 26230
-

- --

Indtan Point 3 NO

pal 2500 2 156 36 156 36 26280Robert E. Gtnna

Pil 2600 2 156 36 156 36 26230 --
-- --

Falisades

SA1 2600 3 107 25 107 25 179/6 2A --
--

Ptigrim 1

(15) (37 3) (202) (873) (202) (147021) (2A)
- --

Salem 1

(Subtotal)

BP1 200 1 156 36 156 36 26230 4A -- 4A

Caterpi11ar

Big Rock Potnt

Col 4000 2 156 36 156 36 26230 IB -- --

Cooper-Bessemer

b 156 36 156 36 26280 IB 1A 2A

Cooper Station
Zil 4000f g

Zion 1 156 36 156 36 26280 -- IB

(7) (468) (103) (468) (108) (78340) (28) (IA,lB) (2A)
212 4000 ;

Zion 2

(Subtotal)

501 600 2 156 36 156 36 26280 2A -- --

De Laval_

San Onofre 1

b 156 36 156 36 26230 - 18 --

Fairbanks Morse _

Calvert Citf fs 1 103 25 108 25 18264 -- -- 2A
CCl 2500| 3

CC2 2500

R02 2500 2 156 36 156 36 26280 28 -
--

Calvert Cliffs 2

C JF1 2600 2 72 17 72 17 12192 -- -- lA
H. 8. Robtnson 2 NO

Mll 2664 1 156 36 156 36 26230Joseph M. Farley I

MI2 2750 2 156 36 156 36 26280 1A,33 28 --

Millstone 1 N0

NAl 2750 2 33 9 33 9 6456Millstone 2 NO t

AR2 2850 2 4 1 4 1 600
North Anna 1

DAl 2350 2 156 36 156 36 26230 IB 18 --

Arkansas Nuclear One 2

b 155 36 156 36 26230 -- 18 1A

Duane Arnold
EN1 2850f S

Edwin I. Hatch 1 26 6 26 6 4296 --
-- --

CR3 3000 2 102 24 102 24 17184 1A 1A --

EN2 2850 ;

Edwin 1. Hatch 2

PR1 3000 2 156 36 156 36 26280 --
-

--

Crystal Atver 3

PR2 3000 2 156 36 156 36 26230 -- -- --

Pratrie Island 1

Til 3000 2 156 36 156 36 26280 - 2A
-

Pratrie Island 2

T12 3000 2 40 9 40 9 6t43 1A --
-

Three Mile Island 1

VY1 3000 2 156 36 156 36 26280 IB -- IA
Three Mile Island 2

b 156 36 156 36 26230 -- 18 --

Vermont Yankee N0 t

PB2 3250| 4
Peach Bottom 2 156 36 156 36 26280

c JF 1 4000 3 72 11 72 17 12192
-- -- 4A,20

PB3 3259 .

Peach Bottom 3

(40) (2334) (540) (2334) (540) (393192) (3A,73) (3A,68) (9A,28)
Joseph M. Farley I

t (Subtotal)

YRL 400 3 156 36 156 36 26200 -- -- 1A

General Motors

ORI 500 1 156 36 156 36 26280 IA 1A 1A

f i ankae Rowe

FCI 2500 2 156 36 156 36 26230 -- -- 4A

Dresden 1

fort Calnoun

48
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ACTURER/kW RATING AND SUBSYSTEM
-.

_

. . - -

_ _ -
__

_

i-_-

Number and Mode of Failures"
--

__

Scavenging EngineCooling Air "

Frame / Exciter /System Sys tem
Internsis Governor _ Sy_ste_m

System Break er Regulator Genarator Unknown
Totals

Exhaust Shutdown Outp;t Voltage
Otner/

3

ALLURE 5 REPORTED
NO FAllURES--

--
--

2B --
--

--

IB --
3B

REPORTED--
--

--
--

--

AILURES REPORTED
--

--
1A --

--
--

1ANO FAILURES--
--

-. REPORTED2B
--

IB IB -
-. 18--

-- --
--

3B(18) (18) --

(28) (28) -- (IA) (18) (IB)

--
--

-.
-

--
-- 2A,28

(3A,8B)2A,38
--

--

--

6A .-
--

1A -

2A 19A,38
.-

--
--

1A --
--

--
1A IB --

-.
--

-- IB --
--

-- 2A,28i --
--

-- 28
-- IB -- 2A SA,3828----

--

(IA) (38) --

(28) (IA) (48)

28 --
--

--

\ 78

(2A) (7A,123)j --
--

--
.-

-.
--

..

--

I

I
--

--
2A

..

{lA,1B -- IB --
--

--
1A 1A 1A 3A,2B 7A,58

1A,lB --
--

--
--

-- 18 --
-- IA 4A,28

| --
--

--
18 --

----
--

.-
1A

--
--

--

AILURES --
.-

1A --
--

--

3A
REPORTED

--

3B

1A,58 --
4B 3A,lB .-

18 -- lA

NO FAILURES REPORTEDf! LURES REPORTED
IILURES

--

NO
REPORTED FAllURE5 -- 6A,168

REPORTED
1B NO FAILURES2A 18 18 REPORTED

--

3B --
18 2A --

-.
-- 1A 28 -- 4A,2B 8A,98

1A--
--

--
-- 3A,SB--

--
--

2A --
--.

..
--

2A
--

--
--

--

2A-
--

1A --
--

-- IA 6A

--
--

18 --
--

--
--

-- IB --
--

--
--

18-
--

--
--

--
--

-- IB

-.
--

--

-- --
--

LAIA,28 .-
--

3A

-- --

18
--

--
--

--
--

--
--

1A,28
-

--
--

--

2A --
--

JA
-- -- '

2A,2B
--

1A
-- 2A,48ILURES REPORTED -- --

--

1A
NO FAllURES

-- 7A,18--
--

--
JA REPORTED1,128) - (4A,118) (16A,48) (18) (2A,1B) (SA,lB) (3A,2B) (2A) (9A,48) (61A,518) ?

--

1A
--

--
--

SA,2B--

28 --
.-

~
--

--
--

--
..

.. --
--

-- 1A,2B
.-

..
-.

-.
--

--
--

18 --
--

--

-
-- 2A SA

i

1A,2B
--

1A 6A,38

_..

-- --- _ _ - - - - - - - - ' ' - _ _ _ _ _ , _ _ _ _ _ - - - - - - - - - - -
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,

TABL@
~

Minimum Number
Minimum Number of

* of Demands Operating Hours Standby
Diesel Generator

\ Manuf acturer Plant Generator
-per Component 'per Component Hours Fuel

per Oil
5 _

and Plant Name Code kW Rating Population Weekly Month] Weekly Month] Component System f
General Motors (continued)

Monticello M01 2500 2 156 36 156 36 26280 --

Maine Yankee MY1 2500 2 156 35 156 36 26280 1A

Oyster Creek 1 OC1 2500 2 156 36 156 36 26280 --

Turkey Point 3 TV3 2500 2 156 36 156 36 26280 2A,1B

Turkey Point 4 TU4 2500 2 156 36 156 36 26280

Nine Mile Point 1 NM1 2560 2 156 36 156 36 26280

Beaver Valley 1 BV1 2600 2 137 32 137 32 23136 1B

Davis-Besse 1 081 2600 2 68 16 6S 16 11424 --

James A. Fitzpatrick FP1 2600 4 156 36 156 36 26280 --

Arkansas Nuclear One 1 AR1 2750 2 156 36 156 36 26280 --

Rancho Seco RS1 2750 2 156 36 156 36 26280 IB

Surry 1 SUI 2750I b 156 36 156 36 26280 --

3
Surry 2 SU2 2750 156 36 156 36 26280

Dresden 2 DR2 2850 b 156 36 156 36 26280 18
3

Dresden 3 DR3 2850 156 36 156 36 26280 --

Haddam Neck HN1 2850 2 156 36 156 36 26280 1A

Kewaunee KE1 2850 2 156 36 156 36 26280 --

Fotnt Beach 1 PT1 2850 2 156 36 156 36 26280 --

Point Beach 2 PT2 2850 2 156 36 156 36 26230

Quad-Cities 1 QC1 2850) b 156 36 156 36 26280 --

3

Quad-Cities 2 QC2 2850 156 36 156 36 26280

Browns Ferry 1 BF1 3500 156 36 156 36 26230 --

DBrowns Ferry 2 BF2 3500 4 156 36 156 36 26280

Browns Ferry 3 BF3 3500 125 28 125 28 20976 --

St. Luc te St l 3500 2 140 32 140 32 23592 2A

Troj an TR1 4418 2 156 36 156 36 26229 --

(Subtotal) (55) (4370) (1008) (4370) (1d?) (736128) (7A,48) ()

Nordberg Manuf acturing

Brunswick 1 BR1 3500| b 116 27 116 27 19512 18
4

Brunswick 2 BR2 3500 156 36 156 36 26280 1A,lB

(Subtotal) (4) (272) (63) (272) (63) (45792) (IA,2B) (

Worthington

Donald C. Cook 1 DC1 3500 2 156 36 156 36 26280 --

Donald C. Cook 2 DC2 3500 2 42 10 42 10 7080 1A,18

(Subtotal) (4) (198) (46) (198) (46) (33360) (IA,lB)

(Total) (63)C (128) (8827) (2039) (8827) (2039) (1486893) (20A,168) (9

I
i

a. A and B are failure modes. A is Does Not Start; B 1s Does Not Continue to Run.

b. See Table 23 f or explanation.

The diesel generators at Joseph M. Farley have two ratings, hence two entries, but the plant is only counted oncc.
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19. (continued)

Number and Mode of Failures *

gbe Scavenging Engine Exciter /
11 Starting Cooling Air Frame / Exhaust Shutdown Output Voltage Other/
ptem System System System Internals Governor System System Breaker Regalator Generator Unknown Totals

-- IA -- -- -- -- -- -- -- -- -- -- 1A

1A -- -- -- -- -- -- 2A
.- -. -- -- --

-- IA -- -- -- -- -- -- -- 2A -- -- 3A
-. .. -- -- -- -. -. -- -- -- -- -- 2A,lB

NO FA1 LURES REP 0RTED NO FAILURES REPORTED
NO FAILURES REPORTED NO FAILURES REPORTED

18 2A -- -- -- -- -- -- 9A 2A IB -- 13A,3B
-- -- -- 2B 1A 1A -- -- -- 1A -- 18 3A,3B
2A -- -- -- -- 1A -- 2A 18 -- -- -- 5A,lB
e- 2A -- IB -- -- -- -- -- -- -- -- 2A,1B

,
m. IA -- -- -- IB -- -- -- -- -- 2A 3A,28
m. .. -- -- 1A -- -- -- -- -- -- -- IA

NO FAILURES REP 0RTED N0 FAILURES REP 0RTED
4- 9A 23 IB -- 4A -- 2A 1A 18 -- -- 16A,58
18 -- -- -- -- 3A.2B -- -- -- 1A -- -- 4A,33
e- -- -- -- -- -- -- -- -- -- -- -- 1A
m- -- -- IB -- IB -- -- -- -- -- lA 1A,2B
-- -- -- -- -- -- -- 1A 2A -- -- -- 3A

NO FAILURE 5 REPORTED NO FA! LURES REPORTED
-- lA -- -- -- -- -- -- -- 2A 1A -- 4A

NO FAILURES REPORTED NO FAILURES REPORTED
-- -. -- -- .. lA,lB -- -- -- -- -- -- 1A,1B

NO FA! LURES REPORTED NO FA! LURES REPORTED
- -- -- -- -- -- -- -- -- 1A -- -- 1A

-- -- -- 2B -- -- -- 1A 1A -- -- 1A 5A,28
o- -- -- -- -- IB -- -- -- -- -- 1A 1A,18
&,2B) (23A) (48) (78) (2A) (llA,78) -- (6A) (13A.1B) (10A,3B) 'lA,lB) (SA,1B) (84A,308)

2A 1A -- -- -- 13 -- -- 13 -- -- -- 3A,3B
- 1A -- -- -- IB -- -- 1A 1A -- -- 4A,28

2A) (2A) -- -- -- (2B) -- -- (lA,18) (IA) -- -- (7A,58)

e- -- -- -- -- -- .- -. -- 1A -- -- 1A
1A,lB -- -- -- 18 -- -- -- -- -- -- 2A,38

c-

- (lA,lB) -- -- -- (13) -- -- -- (lA) -- -- (3A,38)

P,98) (41A,38) (7A,208) (88) (7A,llB) (33A 198) (38) (8A,3B) (22A,39) (15A,10B) ( 3 A,2B) (21A,58) (lB6A,ll28)
,

O

49



LER Rates

i

LER rates in this report are based on LER information and classified
either as standby failure rates, calculated in units of failures per stand-

by hour; demand failure rates, calculated in units of failures per demand;

or as operating failure rates, calculated in units of failures per oper-

ating hour. The LER rates are estimated for selected failure modes. The

LER rates include both failures and command faults. Command faults were

included in the estimation process because LERs generally report safety
system degradation; the LER rates should reflect this by including all
events that would prevent the diesel generator from supplying emergency
power on demand. Again, all LER rates found in this analysis include com-
mand faults. Table 20 summarizes the diesel-generator LER rates estimated

20in this report. WASH-1400 failure rates for diesel generators (complete
plant) were included in this table for comparison purposes only.

Since the diesel-generator operability testing schedules vary through-
out the industry, we estimated LER rates based on different test-interval

assumptions. Our monthly test-interval assumption is based on technical

specification guidelines discussed earlier. The monthly test interval is
usually the minimum requirement if a diesel generator demonstrates high
reliability. We also estimated the LER rates based on a weekly test inter-
val. This assumption was based on the information contained in Refer-
cnce 18, which stated that testing frequency varied from weekly to monthly.

The results of all the LER estimations are contained in Appendices 0,
P, and Q. The plants are grouped by NSSS vendor. The " Final Statistics"
section for each estimation contains the averaged NSSS vendor LER rates,
averaged PWR (pressurized water reactors) LER rates, and an overall LER
rate. Along with the LER rates contained in this " Final Statistics" sec-
tion, the upper 95% confidence limit and lower 5% confidence limit are
given and expressed as a multiple of the LER rate estimate. To obtain the
upper 95% chi-square confidence limit, multiply the given LER rate estimate
by the upper multiple associated with this estimate. To get the correspon-
ding lower 5% chi-square confidence limit, divide the LER rate estimate by

,

the lower multiple associated with this estimate. i.

50
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TABLE 20. SUMMARY OF DIESEL-GENERATOR FAILURE RATES BY -
FAIURE MODE AND TESTING INTERVAL

LER Rates

Weekly Testing Monthly Testing

8Failure Mode 1976 1977 1978 1976-1978 1976 1977 1978 1976-1978 WASH-1400

bDoes Not Start 1E-2/d IE-2/d 9E-3/d 1E-2/d 4E-2/d SE-2/d 4E-2/d 4E-2/d 3E-2/d

Doeg Not Continue to 7E-3/hr 6E-3/hr SE-3/hr 6E-3/hr 3E-2/hr SZ-2/hr 2E-2/hr 3E-2/hr 3E-3/hr
Run

b DDoes Not Start Com- 2E-2/d 7E-2/d
$ b1ned with Does Not d d

Continue to Run 1E-4/hr 1E-4/hr

a. Computation median for diesels (complete plant); see Reference 23.

b. Demand failure rate.

c. Operating, hourly failure rate.

d. Standby, hourly failure rate.



For example:

X.X upper 95% confidence multiple

Y.YE-YY LER rate estimate i

ZZ lower 5% confidence multiple
1

Multiply X.X times Y.YE-YY to obtain upper 95% confi- I

dence Itmit. I

Divide Z.Z into Y.YE-YY for lower 5% confidence limit. |

D_oes Not Start

LER rates for the failure mode Does Not Start were estimated for each
year (1976,1971, and 1978) and for the total period covered in this report
(1976 through 1978). The LER rates are esttmated in both units of fatlures |
per demand and failures per standby hour. Each of the estimations were

,

,

Idone with the monthly test interval assumption and then with the weekly
test interval assumption. The yearly LER rates were estimated in order to

determine if the LER rate was increasing, decreasing, or remaining constant. |

As shown in Table 20, the Does Not Start LER rate epears to be constant

with time in this gross classification. Appendix 0 lists the results of

all the Does Not Start estimations.

Does Not Continue to Run

The Does Not Continue to Run LER rates were also estimated yearly and

collectively for the total time period 1976 through 1978. Aga1n, we point
out that only diesel-generator f ailures that resulted af ter the diesel

generat^r had completed a successful start, that is, starting, coming up to
rated speed and voltage, closing of the output breaker to the emergency
bus, and assuming expected load, were classified as Does Not Continue to
Run failures. Operating LER rates calculated in units of failures per

diesel-generator operating time (hours) were estimated, based on the weekly
and monthly test assumption. Again, we point out that the diesel-generator
operating time was based on the requirement that the diesel should be run
for a mintmum of one hour when the test to demonstrate operabilt ty is

O
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f" con' ducted. Therefore, the LER rate for Does Not Continue to Run is basedkj] only on the one-hour-run period, and may not be representative of the oper-;

ating failure rate for~long-term operation. Comparing the LER rate with '

the WASH-1400 rate for this failure mode, shows that the LER rate to be an
order of magnitude higher than the WASH-1400 rate (3E-2/hr versus 3E-3/hr).
Appendix P lists the results of all the Does Not Continue to Run estimations.4

Does Not Operate

We combined the Does Not Start failures and the Does Not Continue to
Run f ailures for the time period 1976 through 1978 and estimated an LER4

'

rate for these aggregate f ailures. The results of these estimations are
: listed as Does Not Operate LER rates. The LER rates for Does Not Operate
'

were estimated in units of failures per demand and failures per standby
time (hours). We felt that this estimation would allow an analyst to have,

an additional representation of the diesel-generator LER rates. If the

one-hour run assumption for the Does Not Continue to Run failures was too

restrictive, the one-hour interval being an insufficient time to estimate a
.

diesel-generator operating failure rate, these failures could be considered

j as start failures, since the one-hour-run could be considered an extention
of the start-test interval. Therefore, the Does Not Operate estimates can
be thought of as hybrid Does Not Start estimates if one feels the one-hour,

Interval is too short, and failures occurring in this period are considered
as part of the starting sequence (that is, start and stabilize). Appendix Q
lists the results of the Does Not Operate estimations.

Scatter Plots
;

I We incorporate scatter plots of the specific plant LER rates to illus-
,

trate the plant-to-plant variability associated with these estimates.
Figures 1 through 6 reproduce these plots.

t For each failure mode and for each test interval assumption (weekly or
monthly), a plot of the specific plant LER rate is grouped according to the

' NSSS vendor. This grouping provides four plots for each failure mode and

test assumption, one for each NSSS vendor and its corresponding plants. A

e
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| pound sign (#) immediately following the coded plant name, indicates that
there were no failures reported for that plant. The LER rate plotted for a
plant that reported no failures is the averaged LER rate of the NSSS vendor

;

of which the plant is a member. All the LER rates plotted are for the
period 1976 through 1978.
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Figure Ib. Demand failure rate estimates (failures per demand) of diesel generators of Combustion
Engineering plants for the f ailure mode, Does Not Start, assuming weekly testing.
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Figure 2a. Demand f a11ure rate estimates (f ailures per demand) of diesel generators of Babcock & Wilcox
plants for the failure mode, Does Not Start, assuming monthly testing.
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Figure 6b. Demand f ailure rate estimates (f ailures per demand) of diesel generators of Combustion
Engineering plants for the failure mode, Does Not Operate, assuming monthly testing.
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NSSS Vendor Ratesx-

-\.
Table 21 sumarizes the NSSS vendors' diesel-generator LER rates by

i weekly and monthly ~ testing. These rates were taken from the " Final Statis- ,

*

. tics" sections of the appendices used to display the results of the LER
rate estimations.< ;
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} TABLE 21. SUMMARY OF DIESEL-GENERATOR FAILURE RATES BY N

\
'

Does Not Start
Minimum Number Minimum Number

O
of Starts d Operating Hours

Standby Total
NSSS Hours Weekly Monthly Weekly Monthly Failures Weekly Monthly 4

Babcock & 228,192 1,356 314 lE-2/d 6E-2/d 19 1,356 314
Wilcox

Combustion 347,712 2,064 476 2E-2/d 6E-2/d 30 2,064 476
Engineering

Westinghouse 1,363,848 8,093 1,873 6E-3/d 3E-2/d 8,093 1,873-

General 1,169,208 6,942 1,602 1E-2/d 6E-2/d L 6,942 1,602 i

Elec tric

Overall 3,108,960 18,455 4,265 1E-2/d 4E-2/d 186 18,455 4,265 i

NOTES:

1. Qd = demand failure rate

Ao = operating, hourly failure rate

A5 = standby, hourly failure rate.

2. WASH-1400 failure rates:

Does Not Start Qd = 3E-2/d

Does Not Continue to Run Ao = 3E-3/hr

\

(
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-,

sSS VENDOR, FAILURE MODE, AND TESTING INTERVAL '

Does Not Continue to Run Does Not Start Comoined with Does Not Continue to Run

A O Aso. d

Total Total Total
deekly Monthly Failures Weekly Monthly Failures Weekly Monthly Failures

iE-3/hr 3E-2/hr 8 2E-2/d 9E-2/d 27 1E-4/hr 1E-4/hr 27

LE-2/hr 6E-2/hr 28 3E-2/d lE-1/d 58 2E-4/hr 2E-4/hr 58

)E 1/hr 2E-2/hr 34 1E-2/d 4E-2/d 81 6E-5/hr 6E-5/hr 81
l
SE-3/hr 3E-2/hr 42 2E-2/d 8E-2/d 132 1E-4/hr 1E-4/hr 132

iE-3/hr 3E-2/hr 112 2E-2/d 7E-2/d 298 1E-4/hr 1E-4/hr 298

>

>
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Yearly Failure Sumarizations

Table 22 sumarizes the diesel-generator f ailures identified in our

| report. The f ailures are listed by reporting plant and year of the event,
j The plants are grouped by vendor, with yearly vendor totals given. |
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e
TABLE 22. SUMMARY OF DIESEL-GENERATOR FAILURES BY PLANT AND YEAR

--
.. --

Plant 1976 1977 1978 Total

BABCOCK & WILC0X

Arkansas 1 1 1 1 3

Crystal River 3 -- 4 2 6

Davis-Besse 1 -- 1 5 6

i Rancho Seco 3 1 1 5

|
Three Mile Island 1 1 -- 2 3

-- -- 4 4' Three Mile Island 2
Total 5 7 15 27

i

COMBUSTION ENGINEERING

Arkansas 2 -- -- -- --

Calvert Cliffs 1 4 5 3 12 i

Calvert Cliffs 2 1 3 2 6

Fort Calhoun 4 2 3 9

Millstone 2 13 6 3 22

Maine Yankee -- -- 2 2

Palisades -- -- -- --

St. Lucie 1 1 5 1 7

Total 23 21 14 58

1

e\
'
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j TABLE 22. (continued) '

I _ __ _-

i
- Plant 19 5 1977 1978 Total |

|

WESTINGHOUSE |
4

'
|'

Beaver Valley 2 8 6 16

Cook 1 1 1-- --

1
5 5Cook 2 -- ---

Farley 1 -- 5 8 13

G1nna 1 1' -- --

Haddam Neck 1 1-- --

Indian Point 2 -- -- -- --

Indian Point 3 3 -- -- 3

Kewaenee 3 3-- --

i North Anna 1 -- -- -- --

I

Prairie Island 1 -- 1 1--

1Prairie Island 2 1 -- --,

Point Beach 1 2 1 3--

i Point Beach 2 -- -- -- --

4

j Robinson 2 1 1 1 3

| Salem 1 -- 4 -- 4

! San Onofre 1 2 2-- --

! Surry 1 1 -- -- 1

i

{ Surry 2 -- -- -- --

| Troj an 2 -- 2--

|

| Turkey Point 3 2 1 3--

| Turkey Point 4 -- -- -- --

)
i Yankee Rowe -- 3 3--

i

| Z1on 1 2 -- 6 8
1

| Zion 2 -- 4 3 7

! Total 12 35 34 81
i

i

|

9
83
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TABLE 22. (continued)

Plant 1976 1977 1978 Total _

GENERAL ELECTRIC

Big Rock Point 1 13 7 2 22

Browns Ferry 1 2 2-- --

Browns Ferry 2 -- -- -- --

1 -- 1Browns Ferry 3 --

Brunswick 1 -- 5 1 6

Brunswick 2 5 -- 1 6

Cooper Station 3 -- 1 4

Duane Arnold 5 2 1 8

-- -- 5 5Dresden 1

Dresden 2 4 9 8 21

Dresden 3 4 .' -- 7

Duane Arnold 5 2 1 8

Fitzpatrick 2 2 2 6

Hatch 1 9 8 17--

Hatch 2 -- -- 2 2

Millstone 1 -- -- -- --

Monticello 1 -- -- 1

Nine Mile Point 1 -- -- -- --

Oyster Creek 2 -- 1 3

Peach Bottom 2 -- 4 4 8

Peach Bottom 3 -- -- -- --

Pilgrim 1 2 -- 1 3

Quad-Cities 1 1 3 -- 4

Quad-Cities 2 -- -- -- --

Vermont Yankee 2 3 1 6

Total 55 47 30 132

Grand Total 95 110 93 298

0
84

. - - - _ _ _ _



Plant Data

Table 23 sumarizes all events, f ailures and nonf ailures, by plant and

diesel-generator subsystem. We included this table so that you may
conveniently identify our data and perform your own estimations, if you so

desire.

