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ABSTRACT

This report presents estimates of comnon cause fault rates and related
quantities, based on Licensee Event Reports for pumps in nuclear reactors.
The Licensee Event Report data base is described. Fcor estimating rates,
the bincmial failure rate rodel is used, extended to allow for the sub-
stantial ol .ervec plant-to-plant variability, and for shocks that by their
nature make alil the pumps in a system inoperable. Every gquantity is
estimated by both a point estimate and a 90% interval. A1l rates are
expressed per hour.

FIN No. A6Z283--licensee Event Report Failure Rate Analysis Program




SUMMARYY

Ihis report presents estimates of common cause failure rates, common
cause fault rates, ano related quantities, based on Licensee Event Reports
for pumps in nuclear reactors.

The data consist of 837 Licensee Event Reports, describing pump faults
trom January 1, 1972, through September 30, 1980. The term fault includes
both failures and command faults. Both pump and fault are precisely
cefined in the body of the report.

Two kinags of fault are considered, failure to start on demand, and
failure to operate after starting. The systems considered, their relevant
exposure times, and their populations are described and tabulated.
Imperfections in the data are also discussed.

Common cause faults are defined as faults that are syachronized by
some external shock to the system under consideration. Both human errors
and harcoware failures may act as shocks. The report distinguishes between
a nonlethal shock, which causes a random number of pumps to be inoperable,
ana a lethal sheck, which by its nature causes all the pumps in the system
to be ingperable.

Turbine-driven pumps have high fault rates, and so must be considerea
separately. Examination of the data also reveals substantial variability
in the fault rates from plant to plant, and to a lesser degree from system
to system, for presumably similar pumps. Therefore, the rates are assumed
to vary and distributions are fitted to the data, both for the rate of
individual faults (those not due to common cause), and also for the rate of
common cause events when there are enough data. Other quantities of
interest are then estimated, bazed on the binomial failure rate (BFR) model,
extended to allow for lethal shocks.

Every quantity is estimated by both 2 point estimate and a 90%
interval. Many of the intervals are quite wide, reflecting the observed



plant-to-plant variability. Because tne numbers of demands are unknown,
and the operating hours of most pumps are unknown, the only rates estimated
are per exposure hour, normally calendar~hour or critical hour.
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COMMON CAUSE FAULT RATES FOR PUMPS:
ESTIMATES BASED ON LICENSEE EVENT REPORTS AT
U.S. COMMERCIAL NUCLEAR POWER PLANTS,
JANUARY 1, 1972--SEPTEMBER 30, 1980

INTRODUCTION

Common cause faults are defined, for this report, as faults that are
synchronized by some external shock to the system., The seriousness of hav-
ing several pumps simultaneously inoperable due to a single cause makes it
essential to estimate the rate of pumps becoming simultaneously inoperable.
Therefore, this report presents estimates of common cause and individual
fault rates and failure rates, for pumps in nuclear power plants.

The data are Licensee Event Reports. They are described and discussed
in the first portion of this report. Two common cause aspects of the data
are consicered in detail: correctly classifying reported events as common
cause events or not, and deciding which groups of puaps in a plant might be
susceptible to simultaneous failure due to & c.mmon cause shock.

The bino~ial failure rate method is used to estimate the common cause
rates and related quantities of interest. Every quantity of interest is
estimatea both by a point estimate and by a 90% interval. Many of the
intervals are rather wiace, reflecting the substantial plant-te-plant varia-
biliiy evident in the data. A section of the report discusses how to use
binomial failure rate estimates in applicatic-s such as fault tree analyses.

A1l the basic methodoiogy is described in the body of the report.
Certain technical details not covereo in the references are given in
Appendix A. The required plant information, including exposure times and
pump populations, is given in Appendix B. The estimates themse lves are
touna in Appendix C. Appendix D consists of a Tisting of one-line sum-
maries of all the data, and a separate listing of summaries of the reportec

common cause events.



THE DATA

Event Reports

The raw data consist of &37 Licensee Event Reports (LERs) of pumps at
68 U.S. commercial nuclear power plants, for the time period January 1,
1972, through September 30, 19380, as given by Trojovsky.] They include
reports from 44 pressurized water reactors (PwWRs), i.e., those designed by
Babcock & Wilcox, Combustion Engineering, and Westinghouse and 24 boiling
water reactors (BwRs), i.e., those designed by General Electric
Corporation. Events that occurred before a plant's initial criticality are
not considered. Some errors and omissions in the data as originally
published have been corrected.

One-line summaries of the data are presented in Appendix D. These sum-
maries are also printed separately for different groups of pumps, accom-
panyirg the estimates in Appendix C. To facilitate checking for possible
common cause, underscores are used to separate unrelated lines. Lines not
S0 separated describe events that occurred at the same plant on the same
date. Appendix C also contains some tabular summaries of the data, giving
the total numbers ot various kinds of faults.

Except for the common cause coding, the letter and number codes
printed in the one-line summaries of Appendix C all have the same meanings
as in Reference 1. The codes are briefly explained in a table in
Appendix b. In the one-line summaries, the following information is given
on each line:

Vendor This code tells whether the plant was designed by Babcock &
Wilcox, Combustion Engineering, Westinghouse, or General Electric.

Plant This is a 3-character code identifying the plant.

Controi Number This is the unique 6-digit identifier assigned to the

LER. If a single LER refers to more than one pump or more than one
date, the control number fur this line has another character
appended: an asterisk, or a letter A, B, C, etc.
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Failure Date The month, day, ar1 year are given.

System This code identifies the sy:iem to which the pumps belong,
such as containment spray or high pressure coolant injection.

Component This te!ls whether the pump is motor driven, turbine
driven, or diesel-driven.

Failure Mode anu Cause These codes classify the kind of fault. For
example the code for mode might mean does not start, while the code
for cause might mean personnel error--maintenance.

Tyoe This cnde tells whether the event is a failure or a command
fault, whether it is an individual fault or caused by a common cause
shock, ana whether it is recurrent or not.

Fzilure Number This tells the .umber of pumps that were inoperable,
or for & single pump, the number of times it was inoperable as

reported by this line.

Activity This tells when the fault was discovered, for example,
during normal operation or during maintenance.

Event Classification The likelihood of a kind of fault may depend on
elapsed time or on the number of demanscs. This code classifies faults

as time-related or demand-related, as described more fully in

Reference 1.

Mode Description and Cause Description This is a veéry condensed

narrative, from the LER.
Definitions
The cefinitions given here follow Reference 1. A pump is cefined as

the pumping unit, together with its prime mover, coupling, and associated
mechanical controls. Suction anc discharge valves and strainers are not




considered part of the pump. Neither are electrical instrumentation and
control elements. Suppose that the cooling system of the prime mover is
served by a major plant cooling water system, such as the service water or
component cooling water system. That portion of the prime mover cooling
system that is aownstream from the major cooling water system supply valve
and upstream from the major cooling water system return valve is considered
part of the prime mover. The prime mover of a motor-driven pump includes
the motor and the junction where the power socurce enters the motor casing.
It does not include components upstream from this junction, such as the
motor control center, supply breaker, or power supply cables. The prime
mover of a turbine-oriven pump includes the turbine, the mechanical con-
trols of the turbine governor, the trip-throttle valve, and the lube-0il
systems used in operating the governor system or lubricating the bearings.
Anything upstream from “he trip-throttle valve or downstream from the tur-
bine exhaust is considered outside trs boundary of the turbine. The prime
mover of a diesel-driven pump includes the diesel engine, the mechanical
controls of the governor and of the overspeed trip mechanism, and the sup-
port systems: the fuel system, the air supply and exhaust system, the
lube-cil system, and the starting system. Starting batteries are outside
the boundary.

Failures are distinguishec from command faults. A failure is an event
in which the pump itselt needs repair. A command fault is an event in

which the pump does not fail, but it does not function as desired oue to
external inputs or lack of inputs. For example, if a pump is commanded to
start, but it fails to function because its feeder breaker fails or an
operator fails to vent its casing, then the pump has not failea; it would
operate satisfactorily if power were available or the pump were full of
liguid. The term fault is used to include botk failures and command faults.
This report presents estimatea rates basec both on 211 faults and on fail-
ures only. To avoie needless repetition, however, the explanatory text is
given just once, and is expressed in terms of faults rather than failures.
unless the context clearly rules it out, any statement about faults should
be understood to apply as well to any subset of faults, such as failures.



Five failure modes, defined below, are identified in the data. Both
failures and command faults can involve any of the five modes. Leakage/
rupture describes a fault in which the pump is operational, but is removed
from service because of excessive fluid or vapor leakage. Loss of function
means that the pump was operating in a degraded condition, such as with low
flow or low head. A pump does not continue tc run if it is automatically
or manually tripped off line to prevent damage to the pump. A pump does
not start if it either fails to start on demand or else operates only
briefly betore tripping off line. The mode unavailable/not demanded is

used for events when the pump was discovered in an inoperable condition,
but it was not demanced either for operation or for a test. The codes for
these five failure moges are given in Table B-4 of Appendix B. LERs des-
cribing other kinds of events are not considered in this report. For
example, informational items, such as the failure to perform a test on
schedule, are not considered. Neither are reports of maintenance repair,
when an incipient failure was repaired before the pump had become
inoperable. Because LERs normally do not mention taking a pump out of ser-
vice for scheculea maintenance or inspection, when the time limit of the
technical specification is not exceeded, such events are also not included
in this report.

Rates for two groups of failure modes are presented in this report.
The failure modes "does not start" and "unavailable/not demanded" are com-
bined as failure to start, and this rate is estimated. The other thiree
failure modes are combined as failure to operate after starting, and this
rate is estimated. This is not a perfect grouping of the failure modes,

because, for example, it is not clear whether an uncemanded pump would have
failed to start or tripped after running. However, no perfect grouping of
the failure modes is possible, and the grouping used should be adequéate.

Systems, Exposure Times, and Populations

Systems

The pumps belong to various systems, such as the auxiliary feedwater
system or the containment spray system. The systems considered in this



report are listed in Table B-1 of Appendix B. Some systems are present
only in PWRs or only in BWRs. Others are present in both types of reactors.

The pumps 1. the different systems also fall into three categories:
running, alternating, and standby. Running pumps are those which are oper-
ated during the entire time of criticality. The only such pumps considered
in this repor* are in the reactor coclant system of PWRs and the coolant
recirculation system of BWRs. Alternating pumps are those which are nor-
mally operated part of the time. The system, such as component cooling
water, is run continualily, but only some of the pumps in the system are
running at any one time. Standby pumps are intended for use only in an
emergency. Except for periodic tests, they are normally not running.

The three categories of pumps characteristically show different kinds
of faults. Reported faults in running pumps are virtually always failures
to opcrate atter starting. (There is only one reported failure to start in
the nine years of data.) Standby pumps have somewhat more reported fail-
ures to start than failures to operate after starting. Alternating pumps
have a behavior between the other two.

The systems considered in this report, and given in Table B-1, are
those of Table 1 of Reference 1, except that service water pumps are left
out. The term service water is vague, and its scope is not generally
agreed on. This leads to both inconsistent counts of the pump pepulations
based on plant drawings, ana inconsistent reporting in the LERs. The texts
of about half the LERs for service water pumps seem inconsistent with the
population counts of Reference 1. Therefore, service water pumps are not

considered 1n this report.

Expcsure Times

The number of calendar hours and the number of critical hours for each
plant are given in Talles B-2 and B-3 of Appendix B. They are taken from
Reference 1. Each time starts with the initial criticality of the plant
anc ends on September 30, 1980, except for Dresden 1, which began a lengthy



shutdown, and stopped submitting LERs, on October 31, 1978, and Three Mile

Island 1 and 2, which were both shut down after the accident of March 28,
1979,

To estimate fault rates, it is necessary to know the relevest exposure
times, the number of hours when the pumps might be reported inoperable.
Some sy-tems, such as the component cooling water system, are run both dur-
ing criticality and during shutdown, and are required for safety at all
times. Therefore, LERs would be submitted for faults that occur at any
time, and the relevant exposure time for such a pump is the number of
calendar hours for the plant. Other systems, such as th. standby 1liquid
control system in BWRs, are required only during criticality. So the
relevant exposure time for such a pump is the number of critical hours for
the plant.

To determine the relevant exposure time for each system, the LERs them-
celves were used. The power level of the plant is supposed to be shown on
each LER. If this level was zero, and if the narrative does not state that
the reactor was starting up or had just tripped, then the reported event
was presumed to have taken place during shutdown. Based on this classi-
fication, a sample of LERs from each system was examined, to see what frac-
tion of the LERs report events that occurred during shutdown. If more tnan
20% occurred during shutdown, the relevant time for that system was taken
to be calendar hours. If fewer than 10% occurred during shutdown, the rel-
evant time was taken to be critical hours. (The total number of shutdown
hours for all the plants is about 30U% of the total number of calendar
hours.) Every system was classified in this way with the following
exceptions.

Turbine-driven pumps can only be operated when the plant is producing
steam. Therefore the turbine-driven high pressure coolant injection (HPCI)
and reactor core isolation cooling (RCIC) pumps in BWRs were taken to have
the critical hours of the plant as the relevant exposure time. Because PWR
auxiliary feedwater systems typically contain at least one turbine-driven
pump, critical hours were also taken as the exposure time for all auxiliary
feedwater pumps, whether turbine-driven or not (exactly 7 of the 35 faults



in motor-driven auxiliary feedwater pumps occurred during shutdown; to use
critical nours rather than calendar hours raises the estimated iault rate
somewhat, but greatly simplifies the common cause calculations, when the
whole auxiiiary feedwater system must be considered as a unit). Finally,
for pumps that serve for both low pressure coolant injection (LPCI) and
residual heat removal (RHR), the pump was defined as an LPCI pump if the
reactor was critical and as an RHR pump if the reactor was shut down. The
exposure time is then taken to be critical hours for LPCI pumps and
shutdown hours for RHR pumps.

Table B-1 shows the exposure times used in this report for estimating
fault rates.

Rates of failure to start are normally presented as rates per demand
instead of rates per hour. However the number of demands is unknown.
Those who can estimate the average number of demands per hour can convert
the rates of this report. Variation in the number of demands may contri-
bute to the substantial apparent plant-to-plant variability in the fault
rates.

For alterating and standby pumps, rates of failure to operate after
starting are normally presented in terms of operating hours. Unfor-
tunately, the fraction of time when these pumps are operating is unknown.
Again, the user must supply a conversion factor.

Populations

The number of pumps in each system at each plant is given in
Tables B-2 and B-3 of Appendix B. They are taken from Reference 1, and
have been corrected in a few cases. The ultimate sources of the popula-

tions are the drawings in the individual plant Final Safety Analysis Report.

Imperfections in the Data

Not all faults in a plant are reported in LERs, and the strictness of
the reporting policy may vary from plant to plant. It is not known how
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much of the observed plant-to-plant variation is due to differences in
reporting strictness.

There may be a few r.accuracies in the listed pump populations.

Two missing elemen.s in the data are the number of demands on the
pumps and the number of operating hours for the pumps. These numbers may
vary greatly from plant to plant, and contribute to the apparent varia-
bility in the fault rate per hour; however, they are unknown. Therefore,
fault rates per demand or per operating hour cannot be estimated.

Finally, the LERs sometimes provide inccmplete information, cspecially
conceraing the cause of the failures. This may lead to incorrect classi-
fication of the event in the data base. A letter is often written to fol-
low up the LER. This was read whenever a one-1line description or event
classification was questioned, and the coding of the event was changed if
appropriate. To minimize the effect of possible misclassifications, every
event involving more than one pump or involving a common cause fault was
checked at least twice. The effect of data misclassification is discussed
at the end of the next section. Also, an attempt is made in Appendix A to
assess the effect of missing data, by using derivatives of the parameter
estimates. Although ii is beyond the scope of this report to estimate the
number of events unreported in the LERs, the derivatives of Appendix A can
be used to approximate the effect of any presumed rate of underreporting
(see the Effect of Data Inaccuracies section).



COMMON CAUSE CLASSIFICATION

In order to estimate the rate of common cause faults, it is necessary
to determine which events in the data base are common cause faults and
which are not. The crucial question for each event is: "Was there some
shock, external to the pump(s) under consideration, that caused or could
have caused simultaneous faults?" Synchronization of the faults is essen-
tia!, because the importance of common cause faults stems from the
seriousness of having several pumps simultaneously inoperable.

For example, at Beaver Valley on fpril 11, 1980, two of the three
residual heat removal (RHR) pumps could not develop adequate flow, because
they were airbound. The shock was air getting into the water, so that it
could pass through the pipes to the RHR pumps. At Turkey Point 3 on May 8,
1974, two of the three auxiliary feedwater pumps failed to start because
their packing was too tight. The shock wa. the improper maintenance that
they received. At St. Lucie 1 an May 16, 1977, all four reactor coolant
pumps became inoperable wher of f-site power was lost. Here the shock was
the loss of power.

Notice that in the first two examples, the number of inoperable pumps
was random--an air leak or improper maintenance on the packing could poten-
tially have affected a different number of pumps. The third shock, how-
ever, was lethal--by its very nature it caused all the pumps in thc reactor
coolant system to be inoperable. In a later section, it will be necessary
to distinguish between lethal and nonlethal shocks.

Because most shocks affect a random number of pumps, there may be a
shock causing exactly one pump to be inoperable. When the data are
examined, it is usually possible to dec ide whether the single pump failed
on its own, or because of some shock that could potentially have caused
other pumps to fail. For example, air binding may affect one pump or
several related pumps. Therefore all events involving air binding are
coded as common cause. As another example, at Davis-Besse on Septemuer 15,

1978, a component cooling water pump tripped because the person responsible
had not reopened a heat exchanger outlet valve. The shock in this case was
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the person working with the valve positions. It could potentially have
Caused additional pumps to be inoperable (indeed, at Brunswick 2 on
September 7, 1980, incorrect line-up of the stop-check valves did affect
the RCIC pump and the HPCI pump simultaneously). Correct identification of
common cause shocks as the causes of these single failures helps in esti-
mating the rate at which shocks occur. If such events were ignored, then
few common cause events would remain to be used, and the statistical
uncertainties in the estimates would be much larger than necessary.

Faults due to personnel error are often coded as common cause. For a
personnel error affecting only one pump to be coded as common cause, it
must be plausible that in similar circumstances, e.g., at another time or
at another plant, the person could make the same mistake affecting more
than one pump at the same time. This is the case in the above example with
an improper valve line-up. But it is not the case with all perscnnel
errors. For example, inadequate lubrication would result in a high failure
rate, but not in synchronized failures. As another example, at Davis Besse
on May 28, 1978, an operator accidentally bumped a diesei generator control
switch. This de-energized two electrical buses, so that the operating
decay heat pump lost its power. There apparently was immediate annun-
ciation of the problem, because power was restored within two minutes.
Therefore it is very unlikely that the operator could have gone on to bump
a second switch, so the event is not coded as common cause. As a final
example, at Kancho Seco on February 18, 1977, it was noticed that the steam
drive to the turbine-driven auxiliary feedwater pump was tripped. Nearly
all PwRs have only one steam-driven auxiliary feedwater pump. Therefore,
there would be no second pump that could potentially have been affected, so
the event 1s nol coded as common cause.

Multiple failures are coded as comnon cause only if they appear to be
synchronized rather than coincigental. As a case in point, consider an
event at Beaver Valley on December 15, 1976, Two pumps developed leaks in
their lube 01l coolers, caused by erosion from particles in the river cool-
ing water. The leaks were discovered about 11 hours apart. I[f the par-
ticles were unusual, and caused essentially immediate failure, then the

1




failures were synchronized and should be clessified as common cause. How-
ever, the word erosion suggests a gradual wearvut, with no synchroni-
zation. It seems plausible that in the environment of dirty water the lube
0il coolers have a high failure rate, but fail independently. Why “hen 4id
the two fail on the same day, if presumably it takes months for the leaks
to develop? A likely explanation is that when the plant personnel saw one
leak they went looking for others. Therefore, th: events arz classified as
two recurrent individual failures, rather than as one common cause event.

Suppose that all the pumps in a system, for example all the contain-
rent spray pumps, were inoperable due to common cause. Such an event is
coded as a lethal shock only if th= shock by its nature automatically made
all! the pumps inoperable. That is, under similar circumstances, even at a
plant with a different number of pumps in the system, all the pumps would
ayain be inoperable. The most common example in the pump data is loss of
power to the eactor coolant pumps. A lethai shock can also occur when a
person, through misunderstanding or forgetfulness, intentionally takes the
same (wrony: action repeatedly, rendering all the pumps inoperable. For
example, at Kobinson 2 on November 23, 1977, during a startup, the circuit
breakers were found racked out for all three HPCI pumps and both contain-
ment spray pumps. Someone had tested the pumps for operability and then
racked out the breakers again.

As can be seen, the coding of common cause events involves some judge-
ment on the part of the coder. An inadvertent experience with diesel gen-
erator data, described by Atwood and Steverson.2 sheds some light on the
importance of the coder's judgement. After all the estimates had been cal-
culated, Atwood and Steverson reexamined the diesel generato: data, and
changed the common cause codirg of eight faults, each involving one diesel
generator. Two failures became common Cause; five command faults became
common cause command faults; and one common cause command fault became not
common cause. So there was a net increase of six common cause faults, each
involving only one diesel generator. This was in a data base of 369 LERs,
with 25 events initially coded as common cause. Of the estimates that
would b2 used in a fault tree, one of them, Fos changed by almost 25%.

This is about 5% of the length of the interval for r,. The changes are

12




smaller for the other guantities that would be used directly in fault
trees. This suggests that the coder's judgement has a noticeable but not
overriding effect, There is no a priori reason to believe that pump data

is more difficult or less difficult to code than diesel jenerator data, so
the experience reported in Reference 2 is probably relevant for this report.

13




EXAMINING THE DATA FOR STRUCTURE

The Scope of Common Cause Events

Nearly all of the comnon cause events in the data are restricted to a
single system, for example, to the residual heat removal system or the com-
ponent cooling water system. These events are also the ones of greatest
interest in a probabilistic risk analysis, since the pumps in a single
system back each other up.

There are, however, some reports of common cause events that involve
more than one system. These events are shown in Table 1. Not shown in
Table 1, or included in the pump data, are any events when a power supply
to a pump was de-energized while the pump was not demanded. It would be
cumbersome to try to present common cause fault rates for all the kinds of
events suggested by Table 1. Most of the systems in Table 1 perform dis-
tinct functions, so their possible common cause connections are not of
great interest, and are not considered further in this report. The pairs
of systems that are considered are the hPCl and chemical and volume control
(CVC) systems in PWRs, and the HPCI ana RCIC systems in most BWRs. The
HPCI and CVC systems in PWRs are considered together because they could
both be used to mitigate a small-break loss-of-coolant accident. Rates are
presented treating these two systems like all the other systems. Then in
addition, rates are presented based only on the data from the two systems,
with the two considered as a single pooled system. The other two systems
that are pooled are the HPCI and RCIC systems in ihose BWRs (all but seven)
having a single turbine-driven HPCI pump and a single turbine-driven RCIC
pump. These two pumps often seem to be maintained together and tested
together, so it is reasonable to treat them as a single system.

The events in Table 1 are coded in the data base as common cause only
if they are common cause within the single system under consideration. For
example, the incorrect substitute breaker event is coded as three nonlethal
common cause events, one in each of the three systems, because it is plau-
sible that more pumps might have been affected in each system. The event
with the comion valve is not coded as common cause, because the valve

14



{ABLE 1. COMMON CAUSE EVENTS INVOLVING MORE THAN ONE SYSTEM

Contro)
Plant No. Date Systems Description

0E1 014806 1/28/76 L, F, G Incorrect substitute breakers were
installed for one LPCl pump, one
containment spray pump, and one HPCI

pump .

0E2 011071 12/9/74 L, F Common suction valve was closed for
one LPCI pump and one containment
spray pump.

RO2 019793 11/23/77 H, F Breakers for all 3 HPCI pumps and

both containment spray pumps were
racked out.

SA1 017700 5/6/77 H, G Both HPCI pumps and one chemical and
volume control pump were tagged out.

SAI 023232 11/27/78 G, L One chemical and volume control pump
and one RHR pump did not start,
because of an electrical bus failure.

BF 1 000518 11/10/73 H, Q The HPCI and RCIC pumps were
inoperable until manually reset,
because cof improper trip logic.

BR2 032454 9/7/80 H, Q Stop-check valves were shut for both
the HPCI and RCIC pumps (the RCIC
pump tripped; the HPCI pump was not
demanded) .

failed internally, and it was not connected to more than one pump in a sys-
tem. The case of the racked-out breakers is coded as two lethal shocks,

one for HPCl and one for containment spray, because the personnel error Dy
its nature aoffected all the pumps in each system.

In summary, common cause events are considered only within a single
system, except that turbine-driven HPCI and RCIC pumps in BWKs are consid-
ered as a single system, and HPCI and CVC pumps in PWRs are considered both
separately and as a single pooled system.
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Variability in the Fault Rates

Experienced engineers know, and the LEKs confirm, tiat turbine-driven
pumps have higher fault rates than motor-driven pumps. Therefore, systems
with turbine-driven pumps must be treated separately. These are the HPCI
and RCIC systems in all but five of the BWRs, and the auxiliary feedwater

system in PWRs. The auxiliary feedwater system usually has one turbine-
driven pump and two motor-driven pumps, although these numbers vary.

Because of this consideration, and those of the previous section,
there are six groups of pumps for which fault rates are presented. These
groups are listed in Table 2.

Within any of these groups of pumps, the fault rates show substantial
plant-to-plant variability. There is also some variation in the rates from

TABLE 2. GROUPS OF PUMPS FOR WHICH FAULT RATES ARE ESTIMATED

Running Pumps: Reactor coolant/recirculation pumps

Alternating Pumps: PWR chemical and volume control (CVC) pumps
BWR feed pumps that serve for HPCI (4 plants)
PWR poric acid transfer pumps
Component cooling water pumps
Residual heat removal (RHR) pumps

PWK Auxiliary Feedwater Pumps
BWR turbine-driven HPCl and RCIC pumps (treated as one system)
Other Standby Pumps: BWR Tow pressure core spray pumps
Containment spray pumps
PWR high pressure coolant injection (HPCI) pumps
Low pressure coolant injection (LPCI) pumps
BWR standby liguid control pumps

PWR HPCI and CVC pumps (treated as one system)?@

a. These two systems are pooled here, in addition to being considered
separately above.
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system to system. For example, the five systems classified as alternating

shov some apparent differences in their fault rates. But the plant-
to-plant variability is dominant, as discussed below.

As a first step in estimating fault rates, the variability in the
rates must be quantified. Suppose that the variability in some fault rate
is to be modeled. The rate may be the rate of nonlethal common cause
events, the rate of individual (i.e., not common cause) events, or if
enough data are available the rate of lethal cummon cause events. The data
sources are the different systems at the different plants, for example the
five alternating systems at the 68 plants. To model the variation among
the different plants and systems, assume that the rate has a two-parameter
gamma distribution. A gamma distribution is used because it is a conven-
ient distribution covering the range (0O,=). Some other distribution,
such as lognormal, might work equally well. Based on the observed faults,
find the maximum likelihood estimates of the two unknown parameters. This
gives a gamma distribution that fits the data. An interval covering 9U% of
the fitted distribution is an approximate 90% interval for the fault rate.
That is, the probability that such an interval wll include a randomly

chosen new fault rate (say, from a system at a plant not yet analyzed) is
approximately 90%.

[t is conceivable that the fault rate is strongly influenced by the
type of plant (BWR or PWR), or by the system. For example, treating the
alternating systems separately might result in five short tolerance inter-
vals, covering different ranges, rather than one long tolerance interval.
Although such a breakdown might conceivably help, in fact it does not.
Therefore, system-specific rates are not given, except to the extent that
single systems coincide with the groups given in Table 2.

Typically, most of the plants show no faults, while a few may show
recurrent faults. This results in highly skewed fitted distributions, hav-
ing a maximum at zero, a long flat tail to the right, and a 90% interval
that is orders of magnitude wide. While such a distribution is not what a
risk analyst desires, it does reflect the great variability in the data.



Occasionally a single plant or system has so nany recurrent faults
that i1t is an outlier, i.e., it is clearly difierent from the other
plants. The most extreme example is the turbine-driven auxiliary feedwater
pump at Arkansas 2. However, no outliers are so far out that they have to
be excluded. For details, see the first section of Appendix A.



ESTIMATING RATES USING AN EXTENUED BINOMIAL FAILURE RATE MODEL
The Mode ]

Let m be the number of pumps in a system at a plant. The model
assumes that there are chree possible kinds of fault:

1. Each pump can become inoperable individually, and has a constant
fault rate a,

2. A common cause shock can occur in the system, with constant
occurrence rate u. If a shock occurs, the pumps in the
affectec system are made inoperable independently of each other,
each with probability p, so the total number of inoperable pumps
is rancom. Vesely3 calls this the binomial failure rate (BFR)
model, because the number of inoperable pumps, given that a shock
occurs, is a binomial(m, p) random variable. Estimators using
this model are developed by Vesely3 and Atwood."s These
shocks are called nonlethal shocks, to distinguish them from the
shocks defined below.

3. A lethal shock can occur in a system, with constant occurrence

rate w. A letha! shock, by its very nature, causes every pump

in the affected system to be inoperable. The number of incper-
able pumps is not random, but must equal m. Such events normally
involve a procedural error or a personnel misunderstanding, or
some hardware failure to the whole system, such as loss of
otftsite power.

Some quantities of interest are listed below. The notation for p, A,
and u agrees with Reference 4. The quantity A, is called A, in tnat
reference. The qguantities are

A - fault rate for an individual pump,
not counting faults due to comeoy
cause shocks
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rate of nonlethal shock occurrences

=
"

p = probability that a specific pump is
inoperable, given that a nonlethal
shock occurs

A, u(l - q) = rate of nonlethal shocks that cause

at least one pump to be inoperable
(rate of visible nonlethal shocks).
Here, g = 1 - p

W = rate of lethal shock occurrences

Atup tow B rate at which a specific pump becomes

-
=
"

inoperable, either as an individual
fault or due to a shock

k : B2
up tw = rate at which a specific set of
for k > 2 k pumps becomes inoperable
simultanecusly (due to a shock)

-
>
"

g = [up(l - qm']) + w]/r] long-term fraction of pump faults
that occur in multiple faults;
called the beta factor by Fleming.6

The guantities Fis Yoo « « . are the relevant rates for fault tree

analysis. For, if & cut set of a fault tree involves k pumps, k > 1,

then the relevant rate is s and the probability that the k pumps all

fail in a short time t is rkt plus terms of order t2. The use of s

ro» €tc., is discussed in the Application section, and in Appendix A.

The expressicn given for 8 ignores the time for discovery and repair of

faults.

The basic binomial failure rate model, as cdefined in Reference 3, does
not incluge lethal shocks. Including them has two aovantages. First, it
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models the cata more accurately, if lethal shocks are observed, without
making the model much more complicated. Second, inclusion of the lethal
shock rate, w, puts a floor underneath the estimates of e below which
they cannot sink. The basic BFR method would estimate r, as wp*, for
k>1., If pis small and k is large, then upk can be microscopic.

Using i T upk + w keeps Ty Up at a realistic level, because the

Bayes estimate of w is always positive (even when the observed number of
lethal shocks is ze¢ro).

Estimation

This section briefly describes the estimation procedure based on the
above mgagel. The Bayesian metnods developed by Atwooda’5 are used,

extended to allew for plant-to-plant variation and lethal shocks.

The point estimates given are bBayes means. The mean is used, rather
than the mode or the median, because it is usually the largest of the
three, and in fact often the only one of the three that is not virtually
zero. The median is used for 8, because it is expensive and difficult to
compute the mran. It should be realized that when the distribution has a
large variance, then no single noint--be it median, mean, or some other
point--adeguately identifies the location of the distribution. The inter-
val estimates given are Bayes 90% intervals, with a 5% probability in each
tail.

The use of Bayesian methods is unavoidable, because classical
non-Bayesian methoas de not give confidence intervals for complicated

expressions such as r , or even for simple expressions such as p when the

data are obtained froé plants with different numbers of pumps. The
Bayesian distributions used are either estimated directly from the data, to
reflect the soparent variability in the parameters, or else are calculated
in the usual way based on ciffuse prior distributions. Therefore, the
results obtained should not differ markedly from non-Bayesian results, if

the latter were cbtainable.
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THE ESTIMATES

The estimates are given in Appendix C, for the six groups of pumps
listed in Table 2.

Rates are estimatea for two failure modes: “failure to start," based
on LERs coded “does not start" and "unavailable/not demanded;" and "failure
to operate after starting," based on LERs coded "leakage/rupture,” "loss of
function," ana “does not continue to run." For runri g pumps, i.e., reac-
tor coclant or recirculation pumps, only rates based on the second failure
mode are given.

Uepending on the application, command faults may or may not be of
interest. Therefore, each set of estimates includes both estimates based
on all faults and estimates basea on failures only, with command faults
exc luded.

Every estimate is given as & triple of numbers, showing the lower
limit, the point estimate, and the upper limit. The point estimate is the
mean of the Bayes posterior distribution (for the beta factor, the median
rather than the mean is showr). The upper and lower limits form a 90%
interval. Application of the estimates is discussed in the next section.

Appendix C also contains summaries of the data used to produce the
estimates, both tabular summaries and printouts of the one-line summaries
of the LERs. A few comments precede each set of estimates.



DISCUSSION

Application

A1l the rates given are per exposure hour. Many users will want rate
of failure to start to be expressed as faults per demand, and rate of fail-
ure to operate after starting to be expressed as faults per operating
hour. The numbers of demands on the pumps and the numbers of operating
kours are not known, so the user must perform any conversion of the rates

given here.

The uncertainty intervals should be used, not Jjust the point esti-
mates. Because of the great variability frum one plant to another, many of
the intervals are quite wide, so use of the point estimate alone would be
overly naive. In some cases the lower bound is many orders of magnitude
less than the point estimate. This happens when most of the plants or sys-
tems show no faults, but some of them show several faults. In such cases
the aistribution has a spike at zero and a very long flat tail. So the
lower bound should be regarded as unknown, but essentially zero, and the
point estimate shoula be thought of as a crude way to characterize a wide

distribution.

Now consider the effect of delayed discovery of faults. Suppose that
@ pump becomes inoperable during a time interval t, but that the fault is
not discovered until the pump is tested at the end of the time interval.
Faults in the other pump(s) are also not discovered until the end of the
time interval. If the interval is long encugh, then a substantial portion
of the simultaneous faults might not be common cause faults, but rather
might be ingividual faults that were not agiscovered promptly.

A section of Appendix A gives the general method for using the esti-
matec rates to estimate probabilities, for example, the provability that at
least three out of fuur pumps become inoperable during a t.me period t.
Using the general method, approximations can be found if t is not too

large, such as



P(1 specific pump inoperable) = rt
and
P(k specific pumps inoperable) = (xt)k +rt

for k > 2. These approximations are accuraie tc at least one significant

aigit if, in the first case, r]t < 0.1, and in the secord case if

At < p/10 and rkt < 0.1. If t is too large for these approxi-

mations, then the more general methods of Appendix A should be used. For

example, tnis would be necessary if turbine-driven pumps are under consid-
eration, " is the upper ena of the 90% interval, and t is 720 hours

(1 month).

The form.las just given should look familiar to fault tree analysts.
In particular, if k = 2, r2t is used in the way that sr]t is often
ustd by analysts. The formulas given here are more general than those
obtained by the beta-factor method, because they recognize that systems can
have more than two pumps. The ratio rk/r] would be a beta tactor for
k components, and the value given in this report as the beta factor is a
compromise among these values.

It is instructive to compare the sizes of x and roe For two
specifi’ pumps in time t, the probability that both pumps become inoperable
because of a common cause shock is approximately r2t. The probability
that both become incperable individually is approximately (At)z. For
various t, these probabilities may be compared. As an example, consider
tailures to start in standby pumps, counting all faults. The data contain
10 common cause events in which two or more pumps in the same system were
simultaneously inoperable, and one event in which two pumps in a system
were incperable apparently by coincidence. Therefore we might ask what
time pericd between demands, t, would make (‘t)z/rzt equal to 1/10.
The answer, based on the point estimates in Appendix C, is
)2

t = (1/10)(6.76~7)/(3.1E-6)" = €972 hr = 290 days.






faults cannot be smaller than the true rates based on only failures. The
slight inconsistency arises because there are only three reported everts
involving more than one pump simultaneocusly. Because the rates are based
on very little data, they can be somewhat inconsistent. The inconsistency
is extremely small.

It is not uncommon for the estimate of the shock rate, u, to be
larger when based on only failures than when based on all faults. It is
impossible for the true value of u to be larger when only failures are
considered than when all faults are considered. The estimates behave this
way when a larger fraction of command faults than failures involve more
than one pump simultaneously. It is quite possible that, with enough data,
it would be better to estimate separate values of u and p for failures
and for command faults. However, with the present amount of data, it is
not conclusive that the data behavior represents anything more than random
variation. In any case, the estimate of u is not used directly in fault
trees. Therefore we do not pursue the matter further.

A final aiagnostic check on the BFR assumptions is performed. The
statistical details are given in Appendix A, but the idea of the check is
as follows; if the BFR assumptions are correct, then the number of pumps
affected by any (future) nonlethal shock is a binomial(m, p) random vari-
able. Unce p has been estimated, the observed numbers of affectied pumps
can be compared with the numbers predicted by the BFR assumptions. If they
aiffer greatly, then the BFR assumptions should be questioned. The compar-
isons are performec by looking at the stancardized residuals, defined as

(observed number - expecteu number)/standard deviation.
There is one residual for the number of common cause events involving
exactly one pump, one residual for the common cause events involving

eractly two pumps, etc. If the BFR assumptions are correct for the date
set, tien all the resicuals should be small.
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CONCLUSIONS

Estimates have been founa for common cause fault rates, common cause
failure rates, and related quantities. The estimates are based on Licensee
Event Reports for pumps from January 1, 1972, through September 30, 1980.
because the LER data base may be incomplete, the estimates should be used
with care. The numbers of demands and the operating hours are unknown for
alternating and standby pumps. Therefore, all the rates presented are per
exposure hour, usually critical hour or calendar hour. The user must
perform any conversion to other units.

Every quantity has been estimated by both a point estimate and a %0%
interval. The width of the intervals reflects both statistical uncer-
tainty, due to the random nature of the data, and alsc the actual substan-
tial variability in the fault rates from plant to plant or system to system.

How to use the estimates in applications has been discussed.
Diagnostic checks showed no marked departure in the data from the
assumptions of the model.

29






APPENDIX A
TECHNICAL DETAILS OF METHODOLOGY

31




APPENDIX A
TECHNICAL DETAILS OF METHODOLOGY

Fitting a Gamma Distribution to the Data

Suppose that A has a gamma(a, b) distribution, and that, given i,
the number of faults of a pump has a Poisson(at) distribution. Then it
is not hara to show that the unconditional distribution of the number of
faults is negative binomial with parameters a and bt (see Johnson and
KotzA']). Therefore, the maximum | :kelihood estimates of a and bt can be
found numerically, based on the exposure times and observed failures for
the pumps.

To illustrate this, consider the individual failures to operate after
starting, for turbine-driven auxiliary feedwater pumps in PWRs. Trere are
44 PWRs, but the Turkey Point Units 3 ana 4 share all their turbine-driven
auxiliary feedwater pumps, so they are regarded as a single plant for this
investigation. The parameter x is considered to vary among the 43
plants, but not from pump to pump within a plant.

When a gamma distribution is fitted to the data, counting both fail-
ures anc command faults, the estimated parameters are 0.395 and 1.:40E-4,
the estimated mean of the distribution is 4.504E-5, and the estimated 90%
interval is (4.303E-8, *.879E-4). The single turbine-driven pump at
Arkansas 2 (ARZ) had 7 faults in 7068 hours. If a and b were equal to
their estimaetes, the probability of getting at least 7 faults in 7068 hours
would be only 0.00064. Therefore, Lhe probability that at least one of the
43 plants would be as extreme as this is approximately
45 x 0.00064 = 0.028. In fact ARZ is intluencing the estimates of a and b,
s0 this calculation makes ARZ look better than it is. Using estimates
basec on all the plants except AR2 gives 43 x 0.000015 = 0.0006 as the
probability of seeing a plant as extreme as AR2. (learly, ARZ is an
outlier.

If ARZ is excluded, and a gamma distribution is fitted to the remain-
ing data, the estimated parameters are 0.682 and 4.249E-4, the estimated
mean is 2.896E-5, and the estimatea 90% interval is (4.5576-7, 9.951E-5).
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That is, the mean shrinks by 36% (or by 9% of the length ci the original
interval), and the upper end point shrinks by 47%.

These changes are substantial. However it would be complicated to
present a set of rates with ARZ included, another set with ARZ excluded,
and another set based on ARZ only, leaving it to the reader to decide which
set to use. Therefore, only one set is given, with AR2 included. This
gives the conservative larger values. In Appendix C, where the estimates
are given, there are some comments on how to adjust the estimates to remove
the effect of ARZ.

The above case was chosen to illustrate the method because it has the
worst outlier problem. No other portion of the data has an outlier that is
even close to as bad as ARZ in the above data.

How to Obtain Probabilities from Rates

When using the model of this report, the key to evaluating probabil-
ities is to condition on the number of nonlethal shocks. Let NS be the
number of nonlethal shocks, and NL the number of lethal shocks. Consider
any event involving the failure or survival of certain pumps in some time
period t. Let P(A|B) denote the conditional probability of A, given E.
The following decompositions hold:

P(event) = P(event | N, > 0) P(N, > 0) + P(event | N = 0) P(N, = 0)
L L L 5

Hne- §

P(event | NL = Q) =
n

P(event | NL = 0, NS = n) P(NS =n).
0

Normally only the first few terms in the sum need to be evaluated.

The model 3ssumes independent shocks with a constant shock rate.
Therefore (Reference A-1, Ch. 4.1), the number of shock. in time t is a
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Therefore, to obtain the desired probability, observe that
P(eventl NL >0) = 1, and substitute into the equation for P(event) at
the beginning of this section. The answer is

(1-e™fee™ g (1-0)% 0+ 30)e™ (ut)Yn: .

Substitution of estimates for p, u, A and w yields an estimate
of the desired probability. To obtain upper and lower uncertainty bounds
on the probability is not so easy. Using the end points of the 90% inter-
vals for p, u, A and w is conservative, since it is unlikely that the
four parameters are all at their upper ends or all at their lower ends. In
principle, a Bayes 90% interval can be found, based on the distributions of
Py Ay A, and w. This is how the intervals for 8, F1s Tos etc., are found
in this report. To perform this operation, however, requires numerical
integration.

The point estimate obtained by substituting the Bayes means into some
complicated expression is not necessarily the same as the mean of the Bayes
distribution of the expression. But it is simple, and credible.

When t is not large, simple approximations can be used. Each of the
approximations given here is valid if At << 1, ut << 1, and
wt << 1. They follow from the Taylor series expansion for e * and

are
e‘wt 2 ]
] - e-ut : wt
et &
aoa N
¢ =

n
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1-Q,%(1-q") +q"ht

I o- Q)" 0, PN = n) = (p + aat) ' ¢? ut, for i>0and j> 0.
n:

This leads to simple approximations of many probabilities. For each of the
probabilities below, the first approximation is valid if at << 1,

ut << 1, and wt << 1. The second approximation for one specific pump is

valid if in addition u << A and w << A. The second approximation is

valid for k pumps if the first approximation is valid and in addition grt << p.

P(1 specific pump fails) # At + put + wt = r]t

2t

P(k specific pumps fail) 2 (At)k + (gat + p)k ut + wt

1

()% + pMut + ot = (at)K + ret for k> 2
P(at least k out of m pumps fail)

Lot +ut 1 M@t e et

K

" g

i

I

I~ 3

Ok + ut

i=k

for k > 1.,

Diganostic Check Based on Residuals

[f the binomial failure rete (BFR) assumptions hold, then the number
of pumps affected by an observable shock has a binominal(m, p) distribu-
tion, truncateu because zero cannot be observed. Unce p has been esti-
mated, the correctness of this distributional assumption can be studied.

The sample sizes in the pump data are much toc smell to allow standard







below). Relative change means tne chang~ in the quantity, divided by the
value of the quantity. Then the rate of relative change in the estimate of
e per relative change in x is

»

Cle, x) = :—x . (A-1)

@) |x

Approximate formulas will now be derived.

It is convenient during the derivation to work with maximum likelihood
estimators rather than Bayes means. The difference between these two
estimators is not important here, because the purpose is only to roughly
approximate the effect of data inaccuracies. Suppose data are combined

from systems with populations m, and times ti‘ _et Npgs M

i +{Y

N ys @NG s, denote *»e observed numbers of individual faults, nonlethal

shocks, lethal shocks, and pumps made inoperable by nonlethal shocks. Then
the maximum likelihood estimates satisfy

. InIi
ol
- . zn.'.i
R
LY
m. n, .
ZS‘ = p { L *; (A-?)
M5
1 -q

Equation (A-2) requires knowledge of each separate m.n, However, it

i
can be approximated by

pl min,

ls; 2 =
(1-a"

i
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where m, generally not an integer, is the weighted average defined by

):m‘.n*i

m =
n

+i

where the sum is taken over all i such that m. > 1. The terms with
m, = 1 are not counted because they contain no information about p.

S0 now, if we define n = I"li' ¥ {"+i’ n_ = i"Li‘
ana v = {si/{mi"+i’ and if m is as just defined, then the
estimates satisfy

% Smiti
D, sad
.
+ Iy
|
I
petv(l-q"

Finally, the coefficients C(e, x) defined by Equation (A-1), can be
approximatea for e = A, Ay Wy Py by s OF 8, and for

X = Mgy Ny N, or v, Formulas are given in Table A-1, and very

rough approximate values are given in Table A-Z2. For these approximations
it is assumed that " i

These coefficients are used as in the following example. Suppose that
information is needed about the effect on the estimate g of increasing
fy and v by 10% and decreasing n, by 5%. The relative change is
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PLANT INFORMATION AND CODE DEFINITIONS

Table B-1 summarizes the systems of pumps considered in this report,
and gives their codes and relevant exposure hours. Tables B-2 and B-3 give
plant information: for each plant, its code, critical hours, calendar
hours, and pump populations are shown. Table E-4 defines the codes used 1In

APPENDIX B
the one-line data summaries.
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TABLE B-Z. (Continued)

Running Alternating Standby
Reactor Auxiliary Containment
Critical Calendar Cit CVC BAT CCW  RHR® Feed® Spray wect  Lecib
Plant Code Vendor Hours Hours K 6 1 J R B F H L
H. B. Robinson 2 RO2 " 60180 76704 3 3 2 3 2 ™M, 1T 2 3 2
Salem | SA W 16488 33360 4 3 2 3 2 M, 1T 2 2 2
Sequoyah 1 SEN W 542 2112 4 3 2 5 2 ™, 17 2 2 2
San Onofre ) S0 " 56392 76704 3 2 2 3 2 ™, 11 0 3 2,
Surry 1 Sl W 42519 72336 3 3 2 ah ot ™, 17 6 3 2
Surry 2 SU2 W 35584 66360 3 3 2 ¢h ol ™, T 6J 3 Al
Trojan R W 21998 42048 4 3 2 3 2 17, 10 2 4 2
Turkey Point 3 03 W 52966 69672 3 3 3 2 2 3T 2 4 2
Turkey Point 4 U4 W 46080 64056 3 3 3 2 2 3th 2 4 2,
Yankee Rowe YR1 W 53515 76704 4 3 1 2 2! b 0 3 3
Zion 1 2n W 4245 63864 4 3 2 B 2 M, T 3k 2 2
Zion 2 212 W 37666 59352 4 3 2 5 2 ™M, 1T 3k 2 2

a. Pumps are motor-driven unless otherwise noted.
b. Unless otherwise noted, the same pumps are used for LPCl and RHR.

c. The letters M, T, and D denote motor-driven, turbine-driven, and diesel-driven. For example 2M, 17 means that 2 motor-driven
pumps and 1 turbine-driven pump are present.

d. The HPCI and CVC pumps are shared. Population and faults are counted under CVC.

e. The two units have five pumps: two per unit and one shared by either unit.

f. A total of two motor-driven pumps is available for use by either unit,

g. Containment spray is an integral part of LPCI. Population and faults are counted under LPCI.
h. The two units share the same pumps.

i. There are separate pumps for LPC1 and RHR.

j. Two of the pumps can be driven by either a motor or a turbine (tandem prime movers).

k. One pump is diesel-driven.
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TABLE B-3. BWR PLANT INFORMATION2

Running Alternating Standby
Coolant p (Core e 4 b

Critical  Calendar  Recirculation €N RMR Spray Spray weCl el reic?  suc
Plant Code  Vendor Hours Hours K J K b F H L q i
Browns terry | BF) 6 32634 62448 2 3 1 L] 0 1 L] 1 2
Browns Ferry & BF2 G 29788 54360 2 3 B B 0 1 4 1 2
Browns Ferry 3 B 3 6 26961 36360 2 3 a . 0 1 4 1 2
619 Rock Point BP1 6 51445 76704 2 2 2 2 2 0 0 0 0
Brunswick 1 BR1 G 22445 34896 2 3 4 2 0 1 B 1 2
Brunswick 2 BR2 6 27176 48528 2 3 4 2 0 1 4 1 2
Looper Station 01 6 45502 57936 2 a 4 2 0 1 < 1 2
Uuane Arnold LAY 6 35182 57216 2 3 4 2 0 1 4 1 2
Dresden | DR 6 39786 509604 4 3 2 3 2 1® 3 0 0
Uresden ? pR2 6 58693 76704 P 3 3.9 2 0 1 ot ) P
Uresden 3 DR 3 6 56458 76704 2 3 af.9 2 0 1 af 0 2
€. 1. Hatch | EN 6 39105 53064 2 3 Il 2 0 1 2 1 0
E. 1. Hatch 2 EN2 6 10147 19680 2 3 4 2 0 1 I 1 2
J. A. Fitzpatrick Pl 8 30779 51480 2 3 4 2 0 1 B 1 2
Millstone 1 M 6 58150 76704 2 2 't 2 0 o a 0 2
Monticello MUY G 62706 76704 2 2 e 2 o 1 1 1 2
Nine Mile Point 1AM 6 SESER 76704 5 3 3 8 4 > 3 0 2
Uyster Creek och 6 55263 76704 5 2 3 » ' 3h 3 0 2
Peach Bottom 2 PE2 6 40497 61728 2 2 a 4 0 1 o 1 2
Peach Bottom 3 P83 6 40278 53928 2 ? 4 4 0 1 1 1 2
Pilgrim 1 P1 6 48238 72636 F 6 4 2 ¢ ) 4 1 2
Ouad-Lities ) o) 6 56398 7670 2 EN 4 2 0 1 o) 1 Z
vaad-Tities 2 Q2 6 56912 73620 2 3 4 2 0 1 4) 1 2
Vermont Yankee vl 6 57426 7472 ? 3 4 2 h) 1 4 1 2

a. Pumps are motor-driven unless otherwise noted.

0. Unless otherwise noted, the same pumps are used for LPCI ard RHR.

c. At most giants, containment spray is an integral part of LPCI. A population 0 means that the population and faults are counted under LPCI.
d. WPCI and “CIC pumps are turbine-driven, except where inc ~ated by musts.

e. The emergency feed pump is counted as HPCI. It is motor-driven, and considered an alternating pump for this report.

f. There are separate pumps for LPCI and RHR.

q. Units 2 and 3 have a total of five RHR pumps: two per unit and one shared between units,

h. The main feed pumpe serve as HPCl pumos. They are motor-driven. and alternating rather than »Landby.

i. Units ) and 2 have a total of five pumps: two per uni! aid one shared between units.

j. At each plant there are four motors, with cach metor driving a gang o. .wo pumps in series.
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APPENDIX C
ESTIMATED FAULT RATES
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Running Pumps

The pumps considered are PWR reactor coolant pumps and BWR coolant
recirculation pumps. The exposure times used are critical hours.

In all the cata, there is only one reported failure to start. There-
fore, rates are not estimated for failure to start, but only for failure to
opcrate after starting.

A1l the nonlethal shocks were command faults rather than failures.
Therefore, the quantities involving p cannot be estimated for failures.

There were eight lethal shocks, more than for any other system. They
occurred at only five plants. This recurrence at certain plants leads to a
very wide interval estimate for w, with the lower bound essertially
zero. Uf the eight lethal shocks, three were loss of power, and one was
failure of the containment instrument air system. In many fault tree
analyses, such hardware failures would be built into the fault tree explic-
itly, and so should not be counted a second time in the rates from this
report. For possible use in such analyses, the rates are estimated
excluding lethal shocks due to hardware failure.

In summary, rates are estimated for failure to cperate after starting:

| [ Basea on all faults
¢. Based on failures only

3. Based on all faults, excluding lethal shocks due to hardware
failure

4. Baseu on failures only, excluding lethal shocks due to hardware

failure.

Be sure to read the Application section in the main body of this
report. The following printouts give the estimates and summaries of the
relevant data.
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REACTD COOLANT 7 RECIRCULATION
PERATF, IVEN START
- ANTH FATLURES AND
PER CRITICAL iINUR
NUMAER® SHNWS (LONER BOUND, POINT ESTIMATE, UPPER AOUND)

IPPEP ANUNDS FORM 90 PERCENT INTE VAL

«371s 508, .B1H)
«0%: 1.3E=0% 5.8F-0%)
s 2.06=06s 1.0€E-0%)

s S.8E=06s 3,0F=0%)

B
COMPONENT BETA FACTOR
R1

1.36-05) 1.8E-07» 2.0E-0% 9.5E-03) «000s 024» .83%0)
«1€-0%) 1.8E~07y 2.26-0% 9.4E~-05) 000, 016, .83%0)
1.16-0%) 1.8F=07s 2.0E~09 9.4E~-05) «"00s +008, .73V)
1.1E-05) 1.86=079 2.0E~09, 9.4E-05) «000s 004, 724)

1.36-05) 1.8F-07s 2.06~0% 9.5€-0%) +000, 016 .8%0)

RATE FNR SET OF X SPECIFIC COMPONENTS
R2 R3 RS
6. TF=06s 3.TE-0%)
b.6F=0hs 3.TE-D5) 1.6F=13, 6.4F=06s 3. 4E-09)
6.6F=06s 3.TE-D5) 1.%9E=13 6.3E~06s 3.4E-D5) ( B.76~14, 6.2E-06, 1.3E-0%)
b. 606, 3.TE-D3%) 156=13, 4.,3E-06, 3.4E-05) { B.,5F~14y 6.26~06, 3.3F-0%) { §.0E=~14s BH.1F-06,s I.2E-0%)

1. 76-0%) [ 1.5F=133 6.3FE-06s Y1.4FE-0%) 1.3E-0%) { 4.8E~14y 6.1E-06, 3.2E-05)
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RUNNING
FAILURE

PUMPS ~ REACTNR COOLANTY 7 RECIRIULATION
TO NPFRATE, GIVEN START

LETHAL SHNCXS DUF TN HARDWARE FAILURF EXCLUDED
FAILURES ONLYs FYCLUDING COMMAND FAULTS

RATES ARE PER CRITICAL HOUR

TRIPLE OF NUMBERS SHNOWS (LOCWER BOUND, POINT ESTIMATE,
LOWER AND UPPER ADUNDS FORM 90 PERCENT INTERVAL

LAMADA

LANRDA
*

OMEGa

NO DATA

= { 1.06-08, 5.2E-06s 2.1E-05)
* ( S.¥-10s 1.3E-07» 5.2E=-07)
= { 5.3E~10» 1.3E-07s 5.2E-07)

WERF TASFRVED FOR ESTIMATING OVHER QUANTITIES

UPPER BOUND)
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MODE DESCRIPTION C SE DESCRIPTION

wpw SEAL FAILED CREAGVING GPM RCS LEAL JF SEAL FAILURE UNKN:OTHR FAILRS

' R ( NUTER ( ASSUMED MATURAL END-OF-LIFE SEAL FAILU®E
R S i REPLACED SEAL

AL 71158 OF 13.8 Xy PINER REACTOR/TURBINE TRIP OCCURED AT 2243 MLUR

1 <2=2 STARTED WITH INCORRECY BXR ALIGNMENTY PEISONNEL ERROR

2 Nl;l’(;n',’)uf T0 LOW CONP COOL H20 FLW PERSONNEL MAINTENANCE LOOSENED WRONG COVE
6 P8 LOSS OF OFFSITE POWER-QUTPUT BRKR FAULT
THERMAL SHOCK
ALOWN FUSE IN INTERLOCK CONTROL CIRCULY
RCP 1=2 TRIPPED DUE TO LOW OIL LEVEL ALARN NY CAUSE GIVEN
REAC COODLNT PMP PCP282 FAILD CAUSE NOT YET DETRwND DISASMBLY SHOWD 1 CAPSCREW »SPIROL MISSNG
118 RYX GPM LEAX AITH UPPER AND MIDDLE MECH SEALS FAJLET
RACKED WELD DISCOVERE COOLANT PUY CAUSE DF WELD CRACK IS UNKNDWN
RCP '\!l;‘éhlhliiw—v':‘g-— PAEVIOUS WELD REPALIR WAS INADEQUATE
REACTOR { CAISE NOT GIVEN
RCP*'S § CNVER CORROSION 10 STUDS & DETERIORATED GASKETS
PRIMARY CAJSE NOT GIVEN
LOSS | : LNG WIR TO RCPS ~ RCPS WERE SECURED CONTAINMENT INST AIR SYSTEN FAILED
LOsy LOSS OF DFF-SITE POWER
LOAD JNDRERQ TURINE CONTROL DESGN CONCEPTS

ALL THREE RCPS NMPERATOR E%ROR

#2 RCP [ND : - SHUT DOWN VIS INSP CONFMD SL FALILD = MOD® SU-4N-2]

¢ o ( MANJALLY  SFAL PACKAGE FAILEDs TOT LKG 90,000 GAL
LEAX IN LOWER LURE OIL COOLER

SEAL FAILURE - PUMP MODEL VI1001-81

PAGE
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ALL flUlfS IN lEl('ﬂC COOLANT 7 RECIRCULATION PUneS

A

» 3 C ic

: RN

T oSOneERt IR A Refl NG MODE DESCRIPTION CAUSE DESCRIPTION

SAL 022871% 102178 % PM AO6 1 N O ALL THREE RCP SEALS FAILED POSSIBLY TOO MIGH A DIFFERENTIAL PRESSURE
SAL 029073 122779 ¥ ®% DI3 S 1 N D €12 RC PURP TRIPPED IF 4KV GROUP BUS wAS LOST

571 030015 011830 « PR D16 1 N U FIRE STARTED ON RCP *A® FROM AN OIL LEAK MO CAUSE GIVEN FOR OIL LIFT PUNP OIL L EAK
SUL 0106417 113073 % ®M 005 1 N D RCP LA ;52?7°FIII5°;?-:33’;3;F;"'-" FILLET GROOVE ON SWET INCORRECTLY WADE
SUL 027758 121979 « *M 018 1 N T 1A REACTOR COOLANT PUMP TRIPPED N GRIUND FAULT IN PUNP NOTOR

TO1 D1A991* 0OR2177 ¥ PA DOL N & NDOD T HER 'a-;E;;-;.zs;;;;g;;:;-;EE;E:;;;ED GFY QUTPUT BRKR WAS TRIPPED PREMATUREL Y
212 015051 091976 % PH 0OL U 2 N D TN RCPS WERE INADVERTENTLY TRIPPED OFF-LINE PERSONNEL WADE S4ITCHING ERROR
351 027159% 092679 K P4 D03 ¥ 2 N D A AND B RECIRCULATZON PUNPS TRIPPED TRIUBLESHOOTING WRONG TERMINAL STOP
AFL 027682¢ 112679 X PH DO3 V 2 N O BOTH RECIRC MG SETS SHUTOOWN DURING NORWAL 09, PERSONNEL TESTING WRONG RELAYS

857 030311 020397 X SM D03 T 1 T D 24 REACTOR RECIRC PUNP ACCIDENTLY TRIPPED NISTNTERPRETED PUMP LABEL ON TRIP BREAKER
3F2 030312 020390 ¥ PM DI3 S 1 N D 28 RECIRC PUMP TRIPPED SPURIOUS SIGNALs NG SET GEN STATOR TEWP
RF2 030350 020690 K P DO3 T 1 N O 28 RECIRC PUNP TRIPPED 3 WRING RELAY OPERATED
AF2 OT1547 060730 K PM ORI T 1 N T 2A RECIRC PUNP TRIPPED ON HiGH STATOR TENP % M5  LOISE CONMECTION DUE TO VISSATLON

871 016269 103076 € P% D06 S 1 N T 38 RECIRC TRIPPD DUE TO BURND COLLECTR RING ON WG CATRON BRUSH WORE TDO SHORT

AF3 032542 090190 X PM D00 1 N U *A* RECIRC PUNP TRIPPED CAISE UNKNOWN

31 019493 102577 K PR DI3 S 1 N D 1A RECIRC TRIPPD DUE 10 RECIRC G SET TRIPPING L0 LUBE OIL PRESS. DUE TO CONTROL VALVE
871 020209 122977 « P 002 S 1 N O RECIRC PMP 1A TRIPPD DUE TO MG SET TRIPPING STIING ON WG BKR GO CAUGHT AND TRIPPED
A%1 025091 010477 « PN D20 S 1 N T 1A RECIRC PUNP TRIPPED OUE 10 LOW LUBE OIL 7% WG  WISSING LOCK NUT ON LO ADJ CAUSED ORIF T
A%1 031149 050180 X PM D13 S 1 N T 1A RECIRC PUMP TRIPPED ON MG SET LOW LUBE OTL PRES PIESS Sw SET 70O WI WITH ERRATIC PRESSLRE
322 013619 OBOATS X M AOG & 1 N D AFTER sE;Z;'rnon PuR, 28 R% RECIR: PUMP LEACED 40T COOLANT REACHED SEALS,CRACKED SL F ACE

© A2 T1TC0 0R24TS K PM AOS R 1 N D AFTER SCRAM FROM PuR, 28 RX KECIRC PUNP LEAKED HOT COOLAMT REACHED SEALS+CRACKED SL FACE

392 013620 090575 K PN AO& B 1 N D AFTER SCRAM FROM PWR, 28 RX RECIRC PUNP LEAKED WNT COOLANT REACHED SEALS,CRACKED SL FACE
492 013798 111475 % PW D13 S 1 N U 56% Pe_ R/X RECIRC 24 TRIPPD--2A WG SET INOPERALE WO PROSLEM FOUND WITH WG SET
4R2 014947¢ 052776 K OM 001 N 2 T O RECIRC PUMPS TRIPPD ON LOW L.0. PRESS DPERATOR DID NOT FOLLOW EMERGNCY PROCE DRE
A2 0149474 052776 K PH D19 ® 1 N D 28 RECIRC SEALS FATLD FOLLOWING Rx SCRAM 30T 5u® NIT STATED AS TO REASON

...... -

PAGE 2
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FAUL?Y IN REACTOR MATION PUmes

RODE

JESCRIPTION

INOP. DUE T

ALARNS

24 MG SET TRIP ON TVERIEN
INDICATE 28 RECIRC

pup PRNA

RR ~=TENP.SWITCH

wam REC

NBT-LIS

INIDENTIFIED LXG GPH

EXCEEDED
EAS 1IN

TS LNT, S

A" RECIRC HAD

FLOW DUE T) %-6

A" RECIRC PUMP MG SET TRIPPED ON UNDER VOLTAGE

‘A LO ALARN

SYS 1SY

> SET TR]lpp DIL PRESSIRF

CAUSED

RECIRC PuUMP CONTROL

SPEEN 418

RECIRC MG SET INADVERTNTLY TRIPPD,LOST =A™

o 4 S =

LARL 1

IMARY LEAK OF 5.616PNR 7 SPEC~-56PN

RECIRC

CAUSE DESCRIPTION

OVERCURRENT RELAY "S508"™ FAULTY

PUNP SEALS FAILED DUE TD THERNMAL SHOCK

ALINN FUSES DUE TO SHORT BRUSHES

BLIWN FUSES DUF TO SHORT BRUSHES

FUSES BLOWN IN VOLT FEEDBACK CIRCULITRY

FUSES BLOMN IN VOLT FEEDBACK CIRCULTRY

WIAF CONNECTED FOR TESTs CAUSED TRIP

INCNO NN

SHITCH TRIPPD DUE TO VIBRATIONZTYPE DAGYS

MOISTURE IN MODEL 4418C SWITCHILEAKY VLVE

SEAL REPLACED

LX3 FRM RECI®C PMP 8 SEALS, CORRSN PRDCTS

VOLY,. REG. FOR MG HAD OPEN N TRANSFOMMR

SHORY
CAUSE
LEAKING

IN PUNP MOTOR
N FOUND FOR LOSS OF
SEAL

CONT.PuR T0

LUBE DIL LEVEL

MECHANICAL

OPERATOR TURND OFF WAw

REC IRC

GRIUND IN CONTROL CIRCUIT

WATER LEAXAGE INTO CONTROL CABINEY

AUS 10200 FAILILD TO

DRIVE
CONTROL

TRANSFER TO RECER, PuR

FATLURE OF THE TO THC OIL PUNP

QRFECIRC PUNP CXT PROBLEM CAUSED Sp

NPERATOR ERROR DURING TEST

QECTRCULATION PUMP ™A™ SEALS LEAKING

MY CAUSE GIVEN = DTHER THAN LEAKY SEAL
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ALL FAULTS [N REACTOR COOLANY 7 RECIRCULATION Pynps

B e A ———

MODE DESCRIPTION

RX RECIRC PUMP 12 HAD SMALL SEAL LFAX
LEAK GT. 5GPM FORCL POWR REDCTN ®L, 2C Puwe

DEENERG 125V DC DIST CTR - LOSS OF 3 RECIRC Pymes

-

'C* RECERC PUNMP KEPT TRIPPING
1A RECIRC PUNP TRIPPED WHER MG LUBE QIL Pume TRIP®
2A RECIRC PUMP M/G FAILED - LOST 2A RECIRC Pyuwe

ZA RECIRC PUMP TRIPPED

-

“A' RECIRCULATION PUMP NG FIELD BXR OPENED

CAUSE DESCRIPTION

NY CAUSE GIVEN -~ OTHMEN THAN LEAKY SEAL
SFAL FAILY RPLCD SEALS ON 911,014 PHP ALS
PERSONNEL DID NOT FOLLOW PROCEDURES

LISS OF GENER-OR FIELD,FALLED POTENIOPET
CAJSE UNKNOWN WHY LUBE OIL PUMP TRIPPED
LONSE TACH COUPLING - GENERATOR VIBRAT ION
MG SET TACHOMETER COUPLING FAILD

FATLED CONTROL POWER TRANSFORMER
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Alternating Pumps

The pumps considered are: PWR chemical and volume control pumps; BWR
feed pumps that serve for HPCI (at four plants only); PWR boric acid trans-
fer pumps; component cooling water pumps; and residual heat removal pumps.
The exposure hours used for the different systems are listed in Table B-1.

The nonlethal common cause failures to operate after starting tend to
cluster at a relatively small number of plants. This leads to a very wide
interval for a_.

Rates are estimated for:

1. Failure to start, based uon all faults

2. Failure to start, based on failures only

3. Failure to operate after starting, based on all faults

4. Failure to operate after starting, based on failure only.
te sure to read the Application section in the main body of this

report. The following computer printouts give the estimates and summaries

of the relevant cata.

67
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RCENT INTERVAL

RATE ¥
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LR |

aRr
MPONENT BETA FACTOR
1.7E-06s 1.4E~03)

3.1E~06s 1.2€-03) { «000
2.9E~06s 1.1E-03) t 000
2.96-06s 1.1E-0%) t 000,
2.86-06s 1.15-0%) ( .000,

2.8E-06s 1.1E-0%) { «000

1.4E-0%)

IC COMPONENTS

4.3E-0T7)
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ALTERNATING PUMPSt CCWe RMR, PWR CVC AND BAT, BWR MOTOR-DR HPCI
FAILURE TO OPERATF, GIVEN STARTY

ALL FAULTS = ADTH FAILURES AND COMMAND FAULTS

RATFS ARE PER FYPOSURE HOUR

TRIPLF OF NUMAERS SHNWS (LOWER BOUND, POINT ESTIMATE, UPPER BOUND)
LOWER AND UPPFR BNUNDS FORM 90 PERCENT INTERVAL

P ow L «275: +41% .555)
LAMADA = ( 1.2F=10, B.9€-06s 4.3E=05)
LAMBADA = ( 1.1F=30, 4.4E-06, 2.3E-03)
ONEGA — » ( 2.2E=10s S.7E-08s 2.26-07)
Rt PATE" s.ec.§t!'5883o.eu: BETA FACTOR
- L1 R
S 1 { 2.86-30, 1.1F=05s 5.8E-05) ( 1.2E~07s 1.3E-05 7.9E-05)
2 ( 1.AE=30, 6.9E-06s 3.,6E=05) ( 1.26-07s 1.26-05 6.9E~05) ( .000s, .000s .450)
3 { 1.56=30s 5.6E=06s 3.0E=05) ( 1.26-07s 1.1E-05, 6.6E-0%5) ( .000, .000s» .500)
4 { 1.36=30s S.1F=06s 2.7E-05) ( 1.2€=0Ts 1.1E-0% 6.56-05) ( .000, .000, .443)
5 { 1.26-30s 4.AF=06, 2.5€=05) ( 1.26=07s 1.1E-05 6.4E=05) ( .000, 000, .397)
5 { 1.26=30, 4.6F=06s 2.56-0%) ( 1.26-07, 1-16-05 6.4€=0%) ( ,000, .000s .31%)

-

OVERALL ( 1.2F=30, S.6F=06s, 5.86-05) ( 1.2€-07, 1.1€-0%5, 7.9€-05) ( .000, 000, .500)

x

RATE FOR SET OF X SPECIFIC COMPONENTS
R? R3 LL}
9.3F=29, 1.2F=06s 6.5E-06)
2.26-28, 1.0F=0be 35.,4E-06)
3.96-28, 9,3F=07, 5.0E-086)
S«bFE=2Ry R, 9F~-07, &.TE-06)
T.0F=2R, B.T7F-07, %.6E~-06)

Ri

mm

2.5E=25» 4.8E-07, 2.5E-06)

To1E=250 4. 4E-0T7s 2.3E-06) ( 1.7E-20, 2.3E-07, 1.1E-08)
1.36-24s 4.3E-07s 2.26~06) ( 3.1€-20s 2.3€-07. 1.1E-08)
1.8F=24p 4.26~07p 2.1E-06) { 4.3E~20s 2.2E~07, 1.1E-08)

T AP W N EBN.
- - em m -
- - - -~

-

OVERALL ( B.3E=29, 9,3 =07, 6.56-06) ( 2.5F=2% 4.4E-07, 2.5€-06) ( 1.T7E-20» 2.3E-07+ 1.1E-06)



We RHR, Pyl CVC AND BAT, ByR MOTOR-DR HECI
GIVEN STAQY

TMMAND FAULTS

YHONS (LOWER BOUND, POINT ESTIMATE, UPPER ADUND)

YUNDS FORM 90 PERCENT INTERVAL

2688, JH97)
7T.0E-06» 3.5E-05)
S.4E-07)

2.2E-0M

;:;E. { COMPONENT BETA FACTOR
Y Rl
8y T.5F=05 3.8E-05) LolE-O0T7y 7.26~-06s S5.0E=05)
31.8F =05, 1.9€-09) 9.0E~08, T7.1E=06s S5.4E-09%5) «000s 044, .550)
2« 5F=0%, 1.36-05) 9.9€- 08y T.1E-06s 5.4E~05) «+000s 084, .5%0)
1.9€-05 9.7E-06) P.8E-08s T7.1E~086s 5.4E~0%) «000, 041, .593)
1.5¢-05, 7.8BE-08) 9.8E~08, T7.1E~-06s 35.4E-0%) «000, .038, 2%
1. =0%, 6.5E-06) 9.8E~08s T41E~06s S5.4E-0%) «000s, 039 827

9.8E-08, T.1E-06, S5.4E~0%) «000s <061+ 4629)

FOR SET OF & SPECIFIC COMPUNENTS
R2 R3
B.4F=08s 2.7E-07)
B.0F=08, 2.6E-07) S«3E~10s B.RE~08, 2.40E-07)

T.RF=08, 2.6E-07) 5.06=10s 6.8E~08, 2.4E~07) J.TE-10, 6.3E-08, 2.3E-07)
T.76=08, 2.6E-07) $.9E=10y, 6.8E-08, 2.4FE-07) J.TE-10s 6.3E-08, 2,.3F-0T7)
T.7F=08, 2.6E-07) 4«B8E~100 6.7E-08, 2.4E-0T7) 3+6E~10y 6,.3E-08, 2.3E-07)

T.8E-08, ¢ - 6.8E-08, 2.4F-07) 3.6E~100 6.3E~D8, 2,3E-07)
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ILED WEARING RING
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LL

s zme
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luZzpre

nE2
ne2
ne?
0F2
neE2
nE2
®s1
RSl
LAY
es51
T
rr
LA R
T
T
T
(A |
ccl
ccl
cci
cch
ccl
ccl
cc1
cCl

CONTROL
NUMBER

033125
032153
032311
032430
032776A
0327768
014502
016012
0217464
030263
oLL016
011015
012103
014220
020997
025503
012649
013189
013389
014754
013485
J1969%
022153
0256235
026T19A

EVENT

i
072680
073080
LLLELLY
082280
092880
093090
037376
082276
0A227HR
n117%0
101074
101774
010375
021774
031878
nzLrre
021675
080175
09117%
050476
0or2917
111377
012378
0s0779
080679

ALL FAULTS IM ll?E'!A'llG PUMPSY

[ Gk et bad

o

O ® WO OO O D e

IMow-

- ™ =

C O wv v on

Ww o w R ®mwBw R BN

zZ2 z z z =z
e = = Cc C

2 8B 82 2 8 S8 €EC W mwa= - - Z T =z =

- O W - &G C 9 w9999 @ - = = o 9

CoWs RMR, PWR CVC AND BOR ACID 72,

MODE GESCRIPTION

-----------—-------------------—-----—‘-------—---

28 Hel PUIP OECtll!D IIODEIlltEcDEVEtB'ED HNT REAR

....... -

BORIC ACID TRANSFER PUMP DECLARED INOPERABLE
80RIC AEIE';;Ea PURP UNABLE TO PUNP DOWN LDST

cON B0RIC ACID STORAGE TANK PUMP DECLARED INDPER,
CRAST vuno'?;iIES'7B°;§§;°FiEi-E;§sv 10 LoST
CBAST PURP DECLARED INDPERASLE

Mpct P238A TRIPPD OFF LINE WHEN AT L00T POWER

EXCESS LEAXAGE ON ® L L1d 0‘ DECAY ﬂfl' DURNG SRVINT
8 DMR 'M;;-;(ll FOUND LEAK ING

LEAXAGE O.S(."’ FROM TAY DHR PUNP Sfll
MAXEUP 'Uﬂ' ll TRIPPED ON MANUAL lc‘“l'lo'
MAKEUP 'Ul' 1C FAILED T2 START - lo?ﬂﬂl'lc
WIGH PRESS INJ PUNP MU-PLC FAILED T0 “stanr

A" MAKEUP/PURLF PAP Stlllto VITH INPROSR VALY LIV
THE 14 € 1C A WAKEUP PMPS TRIPPED ON XFER TO SITE °8
WPL PUNP WU-P-1C TRIPPED ON AVERLOAD

NO 11 CCw_FATLD TO START UPON SIS “siemaL

013 CHARGING PURP RELEASED GAS ACT TO AUX BLDS

#13 CWG_PUAP RELEASED GAS ACT FROM UA-1 WAIN VENT
$13 CHARGN PURP TRIPPD DUE_TO BREAKER OPENING

"2 cnnaclnc PUMP REMOVED FROM S!l!lct

912 CHG PUNP S7D AND ISOLATED
"z

"l

LPSI COULON'T AE TRIFMPC FROM Cﬂl'lﬂl LLJ
"2

LPST PUMP WAS STOPPED WHILE IN lNI NOOE

- W - - —

CHARGING PUMP TRIPPED ON LOW Sutllﬂﬂ PRESSURE

39e 4NTOR-DR WPCI

--------------—---_------o-------.on-—---..-------------------

CAUSE DESCRIPTION

UPJARD PRESSURE DF MOTOR AGAINST UP RE M,
CAJSE NOT STATED

STAAINER wAS 8LOCK

WNAN WORM GEAR,BAD GASKET.& TORN oL SEAL
L0¢ OIL LEVEL IN PUNP,CAUSE NOT GIVEN
COINTER NOT RESET

NO CAUSE COULD BE FOUND THRU TESTING

LEAX CAUSD BY STUFFING BOX GASKET

LEAXING SEAL REPLACED

SEAL WAS REPLACED

WRING LUG USED TO COMN FOR T8L 10 ATR WOG
WESTINGMSE ACB HAD DISLGD TRIP LICH SPRNG
LNISE TERMINATION ON BR*R RELFASE

pu> FALLURE DUE TO INAD PROCEDRES/PERSINL
MALFUNC TIME DELAY RELAY IN LOW L.0. CxY
FATLED LEAD INSIDE PUNP WOTOR

RELAY IN ESFAS BURNED CONTACTS

PLUNGER PXG LXG (UTEX INDUS. PARTE SFLS4)
PLUNGER PACKING LEAKED EXCESSIVELY

CAISE FOR OPENING OF SKR. UNXNOWN

REPALR SLOWLY INCREASING PACKING LEAX
EXZFESSIVE PACKING LEAXAGE. PACKING FALLED
WMISSING SCREW IN TRIP ACT. LEVER ON 3REXR
SoyYRIOYS RECIRC ACT SIG AY PERSONMEL TEST
FAULTY PRESSURE INDICATING SwWITCH

PAGE 2
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ccl
cc?
cc2
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cc?
FCl
£C1
FC1
12
ni2
“t2
ni2
Yl
PAL
PAl
Pal
PAl
Pal
5Ll
stil
Su!
St
st
st1
st

CONTROL
NUNMBER

0267188
017049
0226049
02264060
023173
000s1)
012513
032754
214602
017374
025578
03079
021039
000202
014719
015311
021117
022911
Q17334
0173940
017393
023658
022649
025595
032587a

EVENT
...
LLLTY &
172117
on%ara
10177A
121278
112073
040375
092680
0%027s
12127s
031479
031080
0310278
or2717)
042175
Q72076
no&1778
103178
022077
022017
022677
os0278
100278
031679
082880

lll FAULVS lH ALTERNATING PUMPS:
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Cle
013
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AL9
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IMmMeate-
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019 §
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11
Al9
po2
D1s
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D20
13
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D00
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Als
Al)
Als
A00
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CCwe

RHRy PuR CVC AND BOR ACID TR,

MODE DGSCII"IGN

-

fL1 CHARGING 'unv ISOLATED DUE TO LEAK

FLOW FROM 021 CNG PMP DECREASED TO AIUUY 19 Gon

ROIH LPST PUNPS 'QI"!D L1 IIS SlGlll

BOTH 21 AND 22 LPST PUMPS LOST SUCTION
21 AND ;;-E;AQGIUS Punes WD Ex_pal PACKING LEAXS
COMPONENT CODLING WATER INPELLER CRACKING
CHARGING PUNP CH-1C FAILD 10 START

TAY CHARGING PUNP BECANE INOPERABLE

"ASCHARGING PUAP NO FLOW ON AUTOWATIC START

W™ CHARGING PMP TAGGD OUT DUE TO EXCESSIVE ¥OISE
LPSI PuR? LOST SUCTION DURING S/0 COOLING

CHARGING PUNP PLACED DUT OF SERVICE

1A CHARGING PNP STARTD FOR IBRATN TEST--MI TEWP,
COMPNT COOLNG PHP P32C COUPLING FAILED

CHARGING PUMP P55-A WOULD NOT START PROPERLY

CCuw PMP P52-C_INBORD BANG FATL? SWAFT WETALLIZED
CHARGING PUMP P-358 WOULD NOT START

CHR PUNP P-35C TAKEN OUT OF SERVICE

B CHG PHP SEAL LUBE WIR PRP FATLED DURING 7Y S7U
A CHG PP SEAL LUBE WTR PNP FALLED DURING R/Y $7U
DURING POWER 0PS,A CHRGNG PAP SEAL LUBE IR FATLED
CHB PUNP 1A FOUND TD WAVE SMALL CRACK IN 8LOCK

18 CHARGING PUMP FAILED TO START

1C CHARGING PUMP DEVELOPED CRACKED PUNP CASING
SEAL WATER LEAK DEVELOPED IN 18 CHR PUNP

Auk AOTOR-DR WPC]

CAUSE DESCRIPTION

PACKING FAILED

INVEST REVEALED TWO DISCH VLVS BROXEN
LEVEL INDICATOR FOUND TO BE OUT OF CAL.
AT? LEAKED FRO® PURIFICATION SYS TO SOC
PACKINGS REACHED EDL STIMUL TANEQUSLY
CAST IRON IMPELLERS CHANGED TO BRONZE
DIATY TIMING RELAY CONTACTS

PACKING COOLING WATER PUNP FAILED

GRISS PACKING LEAKS

UNKNDWN

PUNP BECANE AIRBOUND

PACKING FAILED,NATURAL END OF LIFE
LOZKN PIN NOT INSTLLD TO BEARING

TEETH ON HUB STRIPPED

PLIGGED OIL FILTER

EITHER HOT ENO ALIGHNT OR BRNG SLIPPAGE
FAULTY CONTROL COIL IN CIRCURT BREAXER
LEAKING SEALS

MI9EL SOLL.TYPE 102,STYLE Cloov

NANEL SDLL TYPE 102 PARTATS 15157

FATLD TO DELIVER SUFFICIENT FLOW

CAUSE OF CRACK IS UNKNOWN

FLEC INTER READ O SUCTION PRESSURE
SUCTION CAVITATION € VIBRATION
CAUSE NOT STATED




AHR, PUR CyC AND B8DR ACIO AN NOTOR-DR MPC

MOOF DESCRIPTION

1A CHR PUMP STARTED THEN APPARENTLY STOPPED FATLED SEAL WATER Pump
A RUPTURED SEAL WAS DISCOVERED [ \ SEAL BOUND ON PUS? SHAFT CAUSING FATLUSE
TUSF FAILURE OF L.O0. COOLER
L8 CHARGNG PP LERXKING AT GEAR CASING TINE FAILURE OF L.D. COOLER
18 PUMP SHAFT CRACKED AT BALANCE DRUM NuT
I8 C { REARING TENP AL ARN PLIGGED DIL PUNP ~O0LERS-wATER SIDS
CHARGEZST PNP HI BEARING TEMP ALARM PLGAD COML RIVER WATER STRAINCRS TOWN ALLOWING DEBRI
NPERATOR MADE INPROPER FLEC LINE~-UF
PUNPS BECANE AIR BOUND WITH RCS DRAINEC
FAJLTY ROTATING ELENENT
PUMP WAS TRIPPED FROM CONT ISOLATION PHASE § PONER SUPPLY SWITCHING CAUSE VOLT SPIn
CHARGING PUNP BECANE INOPERABLE FATLED BEARING DUE TO A COOLING WLV SWLT
“oN 0 POSSIALE FAULTY BLENMOER CONTROLS»CH-P-23
PRICEDURE REVISED TD VENT Pumprs
PUNPS BECANE AIRBOUND
soRIcC TRANSFER PUMP TRIPPED PERSONNEL TESTED BXR INCORRECTLY
IC MIGH MHEAD CHARGING PUNF 3 ~----;;~9 INCREASEND CHMECK VALVES INSTAL BACKWARDS IN COOL w20
WOIN MECHANICAL SEALSCRACK FOUND ON SHMFIT

IS 20 509 ANRIC ACID CRYSTALS IN VLVS & PIPES

DESIGN FU% MECMANICAL SEAL FAILED

Exsvy JOAN CRANE MECHANICAL SEAL FAILED
ExsSv LXS JOAN CRANE MECHMANICAL SEAL FAILED
TALEN OUT OF SERY, ExSy JUAN CRANE MECHANICAL SEAL FalLED
XFER PHp JUT OF SERV, CSNG SEPS DAMAGE TO GASKET SEALING SURF ON CASING

PUMP AMMTR PEGGFD, PUMP UEENERGITZFD ARINEN SHAFT.CLEAN BRX UNDR L1TM STG 1Im

aAsE
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020067
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017426
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MODE DESCRIPTION

CHARGN PMP HIGHER THAN NORMAL CASING TEMPFRATR

-

EAST CENT CHG PNP BRX BET 3!0 [ 3 QIN S'G INPELLERS

WEST COMP COOL WIR PN? Flllb T0 S'All (MANUAL)Y

-

#2 BOR ACID IFEI 'ﬂ' DISCN PRESS LOlEl THAN RFOD

TRAIN 8 CEN’RIFUGAL CNI PUNP GAIL!D 'Nll! orER,

EICESSIVS SEIL lEllAGE ON 1A CENT CHAIG(NG Ll Lg

RIX SHUVDOIN ‘ lE'UEll“G LOST PwR IO RHR PAP--2MIN
1A BAY D!VELD'ED lElK IN CAINGO IDYOI DUE TO 2RNGS

-

1A BAT OV(lNEAlO ( SEllEB OUE 10 lEllllG FATLURE

CNGNG PUNP IHOICA'IOIS ’Olll!D 10 FAULTY Nps

1A CHG PHp DE'ELD'ED SMALL WEEP 0& SUCI MECH SEAL

LA CHARGING PIP AXTAL MISALIGNMNT ﬂf ﬂll T0 pume

- " —— "

2 CHG PMPS REMNVED FROM SERVICE

2 CHG PHPS REMOVED FROM SERVICE

-

2 CHG PN'S REMOVED FROM SEI'ICE

BOR
a0R
23 1Y
N,
NO.
NO.
ND .
BOR
022
022

ACD IFEI PUNP & 21 lEﬂOV!D FROM SERVICE-TYPE |

-

ACD XFER 'UHP #2272 REMOVED FROM SflV!CE -TYeE |

23 CH6 PUHP REMOVED F20mM SEIVICG
22 CHG PUMP REMOVED FROM SERVICE

-

z1 CHG PUMP REMOYED FRUM SERVICE

21 CMG REMOVED FROM SERVICE
23 CHG !(HD'ED FROM SERVICE

AUX CDR’ COOL WIR PMP FAILD TO START DURIN ST

ALTERNATING PUMPSE CCWy, RHR, PWR CVYC AND BOR ACIN TR, n-! 40TOR=-DR HPCI

B e b T T A ———

CAUSE DESCRIPTION

- -

RAG STUCK IN RECIRC LINE DURIN ROTOR REPL
BICAK APPEARED TO BE A FATIGUE FAILURE
WIRE BROKEN AT TERMINAL BLOCKJHMOT S/D PAN
LEAKING MECH SHFT SL. ATTRID TO NOR Wi M
SHAFT BROKE

DUTBD SEAL HAD "O™ RING FAILURE
OVERLOADED 480V BUS PROCEDURES DEFICIENT
WIPED BRNGS ALLWD ROTOR TO DROP €& WEAR
FOYEIGN MATERIAL ENTERED MOTOR BEARING
NISASSY REVEALED CRKS UNDER PRESS RED SLV
SLIGHT POROSITY BTWN SL SPLY PSG & SL Sum
EXZFSS THRUST WIPED MOTOR 25 ARING RAN 20M
EXTSV PLUNGER SEAL LEAXAGE

EXCSY PLNGR SEAL LXG.~ VAR SP™ 98GPNM
EXISY PLNGR SEAL LXG -~ PSBLE DESIGN MDD
RELLOW SHAFT SEAL LXG - DWG FSP 10443-7
AFLLOW SHAFT SEAL LKG - DWG FSP 10443-5
LEANING HEAD GASKET - TYPE QX-300 QUNTPLX
EYCSY PLNGR SEAL LG - TYPF GX-300 QUNTPX
L<5 HEAD GSKT - TYPE GX=-200 QUINTUPLEX
PIN HOLE LEAK IN FLUID HEAD

LARGE LEAK IN FLUID HEAD

AELLOW SEAL LXG = CRACKED ROT SFAL SURFCE
DIRTY CONTACTS 3PLANT IN COLD SHUTDOWN

CHG PUMP DEVELOPED LOUD NOISE - LOST DISCH PoS FLYTD DRIVE CPLNG FOUND ciONEN

-

PAGE 5
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MODE DESCRIPTION

AWR NOTOR-DR HPCI

CAUSE DESCRIPTION

———— -

#22 BOR ACID XFER PUMP REMOVED FROM SERVICE

-

NO. 22 AUX COMP COOLING PUMP FATLED YO STARY

-

NO. 22 BORIC ACID TRANS PUNP DECLARED INOPERAALE

- _————

CHe PUMP 822 HAD LEAKAT l' UND SVUFF BOX GASKET

NO. 22 BORIC ACIC IIANSFEI Jﬂ' BECAHG INOPERAALF

" -

€32 CHG PUMP DEVELOPED LEAK IN HEAD - TAKEN OFF-LN

- - -

"33 CHG 'UHP VAIEN DUT OF SERVICE
LED CNG 'Uﬂ' 'Al!! OUT OF SERVICE

032 808 ACID XFER PUAP RENOVED FROM SERVICE
932 B0% ACID XFER PUMP RENOVED FROM SERVICE

#33 CHG PUMP REMOVED FROM SERVICE
#31 CHG PUMP REMOVED FROM SERVICE

ND. 32 RHR PUMP SEAL FOUND LEAKING

e -

LEAKAGE OBSERVED FROM M0, 31 CHARING 'Uﬂ'

- -

# 32 CHARGING PUNMP DISCOVERED LEAKING

-

092 OOQIC ACID TRANSFER PUNP DEVElD’ED LEAK

cone CDOL PMP 1A DID NOT START PN Oﬂ Bri6/T4

SNR ACID PUMP 1A TRIPPED AND WOULD NOI RESTARY

-

cane COOl PMP WOULD NO' STARY AF!EI PR WORK DNME

FLOW FION O’EQAIING CMG PHP WAS LOS' DUlING neee

FLOW foon O'EllYlNG CHG PMP WAS LOS' DUQING aeE2

-

CC PUMP FAILD TO START DURIN FULL 'Olil OPEATY)

CC PUMP FAILD TO STARY DUE 1O OVEDCUllENl TR

-

CCP GPERATED ONLY AT HIGH SPEED

-

™

N

LEAK DEVELDPED ON CCP BETWEEN DIS. PIPE AND ALNIK

- ——

TYPE 1y BELLOWS SHAFT SEAL WAS LEAKING
CAUSE UNKNOWNy FOUND DOING SI SYS TEST
FATLED MECHANICAL SEAL

FOUND CRACK IN FLUID MEAD AND CrYL. wALL
FATLED CONTROL TRANSFORMER

MATR=LINE CRACK N HEAD - 98 GPM, Ox-3C0
FXZSV SEAL LEAKAGE - TYPE QX-300 QUINT PLX
EXZSY SEAL LEAKAGE - TYPE QX-300 QUINTPLX
LEAKING BELLOWS SHFT SL -~ CRANE,TYPE 1
LEAKING SUCTION FLANGE GASKET - MDD 3196
EXZSY SEAL LEAKAGE - 98GPM TYPE Q¥-300
FXZSY SEAL LEAMAGE - QX~300 QUINTUPLEX
SEAL SURFACES FOUND WORN

LEAR WAS FOUND IN PLUNGER

FATLED PLUNGER AND PACKING

METHANICAL SEAL WAS REPAIRED

CXT BKR NOT RACKED IN FULLY

AKX OVLDS TRIPPEDs RESET - NO OTHR PROBLM
TRIP ARM HITTING TRIP RODJREADJUSTED, LLBE
ARINEN BELT ON VARI-DRIVE UNITY

BRIKEN BELY ON VARI-ORIVE UNIT

FAOLYY STATIC TRIP DEVICE IN CKXT BREAXFR
UNDER INVESTIGATION CAUSE NOT DETERMINED
FATLED TRANSISTOR [N HAND COUNTROL STAT ION
CRACK CAUSED BY DPERATING STRESS



RMR, PuR CVYC AND 7 TR, ANR ANTOR-DR

MODE DESCRIPTION CAUSE DESCRIPTION

STICKING CONTACT

INPROPERLY ASSEMBLED SE. ASSEMBLY
[MPRQPER TAGOUT PROCEDURE

CAJISE NOT STATED

IARGING PUMP FAILE CAPSCRENW FAILURE IN VARIDRIVE UNIY

NO. 22 C P MOTOR BMR KEPT TRIPPING RREANKER FATLURE, BXR REPLACED

ND. C ) : ) AIR LEAKS IN SPEED CONTROL UNIT
ARIXEN VARIDRIVE BELTS ~ VARIBELT NO. 862
PACENG WEAR AJAX IRDN WORXS TYPE T-12%
Taf 1=P28 CHR PUMP FOUND TOD MHAVE C élFD CYL ALOCK PRESSURE SPIXKING FOLLOWING M2 SEPARATICN
2P2C CHARGING PUMNP TAXEN OUT OF SERVICE REPAIR PLUNGER LEAXAGE
2P28 CHARGING PUMP FAILED BRIXEN VARJDRIVE BELT - VARIBELT NO.
* CHARGING PUMP TAXFN DUT OF SERVICE REPALIR MINOR PLUNGER LEAXAGE
"B CHARGING PUMP FAILED BRIXEN VARIORIVE BELT -~ VARIBELT mO,
2P2C CHARGING PUMP TAXKEN DUT OF SERVICE RECALIR PLUNGER LEAKAGE
?P28 CHARGING PUMP FAILED ARAKEN VARIODRIVE BELT -~ VARIBELT NO.
CHR ’“'; DISCOVERED TO HMAVE CYC BLOCK CRACK PULSATIONS CAUSED CRACKING
CHRGNG ;;;A};;;[;—;f.BZIE;;-;Q;;E;;_;(“u NOT YET DETERMINED INVESTIGATIONS CONTY
2P28 CHRGNG "TION OF NOISY SR ARNG FOUND SERVICEABLE
CMR PUMP *A® DICCOVERED TO MAVE A CyYL BLOCK CRACN  INSTLLTYN OF PULSATION DAMPNERS PLANNED
CHR PUNP ':"-SXSCA);H_?;B";_]_:H;;;-(-Y( BLOCK CRACK INSTLLTN OF PULSATION DANPNERS PLANNEI
7 REPLACE BELY AR IMEN VARIDRIVE BELTY
WATER PUMP WAS NODISY NAMAGED COUPLING - LOOSE BOLTS.MOD DBZ 226
BELTS REPLACED = VARIDRIVE PART A4-2

GING PUMP F LEAXING BLICK REPLACED.MIGH HOODP STRESSES

PALE
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CONTROL
NUNBER

025065
000609
000874
010112
010091
010476

n2 010519

0108013
011083
012078

? 012300

0127348
042975

2 014820

014830
016206
016259
017098
017099
2131138
017345
025815
0177008
023232A
0291194

EVENT
DATE
010479
120473
032074
032074
040674
NROBTSA
OR1S5T4
092674
1720474
011475
012675
052175
062575
010276
041276
101876
102976
012477
o131y
060777
nk221?
040279
050677
1127178
042479
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L
BORIC
BORIC
soricC
BORIC
BORIC
BORIC

«<3GING PUNP SPEED CONTROL IDI OQEllllQG eane

ACID XFER PMP B SHAFY llOKE Al IMPELLER

- -

ACID XFER PMP B BXR TRPD ON lﬂElHll avLn
ACID XFER PMP B FOUND TRIPPED ON ROUTINF INS

-

ACID XFER PUMP A FAILED DUIING NORMAL OPER

-

ACID XFER PUMP B FAILED DU'IN‘ 100t Pu2 N*S

-

ACID XFER PUMP B Flllib DUR ING ’!llDOlC TEST

ACID XFER PUAP B FAILED DURING 100% Pw? 0P
ACID XFER PUMP I Flllfo AT 'Uﬂ'-.o'u' END

AORIC

BORIC
BORIC ACID XFER PHP A FAIlGD DURING lOOI PuR NP§

DVE!CUQRENI ;Il' OF 'C' COI'. COOLN ;F! AT 1002 PW

8ORIC ICID lFEl 'ﬂ' ; S'O"ED S“Ol't' AFTER START
BORIC ACID l‘!l Pl' A FAILED DullNG lOIIIl ars

BAT =A% FAILD DAWAGED ROTOR---SERIES GsMODL 3F-20¢
wg" BAT PUMP TRIPPD AT 100 PWR

BAT ®am FAILD I _TEAP CUTOUT TRIPPD Sume

BATP B TRIPPED ON WI PUMP MOTOR TEWP “curour
BATP ® TRIPPED ON HI MOTOR TEAP CUTOUT

34TP B TRIPPED ON WI OTOR TENP CUTOUT
8 6 C CHGNG PUNPS RUNNING - PSZR LWL STILL FALLING
wC™ CHGNG PMP WOULD NOT CONTROL PSIR LEVEL

-

AORIC ICIU TRANSFER PUMP IE" 'IIPPINGo’Uﬂ’ LA

BOTH ST PUMPS AND 1 CEI'!IFUGAL CKG PHP TAGSEN NUT

-

ND 1L CHR PUMP FAILED YO STARY DURING SI

-

O'Fll'INC RHR PUMP TRIPPED DFF OF LINE

-

RWR 4NTOR-DR WPCI

ll!ElNAIING PUNPS: CCu» IHQ. PMR CVC AND BOR ACID TR,
A

¢

!