.
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5 TABLE 23. PLM

BABC0CK & WILCOX

Minimum Number Minimum
of Demands Operattng Hours Standby

Diesel per Corrponent per Component Hours
Ple .t Generator per
Code Plant Name Population Weekly Monthly Weekly Monthly Component Fuel Oil tube Oil Starting Cooling

AR1 Arkansas Nxlear One 1 2 156 36 156 36 26230 -- -- 2A --

CR3 Crystal River 3 2 102 24 102 24 17184 1A 1A -- --

081 Davts-Besse 1 2 68 16 68 16 11424 -- -- -- --

R 51 Rancho Seco 2 156 36 156 36 26280 1B -- 1A --

Til Three Mlle Island 1 2 156 36 156 36 26280 -- 2A 10 -- --

T12 inree Mile Island 2 2 40 9 40 9 6648 1A -- -- --

(Sub total) (2A,lB) (3A,1U) (3A) --

COM8USTION ENGINEERING

AR2 Arkansas Nuclear One 2 2 4 1 4 1 600 N0 FAILURE 5 0

CCI Calvert Cliffs 1 1 ded., 156 36 156 36 26280 18.30 -- 1A,18--

1 shared

CC2 Calvert Citffs 2 1 ded., 108 25 108 25 18264 -- 2u 2A 1A,18,10
1 shared

FCI Fort Calnoun 2 156 36 156 36 26280 IU -- 4A --

MI2 Mt11 stone 2 2 156 36 156 36 26280 1A,38.10 28.20 -- 1A,58,1u

MY1 Maine Yankee 2 156 36 156 36 26280 1A -- -- --

PA1 Palisades 2 156 36 156 36 26280 lu -- IU --

SL1 St. Lucie 2 140 32 140 32 23592 2A -- lu --

(Subtotal) (4A,33,3U) (38,70) (6A.20) (3A,78,2U)

a. A and B are f ailure modes. A is Does Not Start. B ts Does Not Continue to Run. U Indicates events that were not classifted as diesel-gG

k
U

L
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TT DATA

8Ngter an ti Mode of Events

Engine Exciter /
Sc ove g i ng frame / Output voltage Other

Air internals Governor Enhaust Shutdown Breakcr R eisl ator Generator Unknown Total

18 -- .. .. .. .. -- .. Zu 2A,18.2U

.. .. 2A -. lA .. .. .. lA 6A

23 1A 1A .. -. .. lA -- IB 2U 3A,38,2u

.. .. la .. .. .. lu .. 2A 3A,28,10

.. .. .. -. .. lA -. .. -- 3A,1U

-- lA,2B .. -. .. .. -. .. -- 2A,28

(33) (2A,2g) (3A,lB) .. (IA) (1A) (IA,10) .- (3A,19,4U) (19A,83,6J)

EPORTED NO FA! LURES REPORTED

.. 18 -- .. .. 1A 1A 1A 3A,28 7A,58,33 |i
,

|
.. .. .. -. -. 18 .. .. lA 4A,28,3U ;

!
.. .. 18 -. .. .. lA,2B .. lA 6A,38,1U *

-- 48 3A 18 .. 18 -- 1A .- 3U 6A,168,7U *

.i
.. .. 1A . -. .. -. .. -- 2A e

.
.. .. .. -- .. .. .. .. -- 20

la -- -- -- 1A 1A .. -- IA 5A,28,1U
e

(28) (58) (4A,28) -. (1A,lB) (2A,lS) (3A,2B) (IA) (6A 28,3J) (30A,288,170)

Derator fattures.

,

I

I

l
,
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TABL@
G'

g WESTINGHOUSE

&

Minimum Namber Mintmum
of Demands Operating Hours Standby

Otesel per Component per Corporent Hours
Plant Generator per
Code plant Name Population Wee <ly Monthly Weekly Monthly Component Fuel Oil Lute Oil Starting

Bil Beaver valley 1 2 137 32 137 32 23136 IB 18 2A

DC1 Donald C. Coot 1 2 156 36 156 36 26230 -- -- --

DC2 Donald C, Coot 2 2 42 10 42 10 7080 1A,13,1U -- 1A,18

MN1 Haddam heck 2 156 36 156 36 26230 1A -- --

IP2 Indian Point 2 3 156 36 156 36 26280 -- 3U 10

IP3 Indten Point 3 3 142 33 142 33 23952 lu -- --

JF1 Joseph M. Farley 1 5 72 17 72 17 12192 -- -- SA,28,20

KE1 Kensunee 2 156 36 156 36 26280 -- -- --

NAl Nortn Anna 1 2 38 9 33 9 6456 NO FAIL

PRI Prairie Island 1 2 156 36 156 36 25200 IJ -- --

PR2 Pratrie Island 2 2 156 36 156 36 26280 -- -- --

PTl Potet Beacn 1 2 156 36 156 36 26280 -- -- --

PT2 Point Beach 2 2 156 36 156 36 26230 N0 FA][

R31 Robert E. Gtnna 2 156 36 156 36 26280 IU -- --

F
R02 H. B. Rootnson 2 2 156 36 156 36 26280 28 -- --

5Al Salem 1 3 107 25 107 25 17976 2A lu --

$01 San Onofre 1 2 156 36 156 36 26280 2A,lu -- --

$U1 Surry 1 1 ded., 156 36 156 36 26230 -- -- --

1 snared

502 surry 2 1 ded., 156 36 156 36 26280 N0 FAIL
1 snared

TR1 Troj an 2 156 36 156 36 26280 3J -- --

TV3 Turkey Point 3 2 156 36 156 36 26280 2A,18 -- --

TV4 Turkey Point 4 2 156 36 156 36 26280 N0 FAIL

YR1 Yankee Rowe 3 156 36 156 36 26280 -- -- 1A,28

211 Zton 1 2 ded., 156 36 156 36 26280 IB 1A,2U 2A
1 shared

212 Zion 2 2 ded., 156 36 156 36 26280 -- IB --

1 shared

(Subtotal) (81 68,8U) (IA.28,6U) (11A,58,30)

a. A and B . c f atture modes. A is Does Not Start. B is Does Not Continue to Run. U Indicates events that were not classifio

%
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23. (continued)
r

i

*
ah eter and fdoce of Eveets

Engine Enctter/
Scavenging Frame / Output voltage Other

Ccoling jir Intarnals Governor Enhaust Shuteo.n Breaker Regulater Generater Unknown Total

.. .. .. .. .. .. 9A 2A 18 3J 13A,38,33

.. .. .. .. .. .. .. lA,1U .. 30 1A,4U

IU .. .. IB .. .. .. .. -- 3u 2A,38,5U

.. .. .. .. .. .. .. .. .. IV 1A,1U

10 .. .. -. IU .. .. .. .. .. 60

.. .. .. 2B .. .. .. .. 1B 10 38,2U

.. .. .. 4A .. .. 2A .. .. .. 11A,28,2U

.. la .. IB .. lu .. .. .. IA 1A.28.1U

URES REPORTED NO FAILURES REPORTED

.. .. .. 18 .. .. .. .. .. IU 18,20

IU .. 18 .. .. .. .. .. .. 2U IB, 33

.. .. .. .. .. lA 2A -. -- .. 3A

URES REPORTED NO FAILURES REPORTED

.. .. .. .. .. .. 1A,10 .. .. .. 1A,23

.. .. .. 18 .. .. .. .. .. .. 3B

; in 18 .. .. .. .. .. .. .. .. 2A,28,1U

.. .. .. .. .. .. .. .. .. .. 2A,10

.. .. 1A,30 .. .. .. .. .. .. IV 1A,4U

URES REPORTED NO FAILURES REPORTED

.. .. .. 18 .. .. .. .. 10 1A 1A,18,4U

20 .. .. .. .. .. 2U .. .. .. 2A.18,4U

URES REPORTED NO FAILUAES REPORTED

lu .. -. -. .. .. -. .. -. .- 1A.28,10

.. .. .. 18 .. .. .. 1B .. 2A 5A,38,2U

.. .. .. 28 .. 28 .. 23 .. .. 78

(18,6U) (28) (1A,1B,3U) (4A,108) (10) (IA,28,1U) (14A,30) (31.38,10) (2B,1U) (4A,150) (47A,348,43U)

O as ditsel generator failures,

i

6
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TABLE 23. (cor
._

GENE % ELEC310

Mietmum humber h r iv
~ ~

cf cemands Operatir.g Hours Standty
Diesel per Corpor,eet p r. Co prent_ Howes

Plant Generater ptr

Code Plant Are Popslatice et ek ly MtM ea.13 ergl v Componert Fuel Oil LuSe 041 Starttra C t 01 t rw

BFI Brownt Ferry 1 156 36 156 35 26250 -- -- 1g --

BF2 Browns Ferry 2 4 156 36 156 36 26230 NO FA1LUAES 3

SF3 Bro.9s Ferry 3 125 23 125 23 209'6 -- -- lu --

BPI Big Rock Point 1 156 36 156 36 26230 4A -- 4A 24.3B

Bal Bruns tch 1 116 27 116 27 19512 13 2A 1A --'

4

CA2 Bruns =ica 2 156 36 156 36 26250 1A.13 -- 1A --

C01 Cooper Station 2 156 36 156 35 26283 16.1U -- -- --

D01 Duane Arnold 2 156 36 156 36 26230 IB.lu 1B -- 1B

C31 Dresden 1 1 156 36 156 36 26233 1A.23 1A !A.10 --

OR2 Dresden 2 1 ded.. 156 36 156 36 26230 18 -- 9A 28,1C
1 shared

3JDR3 Dresden 3 1 ded.. 156 36 156 36 26230 2J 13 --

l shared

EN1 Edwin 1. Haten 1 2 ded., 156 36 156 36 26230 lu 1B 1A 33
1 shared

EN2 Eowin 1. Maten 2 2 ded., 26 6 26 6 4296 -- -- -- --

I shared

FP1 James A. Fitzpatrick 4 156 36 156 36 26280 -- 2A,20 -- --

Mll Millstone 1 1 156 36 156 36 26280 20 -- -- --

M01 Monticello 2 156 36 155 36 26280 -- -- 1A --

NMI hine Mtle Point 1 2 156 36 156 36 26230 NO FAILURE 5 R

OC1 Oyster Creek 2 156 36 156 36 26230 -- -- 1A --

PS2 Peach Bottom 2 156 36 156 36 26280 IU 18.30 lu 2A
4

,_ . PB3 Peach Bottom 3 156 36 156 36 26280 -- -- lu --

P11 Pilgrim 1 2 156 36 156 36 26280 -- -- -- --

QCl Quad-Cities 1 1 ded., 156 36 156 36 26230 2U -- IA 10
1 shared

2JQC2 Quad-Cittes 2 1 ded.. 156 36 156 36 26280 -- -- --

l snared

V71 Vermont Yankee 2 156 36 156 36 26230 IB -- 1A IB

(Subtotal) (64.6B.120) (5A.48.50) (2D.50) (4A.10B.70)

(Overall Total) (20A.168.230) (9A.95.190) (414.58.100) (7A.189.15U)

a. A and B are f atlure modes. A ts Does Not Start. 815 Does Not Continue to Run. U tndicates events that were not classified as diesel-ger

|
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nued)

'
/

4 a.ber aM Mode of E.M.nts*

Enging Esciter/
ovengine F r eme/ - Output Voltaga Otn re
' Air Internels Gnvernce Enhaust _Stgt s,.n Breaker R ei;1a t er Ger+ra t er Unb ro.r Tctat

IA,1B .. .. .. lu IA,lB,2U.. .. ..

'0RTED h0 FAILURE 5 AEPCRfEO

14,2U19 1A .. .... .. .. .. ..

.. .. 6A,1U 2A 19A,38,1UIA.. .. .- ..

IB .. IU 18 .. .. 2C 34.38,30.. ..

.. .. IB IA 1A 2U 4A,28,2U.. .. ..

.. lA .. .. .. lA,20 IB -. .. 2A,28,3U

-. 2A 18 18 lA .. .. Zu 3A,58,3U..

.. .. .. .. .. .. .. .. 2A 5A,3u

18 2A 1A IB .. IU 16A,58,2U4A.. ..

.. .. 3A,28 .. .. -- 1A.1U .- lu 4A,38,7U

18 2A .. .- .. 14.28 4A,28,50 BA,98.6U.. ..

2A .. .. .. .. 30 2A,3U.. ..

IA .. 2A IS 10 .. .. $A,16,3J.. ..

.. .. .. .. lu .. .. .. .. 3u

.. .. .. .. .. .. .. .. .. 1A

>00TED NO FA!(uRES REPORTED
.. .. .. .. .. .. 2A .. .. 3A

.. .. 3A .. IA .. .. IA .. 7A 18,5U

..' ' .. .. .. .. .. .. 10..
,

.. .. .. 23 .. .. 18 .. .. 33

.. .. .. .. .. .. 2A 1A 20 4A,50

20.. .. .. .. .. . .. ..

14.2B .. .. .- .. .. .. .. 2A,48..

(18) (44.38) (224.69,1U) (38) ($A 20) (SA.28,30) (8A,5B.3U) (2A) (8A,28,180) (90A,428,560)

(88) (TA,118,3U) (33A.196,10) (38,10) (SA,38,30) (22A,3S,60) (15A10B,50) (3A,38,10) (21A.58,400) (186A,ll28,1270)

) tor failures.
--
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's O APPENDIX A

i

OISCUSSION OF THE CAUSES OF VARIATIONS IN LER REPORTING .

There are generally two criteria used by the utilities to determine

reporting requirements for failures. These are (a) technical.specifica-
tions for each individual plant and (b) Regulatory Guide 1.16 -1A'

Vari-.

i
ation exists in the reporting requirements for individual plants. For

example, generally, the technical specifications for plants licensed prior

f to January 1, 1976 were independently written by each specific plant with-
out any planned uniformity between plants. All plants licensed after this
date used standardized technical specifications, which helped create more
uniform reporting' Also, there have been changes in the rules that govern.

~LER reporting, to ensure greater uniformity. These changed reporting rules,
and the standardized technical specifications, are expected to result in

j more uniform LER reporting after January 1, 1976.
&

The above " mechanical" causes for LER reporting variations are explain-
able and expected. However, there are further reporting variations. Dif-

'

ferences in interpretation of the rules for submitting incident reports
1 -

cause these variations. Also, variation is caused by the difficulty of
j determining the extent of safety and non-safety systems, and therefore, by
I the questions of what failures are, or are not, required to be reported.
: Finally, variation can be caused by the degree of importance assigned to
i the LER reports by the management of each utility. We have seen variation

in both the quantity and quality of LERs between similar plants, where one
would expect a more uniform reporting. We have attributed these vartations:

1

to the reasons mentioned above.

! The one thing that seems to have most hindered the development of
uniform reporting is the lack of agreement of what is intended oy an LER.
Many persons feel that LERs are intended to highlight problem areas within
the safety systems. Some feel that the LERs ought to be used to highlight,
generic problem areas. And, many of these same people do not feel that

. - -r
J
'
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these uses are compatible with the need to determine failure rate

i nformati on.

All of these points may serve to confuse the individual responsible
for reporting events. Hence the variations in the quality and quantity of
LERs received by the Nuclear Regulatory Commission may be explained, in

part, by these points. For further discussion of the causes of variations
in LER reporting, see Reference A-2.

Reference

A-1. Reporting of Operating Information--Appendix A Technical Specifica-
tions, U.S. Nuclear Regulatory Commission Regulatory Guide 1.16, Revi-

sion 4, August 1975.

A-2. Gerald L. Boner and Harvey W. Hanners, Enhancement of On-site Emergency

Diesel Generator Reliability, University of Dayton Research Institute,
NUREG/CR-0660,1979, pp.1-4, I-5, IV-5, IV-6, V-10, and V-13
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j'~ ~'s APPENDIX B
't )
%d

ONE-LINE LER CODING SCHEME

in order to extract as much pertinent information as possible from the
infonnation provided in the original LER, and, at the same time, to restrict
the information to one line of computer output per LER, we developed the

following code scheme.

In general, the order of discussion follows the order in which the
various fields appear in the one-line descriptions of the diesel-generator
events. The acronyms used for the corresponding fields in the one-line
descriptions are contained in parentheses following the topic headings used
below.

Vendor (VEN)

) The VEN field indicates the NSSS vendor associated with the plant
1

LJ
submitting the LER report. A single-character field is used to store and
display the vendor code. This field can be used as a sort key. The fol-
lowing list gives the code and corresponding NSSS vendor.

Code NSSS Vendor

B Babcock & Wilcox

C Combustion Engineering

G General Electric

W Westinghouse

Plant (PLANT)

We used a three-character field to identify the conmercial power plant

responsible f or the vthmission of each LER. Due to the relatively large

(''3
number of plants used in our report, a list of the plants and codes will

\ I
x,
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I

i

not be given here. Table B-1 provides this information. The PLANT field

can be used as a sort key.

Control Number (CONTROL NO.)

To identify each one-line LER within the data file, and to provide a
cross-reference with the actual LER submitted to NRC, we entered the unique

six-digit control number assigned to the report by the NRC into the CONTROL
NO. field. There were some instances of several different reports being

listed in the narrative summary of a single LER. To accomodate this situ-
ation, we added an alphabetic character to the six-digit number in order to
separately identify each report, and we encoded each report separately.
Thus, traceability back to the original LER number was maintained, yet each
report remained unique. When a single report contained more than one
instance of the same event in the sumary description, we placed an aster-
isk (*) after the control number to flag the coded one-line LER in the data
file. The corresponding number of events was then entered in the Fall NUM

field so that each event could be accounted for. The CONTROL NO. field can
be used as a sort field, but it is intended for data record identification

within the data file and not for use as a sorting key.

Number of Failures (FAIL NUM)

The FAIL NUM field, mentioned above, was used to store a count of the

number of events per one-line LER description. Due to the limited space
available on a line of computer output, and to the fact that only diesel-
generator unavailabilities/nonf ailures contained multiple events, this
field is not displayed in the one-line LER descriptions. A blank in this

field implies that the value of the field is one. Should there be more

than one event per report, the corresponding number of events is entered in
this field. A list of those one-line LER descriptions that contain multiple

events is given below.

O
98



-___.___-__ _ -

i

A

.,

f
b TABLE B-1. G

.

BAB

l' Design
El ectrical - Date of+

a Plant Plant Name Rating Criticality Commercial Location
Code (Docket Number) (MWe) Date Operation (State) Arch

,

!

li ARl Arkansas Nuclear One 1 850 8/6/74 12/19/74 AR Bechte
1 -(50-313)

.

CR3- Crystal River 3 825 1/14/77 3/13/77 FL Gilber
(50-302)2

il 081 Davis-Besse 1 906 9/10/77 11/20/77 OH Bechte
|| .(50-346)
|

| :. OE1 Oconee 1 887 4/19/73 7/15/73 SC - Duke P
!i (50-269) Bechte

I
OE2 Oconec 2 887 11/11/73 9/9/74 SC Duke P

(50-270) Bechtej,.
! OE3 Oconea 3 - 887 9/5/74 12/16/74 SC Duke P

(50-287) Bechte
,

~;

RS1 Rancho Seco 918 9/16/74 4/17/75 CA Bechte
,

(50-312).

i TIl Three Mile Island 1 819 6/5/74 9/2/74 PA Gilber
(50-289)

TI2 Three Mile Island 2 906 3/28/78 12/30/78 PA Burns
(50-320)t

.

' -

,

!

!

,

.--,r---,-=r - - , , - , - - , , , - . - - - ..y ,,4e rv -e m e s -m e -r te-~ v-- *--=-wv--ww. - - = * * e--ee-* *ev'-- vu-~'ra= * '--'-=*m-*-*f -~T *^N*



,

ENERAL PLANT INFORMATION *

I

'0CK & WILCOXC

.

DG kW
itect/ Engineer Constructor Manufacturer Rating Population Remarks

1 Bechtel Ge;eral 275a 2
Motors

t Associates J.A. Jones Const. Fairbanks ;J00 2
Morse

1 Bechtel General 2600 2
Motors

i
ower Co. and Duke Power Co.
1

l Emergency power for
ow:;r Co. and Duke Power Co. > Oconee 1, 2, and 3 is
i supplied by an on-site

hydroelectric plant
ower Co. and Duke Power Co.
1 >

1 Bechtel General 2750 2
Motors

t Associates United Engineers Fairbanks 3000 2
& Constructors Morse

& Roe United Engineers Fairbanks 3000 2
& Constructors Morse

i

L
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TABLE B-1. (cc
_

-COMBUSTION ENGI

Design
Electrical Date of

Plant Plant Name Rating Criticality Commercial Location
Code (Docket Number) (MWe) Date Operation (State) Architect /Eng

AR2 Arkansas Nuclear One 2 912 12/5/78 N/A AR Bechtel
(50-368)

CCl- Calvert-Cliffs 1 845 10/7/74 5/8/75 MD Bechtel
(50-317) -

CC2- Calvert Cliffs 2 845 11/30/76 4/1/77 MD Bechtel
(50-318)

FC1 Fort Calhoun 457 8/6/73 9/26/73 NB Gibbs & Hill, I

(50-285) .

M12 Millstone 2 830 10/17/75 12/16/75 CT Bechtel
(50-336)

MY1 Maine Yankee 825 10/23/72 12/28/72 ME Stone & Webster
(50-309)

PA1 Palisades 805 5/24/71 12/31/71 MI Bechtel
(50-255)

[ SL1 St. Lucie 802 4/22/76 12/21/76 FL Ebasco
(50-335)

|
:
|
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inued)

1 RING

DG kW
2;r Constructor Manufacturer Rating Population Remarks

Bechtel Fairbanks 2850 2
Morse

Bechtel fairbanks 2500\ [1dedicatedtoUnit1
Morse 1 i 1 shared between

> 3 < Units 1 and 2
Bechtel Fairbanks 2500 l l

(1dedicatedtoUnit2Morse

Gibbs & Hill, Inc. General 2500 .2o

and Durham & Motors
Richardson, Inc.

Bechtel Fairbanks 2750 2
Morse

Stone & Webster General 2500 2
Motors

Bechtel Alco 2500 2

Ebasco General 3500 2 Both generators are
Motors driven by tandem

diesels

- .

Y

|
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t

TABLE E

;

I 3
t
6

Design
Electrical Date of

Plant Plant Name Rating Criticality Commercial Location
Code (Docket Number) (MWe) Date Operation (State) Archt

BV1 Beaver Valley 1 852 5/10/76 10/1/76 PA Stone !

(50-334)

DCl Donald C. Cook 1 1054 1/18/75 8/27/75 M1 Americt
Servict

(50-315)

DC2 Donald C. Cook 2 1100 3/10/78 7/1/78 M1 Americt
Service

(50-316)

hN1 Haddam Neck 575 7/24/67 1/1/68 CT Stone !

(50-213)

IP2 Indian Point 2 873 5/22/73 8/73 NY United
& Const

(50-247)

IP3 Indian Point 3 965 4/6/76 8/30/76 NY United
& Const-

(50-286)'

JF1 Joseph M. Farley 1 829 8/9/77 12/1/77 AL Bechtel
Servict

(50-348)

KE1 Kewaunee 535 3/7/74 6/74 WI Pioneer
& Eng.

(50-305)

NAl North Anna 1 907 4/5/78 N/A VA Stone 8

(50-338)

PR1 Prairie Island 1 530 12/1/73 12/16/73 MN Pioneer
& Eng.

(50-282)

PR2 Prairie Island 2 530 12/17/74 12/21/74 MN Pioneer
& Eng.

(50-306)

PTl Point Beach 1 497 11/2/70 12/21/70 WI Bechtel

k (50-266)

PT2 Point Beach 2 497 5/30/72 10/1/72 WI BechtelI*

(50-301)

RG1 Robert E. Ginna 490 11/8/69 7/70 NY Gilbert

(50-244)

- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _
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-1. (continued)
e

STINGHOUSE
.,

DG kW
tect/ Engineer Constructor Manufacturer Rating Population Remarks

Webster Stone & Webster General 2600 2
Motors

,

n Electric Power Indiana & Michigan Worthington 3500 2
Corporation Power Company

n Electric Power Indiana & Michigan Worthington 3500 2
Corporation Power Company

Webster Stone & Webster General 2850 2
Motors

jEngineers J.A. Jones /U.E.&C. Alco 1750 3ructors

. Engineers WEDC0 Alco 1750 3ructors

/ Southern Daniel Fairbanks 4000 3 All five units haves, Inc. Morse the capability to be
Fairbanks 2600 2 shared between
Morse Units 1 and 2

Services Pioneer Services General 2850 2Co. & Eng. Co. Motors

Webster Stone & Webster Fairbanks 2750 2 1 dedicated to Unit 1
1

Morse 1 shared between
|Unit 1 and 2
|

Services Northern States Fairbanks 3000 2
|

:o. Power Company Morse

Services Northern States Fairbanks 3000 2;o. Power Company Morse

Bechtel General 2850 2 Both shared with Unit 2Motors r

Bechtel General 2850 2 Both shared with Unit 1 4

Motors

Bechtel Alco 1950 2
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TABLE B-1. (co'
'

WESTINGHOUSE (cot

Design
Electrical Date of

Plant Plant Nane Rating Criticality Commercial Location

Code (Docket Number) (MWe) Date Operation (State) Architect /Eni

R02 H. B. Robinson 2 700 9/20/70 3/7/71 SC Ebasco

(50-261)

SA1 Salem 1 1090 12/11/76 6/30/77 NJ PSE&G

i (50-272)

501 San Onofre 1 436 6/14/67 1/1/68 CA Bechtel
(50-206)

Sul Surry 1 822 7/1/72 12/22/72 VA Stone & Webste:
(50-280)

'

SU2 Surry 2 822 3/7/73 5/1/73 VA Stone & Webstet
(50-281)

TR1 Troj an 1130 12/15/75 5/20/76 OR Bechtel
(50-344)

TU3 Turkey Point 3 693 10/20/72 12/14/72 FL Bechtel
(50-250)

TV4 Turkey Point 4 693 6/11/73 9/7/73 FL Bechtel
(50-251)

YR1 Yankee Rowe 175 8/19/60 7/61 MA Stone & Webste'
(50-029)

ZIl Zion 1 1040 6/19/73 12/31/73 IL Sargent & Lund;
(50-295)

.