1 C

I L

A
Y i MODE DESCRIPTION

CAUSE DESCRIPTION

VARIDRIVE BELT SLIPPING AT LOW SPEEDS
GENERIC DESIGN PROBLEM ~ TYPE GE-20K
PUMP HAD BROKEN SHAFT ~ DESIGN PROBLEM
CAUSE UNKNOWN

SMAFT BROKE IN VICINITY OF IMPELLER

PYNP SHAFT BROXEN - DESIGN PROBLEM

PUMP SHAFT FAILED - DESIGN PROBLEN

PUNP SHAFT SROKE A) JUNCTURE WITH ROTOR
MAY BE CAUSED BY BEARING WEAR

PUNP SHAFT FAILED - DESIGN ERROR
FAILD STATUS LITEJTRIED SEVERAL STARTS
PUNP MOTOR SHAFT BROKEN - DESIGN PROAL EM
PUMP SHAFT FAILED AT KEYWAY - DESIGN PROB
FATLD REAR GRAPHITE BEARING
HEATER TRIPS SET AT 250 DEG F
DEFECTIVE STATOR AND BEARINGS WORN
MEAT TRACING CIRCUIT TEWP SET TOO MIGH
RECIRC LINE PLUGGED WITH SOLID BORIC ACID
TENP CUTOUT SET TOO LOW FOR NORMAL OPS
PUNP ALR BOUND - TYPE Tx-150
PUMP WAS AIR S0UND =~ TYPE TX-150
ARNKEN SHAFT, PUMP REPLACED
PEASONNEL ERROR = NOT FOLLOWING PROCEDLRE
BUS FAILURE DUE TO OUTPUT TRANSF FAILEC
INADEQUATE WORKING PROCEDURES

PAGF 8



AR ANTOR-DR

IPERATING RHR PUMP TRIPPED OFF OF

213 COMPONENT COOLING WATER PUNP
PHR

NORTH BORIC TRANFR pPMP{ Y FAILD 10 STARTY

CHR PUMP'S THRUST

ON CHARGING

HIGH TEMP IND ON SOUTH BEARING

nAw

SEAL LEAX PUMP

RHR PUMP

EXCESSVE

MOTOR ON FLANES

BORIC AC PUNP
CHRG WiR HAD

THERMAL 0OVLD

CHR P COOLING WATER PUMP D ON Ol

FROM

FLOW WAS *A' BORIC ID TRANSFER Pympe

N L

AORT

BORIC AC

CHRG PMP

AORIC Al TRANS 1=CH=P=2 TRIPD ON THERSL nNval

INP JOLING WTR PMPS DID NOT START AUTOMATICALLY

DID NOTV
POWER

8 TRAIN C ING PUNPLS STaARY

JIPERATING RHR PUMP LOST

A RMR AUTOMATIC

ROTOR FAILD

TO START ~

SOUTH CENTRFGL

gl ; 5 FAILED AJTN

ING WATER PUMP FAILED YO

A CONMP COM STARY - AUTOD

WATER LEAKING FROM RGNG PHNP DURNG

HR PMP 0DS DUE YO DAMAGE TO CONNECTING

KD PHP CASING

NORMAL OPS

"IAM enn
®JAw

HeCl

CAUSE DESCRIPTYION

INADEQUATE WORKING PROCEDURES

913 COMPONENT COLLING WATER PUMP DP DE GRA

LO% LEVEL X

LINIT
T0

WAS TO0O LOW FOR WA LE

PH2 SEIZD DUE BORIC CRYSTL

LIISE

ACCUNLTIN OF

COUPLING CAUSED BEARING TO BE WIFED

SEAL DAMAGED

INSUFFICIENT LUBRICATION T LMR RAD B8R

GREASE ON STAT WNDGS CAUSED INSUL FAlL

MTR® BRNGS ABRADED

MOTOR BEARINGS FAILED DUE ) CORRQSIO

SHAFT BROKE DUE TO PREVIOUS ASSEMBLY

ANATIC ACID IN STATOR WINDINGS

MOTOAR=TO-PUMP COUPLING WAS BROXEN

NN2MAL WEAR, PUMP REBUILTY

NUTBDARD BRNG FAILING

SED CONT RATED AT TOD HI AMPACITY

SEC CONT PATED AT TOO HI ANPACETY

cer SuUPP ESF BUS

JIPER

SWITCHER INADY OPENED

SEQUENLER CONTACTS WITH TOO LOW

DETAILD ANALYSIS UNDERWAY

CXACT CAUSE UNKNOWN-REPLACED ALL SEONC#!

EMER LOAD SEQNCR RELAY COUNT MALFUNCTIONED

CRACK IN CASING BETWEEN VALVCHMBR/STUFM 8

INSUFCNT LURRICTN TO CONN ROD BEARINGS

MI CYCLIC STRESSES

PAGF
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ALL uutn ln ALTERNATING PUMPSt CCwWy, RHMR, PWR CVC luo BOR Acm TR, u- 1010!—0! m(.l

A
; §
: : C N i T F s
A i n o Y AN ' k
T Nonben BIVET RSP ° g ELRTE MODE OESCRIPTION CAUSE DESCRIPTION
T3 026562 070179 G PM A9 1 N T 38 CHARGING PUNP RENDVED FRON SERVICE FATLED PRIMARY AND SECONDARY PACKING
T4 018127 041577 L PM RO9 R 1 N T UNITS ;'Zis'z'opentnc ONLY 2 BORIC l( TRANF® NPRAL T4IUST IMAALNCE DUE TO CRYSTAL BLOCKAGE
T4 025305 012579 1 PM 002 T 1 N T 4A BORIC_ACID TRANSFER PUNP TRIPPED ON OVERLOAD  INSULATION NOT REINSTALLED, SOLIDIFICAT ION
TU4 027106 OAISTY 6 PM A1 1 N T 4A CHARGING PUMP REMOVED FAOM SERVICE SEAL FAILED
TUs 027262 082979 T PR OIL T L N T 4 BORIC ACID TRANSFER PUNP TRIPPED ON OVERLIAD  SOLIDIFCATION OF BORON IN RECIRC LINE
T4 027241 0A3079 1 PM RIS L N T 48 AORIC ACID TRANSFER PUNP FATLED 1O START MALFUNCTION OF LINE STARTED,DIRTY CONTACT
T4 027239 091179 G M A19 & 1 N T 4C CHARGING PUMP RENOVED FROM SERVICE FATLED SEAL
Z11 000317 091073 G PM B13 S 1 N T THE 18 CHARGING PUMP WAS INOPERABLE-DID NGT START FEEDER BRKR BRUSHHMOLDER NISSING-VIBRAT 1ON
AF1 010171 051374 ® PM DOZ U 2 T D RHR PMPS TRIPPD OUE TO ISOLATION VALVES CLOSING  FAJSLTY RELAYS FOR FCVI4-47 AND FCV74-77
A91 016856 010577 ® PN 800 1 T U 1A RMR FAILD T0 START--MANUAL START FAILD ALSD NO CAUSE DETERNINED
ARL 0131674 060177 B PN A1 S 1 T D 1A RHR DID NOT START ON AUTO-SIGNAL STICKY CONTACTOR ON CONTROL SWITCH
491 0191678 641877 @ PM DOL S 1 T D 7A RMR TRIPPD DUE_TO OPERATOR WITTING SWITCY ACZTDENTAL BUMPING OF CONTROL ROOM S@T 1CH
492 025639 040479 B PM ALI U 2 T T RHR PUMPS *3 AND 20 WOULD NOT START FROM RTGH PDI® CONMECTIONS ON FUSES & FUSE 80X
CO1 011261 121374 J PM OIH R 1 N T 18 CCW PHP MOTOR EXPERTENCO INSULATION FAULT-STATR STATOR WINDNGS MIN. CLEARANCEITEND T) SAG
€A1 013063 070275 4 PM DI ® 1 N T 1A CCW INSULATION BREAK IN STATOR COM ., FINS HI( WINDINGS (SAGGING)
COL O1STIS ORIATH J PM D21 R 1 N T REC PUNP "A™ MOTOR MAKING NOISE BEARINGS FATLED  SF2.NO.P4296075s 75HP ., 480VAC
€01 017068 011077 4 PM 921 8 1 N T REC PUN MOTOR SA® NOISY BEARINGS RUNNING ROUGH BFARINGS REPLACED
. DAL 012797 062375 B PM SI3 S 1 T D RHR PMP 2298 FALLD TD START LI31C RELAY E11-K708 DID NOT TRIP AS REQ.
EN1 014782 040976 R PN D02 5 1 N D RHR PUMP EL1-CO02C TRIPPED DURING FUNCTIONAL TEST PUMP WAS WIRED INCORRECTLY
6 ENL 026419 072579 @ PM AL? 1 N T IC RHR PUNP HAD EXCESSIVE LEAK MECHANICAL SEAL FATLURE
FH2 030834 OA1SA0 B M B13 S 1 T U D' RHR PUNP FAILED 1O START ON LOCA SIGNAL WIRF MISSING FROM TERMINAL NO.7 ON REL AY
FP1 011055 121274 @ PM BIA S 1 T D RHR PuP-;E;:;E-;:;IB-;a-;;;;;;lg;lACEO FAULTY BKR  AKZ DC CHARGIN MOTOR BURNED OUT
MI1 001051 032173 M PM 021 1 N U COND soE??;';I:'runr INBOARD BRNG FAILED CAJSE NOT INDICATED
“11 0101594 051776 H ®% DI9 R 1 N U FWCI COND BOOSTR ®A® PUNP SEAL FAILEDs SYS INOPERA ING-RAND TYPE 10SH RECURING BRNG FAILR
5 RI1 0101593 051774 W PN B21 8 1 N U FWCE COND 80DSTR "8 PUMP BANG FAILED, SYS [NNPE18 8246 FAILURE ON ING-RAND TYPE 10SH

PAGE 10
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o

Qe O o o

| ~Zwr~%

NM1
NMY
LL}
M1
NM1
NM1
NML
NM]
ncl
o [0 |
nca
PR3
LR
L B
PLl
PIl
Pl
PIl

CUNTROL
NUMBER

012284
013416
014245
015624
017284
017431
0202%1
032570
0138304
0258254
0258258
olos7r2
027446
002247
001043
000044
000971+
ul84l10

EVENT
DATE

021275
0911375
021576
080976
102576
N&40&T?
o12078
0822980
121275
050277
0%0279
091874
102279
100772
04ll73
091173
032074
032317

ALL FAULTS N

- — -

I EMepA <N

=

e o v &  ®» » T T T ZT T T Z T =

| Mo

e

- o = = O

| ™epm

- e e e b e DY e B e e e B e e e e

I ZCZ

T Sl

C m 2 CC Z ZT Z T = ZT 2T Z 2C 22

I VAo

O 0O O 0O D =" E 0O C 9O ™m0 C -0 QO =0

MODE DESCRIPTION

- - -

12 ‘EED!A"! Puﬂ’ FAILED TO S'All |N'Cl COMPONENT )
12 F(EDUAIE! 'Uﬂ' ‘lllEO 1o Slll' IN'C! COMPONENT)Y

LOSS OF #12 ‘EGDUI'EI PUMP (HPCI COHPDNEN!)
11 FEEDWATER PUMP FAILED TO START (HPCI COMPINENT)

12 FEED PMP TAKEN OUT OF SERVICE LEAKY SEAL STawe

-

WHILE lOIING R/X H20 (EVEL FOR HA[N'ICE ON VESSEL
Losry 'OUEI '0 ll FE(DI!IGI 'Uﬂ' lﬁl!. LOSS 0F »pue
"l lElC'DI FQEOPUNP HAD ElCGSS SEAL NZO LEAXAGE

FEED!AVEI PUH’ lll'PD DUllNG lDAD 'GSV OF BATTERY

A FEED PUH' DID NOT O'FIAIE lF'El SCIAH
BEC FEED PUMPS DID NOYT OPERATE AFTER SCRAM

-

"3"® RHR PUMP MOTOR EXPERIENCED SHORT TO GROUND

-

A RHR PUMP TRIPPED WHILE PROVIDING S/D COOLING

-

POWER CTR OVERCURRENT TRIP - LOSS OF CCw PunP

-

RACCW 'UNP TRIPPED BY 480y MOTOR CONTROLLER

- -

RBCCW PUH' 202-C IRIPPEO BY OVLD RELAY IN MTR CONT
ng» llCCl PUNPS DlD NOT AUTD START

g IDCCU 'UH’ INOPERABLE - BXR TRIPPED ON TWLD

- -

ALTEINATING PUMPSt CCW» RMR, PYR CVC AND BOR ACIND TR, AWR 4OTOR-DR HPCI

CAUSE DESCIIPIIOH

- — -—

LNXGE BET BOURDON TURE AND SWITCH DISCUINN
OIL PMP MiR BRKR HAD LOOSE FUSE MOLDER
LNCGE BET BOURDON TUBE AND SWITCH DISCINN
AGASTAT FAILED TO FUNCTION PROPERLY
LEAXS IN SEAL STRAINR AND GEAR BOX
SHUTDWN COOLNG PMP TRPPD DUE TO LOW SucCt
RESFRVE PWR ARKR FAILED TO CLOSE
NORIMAL WEAR TO SEAL
PERSONNEL ERROR FOLLOWING PROCEDURES
CASSE NOT STATED
AUS DE-ENERGIZED
RANDOM INSULATION FAILURE
MNTOR FAN EXPERIENCED FATIGUE FAILURE
LOADED PC SIMULTANEQUSLY VS SEQUENTIALLY
OVERLDAD RELAYS NOT FUNCTIONING PROPERLY
THERMAL HTR IN CONT NOT HI ENOUGH AMPK SGE
PRESS SW MALFUNCTION-%ECRO SW OUT OF ADJ
OVERHEATING OF BLOCK YYPE OVLD RELAY

GE i1



PWR Auxiliary Feedwater Pumps

The auxiliary feedwater systems contain both turbine-driven pumps and
motor-driven pumps. There is also a diesel-driven pump at Trojan. The
individual fault rates are estimated separately for the three kinds of
pumps. therefore, estimates of i, e and 8 must be given separately
for each of the three kinds of pumps. Common cause shocks, on the other
hand, are assumed to affect all three kinds of pumps with equal likeli-
hood. There are not encugh data to show evidence contradicting this
assumption. Therefore estimates of p, A , w, u, s and ry are
given once for the entire system.

Because turbine-driven pumps cannot operate during shutdow-, the expo-
sure times used are criticz] hours. For the motor-driven pumps, seven of
the 35 LERs seem to report 2vents that occurred during shutdown. There-
tore, the use of critical hours, rather than calendar hours, is somewhat
conservative.

Each set of rates takes two pages. Rates are estimated for:

1. Failure to start, based on all faults

¢. Failure to start, based on failures only

3. Failure to operate after starting, based on all faults

4, Failure to operate after starting, based on failures only.

The indivicdual fault rate, », for turbine-driven pumps is shown
below. Each rate is shown as a triple (lower bound, mean, upper bound).
On the left are the estimated rates based on all the data. These numbers
are taken directly from the four sets of estimates printed by the computer,

printed on the following pages. On the right are the estimated rates based
on all the cata except that from Arkansas 2.
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06

INDIVIDUAL ®ATF RASFD NN TURBINE-DRIVEN PUMPS ONLY
o ( 3.56-08y %.1E-05, 2.2E-04)

LAMADA

OVERALL

( 6.“.'0“!
I 4.4F-06,
{ 3.9E-06»

( 3.8E=-0h,

IAE‘ FOR
Fl .€0H’DNENI

5.96-05, 2.3E-04)
5.6E-05, 2.3E-04)
5.5F=05s 2.3E~-04)

5.6E~05s 2.3E-04)

RETA FACTOR

{ «010» «113 «546)
( 009, +102» .500)

( +009, «113,» «546)

INDIVIDUAL RATE BASED ON DIESEL-DRIVEN PUMP ONLY

LAMRDA

N e B

-

OVERALL

SPECIF

{ 1.7E-06,
( 1.7E=04,
( 1.76-064,

( 1.7€=-06,

= ( 1.7E=D4» 3.4E~04, 5.7E~04)

ATF FOR
1C _COMPONENT
el

1.56=064, S5.06-04)
3.5F =04, 5.7E-04)
3.5F =04, 5.7E-04)

T
c

3.5F-04, 5.BE-0¢)

BETA FACTOR

( .003, .008, .019)
{ <003, .007» .016)

{ 003, .008., .019)
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PWP AUXILIARY FEFDWATER PUMPS

FAILURE TO STaeY

FAILURFS ONLYs EXCLUDING COMMAND FAULTS
RATES ARE PER CRITICAL

HOUR

TRIPLE OF NUMBERS SHNWS (LOWER BOUND,
LOWER AND UPPER RNUNDS FORM 90 PERCEN INTERVAL

P s { 087,

SYSTEM
SIZt
1 { 1.56=06,
2 ( 1.0F~06»
3 { 9.1F-07»

DVERALL ( 9.1F=07,

A1,

LAMADA = { T.1F=-07»
.

OMEGA = { 1.3E=-09,

dare"
ny
1.06-05,

5.AE-06»
4. 4E~06,

5.8F=06,

«769)
2.3E-06, 4.56E~06)
3.3E-07» l.ZE—Obl

2.8E-05)
1.5€-03)
1.1€E~0%)

2.8E-05})

PIINT ESTIMATE,

t 1.1E-0T7,

UPPER BOUND)

PATE FOR SET OF K COMPONENTS

{ 7T.56-08, 8.

( 7.5€-08, 9.

INDIVIDUAL RATE RASED NN MOTOR-DRIVEN PJMPS ONLY

LAMBDA = ( 1.9E=~06.

SYSTEM
SIZF
N
1 ( 1.75-06.
2 ( 3.2F=0h
3 { 3.06-06,

-

OVFPALL ( 3.0F=05,

6. 5E~06,
5.7F =06y
5.5 ~060

S« TE-06,

3.96-06, 6.5E-06)

RATE Fa!
SPFCIF!C.iﬂ PONENT

1.0€~-05)
8.8F~06)
3.5€E-06)

1.0€E-05%)

9.

R2

TE~ODT,
E-0T»

TE~07»

BETA FACTOR

«022,
.026.

022,

« 148,
«136,

.l"l

«37%)
«318)

«373)

2.4E-06)
2.3E-06)

2.0E-086)

3

{ L.TE~08, 6.4E-07,

( 1.7e~-08,

Q-QE‘O'O

1.96-0%)

1.9€-06)



(LO1* *%10°* *100°

1260* ‘€10* +200° (%0-38"
§401° *%10* *100° (40-38"* 50
(%0~-38"° ‘c0

pOLOVS Viie ANINOENL
404

(%0~-38*1

AIND duNnNd N3ATRO-T3

(806" *960°* *%00°

69%" *6§

(t806* *990°* “%00°

¥4 Vi3N

AIND SdMNd NIATHO-3INIwanl




£6

PWR AUXTLIARY FEEDWATER PUMPS
FATLURE T0O NPFRATE, GIVEN START
ALL FAULTS -~ AOTH FALLURES AND COMMAND FAULTS

RATES ARE
TRIPLE OF
LOWER AND

P =

LAMADA .
‘.

OMEGA -
SYSTEM

SI1ZF

1 {

2 {

3 t

OVERALL |

PER CRITVICAL HOUR

NUMBERS SHOWS (LOWER BOUND, POINT ESTIMAYE, UPPER BOUND)
UPPER SOUNDS FORM 90 PERCENT INTERVAL

t 156,

t 3.3E-07,
{ 1.36-09,

B.9F-07,
5.6F-07»
G HE=-0T,

ﬁ.bf~07v

« 371,

BATE"
My
1.86~05,

1.1F-05,
8.5F-06,

1. 1605,

«600)
Se bE=06,
1.3E-07»

1.6E-05)
1.2E-06)

5. TE-05)
3.3E-05)
2+6€E-05)

5.T€E-05)

U L.6E-07,
t 1.3E-07,

{ 1.3E~07,

IMDIVIDUAL RATE RASEFD ON MOTNR-DRIVEN PJIMPS ONLY

| AMADA -

SYSTEM
SIZE
-
1 (
2 (
3 {
OVERALL

{ 5.1E-06,

SPECT

7.““0"0
TelE=0h,
6.9F=0h,

6.9F -0k,

RATE FOR
FIC LLd
L]

1.46F =05,
1.36=05,

1¢3-05,

1L.3E=05,

. TE-0b,

1.56-05)

EQ ONENT

2.8€-05)
2.2E=0%)
2.1€E-05)

2.8E-05)

BETA F

{ «215» &0
{ <016, .1

( oOl’! -‘

RATE FOR SET OF K COMPONENTS
R2

L6E-06) 4.7E~06)
1.4E~06y 4.1E-06) ( 4.1E-08,
1.66~06s 4.7E-06) ( 4.LE-08,

ACTOR

6s 270)
00, -ZSQ.

00, 2700

R3

8.1E-07,

8.1E-07,

2.4E =Nt

244F-08)



INDIVIDUAL RATF AASED NN TURBINE-DRIVEN PUMPS ONLY

LAMADA « { S,3F=08, &.5E-05, 1.9E-04)

RATF FOR
FIC COMPONENT BETA FACTOR
1

SPFCI

IE=~06s 5.1F=05, 2.0E-04)
4.9 =05, 2.0E-04) 003 062, +4513)

4.8F =05, 1.9E-04) +003, 063, .485)

4.9F =05,

RATE RASED ON DIESEL-DRIVEN PUMP ONLY

{ 7.66-0%, 2.0E~04s 3.8E-04)

RATE FOR

SPECIFIC COMPONENT BETA FACTOR
Rl

B.1F=09s 2.1E-064s 3.9E-04)

7.9F=0%5, 2.1F=04&s 3.9€E-04) ( 001, 006,

T.9F=05y 2.1F=04s 3.9E-04) { «001s 006,

2.1E-04, 3.9E-04) { 001, 006,




S6

Pus AUXTILIARY FFFDWATER PUMPS
FALLURE TO OPERATE, GIVEN STARY
FATLURES NONLY, FXCLUDING COMMAND FAULTS

RATES ARE
TRIPLE 0OF
LOWER AND

P .
LAM?POL =
OMEGA r oz
SYSTEM
SIZt

w NV -
- - -

OVERALL ¢

PER CPITICAL HOUR
HUMAERS SHONS (LOWER ROUND, POINT ESTI
UPPER AOUNDS FORM 90 PFRCENT INTERVAL

{ <003, 199 .597)
{ 3.76-0T7s 1.6E-06s 3.6E~06)
{ 1.3E=07y 3.3E~07, 1.2E-06)

s

1.4E~06s 1.1F-03, 5.8E-04)
9.0E-07y S5.7E-0& 2.9E-04) | 1.0€-08,
Te4F=0T7y 3.8E-04s 1.9E-04) ( B8.0E-09,

Te4E=-07y 5.7F=04» 5.8E~04) ( B8.0€-09,

INDIVIDUAL RATE RASED ON MOTOR-DRIVEN PUMPS ONLY

LAMBDA »

SYSTEM
11k
L]
1 {
2 t
3 (
OvVERALL

{ 1.06~06y S5.0E~06s 1.1E~-05)

F
SO ONENT BETA F
L]

2.9F~06s H.9F=06s L4E-0%)

MATE. UPPER BOUND)

RATE FOk SET OF

R2

S.3E-07,
~¢°€'°'l

5.3E~07»

ACTOR

2.06-06, 6.26~06, 1.3E-05) 002, .064, .293)
1.8E~06, 6.0F-06s 1.2E-05) ( .003, .069, .308)

1.8E-06, 6.2F-06, 1.4€-05) ( .002» .069» .308)

1L.6E~06)
1.6E~06)

K COMPONENTS

{ 3.0E~09, 4.0E~-07s 1.0NE-D8)

{ 3.0E-09 4.0E-07, 1.4E-04)



NN TURRBINF-DRIVEN PUNPS INLY

3 TE=05: 1.7E-04)

FOR
COMPONENT RETA FACTOR
nl
E-05, 1.9E=041)
BF 05 1.9E-04) { 0000 «033, «4213)

BE~05» 1.96-04) { «001s 034, .488)

BE~05, 1.9E-04) { <000, 034, .488)

SEL-NRIVEN PUMP ONLY

1.86-04)

BETA FACTOR

« 000y 006,

«0200s 0006,
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ALl

FAULTS [N PHR AURILIARY FEEDWATER PUMPS

MODE DESCRIPTION

EMERGENCY FEED WATER PUMP P78 DEVELOPED A HIT BEAR

EFY PUMP PTA XEPTY

FEEDWATER PUMP TRIPPED ON OVERSPEED

EFWP TRIPPD ON

EFNP TRIPPD WMILE

EFP-2

NODE., WAS S/70

STH
EFP-~2
APPX 1D “wIN

ST

)

sTTYNR

INTROL

AFPY

1-1)

EFW PUMP ARED INDOP DUE TO NOILISE FROM BEARINS

EMEPGENCY FEED PMP INOPRBL DUE TO TIGHT PACYNG GLN

AUX PMP SEAL RINGS FROIN TD BUSHNGS AND BSHY TO SS9

MOTOR FOR AUX FEED PUMP P~318 TRIPPED OFF LINF
P3L9 NNS
AUX

EFW PUMP 2PT7A TRIPPED ON DVERSPEED

CAUSE DESCRIPTION

INSTALLATION DURING PREY MAINTEN,
TRAPS ISOLAMTE

EAILTY

WATFR IN STEAM LINES DUE TO

LONSE LOCK NUT ON SPEED GOVENDR
SPURIOUS~-CAUSE
RIXEN STUD BOLTS ON GOV STEAM VALVE
SLIVW GOVNR RESPONSE ON REMOTE START

SLOW RESPONSE WITH MAIN STE M

UNKNOWN

NEW GOVYNR
WATER STEAN
FATLURE OF
MOYTFIED DRATIN
INAD,OTBD BRNG
VIARATION CAUSING
N FORCE TO HOLD

N SUPPLY PRYNTD THROTL CLCSN
OUTBOARD PUMP BEARING

Sys.
FLROERRNEOUS SITEGLS LEVEL
GOVNR TO CLOSE-DESIGH

OPEN~--MOD. REQUSTD

THE

ERYPASS ARDUND N, WLV

GOVNR
MECHANICAL BINDING OF GOVNR
CONTROL

MODIFIED-~UPGRADED

FATLD RELAYS IN CXT.iMODIFIED CSN

SPEFD CONT. CxT, RELRY

SIcuY
ayee ON

LNOSE GLASS

MIGH SPEED STOP PIN,MISADJ CLUTICH

TO WATER IN OIL

OPRBLTY AFTR MNINC

AFARING FAILED DUE

PEISONL DID NOT VERIFY

OPERATR FAILD TO OPEN SUCTN VALY TO FEFD

REL &Y
157

LONSE IN OVERCURRENT

TD RESEY

LOCKNUTY DELAY

NPERATR FAILD TRIP WHEN P31A
CAJISE

MITSTURE

JNKNDWN

IN STEAM LINESNO TRAPS INSTALLED

PAGE




123079
040730
Y40 TAD
)S0K80

152080

n&E230
071780
SLLLLD
NA29%0
050574
110378
0311477
L11477
111677
12779
101071
nrTo3r?
NnT127?
16197A
N61579
311880

nN32180

-t S A P N B

EEW PUMP 2PT74

) ABOVE MIN

FEEDWATER PUNPS

CAUSE DESCRIPTION

STICKING LINKAGE ON GOVENOR

UVERSPEED,MOISTURE TN SL TRAPS NOT REMOVING MOISTURE IN STEAN L INE

STEAM TRAP [SOLATED.MOISTURE IN STEAM LIN

CAVITATED AFTER LOSS OF » FIRCED #LOW STOPPED IN FW SYS OM WATER
CAVITATED AFTER LOSS NF P FIRCED FLOW STOPPED IN FW SYS OM WATER

MISADJUSTHENTS ON GOVENDOR
+2PT7A UNITNOWN CAUSE
INTORRECT WIRING ON RAMP GEN AN EGN GODV.
UNSKNOWN CAUSESPUMP NOL2PTA
BELTEVED TO BE DESIGN RELATED
RELTEVED TO BE DESIGN RELATED
BELIEVED TO BE DESIGN RELATED
TAPPET NUT INCORAECTLY SUZED PER PLANS
THROTTLE VALVE STUCK SHUT AFTER TEST TRIP
REPAIR LEAN ON SERVICE WATER SUPPLY LIDME
CASTNG RUST FROM TURBINE CASING CAUSD FAILURE
KNNR  BENT PIN ON MAN, SPEED SETTING KNOB
ACHE THREAD OF TRAVELING NUT DISENGAGEC
AATKPRESSURE TRIP DEVICE MALFUNCTIONED
JANG M27 ENTERED BRNG ALONG PUMP SHAFT

OVERSPEED MARDENED GREASE 1IN TRIP/THTL VLYV
1400 RPN HAND SwW. NN CONTROL BOARD MISALIGNED

CONTAIMINATION OF OLL BY WATER
PREVIOUS TEST WITH PUMP UNCOUPLED
PANING FAILED,NATURAL END OF LIFE

PASGE
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M12
LAY
PAL
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Sti
sL1
SLl
avi
Rvi
Avl
avl
vl
U1 |
oci
pCl
(L1 |
Dc?
bc2
Dc2
bDCc2
DCc2
DC2?
HNL
HNL
1p2

CONTROL
NUMAER

031948
030992
002049
0146830
2195013
025363
A2H4K73
015727
017351
017561
020130
025485
015862
016115
021939
022691
022892
6295459
0302794
0302798
030744
031130
015218
025723
010235

EVENT
DATE

071280
0408430
040272
120876
081177
0o2nere
061679
082576
031077
040377
121577
230579
090676
101376
071478
100278
110678
030679
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012480
032190
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070576
011879
052274
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ALL FAULTS IN P!l AUXILIARY FEEDWATER PumMPS

MODE DESCRIPTION

-

AUX FEED PUMP TRIPPED PRIOR TO OVERSPEED SETPOINY

-

AUX FEED PUNMP P-25A REQUIRED TO BF SNU'DOUN

-

FLOW FlOH MTR DRYN AUX FD PUMP P~8A 50 PRCT 7F NN®

-

STEAM DRIVEN AUX FEED PUMP WOULD Nﬂl START

c SVEAH-D.IVEN AUX FEED PHMP FAILD '0 S'All

AUX FEED PUMP 1C FAILED TO STARY

-

Aux 'EED PUNP 1IC FAILED TO S'AIY

- ——————

34 AUX FEED 'Uﬂ' VAPOR BOUND CAUS(NG LOSS OF DIRCH

STEAM IF’ Flllo TO START WHEN R/X '.IP'D S0% POWER
LouD nof?f’i??i[ﬁ;i5’?5‘?533'53?3?5’Aux FEED PUNP
STEAW AFP GOVENR FAILD 10 MAINTAIN SPEED CONSTANT
AUX FEED PUMP DECLARED INDPERABLE, TR VLV DIDONT €L
LINIT SWITCHES ON LINKAGE ROTATED ON SHAFT

FATLD 10 START FROM CONT. ROOWITRIP LINKAGE STICKY
AUX FEED PUNP FAILED TO START ON_START SiGNAL
AUX

AUX
AUX
AUX
AUX
AUX
AUX
AUX
l"
NO.

PUMP FALLED TO START ON suavletAlct TEST
0 PUNP_TAKEN 00S DUE 10 A HOT _BEARING

D PUMP BECANE INOPs THROTILE YALVE UNLATCHED
FEED PUMP FATLED TD START

-

F(!D PUMP TRIPPED AND TET Vll'f DIDN" RESETY

'EED PUMP TRIP THRO VALVE t!NKlGE UNLATCHED
F(ED ’H'S wOouLD NO' DEVELOP 'lﬂ'!l DISCH PRESS
AUI }FED 'URP FlllEO TO !EICH !l!ED FLOW

21 IUI FD PUHP FAILED 70 START - IUYOHAIIC

CAUSE OESCQI'IID!

WEAR TO EMERGENCY TAPPET NUT

OIL FROM BEARING,COULD NOT BE DUPLICATED
HYDROSTATIC BEARING FAILED - NO RECIRC
TRIP SOLENOID LATCH FAILED T2 ENGAGE
STARTED ON 2ND TRY o PREVIOUS FAILR RPORTD
TRIPPED OVERSPEED TRIP,CAUSE UNKNOWN
STEAR INLET VALVE FALILED TO OPEN

DESIGN DEF OF RECIRC LINE SIZE € ORIFICE
CAJSE UNDETERMINED

LNISE COUPLING GUARD RUBBING ON COUPLI NG
MALFUNCTIONING GOVERNOR VALVE

NUT AND WASHER DISCOVERED IN STEAM LINE
SET SCREWS DID NOT HOLD ARMNS IN PLACE
PAWL THAT ENGAGES THROTTLE STOP VLVE SICK
SOLENDID THAT OP. TRIP THROTTLE,BURN OLY
GOVFRNOR WAS REPLACED

FATLED ZEMOR DIODDE IN OVERSPEED MONITOR
REARING FAILED, UNKNOWN CAUSE

WEAR ON TWOD MATING SURFACES ON L. 'KAGE
BUINED OUT RCSET COIL ON TRIP & THROTTLE
ReSET SOLENODID DEFECTIVE, LINKAGE MISAD JU.
CAYSE OF UNLATCHMENT UNKN, PUMP IN STANCBY
BATH PUMPS VAPOR BOUND ~ FAULTY CHK VLV
OVERHEATED H20 SUPPLY TO PUMP

AUTO START CXT SWITCH HAD DIRTY CONTACTS

PAGE 3



ALL FAULTS IN AUXILIARY FEEDWATER PUMPS

DESCRIPTION

1 AFP D JUE TO SPARKING MOTOR WESTINGHOUSE »4008MP, DwG 8610800
ITENPTY n ﬁ}; ;;;AA_;—;)ow PUMP ON-L INE INSUCSFL SHYAFTY MAD SHEARED = MOD 3IHMTIA-9
““STARTED BUT FAILD TO REACH MAX SPEED  SISNAL CONVERTER SSC-3405 FAILD
'1 ;;;;-'-Y'f)llﬁil'u". RIX TRIP/ZTHROTILE YALVE FOUND SHUT
; ;!~ﬂ_;;§‘§;; 3};;;--7—' TRTP THROTLE VALYE TRIPPED,UNKNOWN CAUSE
' E0 T START AFTER RX TRIP  MINT FLOW SPRING TENSION INSUFFICIANT
MANUAL SPEED ADJUST LEFT MISADJUSTED
INADEOQUATE DESIGN CHANGE CONTROL
FEED PUNP JPERABLEHOT THRUST BEAR, MISPOSTTIONED OILER ASSEMBLY.HT OIL LEVEL
E STARTING AUX FEED PUMP THE TURBINE TRIPPED TRTPPED. DOVERSPEED DUE TO LIMIT SWITCH
AH’:\-‘:[";—);—:’;;;; UNTIL THIRD ATTEMPY nin * ALLOW OIL PRESS TO avlILTUP
AFP DID ( STARY AUTOMATICLY ON MI WIR LEVFEL A 0. SHMITH RELAY BOUND UP MECHANICALLY
STARY AFTER /X TR]P UNDER INVESTIGATION
"'-;;6;;;‘:;;;{;—;Allq°& AK? OPERATING HANDLE DID NOT CONTACT
T ON LD-L0 56 LE ne® GUIDE BARPOSITION® NOTCH TOD SHALL
P FAILD TO START FOLLOWING A UNIT TRIP DEEECTIVE W~2 SWITCHES
P FAILED TO STARY UN! VYEFECTIVFE WESTINGHMOUSE w=2 SWITCH
STRATINRS PLUGGD BY RESIN BEADS FROW MAKEUP DENI M
AFD A2 1a201 CLOSED MANUALLY
FAJLTY LUBE OIL PRESSURE SWITCH
WNAN PLUNGER SHMAFT,REPLACED RELAY
SISNAL FROM OVERSPEED TRI®
PUMP BECANE INOPERABLE (L1-Fw=-P-3) LUAF OIL STRAINER wAS CLOGGED

JMP TAKEN ( FOR INSPEZTINN AFARING MAD WIPED,DUE TO LACK OF DIL

LEAK IN OIL COOL. BLOWN GASKETY

PAGE




EN AUX F

EN AUX

HANISH NAS

4AD

TRIPPFED
INADFQUATE FiL W
HAD INAD FLN

STEAMN-DR AUX

RSPD DARNG TF

HED CONTAC
CASING TEwp

MAIN FFED

ART ING

START DURING

W

-

cY

s

pPat

<1

PAG

CAUSE DESCRIPTION

SIVENDOR TRIPPE ON OVERSPEED.CAUSE UNKND,

RRCO FOR AUX LURE OIL PUMP WAS OPENED

SUSTION STNR CLOGGED WITH SILY

ICKY GOV CONT VYLV LINXAGE - DiIrTY

W GOVERNR DIL LEVEL REVISED PRODCEDURES

EAN SUPPLY VALVE TRIPPED ON DOVERLDA

JSE LINKAGE ON GOV TO PRESS COMPENSA TOR

“RSPEEN TRIv VALVE FOUND TRIPPED

ESU DROPPED INST ON TRIP THROTTLE LINKAG

WOINMAN ACCIDENTLY BUMPE TRIP MECHAN] SH

T94-LINE CONICAL STRAINER WAS PLUGGED

IN<LINE CONICAL STRAINER WAS PLUGGED

SHAFT GLANDS LEAKD SHUT DISCHRG VALVE

Al? IN

L UBE

ngw

SUCTION HEADER

L0 REGULATOR SETTING

AF®

JIL PRESS

TRIPPD ON INITIAN OF MANUAL ST MY

WOIDWARD GOVNR MAN aurt F ADJUSTMHENT

51716

HIGH HUMIDITY MAY BE FACTOR

STEAN LEAXAGE BACK THRU VALVYE Vv2~-141

WIIN CKT BXR TRIP ARNM

INST, TRIP JILS SETTINGS FOUND

BNTOR BARS CRACKED IN MOTOR

PEISONNEL ERROR TURS WAS MANUALLY TR IPC

STEAM INLET SHEAR PIN WAS MISSED

VALVE O»

NDO CAUSE GIVEN, (STARTED MANUALLY)

F




EVENT
YATE

112778
121378
122679
121975
010476
109746
11676
011676
37123746
NI2ATH
51278
YIN27H
ELERLY

NINGTH

- T )

| A Y

FAULTS IN PuR AUXILIARY FEEDWATER PUNPS

MODE DF&C“I’ilnN

NO 13 AUX FEED PUMP FAILED

AUX FEED PUMPS FAILED TOD START AUTOMATICALLY
AUX FEED PUMPS FAILED TO START AUTOMATICALLY

PUMP FAILED 1J STARY
M1 MAKET WTR TENP
~STARY

TEMP

DIESL
DSL DRVYN AUX FD
STEAM DRIVEN AUX FEED PUMP INOPERABLE

DURNG STARY TEST A & B AUX FEED FAILD TO STARY
DURNG START TEST ®C®"AUX FEED FAILD 7O STARTY
A

AN

CAUSE DESCRIPIION

AVERSPEED TRIP MISADJUSTED

SPEED CONTROL FOUND SET YOO WIGH

BEARING FAILURE CAUSED BY LACK OF LUS.
PRICEDURES INADEQ TO ENSURE SYS START /U
FDAX SIGNAL LEAD TO GOV VIBRATED LOOSE
GIVENR GAIN INCREASD TO IMPROVE RESPON SE
MISLOGGING OF LIFTED LFAD IN AUTOD~-STA Cx1
ATSLOGGING OF LIFTED LEAD IN AUTA-STA (L8
CONY CKY FOR L.O. PRESS S/0 NEED REDES IGN
GNY ROD D 1953-005A REP W MDD T 153-0052
TETIPZTHTIL VYLV NOT RESET-FAULTY IND LITE
TEMP SWITCH SET POINT SETTING DRIFTED LOw
BLOWN FUSE IN THE AUTO-START CIRCULY

TEMP SWITCH SET POINT SETTING DRIFTED 10w
FAILURE OF WOODWARD GOV 5PD SENSOR CARC
OPERATOR FAILED YO RESET TRP/ZTHTL VALVE
BRIKEN CRANKSHAFT ON DIESEL

MIZ00SWTCH IN SPD SENSING CxY ourT OF ADJ
LYMET SW FAILURE IN OVERSPEED TRIP cxY
PR PROCEDURE

EATLED STARTING BATTERY

PACKING TOD TIGHT DEFECTVE PROCEDURES
FOREIGN MAT IN TURB REG VALVE/GOVERNOR
WATER IN PNEU CONT OF PRESSURE CONTROL VL
MISALIGN OF CONNECTORS ON PRESS CONT VLV
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ALL FAULTS IN PHR AUXILIARY FEEDWATER Frumes

CAUSE DESCRIPTION

|t e et et £ B

e ( UNKNOWN

e IN PNEUMATIC CONTROLS

AUTD FOR AUTD-START LOGIC CKY NOT INSTLD
waw CONTROL CIRCUILYT OUT OF CALIBRATICN
AUX PHP SUCTN LINE MOOFIED TO PROVIDE VENT ING
AUX OVERSPD TRIP VALVE FOUND TOD BRE TRIPPD

1A AUX WATER HAMNER BROKE TURBIN EXMHAUST MANGER
AUX FO AUY FD L0, PUMP PWR SUPPLY BER NAS NDPEN
1C AUX CAISE UNKNOWN UNDER INVESTIGATION

14 AUX f TUIRINE WAS WAICR BOUND

1A AUX FFED TRIPPD AFViR STRTYD DUE TO OVERSPD TRIP® PROAABLY TICKY GCOVERNDR VALVE

1C AUX FEED FAILD YO DEVELP FULL DISHRG HEAD PLUGGED SUCTION STRAINER

LA AUX STN FLO CONT VLY SOL STUCK IN ENERGID POS
LA AUX STY FLO CONT VLY SOL STUCK IN ENERGID POS
FOLLOWING RX TRIP 1C AFW PUMP STARTED YHEN TRIPPED RESTARTED MANUALLYCAUSE NOT STATED

AUX FD PUNP 28 D PREVIOUSLY FAILED APPARENTLY DAMAGED FROM AIR BINDING

2A AUX FEED PUMP STARTFD.BUT TRIPPED ON GVESSPFFD AL2 WAS ASPIRATED INTO THE PUNP

2C AUX FD PUMP STARTED DISCH PRESS DID NOT 97§ AT2 BINDING DF PUMP IMPELLER

28 ALY OIL PRESS START [INTLK S¢ wOULD NOT CLDSE
28 AUX N APPARENT CAUSE FOR FAILURE

PAsE










TURBINE-~DRIVEN AyR HPCI/RCIC PUNPS
FAILURE TN STARY
- BO0TM FAILUPES AND COMMAND FAULTS
CRITICAL HOUR
NUMBERS SHNWS (LOWER BOUND, POIN’ ESTIMATE, UPPER BDUND)

JIPPER ADUNDS FORM 90 PERCENT IN AL

«281)
DE-0%» 2.1E-04)
AE-0%, T.1E-0%)

W~06s 5.0F-08)

.
PONENT SETA FACTOR

1. 4€E-02) [ 1.8F=0% 9.9E-05s 2.4E~04)
5.8%€E-03) { 1.6F=0% 9.1E~0%: 2.2E-04) { <004 028, .18W)

I 1.6E=0% 9.9E-05¢ 2.4E-04) L 008 028, J14%)

ANTH COMPNNENTS
02
2.TE =068

OVERALL 2.TE~06, T.HE-08)




SILADINYNG ¥3FA0 ONDAVKILST wl

(90-34*¢
(90-36%¢

150=-3¢

TVYAS3IIN] IN3IDei3e O¢

(ONNOE8 ¥3ddN *“IAVNILST INICe *ONNK




PAINE-DRIVEN HPCI/RCIC PumPs

! PERATE, GIVEN STARY
s 17TH FALL
"RITICAL

FORM 90 PERCENT

“03, 3.9E-013)

-0,

1.9€-013)

AROTH COFPONENTS

R

1« JE=06s 3.TE-08)

OVERALL  2.9F-0M, 1.3E-06, 3.TE~06)

FEAULTS

DINT ESTIMATE

INTERVAL

RATE
F

I
SPECIFIC
P

?2.AF=N%,

2:3E-0%:

2.30-05%5,

9.36-0%,

2. 0E~05»

9.3E

s UPPER BOUND)

FOR

COMPONENT

i

2.0E-04)

2.06-04)

2.0E~-048)

'

{

BETA FACTOR

«000»

«000

«011.

«011

<074

078}




€Ll

TURARINE=NRIVEN BWR HPCI/RCIC PUMPS

FAILURE TO NPERATE,
ONLYs

FAILURES

RATES ARE PFR CRITICAL HOUR
NUMARERS SHONWS (LOWER BNOUNDs POINY ESTIMATE, UPPER BOUND)

TRIPLF NF
LOWER AND

P »
LAMADA =
LAMBDA »

.
orrGa -
SYSTEM™

SItF
L]
1 t
E (
OvEPALL
5'?'6"
SIzF
L
2 {
OVERALL

UPPER AOUNDS FORM 90

6.
&

L

RATE FOP

2.

«006s 341, .B53)
8.7E-0hAs 3.3FE-095,
2.%€=07s 1.9E=0bs
2.5F=0% H.4F=07,

e

GIVEN STARTY
FXCLUDING COMMAND FAULTS

PERCENT INTERVAL

7.06-0%)
5.0€6-06)
2.5E-086)

seecttHcERonent

DE=07y 6.0F=064y 2.9E-04) ( 1.16-05 3.6E-0% T7.3E-05%)

JE=07s 3.0E-04y 1.