( Z12 Zion 2 1040 12/24/73 9/17/74 IL Sargent & Lund;
(50-304)

[
,

.
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nued)

nued)

DG kW

ieer Constructor Manufacturer Rating Population Remarks

Ebasco Fairbanks 2500 2

Morse

United Engineers Alco 2600 3

& Constructors

Bechtel De Laval 600 2

3 r
Stone & Webster General 2750 t i l dedicated to Unit 1

Motors i j 1 shared between
> 3 < Units 1 and 2

Stone & Webster General 2750 I I 1 dedicated to Unit 2
Motors I (

) \

Various General 4418 2 Both generators are
Motors driven by tandem

diesels

Bechtel General 2500 2

Motors

Bechtel General 2500 2
Motors

Stone & Webster General 400 3

Motors
3 f

Various Cooper- 4000 | | 2 dedicated to Unit 1
Bessemer 1 1 1 shared between

v 5 < Units 1 and 2
Various Cooper- 4000 | I 2 dedicated to Unit 2

Bessemer (

.

s
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TABLE B

GENEl,

l
1 Design
s Electrical Date of

Plant Plant Name Rating Criticality Commercial Location
Code (Docket Number) (MWe) Date Operation (State) Arch

BF1 Browns Ferry 1 1065 8/17/73 8/1/74 AL Tennes'

(50-259) Author

BF2 Browns Ferry 2 1065 7/20/74 3/1/75 AL Tennes

(50-260) Author

BF3 Browns Ferry 3 1065 8/8/76 3/1/77 AL Tennes.

(50-261) Author

BPl Big Rock Point 72 9/27/62 3/29/63 MI Bechte
(50-155)

BR1 Brunswick 1 821 10/8/76 3/18/77 NC United
(50-325) & Cons'

BR2 Brunswick 2 821 3/20/75 11/3/75 NC United
(50-324) & Cons'

C01 Cooper Station 778 2/21/74 7/1/74 NB Burns 1
(50-298)

DA1 Duane Arnold 538 3/23/74 2/1/75 IA Bechte
(50-331)

ORl Oresden 1 200 10/15/59 7/4/60 IL Bechte
(50-010)

DR2 Dresden 2 794 1/7/70 6/9/72 IL Sargen

(50-237)

DR3 Dresden 3 794 1/31/71 11/16/71 IL Sargen'

(50-249)

EN1 Edwin 1. Hatch 1 786 9/12/74 12/31/74 GA Southel

(50-321) I r.c .

EN2 Edwin I. Hatch 2 790 7/4/78 N/A GA Southei

(50-366) Inc./Bi

1 FPl James A. Fitzpatrick 821 11/17/74 7/28/75 NY Stone 1

(50-333)

. Mll Millstone 1 660 10/26/70 3/71 CT Ebasco

( (50-245)

L



1. (continued)

tAL ELECTRIC *

..

DG kW
ltect/ Engineer Constructor Manufacturer Rating Population Remarks

see Valley Tennessee Valley
Ity Authority

!

General 3500 > 4 | 4 available for use bysee Valley Tennessee Valley y
Ity Authority Motors

. i.
Units 1, 2, or 3

iee Valley Tennessee Valley
lty Authority j,

| Bechtel Caterpillar 200 1

'

' 3
Engineers Brown & Root I

:ructors Nordberg | L 4 available for use by
;

j Manufacturing 3500 > 4 i either Unit 1 or 2 1Engineers Brown & Root I |

trLetors Ij

>

LRoe Burns & Roe Cooper- 4000 2
Bessemer

|
| Bechtel Fairbanks 2850 2 i

Morse '

i Bechtel General 500 1
i

Motors
S i. & Lundy United Engineers General 2850 | 1 dedicated to Unit 2& Constructors Motors I ) 1 shared between

> 3 ( Units 2 and 3. & Lundy United Engineers General 2850 l l 1 dedicated to Unit 3& Const ictors Motors | |

{nServices, 4 kGeorgia Power Fairl 1ks 2850 1 2 dedicated to Unit 1 |
i

Company Mort { i l shared between
> 5 < Units 1 and 2jn Services, Georgia Power Fairbanks 2850 | I 2 dedticated to Unit 2;chtel Company Morse I i

> (
tWebster Stone & Webster General 2600 4

Motors

Ebasco Fairbanks 2664 1
Morse

103

_ _ , _ _ . . _ __ _ _



TABLE B-1. (cc

GENERAL ELECTRIC (

Design
Electrical Date of

Plant Plant Name Rating Criticality Commercial Location'

Code '(Docket Number) (MWe) Date Operation -(State) Architect /En.,

M01 Monticello 545 12/10/70 6/30/71 MN Bechtel
(50-263)

NM1 Nine Mile Point 1 620 9/5/69 12/69 NY Utility
(50-220)

OC1 Oyster Creek 1 650 5/3/69 12/69 NJ Burns & Roe
(50-219)

PB2 Peach Bottom 2 1065 9/16/73 7/5/74 PA Bechtel
(50-277)

PB3 Peach Bottom 3 1065 8/7/74 12/13/74 PA Bechtel+

(50-278)

PIl- Pilgrim 1 655 6/16/72 12/72 MA Bechtel
(50-293)

QC1 Quad-Cities 1 789 10/18/71 2/18/73 IL Sargent & Lund)
(50-254)

QC2 Quad-Cities 2 789 4/26/72 '3/10/73 IL Sargent & Lund)
(50-265)

VY1 . Vermont Yankee 514 3/24/72 11/30/72 VT Ebasco
i (50-271)

i
,

'I
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;inued)

.1tinued)

DG kW

:1:er Constructor Manufacturer Rating Population Remarks

Bechtel General 2500 2
Motors

' Stone & Webster General 2560 2
Motors

,

J. A. Jones General 2500 2
Motors

Bechtel Fairbanks 3250 1

Morse { ( 4 available for use by
> 4 either Unit 2 or 3

'
Bechtel Fairbanks 3250 I l

Morse i

>

Bechtel Alco 2600 2'

i

United Engineers General 2850 '
& Constructors, Motors I [ldedicatedtoUnit1
Inc. I 1 shared betweenI

~ [ 3 < Units 1 and 2
United Engineers General 2850 l 1 dedicated to Unit 2
& Constructors, Motors I,

Inc. '

Ebasco Fairbanks 3000 2
Morse

<

-,

i
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J

! [N VEN PLANT CONTROL NO. Fall NUMV).

C MI2' 014164* 2

'C MI2 017837* 2

G FP1 015050* 4*

G P83 018059* 3

W DC2 021634* 2
1

W S01 017760* 2

W Sul 022919* 2
:

1

t

Inis field is normally used for -counting events rather than sorting
them.

,

$

Component Type

The Component Type field distinguishes different components within the

( data file. We used the code, DG, to identify diesel generators. Since the<

code is the same for all diesel-generator events, it is not displayed on
the computer printout of the diesel-generator _one-line LER descriptions.

,

|
This field can be used as a sort key.

4

Event Date (Fall DATE)
4

We used a six-digit field to record the date of the event: two digits'

[ each, for the month, day, and year. The event date corresponds to the
EVENT DATE listed in the LER for each event. The month, day, and year can

;

| be used as sort keys.

Manufacturer (MFG,KW)

| A four-character field identifies the diesel-generator manufacturer
and the size or kW output rating of the unit. This is accomplished'by,

i dividing the four-character field into two, subordinate, two-character

{ fields. One of. the two-character fields-(MFG) is used to identify the
(

105
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manuf acturer, the other (KW) 1s used to identify the continuous generator
output rating. The four-character field or either of the two-character
fields can be used as sort keys. A list of the manufacturer and kW rating
codes is given below.

Code Manufacturer

AL Alco

CA Caterpillar

CB Cooper-Bessemer

DL De Laval

FM Fairbanks Morse

GM General Motors

NM Nordberg Manufacturing

WO Worthington

Code kW Rating

02 200-400 kW

10 500-1000 kW

18 1750-1950 kW

25 2500-2850 kW

30 3000-3500 kW

40 4000-4418 kW

Subsystem (SUB/SYS)

The diesel-generator unit support systems (subsystems) discussed in
the " Component Definition" in the text, were identified and coded according
to the following scheme. We used a single-character field to indicate the
subsystem in which the event occurred. This field can be used as a sort |

|

key. 1

106
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( ) Code Subsystem
v

A Fuel Oil System

B Lube Oil System

C Starting System

D Cooling System

E Scavenging Air System

F Engine Frame / Internals

G Governor

H Exhaust System

I Shutdown System

J Output Breaker

K Exciter / Voltage Regulator

L Generator

[' '\ M Other/ Unknown

Failure Code (FAIL MODE, Fall MECH)

A three-character field indicates the failure code. A single-character

subordinate field indicates the f ailure mode. And a two-character subordi-
nate field indicates the failure mechanism. We used the following scheme

to encode the various f ailure modes and mechanisms identified in the LERs.
These fields can be used as sort keys.

Code Failure Mode

A Does Not Start

8 Does Not Continue to Run

U Unavailable /Nonfailure i

\

Code Failure Mechanism |

00 Unknown7 ~'
s ,

\._ / |

107 I
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Code Failure Mechanism

01 Personnel Operation

02 Personnel Maintenance

'

03 Personnel Testing

04 Design Error

05 Fabrication / Construction / Quality Control

06 Procedural Discrepancy

07 Def ective Fuel Injector (s)

08 Corrosion / Erosion

09 Foreign Material Contamination

10 Mechanical / Electrical Control

11 High/ Low Ambient Temperature

12 Lube / Fuel / Water / Air Leakage

13 Vibration

14 Out of Adjustment / Calibration

Type of Event (TYPE)

A single-character field indicates the type of event identified in the
LER, that is, random, recurring, common cause, etc. A blank in this field
implies a random event. Otherwise, we used the following scheme to identify
the event types. This field can be used as a sort key.

Code Type of Event

B Recurring Common Cause

C Common Cause

R Recurring

S Comand Fault

T Recurring Command Fault

G
108
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L

. Failure Classification (CLASS)
<

We used a single-character field to classify the events as " time
4 . related" or " demand related." A~"D" in this field was used for demand

.

] related events, and a "T" was used for time-related events. If no identi-

: fication could be made, a "U" was inserted in this field. This field can

be used as a sort key.,

:

1 Repair Time (REPAIR)
}

i

i The REPAIR field indicates the approximate time interval necessary to
return the diesel generator back to service (i.e. operable condition).

,

| This is a single-character field with the following coding scheme. This
! field can be used as a sort key.

t Code Repair Time
i

j 1 All times greater than 0, but less than or equal
i 1 hour
!
4

4 All times greater than 1 hour, but less than or; , _ ,j
equal to 4 hours

8 All. times greater than 4 hours, but less than or'

] equal to 8 hours

D All times greater than 8 hours, but less than or
equal to 24 hours

G All times greater than 24 hours

U Unknown /Not Applicable.

Method of Discovery (DISCOVERY)
,

i

i

'We used a single-character code to indicate the activity taking place
I when the event occurred or was discovered. The coding scheme for this

field is as follows.

;

i )
' \ _ /'s

109
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Code Method Of Discovery

M During Maintenance

N During Normal Operations

R During Records Review

T During Te ing

U Unknown

Failure Mode Description (FAILURE MODE)

We condensed the LER narrative surmiary of the failure mode into a

50-character alphanumeric field. This field provides a short, concise
description of the failure mode. It is not a sort field.

Failure Mechanism Description (FAILURE MECHANISM)

We used a 41-character alphanumeric field for a narrative description

of the failure mechanism. If no mechanism was reported, this field provided
an additional description of the LER. it is not a sort field.

For convenience, these codes are summarized on a single page and

included at the beginning of each listing of one-line LER sorts given in
the appendices of this report.

O
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APPENDIX C.

. , ,
,.,

LER RATE ESTIMATIONS.

:e
.

,

:

: To estimate the LER failure rates for' components, we used the
a

y following well-known statistical methods for Type-I censored data with ,

f. replacement (for example; see Reference C-1).

i! .e

The general methods .for estimating 'r'ates on an hourly basts and on a+ a :- >

,,.
'

demand basis are
' h, + .

'*

.,

; ,
1(hourly)=f (C-1)

1(demand)=h (C-2)
!

.3

'
\.

f 4here
,

; 1 estimated failure rate=

,

*

i
t.
| N number of reported component failures=

,

i

T total timeLaccrued by all components' =

'

,

' total numbe'r' of d$mands on all componentsD- = .

;.
'

2

i ' s,

The general computational ~ formulas, Equations (C-1) and (C-2)',-may be
' '

applied to particular situations. The failure rate for a component in a

b partNiarplantisestimatedb'ysetting
l' '

s,

$ ! ~.
'

; N = N;
' 's I, //

J '
T=T'

-

1
'-

'

0 = 0,
'

; 9-
g.,4

, ,

a , -

l'; #

)?

4,, 113
.

, .;1
'

.

L

I -.,-,,1v,...,v e,-,+--,v--nen. , , , - - - ,---.---..--n,-,--e ,w--. .-, - - . vn,v., , , ~ , .v, .,.,---n.,.e.---,w..ne-a,--.,,-. .--n.,-,n-r.v.- , , , - - -



where

N, the number of component failures in plant i=

T, the total accrued hours of all like components in=

plant 1

total accrued number of demands on all like compo-0 =
3

nents in plant 1.

In a similar manner, f ailure rates may be estimated for components
manuf actured by a particular vendor, for components in a particular plant
type (for example, PWR or BWR), or for components present in all plants.

We based confidence limits for hourly failure rates on the assumption
that the underlying component failure distributions are exponential, so,
the resulting LER data are representable by a Poisson process. In demand

evaluations, N is binomiaily distributed. However, when the probability of
f ailure is small and the number of demands is large, the Poisson
distribution may be used to approximate this variable. The generalized
formulas f or estimating 90% confidence limits on the f ailure rates are

X (2N) X
.0 0.95 (2N+2)s 1(hourly) s (C-3)2T

and

X (2N) X0.0 0.95 (2N+2)
s 1(demand) s (C-4)g g

where

0*05 (2N) the chi-square variate at 0.05 cumulativeX =

probability with 2N degrees of freedom

*95(2N+2) the chi-square variate at 0.95 cumulativeX =

probability with (2N+2) degrees of freedom.

;

1

O
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e
i

i
i

1

1

! In this work, when we observed no failures, we estimated an upper 95%
i

confidence limit for the failure rate by -

.

4

'

0.95 (2)X

1(hourly) = (C-5)

I or by
(

0'95(2)X
.-

j A(demand)= ( -6)
2D

u

} depending on whether temporal data or demand data are involved.

i,

In estimating the above confidence limits, we assumed that all compo-
i nents in the sample had exactly the same true failure rate. No effort was

f
made to account for possible variations arising from the mixture of popula-

| tions having different true failure rates. For further discussion of the

,

assumptions and-limitations of these confidence limits, see Reference C-1.
!

a

i.
i Reference
.

!

j- C-1. L. J. Bain, Statistical Analysis of Reliability and Life-Testing'

l- Models, New York: Marcall Dekker, Inc., 1978, p. 157.

i

',
,

i

i

!

i

| '

;

i

:
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FACILITY OPERATING LICENSES ISSUED WITH

f STANDARD TECHNICAL SPECIFICATIONS
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/

APPENDIX D

FACILITY OPERATING LICENSES ISSUED WITH

STANDARD TECHNICAL SPECIFICATIONS

Facility Vendor Issue Date

Crystal River Unit 3 B December 3,1976
Davis-Besse Unit 1 B April 22, 1977
Three Mile Island Unit 2 8 February 8, 1978

Arkansas Unit 2 C July 18, 1978
Calvert Cliffs Unit 1 (STS Conversion) C February 11, 1977
Calvert Cliffs Unit 2 C August 13, 1976
Millstone Unit 2 C August 1, 1975
St. Lucie Unit 1 C March 1, 1976

Brunswick Unit 1 G September 8, 1976
Brunswick Unit 2 (STS Conversion) G November 23, 1977
Hatch Unit 2 G June 13, 1978

Beaver Valley Unit 1 W January 30, 1976
#' D. C. Cook Unit 1 W Oc tober 25, 1974

(("T/ D. C. Cook Unit 2 W December 23, 1977
Joseph M. Farley Unit 1 W June 25, 1977
North Anna Unit 1 W November 21, 1977
Salem Unit 1 W August 13, 1976
Trojan W November 21, 1975
Yankee Rowe (STS Retrofit) W January 1, 1977

,

|

|

!

m
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APPENDIX E

&
DIESEL-GENERATOR EVENT DATA FILE
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APPENDIX L 1

DIESEL-GENERATOR EVENTS (FAILURES) SORTED BY FAILURE CLASSIFICATION
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APPENDIX 0 f

! RESULTS OF THE DIESEL-GENERATOR, DOES NOT START, j.

! FAILURE RATE ESTIMATIONS :
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! DGEL NOT'5fAWI - (whtkLt TEST 1hGB - 1976 i
ti .

i
.B.A B CO..C K E h.l .L C.0.A i

4
;.. ...

5TAhout :
PLANT CRIT.Hd3. PurOL AT 10h DEMANDS tAILOWE) PQP.HOUk5 PCP.0LMahDS N00R MAIL DEMAND RAIE

AW1 876u.C 2 Ss 1 17520.C 104 5.7E-t5 9.6E.C3 Iy

$ RS1 8760.0 2 52 2 1752G.0 1G4 1.iE-04 1.9E-02 i

Til 87e0.0 2 52 1 17520.0 104 5.7E-C5 9.6E-C3 [

TOTALS 4 52560.6 312
* DENDIES OPPpR 95 PERCEhi CONFIDENCE 80bMD bHEN NC F AILudEs RECCRDEL :

'

) L

I !

} co
*

p-*

| DOEI NOT START - (scintY IE511NG3
""

1976-

C OM b u..S.T.I O.N. . .E .N G.l h E .E .R 1.h G.... . .. ..

,
51ANG8f '

3 PLANT GRIT.HR$. POPULAT10h DtMANDS .FAlludE5 POP. houri POP.DtMANDS HLLR RAIE CEMAND RATE :
CC1 8760.0 2 52 3 17529,( 10 4 1.7E-C4 2.9t-02 f

f CC2 744.0 2 4 1 1485.0 6 6.iE-04 1.3E-01 '

] FCI 8760 0 2 52 3 17520.C 104 1.7t-04 2.9E-C2 I

j M12 6760.0 2 52 4 17520.0 1G* 2.3E-44 4.oE-C2
Mil 8760 0 2 52 0 17520.0 10, 1.7E-04* 2.9E-02*
PA1 8760.0 2 52 0 17520.0 log 1.7E-C4* 2.9E-02*
SL1 6072 0 2 36 1 12144.0 is e.2E-C5 1 4E-C2; ..... .......... ........

! TOTALS 12 101232.0 ccc
| * DEhuiES LPFtR 95 PERCthT CGhflDENC E BCOND WHEN NC FaltLRE5 WECCRCED |
|
; i

i ?

!, !
.

2 !
C

l
.
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00E5 NOT SIART - taEEFLY TESTING) - 1976

G E N E R A L..E.L.E C .i n 1 L....... . ...

STANL6Y
PLAhi CRIT.HK5. POPLLAll0N DEMANDS FAILURt2 POP.HOUES POP.CEMah0h HLLR kale DEMahd RAIE

8F1 o760 0 4 $2 1 35040.0 206 2.9E-01 4.eE-C3

BPI 8760.0 1 52 11 6760.0 52 1.3E-C3 2.ll-C1

BW2 5760.0 4 S2 3 3504G.0 206 a.6L-LS 1.4E-02

C01 8766.0 2 52 1 17520.0 104 S.7E-GS 9.6E-03

DA1 0760.0 2 52 1 17 $ 20.0 104 5.7E-CS 9.6E-03

DR1 8760.0 1 12 0 6760.0 12 3.4E-04* 2.SL-Cl*

DR2 6700.4 2 52 2 17520.C 104 1.16-04 1.9t-02

OR3 6700.0 2 52 2 17S20.0 104 1.1E-04 1.9E-02

EN1 E760.0 3 52 6 26280.C IS6 2 3E-C4 3.8E-C2

[ IP1 0760.0 * S2 2 35040.C 2Lo S.7E-LS 9.66-C3 '

P11 8760.0 1 52 0 0764.0 S2 3.4E-C4* S.9E-C2*

NU1 8760.C 2 52 1 17520.0 104 S.7E-CS 9.6t-03

hM1 0760.0 2 S2 0 17520.0 104 1 7E-04* 2.9E-C2'

001 876C.C 2 52 ' 17520.0 104 1.1E-04 1.4E-C2

PS2 5760.0 4 S2 0 3t040.0 208 8.5E-Ci* 1.4E-02*

P(1 8760.0 2 52 0 17520.C 104 1 7E-04* 2.9E-C2+

0C1 b760 0 2 52 1 17520.0 104 5.7E-tS 9.6E-03

GC2 8760.0 2 52 0 1752C.0 104 1 7E-G4* 2.9t-C2*

VY1 0760.0 2 52 1 17520.0 104 5.7E-CS 9.6k-03
TOTALS 34 39:440 0 2248

* OEh0iE2 UPPCd 95 PEWCEhi CGhFICcNCE BOUND mHEN NO FAILLRka RECCRDED
,

O O O
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DCE', NUT Slauf - lacEnLY TESTING 3 - 1976

.u E S.I .I _'4 G H Co S E.. .....

STANC8rPLANT CRll. HRS. POPOL All0N DEMANDS FAILUMES POP.HCUR$ POP.DEMAhD5 HCLR NalE DErahD kATE
Bb1 5616.0 2 33 2 11232 0 66 1.8E-04 3.0E-02 !

DCI 8760.0 2 52 1 17520.0 1C4 5.7E-05 9.6E-C3 i

HN1 eF60 0 2 52 1 17520.9 164 5.7E-05 9.6E-u3 I
4

iIP2 6760.0 3 52 0 26200.0 156 1 1E-04* 1.9E-02* 1

IP3 6432.0 3 38 0 19296.0 114 1.6E-04* 2.6E-02*
KE1 8760.0 2 52 0 17520 0 104 1.7E-C4* 2.9E-C2*
PRI 8T60.6 2 52 0 17520.0 104 1.it-C4* 2.9E-C2*
PR2 6760 0 2 52 0 17520 0 104 1.7E-C4* 2.9E-02*

;
Pil 8760 0 2 52 0 17520.0 104 1.7E-C4* 2.9E-C2* i

i

PT2 8760.0 2 52 0 17520.C 144 1.7E-C4* 2.9E-02*
RG1 6760.0 2 52 0 17520.0 104 1.7E-C4* 2.9E-02* I
RC2 8760.0 2 *2 0 L7520.0 104 1.7E-C4* 2.9k-C2+
5AI 456 0 3 3 0 1368.C 9 2.2E-C3* 3.3E-(1*
Sol 8760.0 2 52 0 17520.e 104 1.7E-04* 2.9t-02* i

SOL 8760.0 2 *2 1 17520.0 104 .7k-C' 9.6E-03*

;
; 502 8F60.0 2 52 0 17520 0, 104 1.7E-04* 2.9c-C2+ |,

TR1 8 T60. 0 2 52 0 1752G.0 104 1.7E-c4* 2 9E-02* I

I L' 3 6760.0 2 52 0 17520 0 104 1.7L-C4* 2.9E-C2*
TU4 8760.0 2 52 0 1752G.0 104 1 7E-C4* 2 9E-02*

{ Yk1 8760.0 3 52 0 26280.C 156 1 1E-L** 1.9E-CZ+
211 8760.0 3 52 1 26260 0 15e 3 8L-C5 6.4E-03

+

212 8760.0 3 52 C ___20280 0 ....1_5 6__ 1.1E-04* 1.9E-C2*, _____ .. ..

j TcTati 6 339u16 0 2373

* OLN01ES OPPER 95 PsRCENT CONFIDLhCE BOOND kHtN NO FAILLRES RtCLROLO

i
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DCES NOT $1Adl - (sEEkLY TE581NG) 1976-

.F .I N A L .i..l .A I .I .S .I .I .C S.... .

SIAhoef
HOUR EAIE DEMAND RAtt

23 2.3

8A8.Lb!L. 7.JE-05 1.3E-02
2.9 29

i

i 1.6 16

COM8.ENG. 1 2E-04 2.0E-02

17 17

1.3 13

GEN.ELEC. 8 8E-05 1.5I-02

1.4 14ca

5

2.0 20

mE5flhGM. 1 5E-05 2.5E-03

2.3 2.3

14 14

PkR'S 4.0E-05 6.7E-63

1.5 15

12 1.2

CVEdALL 6 0E-05 1.GE-C2
1.3 13

* OtNuiE3 UPPLd 95 PEACENT CONFIDENCE 9CUND mHEN NO F AILLRes RtCCROED

9 O O
- __
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DCE5 NOI $ TART - (mELKLt IE5TINGl - 1977

.B.A 8 C 0 C K h a I.L C .0 A. . . .........

bkE DEMAhD RATEPLANT CRIT.HNs. POPULAT10h DEMAN05 FAILURES POP.HCUh5 POP.DLMAh0S H
AW1 6760 0 2 52 1 17520.0 104 5.7E-05 9.6E-03

3 CS) 8424.0 2 50 4 16846.0 ICC 2.4E-C4 4.CE-02
081 2664.0 2 16 1 5328.C 34 1.9h-G4 3.1E-62
RS1 8760 0 2 52 1 17520.C 104 b.7L-45 9.6E-03
TIl e760.0 2 *2 0 17=20.0 104 1.7E-C4* 2.9E-02*

TOTAL $ 7 74736 0 444

* DENOTES OPPER 95 PERCENT CONFIDENCE BOUND hHEN HC FAILURES RECORDED
.

V

U i
un

DOES h0T START - inLEKLY IE5 TING) = 1977

.C OM BU..S.T.! a N ENG1hEERING... ..............

STANDdYPLANT CRIT.HR5. PDFLLATICh DEMAND $ FAILURES POP. HOURS PCP.DEMAhD5 huba RAIE DEMAND RATE
CCI 8760.0 2 52 2 17=20 0 104 1.1L-C4 1.9E-C2

'

CC2 6760.0 2 52 3 17520.0 104 1.7E-04 2.9E-02
FCI 870w.0 2 52 2 17520 0 104 1.1E-04 1.9E-02,

: M12 8760.0 2 52 2 17520.0 104 1 1E-04 1 9L-02
Mil 6760.0 2 52 0 17520.0 104 1 7L-04* 2.9E-G2+
PA1 6760.0 2 52 0 17520.u Ib4 1 7E-L4* 2.9E-02*

<

SLI 876v.0 2 52 3 17520.0 104 1 7L-04 2.9E-G2
..... .......... ........

TOTALS 12 122640.0 728

* DEh0lE3 UPPER 95 PERCENT CusFirENCE 80LND hHEN NO FAILLRES dECORCLC

1

i

e

. _ ,
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00E5 NOT SIA41 - (=EEntf IE5flNG - 1977

____._____ECIRlCGEhERAL EL
______

ATANCet
PLAhi CRII.H45. PCFLL AllCh OLMAN05 FAILOKEh PCP.H00k$ PCP.DEMahts HLtd kA1E DEMAhD RAIL

BF1 6760.0 4 S2 1 35040.C Zub 2.9E-05 4.6E-G3
BP1 8760.0 1 52 7 8760.9 52 6 0t-04 1.3E-01
BE2 8760.0 4 52 3 35040.0 208 8.6E-05 1.4L-02

CCI 8760.0 2 52 0 17520.0 1C4 1 7E-L4* 2.9E-62*

OA1 8760.0 2 S2 1 17520.0 104 5 7E-L5 9.6E-f3

DR1 6760.0 1 52 0 8760.0 52 3.4E-C4* 5.8E-C2*

DE2 8760.0 2 52 7 17520.0 104 4.QE-C4 6.7E-C2
0R3 8160.0 2 52 2 17520.C 104 1.1E-0 4 1.9E-C2
EN1 8760 0 3 52 2 26260.0 lb6 7.6E-C5 1.3E-02w

5 FP1 8760 0 4 *2 2 3*040.C 208 0.7E-C5 9.6E-03
Mil 676G.0 1 52 C 6760.G 52 3.4E-L4* 5.8i-C2'

MCI 87o0.0 2 52 0 17520.0 104 1.7E-C4* 2.9E-02*

NM1 8760.0 2 52 0 17520.0 104 1 7E-C4* 2.9E-C2e

OC1 8760.0 2 52 0 1752C.4 104 1 7E-C4* 2.9E-C2'

PS2 8760.0 4 52 4 3504C.O 206 1 1E-04 1.CE-02
Pil e760.0 2 *2 0 l '. . .C . 0 1C4 1.7E-C** 2.9E-C2*
QC1 8760.0 2 52 3 17520.0 IC4 1.7E-04 2.9E-L2
QC2 8760.0 2 52 0 1752L.0 104 1.7E-C4* 2.9E-C2'
WY1 6760.0 2 52 1 17520.0 104 S.7t-05 9.tE-03

TOTALS 33 38544G.C 2286

* DENCIES OPPER 95 PERCEhi CONFIDENCE dCUND hHEN N0 fAILu'E5 RECCRDED

,

9 O O
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DOE S N01 ST ARI - (uEEkLY TE3f!NG) 1977-

..E S _T I .h G H C01.E
b

j . ....

STAND 8Y*LANT CRIT. HRS. POPUL ATICh DEMAN05 FAILURES POP.H30&$ PCP.0E M AhD$ HCLR RAIE DEMAhD RATE
BW1 6760 0 2 52 7 17524.C 104 '4.0E-04 6.7E-02
OC1 8760.0 2 52 0 17:20 0 104 1.!E-04* 2.9E-C2*
HN1 6700.0 2 52 C 17520.0 104 1.7E-04* 2 9E-C2*
IP2 8760.C 3 52 0 26280 0 156 1.1E-04* 1 9E-02*
IP3 6760.0 3 52 0 26280.0 156 1.1E-04* 1.9E-C2*
JF1 3432.0 5 20 3 11160.0 10C 1.7E-C4 3.CE-C2
All 8769.0 2 52 1 17520.C 104 5.7E-t$ 9.6E-C3
PRI 676G.0 2 52 0 17520.0 104 1.7E-C4* 2.9E-02*
PE2 8160.0 2 52 0 17520.0 104 1 7E-C4* 2.9E.nr.
PT1 8760.0 2 52 2 17520.0 104 1 1E-04 1.9E-C2
PT2 6769.b 2 52 0 17:20 0 104 1.7E-04* 2.9E-C2*
RG1 6760.0 2 52 0 17520.0 104 1.7E-04* 2.9E-02*
RC2 8760.0 2 52 0 17520.C AC4 1 7E-L4* 2.9E-C2*
$Al 676L.0 3 52 2 26260.0 156 7.6E-05 1.3E-02
SCI 8760.0 2 52 0 17520.0 104 1.TE-04* 2.9E-02*

J 301 6760.0 2 52 0 17520.0 104 1.7E-04* 2.9E-C2*
.

502 6760 0 2 52 0 17520.C 1C4 1 7E-c4* 2.9E-02*
TRI 8766.G 2 52 1 1752C.C 104 5 7E-L5 9.6E-03 |
IL3 8760.0 2 52 2 17520 0 104 1 1E-c* 1.9E-02 !

'

TU4 6760 0 2 52 0 17520.C 104 1 7E-C4* 2.9L.02.
Yk1 676G.0 3 S2 1 262st.t 156 3.eE-L5 6.4E-G3 {,

! Zi1 0760.0 3 52 0 26280.C 150 1.1E-C4* 1.9E-C2*
; 212 5160.0 3 52 C 2t2eC.b 156 1.lt-C4* 1 9E-L2+ |

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

10TAL5 19 45516t.O 27tL

* DEh0TES OPPEN 95 PEECENT CONFIDENCt BCbhD mHEN NO FAILURES RtC0ROEU;

i

i,

l
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DOE) NOT SIART - t.EEKLT ita11NG) - 1977

..INAL....J..I .A T .I S T _I _C 5_F
. ..

$1AND5THubR RAit DEMAhD RAIL

1.9 1.9

9AB.Ew!L. 9.4E-OS 1.tE-C2

2.1 21

1.6 16

COMB.ENG. 9.6E-05 1.6E-02

1.7 17

13 13

GEN.ELEC. s . 6 6 -0 $ 1 4E-02

14 14
w
b

1.5 15

hESTINGH. 4 2E-0* 7.0E-03

15 15

13 13

PWR'S 5.6E-05 9.eE-03

1.3 1.3
i

12 1.2

OWeRALL 6 8E-oS 1.2E-c2

12 1.2

JENLTES OPPEW 9$ PEWCENT CONFIDENCE BCUND mHEN ha FAILUWES kECCRDEO*

9 9 e
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DOES NOT SIA4! - twEEKLY TEST 1HGI - 1978
'

.B .A B .C.O C..K l .u .l L .C .C A. ;. . .

PLAhi CRll. HRS. POPulATICh DEMAND $ FAILURES POP.HCUk5 PCP.DEMAhD5 H0b> dAfE DEMAND RATE

AR1 8760.0 2 52 0 17526.4 104 1.7E-L4* 2.9E-02*
,

Cd3 6760.0 2 52 2 17520.0 104 1.1k-04 1.9E-02
DB1 8760.0 2 52 2 17520.0 104 1.1E-04 1.9E-C2

j R$1 8760.0 2 52 0 17520 0 104 1.7E-44* 2.9E-C2+
Til 8760 0 2 52 2 17520.c 104 1 1E-04 1.9E-02.

.0 1 5E-64 2.5E-02T12 6646.0 2 40 2 ..13_296 0 8
.. . _. . .

TOTALS 8 10C896.0 600

* DENGTES UPPER 95 PERCEhi CONFIDENCE B0uND wHEN NO FAILUWE3 RECORDED

U
M3 0015 NOT STAWT . (dEEKLV IE2 TING) - 1978'

C _O.M .8 U S T .I .O.N..E .N G _I .N.E .E .R.1.h G_ ... . _

STAND 8Y
PLAhT CRIT. HRS. PDFULATION DEMANDS FAILLRES POP.H00R5 PCP.DEMAhD$ HLOR RAIE DEMAND RAIL

ARP 600 0 7 4 0 1200.0 e 2.5E-C3+ 3.7E-Gl*
CCI 8760 0 2 52 2 17520.0 104 1.1E-C4 1 9E-02 '

CC2 8760.0 2 52 0 17520.0 104 1.7E-64* 2.9E-CZ*
FC1 8760.0 2 52 1 17520.0 104 5.TE-05 9.6E-C3

M12 8T60.0 2 52 0 17520 0 104 1.7E-C4* 2.9E-02*

MY1 8760.0 2 52 2 17520.0 104 1 1E-C 4 1.9E-C2
PA1 6760.0 2 52 0 17320.0 104 1 7E-C4* 2.9E-02*

| SL1 8760 0 2 52 1 17520.0 10% 5.7t-L5 9.6E-03
.. . _________. ... _...

,

70TALS 6 123844.L 736

* DEh0TES UPPER 95 PERCEhi CONFIDENCE 8OUND bHEN NC F AILbRES HECCR0tD

i

.

1
_ _ _ _ _ - _ _ -_
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DCEh hai STARI - (nELKLt TESTING 3 1978-

. .. . ... . . .C .T R I .C.G E .N E R A LLLE
..

STAhDBI
PLAhi CRif.MR5. PCFOLATICh OLMANQ3 FAILORE$ POP.H00k5 FLP.DEMah05 HLLk 6 ATE DEMAND AAIE

8F1 8760 0 4 52 0 35040.C 200 8.5E-C5* 1.4E-C2*
BP1 8760.0 1 52 1 67e0.0 52 1.1E-04 1.9E-C2

BR2 870C.0 4 52 1 3:340.0 208 2.9E-45 4.8E-03

CD1 87t0.0 2 52 1 17320 0 104 5.7E-05 9.6E-03

DA1 8F60.G 2 52 1 17520.0 104 5.7E-C5 9.6E-C3
DR1 8766.0 1 52 5 8760.0 52 5.7E-C4 9.6E-02

DR2 6760.0 2 52 7 17520.0 104 4.0E-C4 e.7E-02

DR3 8760.0 2 52 0 17520.0 104 1 7E-C4* 2.9t-C2*

EN1 8760 0 3 52 0 26280.9 156 1 1E'*04* 1.9E-C2*

ff EN2 4296.0 3 26 2 12888.0 78 1 6E-04 2.6E-02

FPI 8760.0 4 52 1 35040.0 208 2.9E-05 4.8E-C3

M11 8760.0 1 52 0 e760.0 52 3.4E-C4* 5.8E-02*
Mol 876w.6 2 52 0 17520.0 164 1.7E-L4* 2 9E-C2*

NMI 8760.0 2 52 0 17520.0 104 1 7E-L4* 2.9c-C2*
001 e7eo.0 2 52 1 17520.G 1G4 5 7F-c5 9.6E-03

PS2 87tv.. 4 52 3 35C40.0 2Le e.6E-C5 1.4E 02
Pil bleu.0 2 52 0 17520.0 104 1 7E-0** 2.9E-G2'

4C1 6760 0 2 52 0 17520.0 104 1.7E-C4* 2.9E-02*

QC2 6760.0 2 52 0 17520.0 104 1.7E-04* 2 9E-C2*

VY1 6160.0 2 52 0 . 17520.0 104 1.FE-44* 2.91-02*
..... ........ ........

TOTALS 23 398328.0 2366

DEhllE5 UPPER 95 PERCfhi CONF 10ENCE 80LND hMEh NO FAILURE 5 RECCROLO*

O O O



--. -. .= - . . - _ . . . _ . -

N '

DCE$ Nbi $4 ART - tukEKLY TESTING 3 - 1978

..E S.T.I N G H O U.S E
h

. ..... .

>TANCBYPEAhi (RIIeHR$. POPULATICh DEMAN05 FAILLAE5 POP.HLUF5 PCP.DEMAhDC HLLR MAIE DEMaho aATE
BV1 876C.0 2 52 4 1752C.C 104 2.3E-04 3.8E-C2
DCI 8769.9 2 52 0 17520.0 104 1.7E-C4* 2.9E-C2+
002 7060.0 2 42 2 14160.C 84 1.4E-04 2.4E-C2
HN1 8760.0 2 52 0 17520 0 104 1 7E-C4* 2.9E-C2+
IP2 8760.0 3 52 0 26280 0 156 1.1E-C4* 1.9E-C2*
IP3 8760.0 3 52 0 26260.0 156 1 1E-C4* 1 9E-02*
JF1 6760 0 5 52 8 43800.0 260 1 8E-C4 3.1E-02
KE1 8760.0 2 52 0 17520.0 104 1 7E-C4* 2.9E-02*
NA1 6456.0 2 38 0 12912.0 76 2.3E-C4* 3.9E-C2*
PR1 b760.9 2 52 0 17520.0 104 1.7E-C4* 2.9E-02*
PR2 8760.0 2 52 0 17520.C 104 1 7E-C4* 2.9E-C2*
P11 8760.0 2 52 1 1752C.0 104 5.7E-L5 9.6E-C3$ PT2 6760.0 2 52 0 17520.0 104 1.7E-04* 2.9E-02*
RG1 8760.0 2 '2 1 17520.0 104 5.7E-C5 9.6E-03

! R02 8760.0 2 52 0 17520.0 104 1.7E-C4* 2.9E-C2* '

5A1 6760.0 3 52 0 26280.C 156 1 1E-C4* 1 9E-C2*
$01 8760 0 2 52 2 17520.C 104 1 1E-04 1.9E-02
LLI 8760.0 2 52 0 1752C.C IC4 1 7E-C4* 2.9E-C2*
SU2 6760.0 2 52 0 17520.C 144 1.7E-64* 2.9E-C2*
7E1 6700.0 2 52 0 17520.0 10* 1.7E-C4* 2.9E-02*
IL3 67t0 0 2 *2 0 17520.0 IC4 1 7E-C4* 2.9E.C2+
IU4 6700.0 2 52 0 17520 0 104 1.7E-C4* 2 9t-C2*
YR1 876u.C 3 52 C 26260.0 156 1.It-t4* 1.9E-02*
211 8700.0 3 52 4 2028C.0 156 1 5E-04 2.tE-42
Z12 8700 0 3 52 0 ..26280.C ....156 1 16-0 4+ 1 9E-62*..... ....... ...

TuiALS 22 508072.C 3C2C

* OEN01ES UPPcw 95 PERCEhi CONFIDENCE 80LNO mHEh NU FAILORE5 RECORDED
!

3

_ _ , _ ,



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

DCL5 hof STAR 1 - (sEERLY IESTING) - 1970

__ _____S _T A T I $ 1_1 C 5FINAL
_____ __

STahaar
H0ua RATE UEP&hD HATE

1.9 1.e

BAB.Lw1L. 7.9E-GS 1 3E-C2
2.C 2.C

20 2.0

CCMB.ENG. 4 8E-CS 8.2L-03

23 2.3

14 1.4

GEN.ELEC. S.BE-05 9.7E-03

1.5 1.5
w
N
N

34 1.4

WESTINGH. 4.3L-Q! 7.3t-C3
1.5 15

1.3 13

PbR85 4.9f-OS 8.3E-G3
1.3 1.3

1.2 12

OVERALL S.2E-GS 8.8E-G3

1.3 13

* uENLIES bPPLM '' S PEdCcN1 CCNF ICENCE SCUN3 kHEN hQ FAIL 6aES htCC&Ok0

0 0 0
- _- _ - _



_ .- . _. _ - . _ _ _ _ . _ _ _ _ _

OCES NOT START - i.ELMLY Tesi!NG) - 1976 THRu 1978

_8_A B C _O C K L W I L C..u.s_. _.__..

STAND 8VPLANT CRII. HRS. POPUL ATION DEMANDS FAILURES POP. HOUR $ PCP.0EnahD5 HGuR RATE DEMAND RATE

} AR1 26280 0 2 156 2 52560.0 312 3.8E-05 6.4E-03
CR3 17164.0 2 102 6 3436d.0 204 1 7E-C4 2.9E-C2
081 11424.0 2 68 3 22848.0 136 1.3E-04 2.2E-CZ
RS1 26280.0 2 156 3 52560.0 312 5.7E-C5 9.6E-03
Til 26280.0 2 156 3 52560 0 312 5.7E-05 9.6E-03
T12 6646.0 2 to 2 13296.0 8G 1 5E-C4 2.5E-02

TOTAL 3 19 228192.0 1356.

* DENOTES UPPER 95 PERCENT CONFIDENCE 8COND WHEN NC FAILURES RECCRDED

N
w

DOES NOT START - lufEkly TESTING) - 1976 THRL 1978

_____ _S .T.10 NENGINECOM8b ......____E. RING___

I iiANDSPLAhi CRII.HR5. POPULATICN DEMAND $ FAILURE 5 POP. HOURS PCP.0EMAhC$ NCLk RA E DEMAhD RATE
AR2 600.0 2 4 0 1200.0 8 2.5E-C3* 3.7E-Cl*
CC1 26260.0 2 156 7 52566.6 312 1.3E-t4 2 2E-C2
CC2 18264.0 2 108 4 36526.0 216 1.1E-04 1 9E-C2
FC1 26280.0 2 156 6 52560 0 312 1 1E-C4 1.9E-C2
n12 26200 0 2 156 6 52560 0 312 1 1L-C4 1.9E-C2
MY1 26260.0 1 156 2 52560 0 312 3.8E-05 6.4E-03
PA1 26260.0 2 156 0 '2*60.0 312 5.7E-05* 9.6E-03*
SL1 23592 0 2 140 5 ___.7184.0 28C 1 1E-C4 1 8E-C24

_____ . __._ ______..

TCTALS 3v 347712.C 2C64

* OEh0TES LPPte 95 PERCENT CONFIDENCE ectND hMEN ho FAILURES RECCHD&D

!



_ - - _ _ _ _ _ _ _ . _ _ _ _ _ - _

DOES NOT SIART - teLEnti TE5f1NG - 1976 THau 1978

..E .N E R A L.... .E .L .c C l .a l c.G
. .. .

$TAND8f
PLANT CRIT.Ha5. POPut AT ION DEMANDS FAILURES POP. HOUR $ POP.DEMANDb NCOR RAIE DEMAND RATE

BF1 26260.C 4 156 2 10S126.y 624 1 9E-CS 3.2E-03
BP1 26260.0 1 156 19 26280 0 156 7.2E-C4 1 *E-01

BR2 26280 0 4 156 7 105120.0 624 6.7E-CS 3 1E-C2

C01 26200.0 2 156 2 S2560.C 312 3.8E-LS 6.4k-C3

DA1 26280.0 2 15 6 3 S2560.0 312 S.7E-05 9.6E-03

0P1 26280.0 1 1*6 S 26280.0 136 1.9E-C4 3.2E-C2
DR2 26280.0 2 156 16 S2S60.0 312 3 0E-C 4 S.1E-C2

DR3 4626C.C 2 156 4 S2$60.0 312 7.6E-CS 1 3E-C2

EN1 26200.0 3 156 e 78840.0 468 1 0E-C4 1.7E-C2

M EN2 4296.0 3 26 2 12888.C 78 1 6 E-0 4 2.6E-G2

FP1 26260.0 4 IS6 S 2CS120.0 624 4.6L-tS u.CE-t3

Mll 26200.0 1 156 0 26280.0 156 1 1E-C4* 1.9E-C2*

N01 2t2b0.0 2 156 1 52560.0 312 1.9E-CS 3.2E-C3

NP1 26280.0 2 15 6 0 S2360 0 312 S.7E-CS* 9 6E-03*

OC1 262bC.C 2 156 3 52360 0' 312 S.7E-C5 9.6E-C3

1.1 -C2PB2 26280 0 4 15e 7 10S120.0 624 6.7E-CS E

Pil 26280.0 2 156 C 52560.0 312 S.7E-LS* 9.6E-C3*

QC1 2620G.0 2 156 4 $256C.C 312 7.6E-CS 1.3E-CZ

QC2 26200 0 2 1$6 0 52500.0 312 S.7E-LS* 9.6E 03*
WY1 26200.0 2 15 6 2 S2500.0 312 3.8E-CS 6 4E-C3

TOTALS 9C 11692Lu.C 6942

* DtNOTES OPPER 95 PERCEhi CONFIDENCE 80VND mHEN NO FAILLEE3 RtCCRDLC

O O O
_



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

k ~

.

00t5 NOT START - tmEEKLY TESTING) - 1976 IHkb 1976

.h E.5.I.I N G.liGO.h.E. . . . .

$i A ND t! fPLANT CRIT. HRS. PDFUL All0N DtMAND$ FAILURES POP.H006S PCP.DE M Ah0S H0uu RAIE DEMAND RATE
Bb1 23136 0 2 137 13 46272.0 274 2. 8 k-C '. 4.7E-02
DC1 26280.0 2 156 1 52560 0 312 1.9E-C5 3.2E-03
DC2 7080.0 2 42 2 14160 0 84 1 4k-04 2.4E-02
Hhl 262ec.G 2 156 1 52560.G 312 1 9E-C5 3.2E-03
IP2 26260.0 3 156 0 78840.0 46d 3.8E-05* 6.4E-C3*
IP3 23952 0 3 142 0 71856.C 426 4.2E-CS* 7.0E-G3*
JF1 12192.0 5 72 11 6C966.0 360 1 8E-44 3 1E-G2
KE1 26260 0 2 15 6 1 52560 0 312 1.9E-05 3 2E-03
NA1 6456.0 2 38 0 12912 0 76 2 3E-C4* 3.9E-C2*
PR) 26200.0 2 156 0 52260.0 312 5 7E-CS* 9.6E-03*
PR2 2628G.0 2 156 C 52560 0 312 5.7E-05* 9.6E-C3*

g P11 26280 0 2 156 3 52560.0 312 5.7E-0* 9.6E-03
on PI2 26260 0 2 156 0 52560.C 312 5.7E-CS* 9.6E-C3*

RG1 26280.0 2 156 1 52560 0 312 1.?E-t5 3.2E-C3
R02 2626C.0 2 15. 0 52560.0 312 5 7E-05* 9.6E-C3'
SA1 17976 0 3 107 2 53928.0 321 3.7E-c5 6.2E-c3
501 26280.G 2 156 2 52560.0 312 3.8E-C= 6.4E-L3
501 26289.0 2 156 1 52560.0 312 1.9E-05 3.2E-03,

S02 26280.0 2 156 0 52560 0 312 5.7E-CS* 9.6E-03*
TRI 262o0.0 2 156 1 52560.0 312 1 9E c5 3.2E-03
TU3 262ec.C 2 156 2 5256d.0 312 3.eE-05 6.4E-03
104 26280.0 2 156 0 52560 0 314 5 7E-C5* 9.6E-03*
TR1 262b0.0 3 156 1 78640.0 466 1.3E-C5 2 1E-C3,

.

211 26260 0 3 156 5 78840.C 466 6.3E-05 1 1E-C2
112 20280.0 3 156 ..C.__ 7...8849. G.. 468 3.8E-05* 6.4f-u3*

.. ------..

TOTAli 47 1363845.0 4093
I * DE NGIE5 UPPE R 95 PERCENT CONFIDENCE BOLMO kHEN NO FA! LORES RECCROLO

i

i
;
'

_ _



- _ _ . _ _ - - _ _ _ . _ _________________.

DCE$ hof STAkt - (mEtnLY IE$TINGl - 1976 TH80 1978

.......i.l AT i $ l 1 C$FINAL
........

STAhD91HULR RAst DEMANC RATk

l 1.5 1.5

BAS.Eh1L. 8 3E-05 1 4E-02

1.5 15

1.4 14
j

CCMS.ENG. 8.6E-05 1.St-C2 ,

1.4 14

1.2 1.2

GEN.ELEC. 7.FE-05 1 3E-02

12 12
w
$

13 1.3

wt3TINGH. 3.4E-0* 5 8E-03

3.3 13

1.2 12

PhR'S 4 9E-C5 6 3E-C3
1.2 1.2

11 1.1

ObERALL 6.ot-05 1.CE-02

11 1.1

* JENGIES OPPER 95 PERCENT C0h&IDEhCE BCUND mHEN h3 FA1ELkES WECcRDEO

O O O
_ _ _



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

4

.t.

j

'I

: !
4

b

!

DCf5 NQ1 START - (MON]HLY IE311 ngl - 1976 f)

.B.A B C 0_ _C A L .h ! L.C.0.h ;
.. _ . .

$1AhD8T [PLAhi CRIT. HRS. POPLLATION DEMANDS FAILURES PCP.H006$ PCP.DEMahDi HCCa RASE DEMAhD RATE

Ak1 8760 0 2 12 1 17520.0 '24 S.7E-CS 4.2E-C2
R51 8760.0 2 12 2 1752G.0 24 1.1E-04 8.3E-62

.! Til 6760 0 2 12 _.1.. .._1_7_5 2_0_. 0_ _____24 S.7E-05 4.2E-02
, __ ..