SE-04) | 1.06~05y 3.5E-0% 7.2€-05)

1E=0Ty 6.0E-064y 2.,9E-04) ( 1.0E-05s 3.6E~05, 7.3E-05)

R2

BOTH COMPONENTS

SE-0Ry 1.1E-06, 3.4E-06)

2.5F~0R, 1.1F-06, 3.4E-06)

t +001»

BETA FACTOR

o“l.

« 024,

. 0!0.

1850

«18%)
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RIPTION

NARLE TO PR
PARTS IN EGM
FAILED DUE 1V

¥ XSISTORS IN

ERvyD
STEAN [SCHARG
EG=R MALFUNCTY
REF VLT
JATOR . MO0
SwltcC
IGNAL CONVERTER
) NY FAILED~RF

INPROVED RUPT

P MECHANISH NOT




HeC T

119

SYSTEN

RIVEN ﬂi? »4.(1

""'f-l’Yl_,N

mODE

HHF” ro w(ou: -J.]N,

TO MPCL PUMP AND

QIEAN

-

RUP.,

AND 2(

LINE

COND.

ro

nrer

FLONDED
GASKY

CINDEN,

RES2INN

" nes

REDUCTION

COUP BEAR SuPppRY

FA[LF'
10 FALLED

LINE ‘AIUO

")S LOw

TO CONTROL

DURING

5 Y“V‘l‘ll" [

IN

CAUSN ERRATI

SPEED

1¢

EXH w,oy;nb

EXM RUPTURE

C

S Lde

TURR INF

SEA

PED.
\Y“
218C

¥4

CAUSE QESCRIPTION

10 At AUSED BY A VWATER MHAMNE

PORTINON OF DISC FAILFD

FLON SHEET

TEFLON SHEET PORTION OF DidL FAILL

WOIEN OVERSPEED TRIP PISTON

EX4ST RUPTURE DISK FLD-SOL VLY WIRED ¥

TURAINE TACHOMETER CIRCUIT FATLED

SUYP FLOMDING CAUSD HOTWELL PUNP FAT

FLINDED SUNPF & MOTWELL PUNP

RUPTURED

TURSB.

GASKETS ON CONDENSER

N PROVISION FOR EXHAUST LINE DRATNAGE

ESTSTOR FAILZS IN PHR SUP TOD EGM CONY

METM DVRSPD EMERG TAPPET NUT HAD RODTAY

NPEM RESISTOR SUP ASSEMBL
LINITORQUE SMBR-2
VALVE JIL

CAUSED

IN GOV Pux

TORQUE Sv GEAR "IN 3R

LA IN LUARE LINE wWAS NOT DOPENED

BELIEVED TO A& BY WATER MAMNER
DISC

OISC

BINDING

TECELON SHEET PORTION OF FARLE

TEFLON SHEET PORYION OF FAILED

J CHYC VLY IN EXHST LINE

GRYUNDE CONNECTOR ON GOV EGM ADXx

LEANING UNION ON SUCTION OF OIL PUNF

ARIKEN WIRE IN IV SPEED SENSING CIeCuUlTY

TNROUE SW GEAR ASSY,SMA-24REPLACED

1PEN RESISY IN GOVERNDR POWER SUPPLY

FATLED RESISTOR IN POVWER SUPPLY TD GOVEN,

PAGE




11077

11177
Y2137A4
N&127R
42178
LO14TA
L11478
J10479
191679
Y2479
)12180
YA2480
140280
411375
NG1475

41475
N9N27TS
100175

100375

e sl

FAULTS IN TURBINE-DRIVEN BWR HPCI AND RCIC PUNPS

MeCt
RCIC
RCIC
RCIC

MODE DESCRIPTION

PUMP TRIPPED ON OVERSPEED

WOULD NOT OPEN

7o FALLED TO OJPEN

IN AUTY
STARTING
TARTING

TURBINE STOP VALVE VA FAILED 7O OPEN FULLY
TURBINE SUPPLY VALVE FOOL FAILED 10 OPEN

CAUSE DESCRIPTION

ML LEAK ON ELEC-GOVENOR-REGULATOR
VOLTAGE SUPPRESSOR IN EGN BOX FAILED
ARUSHES IN VALVE MOTOR WERE STICKING
LINSE WIRE ON VYLV MOTOR OPEN CONTACTOR
N CAUSE GIVEN

MI WATER IN HPCT ROOM DUE TD PMPING ROCNS
ND CAUSE FOUND

N0 CAUSE FOUND

ND CAUSE DETERAMINED FOR OVERSPEED
ExTESSVE WTR IN ROOMIOCT.T77) wAS CAUSE
£G? ACTUATOR CORRODEDJLEAKY VALVES
FXCFSSIVE PAINT AND DIRY ON TRIP LEVER

WATER IN HYDRAULIC FLUID CAUSED CORRDS ION

GOVENDR ASSEMBLY OUT OF ADJUSTHENT
SUSTION PRESSURE SWITCH FOUND OUT DF C ML
MEM WORKING ADODVE TRIP MECHANISH

LONSE WIRE ON RTGE CONTROL SWITCH

STANKE TINE FOR STOP VALVE WAS TO FaS,
STROKE TIME FOR STOP VALVE WAS TOD FAST
EX4AUST LINE CHECK VALVE STuCx SHUT
PERSONNEL ERROR-NEEDLE VLVS IMPRPR ADJST
VALVE MOTOR WINDINGS FAILED

AUXTLIARY RELAY PLUNGER BROKE

DRAIN DOWN OF CONTROL OIL FROM CONT VALVE
NAATIN DOWN OF CONTROL OIL FROM CONT VALVE

PAGE




FAULTS IN TURRAINE-URIVEN BuR

DESCRIPTION CAUSE DESCRIPTION

| B <A

ON OVERSPEED DURING START DRAIN DOWN OF CONTROL OIL FROM CONT VALVE
TURBINE TRIPPED ON OVERSPEED DURING STARY DIATIN DONN OF CONTROL OIL FROM CONT VALVE

TURBINE TRIPPED CAUSE OF MIGH EXHAUST PRESS CHC VLY FOAOD JAMNKED PARTIALLY CLOSED
TURBINE JN OVERSPEED DURING STARY NDRAIN DOWN OF CONTROL OIL FROM CONT VALVE
TURBINE OVERSPEED DURING STAR) DRATIN DONN OF CONTROL OIL FROM CONT VALY
sTaar DRATIN DOWN OF CONTROL OIL FROM CONT VALVE
sTaey AURNED OUT XSISTORS IN GOV VLV CONTROLLER
DISCHARGE CHMK VLV.FO40,DISC BLOCKING FLOW

EX4AUST STOP-CHECK VLY NOT DPENED

TURBINE STEAM INLET VALVE WOULD NOT OPEN VALVE OPERATOR FOR FOAS VWAS BURMED up

AUTO STARTED BUT THEN TRIPPFD ON HI DELTA T RY ALODG MEAT WAS DFF~THEREFORE Ml DELTA T

DPERATOR DIDN'T CHECK MAN, SPEED SETTING
RX ALDG VENTLIN wWAS ISOL-HI HPCI RN TEPFP
LOISE FITTING IN CONT OIL LINE TO SERvVE
DEFECTIVE EGM UNIT-GROUND IN EGR ACT CCIL
TRLP THROTTLE COULD NOT BE RESET. UNKNDWN
SET SLREWS ON SPUR GEAR ON REF SPEED LCLOS
ADJUSTING SCREW FOUND 5 TURNS OUT OF P(S.
TURBINE TRIPPED ON HIGH EXHUST PRESSURFE THS0ORRECT VALVE LINE~-UP
STOP-CHECK ALSO FOUND SHUT PERSONNEL DIDNT VERIFY POSITN AFTER MAINT
DITDE VR]L IN SPEED REF, CXT, OF AMPLIFIER
FLIV CONTROLLER ORIFTED UPWARD 4 Ma
FLOW INSTRUMENTS CALIBRATION WAS TOO LCw
JULD NOT RESPOND TO CONTROL INPUT R-14 § R=15 IN PCB. ASSY FAILD FROM HE #T
OR INJECT GOVFRNOR EG-R ACTUATOR FAILED 70 UPERATE

PASF




IN TURBINFE-DRIVEN BYR MPC ) RCIC PUNPS

INITIATED ON SCRAM BUTY DID NOT RANP UP VITAL PR FUSE BLOUNN AND CONTACTOR )08
RT OF WIR DISCOVD CASE FLG CASE NOT TORQD CORRECTLY BY MAINT PRSNI
DPLS 76677 READING HMIGSENSING LINE BACKFL
RAYP GENERATOR MISALIGNED DUE TO DRIFT
START ON AUTD START SIG TURAINE STOP VALYE OPERATOR MALFUNCTIOMND

9P INGNENT OF FOREIGN OBJECT ON THE wHEEL

STaRy C 6NV CONT CKT SET WIGHER THAN QVRSPD TRir

WP=1 STOP WALVE FAILED TO OPEN
INJECT WITHIN REQUIRED TINE PISTON IN MECH OVRSPD THIP WAS UNDERSIIED
IND TO SPEZD CHAMGE STG MPZT SPEED CONTROLLER RELAY WALFUNCTIONED
ELM I¥) MI FLOW PDIS SETPOINTS VERE INCORRECT
EX"ESSIVE OPENING OF L.0. THROTLE VaLves
[NPR0OPER ADJUSTHNENT OF THTL SCRENS
5PN WEAR TO TURAINE SHAFT DRIVEN OIL FunNe
THANOTTILE ADJ SCREWS FOUND out OF ADJUS T,
. 5. WOIUNG SET SREWS USED IN BOOSTER PUAP
TURBINE WOULD NOT REACH RATED SPEED LEAKING OIL SEAL ON TURBINE STOP VALVE
TAROTTLE VALVE WOULD NOT OPEN ELECTRIC. CNRINODED CONTACTS ON WOTOR 0P LIAIT Sw.
COOLANT LEVYL DPEN CKTY IN COIL OF TR]IP THTL SOLONODID va
WOTOR SPEED CMGR FAILED TO BRING TURS GT 2800 LISS OF PIN FROM ATR SPD CHNGR AND GEAR
TRIPPED ON LOW SUCTION INST DRIFT OF PRESSURE SwWITCH
CAISE 40T STATED
AANNEN WIRE ON THE TURBINE RESET SOLONCID
STEAM SUPPLY VALVE FAILED TC OPEN COMPLETELY STEW OF TME VALVE wAS BENT

AURRS ON CYLINDER WALL AND PISTON

PASE




L2l

ALL FAULTS IN TURBINE-DRIVEN BWR HPCI AND RCIC PUNPS

. -

A
‘ i
P C C
i 165 B0rvintid
£ N cowreot evewr £ 3 DS o191
voioNseeel T hR PRELNYY oo oescarenion CAUSE_DESCRIPTION .
0%3 019911 121477 M PT C13S 1 T O WPCI FLOW CONTRLLR FAILD 10 CONTROL WOTOR GEa® WPCT INOPERABLEJFAILD PWR SUPPLY IN COMT
FNL 012382 011075 @ PT 802 S 1 N O RCIC TURBINE TRIPPED DURING AUTO START AFTER SCRAY WIRING ERROR ON THE TURBINE GOVEANOR
G ENL 01297L 070575 0 PT €13 1 N T TURBINE sveE5-35;7;6['53[5357;5-snas1 Le0s PUNP LD WOZN DRIVE GEARS (UPPR & LWR 81 THINGS)
6 FN1 013071 071375 Q AT BI3 T 1 N T RCIC TURBINE TRIPPED ON OVERSPEED AFTER RX SCRAN  ELEC OVERSPO INST COMTAINED WALEN XSISTOR
ENL 013606 090675 0 PT ROO 1 T U RCIC TURBINE TRIPPED ON OVERSPEED CONPONENT FATLURE - NO PROBLEM FOUND
G END 013907 111575 Q PT CI3 R 1 N T BCIC WECHNCL OVERSPEED TRIP SETPOINT “HIGH REZALIBRATED MECHANICAL OVERSPEED
G ENL O14TT3 022276 Q PT RIL T 1 N D RCIC TRIPPD ON WANUAL START--TRIPPD BY MECH OVASPD VINRATION CAUSD VALVE TO UNLATCH ON S/0
G ENL 014789 042276 Q@ PT COZ U 1| T O RCIC TURBINE SPEED WOULD NOT INCREASE PERSONNEL CUT CABLE TO PUMP (DUR OUTAGE)
G ENI 017333 030777 QO PT C20 R 1 T T TURBINE E;EEB-152322325'75-;;3;-;;;°.oxonv TRI®  OUT OF ADJUSTANT TRIP LINKAGE ON MECH ©S
G ENL 013643 072777 0 PT BO9 S 1 T T COULD NOT RESET RCIC TURBINE i TRIP-TMROTLE YALYE OITTY CONTACTS WOULD NOT ACTUATE VALVE
G FNL 020023 092377 Q P1 B02 S 1 T D RCIC TURBINE TRIP THROTTLE VALVE Fllto TO RETBEN  LNOSE BRUSH SPRING ON OPERATOR MOTOR
G ENL 020153 1206477 M PT CI3 S 1 T D WeCI vui6'56;363'§?ﬁ€§:iiiﬁiii;'»;o TO FORCE GOYN® DANAGED ELEC. CONNECTOR ON FLEX CONDULT
G ENL 025389 022779 M PT D13 1 T T HPCI PUNP REQUIRED 10 BE SECURED DUE 10 VISRATION ACTUATOR ON TURBINE CONTROL LOOP FALLEC
G ENL 027818 120079 Q PT D09 S 1 N T RCIC TURRINE TRIPPED ON MIGH EXHUST PRESSURE CLIGGED MANUAL CHECK VALVE
G ENL OJLI4L 051390 M PT D13 T 1 N O WPCE FAILED 10 START AFTER REACTOR SCRAN SPUPLOUS HPCT WIGH STEAN FLOW STGNAL
ENL 031265 051480 2 °T D13 ® 1 N U RCIC PUMP TRIPPED ON MANUAL stall---- BELTEVED TD BE OVERSPEED TRIP,UNKN CAYSE
ENL 031287 052090 M PT C13 S 1 1 T HPCI TURBINE SPEED CONTROL FOUND ERRATIC RAYP GEN IN EGA FOUND DEFECTIVE
FNL 031401 O0A1340 O PT D13 S 1 N T RCIC vu;;fii°7;i;;EB_FEIIE;I;E-;';EICton scaas E3% AND LINIT Sv ON TRIP VALVE WALFUNCT.
EN1 D3ILA58 062680 W PT DI3 T 1 N U HPCI FATLED TO START AFTER REACTOR SCRAM MI STEAM LINE FLOW SIS DUE TO TURBINE CON
ENI 032130 072580 M T C13 1 T T MPCI TURBINE FAILED T0 TRIP AT OVERSPEED SETPOINT WEA® TO TRIP DEVICE CAUSE SETPOINT DRLFT
ENI 032720 091990 W T 000 I T U DURING PCI PUNP OP TEST,MPCI SYS_ISOLATED CAISE UNKNOWN
EN2 022023 072578 Q BT 8135 1 T 0 RCIC TURBINE FAILED TO START MANUALLY SET POINT DRIFT OF OVERSPEED TRLP
G EN2 022753 110678 M T BO2 U 1 T D HPCI PUMP FAILED TO QUICK START WIRE ON CONTROL CIRCULT NOT RECONNECTEC
G EN2 025030 0A0379 M PT BO9 1 N T WPCI PUNP FAILED TO START-TURBINE STOP FAILD TO 0% WATER CONTAM OIL - SEAL LINE LEAKING
G FN2 025035 060379 9 PT D12 S 1 N T RCIC PUNP FAILED TO RUN - RUPTURE DISC RUPTURED  DISCH CHK VLV DISC LOOSE - BLOCKED FLOW




FAULTS IN TURBINE-DRIVEN BWR HPCI AND RCIC PUNPS

MODE DESCRIPTION CAUSE DESCRIPTION

PUNP BECAME INOPERABLE VA® AND CONDENSATE PUNPS TRIPPED

COND { PEISONNEL STEPPED ON NMOTOR CONNECTING BOX
HeCl i MP 1 PUMP WAS BSEING SECURED EINCORRECTLY
HeCl TINE DELAY COIL IN BKR FAILED
RCIC £ 0 UNENDUN
RCIC TESY POT SPEED CONTROL USED INSTEAD OF AU
RCIC TESTY PASSED SUASEQ TESTS, CAUSE UNKNDWN
RCIC TURBINE TRIPPDILOCAL TX[P Hvtl ONLY PARY ENG READJUSTD TO FULLY ENGAGE

HPCIl TURBINE TRIPPD ON LOW OIL PRESS. LEARS CAUSD A LOVW OIL LEVEL ESYS. PRESSUR

HeCt PAPER MAD FALLEN BETWEEN OPERATR CONTACLTS
MPCT SHJBBER PINS WERE RELOCATED
BOTH MANUAL EXHAUSY VALVE FuULLY CLOSED
RCIC £ RUSTY LINKAGE CAUSD BY STEAM LEAKx
HPC T FLOW SNUBSBERS ELININATED THE PROBLEM
RCIC i AUT.OIL SUMP INSTALLD PER VENDOR F.D.I.
RCIC DIL LINE FAILURE=M] FREQUENCY VIBRATION
YORQ SWITCH RESET SO VALY WOULD OPERATE
CUND OIL FILTER CLOGGED
DI®T ON CONTACTS CAUSD LOSS OF CONTINUITY
PLASTIC FRAGMENTS FOUND IN OTL INLET PCRT
EX*ESSIVE STEAN FLOW TO HWPCI ISOLATED #oC
. ACTEL RELAY AUX CONTACT ASSY DISLOCATEC
13712 111878 c1c D ( COAROSION AND CRUD ON VALY STEM AND PIV™1
016446 040576 % § \ RATSD TRIP SETPOINT FROW 2% TO 40 #SIG
2134408 080276 Q . c L 3 STEAN VOID IN DISCH PIPING = WLV LEAKAGE

PAGE
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P11
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NUMBER

0154408
019870
0263719
000673
000641
000933
000989
010051
010179
015233
016142
016779
019187
02052%
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018416
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ALL FAULTS ll IUllth-D!lV!l SuR HPCl llﬂ RCIC PuneS

MODE DESCRIPIION

RCIC TURS _NE TRIPPED ON OVERSPEED .

GOVENOR CONIROL 5YS, FAILD RESULTING IN LOSS 0F nC
WPCT GOVENDR END BEARING WAD WIGH TENS AND VIB®A,
OIL LINE FAILD IN TURBINE CONTROL SYSTEM

TURBINE TRIPPD ON 3 OCCASIONS) [NPROPR ADJUSTHENT
TURBINE CONT VALVE AO-16C FAILD TO OPEN POSITION
TURBINE TSOLATED UPON AUTO INITIATIONS WI STEAW FL
TURBINE ISOLATED AFTR COLD QUICK START ON WI FLOW
OUTBOARD 150. VALVE MOV13-16 FALLD TO OPEN

TURBINE SPEED COULD NOT BE CONTROLLED

RCIC TREP THROTTLE VALY WOULONT RESET AFTR TRIPSIN
STEAM SUPPLY 150, VLVE WO-13-16 FAILD 10 OPEN

WPCI INOPER--OIL LEAK ON MPCI OIL CONTROL VALVE
TURBINE TRIPPD ON OVERSPEEDS AUTO START TESTING
AUX OIL PUMP FOR WPCI SYS FAILED TO START

DURLN 100 PERCENT ISOLATION TEST, WPCI ISOLATED 8Y
M1 STEAR FLOW TRIPPD WPCI TURBINE FOLLOWING SCRAM
TURBINE SPEED CONTROL ERRATICIRCIC WAS OUT 7F SERy
WPCI FLOW CONTRLLR FC-3-23-108 DEFEC TIVE

MPCT PUMP FAILED TO REACH RATE FLOW

MPCI PUNP APPARENTLY TRIPPED ON OVERSPEFD

RCIC TURBINE DIL PRESS LOST WHILE OPERTNG [4 TEST
Wect vui;iii'7nlﬁ;ii-ﬁi-ovzusvtia-oaulns sTaer
RCIC

SVE:;-SU"lV LINE ISOLATED DUE vo SPURLANS §
OVERSPEED TRIP OF TURBINE DURING STARTUP

CAUSE DESCRIPTION

STEAM VOID IN DISCH PIPING = VLV LEAKAGE
FAILD RESISTOR

WORN LUBE OIL PUNP DUE TO WRONG METAL LSE
SHYEAR FAILURE IN THMREADED PIPE SECT
LINRAGE BETWEEN TRIP VALVE AND G5 TRIP
OPEN CKT, CAUSD BY FAILD LOCAL SPLED PCT.
RANP GENERATR ODUT OF CAL GAVE M1 FLOW IND
AT® ACCUMULATES IN HYD.CYL OF STOP VAL VE
40TOR FATLUREJREPLACED DURIN SHUTDOWN
FATLD ELECTRONIC PARTS IN SPEED CONT.SYS.
GRIUNDED WIRE ON TRIP SOLENOID

FAILD CLOSE TORQ SWITCH DAMAGD VLVE mOTOR
LEANING DIAPHRAM) REPLACED WITH NEW DI MPH
MISCALIBRATION OF TURBINE SPEED CONTROL
GRIUND IN WOTOR

A TRANSIENT -~CAUSE NOT [DENTIFIED

RAPID OPENING OF TURBINE STOP VALVE

BENT LIFY RODS IN TURBINE CONTROL VALVE
CIRCULT BOARD MODULE FAILD

HMISH AND LOW SPEED POTENTIOMETERS NOC
GOVENOR QUT OF CALISRATION

WOUIN GEARS IN DRVE TRAIN OF SHET L.O0.PLNP
TEST PROCEDURE USED WAS INADEQUATE

ND CAUSE IDENTIFIED

NO APPARENT CAUSE




| A g Y

IN TURBINE=DRIVEN BWR HPCI

CRIPTION

TURRINE STOP VALYE FAILD TO OPEN AFTR REACTI® SCam

g ————

MPCl FULL FLO®
HPCl

MEETY

RCIC PUMP TURBINE SPEED ERRA
RCIC PUMP REPEATEPLY TRI

RCIC

Hecl ) STOP VALVE WOULD NOT OPEN

HPCT

H“ecl

INOPERABLE DUE TG BREAX IN HI PRESS 011

PMP TURBINE KEPT TRIPPING AT 3500 RPN

TRIP DNT 2ESET

HPCT

TURS I NE ' L PRESSURE

RCIC

HPCl

CAUSE DESCRIPTION

DIRTY DUPLEX OIL FILTER

YIL FITTING LEARKED AND LOST LUBE oIL
GASRET ON GLAND SEAL CONDENSER RUPTURETL
SAD RELAY IN PUNMP START LOGIC

AUYO FLOW CUNTROL FOUND FAULTY

EXCESSIVE WEAR CAUSD CAM AND TRIP LEVER
SYS.IMPROPRLY TAXKEN QUT OF SERVICE EARLER
ANUND DUE TN INADEQUATE LUBRICATION

% STAGES WERE SEVERLY DAMAGED

DIRTY CONT LNKGE STICKING DURING OPERA TN
DIRTY BALL AND TAPPET ASSEM. ON D.S. TERIP
SALL AND TAPPET ASSEN BENT, REPLACED
CAUSE NOT DETERNINED

299 VYDC BATTRY DISCHRGDJICHAGR BXR TRIPPD
AUX OIL PMP AUTO TRIPPD WHEN EMER OIL FaN
IMPROPER PINNING OF PLLOT VLY LEVER ARN
M1 PRESS OIL DISCHARGE LINE REPLACED

WOAN NUT IN OVERSPEED TRIP MECHANISH
QESLACEMENT TAPPET LONGER THAN ORIGINAL
APPEARS TN BE A TURBINE PROBLEM

prat CLOGGD ORIFICE CONTROLING DIL PRESS.
(MOROPER TENSION ON A SPRING ~ READJUSTED
JAY NUT ON ROD END BECANE LOOSE

MT EXMUST PRESSURE OR AUTO ISOLATION
SHNRT BETWEEN EGA £ EGR ACY DR STUCK EER

PASE




ALL FAULTS 1.' TURBINE-DRIVEN BWR MPCI AND RCIC PuUmsS

-

I
s §

P Y C 1

L C maATF i
v A 0 0O Y AN !
£ N CONTROL EVENT 5 0 g P11 U §
N _[ !018t! DATE ™ » ¢ ELMY MODE OESCRIPTION CAUSE DESCRIPTION
6 VYl 030736 02620 H PY C13 1 T T MPCI PUMP WOULD NOT INCREASE ABOVE 800 arm FATLED FLOW CONTROLLER

BAGE 10

62l



Other Standby Pumps

The pumps considered are: BWR core spray pumps; containment spray
pumps; PWR HCPI pumps; LPCI pumps; and BWR standby liquid control pumps.
The exposure hours used for the different systems are listed in Table B-1.

The common cause failures to start were all command faults rather than
failures. Therefore, quantities involving p cannot be estimated for
failures.

Rates are estimated for

1. Failure to start, based on all faults

2. Failure to start, based on failures only

3. Failure to operate after starting, based on all faults

4. Failure to operate after starting, based on failures only.

Be sure to read the Application section in the main body of this
report. The following computer printouts give the estimates and summaries

of the relevant data.
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62l

STANDBY PUMPST CONT SPR, LPCly PWR HPCI, BWR CORE SPR, BWR ST LIQ CONT
FAILURE T STARY

FAILURES ONLY., EXCLUDING COMMAND FAULTS

RATES ARE PER EXPOSURE HOUR

TRIPLE OF NUMBERS SHOWS (LOWER BOUND, POINT ESTIMATE, UPPER BOUND)
LOVER AND UPPER BOUNDS FORM 90 PERCENT ENTERVAL

LAMARDA = [ &,9FE~=17» 6.,2E~07» 3.5E-06)
llﬂ‘Dl. = U 2.36-10y 5.9E~-08, 2.3E~-07)
OMEGA *» 0 2.3=10s 5.9E-08, 2.3E-07)

NO DATA WJERE NASFRVED FOR ESTIMATING OTHER QUANTITIES
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LEL

STANDAY PUNPS:

CONT SPR,

FAILURE TO OPERATE, GIVEN START

FATLURES NNLY,

RATES ARE
TRIPLE OF
LOWER AND

P »
LAMRDA »
LAMRDA =
OMEGa '

v

e
o

DO S w N BN
aalasl
=

QveERALL

- - . . -

-

OVERALL

HOUR

EXCLUDING COMMAND FAULTS
PER EIPDSURE

NUMBERS SHNWS (LOWER BOUNDs, PJINT ESTIMATE, UPPER BDUND)
UPPER ADUNDS FuxM 90 PERCENT INTERVAL

«D0&,

4.9F-08,
4.1€-08,
1.6E-08,
3.726-08,
3.0E-08,

3.05-08,

1.6F-09,
1.26=-09,
1.1E-0%,
9.4E-10,
B.8F-10,

A AF~-10.

266,
1.36-08,
2.1E=-08,
2.3F=10, S5.9€-08,

e
L}
3.9E~05,
2.6E-0%,
2.06-0%,

1.36-05,
9.9 =08,

2.06-0%5

R?
8.8E-08,
8.3 -09,
8.26-08,
A.0E~08,
T.9F-08,

8.2¢-08,

«697)
2.0E-06s
1.9E-0T7»

2.0E-05)
1.3€-0%)
1.0€-95)
6.8E-06)
5.1€E-08)

2.0€-0%)

RATE

2.8E-07)
2.7E-0T7)
2.7E-07)
2. 7E-0T)
2.7E-017)

2.8E-07)

T.4E-06)
A.6E-0T)
2035'07.

- e e -

SPEtlggg:isaguﬂtll

1.4E-07,
1.26-07,
1.1F=07
1.0€-07,
9.6E-08,

9.6(-00.

FIR SET OF

5.%56~10,
5.26-10»
5.0E-10,
4.9~-10»

4.9E~10,

2.28-06s
2.26-06»
2.26-06,
2.16-06,
2+1E-06,

2.26-06»

K SPECIFIC COMPONENTS

7.16-08,
T.1E-08,
1.9€-08,
T.06-08,

T.1E-08,

7.%5E~-08)
T.5€-08)
T.%5E~08)
T.5€-06)
T.5E-08)

T.56-08)

2.5E-0T7)
2.5E=0T)
2.56-07
2.%5€-07)

2.%E-07H

- e -~

LPCIs PWR HPCI, BWR CORE SPR, AWR ST LIQ CONT

BETA FACTOR

001,
« 001
«001,»
«001»
000,

« 045,
« 045,
« 061
«03%,
«032,

«041,

3.9E~10, 6.

3.8E~-10»
3.8E~10,

3.8E-10, 6.

220
500
AT
AT
«458)

+300)

L}

6E-09.,

6E~09,

2.0E-07)

6.6E~28, 2.4F-07)
6.6E-09, 2.4E-07)

2407
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CONTROL
NUMRER

I 4 Ll ]

DALl 020274¢
DAL 021855
DAL 030328
NF1 01483064
NELl 0148064
NFl1 025915
NE2 Q00577
1E2 0110714
0F2 olL071M
DF3 013484
nr3 023435
NEY 023048
RSl 214711
251 024886
cc1L o11272
€c1 o1s%22y
CC1 013287
cc2 o211y
CC2 030678
CC?2 0306798
FC1 0293944
RI2 031945
mYi 002322
MYL 027208
vl 027299

ALL FAULTS IN STaNDaY "H'Sl CONT. SPRAY, LPCIs PWR HPCIs BWR CORE SPRAY, 8w ST, LIQ. CONTROL

EVENT
DATE

011278
os187s
040680
012878
n12ers
0os1979
111273
120874
120974
neoL1r?
122078
naners
112376
orL979
112574
082178
82277
102179
0225%
022590
neInrTe
Q70389
120272
a91879
100379
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MODE DESCRIPTION

- — - —

CAUSE DESCRIPTION

ROTH CONT SDIIV PMPS INODPERABLE lll |n MODE &

CONTAINRENT SPRAY PUMP FAILED 1O suu AUTONATES .
OIL SIGHT GLASS FOR CONT SPRAY PUNP 1-2 smoxs
LOW PRESS INJECTION PUNP 1A - INOPERABLE
REACTOR BUTLOING SPRAY PUNP - INOPERABLE (14)
18 28 s;;:v PUNP FOUND LEAKING AROUND VENT LIWE
LOW PRESSUTE INJECTION PUMP 28 FALLED TO START
COWMON SUCTION VALWE FOR I LPCI AND 1 CONT SPRar »
CONMON SUCTION VALVE FOR 1 LPCI AND 1 CONT SPRAY »
EXCESV nﬁi;'ﬁiu VIBRTN TST OF 38 R/X BLONG SPRaY
REACTOR AUILDING SPRAY PUNP DECLARED INOPERANLE
OIL DITZOVERED LEAKING FROM PUAP TAS ING, PUNS SEZ

RX BLOG SPRAY PUAP FAILED 10 START

DHR PUNP *B' LEAKED IN EXCESS OF m:n SPEC

DURING TEST, CONTAIN SPRAY PHP €11 TOW 00S LOW

NO 12 CONTAINMENT SPRAY PUNP WAS TAKEN OUT 7F SEey
NO 12 CONTAINAENT SPRAY PUMP WAS TAKEN OUT IF SERY
WPST PUMP *A* FAILED,REQUIRING SECY. ING THE Puse
LPST PUMP 21 TAKEN OUT OF SERVICE FOR CORR, wAINT,
CONT SPR PUNP 21 TAKEN 005 BY AIS)AXE

CONTAINAENT SPRAT PUNP FAILED 10 mn (S1-3%)

CAY HPCT PUMP SEIZED

WPS1 #-143 SUPPLIED BY =A® 06 010 NOT STast

e TRAIN TCONTATNRENT SPRAY PUNP DI3 PRESS DRNPRED

al d 'llll Coﬂllllﬂiﬂ' SPRAY PUMP FAILED TO STARY

PUNP CXT.8XRS, RE~ENERGIZED

SFAS DUTPUT MODULE CAUSED FATLURE

BRICEN BY CONTRUCTION PERSONNEL

INZORRECT SUBSTITUTE BREAXER INSTALLED
INZNRAECT SUBSTITUTE BREANKER INSTALLED
PLIG WAS SUPPOSED TO SE IN LOCATION OF VE
AREAKER NOT RACKED IN PROPERLY

US® FALLED TO DOPEN ~ OPEN CXT IN 1 PHASE
UN® FAILED TO OPEN - OPEN CXT IN 1 PHASE
OIL LEVEL IND INPROQPERLY POSITIONED

MIGHM VIBRATION DUE TO LOOSE IMPELLER
BEARING CAP INSTALLED INCORRECTLY

ARCR WAS NOT RACKED IN CORRECTLY

FAILED SEAL,SEAL "EPLACED

NITRAL WEAR OF PUMP INTERNALS

RE-ALR SMALL LFAX IN SEAL WTR PIPE NIPRLE
LEAKING SEAL 4TR COOLER CASING FITTINGS
MITHANICAL SEALS FALLED ON #22 WPCL PUM
CAUSE ND™ GIVEN

MISUND” @STANDING, SHOD MAVE BEEN LPSI 21
SUPP) ¢ BREAKER BOUND DUE TO PERSONNEL ER,
PR _EDURE DID NOT REQUIRE MIN FLOW wviv OF
G VUNDING BLOCK NOT REMOVED FROM CxT BER
TITTION VALVE wAS CLOSED

CONTACT BLOCK IN PUMP BXRR FAIL TO MADE @
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010659
0130098
013820
020132
023105
032628
021329
010282
012862
015920¢
oL8 789
02170¢
01594+5
017878
021036
0226131
019313
0135189
020094
021445
N21890
017619
026014
021039
010648

ALL FAULTS IN

orL174
0oro9rs
112275
121877
ne1079
0904830
040378
051074
05227%
0RGS7H
52517
060278
o1z2r?
040677
032878
091778
100777
102477
122317
06N67R
061578
041177
N&DATY
041778
062174

| EM=n <in

Z T " " A MM M~ T T T~ T AT T ~FrM¢r/PrZ32

cos
cls
209
AlS
co
Al9
D21
Bls
Cis
AlS
vol
800
300
R0OO
809
813
rus
8o
Ui
813

SVANDB'

| r—

| MYk -

“w w»w w B v
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MODE DESCRIPTION

- -

HPST PebA TESTED UNSIV S"UVOFF HGID HOY DEVELOPD

LSt 'u;;-;7;°~o FLOW, NO PRESSURE

LPsSt pup SEIL LEAKG PMP TYPE BX21 lloSGl A-5739)
1A LHSI run' S"UTDOHN DUE TO HI vx'antlon ON SHAFT
LHSI ’UNP FQILED 10 IEACN lEOUlIED lECIlC FLOw
EAST lHl PUN' IIS FOUND UNSTABLE

e T ——

HPST pNp OEVELDDED UNUSUAL DRAG OUQING SAINT

£ 021 H’Sl 'Ul' SYARTED ONLY OEVElOP 7008 PRS

omMP 921 lENOV(D FROM SERVICE '0 IE'AII SEAL Mt
3 SAFETY lﬂl 'UMPS RUN APPX 10 ﬂll /0 SUCTINN

ALL
022 RHR PUMNP REHUVED F.Oﬂ SERVICE

EXCESS OIL FROM S 'JH' NO. 22 tNlUS! BEARING

- ———

#33 ST PHP FAILD TO START FROM SISJPLANT TRTP 190¢
NO. 31 SAFTY INJ PP HAD GRAD DETERATN OF FLD DUPT
#31 RHR PUMP REMOVED FRON § SERVICE

B0TH CONTAT SPRAY PHP SUPPLY AREAKERS TAGGED 1PEN
SPRAY PHP FATLD TO START DUE 10 OVERCURRENT Tetp

-

A COI'DIIHY S’IAV PUMP FAILED !0 SIll' DURING TSTS
iCS pav l! 'AILEB TO START DUQING O'Elltlﬂﬂll TESTY

-

CONT OQUENCH 3Far PUMD 1-QS-P~1A ‘l!lED TO START RE

- - ™

QUENCH SFRAY PUMP 1-Q7~i~18 FAILED V" svaey

-

#12 SAFTY M) PED T IMPELLR MOVED AXTALLY OY SHAFTY

- -

011 SAFETY [MJECTION PLMP FAILED TU SIART N &UTD

-

OPERATOR PLACED #22 RHR PUNMP DOS - AUX OPER IPFNEG

-

CO"TAINMENT SPQI' PUMP 1P14A DID NOT START

T -

npw
23
RHR

S'll'o LPCIe PWR HPCIs BWR CORE SPRAY, 8WR ST, LIQ. CONTROL

-

CAUSE OESCllPVIOH

HTH STAGE IMPELLOUR MOVED ON SHAFY

TWI VALVES NOT IN CORRECT POSITION

IMPRPR ORING CLEARANCE

PUNP-TO-MOTOR MISALIGNMENT

PIZCES OF PLATTIC FIRE HOSE NOZILE FOUND
ALL AIR WAS NOT REMOVED FROM SERVICE
INSPECTION DISCLSO CRKD WR RNGS & BSHNES
B0%IC ACID LEAKAGE CAUSD SUCTION BLOCK AGE
LEAKNG SEAL MEAT XCMGR - PHP MOD# BX20%
CRY PUNP SUCTION VLY (846) NOT OPEN
MECY SEAL ASSY GSXT DETERATD AND LEAKED
THRUST COLLAR AND SHOES FAILED,REPLACED
TD RELAY IN START CKT FAILD WMODEL 241 20C
WORN INTERNALS = HMIGH HEAD TYPE JTCH
GSCY BTWN GLND PLATE AND PHP CASING LKNG
AITH TRAINS REQUIRED BY TECH SPECS
START CURRENT G.T. SETPOINT) RAJSED SIev¥
CAJSE UNKWN - BKR WAS TRIPPED ON OVRCUBNT
CAUSE UNKNOWN ~ BRKR OPERTG ERRATICALLY
SCAFW FOUND IN SUPPLY BKR (FOREIGN)
AXR CHR SPRING MOTOR SWITCH IN OFF POSI.
ARNORMAL PRESSURE OISTRBTION ACRODSS IMPLR
UNKNOWN CAUSELEVENT COULD NOT BE REPEATED
CAT BRCR FOR & 21 RHR PUMP -~ PERSONNEL ER
PUMP BRKR LATCH WAS NOT FULLY ENCAGED

PAGE 2
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ALL FAILTS IN STANDSY PUMPSY CONT. SPRAY, LPCIs PWR HPCI, BWR CORE SPRAY, BWR ST, LIO. CONTROL

- - —

¢

R ; . ¢

: b5 abitall

v OSONGERt BUSET R REIELIRGE WODE DESCRIPTION CAUSE DESCRIPTION
PTL 021745 063078 £ ®4 BI3 T 1 N D CONTAINMENT SPRAY PUNP 1-P148 DECLARED 005 POMER SUPPLY BKR WOULD NOT RACK IN
261 001037 061173 W PR BI3 T 1 T D SAFETY INJECTION PUMP 1C FAILED TO START BENT OPERATOR ARM ON THE CELL SWITCH
451 010045 040A74 M PN B13 T 1 T O 1C SAFETY_ INJECTION PUMP FAILED TO START MANJALLY PRENATURE CLOSING OF CB TRIP BAR

961 010664 0DNOT74 M OM BI3 T 1 T D LC SAFETY (NJ PUNP FAILED 10 START ON BUS 18 WAt BE FAULTY LDCKOUT INTERLOCK
RG1 012136 070575 W P BI3 T 1 T D 1C SAFETY Und PUNP FAILED TO START ON BUS 18 160 WEAK SPRING AND TIGHTENED WIRE IN (8
961 0121367 020675 W PM BI3 T 1 T 0 1C SAFETY INJ PUNP FALLED TO START ON 8US 18 REP WEAK SPRING AND TIGHTENED WIRE in €8
“G1 012397 021875 W PN BI3 T 1 T 0 LC SAFETY INJ PUNP FAILED TO START ON 8US 18 WECH BINDING ON LOCKOUT SOLENDID PLUNGER
961 016716 010377 M PM B13 T 1 T O 1C SAFETY INJ PUNP FATLED TO START ON 8US 18 WEAK SPRING [N SECONDARY CONTACT ASSY
961 018744 062977 W PM 813 T 1 T O 1C SAFETY INJ PUNP FAILED TO START ON BUS 18 ND APPARENT CAUSE FOR CB FATLURE
961 021670 032978 F PN 812 S 1 T T CSI vun;';;if33°76-373;?'--'-'°"'--- FATLED CIRCUIT BKR
202 002067 040772 F P 814 1 U U ONE OF THE CONTAINNT SPRAY PHPS FOUND TO BE AINDNG AUT® ON INPELLER GALLED THE SEAL RING

912 D00LASE 070973 M PN 802 U 2 U D SAFTY INJECTION PHPS mBREwC™ TRIPPD on MANUAL STAR INSTANTNS TRIP SETTINGS WERE SET AT WIN.
212 017585 032677 F P4 402 S 1 N D CONTNT SPRAY PMP A NOT ON SVC DURING catvlcntlvv PEISONNEL HAD REMOVED PUMP FROM SERVICE
902 0197934 112377 % PM UOL N 3 N D BREAKERS FOR ALL 3 SAFETY INJ PAPS FOUND RAXD OUT FATLURE T3 RECOG TS LIAIT FOR GT 200 F OP
297 0137938 112377 F PN UOL N 2 N D AREAKERS FOR BOTH CONT SPRAY PHPS FOUND RAXD OUT  FATLURE TO RECOG TS LINIT FOR GY 200 F 0P
202 022614% 100378 F P% CO6 U 2 T D BOTH OF THE CONTAINWENT SPRAY PURPS FOUND ATROUND PINPS NOT VENTED AFTER SYSTEW REALIGNEC
202 025063 041479 M ®A BOO 1 T U 'A* SI PUMP FAILED TO START e CAISE UNKNOWN
207 032737 O0AL1A0 M PM B13 S 1 T T YA* SI PUNP BKR FAILED TO CLOSE B KISH RESISTANCE ALARM SWITCH CONTACT

S41 017700 0SCTT M PM UOL U 2 R D BOTH ST PUNPS AND 1 CENTRIFUGAL CHG PMP TAGSED JUT PERSONNEL ERROR = NOT FOLLOWING PROCEDURE
SAL 0232320 112778 L PH BI3 T L N T NO 2 RHR ;G;;'?nllto T0_START oullnc st 8US FAILURE DUE TO OUTPUT TRANSF FAILED
SAl 028005 112879 M PM 814 R 1 N D S» UNP FAILEDsLOOSE LOCKNUTS FOUND, SHAFT BENT REVERSE ROTATION POSSIBLE CAUSE,#12 PUNP
SUL 371521 051078 F oM D09 1 T 0 INSIOE RECIRC SPRAY PUMP RS-P-1A FAILED TO RITATE FORFIGN WAT. BETWEEN INPELL AND WEAR RING
SU2 000519 111373 W PW RO2 U 1 U O SAFETY INJ/CHG PUNP 2-CH-P-18 OID_ nov START-MANUAL FUSES WERE NOT INSTALLED IN CONT CIRCUITS
TE1 017572 030277 M PN BI3 T 1 N D ONE OF TWD SAFETY INJ PUNPS FAILED TO START I4PR0PER ACTUATION OF DBA SEQ CONTACTS
TR1 0191684 052877 W PH B13 T 1 T O B SAFETY INJ PUNP DID nnt START - AUTOMATIC SEQUENCER CONTACTS OPER WITH TOO LOW CONT

-

PASE 3
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el
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| =Zwru

Ty
Tu3
Ty
TUs
YRl
YRl
Yol
i
1
21
4 Fd
712
AF1
L1
AF2
AF3
AF 3
aol
ael
L3
ARl
LR
LTF
cm
col

CONTROL
NUMBER

000780
012136
02577%
013700
016649
016862
nzo0r1
01008,
gl13217
0234642
010709
022996
0007113
010377
0220988
015087
032025
013025
019677
025041
030408
o17186
019676
0200494
0200498

ALL FAULTS IN STANDBY PUNPSH

- - -

EVENT
DATE

020874
050374
030279
110977
121678
o10rT?
122917
042774
082575
122678
071274
110878
011774
061874
0BOSTS
092374
071480
082977
110577
010979
021480
oz2orry
0e2217
112177
112177

| BN <N

~ QO ™ ~ " M~ CcC o MMM MNP, T A"ITITZ

e C

| mac e

[Raal=l=5

813
cii
c17?
poo
AlS
AO7
DO4
RO6
813
D18
co2
D18
Al9
813
cor
R13
D13
813
802
f13
000
813

| MR-

c v

“ v o

wv

ROl v

ADS
cos

| e

e e e R e e e e b b P R e R e e e e e e e e e e

| BCE

T L et

1 WAy

- e e e M e e e e e M ed ey W M S e W - X X ZZ
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CONT. SPRAY, LPCI, PR HPCI,

RODE DESCIlPIION

-—————

I SAFEYV lll PUH’ FlllED TO STARY

-

SAFT INJ PRP SIOPPD !Nfl lOU RUN CURRNT/PRESS SEEN

38 ST PURP_FOUND TO B RUBBING

48 CONT SPRAYT PHP INBOARD BRNG OVRHEATD
#1 HPST PRP SHAFT MOUSNG SEAL LEALTD
PACKING GLND ON #1 LPST LEAKED EXCESSVELY
" l’Sl-OU’llo SHFT 'Atll
18 CONTAINWENT SPRAT PURP DID NOT START

CON'AINH!N! SPIAY DIESEL 'lll!b IO Slllt

CONlllNﬂENl S’IAV PUNP 1C DIVELO'ED ”ﬂSE RUsTURE

CONT SPRY INJ PAP 2C OPERATD 10% BELOW NORMAL MEAD
CONTAINRENT SPRY PUNP 2C DEVELOPED WOSE RUPTURE

I8 STBY LIQUID CONT PUNP FAILED SU""((‘“’E TESTY

“com sp START DURIN SURVLLNC TESTIW
28 STANDBY LIQUID CONTROL PUMP FATLED TO REACM CA®

18 £ 1C COR SPRA DIONT

RUR PMP 3C FAILD TO START ON NORMAL POWER
I RHR 3 ous
DIESEL
RHR 1A 0'

RuR o1 :Bz'ioumo NOT START

10 w8 PURP TRIPPED IN TORUS cootluc “mooE

CORE S'!l' 28 FAILD TO Sfl|l°-lll CHAIGII SPRINS

-

RHR 2A4 CHARGN MOTOR SWITCH IN OFF POSITION

e

"B"SBLC PUMP STUFFING 8X GLAND FOLLOWER BLEW L7
"ansaLc ’uﬂ' FAll!D 10 RSE! REQD 'lOI AT PRESSURE

BUR CORE SPRAY,

BUR ST. LIQ. CONTROL

-

Glllo 0'6‘“!!'0-'010 s

PUMP TRIPPED ON INSTANTANEQUS OVERCURRENT
FI'E PUNP FAILED 10 Sllll DUR ING REFUELINS
NU' START CO'GI lOOS! € CONTACTS coern

CAUSE DESC!I"(OI

-

INSUFFICIENT CHARGE ON BRXR CLSG SPRING
AT® LEANAGE INTO PUMP CASING

CAJSE UNKNOWN,IMPELLERS MOVED

MODEL 3736 4X6-130V 1450GPN AT 470 FT

CUT IN GASKET BETWN MOUSNG/STUFFNG 80X
PAZKN REACHD END OF LIFE REPLACD PACK ING
ITNSUFCNT CLEARNCE BETWEEN SHFT/PACKN GLND
BR(P RACKED IN TD WRONG POSITION

DIESEL STARTING BATTERIES FAILED

COILING SYS MOSE ON DIESEL BROKE

MAN COMT VALY NOT PROPERLY LOCKED

CAILING SYS HOSE ON DIESEL BROXE

PACKING L1 1 OF 3 PUMP PLUNGERS FAILED
BENT CONTACT ARM ON RELAY (MANUAL START)
NITMAL WEAR TO VALVE,SEATING SURFACES
OPEN CABLE IN RHMR LOGIC

POSSIBLE INCORRECT SETPOINT OF RELAY

2 JATTRY CABLES LDOSE; 8 BATTRY WAS DISCH
CIRODED DUE TO WATER LEAKS

TMTERNAL PROBLEMS IN CIRCUIT BxR

CAJSE UNKNOWN,BKR RESET AND PUMP STARTED
CHARG. SPRING MANUALLY CHARGED,BXR CLOSED
PERSONEL LEFT SWITCH IN OFF POSITION
MOVEMENT OF INSUFF CONTAINED GLAND FLWR

3 IN LIEU OF 5 PXG RINGS INSTLLD BY NFGR

PAGE -
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co
col
nal
DRl
pei
DR2
pR2
DR
0R2
ENL
ENL
ENL
el
Pl
el
nolL
N1
NML
NMY
NM]
ncl
nel
ncl
nc1
ac

CONTROL
NUNBER

027987
0307848
012848
000427
017321
002284
015195
025953
032415
0129713
021481
033573
017933
022504
027358
002168
002015
002016
010765
013018
0022513
002305
oo2217
010834
012029

ALL FAU[IS IN

EVENT
DATE

1223719
031030
061375
092873
100477
030572
062576
041579
081880
AT0LTS
050678
090480
060677
091578
102079
103172
080172
060172
091774
061875
oROLY2
080172
N618713
101874
021175

| AC O

1 mMOQXE

813
cor
809
019
D1%
809
819
800
AO9
813
813
D02
AL9
802
813
cos
Al3
813
cos
B13
813
813
813
8l3
800

PUMPST CONT. SPRAY, l’Cl. Pll HPCl, BwP CORE SPRAY,
L3
L
;
S HDDf DESCRIPTION
RHR PUMP *1D* WOULD NOY OPERATE

SVAND!V
.
¢
}

rhwi

P1U

S &

5 3 N

| O §

$ 1 N

L u
1 7
L S |
T &
17
1 N

- I

- S

. T )

R
¥ ¥

$ -3 .9

g 1 7

T 1 v

T 1 v

| B

$ 3 7

T 1 4

v 2 v

T 1 v

¥ -2 2%

R 1 7

C U 9 9 U O 9 0 O WO = O 9 9 = C VW e Qo - =wo

SLC PUMP 18 WOULD NOT PUMP REQUIRED FLOW RATE

-

CORE SPRAY PMP 211A DID NOT STARY 0! SIGNAL

- -

14 CORE SPRAY PUMP INDPERABLE DUE '0 SMOKING PKG

-

8 CORE SPRAY PUMP PACKING OVR HEATED, BEGAN SHXING

-

2C LecCt Flllb IO Sllll DUR ING TEST

2C LecCl Fillb IO Sllll FOR MAINTNG IOQUS wie,

-

ZA L'Cl 'Uﬂ' WOULD NOT START

2A LrCH ’Uﬂ’ SEAL FOUND LEAKING

RHR 18 AIQ CKT BKR FAILD 71O CLOSE

-

CORE SPRAY PUMP FAILED TO START (18)

-

D™ RHR PUNP VIBRATED OUTSIDE ASME CODE

" STANDBY LIQUID CONTROL SYS PUNP PKG LEACAGE

RHR ’Ul’ 10-P=3C RENDEREDC INOPERABLE

TEmp

RHR PUMP C* FALLED TO START PRIPERLY
STAY LIG CONT PUMNP DIONT DEVELOP REQD WEAD

CORE SPRAY PUNP FAILED 10 START

CORE SPRAY PUMP FAILED TO START

$122 CNTANT SPRAY FLOW 2600GPM VS. 3000GPH

L1 STANDBY L13 CONT PUAP WOULO NOT START
CONTAINNENT SPRAY PUMP FAIIED 10 START

8RKR FOR 1 STBY LIO CONT PUMP RACKED OUT-OTHER 8P
CONTAINMENT SPRAY PUNP S1C DID NOT §TART
CONTAINMENT SPRAY PUNP 514 FAILED TO START
o

!0' Slo Lio.