10!ALS 4 $2560.G 72 '

* DEhuiE3 OPPER 95 PERCEhi CONFIDEPCE BOUND WHEN NO FAILORt3 RECORCED

i,

! I

i
l

$*

,

"
00L5 NOT START - (MONIHLY 1ESTING - 1976

'

39taun195_15siti!nes t

i 5TANCBYj PLANT CRIT. Huh. P0&OLATich DEMANDS FAILURES PCP.HOLk5 PCP.DEMAhDb NGOR kalk 0LMAhD 6 ATE ,

j CCI '8700 4 2 12 3 17520.C 24 1.7k-C4 1.3E-01
,

| CC2 744.0 2 1 1 1488.0 2 6.7E-44 S.CE-01 'f
| FC1 8760.C 2 12 3 17520.0 24 1.7k-C4 1.3E-01 i
'

M12 5760.0 2 12 4 17:20.0 24 2.3E-C4 1.7E-C1 (
NY1 8764.0 2 12 0 17S20 0 24 1 7t-44* 1.2E-01*
Pal 8760.0 2 12 C 17520 0 2* 1.7E-C4* 1 2E-Cl*

' SL1 60 72.0 2 '8 1 12144.0 le 8.2k-CS 6.3E-02
i TOTALS 12 101232.C 138'

)
; * DENOTE $ LPPER 95 PERCENT CONFIDENCE SOUND kHEh NC FAILbREa RECCRDED j
<

i

i

4

i -l
; *

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



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

0015 NOT STARI - (Moh0.tY TE511hGI - 1976

.G.E N.E R A L.E L E C.1.k 1C. ... ... . ..

STANg8T
PLAh! Cwli.HR$. PCPblATich DEMAND 5 FAILUkES PC7.HGU65 PLP.DEMAhD5 HLuN kAIE DEMAND hAIE

8F1 8760.0 4 12 1 35C46.0 to 2.9E-LS 2.1E-C2

BP1 8760.0 1 12 11 8760.9 12 1 3E-c3 9.2E-C1

BR2 8760.0 4 12 3 35040 0 4e 8.6E-C5 6 3E-02

C01 8760 0 2 12 1 1752C.C 24 S.7E-CS 4 2E-CZ

Dal 9760.0 2 12 1 17520.C 24 S.7E-CS 4 2E-02

091 6760 0 1 12 0 87e0.0 12 3 4E c4* 2.SE-01*
Ok2 6760.0 2 12 2 17520.C 24 1.1E-04 8.3E-02

OP3 8760.0 2 12 2 17529.C 24 1.1E-Cg 8.3E.CZ

Eh1 8700.0 3 12 6 26263.0 36 2.3E-04 1.7E-C1

FPI B700.0 4 12 2 35040.0 48 S.7E-CS 4.2E-C2

Mll 8700.0 1 12 0 8760.0 12 3 4t-44* 2.SE-01*

M01 6760.0 2 12 1 17520.0 24 5 7E-CS 4.2E-02

hM1 8760.0 2 12 0 17 70.C 24 1.7E-C4* 1.2E-01*

UC1 8760.4 2 12 2 17520.c 24 1 1E-04 8. 3 E-C Z

P82 6760.0 4 12 C 35640.C 4e 8.SE-C5* 6.2k-C2*

Pil 8700.0 2 12 0 17520.0 24 1.7E-04* 1 2E-01*

CC1 6700.0 2 12 1 17520.0 24 S.7E-CS 4.2E-C2

QC2 8760.0 2 12 0 17520.C 24 1.7E-C4* 1.2E-01*

bY1 8700.0 2 l ', 1 17520.0 29 5.7E-OS 4.2E-02
..... .......... ........

TUTALS 34 395440.0 S28

* DENoit 5 OPPE R 95 PikCENT C0hf1DENCE B00NC metN NO Faltbat5 atCCRLEC

O O O



. _ . _ . . - = . _ _ _ . ..__._ .._ _ __ _. _ _ __ _ _ _ _ _._..- -~ ______ _____._ _ _ _ _ _ . _ . . . _ _ - - _ _ . . _ . . . _ . . _ _ ._.

4

i

.i

1

I k
!

f
{
,

| [
i

;

00L5 NOT SIART - (M0n]HL( It$IlhG) - 1976 'fe
3

___$ _i i N G H00 5 E________ |hE1

i STAND 8Y
Ptahi CRIT.Hds. PUFUL ATIGh DEMANDS FAILLRE5 POP. HOUR 3 PGP.0EMAND> HOUR RaiE DEMahD SAIL

1
5 Bir l 5616.0 2 8 2 11232.s 16 1.8c-C4 1.3c-41 j

.7L-C* 4 2E-C2 [
'

0C1 8760.0 2 12 1 17520.0 24 *

I; Hhl 6700.0 2 12 1 17520.0 24 S.7L-CS 4.2E-C2
q >

IP2 5760.0 3 12 C 26280.0 36 1.lf-C4* e.3E-ci* i
|

| IP3 6432.4 3 9 0 19296.0 27 1 6E-04* 1 1E-Cl* 3
4 i

ME1 8760.0 2 12 0 17520.0 24 1 7E-04* 1.2E-Cl* I,

s t

] PS1 8760.0 2 12 0 17*20.0 24 1 7E-C4* '1.2E-61* ';

[ Fv2 8766.C 2 12 0 17*20.0 24 1.7E-C4* 1.2E-Cl* i

| Pil 6760.0 2 12 0 17520 0 24 1.7E-C4* 1 2E-Cl* |

fPI2 6760.0 2 12 C 11S20.C 24 1.7E-04* 1 2E-01*g

$ PG1 8760.0 2 12 C 1752C.0 24 1.7E-C4* 1 2E-01* (
hRC2 8760.0 2 12 0 17520 0 24 1.7E-04* 1.2E-01*

i
; SA1 456.0 3 1 0 1360.0 3 2 2E-C3+ 1.GE*C0* j
<

] 501 6760.0 2 12 0 17S20.C 24 1 7E-L** 1.2E-Cl* {
i' SUI 8769.0 2 12 1 17520.C 24 S.7E-CS 4.2E-02 ;

i
: SL2 8760.0 2 12 0 17'20.0 24 1 7E-C4* 1.2E-01* |

I

| TRI e7bc.0 2 12 0 17S20.c. 24 1 7E-c4* 1.26-Cl*

TU3 870G.L 2 12 0 17526.C 24 1.7E-C4* 1.2E-01* |

| IL4 8760.0 2 12 0 17520.0 24 1 7E-C4* 1. 2 E -01'* {

(El 6760.0 3 12 0 26200.C 36 1 1E-C4* 8 3E-C2* Ii

lil- 8760.C 3 12 1 262 tlc .C 36 3.ut-LS 2.eE-C2

| 212 6760.0 3 12 0
__2_e _2_t c _. 0_ 36 1.1E-C** 8.3E-02* l

ti _____ _ _ _ ________

j ILIALS 6 399d16 0 SSC i
t

* DE h01E S LPPEN 95 PERCtNT C0hFIDEhCE BDONC hMLM NO FAILUMES RtCCRDED {
,

.
1

'

*

f
1

! i

i

I
i

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



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

Doth t.0T $1 ART - IMChintf Ik511NG) - 1976
'

F 1h A L.S.T A T.13.f.1.C.5-_ _. .. . ,

STAh061 '

H0bR RAIL DEMahD kATE
t

2.3 2.3

BA9.Lh1L. 7.6E-CS 5 6E-02

2.9 2.9

|

1.6 16

CGMB.ENG. 1 2E-04 8.7E-02

1.7 1.7

1.3 13
GEN.;'EC. s.aE-05 6.4E-02

La 1.4 14
w

I o

2.0 2.C

mEST1hGH. 1.SE-OS 1.1E-C2

23 23 I

|
|

1.4 1.s

PtR') 4.0E-05 2.9E-02

:.> 1.S

!

!
'

1.2 1.2
UbERALL 6 0E-05 4.3L-02 |

1.3 1.3 !

l

* OENLIES UPPER 9S PERCENT CONFIDENCE BCUhD mHEN hu FAILLkES RtCCRCEO
s

I
!

O O O |
--_ _ _ -_ - - _ _ _ _



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

,

f

7

.{ -

! i

t<

i

'

>

;

DOE 5 h0T START . (MuhiHLt itS11 ngl - 1977

.s ..B .C.C C.K L u 1.L .C .C.A
A

. ...

51AhDetPLAhi CR11.HR$. POPblATION DEMAN05 FAILLRE$ PCP.H00b$ PGP.DEMan05 Mcue RAIE DEMAND R ATE
s

|
1 AR] 8760.0 2 12 1 1752C.0 24 5.;E-C5 4.2k-C21 +

CR3 8424 0 2 12 4 16848.0 24 2 4E-C4 1 7E-C1
081 2664 0 2 4 1 5328.C 8 1.9E-44 1.3E-01
e51 8760 0 2 12 1 17520.0 2* S.7E-45 4.2E-02'
Til 8760.0 2 12 0 17:20 0 24 1.7E-C4* 1 2E-01*

TOTAL 5 7 74736 0 104

* DEh0TES LPPER 95 PERCEhT CONFICENCE SCUND kHEN NO FAILLRES RECCRDEG.

i

i.

EU
-

t

DOES NOT START - IMONTHLY TE 11hGI - 1977
.

. .. ...S .T .I .C.dCCM8U ENG
....1.h E E R 1.h G'

,.... .

| PLANT Calf.Hd5. PC.*WLATICN DEMANDS FAILb8E5 PGP.HOUks PCP.DEMAhD5 NCLp aATE DEmaho aATE I

STANCBY I

CCI 67c0.0 2 12 2 17:20.0 24 1.1E-C4 8 3E-C2I
CC2 8760.0 2 12 3 17520.0 24 1.7E-C4 1 3E-61 ;FCI 8760.0 2 12 2 17520.0 24 1.1E-C4 8.3E-C2 !

:

M12 8760.0 2 12 2 17520.0 24 1 1E-C4 8.3E-C2 [

F

i
Mil 6760.0 2 12 0 17520.C 24 1 7E-L4* 1 2E-L18 ;

>

k PA1 8760 0 2 12 C 17S20 0 24 1 7E-04* 1.2E-Cl*:

1 SL1 6760 0 2 12 ..3.. ..17520.C 24 1 7E-C4 1 3E-01
,

,
....... .... ..i TOTAL 5 12 122640 0 166 ,

i
r

{
= DihulEh OPPER 95 PtECEhl CCNFIDENCE 600ND uHEN NO F A!LUPE5 PECCRLEC I

*

1

!

I f

i

!
1

-

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



_. - _ . - _

DGE5 NGT STARI - (MONTHLY TEsilNG) - 1977
GENERAL ELEC1Plc.
................

;[AN007
PLAhT CNIT.Hkb. POPutAstCN OENAN0h F AILOR F5 POP.HCbha PCP.DEMah05 HCLR EA1E DEMaho aATE

BF 1 6760.0 4 12 1 35040.0 48 2.9t-05 2.1E-C2

8P1 8769.0 1 12 7 8760.C 12 U.0E-04 5.8E-C1

8kl 876C.0 4 12 3 35040.0 48 8.6E-C' 6 3t-02

C01 8760.0 2 12 0 17520.C 24 1 7E-C4* 1 2E-Cl*

DA1 e760.0 2 12 1 1752C.u 24 5 7E-45 4.2E-C2

DR1 876G 0 1 12 0 8760 0 12 3.4E-C4* 2.5E-Cl*

DR2 8?c0.0 2 12 7 17520.0 2% 4.0E-C4 2.9E-C1

Ok3 8760.0 2 12 2 17320.0 24 1 1E-C4 8. 3E -C 2

EN1 676c.C 3 12 2 26280.0 36 7 6E-C5 5.6E-02

FP1 6760 0 4 12 2 35040.0 4b 5.7E-C5 4.2E-C2

Mil 8760.0 1 12 C 8760.C 12 3.4E-04* 2.5E-Gl*

NG1 8760.0 2 12 0 17529.0 24 1.7E-C4* 1.2E-01*

NM1 676u.C 2 12 0 17520.C 24 1.7E-C4* 1.2E-01*

0C1 87eo.0 2 12 0 17520.C 24 1 7E-C4* 1.2E-Gl*

PB2 8760.0 4 12 4 3504C.G 48 1 1E-04 8.3E-02

Pil 8760.G 2 12 0 17520.C 24 1 7E-04* 1.2E-01*

OC1 8760.0 2 12 3 17*20.0 24 1 7E-C4 1 3E-01

OC2 8760.0 2 12 0 17520.C 24 1.7E-C4* 1.2c-01*
24 5.7E-C5 4.2E-C2VY1 8769.0 2 12 1 ..17520 L...... ... . ........

TOTAli 33 385440.0 *28

* DENOTES LPPER 95 P Er.CE NT CONF IDENC E 80uND wakN r0 F AILURE5 RECORota

.

O O O
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00E5 NOT $lARI - IMONIHLY lEST1hG) 1977-

ESTINGHOUSE_=......___..
STAh08YPLAhi CRIT. HRS. PDPLLATICh DEMANDS FAILURE 5 POP.H0bHS PCP.OEMAh05 NGUR RATE DEMAND NATE

BV1 6160 0 2 12 7 17520.C 24 4.0E-t4 2.9E-01
0C1 876G.0 2 12 0 17520.C 24 1 7E-04* 1.2E-01*
Hhl 6760.0 2 12 0 17520.0 24 1.7E-04* 1.2E-Cl*
IP2 6760.0 3 12 0 26280.0 36 1.1E-C4*- 8 3E-02*
IP1 8760.0 3 12 C 26280.0 36 1.1E-04* 8.3E-02*

| JF1 3432.0 5 5 3 17160.0 25 1 7E-04 1 2E-01
,

j KE1 8760.0 2 12 1 17520.0 24 5 1E-C5 4 2E-C2
] PRI 8760.0 2 12 0 17520.0 z 's 1.7E-64* 1.2E-01*
| PR2 8760.4 2 12 0 17520.0 24 1 7E-04* 1 2E-01*
] P!1 8760.0 2 12 2 17520.0 24 1.1E-C4 8.3E-C2

PT2 8760.0 2 12 0 17520.0 24 1 7L-C4* 1.2E-01*
RG1 8760.0 2 12 0 17520.0 24 1.7E-C4* 1.2E-01*
R02 6760 0 2 12 0 17520.0 24 1 7E-04* 1 2E-01*
SA1 8760.0 3 12 2 26280.C 36 7.6E-05 5.6E-02
501 876C.C 2 12 0 17524.9 24 1.7E-C4* 1 2E-Cl*
Sbl 876G.0 2 12 0 17520.0 24 1. 7 E -0 ". * 1.2E-01*
502 87e0 0~ 2 12 0 17520.0 24 1 1E-C4* 1.2E-Cl*4

,

j TP1 bi6u.0 2 12 1 17520.0 24 5 7E-(5 4.2E-02
TOI 8760.0 2 12 2 17520.0 24 1 1E-04 8.JE-C2

j I t'4 6160.0 2 12 0 17520.0 24 1.7E-C4* 1.2E-01*
YH1 876C.0 3 12 1 262eo.0 36 3.6E-05 2.8E-024

211 6760.0 3 12 0 262et.L 36 1 1E-C4* 8.3E-02*
; 212 eT60.0 3 12 0 2t280.0 36 1.1t-04* 8.3E-02*

TOTAL 5 ~}9
~~

~ 5556U5~ ~~~~525~4

* OEN01ES OPPER 95 PERCENI CONFIDENCE BOOND hHEh NO FAILORt3 RECCdDED
i

I

,



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

00E5 NOT SIARI - (MONTHLY 1E511NG) - 1977

F I N.AL_..a.l .a l _l 5_T .I C..S___ . _

*1Ah0B
HbbR RA E DEMAhD RATE

1.9 1.9

BAR.Lall. 9.4E-05 6.7E-L2

2.1 2.1

1.6 16

COMB.ENG. 9.8E-03 T.1E-02

1.7 1.7

13 1.3

GEN.ELEC. 8 6E-C5 6.JE-CZ
14 1.4 ,

w
$

15 1.5

WESTINGH. 4.2E-CS 3.0E-02

1.5 15

1.3 13

PhR'S $.8E-0$ 4.2E-02

1.3 13

1.2 12

ObExaLL 6.$E-05 5.GE-02

1.2 12

* DENLits bPPER 95 PENCENT CONflDENCE scVND hHEN N0 FAILORES RECCROED

O O e
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4

00E5 NOT SI AR1 - (MONTHLY TESTING) - 1978

.B.a s CO C.K E h !.L C 0 A.... ... ...

5fANDBTPLANT CRII. hrs. POPULATION DEMAND 5 ( AILURES POP. HOURS PCP. DEMANDS HOUR kATE DtMAND RAIE
AR1 6760.0 2 12 0 17529.0 24 1 7t-C4* 1.2E-01* I
CR3 8760.0 2 12 2 17520.0 24 1 1E-C4 8.3E-02'
081 6760.0 2 12 2 17520 0 24 1.1E-04 8 3E-02
PSI 6760 0 2 12 0 17S20.0 24 1.7E-04* 1.2E-01*,

!
TIl 8760.0 2 12 2 17520.0 24 1 1E-04 8.3E-02
T12 6648.0 2 9 2 13296.0 18 1 5E-04 1 1E-01 ,

'

TOTAL 5 8 10C896.0 136

* DEhuiEa UPFER 95 PERCENT CONFIDENCE 80bhD kHEN NO FAILURE 5 RECCRDED

EU
"'

; 00E5 NOT START - (MONIHLY TE311hG) - 1978
LGM805 TION ENGINEER 1hG.

|
>TAhDBYt PLANT CRIT.HR$. PDPOL AllCN OLMAN05 FA1 LORE 5 POP. HOURS PCP.0EMahD5 HLbR kATE DEMAND RATE

AR2 600 0 2 1 0 1200.o 2 2 5E-C3* 1.5L+00* !
[ CC1 8760.0 2 12 2 17520.0 24 1.1L-C4 8 3E-G2
j CC2 8760.0 2 12 0 17520.C 24 1.TE-04* 1.2E-Cl** ;ICI 8760.0 2 12 1 17520.0 24 5.7E-05 4.2E-02

M12 8760.0 2 12 0 17520 0 24 1 7E-04* 1.2E-Cl*
MY1 8F60.0 2 12 2 17520.0 24 1 1E-04 8.3E-C2
PA1 676C.0 2 12 C 17520 0 24 1.7E-C4* 1.2E-Cl*

,

SL1 8760 0 2 12 1 17:20.0 24 5.7L-c' 4.2E-02i
*

TOTALS 6 12354C.C 17C '
4

;

* DENOTES UPFER 95 PERCENT CONFIDENCE BCOND WHEN HC FAILURES RECORDED

i
1 ,

*

i
i *

4

.



DOES NOT STARE - (MUNIHLY lisfLNGl - 1978
GENERAL ELECIR1C
________________

STANOBY

Ptahi CRII.HR$. POPDL A11Gh DEMAND $ FAILOWE5 POP.HCLR5 90P.0EMANDS Ht,L R WAIE DEMAND RATE
,

BF 1 6760 0 4 12 0 3504G.C Ab 8.5E-CS* 6.2E-c2*

BP1 8760.0 1 12 1 6760.0 12 1 1E-04 8.3E-02

8R2 8760 0 4 12 1 35040.0 48 2.9E-LS 2 1E-C2

CD1 8760 0 2 12 1 17520.0 24 5. 7t-C 5 4 2E-02

Dal 8760.0 2 12 1 17520.0 24 S.7E-GS 4 2E-02

OR1 8760.0 1 12 S 8 76 0.C 12 S.7L-04 4.ZE-01

OR2 8760.0 2 12 7 11520.G 24 4.CE-C4 2.9E-01

OR3 8760.0 2 12 0 17520 0 24 1 7E-C4* 1 2i-01* ,

ENI 8700.0 3 12 0 26280.0 36 1.1E-04* 8.3E-02*

d EN2 4296.0 3 6 2 12888.0 lb 1 6E-C4 1.1E-C1

FPI e760.0 4 12 1 35040.0 48 2 9E-t$ 2 1E-C2#

M11 8760.0 1 12 0 8760.C 12 3 42-C4* 2.SE-vi*

PCI eTeo.O 2 12 0 17'20.0 24 1.7E-C4* 1.?E_01*

NM1 8760.0 2 12 0 1752G.C 24 1.7E-C4* 1.2E-Cl*

OC1 e760.0 2 12 1 17520.0 24 5.7E-C: 4.2E-02

PB2 6760.0 4 12 3 3SO40.0 48 8.6E-Ct 6.3E-02

Fil 8760.0 2 12 0 17520.0 24 1.7E-C4* 1 2E-01*

Q01 8760.0 2 12 G 17520.0 24 1.7E-04* 1.2E-Cl*

QC2 8760.0 2 12 0 17S20.0 24 1 7E-04* 1 2E-01*
24 1 7E-G4* 1.2E-01*

VY1 87c0.0 2 12 ___0 _ _ __1_7 5 2_0 . _0__________ __ _

TOTALS 23 398326.c 346

DENUTES UPPER 95 PERCENT CONF 10ENCE 80LHC kHEN NC F AIL 'RE) REcCMDEC*

# 9 e
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a
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|
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i

D0f5 NOT stAa1 - (MONTHLY itSTING) - 1978

. h E .S.T .I .N G _H C U _S _L.. ..

STANC8YPtANT CRIT. HRS. POPULAllUh OEMAN35 FAILURES POP. HOURS PUP. DEMAND > HLUR WAIE DEMAND RATE
Bb1 8760 9 2 12 4 1752L.C 24 2.3E-C4 1.7&-01

< ,

001 e760.0 2 12 0 17520.0 24 1.7E-C4* 1.2E-01*,

1 DC2 7060.0 2 10 2 14160.0 20 1.4E-C4 1.CE-41
e

HN1 8760.0 2 12 0 17S20.0 24 1.7E-04* 1.2E-01**
IP2 6760.0 3 12 0 26280.0 36 1 1E-04* 8.3E-02*1

IP3 8760.0 3 12 0 26280.0 36 1 1E-C4* 8.3E-C2*
JF1 8700 0 5 12 8 43800 0 6C 1 6E-C4 1.3E-C1
KE1 676V.0 2 12 -0 17520 0 24 1 7E-C4* ~1 2E-Cl*
NA1 6456.0 2 9 0 12912.0 18 2.3E-04* 1.7E-01*

[
PR I 8760.0 2 12 0 17520.0 24 1 7L-L4* 1 2E-Cl*
PS2 6760 0 2 12 C 17520.0 24 1.7E-04* 1.2E-Cl*

ca PT1 6760.0 2 12 1 17520 0 24 5.7E-05 4.2E-C23

| PT2 8760.0 2 12 0 17520.0 24 1 7E-04* 1.2E-Cl*.

; RG1 8760.0 2 12 1 17520.0 24 5 7E-C5 4.2E-02
j RC2 876v.C 2 12 0 17520.0 24 1 7E-C4* 1.2E-01*
| SA1 8760.0 3 12 0 26280.0 36 1.1E-04* 8.3E-02*

SCI 8760.0 2 12 2 17520.4 24 1 1E-C4 8.3E-02
501 6760.0 2 12 0 17520.0 24 1.7E-64* 1.2E-Cl*
5U2 8760.0 2 12 0 17520.0 24 1 7E-C4* 1.2E-01*

3

IRI 8760.0 2 12 0 17520.0 24 1.7E-04* 1 2E-Gl*
; 103 676C.0 2 12 0 17520 0 24 3.7E-C4* 1.2E-bl*
I TU4 6760.0 2 12 0 1752C.C 24 1.7E-C4* 1.2E-01* t

! YR1 6760.0 3 12 0 26280.0 36 1 1E-C4* 8.3E-02*
j 211 6760 0 3 12 4 26 28 0.C 36 1.SE-04 1.1E-01 '

| 212 6769.0 3 12 C
'

---.6 2 6 ;, . O2 ._.._ .____.36. 1 1E-C4* 6.3E-C2*
. .....

(CTALS 22 308872 0 698
*

* OtNOTE S OPPER 95 PERCEhi CONFIDENCE BOUNU kHEN NO FAILURkS RECCEDEC,

I

t

t

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



_ - - ____ - ._____. . - _ . ._.. __ _ _-__-____

i

|
|

DOE S N01 5 ( AR I - (MONIHL f 1 E511NG) - 1978

[1Ib.NII[.11bb 1

STANDBf
HULR RAIE DEMAND RATE

1.e 16

BAB.LmIL. 7.9t-05 S 8E-e2

2.0 2.0

2.0 2.C

COMB.ENG. 4.SE-05 3.SE-02
2.3 2.3

1.4 1.4

GEN.ELEC. 5 8E-05 4.2E-02

1.5 15

U
<a

1.4 14 ,

mESTINGH. 4 3E-0* 3.2E-02

1.5 1.5

13 13

PhR85 4.9k-05 3.6E-02

1.3 1.3

12 1.2

DVERALL S.2E-0$ 3.6E-02

1.3 1.3

* OtNCIES OPPER 95 PERCENT CONF IDENCE BluNo mHEN NO FAILbRE5 PECCDDED

O O O
-



_ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . ____ _ _ _ _ . . _ . . _ _ _ ___ _ . _ _ _ . m

4

%

DOE! h0T SIAR1 - INGNIHL7 IE511 ngl 1976 THRU 1978-

_B _A 8.C O _C K E u_1_L _C _O_. _ ___

s STANOBYPLANT CRIT. HRS. PDPULA110N DEMANDS FAILLRES POP.HCURS POP.0EMAhD5 H00R kAIE DEMAND RATE
,

1

ARI 26280 0 2 36 2 52560.0 72 3.8E-C* 2 8E-02
'

| CR3 17164 0 2 24 e 34368.0 48 1.7E-C4 1.3E-C1
081 11424.0 2 16 3 22848.C 32 1.3E-44 9.4E-C2
R$1 26280.0 2 36 3 52560.0 72 5.7E-05 4 2E-u2

i III 2e280.0 2 36 3 52560.0 72 5.7E-C5 4.2E-02
II2 6648.0 2 9 2 13296.0 16 1.5E-C4 1.1E-01

TOTALS 19 228192.0 314
< * DENOIES UPPER 95 PERCENT CONFILENCE 8COND kHEN NL FAILORES RECCROED'

U
- e
| UCL3 NOT 3iART - (MONTHLf IE511 ngl - 1976 THRU 19 78
!

_C _O_M BO_ S_ T _I O N_ _______I_NEERING
ENG

_ ______

$!Ah08YPLANT CRaf.HR$. PDFULAT10h DEMaN05 FAILLRES POP. HOURS PCP.DEMAh05 HCLR Rale DEMAND RAIE
AR2 600.C 2 1 0 120C.C 2 2.5E-03* 1 5E+00*
CC1 26280.G 2 36 7 52S66.0 72 1 3E-C4 9.7E-02
CC2 18264.0 2 25 4 36528.0 50 1.1E-04 8.0E-02
FC1 26260 0 2 36 6 525t0.C 71 1 1E-C4 8 3E-C2

,

M12 26260.0 2 36 6 52560.C 72 1.1E-C4 8.JE-C2,

MY1 26260.0 2 36 2 52560.0 72 3.dE-05 2.8t-02
j PA1 2t280 0 2 36 0 52560 0 72 5 7E-05* 4.2E-02*
i SLI 23592.0 2 32 ___5 _i _ _ _ _ _7_1_8 4 . 0_ _ 64 1.lt-C4 7.dE-C24

__ ________

. TOTALS 30 347712.0 476 !

| * DEhCIES OPPER 95 P ERCENT CONF 10 ENC E 80UND bHEN NC FAILORES RECCRDED
.

1

i

>

I



OCE S NOT S T Ad1 - (MONTHLY TESTING) - 1976 TH60 1978
ELEC

..._.. .....TEIC...
STANCBT

.,E N E R A LG

PLANT CWIT.HR$. PLFULATICh DcMAN05 FAILURES POP.900E5 POP.DiMahL$ HOUR RAlt OEMAND RATF

BF1 26250 0 4 36 2 105120.0 144 1.9E-05 1.4E-02

BP1 2P.280.0 1 36 19 26280.0 36 7.2E-C4 5 3E-01

892 26280 0 4 36 7 105120.C 144 6.7E-05 4.9E-C2

Col 26280.0 2 36 2 525o9.0 72 3 8E-C5 2.8E-C2

Dal 20200.0 2 36 3 52560.0 72 *.7E-05 4 2E-02

CE1 26280 0 1 36 5 26280.C 36 1 9E-C4 1 4E-C1

092 26260.0 2 36 16 52560.C 72 3.CE-04 2.2E-01

DR3 26200.0 2 36 4 52560.0 72 7.6E-05 5.6E-02

EN1 26280.0 3 36 8 78840.0 108 1 0E-C4 7.4E-C2

$ EN2 4296.0 3 6 2 12888.0 18 1.6E-C4 1 1E-C1

FP1 262eJ.G 4 36 5 105120.0 144 4.8c-65 3.5E-C2

Pil 26260.0 1 36 0 26260.0 3e 1 1E-C4* 8.3E-C2+

N01 26260.0 2 36 1 52560.0 72 1.9E-65 1 4E-02

NM1 26280.0 2 36 C 52560.0 72 5.7E-05* 4 2E-C2*

OC1 26280.0 2 36 3 52560.0 72 5.FE-05 4.2F-C2

PB2 2t280 0 4 36 7 105120.0 144 6.7E-C5 4.9E-02

Pil 26280 0 2 36 0 52560.0 72 5.7E-L5' 4.2k-C2*

OC1 26280.0 1 36 4 52560.0 72 7.6E-L5 5.6E-02

OC2 26280.0 2 3e 0 52560 0 72 5.7E-05* 4.2E-02*

...2560 0 .....72 3.bE-c5 2.eE-02VY1 26260.0 2 36 ..2.. 5
....

TOTAL 5 90 11092ue.C 1602

* DENUTE5 UPPE4 95 PERCENT CONFIDENCE 8CLND kHEN NC FAILURES AECCRDED

O O O



_ _ _ _ . _ _ _ _ _ . . _ _ . _ . ._ . .. - _ _ ._ .- _. __ _ . _ . . _ _ ._
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; DCE5 NOT $14R1 - (MONTHLT IE$11NG) - 1976 IHRb 1978

__E S_T _I_NGH OU_S _E
w

_ ____

STAN08YPLANT CRIT. HRS. POPULA11CN DEMANDS FAILURES POP. HOURS POP.0EMAh0S HOOR RAIE DEMAND RATE
BW1 23136.0 2 32 13 46272.0 64 2.8E-04 2.0E-01
DCI 26280.0 2 36 1 52560.0 72 1.9c-C5 1 4E-C2

-

DC2 7&oC.C 2 10 2 14160.0 26 1.4E-C4 1.CE-C1
HN1 26280.0 2 36 1 52560.0 72 1 9E-05 1.4E-02
IP2 26200.0 3 36 0 78840 0 108 3.8E-CS* 2 8E-C2*
IP3 23952 0 3 33 0 71856.L 99 4.2E-L5' 3.tE-02*
JF1 12192 0 S 17 11 60960.0 85 1.8E-04 1.3E-01
KE1 26280.0 2 36 1 52560.0 72 1.9E-05 1.4E-02
NA1 6456.0 2 9 0 12912.0 le 2 3t-L4* 1.7E-01*
PRI 2628C.C 2 36 C 52560.0 72 5.7E-0S* 4.2L-C2+
PR2 26280.G 2 3o 0 5 2 5 t,0.0 72 5.7E-0** 4.2E-02*

g Pil 26200.0 2 36 3 52560.0 72 S.7E-LS 4.2E-02
) PT2 26260.0 2 36 0 52560.0 72 5.7E-65* 4.2E-t2*

"

j. RG1 26260.0 2 36 1 52560.0 72 1 9E-05 1.42-02
j R C2 26280 0 2 36 0 52560.0 72 5 7E-05* 4.2E-02*-
; 5A1 179 76. C 3 25 2 53928.C 75 3 7E-CS 2.7E-(2

'

Sul 26260.0 2 36 2 52560.C 72 3.81-CS 2.8E-02
1 SL1 26280 0 2 36 1 52560.0 72 1.9E-C' 1 4E-02 '

$U2 26260.0 2 36 0 52560.C 72 5.7E-05* 4.2t-02*
IRI 26280.0 2 36 1 52560.0 72 1.9E-03 1 4E-02
103 26260.0 2 30 2 $2560 0 72 3.8E-05 2.8E-02)
TL4 26260.0 2 36 0 52$60.0 72 S.7L-Che 4.2E-C2' |.

Yk1 26280.0 3 36 1 78840 0 108 1 3E-L5 9.3E-03 I

213 26260.0 3 36 5 T8840.C 106 6 3E-LS 4.6L-02
Zil 26260.0 3 36 .0.-- 78640 3.et-CS* 2.6E-02*

....... 0.. ....108--
,

i TOTALS 47 1363848.0 1673
| * OENOTES UPPER 95 PERCENT CONF 10ENCE BOUND kHEN NO FAILURES RECCROED
a

i

!

i
__ _ _ _ _ _ _ _ _ _
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1 APPENDIX P

RESULTS OF THE DIESEL-GENERATOR, DOES NOT CONTINUE
! TO RUN, FAILURE RATE ESTIMATIONS
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4

00f5 NGT CONTINUE TO RON - twEEKLv IESTING) - 1976

...B C.D C.K L W I L .C D.A !BA
.. .... . i

; CPERATING
PLANT COMP. HRS. POPULATION FAILbRES POP.HCukS. HOLR RATE,

i

Ak1 52.0 2 0 4C4.G Z.9E-C2*
; R51 52 9 2 1 1E 4.C 9.6E-03
; '

: 111 S2.0 2 0 104 0 2.9E-02*
l

TOTALS 1 332.0i

* DEHOTES UPPER 95 PERCENT CONF 10ENCE 800ND hMEN NO FAILUPES RECORDED
j !

.

i

%

ca
; a

w
00f 5 NUT CohTINur TD kUN - (MEEKLY TESTING) - 1976

......S.T.I ON E NGI hE E.R I NG
COMBU

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

OPERATING
PLANT COMP.HR;. POPULATION FAILURES Pao *iOURS. HCOR RATE

'

CC1 $2.0 2 1 144.0 9.6L-C3

CC2 4.0 2 0 0.0 3.1E-01*

FC1 $2.0 2 1 104.0 9.cE-03
| M12 52.0 2 ? 104.0 8.7E-02
!

i Mf1 52.0 2 0 104.0 2 9E-C2*
|

| PA1 52.9 2 0 104.0 2 9E-02*

! SL 1 36.c 2 0 72.0 4.2E-02*
* ..... .. -......
! TOTALS '.1 eCC.G

| * DENGTES UPFER 95 PERCENT CONFIDENCE BOUND kHEN NO FAILURES RtCCNDEC i

.

; '-

i

l i

i
i , _ _



DOES NOT CuhilNut TO RON - (utdKL1 TE511 ngl - 1976

G E hE R A L.E L L C1..R IC....... .... ..
GPERAT1hG

PLANT COMP. HRS. POPULATICN F AILURES POP.HLbRS. HOLE RATE

BF1 $2 0 4 1 2L6.C 4.6E-03

BP1 S2 0 1 2 52.0 3.8E-02

bR2 S2.0 4 2 200.0 9.eE-C3

Col $2.C 2 2 104 0 1.9E-02

OA1 $2.C 2 4 104.0 3 6E-02

DR1 52.G 1 0 $2.0 S.el-02*

DR2 $2.0 2 2 104.0 1. 9 E - C 2

DR3 $2.0 2 2 104.0 1.9E-C2

EN1 S2.0 3 3 156.0 1.9E-02
jg
C" FP1 S2.0 4 0 2C8.0 1 4E-02*

M11 S2.C 1 0 $2.0 S.8E-02*

N01 S2.C 2 0 1C4.0 2.9E-C2*

NM1 *2 0 2 0 104.0 2.9E-02*

OC1 $2.0 2 0 IG4.C 2. 9 E-0 2*

PS2 $2.0 4 0 4,4 a 1 4E-C2*

P11 S2.0 2 2 1C4.0 1 9E-02

GC1 S2.0 2 0 1C4.0 2.9E-C2+

OC2 S2.0 2 0 IC4.0 2 9E-02*

1C4.0 9.6E-03WY1 S2.0 2 ...1 ..........

TOTALS 21 2266.0

* DEh0TE$ UPPEN 95 PEkCENT CONFIDENCE BCUND uHEN NO F AILOREJ ptCORCE L

9 9 e
.



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

_

,

, ,

t

1

4

9 i

,

1' i
DOES NOT CONTINUE TO RuN - (tEEKLY TESIING) 1976- *

..E $ f..l N G.H 00 5.E
W

. .. ...

OPERATIhG'

PLANT COMP.HdS. POPULATICN FAILORE5 POP.HCURS. HOLR Ritt
Byl 33.0 2 .6 66.9 4.SE-C2*

.

|

j OC1 52.0 2 0 104.0 2.9E-02*
HN1 52.0 2 0 104.0 2.9E-02*
IP2 $2 0 3 0 1$6.0 1.9E-02*1

1P3 30.0 3 3 114.0 2.6E-02
; KE1 $2.0 2 0 104.0 2 9E-02* j

PR1 $2.0 2 0 104.C 2 9E-02*
PR2 $2 0 2 1 104.C 9.6E-C3 |

j Pil 12.C 2 0 104.0 2.91-02*
1d, PT2 52.0 2 0 104.0 2.9E-02* |

|
RG1 $2.0 2 0 IC4.0 2.9E-C2*g

d3 R02 52.0 2 1 104.0 9.6E-03 |
,

4

f
SA1 3.0 3 0 9.0 3.3E-01*

i 301 S2.0 2 0 IG4.C 2.9E-C2'
Sul 52.0 2 0 104.0 2.4E-C2*

*

SU2 52 0 2 0 104.0 2.9E-02*
1

i ixi 52.0 2 0 104.0 2.9E-02*i
103 b2.C 2 C 1C4.0 2.4E-C2+

,

i TU4 $2.( 2 0 104 0 2.4E-02* {
tR1 $2.0 3 0 156.0 1.9E-02*

7 211 S2.0 3 1 156.6 6.4E-C3
i ZI2 S2 0 3 0 156.C 1.9E-C2*

f
~~~ ~

~~~ 3535b~TOTALS 6 2

j * DENOTES LPPEP 95 PERCENT CONF IDENCE 80uNO =Hth NO I AILURks NECCROEC

!

.

I

i
i

:

I,

-._



_ . --_

d

i

DCt 3 NOT CONT INuE 10 RbH - leEEKLT TESTING - 1976

-.I N AL.$ 1 Al.l 1 | l.C.$F
.. ... ...

OPERAfING
HCbR RATE

4.7

BAB.Lh1L. 3 2E-03
i19.5

r

17

COMB.ENG. I.eE-C2

1.8

14

GEN.ELEC. 9.2E-03

$ 1.5
m

20

hESi!NGH. 2 5E-03

2.3

35

PhR s3 S.SE-03
1.S

1.3

LWERALL 7 0E-03

1.3

i

* OLNCIE5 UPPED 95 PERCENT CCHFIDENCE SOUND bHEN NO FAILLRE'a REC 0 HOED j

|
|

|

|

,

9 O O



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

',

%

,

|

*

.

;

,

! 00E5 NOT CONilhDE 10 RLh - InEEKL Y 1E111NG) - 1977
i

! .B A B CO C K L =.I.L C O2........ ... t

OPERATING iPLANT COMP. hrs. POPUL ATION FAILURE 4 POP.HCLR$. HCLR RATE
AR 1 $2.0 2 0 IC4.G 2 9E-C2*
CR3 50.0 2 G 2CC.0 3.GE-C2*
UB1 16.C 2 0 32.0 9.4E-02*{ l

,

- Rai 52.0 2 0 1C4.0 29E-02*!
Til 52.0 2 0 ,,,,104 0, 2.9E-02*

,,, ,

IOTALS 0 444.6
j * DEN 01ES OPPER 9" PERCENT CONFIDENCE 800ND hMEN NO FAILURE 5 RECCRDEO

u>

| d$
1

00ES NOT CONTINUE TO RUN - (WEEKLY TESTING) - 1977

.C.O M B U..S .i .! .O N. E .N G.l .h E .E .R I N G.. . .. . ...I

OPERAI!hG |PLANT COMP. HRS. 80POLATICh F AILURE5 POP.HOLRS. HOUP RATE '.
i

CC1 52.0 2 3 1C4 0 2.9E-C2
CC2 S2.0 2 0 104.0 2.9E-02*

,

FCI $2.0 2 0 104.0 2.9E-02*
M12 22.0 2 4 104.0 3.oE-62

i
MY1 52.0 2 0 1C4.0 2.9E-02*

1 PA1 $2.0 2 0 104.0 2.9E-02*
SL1 $2.0 2 .. 2. ....104.G 1.9E-02

. ...

TOTALS 9 7 0.0

* DENOTES UPPER 95 PERCENT CONFIDENCE BCUNO kHEN NO FAILURE 4 RECORDED1

4

.I

i

I

!_ _ _ _ _ _ _ _ _ _ _ _ _ __



_ _ _ _ _ _ _ - _ _ _ _ ____

DOES NOT CuhilNUL 10 RUN - ( EcKLY TESTING) - 19T7
G.t N E .R A L ..E L .E .Cl..R I .C. .. .. . .

OPE 6AilhG
PLAN [ COMP.HN5 PDPOLA110N FAILUEL5 POP. FOURS. HCLR RATE

BF1 $2 0 4 0 208.0 1 4E-02*

dP1 S2.0 1 0 $2.0 5.eE-C2*

BR2 $2.0 4 2 200.0 9.eE-03

Cal S2.0 2 0 104.0 2.9E-CZ*

DA1 $2.0 2 1 104.0 9.cE-03

OR1 $2 0 1 0 S2.0 S .8 E-C 2*

DR2 $2.0 2 2 154.C 1.9E-CZ

DR3 $2.0 2 1 104.0 9.eE-03

ENI '2 0 3 6 156.0 3.eE-02

$3 FP1 52 0 4 0 2C8.0 1 4E-02*,

Mil S2.C 1 0 $2.C 5.6L-02*

M01 $2.0 2 0 104 0 2 9E-02*

hM1 $2.0 2 0 IC4.C 2.9E-C2*

OC1 S2.C 2 C Its.v 2.9t-E2*

PS2 52.0 4 0 208 0 1 4E-02*

Pil *2.0 2 0 1C4.0 2 9E-02*

GC1 $2.0 2 0 1(4.C 2.9L-C2*

QCZ S2.0 2 0 104.0 2.9E-C2*

WV1 S2 0 2 2 104.C 1.9E-02
..... ..........

TOTALS 14 2288.4

* DEhuiE! UPPED 95 PhECENT CONFICENCE BOUND WHEN NC FAILURE 3 atCCRCEC

|

!

i

G 9 e
-



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . ___ _ . . _ . _ . . . _ _ __ . ___ _ . _ . . _ . . _ _ . _ _ . . . _ . ._ __

.

,

f
1

1

!

i

i

i

!

DOES*NOT CONTINUE [0 a0N - (uEEktV TESTING) - 1977
mE
___S _T.I N G H 005_E. _.__

,

LPERATING lPLANT COMP. HRS. POPULATION FAILURES POP.H0bR$. HCON Walt i
'

tBb1 S2 0 2 1 104.0 9.6t-031 '

DC1 52.0 2 0 104.0 2.9E-02*
4

HN1 $2 0 2 0 104.0 2.9E-C2* l

f
IP2 32.0 3 0 156 0 1.9E-02*
IP3 S2.0 3 0 156.0 1.9E-02* '

iJF 1 20.0 S 2 1C0.0 2.CE-02 i

KE1 S2 0 2 2 1C4.0 1.9E-(2 |
1

PR1 St.0 2 1 104 0 9.6E-C3
'

PR2 32.0 2 0 1G4.0 2.9E-02*) s

Pil S2.0 2 0 104 0 2.9t-02*
Og PT2 S2.0 2 0 104 0 2.9E-02*
"'

RG1 52.0 2 0 104.0 L.9E-02*
'

R02 S2 0 2 1 104.0 9.6E-03
$Al 52.0 3 2 156.0 1.3E-(2

'

. 501 S2 0 2 0 104.0 2.9E-02*
1

Sul 52.C 2 0 104.0 2.9E-02*

; SU2 $2.0 2 0 104.0 2.9E-02*
| TRA S2.C 2 1 104.G 9.LE-C3

Tb3 S2.C 2 0 104 0 2.9E-02*,

f Tu4 52.0 2 0 1G4.C 2.9E-02* ;

,

) fR1 S2 0 3 2 156.C 1.3E-02
-!i

211 52.0 3 0 156.0 1.9E-02*
4

,

212 52.C 3 4 ....156.0 2.et-02<

i
..... .....

,

j 10iALS 16 2 700.C
'

* DEh01E5 UPPEa 95 PERCENT CONFIDENCE BUUND kHLh NO FAILORES RECCRUE0
J,

N

!
|

t

)



_ _ _ _ - . _ _ _ _ . - .

teEEktf IESTING - 197700E5 NOT CON 11 Nut TO kbH -

_____ _ __ _ T _15_( I C sFINAL 51A
_ _ ___

DPERATING
HOLR RAlt

848.6WIL. 6.7E-03*

'

1.1

CCMB.ENG. 1 2E-02
1.9

1.t

GEN.ELEC. 6 1E-03

1.7

~
w 15N

hESTINGH. 5 9E-03
1.6

14

PmR'S 6.SE-03
14

13

OVERALL 6*3E-03

1.3

* DENulEl UPPER 95 PERCcNT CONFIDENCE BCUND uHEN NQ F AILORES RECCRDE D

.

9 O e
- -- - - - - - -- - - - - - -- - - - - - - - - -- --



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

s

'

!

i

|
DOE 5 NOT CUNTINUE 10 AbH - (WEEKLY 1ESi!NG) - 197ei

i

l-

...C OC..K E W I L C..O.A
BAB

__ ..__

-

OPERA [AIE
LNG

PLANT COMP.HR5. POPULATION FAILbRt3 POP.HCORS. HOLR k
AR1 32.0 2 1 104.0 9.6E-03
CR3 52.0 2 0 104.0 2.9E-C2*
D81 52.0 2 3 104.0 2.9E-02

| R51 $2.b 2 1 1C4 0 9.6E-C3
' ,

Til 52.c 2 0 104.0 2.9E-02*
TIZ 40.0 2 2 80.C 2.SE-02

10TALS 7 6CC.C
! * DENOTES UPPER 95 PERCENT CONFIDENCE BCUND nNEN NO FAILURE 5 RECCRDED
|

$
"

DCES NOT CONTINUE TO RbH - (hEEKLT'1ESTING) - 1978
*

_C _O_M 6 0.S.T.I.O N .E _N G I .N E _E _R I .N G.. . _ _ . ..

OPERAlING
, PLANT COMP. HRS. POPULATION FAILURE 5 POP.HCURa. H0LR RATE

AR2 4.0 2 0 8.0 3.7E-01*
CC1 $2.0 2 1 104.0 9.6L-C3 l

CC2 52.0 2 2 144.0 1.9E-02
] FCI $2.c 2 2 104 0 1 9E-02

f M12 52.0 2 3 1C4.0 2.9E-C2
| Mf1 52.0 2 0 1C4 0 2 9E-C2*

PA1 52.0 2 0 104.0 2.9E-02*

.,, $L 1 52 0 2 __.0 __..10.4.0 2.9E-C2*
1

.. ...

TOTAL $ 8 136.C
'.' * DEN 0iE5 UPPER 95 PERCENT CONFIDENCE 80bHD kHEN NO FAILUREa RECCROLD

1

i
i

1
___ _ __

_ . - _



_ _ _ _ _ _ _ _ _ - _ - - - _ . _ _

.

DOES NOT CONTINUE TO RLN - ( EtALY TESTING) - 1978

GE N E R A L__E LE C _1 R I C_______ ___ ___

OPERAi!NG
PLANT COMP.HWS. POPULATION FAILbRES POP.HCLR5 HOLk EAIE

BF1 52.0 4 C 200.0 1 4E-c2*

*2.0 1 9t-02SP1 32.0 1 1 >

842 52.0 4 1 208.0 4.6E-41

C01 $2.0 2 0 104 0 2.9E-C2*

DA1 $2.6 2 G 104.0 2.9E-02*
DR1 52 0 1 0 12.0 1 8t-02*

DR2 52.0 2 1 1C4.C 9.6E-C3

DR3 52.0 2 0 1G4.0 2.9E-C2+

EN1 52.0 3 0 156.0 1 9E-02*
u
g EN2 26.0 3 0 78.0 3.6t-02*

FP1 $2.0 4 1 208.0 4.eE-03

N11 $2.0 1 0 52.0 S.6E-C2*

N01 52 0 2 0 104.0 2 9E-02*

NH1 52.0 2 0 104.0 2.9E-C2*

OC1 52.0 2 U 104.C 2 9E-C2*

PBZ $2.C 4 1 208.0 4.8E-03

P11 52.0 2 1 1C4.0 9.eE-03

0C 1 $2 0 2 0 IC4.0 2 9E-C2*

QC2 52.C 2 0 104.0 2.9E-C2*

VT1 52.0 2 1 104.0 9.tE-03
_____ __________

TGIALS 7 2366.c

* DENUIES UPPER 95 PERCENT CONF 1DENCE BOUND aHEN NO FAILURLS RECORDEL

O O O
_



_, . _ _ . . . .~ ._. _ . _ _ . _ _ _ . - . . , _ . _ . . ._. __ .__. . _ _ . . . _ . _ . _ . _

'~'s >

.

n

DilES NOT CONI!NuE 10 kuN - thEtKLT 1E2 TING) - 1978,

..E S.T _I .N G H 0u S.E
m

_ ..__ .

OPERATINGPLANT COMP.HR5. POPULATION FA! LORES POP.H0 bra. H0bR RATE
BW1 52.0 2 2 1C4.0 1.GE-02
0C1 52.0 2 0 104 0 2.9E-02*
DC2 42 0 2 3 84.0 3.6E-C2
HN1 b2.0 2 0 404.0 a.GE-.go

AP2 >2 0 3 6 156.0 1.9E-02*

IP3 32 0 3 0 156 0 1.9E-02*

JF1 52.9 5 0 260 0 1.2E-02*

KE1 52.C 2 0 1C4 0 2.9E-02*
NA1 30.0 0 76.0 3.9E-02*s

PR I 52.0 2 0 104.0 2 9E-02*

PR2 52.b 2 0 104.0 2.9E-02*
In Pil S2.0 2 0 104.0 2.9E-02*cn

PI2 t2.0 2 0 104.0 2.9E-02*
RG1 5Z.C 2 0 104.0 2.9L-02*
Ro2 $2.0 2 1 104 0 9.6E-C 3
SA1 52 0 3 0 156.0 1 9t-02*

Sul 52.0 2 0 104.0 2.9E-02*

301 52 0 2 0 1C4.0 2.5E-c2+
S02 52.0 2 0 104.0 2.9E-02*

1R1 $2.0 2 0 104.0 2.9E-02*
TU3 52 0 2 1 104.0 9.6L-C3.

! IU4 52.0 2 0 104.0 2.9E-C2e
3
'YRi 52.0 3 0 156.0 1.9E-02*
'211 52.0 3 2 156.C 1.3t-C2

l 212 52 0 3 3 lb6.0 1.9E-(2 i

...__ ________.-

10TALS 12 3020.0

* OENGTES OPPER 95 PERCENT CONFIDENCE 800NO hMEH NO F A! LORE 5 RECORDED
!