Cﬂﬂllol

CAUSE DESCRIPTI .

- % " - — - —

BREAKER FAILURE

LEAMING INTERNAL SUCTION AND DISCH VAL ¥ES
DIATY AUX CONTACTS ON 4KV CKT BKR

METALIC PKG SCORED SHFT SLV AND DISTORTED
PUNP LAST PXD LL/ZL6/T6, LAST TS5TOD 9720777
DIATY CONTACTS IN 4KV ECCS BREAXERS

DIATY SWITCH IN 4KV BKR FOR PumMP

CAISE UNKNDWN

SEAL FAILED DUE TO OIRT ON SEALING SURF.
SLI®PD CAM IN LATCH ASY. OF ACB )
COINTROL SWITCH HAD BROKEN POSITION STOP
WRING REFERENCE DATA USED

PACXING DEGRADED DUE TO AGE AND wEAR
CIMTROL POWER FUSE HOLDER wAS BENT

LINIT SWITCH NOT ADJUSTED PROPERLY
THOROPER VENTING/FILL UF SUCTION LINE

C3 FAILED = LNXGE TO AUX SWITCH BINDING
CB FAILED =~ BURNED CONT RELAY CONTACTS
2% PIECE OF WOOD WEDGED IN EYE OF PUNP
PIJER BRKR TRIGGER WAS NOT LATCHED

DIATY CONTACTS ON BRKR POSITION SWITCH
WIJLD NOT START =  AUX CONT PREVENTED CPE
BIIMEN WIRE TO KEY LOCK SWITCH

STARY CIRCUIT FAILURE ~ TIME DELAY REL MY
UNIFR INVESTIGATION

PASF 5
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@ DO DD OO DD 9D DS D DO 12w

L

| =Zpr~v

ncl
acl
ncl
acl
nci
ncl
ncl
082
pay
Pa3
Paa
Il
P11
Il
PIl
Qacl
Qacl
Qocl
QcC2
vyl

CONTROL
NUNRBE®R

012330
016576
Q15477
0231184
0231188
025827
02769%
021081
012013
019831
Q20273
012441
117593
020884
031177
002210
016539
016904
012799
014997

ALL FAULTS iN

e SRS ————

FVENT
DATE

030675
062376
111176
112678
120278
n&1979
110379
Ne2978
021675
111477
0111378
031975
100977
03123748
051380
101972
032576
120276
061875
011877
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I mAC O

Imocx

a13
ALY
B13
813
813
813
803
uvol
R13
A07
813
818
813
813
Al13
813
Cls
802
813
813

STANDAY

| MR-

WO C VW - = - -

Vi - oo “

<

(Rt ol ]

e e e e e e e e R e e N R e e e e e e

| xCx

1 et

DLl
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PUNPS

CONT, SP™2Y, LPCIs, PWR HPLIs BWR CORE SPRAY,

MODE DESCRIPTION

- -

CONTAINMENT SPRAY PUNP S51A FALLED TO STARY IN AUTH

N CORE SPRAT 4ZO1B CRACKD 3GPH LEAX

INBOARD SEAL ON CORE SPRAY NZO01B CRACKD

-

CONTAINMENT SPRAY PUNMP 51D DID NOT START

-

CONTAINMENT SPRAY PUMP SiC FAILED TO STARTY

-

CONTAINMENT SPRAY 'UH' 51C Flllio 10 START

-

CORE SPRAY PUMP Flllib 10 S!AII oN SIGNAL (N7OLN)

CORE SPRAT BDOSTER PUAP OID NOT START, LOOSE FuSE

UNIT 2 'I‘ 'b'lﬂl ILUCKED FOR 2 NlSo

i'ANDB' LlJUlD CDITRDL 'Uﬂ' FAILED TO SiaRY

CONTROL PWP 38P40 OUT OF SERVICE

sroav LIOUID CONTROL PMP 38P40 OUT OF
INOPERAALF

STANDAY LIQUID CONT PUNMP 3A BECLADEO

b CO'E SPHAV 'Uﬂ' TRIPPED ON Sllll
CORE S'IAY 'UNP P ll’l FAILED TO Sllll

-

CORE SPRAY PUNP ™A™ DECLAKED INUPEIAVIVE

-

CORE S'l" PUNP P-2158 FAILED TO AUTO START
18 CD.E SPRAY PUMP FAILED TO SYAIY DUIIIG TEST

-

A" SBALC SYS PUMP HAD DISCH P!ESS FtUC'UlVlD‘S

AlR lOCKD sucry N!lol COHRON T0 ll IMl LOOP,DIFSL €

CORE SPIAV PUNP ll FAILED TO AUTO S'llr

-

“D® RHR PUNP IOULD NU! S'lll

SWR ST, L!0. CONTROL

CAUSE DESCRIPTION

B T SR ———

BRCP TRIP BAR FAILED TD RESET ON PREV TP
CARAON ROTATNG WASHR CRACKD CAUSE UNKNWN
€S TRIP LAYCH FAILED TO RESET
EXZESS FRICTION IN POWER CIRCUTY
EXZESS FRICTION
FUSE FAILUKE
PEASONNEL MANIPULATING FUSE FOR TEST
OPZRTR REMVD UNIT 2 IMSTED OF UNIT 3 PrpS
NNE PHASE TRIP DEVICE MARGINALLY ADJUY TED
REPLACE PACKING PREVNTYV MAINTENANCE

N2 ACCUM DEPRESS -~ CHGING VALVE FAILED OP
FAULTY MOTOR WINDINGS - INSULATION
TNZORRECT LOGIC CLSNG SCHEME FOR CIR BRKR
LOTISE CONN ON SPRING CHARGING LIMIT SwTCH
AXR 152-607 EXPERIENCED A TRIP FREE OP.
IMP ADJ AUX CONT IN BREAKER ND. 1422
INTERNAL CHK VLVS WERE LEAKING

R4 SER WTR PMP HAD AIR LINE CONN TO CASE
LOJSE TERMINAL CONN ON CONT PANEL 902-23
A LOOSE LEAD IN A BREAKER CAUSED FAILUPRE

BREAKERS
IN POWER CIRCUIT BREAKERS

PAGE 6



PWR HPCI and CVC Pumps

For this analysis, the two systems are treated as a single pooled sys-
tem. This allows for common cause shocks that affect both HPCI pumps and
CVC pumps simultaneously. The two systems have already been trcated sepa-
rately, CVC with the alternating s mps and HPCI with the standby pumps. In
these earlier analyses, the only common cause shocks considered were
restricted to a single system. The exposure times used are calendar hours.

Rates are estimated for:

1. Failure to start, based on all faults

2. Failure to start, based on failures only

3. Failure to operate after starting, based on all faults

4. Failure to operate after starting, based on failures only.

Be sure to read the Application section in the main body of this
report. The following computer printouts give the estimates and summaries
of the relevant cata.

143



-y
CTARY
ANTH FAITLURES AND JMMAND FAULTS
R CALFNDAR HOUR
MAF R SHONS (LOWER BOUNDs PIINT ESTIMNATE, UPPER BOUND)

PPER DUNDS FORM 90 PERCENT [NTERVAL

« 19%)
YE-06s 1.1E-05)
5.5E=06s 143E=05)

2.2E~07» B8.6E-0T71)

RATE FOR
FIC CONMPONENT BETA FACTOR
Rl

SPECI

1.3E-0%) Le%E~06s 6.3E-06s 1.5E~0%) 041y 187, .398)
2.%€E-03%) 1.2E-06s 5.6E~06s 1.4E~09%) «048, 252, «09%)
2.1E-0%) 1.06~06s 5.2E-006s 1.4E-0%) «048, 268, 4H2)
1.86-0%) Q.TE=-CT» 5.06E~06s 1.3E-03) I 044, 2953 4451)
1. TE-05) P.2E~079 4.9E-06, 1.3E~035) ( +039, 228, 43O
1.6E~05) B.9E-0T7» 4.8E-06s 1.3E-05) { «033s 199, 427

1.3E-0%) B.9E~07s 5.2E-06» 1.5E~-05)

K SPECIFIC COMPONENTS
R3

2.5F=068)

2.1E-06) 2.4€~08y 4.1E-07s 1.2E~06)

1.9F=06) 1.96~08, 3.96-07» 1.1E-06) 1.8E-09s 2.96-07, 9,3E-07)
L.BE-06) 1.6E=08y 3.7€~07, 1.1E=06) 1.46=09s 2.7E=07s 9.2F=07)
1. 7TE-06) 1.56=08s 3.6F=07» 1.1E-06) 3.3E~09 2.TE=NT7, 9,26-07}
1. 7TE=06) 1.36=08y 3.6E-07s 1.1E-06) 1.16=09y 2.7€=07s 2.2F=07)

1.3E~-08y 3.T7E-0T7» { 3.,1E~0% 2.3E-07)
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"VC PUMPS (PONOLFD)
) DPERATE, IVEN STARTY
FATLURES AND COMMAND FAULTS
NDAR HOUR
(LOWER BOUND, POINT ESTINATE, UPPER BOUND)

FNRM S0 PERCENT INTERVAL

«082, 199, .316)
7.1F=07s L1.0E-05: 2.9€~0%)
To3F=1%: 1.26~07s A.TE-OT7)

8.9E- 2.2E=0T7» BJ.HE-OT)

S HOC K RATE FOR
RATE S’flel<D3019WNFN' BETA FAC/DR

& 3E=0T7s Leb6E~-0H) 9.8E~07 1.06E-09, 2.9€-0%) «+000s 016, .281)
«1E-07, 1.2E-06) 9.6F~07» 1.0E-D5, 2.9E-05) 000, 0165 .249)
«S5F=07s 9.6E-0T7) .5€-07 1.06-05» 2.9€-03) «+000, 016, .250)
«2E=-07» B,2E-0T7) 9¢5€E~0T¢ 1.0E=05, 2.9E-05) «000, .016, .2%9)
«DE=07s TubE~OT7) Q.4E~07» 1.0E-05, 2.9E-0%) «000s 018, 247
«AF =07, 6.8E-07) 9.4F=07y 1.0E-03 2.9E-03) «000s <016, 240)

1.6E-06) 9%E=0T7y 1.0E~0% 2.9E-03) + 000, 016, .2%0)

RATE FOR SEY OF X SPECIFIC COMPONENTS

R2 R3
«4E~0Ts RLBZE-0T7)
«JE<0Ts B.TE=07) 9.8E~10» 2.3E~07s B.6E-07)

IE-07e A.T7E-0OT7) Q.7E-10s, 2.3E-07, B.6E-O07) 9.0E~-10s 2.26-07, AN.BE-O7)
YE-07, BL.T7E~OT) Q.8E-10s 2.3E-07 B.6E-O0T7) 9.0E~10s 2.2E=07, B8.46F-07)
Y =0T7¢ B.T7E-OT) 9.5E~10s 2.3E-0T7e B.6E-0O7) F.0E-100 2.2E-07, R, AE-D7)
+3FE~07s B.TE-OT7) 9.56~10s 2.3E-07, B.HE~-O7) 9.0E~10, 2.2€E~07, 8.8E-07)

OVERALL . 2.3 =07, E=C 9.56~10s 2.3E-0T7» B, 6FE-07) 9.0E~100 2.2€E~07¢ B.,5FE=07)




Lvl

PWR HPCI ANO CVC PUMPS (POOLED)

FATLURE T0O NPERATE,
FATLURFES ONLY, EXCLUDING COMMAND FAULTS

RATES ARE PERQ CALENDAR HOUR

NUMAFRS SHOWS (LOWER BOUND, PIINT ESTIMATE,
UPPER BROUNDS FORM 90

TRIPLE DF
LOWER AND

P .
LAMADA
LANBDA »
OMEGA | e

-

W=
—

- >V s W N EN-
mm
=

P .

OVERALL

wi
v
B

—

~N > W P W N BN
mn

- e em em em -~

OVERALL

«001,

- e . -

1.1E=06»
8,5€-07,
T1F=07,
6.3E-07,
S.7E=-07,
5.3E-07,»

5.3E-07,

3.5F=09,
2.7F=09,
2.4E-09,
2.2E-09,
2.0E-09,
1.96-09,

1.9E~09,

2.6E-07,
B.9E~10s

GIVEN START

«092, 299)

BaAvE"
L1}

8.26-04,
5.5F~0as
4. 1E-06,
3.3E-04,
2.TE=064»
2.3F=04%»

S, 1F =046,

R2
2.8€-07»
2.7E=-0T7,
2.6E=07,
2.6F=-07,
2.% =07,
2.5F~07,

2.6F-07,

3.BE~0T7s B.4E~06, 2.5E-05)
1.1E~06s 2.5E-06)
2.2E-07s B8.6E-07)

§.5E~04)
3.06-04)
2.26-04)
1.8E-04)
1.5E-04)
1.3E=04)

4.5E~08)

RATE

9.4E-07)
9.2€~-07)
P.1E=07)
9.06~07)
9.0€E~07)
9.06-07)

9. 4€E-07)

P .

FOR SET OF

PERCENT INTERVAL

UPPER BOUND)

RATE FOR
SPGCIF!C.SOH'ONENI

1+1E-06,
9.7TE-07,
8.9E-07»
B.4E~OT,
B.1E-07»
T.9€-07»

T.9E~07,

1.2E-09,
1.2E-09,
1.1E-09,
1.1E~-09,
1.1E-09,

1.1E-09»

9.2E~06,
9.0E~060
8.9€~06,
B.9E~06s
B.8E~06,
8.8E~06»

B.9€-06,

K SPECIFIC COMPONENTS

R3

2.3E-0T7,
2.3E-07,
2.3-07»
2.3E-07,
2.3E-07,

2.3E=07,

2.6E-05%)
2.6E-05%)
2.6E-05)
2.6E-0%)
2.6E-05)
2.6E-05)

2.6E~05)

8.7E~07)
8.76-07)
8.7E-07)
B.7E~OT7)
8.TE~-0T7)

8.7E-07)

- e e m e o~

BETA FACTOR

001,
~001,
«001,
« 001,
«001»
«001,

.001.

«025%,
<028,
« 029,
« 028,
«028,
« 027

« 028,

9.6E-10, 2.
9.6E~10, 2.
9.5E~10, 2.
9.5€~10, 2.

9.56~10, 2.

«218)
258}
«295)
+309
«315)
«320)

«320)

R4

IE-07,
IE-0T»
3E-07.
3E-07,

3E-O7,

B8.6E-07)
S.6E-07)
B.8FE-07)
S.6E-OT)

A.8E=07)
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ALL FAULTS IN PUI N'Cl IND CVC PUNPS

MODE DESCRIPTION

-

PIAC M/U PUMP STARTED AND IMMED TRIPPED,

-

-

MAKEUP PUMP 1-2 MAD OIL LEAK ON OTBD

- -

HORTZONTAL VIBRATION ON HPCI PUNP 1~ l

-

HPL PUMP 1-1 FAILED TO DEVELOP SUFfICIINY RECIRC

HPI PUMP 1=-2 MAY NOT HAVE HAD SUFF, IECllc

-

MAKE UP PUMP 1-1 DEVELOPED VIB AND DECIG PERFARN,

-

HPI PUMP 1-1 FAILED TO STYART

-

HPI PUMP 1-1 BEARING 'NGIHOCOU’tE l!llS BROXEN

HIGH PRESSURE INJECTION 'UH' - INO'CIIILG ta

-

28 WPl 'UNP ﬁEROVED FROM SERVICE

28 HP1 'UH’ DELLDQED INOPERAOLEcDEVElO’ED HOT AFAR

-

HPCI P?)ll TRIPPD OFF LINE WHEN AT 100! PONFR

-

MAKEUP PUMP 1A TRIPPED ON MANUAL ACTUATION

- ———

MAKEUP PUMP 1C FAILED TO START ~ AUTOMATIC

HIGH PRESS INJ 'UH' MU=-PIC FAILED TO STARY

bl HAIFU'IPUIIF PN' STARTED II!N IHPIO’I VALY L/

THE
HP L
"3
“3
"3
"2
"2
"2

-

PUNP MU-P-1C TRIPPED ON OVERLOAD

-
-
-

CHARGING PUMP REMOVED FROM SERVICE

-

CHG PUMP S/D AND ISOLATED

-

| L 4 lC MAKEUP PH’S TRIPPED 0“ I'El T0 SITE PR
CHARGING PUMP RELEASED GAS ACT TOD Aux BLOG

CHG PUMP RELEASED GAS ACT FROM UA-1 MAIN VENT
CHARGN PUMP TRIPPD DUE TO BREAKER OPENING

CHARGING PUMP TRIPPED ON LOW SUCIYDN PRESSURE

CAUSE OESCRIPTION

-

PUM® FRIN QAN WITH NO SUCTION, INCORRECT VLV LINE-UP
P3I6R STOPPED DUE TO OVR-CURRENT AND LOSS OF PRESS
BRNG END PLT

EXTESSIVE INTERNAL COMPONENT WEAR

N=2ING ON END PLATE DID HOT FORM ADEQ SL
PUMP WAS MISALIGNED DUE TO LOOSE MOUNTS
HEAT TRACE UNABLE TO MAIN LINE ABOVE FREZ
HEAT TRACE UNABLE TO MAIN LINE ABOVE FREZ
FIPEIGN CEARIS FAILED WEARING RING
FACTORY DEFECT IN CONTROL CIRCUIT WIRIMN
ASSUMED TO BE STEPPED ON
INCORRECT SUBSTITUTE BREANER
BAD BEARING CAUSE NOT STATED
UPWARD PRESSURE OF MOTOR AGAINSY UP BE MR,
NO CAUSE COULD BE FOUND THRU TESTING
WRING LUG USED TD CONN FOR CBL TD NTR WG
WESTINGMSE ACS HAD DISLGD TRIP LTCH SPENG
LODSE TERMINATION ON BRKR RELEASE

PY? FAILURE DUE TO INAD PROCEDRES/PERS CNL
MALFUNC TIME DELAY RELAY IN LOVW L.O. CkT
FAILED LEAD INSIDE PUMP MOTOR

PLINGER PXG LKG (UTEX INDUS. PARTE S5F1S4)
PLUNGER PACKING LEAKF™ “XCESSIVELY

CAJSE FOR OPENING OF BKR, UNKNOWN

RESAIR SLOWLY INCREASING PACKING LEAK
EXTESSIVE PACKING LEAKAGEs PACKING FAILED
FAJLTY PRESSURE INDICATING SWITCH

INSTALLED
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ALL FAULTS IN PWR HPCI AND CVC PUMPS

-

MODE DESCRIPTION

#11 CHARGING PUMP ISOLATED DUE TO LEAK

-

FLOW FROM lZl CHG PHP DECREASED 70 ABOUT 239
21 AND 22 CNA!GING PUMPS HAD EX Pll PACKING

e e cae .. - - b

HPS I PUHP YA' FAILED,REQUIRING SECURING

CNllGING PUMP CH=1C FAILD '0 START

et CNAIGING PUMP BECAME lNO’E!AlLE

-

TANCHARGING PUNP NO FLUU ON AUYONATIC STARY

-

"C* CHARGING PMP TAGGD 0”1 DUE 7O GICESSIVE

CHARGING 'Uﬂ' PLACED DUT OF SERVICE

TAY HPCI ’UHP SEIZED

-

HPS1 P=- !69 SU’PllED !V "A" 06 DID NOI START
1A CHAIGING IRP SYIR'D FU‘ VIBRATN 'SS'--NI TENP.

-

HPS1 Pbbl TESTED U“Sl' SNU'OFF HEID lOl DEVELO®D
CNI!GING PUNP Pi’*l VOULD NOT Sllll 'lO'th'

CHARGING PUNP P-558 IOULD NOT Slll'

-

CHR PUMP P-55C TAKEN OUT DF SEIVICE

8 CHG PMP SEAL LUBE wTR 'ﬂ’ FlllED DUIING R/X S/
A CHG vnv SEAL lUlE WIR PNP FAILED DURING R/X S/U

-

DURING 'OU(I OPSol CHRGNG PNP SEll tUlE NIR FAILED
CHR PUMP 1A FOUNO TO HAVE SMALL CllCl IN BLOCX

-

1B CHARGING PUMP FAILED TO START

1C CHA!GING PUMP DEVELOPED CRACKED PUNP CASING

-

SEAL Ul!!l LEAK DEVELOPED IN 18 CHR PUMP
1A CHR PUMP STARTED THEN APPARENTLY STOPPED

1C CHARGNG PMP LEAKING AT SPEEDINC. GEAR CASING

LY
LEAXS
PuUNP

NOISE

CAUSE DESCRIPTION

PACKING FAILED

INVEST REVEALED TWO DISCH VLVS BROKEN
PACKINGS REACHED EOL SIMULTVANEOUSLY
MECHANICAL SEALS FAILED ON 022 HPCI PUPP
NIRTY TIMING RELAY CONTACTS

PAZRING COODLING WATER PUNP FAILED

GRISS PACKING LEAKS

UNCNDWN

PACKING FAILEOD,NATURAL END OF LIFE
PRNCEDURE DID NOV REQUIRE MIN FLOW VLV OP
GRIUNDING BLOCK NOT REMOVED FROM CKY BKR
LOTWN PIN NOT INSTLLD TO BEARING

5TH STAGE IMPELLOR MOVED ON SHAFT
PLUGGED OIL FILTER

FAJLTY CONTROL COIL IN CIRCUILY
LEANING SEALS

MIIEL SOLL.TYPE 102,STYLE CZOOV
RODEL SOLL TYPE 102 PARTOTB 13157
FAILD TO DELIVER SUFFICIENT FLOW
CAJSE OF CRACK [S UNKNOWN

ELEC INTER READ O SUCTION PRESSURE
SUZTION CAVITATION & VIBRATION
CAJSE NOT STATED

FAILED SEAL WATER PUNP

TUSF FAILURE OF L.0. COOLER

BREAKER
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.EICESSIVE SEAL lEIIAGE ON 1A CENT CNAIGINC

ALL FAULTS IN 'II N'Cl AND CvC PumPS

- —

MODE DESCRIPTION

-

18
18

CHARGNG PMP LEAKING AT GEAR CASING

-

CHARGING PUMP TRIPPED ON PHASE OVE!CUIIEQY
18 CHARGN/ST PUMP HI BEARING TENWP lllln
1C CHARGE/SI PmpP Nl .EllllG TEMP ACARM  PLGGD CONL

IC CHG PUNP 'llP’ED-

NO BACK-UP WAS AVATLABLE
1C CHARGING PUMP HAD LOW DISCHAGE PRESSURE
cnA.E;;E-;G;;_;EE;;;-Y;B;E;:;:E“-
1C HIGH HEAD cu.nclnc PUNP BEARING ttnr INCREASED
I CENT _cHe PUNP AMMTR PEGGED, PURP ottnsncltso
We® CHARGN PHP HIGHER THAN NORMAL CASING TEMPERATR
EAST CENT CHG PHP BRK BET 3RD & &TH STG IMPELLFRS
TRAIN B EE;?;;;GEZI-E;;‘;ﬁ;;.;:ifia‘unltt oeEeR,

1C

oy CNGNG PUI' INDICATIONS PODINTED '0 FAULTY 0PS

-

1A CHG Pﬂ’ OE'EtUPED SHALL WEEP ON SUC' MECH SFEAL
1A LNIIGING 'ID AXTAL HISILIGQHN! 0’ l'l 0 Pume

- -

A" HPSI PMP DEVELOPED UNUSUAL Oﬂlﬁ DURING MAINT

#23 & 21 » STARTED ONLY DEV

221 HPSI PUMP STARTED ONtV DEVELO' 7008 RS
2 CHG

2 CHG

PHMPS REMOVED FROM SERVICE
2 CHG

NO. 23

PMPS REMOVED FROM SERVICE
ND. 22

oi?i'i?iovso FRON SERVICE -
NO. 21
ND. 21

CHG PU!P !EROVED FRON SERVICE
CHG PUMP REMOVED FROM SERVICE

CHG PUMP REMOVED FROMN SEIVICE

-

CHG REMOVED FROM SERVICE

CAUSE DESC!I'IIOI

TUAF FAILUPE OF L.0. COOLER

PUNP SHAFT CRACKED AT BALANCE ODRUM NUT
PLIGGED OIL PUMP COOLERS-WATER SIDE

RIVER WATER STRAINERS TORN ALLOWING DEBRI
OPERATOR MADE IMPROPER ELEC LINE-UP
FAULTY ROTATING ELEMENT

FATLED BEARING DUE TO A COOLING VLV SHLT
CHECK VALVES INSTAL BACKWARDS TN COOL k20
ARICEN SHAFT.CLEAN BRX UNDR 11TH STG LM
245 STUCK IN RECIRC LINE DURIN ROTOR REPL
BREAN APPFARED TO BE A FATIGUE FATLURE
SHAFT BROKE

QUTBD SEAL HAD "0" RING FAILURE

DISASSY REVEALED CRKS UNDER PRESS RED SLV
SLIGHT POROSITY BTWN SL SPLY PS6 & SL Sum
EXZESS THRUST WIPED MOTOR BEARING RAN 20M
INSPECTION DISCLSO CRXD WR RNGS & BSHNGS
BORAC ACTD LEAKAGE CAUSD SUCTION BLOCK AGE
EXZSY PLUNGER SEAL LEAXAGE

EXCSVY PLNGR SEAL LXG.~ VAR SPD 9BGPN
EXTSY PLNGR SEAL LKG - PSBLE DESIGN mOD
LEANING HEAD GASKET ~ TYPE OY-300 QUNTFLX
EXTSY PUNGR SEAL LKXG -~ TYPE QX-300 QUNTPX
LY5 HEAD GSKXT -~ TYPE GX-300 QUINTUPLEX
PIY HOLE LEAX IN FLUID HEAD
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ALL FAULTS IN PWR HPCI AND CVvC PUNPS

MODE DESCRIPTION

ND. 23 CHG RENOVED FRON SERVICE

ALL 3 SAFETY INJ PUNPS RUN APPX 10 RIN w/0 SUCTION
922 CHG PUMP DEVELOPED LOUD NOISE - LOST DISCH ses
EXCESS OIL FROM SI PUNP NO. 22 THRUST BEARING

CH. PUMP 822 HAD LEAKAGE AROUND STUFF BOX GASXET

#33 ST PMP FAILD TO START FROM SISIPLANT TRT® 190%
ND .

31 SAFTY INJ PAP WAD GRAD DETERATN OF FL) DUPT
#32 CHG PUAP DEVELOPED LEAK IN HEAD - TAKEN 1FF-L¥
#33 CHG PUNP TAKEN OUT OF SERVICE

#31 CHG_PUNP TAKEN OUT OF SERVICE

#33 CHG PUNP RENOVED FROM SERJICE

131 CHG ;G;;'Eenovto FROW SERVICE

LEAKAGE DBSERVED FROM NO. 31 CHARING

" 32 CHARGING PUNP DISCOVERED LEAKING

FLOW FROM OPERATING CHG PHP WAS LOST OURING

FLOW FROM OPERATING CHG PP WAS LOST DURING

CCP OPERATED ONLY AT WIGH SPEED i

LEAK DEVELOPED ON CCP BETWEEN DI5. PIPE AND 3LOCK
CHARGING PUNP STOPPED WHEN CONTROL SW PLACED AUTO
CHP PUNP IC_ BECAME INOPERABLE

1AE18 OOS FOR MAINT, 1C FEEDER IIKI NOI RACKED 1IN

CNAIGING PUNMP 1-CH-P-1A DID NOT FUNC'ION

012 SAFTY_ xnl';;v STINPELLR WOVED Allllt' ON SHAFT
CHARGING PURP FAILED

"l SAFE'V INJECTION PUNP FAILED TO Slll! IN AUTYH

-

PUN'

QPERTN
IPER

CAUSE DESCRIPTION

-

LARGE LEAX IN FLUID HEAD

CMN PUMP SUCTION VLV (846) NOT OPEN

FLUTD ORIVE CPLNG FOUND BROKEN

THRUST COLLAR AND SHOES FAILED,REPLACED
FOUND CRACK IN FLUID HEAD AND CYL., waALL
TH RELAY IN START CXT FAILD MODEL 2412PC
WOIN INTERNALS - HIGH HEAD TYPE JTCH
HATR=LINE CRACK [N HEAD =~ 98 GPM, 0X-3C0
EXISY SEAL LEAKAGE ~ TYPE QX-300 QUINTPLX
EXISV SEAL LEAKAGE = TYPE QX~300 QUINTPLX
EXISY SEAL LEAKAGE ~ 98GPM TYPE QX-300
EXZSY SEAL LEAKAGE - QX~-300 QUINTUPLEX
LEAK WAS FOUND IN PLUNGER
FATLED PLUNGER AND PACKING
BRIKEN BELT ON VARI-DRIVE
ARIKEN BELT ON VARI-DRIVE
FATLED TRANSISTOR IN HAND
CRACK CAUSED BY OPERATING
STICKING CONTACT
[MPROPERLY ASSEMBLED SEAL
IMPRQOPER TAGOUT PROCEDURE
CAJSE NOT STATED

ASHORMAL PRESSURE DISTRBTION ACROSS [MPLR
CAPSCREW FAILURE IN VARIDRIVE UNIT
UNCNOWN CAUSE,EVENT COULD NOT BE REPEATED

UNIT

UNIT

CONTROL STATION
STRESS

ASSEMBLY
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1C SAFETY INJ PUNP FlllEO TO STARTY ON

ALL FAULTS IN PWR HPCI AND CVC PUMPS

-

MODE DESCRIPTION

- -

22 CHR PUMP MOTOR BXR KE’Y IIIOOING

Nu.
23 CHR PUMP STARTED AﬂD SOON SMnlOOlN

ND .

CNA!GING PUMPS ®“B"™ AND ®C™ FAILED

C CHRGNG PP D0S DUE TD PLUNGER LEAKAGE

-

THE 1-P28 CHR PUMP FOUND TO MAVE CRACKED CY. ALOCK

-

2P2C CHARGING PUMP TAKEN DUT OF SERVICE
2P28 CHARGING PUMP FAILED

-

#C® CHARGING PUMP TAKEN DU OF SERVICE
"A" CHARGING PUMP FAILED

- — -

2P2C CHARGING PUNP TAKEN OUT OF SERVICE
2r28 CNAIGY“G PUMP FAILED

CHR PUH’ ‘C' DISCOVEI(D T0 HAVE CVC |l0(l CRACK

CHRGNG Pl’ UNABLE TO DEll'I SUFFC!I 'lUI

-

2P 28 CHRGNG

CHR PUMP wgn DICCOVE!ED TO HAVE A CVL BLOCK CRACK
BLOCK CRACK

-

CHR PUNP 'C' DISCOV!IED TO HAVE & C'l
A CHRGING PN' 00S 70 lEPlACE BELY

-

SAFETY INJECTION PUMP 1IC FAILED TO START

-

I1C SAFETY INJECYION ’Ul' Flllto 10 S'AIY MANJALLY

1C SAFETY INJ PUNP FIILED '0 S'AII ON

-

IC SAFETY INJ PUNP FAILED '0 START Ol

-

1C SAFETY INJ PUHP FAILED TO STARY ON

- -

IC SAFETY INJ ’Uﬂ! Fllt!ﬁ TO START Dl

-

8us
8us
8Sus
8us

3 e LED 10 LA

"C® CHARGING PUMP VARIDRIVE FOUND SHMOXING

-

’NP 00S DUE FOR lNSPEC'lDﬂ OF NOISY AR

14
15
18
15
14

CAUSE DESCI(PIXON

AREAKER FAILURE, BKR REPLACED

AT® LEAKS IN SPEED CONTROL UNIT

BROXEN VARIDRIVE BELTS - VARIBELT NO. 842
PACKNG WEAR  AJAX [RON WORKS TYPE T1-125
PRESSURE SPIKING FOLLOWING M2 SEPARATICN
REPAIR PLUNGER LEAKAGE

BRIMEN VARIORIVE BELT - VARIBFLT NO. 842
REPAIR MINDR PLUNGER LEAKAGE

BIMEN VARIDRIVE BELT ~ VARIBELT NO.
RESAIR PLUNGER LEAKAGE

ARIKEN VARIDRIVE BELT = VARIBELT NOD.
PULSATIONS CAUSED CRACKING

NOT YET DETERMINED INVESTIGATIONS CONT
R24G FOUND SERVICEABLE

INSTLLYN OF PULSATION DAMPNERS . LANNED
INSTLLTN OF PULSATION DAMPNERS PLANNED
BROMEN VAR IDRIVE BELT

AENT OPERATOR ARM ON THE CELL SWITCH
PREMATURE CLOSING OF CB TRIP BAR

MAY BE FAULTY LOCKOUT INTERLOCK

REP WEAK SPRING AND TIGHMTENED WIRE IN CA
REP WEAK SPRING AND TIGHTENED WIRE IN CB
METH BINDING ON LOCKOUT SOLENOID PLUNGER
WEGM SPRING IN SECONDARY CONTACT ASSY
REL"S REPLACED = VARIDRIVE PART 84-2

842

LA T
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ALL FAULTS IN PWR HPCI AND CVC PuMPs

-

MODE DESCRIPTION

- - —

IC SAFETY INJ PUMP FAILED TO S'lll DN BUS 14

*A' CHARGING PUMP FOUND LEAKING
*B' CHARGING 'UHP S’!ED CON'RDL NOT OPERATING PRO®

SAFTY lNJEC!lDN PH'S 'I"‘C' TRIPPD ON MANUAL STAR

"C® CHGNG PMP WOULD NOT CONTROL PSZR LEVEL
"Av ST €0 10
PUNP BKR FAILED 1O CLOSE
BOTH ST PUMPS AND 1 CENTRIFUGAL CHG PHP TAGGED 1UT
MIGH TENP IND ON SOUTH CHR PUNP'S THRUST BEARTNG

B & C CHGNG PUMPS RUNNING - PSIR LWL STILL FALLING

onsnxens'rBE°III-§'§:;E;;-YF PAPS FOUND RAKD 0uT
PURP FAILED 10 START

e st

B0TH ST PUMPS AND 1 CENTRIFUGAL CHG PHP TAGGED DUT

NO L1 CHR PUNP FAILED TO START DURING SI

SI PUNP FAILFD,LOOSE LOCKNUTS FOUND, SHAFT BENT

FXCESSVE SEAL LEAKAGE ON wA® cuaaclnc puUNP

e et

SAFETY INJ/CHG PUMP 2-CH-P-1B DID NO' START-MANUAL

8 TRAIN CHARGING PUMPIST) DID NOT START

ONE OF TWO SAFETY INJ PUMPS FAILED 10 START
B SAFETY INJ PUMP DIO NOT START - AUTOMATIC
SOUTH CENTRFGL CHRG PMP ROTOR FAILD _

30 SAFETY INJ PUNP FAILED T START

SAFT INJ PMP STOPPD WHEN LOW RUN CURIN'I'!ESS SEEN

-

WATER LEAKING FROM 3A CHARGNG PHP DUQNG NORMAL OPS

"I8" CHRG PHP nos DUG T0 DAHAGE-'O CONNEC'I‘G 10

"3IA" CHRG 'NP HAD CQAC!D PMP CASING

-

CAUSE DESCRIPTION

ND APPARENT CAUSE FOR CB FAILURE

BLOCK REPLACED,HIGH HOOP STRESSES
VARTDRIVE BELT SLIPPING AT LOW SPEEDS
INSTANTNS TRIP SETTINGS WERE SET AT MIN,
PUMP AIR BOUND - TYPE TX-~150

PUMP WAS AIR BOUND - TYPE TX-150

FATLURE TO RECODG TS LINIT FOR GT 200 F OP
CAJSE UNKNOWN

HIGH RESISTANCE ALARM SWITCH CONTACT
PERSONNEL ERROR - NOT FOLLOWING PROCEDURE
PERSONNEL ERROR = NOT FOLLOWING PROCEDIRE
RS FAILURE DUE TO OUTPUT TRANSF FAILED
REVERSE ROTATION POSSIBLE CAUSE,#12 PUPP
LNOSE COUPLING CAUSED BEARING TO BE wIFED
SEAL DAMAGED

FUSES WERE NOT INSTALLED IN CONT CIRCUITS
SEQ CONT RATED AT TOO HI AMPACITY
[M*ROPER ACTUATION OF DBA SEQ CONTACTS
SEQUENCER CONTACTS OPER WITH TOO LOW CPNT
DFTAILD ANALYSIS UNODERWAY

INSUFFICIENT CHARGE ON BRKR CLSG SPRINC
AT? LEAKAGE INTOD PUMP CASING

CRACK IN CASING BETWEEN VALVCHMBR/STUFH 8
INSUFCNT LUBRICIN TO CONN ROD BEARINGS
HI CYCLIC STRESSES
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ALL FAULTS IN PWR HPCI AND CVC PUMPS

-

MODE DESCRIPTION

8 si1 'UN' souuo 70 3E RUBAING
38 CMAIG!IG PUH’ ntunv!o FRONM SE!VICE

“A CMIlGlNG PUH' RGRDVED FRON SElVICE

4C CHA!GING PUNP IEIOVED FRON SE!!ICE
#1 HPSI ’NP SNAF' HOUSNG SEAL lillED

THE 18 CNI!GING PUMP WAS IHOPEIl.lE°0ID NOT STARY

CAUSE DESCRIPTION

CAUSE UNKNOWNS INPELLERS MOVED

FATLED PRimaRY AND SECONDARY PACKING

SEAL FAILED

FAILED SEAL

CUT IN GASKEYT BETWN HOUSNG/STUFFNG BOX
FEEDER BRXR BRUSHHOLDER NISSING-VIBRATY ION
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APPENDIX D
ONE-LINE DATA SUMMARIES
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APPENDIX D
ONE-LINE DATA SUMMARIES

This appendix gives a listing of one-line summaries of all the LERs
considered in this report. They are ordered by vendor, plant, and date.
Following this, a second listing is given, of one-line summaries of the
common cause events.

161



018400%
18564
019803
"l !» 4
22309
)25927
119374
19426
Y17%31

J19712¢

NDRLATH
100376
120377
NALATY
162179
120679
051040
042480
070880
030177
081677
0sz291?
V60277
0618127
070977
BAREA
112217
142578
NAD27A
0423719
917717
101677
110877

112977

e bl o

z =

Z

PILC

n»

MODE DESCRIPTION

M/U PUMP STARTED AND

RCP

IMMED TRIPPED, PUMP FRIN

WAS S0
AT PNWER

APPX 10 WIN

PUNP 1 =A

CAUSE DESCRIPYION

RAN WITH NO SUCTION: INCORRECT VLV LINE-UP
CAJSE OF SEAL FATLURE UNKN,OTHR FalLRS nC
EXZESSIVE INTERNAL COMPONENT wEAR

ASSUMED NATURAL END-DF~LIFF SEAL FAILURE

FAULTY INSTALLATION DURING PREV MAINTEN,

WATER IN STEAM LINES DUE TO TRAPS [ISOLATE
LOYSE LOCK NUT ON SPEED GOVENDR

REPLACED SEML

SPURFOUS~CAUSE UNXKNDWN

RIOIKEN STUD BOLTS ON GOV STEAM VALVE

SLIV GODVYNR RESPONSE ON REMOTE STARY

SLOW RESPONSE WITH MAIN STE M
CAUSE UNKN, PUMPS FLUSHED, RIND TO SERV

NEV GOVNR

WATER IN STEAM SUPPLY PRYNTD THROTL CLOSN
FATLURE OF THE OQUTBOARD PUMP BEARING

PUNS BELIEVED AIRBOUND, VENT VLV INSTALED
MOYTIFIED DRAIN SYS. SBYPASS ARDUND IN. WLV
INSD,OTBD BRNG FLR,ERRNEOUS SITEGLS LEVEL
PUMP SHAFT SHEARED, BEING EVALUATED

CAP1A AND 18 BECAME AIRBOUND

CAUSE UNKNDOWN

N=-TING ON END PLATE DID NOT FORM ADEQ S
VIBRATION CAUSING GOVNR TO CLOSE~DESIGH
NO FORCE TO HOLD GOVNR QPEN--NOD. REQUSTD
REACTOR/TURBINE TRIP OCCURED AT 2243 HCUR

PAGE




£91

| Eam=

@ W@ ® P @ ® P P e PSP P D P I DI PP

020271
0202740
ozo027?
021570
021859
021853
021855
021959
022690
0255254
0255258
025139
025520
025603
027335¢
027420
027421
027622
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ALL FAULTS CONSIDERED IN PUMPS

- —— -

NODE DESCRIPTION

-—

CONTROL OF AFP TURBINE lOSY CONIIDL AF" 1=t

AFPT 1~ 2 SPEED CONTROL lO!'l'lLL HOOIF' RELAYS

B e LT pe——

AFPY 1-1 lOSS OF SPEED CONTROL) l(ll' FATLURES

ADTH CDN' S’IAV puPS IHOPEIIIL! Ill IN NODE &

DECAY NEAI ’H' i= llFUSES IN BKR. S'Al' cxy.

POVER LOS' Y0 DECAY HEAT PuUMP l-;:;;-FlOU LISt

POWER SU'PL' LOST 3 TIWMES TO DECAY ﬂ!ll PUNP

NOIIIOH!IL 'llll'lﬂﬂ Ol HPCI 'UN' 1-1

CONTATNNENT SPRAT PUNP FAILED 10 START AUTOWATIC.

CONP CODLING WATER PUMP 1-1 WAD EXCESS. YIBRATION

COMP. CODLING WATER PUNP 2 TRIPPED

WPT PUMP 1-1 FATLED TD DEVELOP SUFFICIANT REC[RC

NPT PUMP 1-2 WAY NOT WAVE WAD SUFF. RECIRC

RCP 1-¢=2 STARTED WITH INCORRECT KR ALTGNMENT

®CP 1-1-2 TRIPPED,DUE TO LOW CONP COOL W20 FLOW

MAKE UP PUNP l-i'aiVEIO;ES';i;-iu5°SEC|5 PEREDOY,

LOSS 0F DFFSITE POWER CAUSED LOSS OF ALL & ®CPS

AUX FEED PUMP TURBINE BEARING WAD NO LUB DIL

RCP 1-1-1 SECURED OUE T0 BAD SEALS

RCP 2-2 TRIPPED

DHR PUMP 1 FAILED TO START

WP PUNP 1-1 FAILED T0 START

RCP 1-2 TRIPPED DUE TO LOW OIL LEVEL ALARN

COMPONENT_COOL NG WATER PURP o1 FAILED 10 staey
111

AUX FEED PUMP DECLARED INOPERABLE cuu.