4

|
.



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -___-_____ .-.__

I

197800E5 NGT CONTINJE TO NUN - tul2KLY TESTING) -

......$.1 A T 11.T I C 5F IN AL
__.. ...

OPERATING
HCLR RAIE

1.9

BAB.Lh1L. 1.22-02

( Z.1

|

1.8

COMB.ENG. 1 1E-G2
2.0

1.9

GEN.ELEC. 3.0E-03

2.1

...

wthlINGH. 9.w t-4 3

1.T

14

PkR'S 6 2E-03

1.4

13

CVERALL 5 1E-03

1.4

* DENOTE 5 LPPER 95 PERCENI CONFIDiNCt BCOND mHEN NO FAILLRES RECUR 0t0

9 G e
_ _



- - ---_ - - ._. _. . - - _ - .-.-_ -- . - _ _ . _ - - - .-- .. . _ ..

!

,

1 -

1

1976 IHRU 1976OCE) NOT CONTINUE TO RUN - (mEEnLT TESTING) -

.B .A B C O C.K E W I_L C O.A.__ .... _.

LPtkATING
PLANT COMP. HRS. POPULATION F AILUP ES POP.HGURS. HOLP RATE

AR1 156.0 2 1 312.0 3.2E-03

CR3 102.0 2 0 204.0 1 5E-02*

081 68.0 2 3 136.0 2.2E-02

R51 156.0 2 2 312 0 6.4E-03

Til 156.0 2 0 312.0 9.6E-03*

T12 40 0 2 2 80.0 2.*L-02

TOTALS 8 1356.0

* DENUTE5 UPPER 95 PERCEhi CONFIDENCE BOUND hMEN NO FAILURES RECCRCEC

U
'" 00E5 NOT CONTINUE 10 RUN - tutEKLT TESTING) - 1976 THRU 197t

'

.____.._.......___..NGCOMBUSTION ENGINEERI
__

OPEWAllNG
. PLANT COMP.HRh. POPULA.IDH FallupE5 POP. HOUR 5. HOLk WAIE

AR2 4.0 2 0 8.c 3.7E-Cla

CCI 15c.0 2 5 312 0 a.EE-02

CC2 108.0 2 2 216.0 9.3t-03

FCI 150.0 2 3 312.0 9.eE.c3
N12 156.0 2 16 312.0 1.1E-02

Mil 156.0 2 0 312 0 9.eE-CJ+

PA1 156 0 2 0 312.C 9.6E-03*

all 140.0 2 2 2d0 0 7.1E-03
..... .___......

TOTALS 2o 2064.0

* DLN0!E5 OPFtp 95 PERCENT CONFIDENCE BOUNO hHEN NO FAILURES kECCa0tc

.

___
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IMAGE EVALUATION
TEST TARGET (MT-3)

..
1

| 1.0 gHum
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1.25 IA 1.6

.t

N

MICROCOPY RESOLUTION TEST CHART
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bb\ IMAGE EVALUATION NNN\

TEST TARGET (MT-3) ,

-
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t

1.0 M E4 E4
5 2 jnli-

num

* b===iN|,| g
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,.

1.25 1.4 ; i.6
.I

< 6" -

MICROCOPY RESOLUTION TEST CHART
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\ IMAGE EVALUATION NNN

TEST TARGET (MT-3) ,

''

..
t

'

1.0 d EH E34,

5 R3 EE-mm

|,| * b=b
| .8 -

1.25 jj l.4 1.6

.6

c 6" >

MICROCOPY RESOLUTION TEST CHART
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DOES NOT CONTINUE TO kbH - (aEEKLY TE3 TING) - 1976 THRU 1970

G.E NE W A L-=_E L E C.191.C. - . .

LPEPA(thG
PLANT COMP.HH$- PDPdLATICN FAILbkt5 POP.HCLR$. HLvP WATE

Bil 156.0 4 1 624.0 1.6E-03

BP1 156.0 1 3 156.C 1.9E.02
BR2 ISb.C 4 5 624 0 b.LE-63
Col 156.G 2 2 312.0 6 4E-03

OA1 156.0 2 5 312.0 1.et-C2

OR1 136.0 1 0 156.0 1 9E-C2*

0x2 136.0 2 S 312.0 1 6E-02

OR) 1*6.0 2 3 312.0 9.6E-03

EN1 IS6.0 3 9 468.0 1 9E-02og

co EN2 26.9 3 0 78.0 3.bE-C2*
FP1 156.0 4 1 624.0 1.tt-03

Mil IS6 0 1 0 156.0 1 9E-C2*

M01 136.0 2 b 312.0 9. 6 E-C 3 +

hni 156.0 2 0 312 0 9.6E-G3+

GC1 156.0 2 o 312.0 9.6i-03*

PB2 150.0 4 1 624.0 1.6E-C3

Pil 136.0 2 3 312.0 9.tE-C3

WC1 156.u 2 0 312.0 9.tE-03*

QC2 IS6.u 2 0 312.0 9.eE-C3+

iY1 156.0 2 4 312.0 1.3t-C2
..... ..........

TOTALS 42 6942.0

* JEhulth UPPER 9S e 5RCE NT CCH 10ENCE BOUND =NEh NO FAILUWE5 RECCkULO

O O O
- - -



- _ - _ . - - . _ - _ - . - _. _ -- . _- _ - . _. - _ - . . . - - - - - . - - . . . _ - -
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i

;

4

,

ODES Nur CUNTINut 10 RLN - (eEEKLT TE$ilNG) - 1976 IHPU 1978
hE
__.S T I NGH00 5.E___.....

OPERATINGPLANI COMP.HR). POPULATION FAILb>ES POP. HOURS. H0ch RATE !

1

8v1 137.0 2 3 274.0 1 1E-02 i
0C1 1$6.0 2 0 312.0 9.6L-C3+
DC2 42.0 2 3 84 0 3.oE-C2
HN1 156 0 2 0 312.0 9.6E-03*
IP2 156.0 3 0 468.0 6. 4E-C 3+ s

IP3 142.0 3 3 426.0 T.EE-C3
JF1 72.0 S 2 360.0 S.6E-03
Kti 156 0 2 2 312.0 6.4E-03
NAL 36.C 2 0 76.C 3.9E-CZ*
PRI 136.4 2 1 J12.0 3.2t-CJ

{ PW2 156 0 2 1 312.0 3.2E-03
j

hj Pil 156 0 2 0 312.0 9.6E-03**
P12 136.G 2 0 312.b 9.6E-03*

f kG1 156.0 2 0 312.0 9.6E-03*
R02 136.0 2 3 312.0 9.6E-03
SA1 107 0 3 2 321.C 6.it-C3

,

i
! Sul 156.0 2 L 312 6 9.tE-03*

Sul 156.0 2 0 312.0 9.6t-03*
.

t

502 156.0 2 0 312.C 9.ct-03*
Idi 136.0 2 1 312.0 3.2L-C3

. 103 136.0 2 1 312.0 3 2E-03 !!
'

fu4 116.0 2 L 314.0 v.oE-03*
fR1 156.0, , 3 2 46d.0 4.JE-C3i
211 126.C 3 3 468.0 6.4E-C3

|212 1$6 0 3 7 4t6.0 1.tt-02
;

,

t -- .. ..........

! 10 Tats 34 8C93.t i

!' * DENOTE $ UPPER 95 PERCENT CONFIDENCE BOUND hHEN NO FAILbkts RECCRDED

I
:
,

i

i
- - _ - _ - - . -



_ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____ _ _ _

i

| DUE5 h0T CONT 1NOL id 4hN - (mEEktf IE$i!NG) - 1976 IHRU 1978
,

F 1.h A L.31..A T .13.I.1.C s... .. .

CPERATIhG;
H C h er RAIE

1.8
|

BAB.LblL. 5.9E-03

2.0

1.4

COMB.ENG. 1 4E-02

14

1.3

GEN.ELEC. 6.1E-G3
'

13w
:n
a

13

mESTINGH. 4.2E-C3

1.4

1.2
PmR'$ 6.1E-03

1.2

12

OWLEALL 6 1E-03
'

1.2

* LLftd([$ LPPLE 9$ FE DC L!4T CCNF ICE NCE BOUNC .Ht% NO FaltLSEL FtCC* CEC
b

O O O
- -- --- - - -- -



-_-__.__- - - - . _ _ . _ . __ _ . - . -. -. - -. . - . -- ._ . . - . . . _ ~ . ,

s

00E5 NOT CONT 1h0E TO RUN - (MCNTHLY TEST 1hG) - 19 16

...C.OC.K C W I.L.C C ABAB
. .... ..

OPERATING
PLANT COMP.HR$. POPULATIGN FAILORES POP.HCUR$. HOLR RATE

AR1 12 0 2 0 24.0 1.2E-02*

R$1 12.0 2 1 24.0 4.2E-02

Til 12.0 2 0 . .... C 1.2E-Cl*24
< ..... ..

TOTALS 1 72 0
'

* DEN 01ES OPPER 95 PERCiNT CONFIDENCE BOUND uMEh NO FAILURES RECCRDED

,

$
~

DCE$ NOT CohTINuE 80 Ruh - (MONTHLY TE$ilNG) - 1976
l COMob1T10N ENGlhEERlhG l

| OPERATING:

,1 PLANI COMP. hrs. POPULATION FAILURES POP. HOUR $. HOLR RATE

CC1 12.C 2 1 24.0 4.2E-02-

| CC2 1.0 2 0 2.0 1.SE+0C*
FC1 12.0 2 1 24.0 4.2E-02

M12 12.C 2 9 24 0 3.eE-01
Mf1 12.0 2 0 24.G 1.2E-01*

! PA1 12.0 2 0 24.C 1 2E-01*

SL1 8.0 2 C 16.6 1.9E-Cl*
! ..... ..........

j TOTALS 11 138.0

! * OthCTES LPPER 95 PERCENT CONFIDENCE BOUNO kHEh N0 FAILUGES REC 0kDED
4 ,

I i

i
i

I
!

i
1
1

__ _ _ _ _



(.
. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

OGES hof CONithuE IO Rbh - (MCNidLT Ti$ilhG) - 1976

GE hE R A L__E L EC__T R IC_______ __ ___

CPEkAllhG
PLANT COMP. HRS. PDPuLATICN FAILURES POP.HCURa. MLLR RATL

BF1 12.0 4 1 46.0 2.1E-02

BP1 12.0 1 2 12.0 1 1E-C1

BRM 12.0 4 2 48.C 4.2E-C2

Cui 12 0 2 2 24.0 e.3E-02

DA1 12.0 2 4 24.0 1 7E-01

DR1 12.0 1 C 12 0 2.SE-01*

DR2 12.0 2 2 24.0 6. 3 E-0 2

DR3 12.0 2 2 24.0 8 3E-02

EN1 12.0 3 3 36.0 8.2E-C2
w
$ FP1 12 0 4 0 48.4 6.2E-C2*

Mil 12.G 1 0 12.0 2.SE-Cl*

MOL 12.0 2 0 24.0 1 2E-01*

NM1 12.C 2 0 24 0 1 2E-01*

CCI 12.0 2 0 24.0 1.it-01*

P82 12 0 4 0 48.0 e.2E-02*
i

Pil 12 0 2 2 24.0 8.3E-G2

QC1 12.C 2 C 24.4 1.2E-41"

QC2 12 0 2 0 2*.0 1 2E-Cl*

24.0 4 2E-02vf1 12.0 2
_ _ _ _1_ __________

TOTALS 21 S26 0

enth NG FALLURE5 RECCRCEL* OtNOTES OPPER 95 PERCENT CONFIDENCE BGbhD

.

O O O



-- . _ _ _ - . _ - . . - . _ . . . . - - . - _ _ _ . _ _ - .-. ___ - . - . . . _. . . . . - - - . .- . . . .

I

i
1
1

!

l ,

'
!

;

h

i

;
,

i

00t5 NOT C0hilNUE 10 Ruh (McNTHLY TE511hG3 - 1976-

hESTINGHOUSE,
'

CPEk& TINGPLANI COMP. HRS. POPULATION FAILURES POP.HChk5. HOLR RATE1

8W1 8.0 2 0 16.0 1.9E-01*
DC1 12 0 2 0 24.G 1.2E-02*
Nh1 12.0 2 0 24.0 1.2E-Cl*
IP2 12.0 3 0 36.0 8 3E 02*

,

1

{ IP3 9.C 3 3 27.0 1 1E-01
Mel 12.0 2 0 24.G 1 2E-01*

{ PRI 12.0 2 0 24.0 1 2E-01*
, s PR2 12.0 2 1 24.C 4 2E-C2!
g Pil 12.0 2 0 24.G 1.2E-L1+

PT2 12 0 2 0 24.0 1.2E-Gl*
| $ kG1 12.0 2 0 24 0 1.2E-Cl*

RU2 12.0 2 1 24 0 4.2E-02
. SA1 1.0 3 0 3.0 1.CE+Co*1

| 501 12.0 2 0 24.0 1.2E-Cl*
| Sul 12.0 2 0 24.C 1.2E-Cl*

302 12.0 2 0 24.0 1.2E-Cl*
} TR1 12.0 2 0 24.0 1.2E-01*
I fu3 12 0 2 0 44.0 1.2E-01*1

104 12.0 2 0 24 0 1.2E-01*
!YR1 12.4 3 0 36 0 8.3E-02*

i, 2Il 12.0 3 1 36.0 2.eE-G2
/

.

212 12.0 3 0 36..........L d.3E-02*
.....

TOTALS 6 SSC.G.
s

* DEN 0lf5 UPPER 95 PERCEh! CCNFIDENCE SCUNL bHEN NC F AILLRf 4 RECLRDEL!

:
I

|
,

j t

I - i
4

_ _



- _ _ _ _ _ _- .-

DCES h0T C0hilhuE TO PLN - (MONIHLY TEST 1hG) 19 76-

.F IN AL.S.T AT IS T.I.CL..... .__.--

CPERAT1hG
HCOR RATE

4.7

BA8.EWIL. 1.4E-02
19.5

1.7

COMB.ENG. 8 0E-02

1.8

14

GEN.ELEC. 4.0E-02

w 15

$

2.0

WF5TINGH. 1.1E-02
2.3

15

PhR'S 2.4E-02

1.S
,

|

13
,

UVERALL 3.0E-C2
1.3

* DtN01ES UPviR 93 PEDCtNT CChTIDENCE 8 Coho .HLN NO FAILUGES RECubCEC

!

O O O
- . --



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

\

t, N
.

t

&

I

e

00E5 h01 CONTIhut 40 HbH (MONTHLY TEST!hG) - 1977-

...-__C _K E e I L C O ABABCO
.......

OPERA [ING
PLANT COMP. HRS. POPUL ATION F AILORES POP.HCLRS. HOLR RATE

AR1 12 0 2 0 24.0 1 2E-Cl*

GK3 12.0 2 0 24.0 1.2k-01*
D81 4.0 2 0 8.0 3.7E-01*

R$1 12.C 2 0 24 0 1.2E-Cl*
!!1 12.0 2 0 24.0 1 2E-01*

____. ..... ....
*

TOTALS 0 10*.0

l * DEN 01E5 UPPER 95 PERCEhT Coht10ENCE BOUNC a EN NO FAILORES RECORDEDr

I

u
Ch
w

00E5 NOT CONT! hue TO RLN - (McNIHLY TEST!hGI 1977-

COMBU5Tich ENGthEERING
i CPERAT1hG

PLANT COMP. HRS. POPULATION FAILORES POP.HCuk5. HDLR PATE

. CCI 12.0 2 3 24.0 1 3E-01
<

CC2 12.0 2 0 24 0 1.2E-01*
FC1 12.0 2 0 24.0 1.2E-Gl*

j M12 12.0 2 4 24.0 1. 7 E-01

| Mf1 12.0 2 0 24.C 1.2E-Cl*
i
; Pal 12.0 2 0 24 0 1.2E-Cl*
>

| 5L1 12.c 2 2 24.0 8 3E-C2
; ..... _____..... ,

j TOTALS 9 168.C '

| * DEhu1E5 UPFER 95 PERCENI CONFIDENCE BCUND eHEN NO FAILLhts dECCROED
! l

i
<

'

!

.!

! !

! !
4

.



_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - . . _ _ _ _ _ - _ . _

Duth h0T C0hf1NVE IO RLh - (MGHTHLT TEh!1NG) - 1977
G E N E R A L..E.L.E C.i .R.A C........ .

CPERATING
PLANT COMP. HRS. POPULAllCh FA! LORES POP.HLbka. HOLk RAIE

8F1 12.0 4 0 48.C 6.2t-02*

BP1 12 0 1 0 12.0 2.5E-Cl*

BRc 12 0 4 2 48.0 4.2E-02

C01 12.0 2 0 24.0 1 2t-01*

Dal 12.0 2 1 24 0 4.2E-02

DR 1 12.C 1 0 12.0 2.5E-Cl*

Da2 12.6 2 2 i4 0 6.3E-C2

DR3 12.0 2 1 24.0 4 2E-02

$ EN1 12.0 3 6 36.C 1 1E-C1

FP1 12 0 4 0 48.0 6.2E-C2*

M11 12.0 1 0 12.0 2.5E-01*

Mul 12.0 2 0 24.0 1.2t-Cl*

NM1 12.C 2 C 24.0 1 2E-01*

GC1 12.6 2 0 24.0 1 2E-Cl*

P82 12 0 4 0 48.0 6.2E-02*

P11 12.0 2 0 24 0 1 2E-Cl*

GC1 12 0 2 0 24.& 1.2E-01*

QC2 12.0 2 0 24.0 1 2E-01*

24.0 8.3E-C2171 12.6 2
.. 2.. ..........

TOTALS 14 528.c

* DEN 01th UPPER 95 PERCEh! CONFIDENCE BCOND uMEh NO FAILLRES dtCCdDED

G G e



_ . - . - _ _ _ _ . - _ _ _ . _ _ _ _ _ _ _ - _ . . _ _ . _ ..- ._
.

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

4

'
,

i

i

1

t

DCES hai CONT 1hbE To RcN - (McNTHLY TES11NG) - 197T
;

...E S T .I .N G H C.U $ i
h

.. ... ..

OPERATING! PLANT COMP. hrs. POPULATION FAILURES POP.HCuk5. H0bR RATE
SW1 12.0 2 1 24.0 4 2E-02

,

i DC1 12.0 2 0 24 0 1 2E-01*l

HN1 12 0 2 0 24.0 1.2E-01*
j IP2 12.G 3 0 36.0 d.3E-02*

IP3 12.0 3 0 36.0 8 3E-02*
JF 1 S.O $ 2 23.0 8.CE-C2
KE1 12.0 2 2 24.0 6 3E-02
Pdi 12.0 2 1 24.0 4.2E-02
PRZ 12.0 2 0 24.0 1.2E-01*

4

Pil 12.4 2 0 24.0 1.2E-01*
,

1

Pi2 12.0 2 0 24.0 1 2E-01*w =

5" MG1 12.0 2 0 24.0 1.2E-Cl*
R02 12 0 2 1 24.0 4.2E-02

i SA1 12.C 3 2 36.0 S.6L-021

501 12.0 2 0 24.0 1.2E-01* .

i sul 12.0 2 0 24.0 1 26-01*
302 12.0 2 6 24.0 1 2E-Cl*,

,

; TR1 12 0 2 1 24.0 4.2E-02
4 lu3 12.0 2 0 24.0 1 2E-clef '

TU4 12.0 2 0 24 0 1.2t-01*
' 4

VR1 12.C 3 2 36.0 S.eE-02
Z11 12.v 3 0 36.0 8.3L-02*
Z12 12.c 3 4 .....36.0.... 1 16-C1

.....

TOTALS 16 62S.C
'

* OhNOTES LPPEW 9S PERCEhi CONFIDENCE BOUND mHEN NO FAILLkt3 RECLROLD
i

)
: ,

'
a

I i

i,
,



. - _ . ___ . - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ - _ _ _ _

D0th NOT CONTINUE TO ELh - (MONTHLY TESTING) - 1977

... _ ..I .AT .I S 1 1 C 5._F IN AL S
. ..

OPsRAIING
HCLR RAIE

BAB.LWIL. 2.oE-02*

1.7

COMB.ENG. 5 4E-02

19

16

GEN.ELEC. 2.TE-02
1.7

$
m 15

i

hE511NGH. 2 6E-02
>

16

14

PWR'S 2 8E-C2
14

1,

13

CbtwALL 2 76-02

1.3

* DENLit$ UPPtR 95 PtRCENT C0hf lDENLc BCONO =HtN 60 FAILORES EECGHDt0

9 9 e



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

t
r

DOES NOT CONTINUE TO RbN (McNTHLY TESTINGl - 19 78-

_8.A B C 0 C K C.o _l _L C .C.A...... .

CPERAilhGPLANT COMP. HRS. POPULATICH FAILURES POP.HCLRS. H0bR RASE

| AR1 12 0 2 1 24.9 4.2E-C2 |

CR3 12.C 2 0 24 0 1 2E-01*

|
Del 12.0 2 3 24.0 1.3E-01
RS1 12 0 2 1 24 0 4.2E-02
111 12 0 2 0 24.0 1.2E-01*

! T12 9.0 2 .. 2 18.0 1 1E-01
1 . ..........
. TOTALS 7 136.0
!
! * DENOTES UPPER 95 PERCENT CONF 10ENCE SOUND kHEN NO FAILURES RECORDED
4

$
*

1 00E5 NOT C0hilNUE TO RbN - (MLNTHLT TESTINGl - 1978

C O.M 805 T.10 N....I N(. t h E.E .R i .h G.. . _ ..... ..

OPLRATINGPLANI COMP.HRa. POPULATION FAILORt5 POP.HCURS. HOUR RATE
AR2 10 2 0 2.0 1.tE+00*

,

!

CC1 12.0 2 1 24 0 4 2E-02
CC2 12.0 2 2 24.0 8.3E-02
FC1 14.s 2 2 24.0 6.3t-02
M12 12.0 2 3 24.0 1.3t.cl

*
Mil 12 0 2 0 24.C 1. 2 L - C 1 +1

PA1 12 0 2 0 s*.. 1.at slo

! "'I '''' .. _ _ C * h. **U ~'A*
.....

i TalALS d 17C.C
'

* M N0lES OPPER 95 PERCEhi CONFICEhCE BOLND mHEh NC FAILCRES RtCCRCEO
,

h
1

9

1

(
_



_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ __

>

LL6: NC1 C0hs abot eL * L ee - (FLhintf loaalNGl - 147:,

G e k 6.M A L EL:*661C
................

Lvt>A!!NG
vlAbe LLPP.dm.. rOFu6*s4LN r a i L L' * L . fur.hlwn . rt 'wb6 FA6t

8e 1 44.. g w 4c.. w .1 -L t o.

br. 12 . .. i 14.w 9. c -i 6a

dve 12.0 4 A 4t.9 i.it-L2

Cui 12.w 2 9 24.L ;.11-04*

OA1 12 0 2 0 44.. ;.et-t;*

DR1 12.0 1 0 12.0 2.$E-01*

OR2 12.9 2 1 24.C 4.2L-02

DR3 12.C 2 0 24.0 1.il-Cl*

Eh1 12.t 3 0 36.0 8.3E-L2+
w
}j EN2 6.4 3 0 10.0 1.71-Cl*

FP1 12.0 4 1 48.6 2.1E-C2

M11 12.0 1 4 12.0 2.*E-01*

MOL 12.0 2 0 24.0 1.2E-01*

hMA 12 .0 2 0 24.0 1.2E-01*

CC 1 12.0 2 0 24 0 1.et-01*

Pd2 12.c 4 1 46.0 2.ll-c2

Pl. 12.- 2 24.0 4.2F-02.

.C i AJ.6 2 . .i.( ...'.-6 t'
*

CC2 12.J 2 c4.L ..ct- 1*w

vf1 12 .0 2 1 24 4 4.et-c2
..... ..........

ICIAli i S46.0

* DENdiEa uPfER 95 PERCEh! CONFICEhCE BOUNU addh NC fAgtLuts atCcsctt

O O O
_ _ _ _ __



- - - _ _ _ - - . - . .- - _ _ _ - - - -- ._. .- - - - _ _ _

'\

~.>?.

I OcE3 NCI CUhTINot 10 RLN (MCNTblY 1EST!hG) - 1978.

..S..T I N G400 $ EhE
........

CPEkATIbGPLANI COMP. HRS. POPuLATICH FAILUREh PCP.HCORA. HLLR WAsE
,

841 12.0 2 2 24.0 8 3E-C2
DC1 12.0 2 0 24.0 1.2E-Cl*
DC2 16.0 2 3 20.0 1.tE-01

q HN1 12.0 2 0 24.C 1.2E-Cl*
IP2 12.0 3 C 36.0 8.3E-C2*
IP3 12.0 3 0 36.0 8.3E-02*
JF1 12.0 5 0 6C.0 S.CE-02*

; RE 1 12.C 2 0 24.0 1.2E-Cl*
NA' 9.6 2 0 18.0 1.7E 01*
PRI 12.0 2 0 24.0 1.2E-Cl*
PR2 12.0 2 0 24.C 1.2E-Cl*

; k$ Pil 12.0 2 0 24.6 1.2E-Cl*
' Pi2 12.G 2 0 24.0 1.2E-01*
j RG1 12 0 2 0 24.0 1 2E-01*
r R02 12.0 2 1 24.0 4.2E-C2

5Ai 12.0 3 0 36.0 8.3E-02*
. 401 12.C 2 0 24.0 1 2E-01*f

j Sul 12.0 2 0 24 0 1.2E-01*
*

502 12.0 2 0 24.u 1.2E-t1*
TR1 12.0 2 C 24.0 1.2E-01*

| TU3 12.G 2 1 24.0 4.2E-02
1 Tug 12 0 2 0 24 0 1.2s-01*
l {TR1 12.0 3 0 36 0 e. 3E-C 2' |1

211 12.J 3 2 3c.0 * .tt-021

| Lie 12.0 3 3 .....30 0 6.3E-C2i

j IGTALS 12 698.0
..... ...