CAUSE DESCRIPTION

METHANICAL BINDING OF GOWNR

FATLD RELAYS IN CONTROL CKXT,.JMODIFIED OSN
SPEED CONT. CKT. MODIFIED-~UPGRADED RE LAY
PUNP CKT.BKRS. RE-ENERGIZED

PAIR FUSE CONTACT IN CKkT

PERSONNEL TRIPPED PS BUSSES TO PUMP ACCI.
? PERSONNEL ERRQORS

PUMP WAS MISALIGNED DUE TD LDDSE MOUNTS
SFAS QUTPUT MODULE CAUSED FAILURE

FATLED AND IMP. CLEARANCES ON BEARINGS
PERSONNEL DID NOY REOPEN HMX ODUTLET VaLVE
HEAT TRACE UNABLE TO MAIN LINE ABOVE FREZ
MEAT TRACE UMABLE TO MAIN LINE ABOVE FREZ
PERSONNEL ERROR

PERSONNEL MAINTENANCE LOOSEMED WRONG CCVE
FOIFIGN DEBRIS FAILED WEARING RING

LNSS OF OFFSITE POWER-QUTPUT BRKR | AULTY
LNISE SIGHT GLASS

THEQMAL SHDCX

BLIVWN FUSE IN INTERLOCK CONTROL CIRCUITY
FAULTY SWITCH

FACTORY DEFECT IN CONTROL CIRCUIT WIRING
N) CAUSE GIVEN

FATLED BREAKER ACLL13 ON RUS C1

AR ON HIGH SPEED STOP PIN,MISADJ CLUTCH

PAGE 2
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nEd
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ity
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ALL FAULTS CONSIOE!ED IN ’UQ'S

MODF DESCRIPTION

- -

OIL SIGHT GLASS FOR CONT SPRAY ’UH’ l 2 BRONE

-

HP ] ’UHP 1=1 BEARING IHEIHOCUU'LE lills BROXEN
VLV CLOISFED

OH PUMP 1-2 WAS STOPPED WHEN SUCIION

-

LOW PRESS INJECTION PUMP LA - INOPERASLE

REACTOR BUILDING SPRAY PUMP -~ INOPERABLE (1)
HIGH PIESSURS INJECTION PUNP - [NOPERABLE (1A}

..... -

18 RB svoav PUMP FOUND LEAKING AthdD VENT LINE

-

EFW PUNP DECLARED
BORIC ACID TRANSFER PUNP DECLARED INOP

D

LOw PIGSSURE INJEC'IOR 'Uﬂ' 28 PIILED O STARY

REAC CUOLN' 'ﬂ' IC?ZIZ 'lllD CAUSE Nﬂt YET DETRNND
SU(VIDN VALVE FOR l LPCI AND l CONT SPRAY »
SUC'!ON Ull'ﬁ Fﬂl 1 LeCt IID l CONY SPRAY ¢

COMNON
CONMON
28 HPI
28 HPI
BORIC

PUH’ IENOVED F!Oﬂ SERVICE

ACID 'IANSFEQ PUNP DECLARED

CoN Dnﬂl( ACID

S'ORAGE IANK 'Uﬂ'

-

CRAST 'UH' DECLARED lND'Ellll!

ENEIGENCV FEED PNP

-

llﬂ' DUE TO NOISE FlOﬂ BEARTING

PUH' DECLAIEU llD'ElA.lEoOEUElO’EO HAT JEAR
IIO'EIA!LE

BORIC ACIO IFED 'Uﬂ' Ull.&! '0 PUNP 00'! LosTY
DECLA!!D INOPER,
CBAST run’ FAILED IO PUMP FROM CBAST TO LOSTY

INOPRBL DUE T TIGHT PACKNG GLW
EXCESV NOTS DURNG VIBRTN TST OF 38 R/X BLONG SeRav
REACTOR BUILDING SPRAY PUNP DECLARED INDPERABLE
oI DISCOVFI(D lflll'ﬁ FRONM 'Ul' CASING.Duﬂ' SEC.
AUX ’ﬂ' SEAL IINGS FROIN TO OUSNNGS ‘lo ASHY

CAUSE DESCRIPTION

ARDNEN BY CONTRUCTION PERSONNEL
ASSUMED TO BE STEPPED ON
MATNTENANCE FAILED TO DEFEAT
INCORRECT SUBSTITUTE BREAKER
INCORRECT SUBSTITUTE BREAMER INSTALLED
INCORRECT SUBSTITUTE BREAKER INSTALLED
PLUG WAS SUPPOSED TOD BE IN LOCATION OF VE
BEARING FAILED DUE TO WATER IN OiL

FATLED “OTOR,DIAPHRAN & VACUUM COMP VLV
AREAKER NOT RACKED IN PROPERLY

DISASMBLY SHOWO 1 CAPSCREW »SPIROL WIS SNG
UNP FALLED TO OPEN - OPEN CKT IN | PHASE
UMP FALLED TD OPEN =~ OPEN CXT IN 1 PHASE
BAD BEARING TAUSE NOT STYATED

UPWARD PRESSURE OF MOTOR AGAINST UP BE a0,
CAJSE NOT STATED

STRAINER WAS BLOCK

WNAN WORM GEAR,BAD GASKET, & TORN OIL SEAL
LO¥ OIL LEVEL IN PUNP,CAUSE NOT GIVEN
COUNTER NDT RESET

PERSONL DID NOT VERIFY OPRGLTY AFTR MNINC
OTL LEVEL IND IMPROPERLY POSITVIONED

HISM VIBRATION DUE TO LOOSE IMPELLER
REARING CAP INSTALLED INCORRECTLY

INTERLODCK
INSTALLED

TO S4 OPERATR FAILD TO OPEN SUCTN VALV TO FEED
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ALL FAULTS CONSIDEIED IN PUNPS

MODE DESCRIPTION

MOTOR FOR AUX FFED PUMP P-318 TRIPPED OFF LINE

-

HPCI P238A TRIPPD OFF LINE WHEN AT 100T POWER
DURNG SevLNC

EXCESS lElKlGE UN 8 PMP OF DECAY HEATY
La ILDG S'lhv PUR’ FALLED TD START

-

STEAM DRIVE TO AUX FEED P318 TRIPPD

-

A DHR PUMP SEAL FOUND LEAKING

DHR 'UHP 8 LEAKED IN EXCESS OF IECH

SPEC

LEAXAGE OBSEIVED FROM *AY DHR PUMP SEAL
AUX FEED PUMP P-318 FAILED TO START

-

MAKEUP PUMP 1A TRIPPED ON MANUAL ACTUATION

-

MAKEUP PUMP 1IC FALILED TO START - lUlOﬂA'lC

-

HIGH PRESS INJ PUNP MU-PIC FlltED '0 S'll'

P319 nns

b g HAKEU'I'URIF PMP STARTED lll“ lﬂ'lﬂ!! VALY LY

THE
HPI
EFw
EFW
EFW
EFw

- -

PUHP MU=P=1C TRIPPED ON OVERLOAD

-

PUMP 2PTA TREIPPED ON OVERSPEED

- -

PUNP 2’7! TRIPPED ON OVERSPEED

PUNP l'1l IIIPPEO ON OVERSPEED

1A ( 1C MAKEUP PMPS TRIPPED ON IFE! TO SITE pe

PUNP 2’1! TRIPPED ON 0'5!5'5&0-“0]5‘0!! IN SL

BOTH TRAINS OF EFw ’UHPS CAVITATED lF'EI LOSS OF »

A0TH VIIINS OF

EHEIGFNCV FEED PUHP KEPT lll"lﬂﬁ ON OVE!SFFEO

-

EFW PUMPS CAVITATED l'?!l LOSS OF »

ENEQG(N(V FEEDUII(! PUMP fll'PGD ON OVE.SPEEﬂaZ’Yl

- -

EMER ‘ﬂ 'Uﬂ' 2PTA IﬂUlD Nﬂ' EICEQD 1000 L]
ENE'GGNCV FEEDIA'(I PUMNP 'll"!b Dl OVEQSPE‘B

PAGE

CAUSE DESCRIPTION

-

LOISE LOCKNUT ON OVERCURRENT DELAY REL AY
ND CAUSE COULD BE FOUND THRU TESTING

LEAX CAUSD BY STUFFING BOX G*SKET

BOCR WAS NOT RACKED IN CORRECTLY

OPERPATR FAILD TO RESET TRIP WMEN P318 IST
LEAXING SEAL REPLACED

FAILED SEAL,SEAL REPLACED

SEAL WAS REPLACED

CAJSE UNKNOWN

WRING LUG USED TO CONN FOR CBL TOD MTR WOG
WESTINGHSE ACB HAD DISLGD TRIP LTCH SPENG
LOISE TERMINATION ON BRKR RELEASE

P4P FATLURE DUF TO INAD PROCEORES/PERSCNL
MALFUNC TIME DELAY RELAY IN LOW L.0. CKT
FATLED LEAD INSIDE PUMP MOTOR

MOTSTURE IN STEAM LINE,NO TRAPS INSTALLED
STICKING LINKAGE ON GOVENOR

TRAPS NOT REMOVING MOISTURE IN STEAM L INS
STEAM TRAP I[SOLATED,MOISTURE IN STEAN LIN
FORCED FLOIW STOPPED IN FW SYS OH WATER
FIRCED FLOW STOPPED IN FW SYS OM WATER
MISADJUSTMENTS ON GOVENOR

UNXNOWN CAUSE

INCORRECT WIRING ON RAMP GEN AN EGM GO V.
UNCNOWN CAUSE ,PUMP NO.2PTA

4
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NUMBER

0320941
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ALL FAULTS CONSIDERED IN PUNPS

MODE DESCRIPTION

-

ERG'G(N(' FEEDUA'(! 'Uﬂ' 2‘75 lll"ED ON OVERSPEED BELIEVED TO BE
ENGOGENCV FECD 'Uﬂ' 2'1‘ lll”!ﬂ ON OOElS’EGD

-

!HEIG(“CV FEED PUMP 2PTA TRIPPED ON DVClS'EED

-

DURING lES'-

-

NO 11 CCU FAILD TO STARTY U'Oﬂ SIS SIGNAL

"3 CNAIGING 'Uﬂ' lElElSED GAS ACT 10 AUX BLOG

118 /x COOLAN' ’UHP DGVELDPEO 2.7 S'H LEAK

"3 CNG 'UR' QGLEASED GIS ACT FRON UA-I MAIN VENY
LI %] CNIDGN PUﬂP TRIPPD DUE TO llillfl OPENING

"2 lUl VD-PNP S/0 FOR REPAIR OF INVL T2IP LATCH
ND 12 CDN!AIN‘!!Y SPRAY PUMP WAS lll!ﬂ ouY OF SERV

NO 12 CONIAIKNEH' SPRAY PUMP WAS Ill!l DuT IF SERy

"2 CNAlGlNG PUﬂ' RENOV!D FRON SEIVICE
"2 CHG PUH' SID AND ISOLllED

-

"z lPSl COULDN" BE TRIPPD FRON CONIIOL L)

11 AUX FEED PUMP DECLARED lNO'EIIllE

#11 LPSI 'UNP ll‘ S'O"ED WHILE l! !Nﬂ MODE
212 CHARGINSG 'UH' 'll"!o ON LOW SUC!'ON PurSSURE

1 CNAQGINC PUNP ISOLATED DUE 10 l!AK
FLOW flOR lll CHG PNP DECREASED '0 l.ﬂUV

21 AUX FEED PUH' REMOVED FROM SEQVICE
21 AFw tOU PRESS BRNG TEWP

-

#21 AFW PLACED 00S

-

CONTAIN SPRAY PMP #11 TOM 005 LOW

319 6%

llllﬂ"-l'l IN CASING
BINDING GDV!RNOI COlllOl KNNA
ClAC&ED !EtD OISCOVERED ON 218 I!lC'Ol CONLERT PU™
RCP SEAl COOLING HEAT EICHANSEI IELD FA!lED

CAUSE DESCRIPTION

DESIGN RELATED

DESIGN RELATED

DESIGN RELATED

NORMAL WEAR OF PUMP INTERNALS

RELAY IN ESFAS BURNED CONTACTS

PLUNGER PXG LMG (UTEX INDUS. PARTE SF1S4)
ANTH UPPER AND MIDDLE MECH SEALS FAILECL
PLUNGER PACKING LEAKED EXCESSIVELY

CAUSE FOR DPENING OF BKR. UNXNOWN

TAPPET NUT INCORRECTLY SIZED PER PLANS
RESAIR SMALL LEAX [N SEAL WTR PIPE NIPFLE
LEANING SEAL WIR COOLER CASING FITTINGS
REPALIR SLOWLY INCREASING PACKING LEAK
EXZESSIVE PACKING LEAKAGE, PACKING FATLED
MISSING SCREW IN TRIP ACT, LEVER ON BREKR
THINTTLE VALVE STUCK SHUT AFTER TEST TRIP
SPURIOUS RECIRC ACT SIG BY PERSONNEL TEST
FAULTY PRESSURE INDICATING SWITCH

PACKING FAILED

INVEST REVEALED TwO DISCH VLVS BROKEN
REPAIR LEAK ON SERVICE WATER SUPPLY LIM
RUST FROM TURBINE CASING CAUSD FATLURE
BENT PIN ON MAN, SPEED SETTING xNOB

CAUSE OF WELD CRACK IS UNKNOWN

PREVIOUS WELD REPAIR WAS INADEQUATE

FALTEVED TO BE
BELIEVED TO BE
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A
. Poos.. L
L 5C mATE
[} e s 18 §YEERNS
N T NUNBER  DATE mP EEELMY g o ______MODE DESCRIPTION B CAUSE DESCRIPTION ]
€ CC2 022604% 092478 ® PN 013 U 2 N T BOTH LPSI PUNPS TRIPPED BY RAS SIGNAL LEVEL INDICATOR FOUND TO BE OUT OF CAL.
€ CC7 0226488 101778 ® P4 €06 U 2 N D 8OTH 21_AND 22 LPSI PUAPS LOST SUCTION AT® LEAKED FROM PURTFICATION SYS TO SOC
€ CC2 0231739 121278 6 PM A1S 2 N T 21 AND 27 CHARGING PUAPS WAD EX PRI PACKING LEACS PACKINGS REACMED €OL 5INULTANEOUSLY
€ CC2 025180 012779 8 91 413 @ 1 T T TWMROTTLE VLV FOR 922 AUX FEED PUAP WOULD NOT RESET ACYF THREAD OF TRAVELING NUT DISENGAGED
€ CC2 027373 102779 W PW OIS 1 N T WPSI PUNP *A FAILED, REQUIRING SECURING THE PUNP  WEZMANICAL SEALS FAILED ON 822 MPCI PUMS
£ CC2 0304784 022580 L PM DOO 1 U U LPSI PUNP 21 TAKEN OUT OF SERVICE FOR CORR, SATNT. CAUSE NOT GIVEN
€ CC2 0304798 022580 F M D02 1 U U CONT SPR PUNP 21 TAKEN 00 8Y MISTAKE RISUNDERSTANDING, SHD MAVE SEEN LPSI 21
C 5.1 0004TI 101073 B BT 813 S 1 T O AFPT Fu-10 FAILD TO START DURING TEST BACKPRESSURE TRIP DEVICE MALFUNCTIONED
C FCI 007613 112073 J PW UO4 @ 2 U T COWPONENT COOLING WATER INPELLER CRA <46 CAST IRON INPELLERS CMANGED TO BROMZE
e € FCL 012513 080375 G ¢ 809 S 1 T T CHARGING PUNP CH-1C FAILD TO START DIRTY TINING RELAY CONTACTS
93 C FCL 013525 092077 K PN AG0 1 N L REACTOR COOLANT PUNP VAPDR %!lls LEA<ED CAISE MOT GIVEN
€ TC1 025844 042079 F PA AOL U 1 T D CONTAINMENT SPRAY PUP FAILED 10 START ($1-°%) TUSPLY SREAKER BOUND DUE TO PERSONNEL fo,
C FC1 01635 0OS1A80 % PW 416 3 T T RCP*S 34, 8.6C FOUND LEAKING BETWEEN CASING € COVER CORROSION T0 SIUdS © DEiZTGRATED GASKETS
C FCL 032766 092680 G ®4 019 5 1 N T A" CWARGING PURP BECANE INOPERABLE PATHING COOLING WATER PUMP FATLED
C MI7 014602 030276 6 PH €19 1 T T SAWCMARGING PUMP NO FLOW ON AUTORATIC STaRt 69355 SACKING LEAKS
C WIZ 017376 121276 G PH D00 1 N U *C* CHARGING PAP TAGGD OUT OUE T0 EXCESSIVE NOISE  UNENOWN
C WIZ 018735 070377 8 PM UOY R 4 N T W20 IN 8" AUX FEED THRUST BANG GIL DANAGO MRNG M2 EVEMED SRNG ALONG PUNP SWAFT
C MI2 018738 071277 B BT €13 1 T ¥ STe SIVEN AUX FD PNP FAILED 10 TRI> ON OVETSPEED WAROENED GREASE [N TRIP/THTL LV
€ WI2 021915 081974 B 91 CO2 S 1 T 0 AUX FEED PUAP WOULD NOT GO ABOVE RIN 1400 #e WAND Su. ON CONTROL BOARD WISALIGNED
€ W12 025576 31479 8 °M (11 U 1 N O LPSI PUNS LOST SUCTION DURING $/0 COLLING PUNP SCLANE ATRBOUND
C MI2 026283 0K1%T% 3 P 400 ® 1 N T AUX FEED PUMP BECAME INOP DUE TO FAILED SEARTNG  CONTAININATION OF OIL BY WATER
C MI2 030387 01183 £ ¢ D03 1 T D AUX FEED PUMP BECANE INOP DUE T0 BEAYING FAILURES PREVIOUS TEIT “ITH PUNP UNCOUPLED
C ®I2 030796 031080 & 2% '19 1 T C(MARGING PUNP PLACED OUT OF se?i?EE PAZKING FAZLECMATURAL END OF LIFE
C WI% 039799 032180 8 P ALS 1 4T AUK FEED PUMP LEAK EXCESSIVELY FROM GLAND PACKING PATKING FAILED.NATURAL END OF LIFE
(W12 211945 070390 M PN DGL C 1 T D CAY WPCI PUMP SEIZED PRICEQURE RIZ AT REOUIRE MIN FLOW VLY OF

PAGE L




891

hﬁﬂﬂﬁﬂﬂﬁﬂﬂnﬂnﬁﬁﬂﬁﬂﬂﬂhﬁﬂﬂﬁ

002322
021039
027208
027289
630992
002049
000202
010659
N131008
013820
014719
015311
021117
022913
025614
016880
0173944
0173948
017393
017833
017935
013503
023658
022649

071290
120232
030278
091879
100379
040890
040272
or2113
orLiTS
nroaTs
112275
042176
0or207e
041778
193178
020179
120878
022017
022077
022877
0&1577
ns1677
of11??
090278
100278

| EMesA <A

S

D = O ™ T D NN

DO eE R OOOERD

800
Als
a1l

1 MO

“w B W X

(R ol ]

e e B B e e e e R e e s e e e R e e e R e e e e

I 2C>

1o b ot O

IR L al

2 B w2 B 2 2 B € 2 2 2 B 498 m %G B NN @ =N = -

-

U - G 9 0 GCC 9P EC =D C =-WO0O O 09 %“C =0 =

ALL FAULTS CONSIDERED IN PUMPS

- ———

L

-

DESCRIPTION

AUX FEED PUMP TRIPPED PRIOR TOD OVERSPEED SETPOINT
HPSIL P=14% SUPPLLEDT BY "A* DG DID NOT STARTY

1A CMARGING PAP STARTD FOR VIBRATN TEST--HI TEWS,
*B* TRAIN CONTAINMENT SPRAT PURP OIS _PRESS DROPPED
"A% TRAIN CONTAINMENT SPRAY PUNP FALLED TO STA®T
AUX FEED PUMP P-25A REQUIRED TD BE SHUTDOWN

FLOW FROM ATR DAWN AUX FO_PUP P-8A 30 PRCT OF 408

CONPNT COD(HG oup l’!t COUPLING ’Alt(’

HPsi '66. 'ES'ED UNSAT SNUID" “GIO lﬂ! DEVELNPD

LPst ’Ul' 678 NO FLOW, !0 ’!ESSUQE

Lest 'ﬂ' Silt LEAXG PMP TYPE 8X21 llnSEl A-5TI])
CNAlGlNG PUNP P55-A WOULD NOT S'Al' 'IOOtIlv
cCw FN’ PSl’C INBORD BRNG FAILD SNAF' RETALLIZED

CHARGING PUNP =558 WOULD NOT START

CHR PUNP P-35C TAKEM OUT OF SERVICE
PRINARY COOLANT PURS INADVERTANTLY STOPPED
STEAM DRIVEN AUX FEED PUNP WOULD NOT START

8 CHG PMP SEAL LUBE WTR PHP FALILED DURING R/IX S/D
A CHG PMP SEAL LUBE WTR PNp FAIlED DU‘I‘G R/x S0
DURING 'OU(I OPSol CHRGNG Pﬂ' S!ll lUl( WIR FAILED

LOSS OF SEll Ctﬂ‘ Ill 10 lC'! - ICPS WERE SEZURED

LosY All FDUQ l!lC'OI COOLANT 'unvs

C S'EII-DIIU(‘ AUX FEED PMP FlllD '0 STamy

CHR runr 1A FOUND '0 HAVE SHALL CIlCl IN BLICH

18 CHARGING Pump FlllEO TO STaRT

CAUSE DESCRIPTION

- -

WEAR TO EMERGENCY TAPPET NUT

GRIUNDING BLOCK NOT REMOVED FRON CKT 8RR
LOZKN PIN NOT INSTLLD TO BEARING

SUCTION VALVE wAS CLOSED

CONTACT BLOCK IN PUMP BKR FALL TO MADE uP
OIL FROM BEARING, COULD NOT RE DUPLICATED
HYIROSTATIC BEARING FAILED ~ NO PECIRC
TEETH ON HUS STRIPPED

STH STAGE IMPELLOR MOVED ON SHAFT

TWY VALVES NOT IN CORRECTY POSITION
T9P2PR ORING CLEARANCE

PLIGGED OIL FILTER

EITHER HOT END ALIGHNT OR BaNG SLIPPAGH
FAULTY CONTROL COIL IN CIRCUIT BREAKER
LEAKING SEALS
CAUSE NOT GIVEN

TRIP SOLENOID LATCH FAILED TO ENGAGE
MOYEL SOLL.TYPE 102,STYLE CZoov
MOJEL SOLL TYPE 102 PARTETS 15157

FATLD 1O OFLIVER SUFFICIENT FLOW
CONTAINMENT INST AR SYSTEM FAILED
LOSS OF OFF-SITE POWER
STARTED ON 2ND TRY HPREVIOUS FAILR RPOFTD
CAJSE DF CRACK IS UNKNOWN
ELZC INTER READ O SUCTION PRESSURE

PAGE 7
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ALL FAULTS CONSIDERED IN PuNPS

-

NOOE DESCII'YIGI

AUX FEED PUNP 1C FAILED TO START
1C CHARGING pump DEVELOPED CRACKED PUNP CASENS

AUX FEED PUMP 1C FAILED 15 START

SEAL WATER LEAK DEVELOPED IN 18 CHE Pump

1A CHR PUMP STARTED THEN APPARENTLY STOPPED

A RUPTURED SEAL WAS DISCOVERED OM 1A awe puss

34 AUX FEED PUAP VAPOR BOUND CAUSING “Loss 0F orsce
1C CHARGNG PHP LEAKING AT SPEEDINC. GEAR CASING

19 CHARGNG PNP LEAKING AT GEAR CASING

STEAM AFP FAILD 10 START WHEN R7X TRIPPD 50T PWER
LOUD NOISE DEVELOPED IN TURS DRIVEN AUX FEED PuYs
18 CHARGING PUMP TRIPPED ON PHASE OVERCURRENT

LOAD REJECT, TEST FROW 50T FwajPaps TPIPPD 4wD2FR)
STEAM AFP GOVENR FATLD T0 MAINTAIN SPEED CONSTANT

1A LMSI_PUNP SHUTDOWN OUE T3 WI VIBRATION OV SHAFT
18 CHMARGNZST PUMP MI BEARING TENP ALARN

1C CHARGE/ST PHP WI BEARING TEMP ALARN PLGAD £37L
IC CHG PUMP TRIPPEDs NO BACK-UP WAS AVATULABLE

A AND B PMR PUMPS WERE RUNNING WITH NO DISCA 104
1c cnnncf;E-;5;;-5:5-I5;.;i;E;:EE-v-tssunt

AUX ‘Qfﬂ .Uﬂ’ DECLARED I.G".l'&fo'. 'l' DID*NT L
RUR 'Uﬂ’ 'ls TRIPPED FROM CONT .’ol"lo‘ PHASFE »

-

ic CHA!GIHG ’UR’ BECANE INOPERABLE

aLL 7"!!! RCPS Vll"fb oN U'D!IFI!O"G”('

-

LHMSI PUMP FAILED TO REACH REQUIRED Q!CIIC FLOw

- ———

CAUSE DESCRIPTION

TEIPPED OVERSPEED TRIP,CAUSE UNKNOWNN
SUCTION CAVITATION & VIBRATION

STEAM INLET VALVE FAILED TO OPEN

CAUSE NOT STATED

FATLED SEAL WATER Pume

SEAL BOUND ON PUMP SHAFT CAUSING FALLULRE
DESTGN DEF OF RECIRC LINE SIZE € NPEFICE
TUIF FAILURE OF L.u. COOLER

TURE FAILURE OF L.0. COOLER

CAUSE UNDE TERMINED

LOISE COUPLING GUARD RUBBING ON COUPLING
PUSP SHAFT CRACKED AT BALANCE DRUM NyT
TURAINE CONTROL DESGN CONCEPTS
MALFUNCTIONING GOVERNOR VALVE
PUNP-TO-MOTOR MISALIGNMENT

PLUGGED OIL PUMP COOLERS-WATER SIDE
RIVFR WATER STRAINERS TORN ALLOWING DEPR]
NPERATOR MADE [MPROPER ELEC LINE-UP
PUNPS BECAME AIR BOUND WITH RCS DRAINED
FAULTY ROTATING ELEMENT

NUT AND WASHER DISCOVERED IN STEAM LINE
PONFR SUPPLY SWITCHING CAUSE VOLT SPIKE
FATLED BEARING DUE TO A COOLING WLV SHLT
NPERATOR ERROR

PIECES OF PLASTIC FIRE MOSE NOZILF FOUND

PAGE L]



FOVNNTIY ND SLOV4ENS ONIIVE ORL WD Bvim
ISNYI NRONNAN*03TIVS ONTavas

S0LINON 0334S¥3IA0 N1 30010 20W37 A371vs
IN0EE L13wns

0309438 SYR BONEIALY

170 Nan8*3V11108K1 4181 *e0 4VHL QJON3I WS
B 3A SON DL BTELAY *TS L4HS HI3IW ONIav3)
NY4 O/S LOMINIOTE TYNIWNEIL LV NIXOEE 3eln
JeNNIvY INSIAVY v 38 01 03eviddY Nviek
1430 0108 NIENG INTY D»1D38 NI ¥ONAS v
ddl 915 MATT sOND »u® NYITDTLAVHS Ninlew
NS FATA 401S INNM0eH] SIVEONI QIVHL Irve
30914 NI SHEY O00H LON Q10 SA3IEDS a3y
INISYD ND 4enS ONITV3IS 13NSVO O 3vwavd
03VIv4 IV3AS IVIINYHIIN INVED NelT

Q3V1vd VIS WWIINVHIIN INVED NeOF

Q3VIVE YIS IVIINVHIIN INYED NHOP

G3VIvs WAS WIINVHL 3

S341d Y SAIA NI SIVISAED QIOV Jlelw

LAFHS NO ONADS XOVED*IW3S TWDINYHI 3N Naln
024 W00 N1 SOEVAXIVE TVISNI SIAIVA NJ3nd
ANID030B0IN] ¥¥8 031531 V1INNDSe3e

ONNOBETY INVIIE Sakfe

SdWNd IN3IA D) 03SIA3N 38M03iree
$2-e~HI*SIONINDGD WIONIVE ALINVS 3781550¢

- -

NOI1d183530 3Snv)

G3R2AYINA 3AWWA 3VLL00K1 *4ONT 3NV IIE dWnd auuu xny

or-.nw. 10M v OF 300 SO0 NIVl dWh owwu xnv

15341 wutcaa-wsuau NO LWYLS D1 G3VIvd ewnd 0334 X0V

*5340 IVIHA 03VIVS <WNd BHD TVONJTEINID & NIVEL

nwwta 031vy HOv3IE 01 03V1v3 4wnd 0233 xnv

TIN9LS --—n ND LuviS 0L Q371v4 dund 0334 xnNv

Gode NYHI -utou §S38d HISTQ <Wd 83dx QLIV w08 2»

CIvNNY N

-

1¥viS 0L GYIvy <wd ¥IA 00D dW0D IS3M

- ——

IR ERRFLLY] uhn MY Y ONE 138 »u® dWd 9WD INiID iSVYI

eivaiewd) Gl-nco IVHEON NYHL EIHOTIH dWd NOIBTHI whe

auu-uawluuﬂ dNNe “039934 BIWNY duNd 9HI INID #1

- —

ANJ1LS wudll—.. dlulin00y *INDD WOW4 JBVIS 01 QYIVY

TEL L la 034vi08 FOVHNIT ND S3IHOLIRS JIw1)

-

-

£e3S SNS) “AB3IS 40 NG WANYL eWd 34X QIOV w0@ Te
ex1 ASXZ “AB3S 40 ING N3NNI 4Wd 834X 010v D% e
ex) ASXI AB3S 30 IND NINVI dWe B34x GIOV ¥08 28
€x) ASX3 *AN3S 40 IND NINVI 4Md W3 GIOV 408 20

AUTS NO1S30 133W ION QW0 eWd 34X G1DV 408 s

-

-

$eS 0 S1 2345 *Nd® €°L1 MDV4 20 dWe ¥3dx 01DV BUE

- -

(¥2Z=-4=HD) ¥¥3) U340DT13AI0 dWNd OQIDY Dlsle w2

U3sviedNl Qtwu OMIEYIE dWNe ONISUVHD OVIH HOIwW J1

wIISNYEL 01DV

- -

.w‘t-— dung Jlale

LI E] seawvuo —cl edaeu Sdund .xc a8 ONY oV
ALY ul-ndu-ul- ERR L c!:o.-c otcum.

~dNNd EHd

CYO123A0 NO 034d1¥1 dwne ¥34SNvel QIDv Dlsle

-

NOJA<TRdS30 300w

- —

SdWnd N1 O03PICISNOD S1Nvs Ty

-0 0 6 6 == 000060006 0 0w = DO ===
Z T Z = = T = T T T T T T T X T X >~ - F & Z - =

dEAA

et T |

zrox )

o NN e et el et e ed Wi ew e a4 . B I I I I I B

S LT

- & & w e a »woa » v & »w

“w > >» n D

L

403
120
Ele
sia
€1
(28]
61l
(24
s10
204
<10
£l
%08
Siv
elv
elv
elv
613
60)
elv
204
€00

1¢
le
ld
wd
le
ie
We
wd
wWa
wd
wao
ie
le
wd
L
we
We
wWd
We
wd
"o
we
weo
L

woxa

OR%Z1C Y0420€0
LL9240 669620
949011 268220
CBEQLO TT8TEO
WL2001 €e9220
849120 etnlece
sL9110 01t020
dideel 150020
LeL180 e9LL10
LLGIYO 029110
L4L0%0 O8S¢LL0
9LE10V ST1S10
949060 298610
$40201 1HSETLO
S42101 0ssE10
§44260 OInt10
TS TT T S L A 2 1Y
$40¢20 S20110
S4E0LO  E20ETO
Qe0EL 0 ESNCED
OBLTe0 eo8L2EO
0RL¢Y0 OeL1E0
081190 o0EB0ED
Q00 e&l80E0
O61E10 2660E0

B

ilva LEUTILY
AN3A3  0¥INDD

¢330
234
2Jae
130
13¢
130
1Ju
124
130
10
120
136
130
134
130
1240
130
130
130
ThE
1A®
1AE
A8
TAw
A8

aJeTe |

» = % = » = 2 » 3 3 > 3 ¥ 3 3% 3 3 33 = = »

x|

170




Ll

| Zm<

4 € ¥ ¥ £ £ ¥ £ & & ¥ £ & £ ¥ £ &£ X £ £ & & x £ =

0302798
030744
031310
032628
0141863
015097
015218
015041
017426
017559
017489
0174849
018911
0211329
025723
010282
010235
012862
013170
013299
013300¢
013432
013409
0137322
01373998

D12480
0321%0
%2080
090480
012478
061774
0T0S76
100174
030477
040ATT?
082677
os2Rr27
or217?
040378
011879
051074
082274
05227%
or227s
082775
FLELEE
n0&7S
101475
110575
110875

| XM in

- DO O " 3T I RDOD =R

o D

cos
Al9
Dos

| MY -

- -

Cir v

D21
Do%
ca2o0
A0S
D20

Can
c1l

809 v

813
AlS
Al?
ALS
Al9
Al9
AL9
AlS
ALY

“wv

Rl

L S S i

tacx

I e e el 3

2 T T 2T X 2T T T ZT T -+ B T B B T ZT ZT X T ZT w2z Z
QO 0O ™ = 0 0 0O 9 0 " O CC "™ 0 " = = = 0O =-m O ==

ALL FAULTS CONSIDERED IN PUNPS

-

AUX 'EGD 'Uﬂ' Flllio 'o STARY

AUX FEED PUNP TRIP-ED AND T&T VALVE DION'T RESET
AUX ‘ffﬂ 'Uﬂ' Rir 'NRO “t'( ll“;.‘f UNLATIHED
EAST MR PUMP WAS FOUND UNSTABLE

EXCESSIVE SEAL LEAKAGE ON 1A CENT CHARGING PUWD
R/X SHUTDOWN & REFUELING LOST PR TO RHR PHP- 291N
AUX FEED PNPS WOULD NOT DEVELOP PROPER DESCH PRESS
14 BAT DEVELOPED LEAK IN CANNED ROTOR DUE T3 9045S
1A BAT OVERMEATD & SEIZED DUE TO BEARING FALLWRE
“A® CHGNG PUNP INDICATIONS POINTED T0 FAULTY 095
1A CHG PHP DEVELOPED SMALL WEEP ON SUCT WECH SEAL
1A C"l.‘l.‘ PHP AXTAL MISALIGNMNT 0' .'. 10 PUNP
82 RCP INDICATED SEAL FAILURE - SHUT DOWM

-

"A% WPST PNP DEVELOPED UNUSUAL ORAG DURING WATNT
*A* Aux FEED PUNP FAILED TD REACH ii?eo FLOV

#23 & 21 WPSI PUNP STARTED ONLY DEVELOP 7008 2%
NO. 21 AUX FD PUNP FAILED TO START - AUTOMATEC
RMR PN 921 REMOVED FROM SERVICE 10 REPAIR SEAL 4
? CHG PRPS REMOVED FROM SERVICE

2 CHG 'ﬂ's .Enﬂ"o '.0' SERVICE

2 CHG PEPS RENOVED FROM SERVICE

MOR ACO XFER PUNP # 21 RENOVED FROM SERVICE-TYSE 1
BOR ACD XFER PUMP 822 REMOVED FROM SERVICE -TYPF 1
NO. 23 CHG PUNP RENOVED FAOM SERVICE

N .

22 CHG PUMP REMOVED FROM SERVICE

-

DESCRIPTION

-

-

°a

CAUSE DESCRIPTYION

- —

SUSNED OUT RESET COIL ON TRIP & THROTTLE
RESET SOLENOID DEFECTIVE,LINKAGE MISAD MU,
CAJSE OF UNLATCHRENT UNKN,PUNP IN STANTRY
ALL AIR WAS NOT REMOVED FROM SERVICE
NUTRD SEAL HAD "0 RING FAILURE
OVERLOADED 480V BUS PROCEDURES DEFICIENT
AOTH PUNPS VAPOR BOUND -~ FAULTY CHx VLW
WIPED BANGS ALLWD ROTOR TO DROP & WEAR
FNRYEIGN MATERIAL ENTERED MOTOR BEARING
DISASSY REVEALED CRKS UNDER PRESS RED SLV
SLIGHT POROSITY BTUN SL SPLY P56 & SL Sum
EXTFSS THRUST WIPED MOTOR BEARING RAN 20%
VIS INSP CONFMD SL FAILD -~ MODA SU-4N-4L
INSPECTION DISCLSD CRKD wR RNGS & BSHNES
OVERHEATED H20G SUPPLY TD PuNP

BORIC ACID LEAKAGE CAUSD SUCTION BLOCK AGE
AUTD START CKT SWITCH HAD DIRTY CONTACTS
LEANNG SEAL WEAT XCHGR - PHP RODS BX20W
EXCSY PLUNGER SEAL LEAKAGE

EXCSY PLNGR SEAL LXG.~ VAR SPD 98GPN
EXCSY PLNGR SEAL LXG ~ PSBLE DESIGN MOD
BELLOW SHAFT SEAL LKG ~ DWG F5P 10443-2
BELLOW SMAFT SEAL LXG -~ DWG FSP 10443-5
LEAKING HEAD GASKET - TYPE QX-300 QUNTPLX
EXTSY PLNGR SEAL LKG ~ TYPE Qx-300 QUNTPX
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1e2
122
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Ip2
1r3
93
103
193
1e3
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CONTROL
NUMBER

013850
0140034
0140038
N14449
J15920e
0187878
019789
019236
01833
0192%
020822
0213M)
021706
n22721
023580
025227
015944
017374
o1r87r?
013265
0172264
019262
019283
019282
020122

EVENT
DATE

120375
121875
12187%
031276
080574
9%0717?
ns2s5r?
052677
orozr?
0%097?
121577
050278
060278
0904878
121479
020679
o1127?
060477
041277
naz2sr?
093017
100177
1008717
100677
121677
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ALL FAULTS CONSIDERED IN PUNPS

-

MODE DESCRIPTION

CAUSE DESCRIPTION

e e e A ———

NO. 21 CHG PUMP RENOVED FRON SERVICE

NO. 21 CHG RENOVED FROW SERVICE

NO. 23 CHG RENOVED FROM SERVICE

BOR ACD XFER PUNP REMOVED FROM SERVICE

ALL 3 SAFETY INJ PUMPS RUN APPX 10 MIN w/0 SUCTION
#22 AUX COMP COOL ®TR PHP FAILD 1O START DURTN 1
022 MR PUAP REMOVED FROM SERVICE

922 CHG_PUNP DEVELOPED LOUD NOISE - LOST DISCH »as
NO. 23 RX CODLANT PUNP TRIPPED OFF-LINE NANJALLY
#22 BOR ACID XFER PUNP REMOVED FROM SERVICE

#23 AFP 005 DUE T SPARKING MOTOR--MOTOR REPLACED
o 4+ T3 TR CSRL IR TR TAREE T srae
EXCESS OIL FROM SI PUNP NO. 22 THRUST BEARING

NO. 22 BORIC ACID TRANS PUMP DECLARED INOPERANLE
CH. PUNP #22 WAD LEAKAGE AROUND STUFF 80X GASCET
ND. 22 BRORIC ACIC TRANSFEX PUNP BECAME INOPERANLE
03 51 ;i;';:iI§°;E-;?2;?'Fiii‘ii;;;fnnr rer® 100t
NO. 31 SAFTY INJ PHP HAD GRAD DETERATN OF FLO A4PT
ATTENPT TO PUT 833 AUX FEED P. =% ON-LINE UNSUCSFL
#32 CHG PUNP DEVELOPED LEAK IN WEAD - TAKEN OFF-LN
#33 CHG PUNP TAKEN 0UT OF SERVICE

*31 CMG_PUNP TAKEN DUT OF SERVICE

#32 BOR ACID XFER PUMP REMOVED FROM SERVICE

932 80R_ACID KFER PUMP RENOVED FROM SERVICE

933 CHG PUNP REMOVED FROM SERVICE

L5 MEAD GSKT = TYPE GX~300 QUINTUPLEX
PIN HOLE LEAX IN FLUID HEAD

LARGE LEAX IN FLUID HEAD

AELLOW SEAL LXG -~ CRACKED 207 SEAL SURFCE
CHY PUNP SUCTION VLV (848) NOT OPEN
DIRTY CONTACTS JPLANT IN COLD SHUTDOWN
MECH SEAL ASSY GSKT DETERATD AND LEAKED
FLUTD DRIVE CPLNG FOUND BROXEN

SEAL PACKAGE FAILED, TOT LXG 90,000 GAL
TYPF 1, BELLOWS SHAFT SEAL WAS LEAKING
VESTINGHOUSE »4008MP, OWG 89610800

CAJSE UNKNOWN: FOUND DOING ST SYS TEST
THRUST COLLAR AND SHOES FAILEDsREPLACED
FATLED MECHANICZAL SEAL

FOUND CRACK IN FLUID HEAD AND CYL. wALL
FATLED CONTROL TRANSFORKER

TD PELAY IN START CKT FAILD MODEL 241 20C
MNAIN INTERNALS ~ HIGH HEAD TYPE JTCH
SHAFT HAD SHEARED - MOD IMATA-9

MATR-LINE CRACK IN HEAD - 98 GPM, QX-3CO
FXISV SEAL LEAKAGE - TYPE QX-300 QUINTPLX
FYTSY SEAL LEAXAGE - TYPE QX-300 QUINTPLX
LFAXING BELLOWS SHFT SL - CRANE,TYPE 1
LEAKING SUCTION FLANGE GASKET - mOD 3196
FXISY SEAL LEAKAGE - 98GPM TYPE QX-300

PAGE i



£L1

It EZMm<

£ £ £ X £ X X £ X £ £ ¥ ¥ £ X £ ¥ X ¥ ¥ X X X x x

021036
0211359
022411
022317
025232
026479
019847
020993
022633
022631
02%438
027639
030322
0305%9
030560
010646¢
010644
010928
012113
0121190
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o137y
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020579
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ALL FAULTS CONSIDERED IN PUNPS

-

MOOE DESCRIPTION

CAUSE DESCRIPVION

- - —

#31 RHR PUMP REMOVED FROM SERVICE

-

LED CNG PUMP RENOVED FROM SERVICE

LEAKAGE DBSERYED FROM NO.

32

- -

INI PUMP SEAL FOUND LEAKING

- -

31 CHARING

'Uﬂ’

# 32 CHARGING PUMP DISCOVERED LEAXKING

#32 BORIC ACKID TRANSFER 'Ul' DEVELOPED LEAK

AFP lul.lnf S'AllED sut FAILD 10 IEACN MAX SPEED

AFPT ’lIlD 70 STARY fUlLOUING RIX 'Il'

Aux fi(ﬂ PUNP
BOTH COIIR! SPRAY PHNP SUPPLY I.!AK!Q! TAGGED NPEN
AUX FEEDIAIEI PUNP FALILED TD S'lll l'l(l Ry TRYR

-

DID NOT STARY

]

AuUX FEEO 'Uﬂ' TRIPPED ON OVERSPEED
AEB AUX F!ED ’UN'S FAILED TO AutO S'Al'

AUX FEED ’Uﬂ' DECLARED INO'!IIOLE.NQV THRUST AFAR,
WHILE S'AIIING AUX FEEO PUIP THE TURBINE TRIPPED

Two IFP'S DIO NOTY STA!' UNTIL 'HIID Al'!ﬂ'l

COMP COOL PNP 1A DID NOT START

1
2A
1A
1A
1A
1C

AFP 14A,18E€ 1C
9KR 16201 OPEMED CAUSING UNIT TRIP € INOP. 13 AFP

AFP
AFP
AFP
AFP
AFP
AFP

PR _ON 8716774

DID NOT START AUTONATICLY ON WI WIR LEVEL

FAILD TO START AFTER R/X TRIP

FATLD TO START JPOWER SUPPLY FATLURE
FAILD 10 START ON LO-LO 56 LEVEL

FAILD T0 START FOLLOWING A UNIT TRIP

FAILED YO START FULLOWING UNIT TRIP

-

-

REDUCED FLOW DUE TO STARTUP STRATNRS

PAGE

GSAT BTWN GLND PLATE AND PMP CASING LKNG
EXTSY SEAL LEAKAGE - QX=300 QUINTUPLEX
SEAL SURFACES FOUND WORN

LEAX wAS FOUND IN PLUNGER

FAILED PLUNGER AND PACKING

MECHANICAL SEAL WAS REPAIRED

SISNAL CONVERTER SSC-340% FAILD
TRIP/THROTTILE VALVE FOUND SHUT

TAIP THROTLE VALVE TRIPPED, UNKNOWN CAUSE
BOTH TRLINS REQUIRED BY TECH SPECS

MINT FLOW SPRING TENSION INSUFFICIANT
MANUAL SPEED ADJUST LEFT MISADJUSTED
INADEQUATE DESIGN CHANGE CONTROL
NISPOSITIONED OILER ASSEMBLY,HI OIL LEVEL
TRIPPED OVERSPEED DUE TO LIMIT SWITCH
DIY NOT ALLOW DIL PRESS TO sUILDUP

CXT BXR NOT RACKED IN FuULLY
AuTe SHITH RELAY BOUND UP MECHANICALLY
UNDIFR INVESTIGATION
BRCR OPERATING HANDLE DID NOT CONTACT
842 GUIDE BAR™POSITION™ NOTCH TOO SHALL
DEFECTIVE w=-2 SWITCHES
DEFECTIVE WESTINGHOUSE w-2 SWITCH
PLUGGD BY RESIN BEADS FROM MAKEUP DEMIN
e 16201 CLOSED MANUALLY

12



ALL FAULTS CONSID!ltD IN PUMPS

.

s o

¥Sncnl: ii

CUY AN A

Sonaedt BIRRTES PrElRvi NODE DESCRIPTION CAUSE DESCRIPTION
014386 031276 R PW B13 S 1 T D AUX FD PUNP 1A FAILED TO START ON BLACKOUT SEQ STG FAULTY LUSE OIL PRESSURE SWITCH
016117 092776 8 PM 813 S L T D 18 AFP FAILD T0 START DUE 10 STICKY ACTUAT. RELAY WION PLUNGER SMAFT.REPLACED RELAY
016696 122276 1 PR 000 1 N U B0R ACID PUNP 1A TRIPPED AND WOULD NOT RESTART AK2 OVLOS TRIPPED, RESST = NO OTHR PROBLA
019882 081777 4 W BI3 S 1 M D CONS CDOL PAP WOULD NOT START AFTER PA wnex NANE  TRIP ARN WITTING TRIP RODJREADJIUSTED. LUBE
019311 100277 G PM 018 ® 1 N D FLOM FROM OPERATING CHG PAP_ A5 LDST DURING 29FRTH SRINEN BELT ON VARI-DRIVE UNIT
019313 100777 F PN 800 ® 1 T 0 SPRAY PAP FAILO T0 START OUE 10 OVERCURRENT TRTP  START CURRENT G.T. SETPOINTS RAISED S YoT
219518 102477 F P 800 ® 1 N D 4 CONTAINAT SPRAY PUAP FALLED TO START DURING TSTG CAUSE UNKWN - BKE VAT TRIPPED ON OVACU NI
019643 110777 G PA DIB R 1 N O FLNW FRON OPERATING CHG PHP WAS LOST OURING TPER  RROXEN BELT ON VARI-DRIVE UNIY
020096 122377 F W 800 R L T D ICS PAP 18 FALLED T0 START OURING OPERATIONAL TEST CAUSE UNKNOWN = BRKR OPERTG ERRATICALLY
020339 011578 J PN 813 S L M D CF PUNP FAILD TO START DURIN FULL POVER OPERATION FAULTY STATIC TREP DEVICE IN CKT SREAKER
020338 O011ATA J PM BOO 1 N U Fr PUNP FAILD TO START DUE TO OVERCURRENT TRr® UNIER INVESTIGATION CAUSE NOT DETERNTNED
022237 O0ROS78 G PN CI3 S 1 N T CCP OPERATED ONLY AT WIGH SPEED FATLED TRANSISTOR TN MAND CONTROL STAT INW
022540 091878 G PN &A1& 1 N T LEAK DEVELOPED ON CCP BETWEEN DIS. PIPE AND SINTX CRACK CAUSED BY OPERATING STRESS
730562 021190 C PH DI3 S 1 N T CHARGING PUMP STOPPED WHEN CONTROL S¥ PLACED AUTT STICKING CONTACT
021635 033078 K PM DO7 1 N T RCP C REQUIRED TO BE_SECURED "EAR TM LOWE® LUBE OIL COOLER :
021645 080678 £ PN B0 S L T D CONT GUENCH SPAT PUNP 1-05-P-1A FAILED TD START RF SCREW FOUND IN SUPPLY BKR (FOREIGN)
021890 061578 F PM 813 S 1 T O OUENCH ;332;';unv 1-5-P-18 'Alltl vo START AX® CHR SPRING MOTOR SWEITCH IN DFF POSI.
022033 O7L778 G PM D02 1 N D CWP PUNP IC BECANE INOPERABLE I4SR0PERLY ASSENBLED SEAL ASSENBLY
025755 033079 8 BT D3 R 1 W U AUX FEED PUAP L-Fw-P-2 TRIP THROTTLE VLV CLOSED  SIINAL FRO OVERSPEED TRIP
025716 040AT9 G PN UOL U 1 N O 1AGL8 0OS FOR MAINT, 1C FEEDER SRKR NOT RACCED TN  [4P@nPER TAGOUT PROCEOURE
027080 090479 B PN D07 1 N T AUX FEED PUMP BECAME INOPERABLE (1-Fw-p=3) LUAE DIL STRAINER WAS CLOGGED
027248 092879 G ®M COO 1 T U :n.nglnc'pun;'n-cu-v-xa 010 wOT cu-:tlon CAUSE NOT STATED
530102 011390 8 BT D21 1 M T AUX FEED PURP TAKEN DUT OF SERVICE FOR INSPECTION WEARING WAD WIPED,OUE TO LACK OF OfL
030101 011480 8 BT D18 L N T AUX FEED PURP L-Fu-P-2 DEVELOPED LEAK IN OIL C70L. ALOWN GASKET
532635 090890 8 BT DI3 ® 1 N U AUK FEED PUNP GOVERNOR VALVE FOUND TRIPPED GIVENDR TRIPPED ON OVERSPEED,CAUSE UNYND.