!

* DENOTE 5 LPPER 95 P ERCENT CONFIDENC E 80uhD mHth NC FAILL'Eb RECCRDEC

i

i

4
_ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ - _
. - -

)
i

DOES NOT C0hTINLE TJ Ruh - (MLh!H'.Y IE5th .) - 1978

..I .N A L .51.A f.l .h.i.l.C h.
F

.. . .

CPEkAllNG
HCLR Hale

19

BAB.EsIL. S.1E-02 |
#

2.1

1.8
CCMB.EhG. 4.7E-C2

2.6

1.9.

GEN.ELEC. 1 3E-02
2.1

D
N

1. t.

mE51thGH. 1. 7 6 -4 d

1.7

14

P mE 'S 2 7E-02

1.6

4
1.3

CVESALL 2.2E-C2
'

1.4

* DENulE5 OPPEa 95 PERCtNT CC%FIDdhCd BCUND eMEN NO FAILL8Eh RECCEDt0

0 0 0
_ - - _ - - - - - - - - - _ - - - - - -- -- -



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

|

I

|
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i

!̂

00Eh NOT C0hl!NwE 40 RbH - (MCNTHLY TE5fthGI - 1976 THRU 1976
B ABCOCKi.u!L C0K

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

CPtRAIlNGPLANT COMP. HRS. POPOLATION FaltukES POP.H0Ukh. HGUk RAlt
'

AR1 36.0 2 1 72.0 1. 4 E - 0 2i

CR3 24.0 2 0 46.G 6.2E-L2*
OS1 16.0 2 3 32.0 9.4L-02

a

RS1 36.0 2 2 72.0 2.6E-02
T.4 36.0 2 0 72.0 4.2E-C2*
112 9.C 2 2 18 0 1 1E-01

~~~ ~

~~~~ 5U0
~

T0iAL$ 8 3

* OENOTk5 UPPER 95 PERCENT CONFIDENCE BOUND kHEN NO FAILURES RECORDED

d
w

DOES h0T CohTINUE TO Huh - (MONTHLY TESTING) - 197h THAU 1978

.C OM BU.S.T.I.O.N
E

... . ...N G l .h E .E .R I .N G.. . ..

CPERATINGPLANT COMP. HRS. POPULATION FAILURES POP. HOURS. Hubk RATE
AR2 1.0 2 6 2.0 1.5E+00*
CC1 36.0 2 5 12.0 6.9E-02t

CC2 23 0 2 2 50.0 4.LE-C2
FCI 36.0 2 3 72 0 4.2L-C2
M12 36 0 2 16 72.6 2 2E-01
NY1 36.0 2 0 72 0 4.2E.02*
PA1 36.C 2 0 72.0 4.2E-02*

i s'' ' ' ' ' Z ...'. ..... 'h ?. ' 1E-o'
TOTAL 3 28 416.0.

2

* UEN01ES UPPER 95 PERCFNT CONFl0ENCE BOUND mHEN NL FAILURES RECCRDED
!

!

1

i

.



.____ ____ - ___-__________ - __________ . _

DOES NOT CONTINUE TO RUN - (MUNTHLY TE511hGI - 197o THRu 1978

..E .N E R A L .E L E C T R I.CG
.... .......

OPEPATING
PLANI COMP. hrs. POPULAi!CN FAILURES POP.HCORa. HCbR RATE

0F1 36.u 4 1 144.0 6.9E-03

UP1 36.0 1 3 36.0 0.3E-C2

BR2 36.0 4 S 144.0 3. t E-t 2

Col 36.c 2 2 72.0 2.6E-02

DA1 36.0 2 5 72.0 6. 9 E-C.'

URA 36.0 1 0 36.0 e.3E-02*

DR2 30.0 2 S 72.0 6.9E-02

DR3 36.0 2 3 72.0 4.2E-02

w EH1 36.0 3 9 103.0 8.!E-02
N
** EN2 6.0 3 0 18.0 1.7E-Cl*

FP1 36.0 4 1 144.0 6.9E-03

M11 36.0 1 u 36.0 6.3E-02*

MUA 36 0 2 0 72.0 4.2E-02*
NM1 36.b 2 0 72.0 4 2E-02*

OC1 36.0 2 0 72.0 4.2E-02*

P62 36.0 4 1 144.C 6.9E-C3
,

Pil 36.0 2 3 72.C 4.iE-C 2

wC1 36.0 2 0 72.0 4.2E-02*

QC2 36.0 2 0 72.0 4.2E-C2*

..... .....12 0.. S.6E-02vf1 36.C 2 4

10TALS 42 1602 0

* DEN 0iEh UPPER 95 PERCENT CUNFILENC E BOVND WHEN N0 faALURES RECLRDED

4

O O O



.. . - - . . . _ - - - . .. - - . _ -- - .. . . . . ..

U ( <

,

00ES NOT CohTINuE TO RON' (MUNTHLY TESTIhG) - 1976 IHRL 197o-

__E S _T _I _N G H OU _S _E .

W*

_ ____

OPERATING
PLANI COMP. HRS. POPULATION FAILOREh POP. HOURS. H09R RATE

6W1 32.0 2 3 64.0 4 7E-02,

DC1 36 0 2 u 72.0 4.2t-02*

DC2 10.u 2 3 20.0 1.5E-01

HN1 36 0 2 0 72.0 4.2E-C2*

IP2 36.0 3 0 IC8.C 2 8E-02*

| IP3 33.0 3 3 99.C 3.CE-02
JF1 17.C 5 2 85.0 2.4E-02

KE1 36.0 2 2 72.0 2.tE-C2

NA1 9.C 2 0 18.0 1 7E-01*

PR1 36.0 2 1 72.0 1.4E-02

PR2 36.0 2 1 72.0 1. 4 f -0 2

, y Pil 36.0 2 0 72 0 4..E-C2*

|
* P!2 36.0 2 0 72.G 4.2E-02*

RG1 36.0 2 0 72 0 4.2E-02*

A02 36.C 2 3 72.0
~

4.2E-02

5 !.1 25.0 3 2 75 0 2.7E-c2

SUI 36.0 2 C 72 0 4.2E-C2*
SUI 36.0 2 0 72.0 4.2E-02*

SL2 36.0 2 0 72.C 4.21-02*

1R1 36.D 2 1 72.C 1.4E-02

Tu3 36.C 2 1 72.0 1.4L-02

TU4 36.0 2 u 72.0 4.2E-02*

a fR1 36.0 3 2 108.0 1.96-02

i ZIl 46.9 3 3 108.c 2.dt-C2 !

212 36.0 3 7 108.0 c.tE-02
_____ __________

j TLTALS 34 1873.0

* DENOTES OPPER 95 PERCEhT CONFIDENCE ECOND mHEN NO FAILURES RECCkDED
1

1 |

)
.



_ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ ____ _ _ _ - _ _ _ __ _____ _ _ _ __ _ -_

(MLhTHLY TEST!h;) - 19 76 TH A L 19 7600ES NOT CGhTihuE TO kuh -

.1 h A L.S.T.A T .151.I.C 5.F
... . ..

CPERATING
MOLR RAlt

18

BAB.Lall. 2.SE-02

2.0

1.4
|

COMB.ENG. *.9E-02

1.4

13

GEN.ELEC. 2 6E-02
13y

cn

13-

WESTIhGH. 1.8E-02
,
'

1.4

12

PmR's 2 6E-02
j

| 1.2

12

CVE R ALL 2.6E-02

1.2

* DEh0TtS bPPER 95 PEPCENT CCNF IDENCE BCUND mHEh NO FAILLPE) DECCP0hc

O O O
_
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1 APPENDIX Q
i

f RESULTS OF THE DIESEL-GENERATOR, DOES NOT OPERATE,
i FAILURE RATE ESTIMATIONS

t

|

,

!

1

4

!

|@
.

l

.i

I.

|
|

1

!

.

!

i

.

4

:
1

1

i

I

',

|

@
377

- -____ ._.--... - - - - . _ .



_ - _ _ _ _ - _ . . _ _ = . . .

O -

\ V

AGGREGATE slAND8Y RATES - (MEEKLY TESTINGl 1976 THRU 1978-

_B.A 8 C O..C K L w l .L .C.O.A. ....

STANUBYPLANT CRIT.HR5. PDFutATION DEMANDS FAILURES POP. HOURS POP.DEMAN05 NCbH RAIE DEMAND RA1E
Ak1 2028u.0 2 15 6 3 52560.0 312 5.7E-C5 9.6E-03
CR3 17184.0 2 102 6 34368.0 2C4 1.7E-04 2.9E-CZ
081 11424.0 2 68 6 22848.0 136 2.6E-C4 4.4E-02
Rh1 26280.0 2 156 5 52560 0 312 9.5E-05 1.6E-02
Til 26280 0 2 156 3 52560.C 312 S.7E-05 9 6E-G3
TI2 6648.9 2 4C 4 ...3296.0.. ..... 0 3.QE-C4 5.0E-C21 8

.____ ....

TOTALS 27 228192.0 1356

* DENOTEi UPPkR 95 PERCENT CONFIDENCE 800ND kHEN NO FAILURES RECORDED,

i d
u) AGGREGATE 4TANDBY RATES - (MEEKLY TESTING) - 1976 THRU 19 78

,

.C O M 8 U S.I I O..N.ENGlhEERING._.. ...........

STAND 8YPLANT CRIT.HR5. POPULA11CN DEMAND 5 FAILbRES POP.HCURb PCP.CEMAN05 HLLA RAIE DEMAND RATE
ARI 600.4 2 4 0 1200.0 8 2.5E-03* 3.7s-Gl*
CCI 26260.b 2 156 12 5256C.C 312 2.3E-C4 3.8E-02.

CC2 le264.0 2 108 6 36528.0 216 1.6E-C4 2.dE-02
FCI 26280.0 2 156 9 52560.G 312 1 7E-04 2.9E-L2
M12 262bC.b 2 156 22 52560.C 312 4.2E-04 7.1E-02,

MY1 26260.0 2 156 2 525t0.0 312 3 8E-05 6.4E-CJ
PA1 2 t,2 8 0. 0 2 156 b 52500.0 312 3.7k-0!* 9.6E-03*
SLI 23592.0 2 140 7 47184.C

..... 0.. 1.5E-04 2.5E-0228
>

...__ _.........

80TAL3 58 347712.0 20e4

* DEhuiES UPPER 95 PERCENT CONFIDENCE BOUND mHEN NO FAILukE5 PECCROED

1

t

__



(___-__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ __ _ ___
-

__

AGG9EGATE STAND 8Y HAIEs - (mEEFLY TE511 ngl - 1976 THau 1970

__ _ _ _ _ _..E L .E C .I N I .CGENERAL
.. ..

STANDut
PLANT CR11.h?$. PLPULA110h DEMAND 3 F41 LORES POP. HOURS POP.DEMahD5 HULA RA1E DEMAND RATE

0F1 26200.0 4 156 3 105120 0 624 2.9E-C5 4.8E-03

BPI 26260.0 1 156 22 26280.G 156 6.4E-04 1 4E-01
892 26280.0 4 156 12 105120.0 624 1.1E-04 1 9E-02
C01 26280.0 2 156 4 52560.0 312 7.6E-C* 1 3E-02

DA1 26260.0 2 15 6 8 52560 6 312 1 5E-C4 2 6E-C2

DR1 26260.0 1 156 5 26280.C 156 1 9E-E4 3.2E-C2

Dh2 26280.0 2 156 21 5256C.C 312 4 0E-04 6.7E-02

DR3 26280 0 2 18 6 7 52560.0 312 1.3E-C4 2.2E-C2
Eh! 26280 0 3 ISO 17 76840 0 468 2.2E-C4 3.6E-02

Eh2 4296.4 3 26 2 12888 0 76 1.6E-C4 .6E-C2*

$ FP1 26280.C 4 156 6 10*120.0 624 .7E-05 9.6E-03*

!Mll 26280 0 1 156 0 26280.0 156 1 1E-C4* 1.9E-C2+

Mol 262o0 0 2 156 1 5256L.C 312 1.9E-LS 3.2E-03
NMI 26269.0 2 156 0 52560.0 312 5.7E-tS* 9.6E-03*
CC1 26280.0 2 156 3 52560.0 312 5.7E-C5 9.6E-03

P82 26260.0 4 156 8 105120 0 624 7.6E-05 1 3E-02

Pil 26260.c 2 156 3 52560.0 312 5.7E-05 9 6E-03

QC1 26260.0 2 1*6 4 5 2 * 6G .0 314 7.6E-05 1 3E-02

QC2 26260.u 2 156 0 52560.0 312 5.7E-05* 9.6E-03*

...._6L. C.. .. .._ _1_2 1.le-C4 1.9E-02525 3VY1 26269.6 2 ISS 6
_ ... .

IGi al 5 132 11692C8.C 6942 .

* Okh0lc5 UPPEW 95 PERCENT CUNf!DENCE BOON 9 PHEN NO FAILURES RLCCRDtC

O O O
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AGGREGATE STANDu r R ATE 5 - t eEEKL v TESTING) - 1976 THRU 197e

..E S.T .I N.C H 00 5 E
h

. . ... .

PLAhi CkIT. HRS. POPULAI10N DEPANDS FAILUAki POP.HCUR4 POP.DEMAhoi HUuR kalt DEMAND RATE
STANDBr

BV1 23136.0 2 137 16 46272.0 274 3.5E-04 5.8E-C2
DC1 262et.L 2 156 1 5256C.G 312 1 9E-G5 3.2E-C3
DC2 F0ao.0 2 42 5 14160.0 84 3.!E-04 c.0L-02
HH1 26280.0 2 156 1 52560.0 312 1.9E-05 3 2E-C3IP2 26280.0 3 156 0 78840.0 466 3.8E-05* 6.4E-C3*
IP3 23952 0 3 142 3 71856 0 420 4 2E-05 7 0E-03JF1 12192.0 5 72 l' 60960.0 360 2 1E-04 3.6E-C2.

NE1 262eG.0 2 156 3 52560.5 312 5.7E-05 9.6E-03
NA1 6456.0 2 3e 0 12912 0 76 2.3E-04* 3 9E-02*
PRI 26280.0 2 1*6 1 52"60.0 312 1 9E-05 3 2E-03
PP2 26260.0 2 156 1 52560.C 312 1 9 -05 3.2c-03t
Pil 26250.0 2 150 3 5256C.0 312 5 7E-C5 9.6E-03

,$ PT2 262u0.0 2 156 0 52560.0 312 5 7E-05* 9.et-03*
RG1 26280.0 2 156 1 52560.0 312 1.9L-C5 3.2E-C3
R02 26280.0 2 156 3 52560.0 312 5.7E-45 9.6E-03
3Al 17976 0 3 107 4 53928.0 321 7.4E-95 1.2E-02
501 2e280.0 2 156 2 52560 0 312 3.8E-C5 6.4E-C3
SUI 26260.0 2 156 1 52560.0 312 1.9E-05 3 2E-0;
SU2 26260.G 2 15e 0 52560 0 312 5.7E-05* 9.6E-03*
TR1 26260.0 2 156 2 525e0.0 312 3.8E-05 6.4E.03
Tua 262o0.0 2 156 3 52560 0 312 S.7E-L5 9.et-03
704 26200.0 2 15a 0 52566.0 312 5.7E-05* 9.6E-03*
YR1 262a0.0 3 156 3 7t840 0 468 3.8E-05 6.4E-03

,

211 26260.0 3 lie 8 F8846.0 See 1.0E-C4 1.7E-c2
112 26280.0 5 156 7 78940.6 46o 8.9L-c5 1.5E-o2..... .......... .._ _..j TOTALS 81 1363e48 0 8093

* JEhult.a bPPLR 9: PERCEhr CONFIDENCE BOUND mHEN NC FAILLRE5 RECLROEP

_- ---___________ __ _ J



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

|
1

|

.

AGGREGATE STAh0$f R ATES - taktKLY TEST!hGI - 1976 THRU 1978

__IN A L S__T _A T I S _T _I_C 5_F
____ ___

hTAhDBI
HUUR WAIE DEMahD RATE

1.4 1.4

BA9.Lult. 1.2E-04 2.CE-C2
% 1.4 14,,

1.2 12

s CCMS.ENG. 1 7E-04 2.6E-02

1.3 1.3

12 1.2
GEN.ELEC. 1 1E-04 1.9E-02

1.2 1.2

$
N

12 1.2
usSTINGH. _S.9E-05 1.Gt-C2

1.2 1.2

11 1.1
PmR'S 8 6E-05 1.4E-02

1.1 11

1.1 11

ObERALL 9 6E-0* 1.et-02

1.1 11
*

* OENCIES OPPER 93 PERCEN] CCNFIDENCE 80UND mrEN hD FAILLkE5 WLCCWDEL

O O O



_ _
_ ~

/
\,. s s

AGGPE G ATE ST ANDBY R ATES - (MONTHL Y TESTINGl - 1976 IHRU 19 7e

...B 00 C K E w 1.L .C C A
BA

....... ..

SIANDBY
PLANT CRIT.Hks. POPUL ATION DEMANDS FAILURES POP. HOURS PCP. DEMAND % HOLR NAlE DEMAND RATE

AR1 26280.0 2 36 3 52560.0 72 5.7E-C$ 4.2E-02
CR3 17164 0 2 24 6 34368.G 48 1 7E-04 1.3E-01
Chi 11424.0 2 16 6 22848.0 32 2.6E-04 1.9E-C1
PSI 262co.c 2 36 S 52560 0 72 9.SL-OS 6.9E-C2
TIL 26280.0 2 36 3 52560.C 72 5.7E-LS 4.2E-02

,

T12 6648.0 2 9 4 13296.0 18 3 0E.04 2.2E-01
TOTALS 27 228192.C 314

* DENOTEa bPPtR 93 PERCENI CONFIDENCE BOUND hHEN NO F AILURES RECORDED

l c$
"'

AGGREGATE STANDBY RATES - (MGhTHLY TESTING) - 1976 IHRU 1978

C O.M B U 5.T.t.0.h E N G I h E.E R I .N G.. ... ....... .. .

STANDet
j PLANT CRII.HR$. POPULATION DEMANDS FAILORES PCP.HCUN) POP.DEMahD5 HLUR WA1E DEMAhD RATE i

AR2 600.0 2 1 0 1200 0 2 2.5E-03* 1.'E*00*
CC1 26200 0 2 36 12 52560.C 72 2.3E-C4 1.7E-C1
CC2 18264.0 2 25 6 36528.0 50 1.6E-t4 1 2E-C1

i FC1 26260 0 2 36 9 52560.0 72 1 7E-04 1.3E-01'
PI2 26280.0 2 36 22 52560.G 72 4.2E-C4 3.1E-01
MY1 26286.0 2 36 2 52560.0 72 3.oE-CD 2.8E-C2 |

Pal 262e6.4 2 36 G 52560.0 72 S.7E-0S* 4.2E-G2+ !

j SL1 23592.0 2 32 7 47164.0 64 1.=E-04 1.1E-01
TOTAL 5 50 341712.C 476

' * DENDTES UPPER 95 PERCENI CONFIDENCE SOUND mHEN NC FAILURES RECCkUED
| |

!

j
;

I
'

_ - - _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ - _ _ _ _



_ _ _ _ . -

.

AGGREGATE s1Ahost dAEE5 - (MChTHLT TESTING) - 1976 THRu 1976

.G.E .hE .R A L.E L..E.C.1 R I .C. .. . ..

SIANDBf
PLANT CRII.MR$. POPUL AT ICh DEMAND $ FAILURL5 PCP. HOUR 3 PCP.0EMAh05 Hutx kAIE DEMAhD RATE

8F1 2eldo.O 4 36 3 105120.C 144 2.9E-C5 2.1E-02

8PI 26280 0 1 36 22 26280.0 36 8.4E-04 6.1E-01
*

882 26280 0 4 36 12 13512C.0 144 1.1E-04 8.3E-GZ

CCI 2t280.0 2 36 4 52560.0 72 7.6E-05 5.6E-02

Dal 262u0.0 2 36 8 52560.C 72 1.5E-04 1.1E-61
3-

091 26260.0 1 36 . 5 26280.u 36 1.9E-04 1.4E-01

DR2 26260.0 2 36 21 52560.0 72 4.0E-04 2.9L-01

DE3 26280.0 2 36 7 52560.G 72 1.3E-C4 9.7E-C2

EN1 26280.0 3 36 17 76640.C 10 8 2.2E-44 1.6E-t1

Eh2 4296.0 3 6 2 12888 0 lb 1 6E-C4 1 1E-01

$ FP1 it280.0 4 36 6 105120.0 144 5.7E-05 4.2E-02

M11 26280.G 1 36 0 26260.G 36 1 1E-C4* 8.3E-C2*

Mai 262 60.C 2 36 1 52560.0 72 1 9c-C5 1.4t-C2

hel 202nQ.0 2 36 0 52560.0 72 5.7E-05* 4.2E 02

CC1 46260.0 2 36 3 52560.0 72 5.7E-C5 4.2E-02

P82 26260 0 4 36 e 10*129.0 144 7.6E-05' 5.6k-C2

P11 26280.0 2 36 3 52560.0 72 5 7E-05 4.2E-02

GC1 26280.0 2 36 4 52560.0 72 7.6E-C5 5.6E-C2

QC2 26280.0 2 36 0 52560.0 12 5.7E-05* 4.2L-C2*

3 1.1E-C4 8.3E-C2...2560 0 .....72..VY1 26280.0 2 36 6
.. ......

TOTAL 3 132 1169208.0 16G2

* DENGTES UPPER 95 PERCEhi CONFIDENCE 80UND eHEN NC FAILURE 4 RECCROLD

O O O



_
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%-
,

AGGREGATE 4 TAN 08Y RATE 5 - (McNTHLY TESTING) - 1976 IHRU 1976
WESTINGHOUSE
..__.. ____.

STAND 8YPLANI CRIT. HRS. PDFUEAIICN DEMANDS FAILbRES POP. HOUR 5 PCP. DEMANDS HLbR RAIE DEMAND RAIE
8VI 23136.0 2 32 16 46272.0 64 3.5E-04 2.5E-C1
OC1 262ab.C 2 36 1 52560.0 72 1.9E-05 1 4t-02
DC2 7080.0 2 10 5 14160.0 20 3 5E-C4 2 5E-01
HH1 26260 0 - 2 36 1 52560.G 72 1.9E-C5 A.4E-C2
IP2 26280.0 3 36 0 78840.0 10e 3.st-65* 2.8E-C2*,

IP3 23952.0 3 33 3 71856.0 99 4.2E-05 3.0E-02
JF1 12192.0 5 17 13 60960.0 85 2.1E-04 1.5E-C1 '

KE1 26280.0 2 36 3 S2560.0 72 S.7E-CS 4.2E-02
NA1 6956.0 2 9 0 12912.0 16 2.3E-G4* 1 7E-01*
PRI 26280 0 2 36 1 52560.0 72 1 9E-05 1.4E-02
PR2 26200.0 2 36 1 52560.C 72 1 9E-05 1.4E-02
PT1 26280.0 2 36 3 52569.0 72 5 7E-05 4.2E-02

{ P12 262d0 0 2 36 0 $256C.G 72 5.7E-05* 4.2E-02'
RG1 26280 0 2 36 1 52560.C 72 1.9L-C5 1.4E-C2
R02 26280.0 2 36 3 52560 0 72 5.tE-t5 4.2E-02
5A1 17976.0 3 25 4 53928 0 75 7.4E-C5 5.3E-02
501 26280.0 2 36 2 52560.0 72 3.8E-C5 2.8E-02
Sbl 26280 0 2 36 1 52560.0 72 1 9E-CS 1.4E-C2
SL2 26280.0 2 36 C S2560.0 72 5.7L-CS* 4.2E-02*
Thi 26280.0 2 36 2 52560.0 72 3.8E-c5 2.oE-02
TU3 c6280.0 2 36 3 5256C.C 72 5.7E-C5 4 2E-C2
TL4 26280.0 2 36 0 52560.4 72 5.7E-CS* 4.2E-C2+
Yk1 20280.0 3 36 3 78840.9 100 3.8E-05 2.8E-02
111 26280.0 3 36 6 72840.0 106 1 0E-c4 7.4E-02
212 262d0.0 3 36 7 76540.0 108 6.9E-C5 6.SE-C2

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

TOTALS di 1363846.0 1873

DENOTES L/PER 95 PERCENT CONFIDENCE 80bN0 kHEN NC FAILORES RECChDED*



__ _ _ _ _ _ . _ _ _ __.
_,

s,

.

AGGEEGATE STAND 8T RATES - (PChTHLT 1ESTINGl - 1976 THRU 19 7 E

_F I N A L __S T _A T _1_5_t _1 C _5____ _ _ _ i

)TANDBt
HULR kAIE DEMAhD RATE

1.4 1.4

BAB.Em!L. 1 2E-04 8 6E-02

1.4 1.4

1.2 12
CCMS.ENG. 1 7E-04 1.2E-01

13 1.3

12 1.2
GEN.ELEC. 1 1E-04 8.2E-C2

f
1.2 12

$, ;

c

1.2 1.2
WESTINGH. 5.9E-05 4.3E-02

1.2 1.2

1.1 1.1

PhR'S 8 6E-05 6.2E-02

1.1 11

..,

1.1 1.1
ObtRALL 9 6E-01 7.0E-02 |

11 11
,

OtNuTES UPPED 95 PE dCENT CCNF IDEhCE B cut 40 mHEN NO FAILL9ES #ECGeDiD*

9 O O
.