-
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ALL FAULTS CONSIDERED IN PUNMPS

-

MODE DESCRIPTION

AC'x 'EED 'Uﬂ’ 12 FAILED TO START

AUX ‘EED 'Uﬂ' 12 oio lOl MAINTAIN anﬂlt DISCH FLD

Tues D’Vl AUX FD PMP FAIL TO REACH ACC" 0ISCH pos
"2 SAP'V INJ PHP STIMPELLR MOVED AXIALLY ON SHAFT
" 'UOI AUX FD PMP TRIPPD TWICE ON O'EIS’GEO

CHARGING PUMP FAILED

- ——

NO. 11 AUX FD PUMP TRIPPED OFF-LINE AT END IF TESY

-

L8} SIF(TV INJECTION PUMP FAILED '0 SIllV N AuTD
022 YUIO DRVN AUX FD PMP TRIPPED Uﬂ 0'!.!'5‘0
0'(!!'0‘ 'llCED €22 PHR PUNP DOS -~ lUl OPER OPENED

AUX FEED PUNP FAILED TO START

27 CHR PUMP AOTOR BKR KEPT TRIPPING
22 AUX FEED PUNP TRIPPED INADVERTANTLY
23 CHR PUNP STARTED AND_SOON SHUTDOWN

FEED PUMP TRIP MECHANISM WAS TRIPPED

-

022
NO .
NO.
NO.
AUX

CON'IKNREI' S’ll' PUNP 1P14A DID NOT S!lll

MTR DRIVEN AUX FD PUMP MAD INADEQUATE FLIV
MTR DRIVEN AUX FD PUMP WD MAVE NlD INAD FLW

8 GALS lDI LQVL RAD, WTR LEAKD VIA SVEAR-D. aur £n

CHARGING PUMPS =8%. AND ®C™ FAILED

C CNIGNG PHP 005 DUE TO PLUNGER t!lllGE
CO.IAIHN[N' S!QAV PUMP 1-P14B DECtAlED o0os

THE l-'!' CNI runv FOUND TO HAVE ClACKED cvL ®LICK

2P2C CHMARGING PUMP TAKEN OUT OF SERVICE
2e2n (Hll‘l.‘ PUNP 'lllfﬂ

PAGFE

CAUSE DESCRIPTION

AR FNR AUX LUBE OIL PUMP WAS OPENED
SUSTION STNR CLOGGED WITH SILT
STICKRY GOV CONT VLY LINKAGE - DIRTY
AINNRMAL PRESSURE DISTRATION ACROSS INPLE
LOd GOVERNR OIL LEVEL REVISED PROCEDUPRES
CAPSCREW FAILURE IN VARIORIVE UNIT
STEAM SUPPLY VALVE TRIPPED ON OVERLDAD
UNKNOWN CAUSE,EVENT COULD NOT BE REPEATED
LIISE LINKAGE ON GOV TOD PRESS COMPENSA TOR
CHT BRXR FOR # 21 RHR PUNP - PERSONNEL ER
OVERSPEED TRIP VALVE FOUND TRIPPED
AOEAKER FAILURE BXR REPLACED
TEZH DRNPPED INST ON TRIP THROTTLE LINWAG
AI® LEAXS IN SPEED CONTROL UNIT
WOIKMAN ACCIDENTLY BUMPED TRIP MECHANI SM
TN-LINE CONICAL STRAINER WAS PLUGGED
IN-LINE CONICAL STRAINER wAS PLUGGED
PUMP BRKR LATCH WAS NOT FULLY ENGAGED
SHAFT GLANDS LEAKD SHUT DISCHRG VALVE
SROKEN VARIDRIVE BELTS - VARIBELT NO. 842
PACNNG WEAR AJAX IRON WORKS TYPE T-125
POMER SUPPLY BXR wOULD NOT RACK IN
PRESSURE SPIKING FOLLOWING M2 SEPARATICON
REPAIR PLUNGER LEAXAGE
BRIKEN VARIORIVE BELY =~ VARIBELY NO. 342

14
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ALL FAULTS CONSIDERED IN PUMPS

-

"

, Sl

i 16 0074w ! i

tosoe gt BEELRDY wane oescaiprion cause_oescatprion
PT2 0161544 092076 G PH AL9 R 1 N T “Cw CHARGING PUMP TANEN OUT OF SERVICE REPAIR MINOR PLUNGER LEARAGE

PT2 0161548 092076 G PH DIA R 1 N D 8% CHARGING PUNP FAILED RRIMEN VARIDRIVE BELT - VARIBELT NO. 842
PT2 0204614 022177 6 PM AL9 R 1 N T 2P2C CHARGING PUMP TAKEN OUT OF SERVICE REPAIR PLUNGER LFAKAGE
P12 0204618 022177 G PW DIB ® 1 N D 2628 CHARGING PUNP FAILED ROIKEN VARIORIVE BELT - VARIBELT NO. 842
PT2 0207130 0%0A77 G PN CO4 & I U T CHR PUNP "Ce DISCOVERED 10 WAVE TEYC_BLOCK CRACK  PULSATIONS CAUSED CRACKING
PT2 017722 042077 G PN €00 1 N U CHRGNG PAP UNABLE T0 DELIVA SUFFCNT FLOW NOT YET DETERWINED INVESTIGATIONS CONT
PT2 017839 051877 G PM 821 1 N U 2P28 CHRGNG PAP 0OS OUE FOR INSPECTION OF NIISY 9% 824G FOUND SERVICEABLE
PT2 0207138 022878 G PA COA R 1 M T CHR PUMP =8 DICCOVERED TO WAYE & CYL BLOCK CRACK INSTLLTN OF PULSATION DAMPNERS PLANNED
T2 020713C 030178 G PN COA R L M T CHMR PUNP ~C® DISCOVERED TO MAVE A CYL BLOCK CRAZK IMSTLLTN OF PULSATION DAMPNERS PLANYED
PT? 020974 031378 G PN DIB R 1 N T A CHRGING PAP 005 10 REPLACE SELT ARIKEN VAR IDRIVE BELT
%G1 001037 OALLTY W PH BI3 T 1 T D SAFETY INJECTION PUNP 1C FAILED TO 3TART NEAT OPERATOR ARN ON TME CELL SWITCH
PG1 000629% 121473 8 P CLL U 2 T 0 AUXILIARY FEED PURMPS & & § LOST SUCTION AT2 IN SUCTION WEADER
%G1 010046 040674 H PN 813 T 1 T O 1C SAFETY INJECTION PURP FAILED TO START WANJALLY PRENATURE CLOSING OF CB TRIP BAR
2G1 01066¢ O0ROT74 W PN BIY T 1 T O 1C SAFETY INJ PUMP FAILED T0_START ON 8US 18 “AY BF FAULTY LOCKOUT INTERLOCK
aG1 012115 010875 B PT 813 5 1 T O VUnl|ne:i;I;Ei'IG;'FB';Gi;-FZ?CEB TO START SUCSFLY LD LUBE DIL PRESS REGULATOR SETTING
9G1 0121364 020575 W PA 813 T 1 T O IC SAFETY INJ PURP FAILED 10 START on aUS 14 REP WEAK SPRING AND TIGHTENED WIRE IN €8
RGL 0121368 020675 4 PN AL T 1 T O 1C SAFETY INJ PUNP FAILED 0 START ON BUS 13 RES WEAK SPRING AND TIGHIENED WIRE 1. €8
%G1 012397 02.875 W ®M BI3 T 1 T O IC SAFETY INJ PUMP FAILED T0 START ON 8US 1% METHM BINDING ON LOCKOUT SOLENGID PLUNG ER

51 013996 011276 J PM D15 1 N T “A™ COMPONENT COOLING WATER PU<p WAS NOISY DAYAGED COUPLING - LOOSE SOLTS,NOD DBZ 226
2G1 016716 010377 W PM BI3 T 1 T O 1C SAFETY INJ PUNP FALLED TO START ON 8US 16 WEAX SPRING IN SECONDARY CONTACT ASSY
2G1 018225 01977 G PM DIB R 1 N T wCw cu;iE;;E';B;;-;;;ES;I;E-;EGES-gianlnc AELTS REPLACED ~ VARIDRIVE PART 84-2
RG1 018246 0A2977 W M AI3I T 1 T O AC SAFETY INJ PUNP FALLED T0 START ON AUS 14 MY APPARENT CAUSE FOR C8 FAILURE
RG1 020670 052978 F PN 813 S 1 T T CSI PUMP FALLED 10 START FATLED CIRCUIT BKR
RG1 025066 010479 G P Al6 1 N T YA* CHARGING PUMP FOUND LEAKING BLICK REPLACED,HIGH HOOP STRESSES
RGL 025065 010479 G PM €18 @ 1 N T *BY CHARGING PUNP SPEED CONTROL NOT OPERATING P2NP VAR IDRIVE BELT SLIPPING AT LOW SPEEDS

-
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) O . In USE DES IPTION

INTAINNT SPRAY JUND TO BE AINDNG BURR ON INPELLER GALLED THE SEAL RING

[ON PHPS SERE"CH™ TRIPPD ON MANUAL STAR TUSTANTNS TRIP SETTINGS WERE SET AT WNIM,

PPD ON INITTAN OF MNMANUAL STARY AFP w@gw TRIPPD ON INITIAY OF MANUAL ST MRT

T BROKE AT INMPELLFR GENFRIC DESIGN PROBLEN ~ TYPE

AR TRPD ON THERMAL 0OVLH PUNP HAD BROKEN SHAFT = DES’'.N PROBLEM
FOUND TRIPPED ROUTINE IS CAUSE UNKNDWN

D DURING NORMAL IPFR SHAFT BROXE IN VICINITY OF IMPELLER

) DURING 100X Pus nNes PUMP SHAFT BROKEN = DESIGN PROBLEN

D DURING PERIONDIC TEST PUNP SHAFT FAILED =~ DESIGN PROBLEN
L100% PR NPS  PUNP SHAFT BROXE AT JUNCTURE WITH ROTOR
ON OVRSPD DaNG TESY WOIDMARD GODYNR MAN STTG OQUT OF ADJUSTHNENT
AT PuMP MAY BE CAUSED BY BEARING WEAR
PUMP SHAFT FAILFD ~ DESIGN ERRO®
1902 FATLD SYATUS LITEJTRIED SEVERAL STARTS
SEAL FAILURE -~ PUMP MODEL VILOO1-81
PUMP MOTOR SHAFT BROXKEN - DESIGN PR En

an PMP A FAILED DURING NORMAL NPS PUMP SHAFT FAILED AT KEYWAY - DESIGN PROB

WARAFP [ START TARMISHED CONTACTS HISH HUNIDITY MAY RE FACTOR FOR TAR, CONTY
AAT #g» '-[«wnki;iif; 1106 : 5 GsMODL 5F-2 FATLD REAR GRAPHITE BEARING
il HEATER TRIPS SET AT 250 DEG ¢
NEFECTIVE STATOR AND '%.'A"]N',i. WORN
TRIPPE ' ¢ ) MEAT TRACING CIRCULT TENP SET 100 WIGH

TRIPPED ON WI ) RECTRC LINE PLUGGED WITH SOLID BORIC ACID
”

RIPPED ON HI ) I C TEMP CUTOUTY SET TODO LOW FOR NORMAL OPS

CRITICALITY PEISONNEL HAD REMOVED PUMP FROM SERVICE

PAGE 15
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ALL FAULTS CONSIDERED IN ’Uﬂ'i

MODE DESCQIPIKUN

- -

——

8 & C CHGNG PUNPS lUHIlNG - PSIR VL S'llt FALLING

“Cw CHGNG PMP WOULD NOT CONTROL PSZR LEVEL
BREAKERS FOR ALL 3 SAFETY INJ PNPS FOUND Raxd AT
BREAKERS FOR AOTH CONT SPRAY PnPS FOUND RAKD 0UT
AFPT TRIPPD DURIN TEST RUNJ WI PURP CASING TEWS,
8" AFP FAILED TD START UPON LOSS OF WALN FEED Pas
*8% AFP FAILD T0 START FRON RTGS

B0TH OF THE CONTAINNENT SPRAY PURPS FOUND ATRBOUN)

BORIC ACID TRANSFER PUMP KEPT TRIPPING, PUNP *H*
*A* SI PUNP FAILED TO Siaet

A* AFW_PUMP TRIPPED SHORTLY AFTER STARTING

TAY SI PUNP BKR FAILED 10 CLOSE

#13 AUXILIARY FEEDWATER PUMP FAILED T0 START

BOTH ST PUMPS AND 1| CENTRIFUGAL CHG PNP TAGGED JUT
BOTH SI_PUNPS AND | CENTRIFUGAL CHG PNP TAGGED OUY
AUX FEED PUNP FAILED TO START

ALL THREE RCP SEALS FAILED

NO LL CHR PUMP FAILED TO START DURING SI

NO 12 RMR PUNP FATLED TO START DURING SI

NO 12 AUX FEED PUMP FATLED TO AUTO START DURTNG ST
NO 13 AUX FEED PUNP FAILED TO START DURING ST

NO 13 AUX FEED PUNP TRIPPED ON OVERSPEED
o'elnt|Eg:iii-;ﬁﬁ;°?;i;;23‘5;;-5;---

OPERATING RHR 'Uﬂ' 'll"!ﬂ OFF 0OF ll!!
#13 COMPONENT CDOLIN‘ UIIEQ Pune OP DGGIADING

i

CAUSE DESCRIPTION

- — " ——

PUMP ALR BOUND - TYPE Tx~-150

PUNP WAS AIR BOUND ~ TYPE Tx-150

FATLURE TO RECOG TS LINIT FOR GT 200 F OF
FATLURE TO RECOG TS LIMIT FOR GT 200 F 0@
STEAM LEAKAGE BACK THRU VALVE V2-14C

WOIN CKT KR TRIP ARM

INST. TRIP COILS SETTINGS FOUND TO 8¢ LODW
PUMPS NOT VENTED AFTER SYSTEM REALIGNED
RARINEN SHAFT,PUMP REPLACED

CAJSE UNKNOWN

R)TOR BARS CRACKED IN WNOTOR

MISH RESISTANCE ALARN SWITCH CONTACT
PEISONMEL FRROR - TURB WAS MANUALLY TRIPD
PERSONNEL ERROR - NGT FOLLOWING PROCEDULRE
PERSONNEL ERROR ~ NOT FOLLOWING PROCEDLRE
STEAM INLET VALVE OP SHEAR PIN WAS MISSED
POSSIBLY TOO WIGH A DIFFERENTIAL PRESSIRE

8US FAILURE DUE TO OUTPUT TRANSF FAILECD
BUS FAILURE DUE TO OUTPUT TRANSF FAILED
NO CAUSE GIVEN. (STARTED MANUALLY)

OVERSPEED TRIP MISADJUSTED

SPEFD CONTROL FOUND SET TOO MIGH
INADEQUATE WORKING PROCEDURES

INADEQUATE WORKING PROCEDURES

13 COMPONENT COLLING WATER PUMP DF DEGRA

5F 17
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Sal
Shl
Sal
sol
SNl
S0l
$0l
sul
sul
sul
sul
sul
su
Sul
sm
sul
su2
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su2
suz
5u2
TR}
Te)
el
el

CONTROL
NUMRE®R

029006
028073
p29119C
018000
027965
030015
n3nr2e
002022
010417
000916
010373
017137
021521
0226481
027754
030258
000519
013573
017055
019742
020813
013977
013976
014564
0141454

EVENT
DATE

112879
122779
0530%0
042617
122679
011680
031880
111072
1130713
012376
051274
02081y
0s1078
100978
121979
012380
11137
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011877
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121975
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010976
0114674
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pH
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oM
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PO
PD
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n21
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015
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ALL FAULTS COﬂSlO(lED N PUR’S

PODE DE!CIIPIIOI

-

ST PUMP FAILED,LOOSE LOCKNUTS FOUND, SHAFT BENT

-

312 RC PUMP TRIPPED

-

QMR PUNP LOST Sut!lon

NORTH IDllC Ylllfl PHMPIG=9A) Flllo 'ﬂ STARY

AUX ’EFD PUMP FAILED

- ——

FIRE SYA!'ED aN IC' "A' FROMN AN Oll LEIK

HIGH IFH' IND ON SO“‘N CHR PUNP*S 'NlUS' BEARING

GIC!SSVE SGAL l!lKAGE ON "An CHllGlnG PUNP
RCP 1A SNAFI FlllD l' 42% POWER

MOTOR Ol Iﬁl OUH’ 1- lN-P-lI BURST lﬂ'ﬂ FLANES

aoric lClD 'lllsf!l 'Ul’ NOTOR Flllio

-

CHRG WTR PMP L ~CC-P-2A HAD TRIPPED Ul THERMAL 0OVLD

INSIDE RECIRC SPRAY PUMP R5-P-~1A 'IILED 10 RITATE

-

CHR PUMP COMP COOLING WATER PUNP IIIPPCD ON OL

1A IEIC'DI COOtll' 'Uﬂ' TRIPPED

FLOW vlS lOS' FRON *A* IUIIC ACID 'lANSFE! 4 Ll

SAFETY INJICHG PUNP 2~ Cﬂ°’ 18 DID IOI START-MANUAL

s DDRIC ACIO IIANSF!I PUNP lO'D! flllED

- - -

BORIC ACID YIIISFEI PUMP 1~CH-P-20 KAllED

CHRG 'HP CON' CODLING 'H’ 28 INO’EQAIIVE

soriC lClD |IANS PH' I-CN-P—Z TRiPD Ol THER®L nveL
DIESEL Dll'il AUX ‘0 FIP FAILED TO Sllil - SANUAL
DIESEL- DIVN AUI FD PUMP TRIPPED Uﬂ DVEISPEEO

DIESEL Af' DOE!S'EO WHEN MANUALY S'AIYED

-

AuX FEEO PUMPS FAILED TO START AUTOMATICALLY

-

CAUSE DESCRIPTION

REVERSE ROTATION POSSIBLE CAUSE, 012 PUPP
If 4KV GROUP BUS WAS LOST

LI LEVEL LINIT WAS TOO LOW FOR RX WA LE
PMp SEIZD DUE TO ACCUMLTN OF BORIC CRYSTL
AEARING FAILURE CAUSED BY LACKX OF LUS.

N CAUSE GIVEN FOR OIL LIFT PUNP DIL LEAK
L71SE COUPLING CAUSED BEARING TO BE Wi PED
SFAL DAMAGED

FILLEY GRODVE DN SHET INCORRECTLY MADE
INSUFFICIENT LUBRICATION TO LWR RAD BRNG
GREASE ON STAT WUNDGS CAUSED INSUL FATLLRE
WMTR BRNGS ABRADED

FOREIGN MAT, BETWEEN IMPELL AND WEAR R ING
MNTOR BEARINGS FAILED DUE TOO CORROSICH
GRIYUND FAULT IN PUNP NOTOR

S4AFT BROKE DUE TO PREVIDUS ASSEMBLY
FUSES MERE NOT INSTALLED IN CONT CIRCUITS
ANAIC ACID IN STATOR WINDINGS
MOTOR=TO-PUMP COUPLING WAS BROKEN

NIOMAL WEAR, PUNP REBUILY

NUTBOARD BRNG FAILING

POICEDURES INADEQ TO ENSURE SYS START /U
FNAX SIGNAL LEAD TO GOV VIBRATED LOOSE
GOVENR GAIN INCREASD TO IMPROVE RESPONSE
MISLOGGING OF LIFTED LEAD IN AUTO-STA Cx1

PAGE 19
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ALL FlUl'S CDISIDE!!D IN PunPS

- —

MODE DESCRIPTION

-

AUX FEED ’Uﬂ's 'lll!o 10 %'ll' lU'Uﬂ.'ICItlY

coLo suns OF DIESEL DRIVEN AUX FD PHPS UNSUCCSEL
COMP COOLING WTR PAPS DID NOT START AUTOMATICALLY
L} Yllll CH‘.GING ’Uﬂ'(Sl| DID NOT S'l"

UDGRAVING RHR PURP LOST POWER

DIESEL DIIVEN lUl FD PUNP STARTED - TRIPPED, IVFRSH

- —— - ——

STH DQIVEN AUI FD PuNe FIILED T0 Sl!l'

DIESEL~ DIIVEI AUX FD PmP Tll"!o-ﬂl HAIEV NTR TEMP

DIESEl'DII'FI AUX FEED Uﬂ’ FAILED 'D AUTO-STARY

DIESEL- OIIVEN AUX FD PMP lllP'ED ﬂl Jll!l NTR TEMP

lUIlln! ORIVEH AUX FD 'UR’ fllP’ED Ol OVERSPEED

'UID-DIVN AUI FD PNP FAILED 70 Slllf = AUTONATIC
ONE OF 'UO SAFEI' InNJ PUH'S 'lll!b '0 STamry

DIESL AFP TRIPPD ON LOW L.D. PRESS

B SAFETY INJ PUNP DID NOT START - AUTOMATIC

® RMR PUMP DID NOT START - AUTORATIC

SOUTH CENTRFGL CHRG PAP ROTOR uuo"

i chani E995!'35-!!!-:‘.".':-'.3!&59-19-3!5" - 80

POWER TO RCPS INADVERTENTLY DEENERGIZED
DSL AND INMED TRPD-NRSPNH

DRVN AUX FD PUMP STARTED
STEAN DllVEN AUZ FEED PUNP INOPERABLE

-

AUX FEED PUMP FAILED TO START MANUALLY

AUX FEED ’UN’ FAILED TC STARY

3A CONp COGLING MATER PUNP FAILED IO START - aurn

e R T T Cp——

3 SAFFVV INJ PUMP FAILED TO START

-

PAG

CAUSE DESCRIPTION

- —

MISLOGG:nNG OF LIFTED LEAD IN AUTO-STA CxT
CONT CXT FOR L.O. PRESS S/D NEED REDES IGN
SEQ CONT RATED AT T00 ML AMPACITY

SEY CONT RATED AT TOO MI AMPACITY

CCT SWITCHER SUPP ESF BUS INADY DPENED
GOV MO0 D 153-005A REP W MOD T 153-0052
TRIP/THTL VYLV NOT RESET-FAULTY IND LITE
TEMP SWITCH SET POINT SETTING DRIFTED LOW
BLIWN FUSE IN THE AUTO-START CIRCULTY

TEMP SWITCH SET POINT SETTING DRIFTED LOW
FATLURE OF WOODWARL GOV SPD SENSOR CARC
OPERATOR FAILED TO RESET TRP/THTL VALVE
TNPROPER ACTUATION OF DBA SEQ CONTACTS
ARIKEN CRANKSHAFT ON DIESEL

SEQUENCER CONTACTS OPER WITH TOO LOW CRNT
SEQUENCER CONTACTS OPER WITH TOD LOW CRNT
DETAILD ANALYSIS UNDERWAY

EXACT CAUSE UNKNOWN-REPLACED ALL SEONC RS
GEN QUTPUT oRXR WAS TREPPED PREMATUREL Y
NIZOODSWTCH IN SPD SENSING CRT OUT OF ADJ
LINIT SW FAILURE IN DVERSPEED TRIP CKT
PNIR PROCEDURE

FATLED STARTING BATTERY

ENMER LOAD SEQNCR RELAY CONT MALFUNCTIOND
TNSUFFICIENT CHARGE ON BRKR CLSG SPRINC

E 19



IRENT/ZPRESS
AILD TO STarT
START

Ps

RACKD PHP CASING

REQUIRED FLOW
JR ON SCRAN

TRANER nPRAY

GA HARGING PUMP REMODVED FROM

A AODRIC ACH IVERLOAND

4B BORIC ACID TRANSFER PUMP FAILED TO STARY

AC CHARGING PUMP REMOVED FROM SERVICE

SEAL LEAKED

SLAND QOVERMEATD, PUN M
ING PUMP WAS INOPERABLE-DID NOT STARY

E DESCRIPTIION

ATR? LEAKAGE INTO PUMP CASING

PACHING TOO TIGHT DEFECTVE PROCEDURES
FIREIGN MAT IN TURB REG VALVE/GOVERNOR
FRACK IN CASING BETWEE YVALYCHNBR/STUF» B
INSUFCNTY LUARICTN TO CUNN ROD BEARINGS
MI CYCLIC STRESSES

CAISE UNKNOWN, IMPELLERS MOVED

FATLED PRIMARY AND SECONDARY PACKING
MATER IN PNEU CONT OF PRESSURE CONTROL VL
MISALIGN OF CONNECTORS ON PRESS CONT vV
CAJSE UNKNUWN

WATER IN PNEUMATIC CONTROLS

FUSES FOR AUTO=STARYT LOGIC CHT NOT IMSTLOD
THRUST INBALNCE DUE TO CRYSTAL BLOCKAGE
NOBFL 3736 4X6~13DY LASOGPM AT 470 FY
INSULATION NOT REINSTALLED,SOLIDIFICATYT ION
SEAL FAILED

SOLIDIFCATION OF BORON IN RECIRC LINE
MALFUNCTION DF LINE STARTED.DIRYY INT ACT
FATLED SEAL

FLYW. CONTROL CIRCULY JT OF CALIBRATICN
CUT IN GASKET BETWN HOUSNGZSTUFFNG BOX
PACEN REACHD END F LIFE REPLACD PACK ING
INSUFCNY CLEARNCE BETVWIEN SHFET/ZPACKN GIND

FEENER BRKR BRUSHHOLJIER MISSING-YIBRAT ION

PAGE




IMENT SPRAY P D ARKS RACKED IN TO WRONG POSITION

RIPPD 2ND TINE PP SUCTIN LINE MODFIED TO PROVIDE VENTING
.\vtﬂﬁﬁﬁ Taye WERSPD TRIP® VALVE FOUND TO BE TRIPPD
THEN STARTED WATFR MAMNER BROXE TURBIN EXMAUST MANG ER
AU FD L.0. PUNP PHR SUPPLY BXR WAS OPEN
CAUSE UNKNOWN UNDER INVESTIGATION
YIESEL STARTING BSATTERIES FAILLE
TURKRINE WAS WATER BOUND
TRIPPD AFTR STRTD [ i 3 Y STICKY GOVERNOR VALVE
FAILD TO DEVELP FULL DIS» SUCTION STRAINER
INT VLY SOL STUCK IN ENERGID PDS
IL STUCK IN ENERGID POS
HOSE BRUPTURE CO ING YIESEL BROXE
IHEN TRIOPED RESTARTED MANUALLY,CAUSE NOT STATED

PREVIDUSLY FAILED APPARENTLY DAMAGED FROM ALR BINDING

PUMP STARTED.AUT ;ulnot; IVERSPEED AIR WAS ASPIRAT D INTO THE PURP
UMP STARTED - DIS DIND NOT RISF A1 BRINDING OF PUMP IMNPELLER
“P FAILED T ‘ ML PRE START INTLK SW WOULD NODT
I NORMAL MEAY MAN CONT VALV NOT PROPERLY LOCKED
}!('lluf PEISONNEL MADE SWITCHING ERRDR
STARY N7 APPARENT CAUSE FOR FALLURE
.,.--;g;;;:é‘;_;;“ RUPTRE CAILING SYS HOSE ON DIESEL BROxE
FAILED T 0° LINITORQUE DRIVE MOTOR-DAMAGED GEARS
IN Q€ START FLIV CONTROLLER MALFN=BAD CONNECTOR

RABLE UNTIL MANUALLY RE TRIP LOGIC IMPROP DESIGNED FOR ISP

21




£81

L Saal 3

LI I L )

e oo 0 o -

2L - S R L - )

oo

| =Zprv

art
arl
8F1
arl
8F1
851
LIS
L1
LIS
8F1
AFl
BF1
LA
aF]
arl1
AF1
8F1
BF1
aFl
L1
Akl
AF1
BF1
LI
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NUMBER

0005188
000521
000%22
000635
000713
cooar2
010018
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0609 &
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ALL FAULTS CONSIDERED IN PUMPS

-

MODE DESCRIPTION

-

ACIC INOPERABLE UNTIL MANUALLY IES!I

RCIC SYS FAILED TO OPER WHEN ﬂAIUAllV INITIATED
APCT ISOLATED AND TRIPPED ON MANUAL INITEATION

wect 'UIOIIE FAILED TO REACH lll!b SPCEO £ FLOW
18 Sl.’ LIOUIO CONY PUR’ Fllllb SUQU!lllA~C‘ TESTY
HPCl FLOI £ Yulllﬂi SP(E. UNSTABLE

HeCT IUIIINE 'lll!b TO REACH RATED !DE!D AND FLOW
HeCl Flllfﬂ '0 IEAC“ RATED FLOW IN QEOUICEO TIne
HPCI SYSTEN A!VER'VED T STARY 'Ul VIIO'GO

-

RMR PMPS TRIPPD DUE TO ISOLATION 'lt'fs CLOSING

-

HPCL REQD vallll ﬂllﬂlt SIIII Il!il'lS FOR OPERTN

18 € 1C COR SPRA Dlol' SIII' DURIN SU!Utl'C TESTIN

HPCI YU.lllE Flll(b !0 START Hl'ﬂllt'

REIC FAILED 10 START AFTER A REACTOR SCRAM

WPCT FATLD TO START DURIN SURVLLNCE AT 958 POwER
RCIC TRIPPED ON OVERSPEED DURING AUTO-INITIATION
WPCI TRIPPED DURING TESTING -

RCIC FAILED REQUIRED SURVE ILLANCE TEST

RCIC SVSIEI FAILED TO REACH RATED flﬁ' AND PRESS

HeCl 'U‘l Sln SU’Pl' lt'vFCV- l'l.o FlltFD D OPEN

HPCT Aux OIL 'Uﬂ' Flllﬁ 70 START

-

RCIC 'Ull DID NOT PRODUCE RATED 'tOU IN REQD TINE

HRCY lulillf SPEED CONTROLLER !ﬂUlO NO' CONT Tuea

A AND B lECIlCUlA'lOﬂ PUNPS TRIPPED

HPCI 'UIIINE 'QIP'ED DUE TO RUPTURE DISI RUPTURE

- —

CAUSE DtStll'llOﬂ

- -——

TRI® LOGIC INPROP DESIGNED FOR LOSP

STEGAW SUPPLY VLV WOULD NOT OPEN

ND APPARENT CAUSE

GOVERNOR UNABLE TO PROPERLY SIGNAL CONIRL
PACHING ON 1 OF 3 PUNP PLUNGERS FAILED
DEFECTVE PARTS IN EGM CONTROL BOX

EGY 80X FAILED DUE TO DEFCTVY TRANSISTOR
T¥Y OFCTV XSISIORS IN GOV EGM CONTROL 8OX
UNIFTERMINED

FAJLTY RELAYS FOR FCV74-AT7 AND FCVT4-T77
OIL RELAY VALVE DID NOT OPEN FULLY

BENT CONTACT ARM ON RELAY (MANUAL STARD)
TUIR STOP VLY PILOT PISTON WAS MALFUNC ING
CONTROL COMPONENTS OUT OF CAL-WRONG LOCTN
CONTACTS IN AUX DIL PAP CIRCUIT HUNG UP
REANTE SERVO OUT OF ALIGNMENT ¥ GOV LEVER
LEARING STEAM DISCHMARGE LINE RUPTURE D ISk
GNYFRANGR EG~-R MALFUNCTIONED

INPROPER SPEED REF VLTG TOD EG~m CONT BCX
LINITORQUE ACTUATOR,NOD SMB-2,BROXN TEETH
DEFECTIVE PRESS. SWITCH

QA4P GEN AND SIGNAL CONVERTER OUT OF ADJ
POJER SUPPLY TO GOV FAILED-RESISTOR FAILD
TRIUBLESHOOTING WRONG TERMINAL STOP
QEPLACING WITH IMPROVED RUPTURE DISK

PAGE 22



USE DESCRIPTION

PERSONNEL TESTING WRONG RELAYS

10 REMAIN SPIING IN TRIP MECHANISH NOT COMPRESSE
CRACK DN C

MIGH RUPTURE DISC PRESSHRE TEELON SHEET PORTION OF DISC FAILED

REAR SuUP® PED, MELTEVED TO AE CAUSED BY A WATER MHANNE

FAILED EXHUSTY RuUP, 21 sC TEELON SHEET PORTION 3 DISC FATLETD
WORN OVERSPEED TRIP PISTON
FY4ST RUPTURE DISK FLD=-SOL VLV WIRED W
TURRINE TACHOMETER CIRCULY FAILED
INDPERABLE I S EXMAUST LINE ELODDEN S4e® FLODDING CAUSD HOTWELL PUNP FATL
~aND. SASCT ELINDED TURA, SUMP £ MOTWELL PUNP
STEAM CONDEN, RUOTUIED GASKETS ON CONDENSER
NN PROVISION FOR EXMAUST LINE DRAINAGE
SYSTEM FAILED RESTISTOR FAILED IN PWR 5SUP TO EGM CONT
\E TRIPPED MESM OVRSPD EMERG TATET NUT HAD ROTAT
APEN RESISTIR IN GOV PHR SUP ASSEMALT

LINITORQUE SMB-2 TOROQUE SW GEAR PIN AR

YAMAGE SUBSTAINED ( VAI VE IN LUSE OIL ' TwF JasS NOY OPENED

,Q;Vklanxn FALLED TO REACH TAP NNRNAL JEAR TO VALVESSEATING SURFACES

TRIPPED MISINTERPRETED PUNP LABEL ON TRIP BREA
PUMP TRIPPED SPURIOUS SIGNAL MG SET GEN STATOR TENP
-‘7;;[;;;.__ WRING RELAY OPERATED
CouPr BEA PPORT PED. QELTEVED TO BE CAUSED @Y WATFR MAMMER
';'—y_;;u ;J’Y JRE DISC TEELON SHEET PORTION OF DIST FAILED
ATOR TEMP ON NG LNISE CONNECTION DUE TO VIBRATION

JPTURE NIST TEFLON SHMEET PORTION OF DISC FAILED

PAGE 23




68l

L Lt s

@ e 0o o0 e

o oo o oo

o o 0 o0 o 0 e

o

| mZwr

8F3
LLE
L1 ]
AF3
8F3
LLE
ar3
8F)
L}
8F3
8F3
LIS |
BF)
LD}
LL3Y
ARl
ARl
99
LLS}
arl
arl
LD

L L
G B8R}

LLD

CONTROL
NUMBER

015055
015937
0160%8
015057
0150%9
016268
0136137
019892
02181319
023195
031578
03202%
032542
01902%
016841
015854
016856
2181674
0181678
013272
019493
019817
CLin79
D19842A
0138429

bate

082476
082674
092176
092378
100176
103078
0708772
0o83or?
070678
112478
067980
071480
090180
os29r?
112178
120374
010577
060177
061877
093077
102577
119877
110577
111077
111rr

| B -

I 9RO

S O ™ X © % % % ©Z " A ™ » O T Z T 2”3 =z 2

3
L
oY
oM
3
Py
P
pY
3]
L
L)
°D
ot
PY
)
pm
om
Py
P
PR
3]
3]
PY

I A e

1| O3

ALR
813
c1s
813
co2
DOs
813
ci2r
n13
D13
013
N3
000
813
A1l
813
800
813
Dol
800
013
a02
nol
R00
A00

| MO -

-V -

“w

L I T I I L

Rl ]

L i T I I

| 2Cx

1 v
LR

- o ew o X e e o M B e e e o m X W e A ™
S 8 0 = 0 € © O Q@ = - 0O QC O = = 9 = O = QO C = -9

ALL FAULTS CONSIDERED IN PUNPS

-

MODE DESCRIPTION

RUPTURE DISK ON STM DISCH LIME FAILED ON HPCT S1U

Hecl
HeCH

CAUSE DESCRIPTION

e e T T PSP ———

IUQOIN! CYCLED Ow~ S'llf ur
SN“' OIL PMP PESS. lﬂ' CAUSN Glll!lt TURRINE

RHRK Pﬂ' !C 'lllo TO STARY ON lolllt 00.!!

RCIC

COﬂ'DOll!I FAILED TO Cﬂﬂ'lOl SPIQO

18 l!C’lC VII'PD DUE TOD BURND CﬂtlEC'l RING TN NG

HPCI
HPCT
L LA |
RCIC
RCIC

luillﬂi SVl Sue 'l'oft'-?’-IOoflllED ) OPEN

IU!III& S'EE' COQllﬂllEl Iﬂ“l' '07 CONT Tyes

PUNP 'll"tﬂ DUIIHG S“l'tlllllt! TESY

-

rune TRIPPED ON D'flS'ﬁED
lUlll!! TRIPPED ON 0'!!8'!50

30 AHR ’Ull TRIPPED ON l'S'll'lﬂ!ﬂﬂS OVERCURRENT
ar IGCIIC 'Uﬂf IllPP!O
DIESEL FIIE PUNP Flllfo 70 START OUllIG REFUFLING

Ll |
RCIC

STN SU'O&V Vl'o!‘l FOOI- WOULD NOT OPEN

STh ISOLIYIOQ 'l'oi’l-f°07o FAIt!D o JPFN

- ——

1A RHe FAIlD 'ﬂ START-=MANUAL S'llt Flllﬁ ALSO
1A RHR OID NO' Slll' ON lU'O-SlG‘Al
2A RMR 'll’PD 006 TO OPERATOR KI'IING SWIiCH

RCIC

'Ullllt TRIPPED ON HI EXHST 'IQSS DURING Sru

-

1A RECIRC TRIPPD DUE TO RECIRC NG SE' TRIPPING

RHR 1A DID NDV START) COVER LOOSE G-EUNIACIS cnean

HeCt
RCIC
RCIC

'Ulllﬂi TRIP DUE DIL PN» Y.l"Suo.'ED anrne
IUIOINI TREPPED DURING MANUAL Sllll ue

-

TURBINE TRIPPED ON MI EXST DURING MAN STaeT

- ———

CHY VLY [N EXMST LINE Linl*NG

GROUNDEL CONNTZ . ON GOV (iGN BOX

LEARKING UNION ON SUCTION OF DIL PUMP

OPEN CABLE IN RMR LDGIC

ARICEN WIRE IN GOV SPEED SENSING CIRCUIT
CARBON BRUSH WORE TOO SHORT

TORAUE SW GEAR ASSY, SMB~2,REPLACED

OPEN RESISTOR IN GNVENNOR POWER SUPPLY
FATLED wesISTOR IN POWER SUPPLY TN GOVEN,
OIL Lean UN ELEC-GOVENDR-REGULATOR
VILTAGE SUPrxtSSOR TN EGM ANY FATIEN
POSSIBLE INCORRECT SETPOINT OF RELAY
CAUSE UNKNOWN

Z SALINY LasieS LOOSE; 8 BATIRY WAS OISCH
seuUsHeS IN VALVE NOTOR WERE STICKING
LOISE WIRE ON VLY ROTOR OPEN CONTACTOR

w1 CAUSE DETERMINED

STICKY CONTACTOR ON CONTROL SWITCH
ACCTIDENTAL BUNPING OF CONTROL ROOM SWIICH
ND CAUSE GIVEN

L LUBE OIL PRESS. DUE TO CONTROL VALVE
CNINQDED DUF TO WATER LEAKS

HI WATER IN HMPCT ROOM DUE TO PMPING ROOMS
NO CAUSE FOuUND

N CAUSE FOUND
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IN PUNPS

MODE SCRIPTION

STRING ’ J CAUGHT AND TRIPPED
NO CAUSE DETERMINED FOR OVERSPEED
10 CORAND TATESSYE MTR IN ROOMIDCT.TT) waS CAUSE

) FALSE MECH. D INDICATIN FS% ACTUATOR CORRODEDJLEANY VALVES

WOULD NOT if;‘| AFTEQ TRI® FYSFSSIVE PAINT AND DIRT ON TRIP LEVER

PERATE PROPERLY WATER [N HYDRAULIC FLUID CAUSED CORRDS
. GIVENDR SSEMBLY OUT OF ADJUSTNENT
CIRC PUMP TRIPPED OUE TO ’ & MISSING LOCK NUT ON LD ADJ CAUSED DRIF
V-';-”,}VJL;';JI START i INTERNAL PwOBLENS IN CIRCULIT 3xn
TURBINE NOTICED TD SUSTION PRESSURE SwITCH FOUND DUT OF
! MEN WORKING ABOVE TRIP MECHANISH
LOISE WIRE ON RTGS CONTROL SHiITCH
CAISE UNKNOWN.BXR RESET AND PUMP START
STROnE TINE FOR STOP VALYE WAS 10 FaASTY
STANKE TINE FOR STOP VALVE wAS TD Fasy
RC PUMP TRIPPED ' SRES PRESS SW SET TOO WI WITH ERRATIC PRESS
TURBINE TRIPPED DUE TO MIGH EXHAUST PRESSURE EXAAUST LINE CMECK VALVE STucx Swurt
v,a;i§;»:;};AQRI;;_;;—;;;;E;';:-)9-1 FULLY PERSONNEL ERMOR-NEEDLE VLVS impw
) OPEN VALVE MOTOR WINDINGS FAILED
LEAXED HOT COOLANT REACHED SEALS.CRACKED
LEAXED MOT COOLANT REACHED SEALS,CRACKET
) DPERATS AUXTLIARY RELAY PLUNGER BROXE
PUNP LEAXED ANT CONLANT REACHED SEALS,»CRACKE SL FCE

ON OVERSPEEL JRING START DIAIN DOWN OF INTROL JIL FROM CONT VALVE

DURING STARY NRAIN ONN OF CONTROL OIL FRDOM CONT VvALVE

ED ON OVERSPEED

PALGTE




JOE DESCRIPTION

TRIPPE IN OVERSPEED DURING STARY DRAIN DOwN OF CONTROL OIL
IN OVERSPEED DURING STARTY DRAIN DOMN OF CONTROL OIL FRO™
GH EYMAUST PRESS C4¢ VLY FOAD JANNED PARTIALLY

JRBINE TRIPPED ON OVERSPEED DURING STARY DRAIN DOWN OF CONTROL OIL FROM

IR B INE { IVERSPEED DURING STaRrY DRAIN DOWN OF CONTROL UIL FROM

we C B 4 )= =1 NG SET INOPERALE NN PROBLEM FOUND wiITH NG SET
RBINE TRIPPED ON OVERSPEED DURING STary RAIN DOWN OF INTROL OIL FROM CONT va
sTAaRY RURNED OUT XSISTORS IN GOV VLY CONTROL
TRIPPED ON HIGH ExHAUST DISCHARGE CHX VLVY,FOSR0.,DISC BLOCKING ¥
?5}335—?~-['\;'{:3:_oars? OPERATOR DID NOT FOLLOW EMERGNCY PROCETL
SEALS FAILD FOLLOWING REX SC 4 NOT STATED AS TOD REASON
OVERCURRENT RELAY "508"™ FAULTY
EXYMAUST STOP-CHECK VLY NOT OPENED
PUNP SEALS FAILED DUE TO THERMAL SHOCK
0 ;;;;;::;;;-E;;a1l~ SPRING CHARG, SPRING MANJALLY CHARGED.BxR CLODS
NOT OPEN YALVE OPERATOR FOR FOAS wWAS BURNED uP
AUTD STARTED BUT THEN TRiIPp IN Ml DELTA T B ALODG MHEAT WAS DFF-THEREFORE M1 DELY
FOLLWY SCRAM NPERATOR DIODN®T (HECK MAN. SPEFD SETII
TEMPERATURE TISOL X ALOG VENTLTN WAS ISOL-HI HPCI RN TE
A;"“:,IH'N PERSONEL LEFT SWHITCH IN OFF POSITION
WATER ON RX LOVYSE FITTING IN CONT OIL LINE TO SERVI
HPCl SPEED C DECECTIVE EGHM UNIT-GROUND IN EGP ACT C

IRIPPEN TRIP THROTTLE COULD NOT BE RESET, UNKND WY

SEVERE OSCILLATIONS WHEN ACCELE®ATIN SFT SCRENS ON SPUR GEAR ON REF SPEED L (

Q4R PUMPS 23 AND 2D WOULD NOT START FROM RTGH PIIR CONNECTIONS ON FUSES & FUSE BOX
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JESCRIPTION

ADJUSTING SCREW FOUND S TUuRNS DUY
BLIYN FUSES DUE TN SHORT BRUSHES
BLINN FUSES DUE TO SHORT BRUSHES
FUSFS BLOWN IN VOLT FEEDRACK CIRCU
FUSES ALOWN IN VYOLY FEEOBACK CIRCu
WIRF COMNECTED FOR TEST, CAUSED TR
INCDRRECT VALVE LINE-UP
ALSD FOUND S PEASONNEL DIDONT VERLFY POSITN AFTER A ImT
DITDE ¥RL IN SPEED REF. CuT, OF AMPLIF IE®
FLIW CUONMTROLLER DRIFTED UPWARD & ™Ma
STATOR WINDNGS MIN., CLEARANCEITEND TO
FLIW INSTRUMENTS CALISRATION wAS TDOD
CIM . FINS HIT WINDINGS (SAGGING)
R-14 § R=1% IN PCB. ASSY FAILD FROM
INCND N
~=TEMP.SWYITCY SWITCH TRIPPD DUE TO VIBRATION:TYPE
MOTOR MAX ING NOISE ; INGS FAILFD CER ND.PA2IBOTSe THHP ., 4B0VAC
"DUE T0 FALSE OP.OF NBI-LIS  MOISTURE IN MODEL 4418C SWITCHpLEAKY ¥
BEARINGS REPLACED
STARTED BUT DID C ( GIVERNDOR EG-R ACTUATOR FAILED TO OPERA
TIATED ON SCRAN BUT DI SPEED VITAL PR FUSE BLOWN AND CONTACTOR DOS
PUMP STUFFING BX ) ¥ BLE4 DOUY MIVENENT OF INSUFF CONTAINED GLAND FLW
"ATSBLL PUNP FAILED TO MEET REQD ¥ PRESSURF 3 IN LIEY OF S PRG RINGS INSTLLD BY NF

IGNIF DISCOVD BLKING F C R 6 CASFE NOT TGRQD CORRECTLY BY MAINT PRSN

TURB I Nt SPEED TAO000RPH LED STEAN LINE 1SN DOIS 7AGT77 READING MIGSENSING LINE BAC
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£ DESCRIPTION CAUSE

CANP GENERATOR MISALIGNED DUE TO ORIFY
TURAINE STOP VALVE OPERATOR RALFUNCTIOND
SEAL REPLACED
BRCAXER FAJLURE
wOULD NOT J ) LEAXING TNTERNAL SUCTION AND DISCH VAL W
[HP INGHENT OF FOREIGN DBJECT ON THe WMEEL
GOV CONT CKT SET HIGHER THAN QVYRSPD TR P
MPCT STOP VALYE FAILED TO OFEN
IN REQUIRED TINE PISTON IN MECH OVRSPD TRIP WAS UNDERSI ZED
DED TS LNT. 9 6 IXG FRN RECIRC PHP B SEALS, CORARSN PROCTS
| IC RELAY FL1-KT708 DID NOT TRIP AS REQ.
DIATY AUX CONTACTS ON 4xy CXT Bxh
MPZT SPEED CONTROLLER RELAY MALFUNCTIOMES
MI FLOW PDIS SETPOINTS WERE INCORRECT
EXCFSSIVE OPENING OF L.D. THROTLE VALVHES
S IN FLOW DU YOLY, REG. FOR MG NAD DPEN IN TRANSFOSNR
FLOW RATE DIy YOT PEACH RE L (MPROPER ADJUSTHENT OF THTL SCREWS
“-;f,v~af_;;;.;;5“ ) 5 NEAR TO TURBINE SHAFYT DRIVEN IL PUNP
TAROTTLE ADJ SCREWS FOUND OUT DF ADJUST.
WRIUNG SET SREWS USED IN RDOSTER Pump
SHIRT IN PUNP MOTOR
LEAKING OIL SEAL ON TURBINE STOP VALVE
N CAUSE FOUND FOR LDSS OF LUBE DIL LEVW)L

WOULD NOT COODED CONTACTS ON RMOTOR OF LIRIT Sw.

PUMP INDPERABLE SHMOKING Px5 METALIC PHG SCORED SHMET SLY AND DISTYORTED
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L FALLTYS

ONSIDERED IN PumP

MODE DESCRIPTION

PUNP PACKING OVWR MEATED,

CASRECIRCULATION PUMP SEALS LEAKING

MPCT TURBINE FAILED TO TRIP A

T MGR FAILED TO BRING

Hecl SUCTION PRESSURE

LI

7A YOULD NOT

SEAL FOUND LEAXIN

LI

MPCI CONTROL VALVES FAILED TO OPEN

"A" RECIRC PUNP DID NOT RUNB JRIN

HPCT FAILD 70

RCIC

IN MANI

)2C TRIPPED DURING

SPEED WODULD NOT

RHMR PUMmP x.n_"

RCIC TURBINE

BEGAN

TURd

COMPLETELY

FEED

CONTROL mOTOR

AFY

MIGH

nE

L™

DESIGN COOLANTY

1.

4
’

srs
SEAR

£2 S

FUNCTIONAL 7

M ING

nvesen

LAST
ECC

SEAL

PUSP LAST PXD JL7167T76,

DIRTY CONTACTS IN &xy $ BREANERS

LEANING MECHANICAL

LEYL DPEN CKT IN COIL OF TRIP IMTL §

TEMS BIRTY SWITCH IN XY BXR FOR PUNP

2809 LNSS OF FROM MTR SPD CHNGR AND

DRIFT

PinN

INSY PRESSURE SwiTCH

nF

CAISE NOT STATED

CAJSE UNKNDWN

SEAL FAILED DUE TO DIRT ON SEALING

ARONEN WIRE RESETY
0F

aueRs ON

ON THE TURBINE

STERW THE VALVE wAS BENT

CYLINDER WALL AND PISTON

TST OPERATOR TURND OFF CONT.PuR TO ™aA"

MPCT INOPERABLEIFAILD PuR SUPPLY IN

CRAY WITING ERRODR ON THE TURBINE GOVERNDR

SLI®PD CAM IN LATCH ASY. OF aChH

L7 ¥NIN DRIVE GEARS (UuPPR L LWR BUY INGS

ELEC OVERSPD INST CONTAINED MALFN X5I

COMPONENT FAILURE - NO PROSBLEN FOUND

RECALIBRATED MECHMANICAL OVERSPEED

VIARPATION CAUSD VALVE TO UNLATCH ON 5

EST PUNP WAS FIRED INCORRECTLY

PERSONNEL CUT CABLE TO PUNP (DUR

AT OF ADJUSTANT TRIP LINKAGE ON MECH
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ENl
EN)
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EN2
EN2
EN2
FN2
EN2
EN2
EN2

Cﬂﬂllgl
NUMBE

VENT
ATE

-

013643
02002)
029153
021481
0253869
026419
027418
030243
031141
031265
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031658
032130
0315718
032720
022023
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couLo lﬂ' ltSE' RCIC TURBINE ; lll’-'ﬂ.ﬂlli VALVE
RCIC TU'.I!E 'll' THROTTLE VALVE FAI&D TO REQPEN
HWeCl IUOD GOVNOR STUCK,MANUALLY HAD TO FORCE 5OVNR

CORE

WPCT PUNP REQUIRED 1O BE SECURED OUE TO VISRATION

ALL ‘lﬂl'! CO'SIO&!ED N ’Uﬂ'i

MODE DESCRIPTION

-

-

SPRAY PUMP FAILED TO STARY (1M

1C RHR PUNP MAD EXCESSIVE LEAX

RCIC

luﬂllli TRIPPED ON KWIGH !l"ﬂ!l Pl!SSUl!

e Q((llt PUNP TRIPPED WMILE AT POUG.

L LA |
RCIC
HPCI
eCIC
HPCI
HPCl

Fllllo T0 S'll' AFTER REACTOR SCRAM

PURP TRIPPED ON MANUAL START

-

TURB INE S’EE' CONTROL FOUND !lllll(

tUlllNE !Il"tl FOLLOWING A l!l('ﬂl scran
FlllED TO START AFTER REACTOR SCRAM

TURBINE FAILED TO TRIP AY OVERSPEED SETPOINT

“D® RHR PUNP VIBRATED OUTSEDE ASWE CODE

DURING HPCI PUMP 0P

RCIC
HPCL
HPCl
RCIC
HeCl
RCIC
Hecl
Hect

TEST.HPCI SYS ISOLATED
T START MANUALLY
QUICK START

TURBINE FAILED
PUNP FAILED 10
PUMP FAILED 10
PU“' FAILED '0 RUN = RUPTURE .lsc RUPTURED
PUNP BECANE INOPERABLE
CONDENSATF PUNP TRIPPED

PUMP AUX LUBE OIL PUMP TRIPPED

AUX LUBE OIL PUMF TRIPPED

-

- -

D' RHR PUMP FAILED TO START ON LOCA STGNAL

-

START-TURBINE STOP FAILD TO 79

PAGE

CAUSE DESCRIPTION

DIRTY CONTACTS WOULD NOT ACTUATE VALVE
LNISE BRUSH SPRING ON OPERATOR NOTOR
DAYAGED ELEC. CONNECTOR ON FLEX cowDult
CONTROL SwITCH MAD BROKEN POSITION STOP
ACTUATOR ON TURBINE CONTROL LOOP FAILED
METHMANICAL SEAL FAILURE

CLYGGED MANUAL CHECK VALVE

GRIUND IN CONTROL CIRCULT

SPURIOUS HPCT HIGH STEAN FLOW SIGNAL
SELTEVED TO BF OVERSPEED TRIP,UNKN CAUSE
RAMP GEN IN EGM FOUND DEFECTIVE

EGR AND LIMIT Sé ON TRIP VALVE MALFUNCT.
MI STEAM LINE FLOW SIG DUE TO TURBINE CON
WEAR TO TRIP DEVICE CAUSE SETPOINT DRIFT
WRING REFERENCE DATA USED

CAISE UNKNOWH

SET POINT DRIFY OF OVERSPEED TRIP

WITE ON CONTROL CIRCUIT NOT RECONNECTED
WATER CONTAM OIL - SEAL LINE LEAKING
DISCHM CHR VLV DISC LOOSE - BLOCKED FLOW
VAT AND CONDENSATE PUMPS TRIPPED
PERSONNEL STEPPED ON MOTOR CONNECTING BOX
HOTT PUMP WAS BEING SECURED INCORRECTLY
TINE DELAY COEIL IN BRR FAILED

VIRE MISSING FROM TERMINAL NO.7 ON REL Y

30



THROTTLE VALVE
SPEED CONTROL
FAULTY axa DC CHARGIN NOTOR BURNED

INI TESTY PASSE JASEQ TESTS, CAUS

PARY ENMT REANJUSTD TO FULLY NGAGE
LEAXS CAUSD A LOW OIL LEVEL E5YS. PRES Sum
IN SIGNAL PAPEw MAD FALLEN BETWEEN OPERATR INTACTS
Ml STEAN FL M SYIRAER PINS WERF REL

URIN FLOW TEST MANUAL EXHAUST VALVE FulLy CLOSED

ICATED

IVERCURT £NT WATER LEAXAGE INT COMTROL CABINET
M RUSTY LINKAGE CAUSD BY STEANM LEM
DURTIN TRANSE AUS 10200 FAILD TO TRANSFER TD RECER, Pynm

SIGNAL SNUA FLIV SNURBERS ELIMINATED THE PROBLEN

T TRIPPED ON LOW OIL PRESSURE FATLURE OF THE DRIVE TO THE J1L PUMP

BT PROBLENM | ED SPEED WIS RFEZIRC PUMP CONTHOL CxXT PROBLEM CAUSE
AUT.OIL SUMP INSTALLD PER VENDOR F.D.I1.
>ED BY OVERSPEED TIL LINE FATLURE-MI FREQUENCY VIBRATION
5YS LEAXASGE PACHING DEGRADED | TO AGE AN wEAR

- TURBINE WOLDNT DPEN TNDIQ SwITCH RESETY SO wauLD PERATE

NADVERTINTLY TRIPPD.LOST ™a™ PUNP DPERATOR ERROR DURING TEST

ALLOW CLNG CUNO FILYFR CUMD OIL FILTER CLOGGED

13M0V131-~LOST SPEED CONT DIRY ON CONTACTS CAUSD LOSS OF INTINU ITY

RENDERED INOPERABLE COMTROL POWER FUSE HOLDER wWAS BENT

ED TD START PROPERLY LINIT SWITCH NOT ADJUSTED PRODPERLY

PRIMARY £ Y1 6 CH SPEC-9%GPN RE“TRCULATION PUMP =A™ SEALS LEAXKING

saGE 31




CAJSE NOT INDICATED
PUNP SEAL FALLEDy SYS INTPERR ING-RAND TYPE LOSH RECURING BANG FAILR
FUCI COND PUMP BANG FAILEDs SYS INOYERR ARG FAILURE ON ING-RAND TYPE 10SM
4PCT TURBINE TRIPPD ON OVERSPEED FOLLOWING MAINT, PLASTIC FRAGMENTS FOUND IN OIL INLET PCRY
STay Lio ¢ 0 INS20PER VENTINGZFILL OF SUCTION LIN
EXCESSIY W TO HPCI ISOULATED MPCT FeOm R EXCESSIVE STEAN FLOW TO HPCH ISOLATED P
TIa ACCEL RELAY AUX CONTACT ASSY DISLOCATEL
CONTROL VLY CORROSION AND CRUD OM VALY STEM aAND Pl vOTY
EXHAUST LINE PRESSURE RAISD TRIP SETPOINT FROM 25 T0 40 *5I6
RCIC ( STEAR VOID IN DISCH PIPING = VLV LEAXAGE
RCIC STEAR VOID IN DISCH PIPING -~ WLY LEAxACE

GOVENOR IN LOSS OF DT FAILD RESISTOR

HPCT GOVENOR END BEARING MAD MIGH TEMP AND VISR, WORN LUBE OIL PUNP DUE TO WRONG METAL USE

CORE SPRAY PUMP FAILED TO STARY £ FAILED - LNXGE TO AUX SWITCH BINDINEG

CORE SPRAY PUMP FAILED TO START CO FAILED ~ BURNED CONT RELAY CONTACTS
RECIRC PUMP SEAL LEAXED EXCESSIVELY N CAUSE GIVEN = DTMER THAN LEAXY SEAL
RX RECI D NY CAUSE GIVEN ~ OTHER THAN LEAXY SEAL
8122 CNIENT 5 ( G 296 PIECE OF wOOD WEDGED IN EYE OF PUNF
Al COMPONENT: LNTGE BET BOURDON TUBE AND SWITCH DISCONN
PONER BRKR TRIGGER WAS NOT LATCHED
COMBINENTY NIL PAP MTR BRXR HAD LOOSE FUSE MHOLDER
FEEOWATER PuUmMP (MPCI DMPONENT ) LNCGE BET BOURDON TUBE AND SWITCH DISCINN
(HPCT COMPONENT) AGASTAT FAILED TO FUNCTYION PROPERLY
-[EZIV SEAL STRNR LFANS IN SEAL STRAINR AND GEAR BOX

SHUTONN COOLNG PHNP TRPPD DUE TO LOW S0CY
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ONTROL
NUMRER

Y108 34
31,,"1))
¥121330
013830
D13830A
D16STS
DIaeTT
231184
23119%
32%518
')?l.",

0298254

027495
000673
000641
NO09133
000989

0100%1

EVENT

L10477
012079
0A2280
LU R A
80172
0618713
101874
021175
2304675
12127
121279
042375
111076
1124678
1202748
0322719
041979
0%¢.79
110379
121271)
122471
DIZATA
DA16TS
042774

-

(PR E—aE——

ALL FaATS

"ONSIOERED IN PUNPS

LEAR G&T., SGPM FORCD POWR

REDCTIN #0195 RC ruwe

LOST POMER TO 11 FEEDWATER 155 NF Pyv
LEACAGE
ONTAINNENT SPRAY PUNP FAILED

BRER FOR 1 STBY LIQ CONT PUNP RACKED WI=OT4ER PpW?

STARY
TO START IN AUTD
START 1IN AUTO
DEENERG 123V DC DIST CTR - LOSS OF 3 RECIRC Punes
FEEOWATER PUMP TRIPPD DURING LOAD TEST OF SATTERY
INBOARD SEAL ON CORE Y NZOLS CRACKD 36P% LEAX
C AY PUMP 510 DID wOT

¢ Y PUAP SIC FAILED TO SYART
"W
CORE (4710100
A FEED PUMP DID MOV OPERATE AFTER SCRAm
BEC FFED PUMPFS DID WND JPERATE AFTER SCRam
START, LODOSE Fuss

TURB I NE
TURA I NE
TURS I NE STEAm FL

TURBEINE ISOLATED AFTR COLD QUICK START ON HT FLOW

SEAL FAILD RPLCD SEALS OGN flis0)s P

RESERYE PyR BRER FAILED

NITMAL WEAR TO SEM

10

CLOSE

DITTY CONTACTS ON BRXR POSITION SWITCH

NNJLD NOT START - AUX COMT PREVENTED OFE

SRINEN WIRE TO XEY LOCK SwiTCH

STARY CIRCULT FAILURE ~

UNTYER INVESTIGATION

TINE DELAY REL W™

ARCR TRIP BAR FAILED TO RESET ON PREV P

PERSONNEL DID NOT FOLLOW PROCEDURES

PERSONNEL ERROR FULLOWING PROCEDURES

CARAODN ROTATNG WASHR CRACKD CAUSE UNKNwN

CA TRIP LATCH FAILED TD RESEY

FYZFSS FRICTION IN POVWER
EXZESS FRICTION IN POwER

-

.

IRCULTY BREARERS

IRCULT BREAXERS

LNSS OF GENERATOR FIELD,FAILED POTENIOPEY

FUSE FAlLURE
CAISE NOT STATED

8BS DE-ENERGIZED

PERSONNEL MAMIPULATING FUSE FOR TEST

SHEAR FAILURE IN THREADED

LINREGE BETWEEN TRIP VWALVE
LOCAL SPEED PLY.

NPEM CxT, CAUSD BY FAILD

PIPE SECT

AND OS5 Tale

RAN® GENERATR OUT OF CAL GAVE M1 FLw N0

AT® ACCUMULATES IN HYD.CYL
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ALL FAULTS CONSIDEIED IN

PURPS

MCTF DESCRIFTYION

- 1 "

OUTBOA®D [SC VAL/E ndVL1?® ¢ FALLD YU U-EN

- ———

TURBINE SPEED M7 N[+ BE CONTROLLED

reew Sud cans rrenbdae ceen Sone

RCIC TRIP TURATILE VALV WOULONT RESET

T

AFTR TRI®P(q
STEAR SUPPLY ISL. "LVE MO=i3=15 FA LD

: TRO-33-15 FALLD 10 GOt
wect ‘ua;ii:ZETt LEAK ON WPCI OIL CONTROL VALVE
TURYNE_TRI®PD ON OVERSPEED) AUTO STAST sty e
UNTY 3 mBW, <ieRNE BLOCKED FOR 2 MRS,

aux 0|-'3533'ru’ WPCI SYS FAILED 10 START

"R RHR PUMP ﬂotnn .totllsncto SHORT TG Gcenuvn

DURLN 155';{lcsnt [SOLATION TEST, WPCI ISOLATED 8y
PURP FAILEC TO START

T
T -

SIANO!V t'ﬂUID CJN‘!D&
'9 - fll"o H'Cl 'Ul.!'! FDllOUIlC scRaAR

Ml S'ﬁt'

TURB N SPE!‘ Ceﬂtlol !lll'lCIlC!C WAS OUT IF SERY

HPC. #LOVW cg\(atti‘ii 3-23-108 DEFEC TIVE
STty llOle\tOﬂl'ﬂL NP ’.'.0 our o‘ SERVICE
STANOBY LTQUID CONT ~UMP 3A DECLARED INOPERASLE

MPCI SUMP FAILED T. RE4CH RAT- FLOW

-

HPCI PUNP APPARENTL' TRIPPED CN OVEIS'!EO

- -

L -IMP TRIPPET WMILE 'lOVIDllG SIB COOLING

- ------~.---.---.--..---.--cc' o

POMER CTR oy <. = ~iT TRIP - LOSS OF
RCAC VURBINE OF. FRESS LOST WHILE OPERTNG IN TEST
MPCL TURBINE (RIPPED ON OVERSPEED DURIAG START
RBCCW PURP TRLPPED BY 480V WOTOR - ATeOLLER

RBCCW PUMP 202-C TRIPPED BY OVLD RECAY *™N WIR CONT

- T - -

“Cfu tUQPS DID NOT AUTO START

-

*h

Cs JE DESCRIPTION

MOTOR FAILURE JREPLACED DURIN SHUTDOWN
FATLD ELECTRONIC PARTS IN SCCED CONT.SYS.
SROUNDED WIRE ON TRIP SOLENDID

“TLD CLOSE TORQ SWITCH DAMAGD LVE WO TOR
VERN IS DIFPHRANE REPLACED WIVH NEW DI APH
NESCALIB®4i[ON OF TURBINE SPEED CONTROL
WERT™ REN:D NIT 2 UASTED OF ©HIT 3 P#7S
GAIUNO IN MOYOR
RASDOA INSUL*TION FATLURE
A TRANSIENT =~CAUSE NOT IDENTIFILED
A4 PHASE TRIP DEVECY MARGINALLY ADJUS TR
RAPID DPE.ING OF TURBL.F STOP VALVE
BENT LIFY P05 IN TURIINE CONTROL JALVE
CIRCUIT BTa"" “Gudb é FhLLE
TEPLACE FACKING PREVNTY MALAYEVINCE
M- L CUY DEPRESS - CHeIMC YB.V- FAILED OP
HMISH AF) LOW SPEED POTENTIQSEIERS 00C
GOVENCR ¢''f OF CALLBRATION
AR FAN EXPERTENC D FATRGUE FAILURE
LOADED PC SIMULTANEGISLY V. SEQUENTIALLY
V0S| GEARS N AVE TRAIN OF SHET L.D.PLMP
TEST ®ROCEDLRE USED WAS INADEQUATE
OVERLOAD RELZV: NOT FUNCTIONING PROPERLY
THIRMAL HTR (N CONT NOT HI ENDUGH AMPR IGE
PRESS Sw WALFUNCTION-MICRO SW OUT DF ADJ
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ALL FAULIS CUNSIDERED IN B 'WP5

- -~

A

v ; ¢ it

L sconare ‘ 9

NoCONTROL EvENT E R D 3 b 10T S
L A O R B e O R NI N  caccs SesmeeetAUSE BESCRIITIS Rt
PIi 011741 110874 O PT DUG § T U RCIC STEAN SUPPLY LINE TSULATED DUE TO SPURTOUS S M) CAUSE TDENTIFIED
PI1 012441 031975 0 oW 818 1 T U A% CORE_SPRAY PUNP TSIPPED ON START FASLTY MOTOR WINDI®~~ - INSULATION
P11 013113 060875 O PT 00 | T U OVERSPEED TRIP OF TURBINE DURING STARTUP MO APPARENT AUSE
PI1 0196410 032377 4 PN OI3 T 1 U G “E® RBCCA PUAP INOPERABLE - BKR TRIPPED ON JWLO  NVERHEATING NF BLOCK TYPE OVLD RELAY
PI1 012593 100977 0 PM 813 S 1 T D CORE SPRAY PUMP P-2158 FALLED TO START INZ09RECT LOGIC CLSNG SCHEME FOR CIR 8RKR
PI1 020675 030STA M PT 809 S 1 N T TURBINE STOP VALVE FALLD TO OPEN AFTR REACTOR SCRY DIRTY DUPLEX DIL FILTER
PIL 020884 032374 D W RI3 S 1 T 0 CORE SPRAY PUMP A" DECLARED [NOPERATIVE LNISE CONN ON SPRING CHARGING LINTT SYICH
PI1 021395 123078 W PT 015 1 T U WPCL PUAP TRIPPED IN FULL FLOW TEST DIL FITTING LEAKED AND LOST LUBE OfL
PI1 025165 021479 W PT P.3 S 1 T U WHPCI TURBINE TRIPPED DURING TEST CASKET ON GLAND SEAL CONDENSER RUPTURE y
PIL 025707 041579 0 OT LI3 S 1 T D RCIC CONDENSATE PUNP TRIPPED 84D RELAY IN PUNP START LOGIC
PI1 031177 051330 D PM BI3 T 1 T D CORE SPRAY PUMP P-2138 FAILED TO AUTO START BCR 152-607 EXPERIENCED & TRIP FREE 0P,
11 031557 053080 0 PT €13 S 1 T 1 RCIC qu;EiE'EEEE'Z;B';iiiifii'iii-iﬁv MEET T.S.  AUTO FLOW CONTROL FOUND FAULTY

01 002210 101972 D PN B13 S 1 T D 18 CORE SPRAY PUNP FALLED T0 START DURING TEST 1% ADJ AUX CONT [N BREAKER NO. 1622
9C1L 060879 031074 0 ST 813 S 1 T T RCIC INDPERATEVEJTURBINE STEAN INLET VALVE 1301-51 EXCESSIVE WEAR CAUSD CAN AND TRI® LEVE®
9C1 010516 072074 W PT COL U 1 T O WPCI SPEED CHANGR WOTOR INOPER, CONT.POWR FISES L SYS.INPROPRLY TAKEN OUT OF SERVICE EARLER
9C1 014539 032576 U PM C14 1 T T %8% SALC_STS_PUAP WAD DISCH PRESS FLUCTUATINNS INTERNAL CHK VLVS WERE LEATNG
3C1 015194 061776 W PT €13 1 T O SPEED CHANGER WOTOR FAILD 10 OPERATE AIUND DUE YO INADEQUAIe CUBRICATION
3C1 016457 102976 0 PT C14 1 T U OPERBLTY SURVEILNC OF RCIC PWP COULONT WEET TECHS 8 STAGES WERE SEVERLY DAMAGED
9C1 016904 120276 L P 02 U 1 U D AIR LOCKD SUCT WEADR COWNON TO LA RWE LOOP,OTES' € W4T SER WP PHP WAD ALR LINE BONN TO CASE
9C1 020596A 912378 @ #T €09 1 T T RCIC PUAP TURBINE SPEED ERRATIC DIATY CONT LNKGE STICKING DURING OPERA IN
3C1 021437 0%0578 Q #T D09 R 1 T T RCIC PUAP REPEATEDLY TRIPPED ON OVERSPEED TR1P DIRTY BALL AND TAPPET ASSEM. ON 0.5, TRIP
OC1 022190 080778 @ PT DI3 @ 1 T D RCIC TURBINE TRIPPED ON OVERSPEED TEST AALL AND TAPPET ASSEM BENT, REPLACED

3C1 031190 042980 K PN D13 S 1 N D 1A RECIRC PUNP TRIPPED WHEN WG LUBE OIL PUNP TRIS CAJSE UNKNOWN WHY LUBE OIL PUNP TRIPPED
QC2 002211 102172 W BT 800 1 T U HPCI TURBINE STOP VALVE WOULD NOT OPEN CAISE NOT DETERMINED
9C7 010592 0R3174 W PT BI3 S 1 N O HPCI WOULONT START BECAUSE VALVES WOULD NOT 09F®. 250 VDC BATTRY DISCMRGD;CHRGR BKR TRIPFD

PAGF 15



L6l

| ZTM<

e o

L T T - = T S - T T I I

o

| =T v

ac2
Qc2
ac?
ac2
ac2
oc2
QcC2
QC2
ac2
oc2
Qc2
ocC2
Qc2
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012799
ol1zem]
0136G.5
013257
013259
014098
0171356
017257
013540
0205968
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025430
032645
014997
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039286
030734

ik
041873
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ALL FAULYS CONSIDERED IN PUMPS

] ——

MODE DESCRIPTION

CORE SPRAY PUNP 28 FAILED TO AUTD START

HPCI lulllnE STOP VALV WOULDNTY OPE” DU!HG ACT TEST

TURBINE OIIVEN HPCIL PUNP FLOW lll! IHADEOUAfE

-

HPCI SYS. INOPERABLE

RCIC PMP TURBINE IEPY TRIPPING AT 3500 RPM

TRIP !H;OYll Vl'( l!CNANlClt OPERATOR WOLONT 2FSET

HPCI FlOI OCSIIED COULD NOT lE OBTAINED

TURB INE FIILD '0 START DUE 0 EICSSV

RCIC PUMP TURBINE TRIPPED AT 3700 RPM
HPCI TURBINE SPEED COULD NOT SE OBTAINED

-

2A RECIRC PUHP TRIPPED
AT IfCllCUllllUN PUNMP MG FIELD |II OOENED

-

"D" RHR 'UH' WOULD NOT START
HPCI PUN' TRIPPED AFTER STARTING

HPCL PUMP GOVENOR VALVE WOULD NOT REDPEN

- -

HPCI PUMP WOULD NOT INCREASE ABOYE BO00 RPM

-

-

DUE TO BREAK IN HI PRESS 0OlL

L PRESSURE
2A RECIRC PUNP RIG FAILED - lDS' 2h lECllC PONP

CIUSE DGSCI!PIION

LOTSE TERMINAL CONN ON CONT PANEL 902-13
AUX OIL PMP AUTO TRIPPD WHEN EMER OIL PAN
IMPROPER PINNING OF PILOT VLY LEVER ARP
MI PRESS OIL DISCHARGE LINE REPLACED

WORM NUT IN UVERSPEED TRIP MECHANISM
REPLACEMENT TAPPET LONGFR THAN DRIGINAL
APPERRS 10O BE A TURBINE PROBLENM

DIRT CLOGGD OREFICE CONTROLING OIL PRESS.
LODSE TACH COUPLING -~ GENERATOR VIBRATION
TMPROPER TENSION ON A SPRING - READJUS TED
JAY NUT ON ROD END BECAME LOOSE

M5 SET TACHOMETER COLPLING FAILD

FATLED CONTROL PDWER TRANSFORMER

A LNOSE LEAD IN A BREAKER CAUSED FATLURE
HI FXHUST PRESSURE OUR AUTO ISOLATION
SHIRT BETWEEN EGM € EGR ACT OR STUCK EeR
FATLED FLOW CONI®ULLER

PAGE 36
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AR
AR]
ce3
ce3
crl
D81
bal
D81l
0Bl
08l
DAl
LL DY
nal
nal
DAl
nEl
Nkl
DL
0F2
RS1
RS1
Tl
it
AR?
AR?2

CONTROL
NUNBER

013015
0256491
017938
018400¢
022309
019426
019511
012712
0202740
022690
0255254
0255258
025139
027335¢
031610
0148064
0148068
014806C
00osr?
011151
016711
014220
020997+
031023
0310230

EVENT
DATE

oror?rs
052179
0s2917?
070977
080278
101677
1:0877
112977
011278
091578
010379
010379
011579
101579
062380
012876
212876
012878
111273
103074
112378
021774
031878
040760
040790

| MBC RO

1 MOO=

8ol
LI}
800
c1
c11
D04
804
Di3
uol
po1
Cos
uos
801

D13

uol
802
802
802
801
L1}
a0l
806
D13
c1l
c11

MY~
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ALL COMMON CAUSE FAULTS

e

MODE DGSCIIPIION

EFW PUNP PTA KE" TRIPPING ON ﬂ'ElS'!ED

CHEN

-

DISCOVD CHEM ADD PMPS 3A & 38 INOP, PLANT AT POWER
CHEN ADD PUNPS FAILED T0 OEVElOP DISCNIIG! PRESS.

GOVNR ClDSED Oﬂ AFP 1-2

GOVNR VAtVG CLOSED DUE '0 SURGING Vll!l'lOIS
ALL 4 ICP'S TRIPPD DUE TO LOSS OF ll.! KV POWER
BOTH COI' SOIAV PHPS INOPERABLE R/X lﬂ MODE ¢

COOLING WATER PUNP 2 ’II"!D

cone.,

WPl PUI' l 1 FAILED YO DEVELOP SUFFICIANI RECIRS

HP1 PUNP 1~2 ll' NOT HAVE HAD SUF'. RECIIC
RCP 1-2-2 Slll'ib WITH INCORRECTY lll
LOSS 0OF CAUSED LOSS OF

OFFSIYE POVWER
HPl PUH' l 1 BEARING THERMOCUUPLE WELLS
LOW PRESS INJECTION PUNP 1A ~ INOPERABLE

REACTOR BUILDING SPRAY PUNP -~ INOPERABLE (1A}
INDPERABLE (1M)

LOw DIESSUQE !NJ!C!ION PUNP 28 Fllliﬂ TO STARTY

AUX 'lP SEAL RINGS Fﬂoll IO lUSNﬂGS lﬂD BSHN TD SH

HIGH PRESSURE INJECTION PUNP -

RX BLDG SPRAY PUNP FIILEO T0 !!!l'

"A® HllEU'l'U(lf PHP SYI.Y!D WITH lﬂ’lO’l VALY L7y

THE LA i 1c lllEUP PNPS IIIOPED ON IFEI TO STTE PR
VIAINS OF EFN PUNPS CAVIlAlED AF'E. LOSS OF »
BOTH TRAINS OF F'l PUNPS CAVI'IIED AF'E! LOSS NF @

BOTH

ADD PHPS 3A € 38 FOUND INDP FOR PLANT S/U

AllGlﬂ!"
lll 4 RCPS
BROXEN

CAUSE DESCII'IlON

-

WATER IN STEAM LINES DUE TO TRAPS ISOLATE
CAJSE UNKN, PUNPS FLUSHMED, RTND TD SERV
PUNP BELIEVED AIRBOUND, VENT VLV INSTALED
CAPLA AND 18 BECAME AIRBOUND

VISRATION CAUSING GOVNR TO CLOSE-DESIGN
ND FORCE TO HOLD GOVNR OPEN-~MOD. REQUSTD
QEACTOR/TURBINE TRIP OCCURED AT 2243 .MIUR
PUNP CXT.BKRS. RE-ENERGIZED

PEISONNEL DID NOT REOPEN MX ODUTLET VALVE
MEAT TRACE UNABLE TO MAIN LINE ABOVE FREZ
HEAT TRACE UNABLE TO MAIN LINE ABOVE FPREZ
PEASONNEL ERROR

LOSS OF OFFSITE POWER-DUTPUT BRKR FAULT
ASSUMED TO BE STEPPED ON

INCORRECY SUBSTITUTE BREAKER INSTALLED
INCORRECTY SUBSTITUTE BREAKER INSTALLED
INCORRECT SUBSTITUTE BREAKER INSTALLED
AREAKER NOT RACKED EN PROPERLY

OPERATR FAILD TO OPEN SUCTN VALY TO FEFED
ARCR WAS NOT RACKED IN CORRECTLY

PN® FAILURE OUE TO INAD PROCEDRES/PERSONL
MALFUNC TIME DELAY RELAY EN LOVW L.O. C¥T
FNORCED FLOW STOPPED IN Fw SYS OH WATER
FIRCED FLOW STOPPED IN FW SYS OM WATER

PAGE 1
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ALL COMMON CAUSE FAULTS

-

MODE OESCRIPTION

CAUSE DESCRIPTION

e e e A ————

#11 LPSTE PUMP WAS STOPPED WHILE IN RHR MODE

-

BOTH LPST PUNPS TRIPPED BY RAS SIGNAL

-

B0OTH 21 AND 22 LPSI PUMPS LOST SUCTION

-

CDN'AINHENY SPIAV PUNP FALILED TO S!lil (S1-38)

Lest PUNP lOST SUCTION DURING S/D COO&ING
ar NPCI _Pune SEIZED

HPSI "109 SU"ll!D l' "A" 06 OID NOT START
e Y!llN CONIAIINEN' SPIIV PUNP UIS 'l!SS panepcn

Lest ’un' 678 NO FLOW. NO vnsssu&e

LOSS OF Sill CLNG !ll 10 IC'S - lCPS WERE SECURED

LosY All foul IEAC'OR COG(AHY PUl'S

LOAD IEJEC;. TESY FROM 90! 'UQIPOPS l'l"o UNDRFRQ
RUNNING lllﬂ NO DISCH FLOW

A AND B RHR PUNPS WERE
1€ CHARGING PUMP BECANE INOPERABLE
aLL vuatf'iErs TRIPPED ON unos-sn:ousncv
RHR PUMPS BECANE AIRBOUND WHILE

ar AND

1c NIGH NEID CHARGING PUNP lfllllG IER’ INCREASED

EAST INI PUR' llS FDUND UNSTABLE

R/X !HU'DOVN 1Y QEFUELING LOST PuR 10 lul PAP=<291N

AUX FEED

#23 & 921 HPSI PUMP STARTED ONLY DEVELOP

-

ALL 3 SAVF" INJ PUMPS RUN l"l 10 ﬂll W/0 SUCTINN
BROTH CONYHY SPRAY PNP SUPPLY IIEAKFQS TAGGED NPEN

PUMP TRIPPED ON OVERS'EED

AUX F((D

INCQEASINC FLOW
‘l' lﬂl PUMPS COULD NOTY OEUElO' FLOW

'HPS 00010 NOT DEVELOP 'CD’EQ DISCH PRESS

SPURIQUS RECIRC ACT SIG BY PERSONNEL TEST
LEJEL INDICATOR FOUND TO BE OUT OF CAL .
AR LEAKED FROM PURIFICATION SYS TD SOC
SUPPLY BREAKER BOUND DUE TO PERSONNEL FR.,
PUNP BECAME AIRBOUND

PRICEDURE DID NOT REQUIRE MIN FLOW VLV OPF
GRIUNDING BLOCK NOT REMOVED FROM CKT BNKR
SUCTION VALVE WAS CLOSED

THY VALVES NOT IN CORRECTY POSITION
CONTAINMENT INST AIR SYSTEM FAILED

LOSS OF OFF-SITE POWER

TURBINE CONTROL DESGN CONCEPTS

PUNPS BECAME AIR BOUND WITH RCS DRAINED
FATLED BEARING DUE TO A COOLING VLY SHLY
OPERATOR ERROR

PRICEDURE REVISED TO VENT PUAPS

PUMPS BECAME AIRBOUND

CAECK VALVES INSYAL BACKWARDS IN COOL W20
ALL AIR WAS NOT REMDVED FROM SERVICE
OVERLDADED 480V BUS PROCEDURES DEFICIENT
BOTH PUMPS VAPOR BOUND - FAULTY CHX VLV
8721C ACID LEAXAGE CAUSD SUCTION BLOCK AGE
CHN PUKP SUCTION VLV (846) NOT OPEN

AOTH TRAINS REQUIRED AY TECH SPECS

MANUAL SPEED ADJUSY LEFT MISADJUSTED

PAGE 2
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ALL COMMON CAUSE FAULTS

-

A

. booeo e

L i C WATE ! {

A 6 OUYANTIER

Y oSOnsERt BIFET ARG ¢ g ELRvd WODE DESCRIPTION CAUSE DESCRIPTION

JF1 030322¢ 021480 8 PM BO& U 2 T D AGS AUX FEED PUNPS FAILED TO AUTO START INADEQUATE DESIGN CHANGE CONTROL
KEL 010646% DRO174 & PN BO3 U 2 T D TWO AFP'S UID NOT START UNTIL THIRD ATTENPT D19 NOT ALLOW OIL PRESS TO SUILDUP
KEL 010644 0ALO74 J PM 802 U I N O COMP CODL PAP 1A DID NOT START PR ON 871677 CKT KR NOT RACKED IN FULLY
NAL 025716 040879 G PN UOL U 1 N D 1AGLA 00S FOR MAINT, 1C FEEDER BRKR NOT RACKED [¥ [MSROPER TAGOUT PROCEDURE
PRL 028041 122478 8 PT D13 U L T D NO. L1 AUX FD PUNP TRIPPED OFF-LINE AT END OF TEST STEAN SUPPLY VALVE TRIPPED ON OVERLOAD
PR2 021038 041778 L PM UOL U 1 N D OPERATOR PLACED 822 RHR PUNP 005 - Eul OPER JPENED CKT BRKR FOR # 21 RMR PUNP - PERSONNEL ER
RG1 000629% 121473 8 PH CI1 U 2 T O AUXILIARY FEED PUMPS A & 8 LOST SUCTION ATR [N SUCTION HEADER
%02 0001848 070573 W PM D02 U 2 U D SAFTY [NJECTION PMPS BmS#C® TRIPPD ON MANUAL STAR INSTANTNS TRIP SETTINGS WERE SET AT NI,
R02 018138% 0KOT77 G PH CIL V 2 N D 8 & C CHGNG PUNPS RUNNING - PSZR LVL STILL FALLING PUS® AIR BOUND - TYPE TX-150

RN7 019345 062277 G PR CIL ¥ 1 N D “C® CHGNG PMP WOULD NOT CONTROL PSIR LEVEL J9° WAS AR BOUND - TYPE TX-15G
202 0197934 112377 H PH UOL N 3 N D BREAKERS FOR ALL 3 SAFETY INJ PHPS FOUND RACD OUT FATLURE TO RECOG TS LINIT FOR GT 200 F 0P
%02 0197930 112377 F PH UOL N 2 N O BREAKERS FOR BOTH CONT SPRAY PPS FOUND RAKD OUT  FATLURE T0 RECOG TS LIMIT FOR GI 200 ¢ 0P
202 0226149 100378 F PN CO6 U 2 T D BOTH OF THE CONTAINAENT SPRAY PUNPS FOUND ATRBOUND PUNPS NOT VENTED AFTER SYSTEN REALIGNED
SA1 015938 010877 % PT BOL U 1 N D 13 AUXILIARY FEEOWATER PUNP FAILED 10 STARY PERSONNEL ERROR - TURS WAS WANUALLY TR IPD
SAL 0177004 050677 W PM UOL U 2 R D BOTH ST PUMPS AND 1 CENTRIFUGAL CHG PNP TAGGED 1UT PERSONNEL ERROR - NOT FOLLOWING PROCEDURE
SAL 0177000 050677 G P UOL U | R D 8OTH SI_PUNPS AND 1 CENTRIFUGAL CHG PAP TAGGED JUT PERSONNEL ERROR - NOT FOLLOVING PROCEDLRE
SAL 0291194 042470 R PM D06 ¥ 1 N D OPERATING RHR PUMP TRIPPED OFF OF LINE INADEQUATE WORKING PROCEDURES

SAL 0291198 050879 ® PN 006 V 1 N D OPERATING RHR PUNP TRIPPED OFF OF LINE INADEQUATE WORKING PROCEDURES

SAL 029119C 063080 R PW CO6 U 1 N D RMR PUNP LOST SUCTION LOW LEVEL LINIT WAS TOO LOW FOR RX WA LE
SU2 000519 111373 W PM 802 U 1 U D SAFETY INJ/CHG PURP 2-CH-P-18 DID NOT START-WANUAL FUSES WERE NOT INSTALLED IN CONT CIRCUITS
TR1 0141454 011676 8 PD BOL U 1 N D AUX FEED PUMPS FATLED 10 START AUTOMATICALLY MISLOGGING OF LIFTED LEAD IN AUTO-STA €XT
TE1 0141438 O11AT6 B AT BOL U 1 N O AUX FEED PUNPS FATLED TO START AUTOWATICALLY MISLOGGING OF LIFTED LEAD IN AUTO-STA KT
TR1 019991% 0A2177 K PN DOL N & N D POMER TO RCPS INADVERTENTLY DEEAERGIZED GEY OUTPUT BRKR WAS TRIPPED PREMATUREL Y
TU3 010136 050374 W PM CAL U 1 N D SAFT INJ P4P STOPPD WHEN LOW RUN CURRNT/PRESS SEEN AT® LEAKAGE INTO PUAP CASING

TU3 0101354 050R74 B PT AD6 C 2 T D DURNG s?]?v’?ESt A& B AUX FEED FAILD 10 STaRr PATKING TOO TIGHT DEFECTVE PROCEOURES




102

| Zm<

QOO O O @ O O O @ £ £ £ £ £ ©

o

o - I L I

| =Z»pr~v

Tus
1
711
112
ti2
' &
iz
BF1
L1
AF1
AF1
LI |
B8F1
AF2
8F2
8rR2
AR 2
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ALL CORﬂON CAUSE FAULTS

MODE DESCRIPTION

- -

AUTD START OF AUX FD PMPS DID NOT OCCUR ON SCRAM

-

18 CDNII]NHE“' SPRAY PUMP DID NOT STARTY

praiag ARk

AUX FD PUﬂP 28 NAD PIEVlUUStV FAILED
2ZA AUX FEED PUMP STARTED»BUT TRIPPED OM OVERSPEED
2C aux FD PUMP STARTED - DISCH PRESS DlD NOT R1ISE

O RC’S HEI( INADVERTENTLY TRIPPED OFF LINE

HPCH INO'(lAllF UNTIL MANUALLY IES!!
RCIC INOPEIAOLE UNTIL MANUALLY lESE'

-

RHR !NPS TRIPPD DUE TO lSﬂll'lOﬂ 'll'ES CLOSING

-

18 & 1€ CO! SPll DIDN' SIAI' DURKN SUQVL(NC TESTIN

A AND l IEC!ICU{AYION PUNPS IRI'PEO

BOTH IFCI!C MG SG'S SNUYDOIN DUIlNG NOIIIL are.
HPCl lSOLlYlUﬂ UCCUlEO DU.ING nnnutt HPCT STaRT
DAMAGE SUDS'AINED tu HPCI PUNP IND REDUCTION GEARS
HeCl 'Ulllﬂ! S!OP Vllii v FAILEO '0 OPEN FULLY

RECIRC 'UP’S 'IIP’D ON LOW L.0. 'liS!
RCIC 'UIOINE TRIPPD ON HI EXHAUST P!ES‘
RCIC 'Ull.

-

RHR 2A CHARGN MOTOR SUI'CN IN OFF 'OSIIION

RHR PURPS 28 AND

-

RCIC TURBINE TRIPPED ON HIGH EXHUST PRESSURE
WPCI STOP=CHECK ALSO FOUND SHUT

RCIC FATLED 10 START AUTOMATICALLY

WPCT TURBINE TRIPPED ON FAST START WITH WI FLO TND

- —— "

PUIP 1A Flllib TO START FROM CONT RN

UVGISPED AFTR MANUAL Slll! FOLLWY

20 UDULO NOT Slhll FROH RIS

CAUSE OESCIlPllﬂﬂ

FUSES FOR AUTO-START LOGIC CKT NOT INS WD
BRCR RACKED IN TO WRONG POSITION

AUXY FD L.0O« PUMP PWR SUPPLY BKR WAS OPEN
APPARENTLY DAMAGED FROM AIR BINDING

AT2 WAS ASPIRATED INTO THE PUMP

AI2 BINDING OF PUNP IMPELLER

PEISONNEL MADE SWITCHING ERROR

TRIP LOGIC IMPROP DESIGNED FOR LOSP

TRIP LOGIC IMPROP DESIGNED FOR LOSP
FAJLTY RELAYS FOR FCVT4-47 AND FCVT74-77
BENT CONTACT ARM ON RELAY (MANUAL STarRM)
TRIUBLESHOOTING WRONG TERMINAL STOP
PEISONNEL TESTING WRONG RELAYS

EX4ST RUPTURE DISK FLD-SOL VLV WIRED WRNG
VALVE IN LUBE OIL LINE wAS NOT OPENED
PERSONNEL ERROR-NEEOLE VLVS INPRPR ADJST
NPERATOR DID NOT FOLLOW EMERGNCY PROCECRE
EXYYAUST STOP-CHECK VLV NOY OPENED
OPERATOR DION'T CHECK MAN. SPEED SETIING
PERSONEL LEFT SWITCH IN OFF POSITION

POIR CONNECTIONS ON FUSES & FUSE BOX
INZORRECT VALVE LINE-UP

PERSONNEL DIDNT VERIFY POSITN AFTER MAINT
GOV CONT CKT SET MIGHER THAN OVRSPD TR IP
HT FLOW PDIS SETPOINTS WERE INCORRECT

PAGF
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ALL COMMON CAUSE FAULTS

-

RODE DESCRIPTION

-

HPCI WOULD NOY DEVELD' SUFFCNY RPN

"aAn QFCIIC PUNP olD IO' RUNBACK DUIIN FEED SYS TSTY

RCIC 'Ul!lﬂ! SPEED wWOULD NOT INCIEIS!
HPCI PUMP ?lll!b '0 QuUICK Sllll

ROTH EINAUS' IUP'URE Dlili lU"UlO outtn FLOW TEST

MPCI TURBINE TREPPD ON OVERSPEED Fﬂttov(uc wAINT,
STAY L10 CONT_PUAP DIONT "DEVELOP REQD HEAD

WHILE LDVANG R/X H20 LEVEL FOR MAINTNCE ON VESSEL
SRKR FOR 1 STAY LIQ CONT PUNP RACKED OUT-OT4E® #u»
DEENERG 125¥ DC DIST CTR - LOSS OF 3 RECIRC PUNPS
BEC FEED PUNPS OID NOT OPERATE AFTER SCRAM

CORE SPRAY BOOSTER PUNP DID NOT START, LOOSE FUSE
TURBINE TRIPPD ON OVERSPEED) AUTO START TESTING
UNIT 2 =8%,%D®RHR BLOCKED FOR 2 WRS.

POVER CTR OVERCURRENT TRIP - LOSS OF ccv puve

MPCI SPEED CHANGR WOTOR INOPER. CONT.POWR FUSES AL

AlR LOCKD SUCT HEADR COMMON lﬂ ll RHR LOOP.DIESL C

CAUSE DESCRIPTION

-

FXCESSIVE OPENING OF L.0. THROTLE VALYES
OPERATOR TURND OFF CONT.PWR TO "A®™ RECIRC
PEAISONNEL CUT CABLE YO PUNP (DUR DQUTAGE)
WITF ON CONTROL CIRCUIT NOV RECONNECTED
MAMUAL EXHAUST VALVE FULLY CLOSED

PLASTIC FRAGMENTS FOUND IN OIL EINLET PCRY
IMPROPER VENTING/FILL OF SUCTION LINE
S4UTDOWN COOLNG PMP TRPPD DUE TO LOW SUCY
WIJLD NOT START -~ AUX CONT PREVENTED CPE
PEISONNEL DID NOT FOLLOW PROCEDURES

8US DE-ENERGIZED

PEISONNEL MANIPULATING FUSE FOR TEST
MISCALIBRATION OF TURBINE SPEED CONTROL
OPERTR REMYD UNIT 2 INSTED OF UNIT 3 PPPS
LOADED PC SIMULTANEOUSLY VS SEQUENTIALLY
SYS.IMPROPRLY TAKEN OUT OF SERVICE EARLER
R4 SEP WTR PMP MAD AIR LINE CONN TOD C ASE
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