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ABSTRACT

This report presents estimates of common cause fault rates and related

quantities, based on Licensee Event Reports of instrumentation and control
assemblies in nuclear reactors. The Licensee Event Report data base is
briefly described, and imperfections in the data are discussed. Tiie

components are grouped into assemblies, for which rates are estimated. For
estimating rates, the binomial failure rate model is used, extended to
allow for the substantial observed plant-to-plant variability, and for

shocks that by their nature cause all the assemblies in a system to fail.
Every quantity is estimated by both a point estimate and a 90% interva'..
All rates are expressed per calendar hour.

l
| |

FIN No. A6283

Licensee Event Report Failure Rate Analysis Program
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SUMMARY

This report presents estimates of conmon cause f ault rates and related
quantities, based on Licensee Event Reports of instrumentation and control
assemblies in nuclear reactors.

The data consist of 529 Licensee Event Reports describing
instrumentation and control faults from 1976 through 1978. The term
"tault" includes both failures and command faults. A fault may involve
complete inoperability, or merely reduced capability. The components are

not considered individually, but instead are grouped into the following
assemblies: digital channels, sensing devices, signal conditioning
systems, and main steam line radiation monitors. The populations for these
assemblies are given. Imperfections in the data are discussed.

Common cause faults are defined as faults that are synchronized by
some external shock. Both human errors and hardware failures may act as
shocks. The report distinguishes between a nonlethal shock, which causes a
random number of assemblies to fail, and a lethal shock, which by its
nature causes all of the assemblies in the system to fail.

Examination of the data reveals very little homogeneity from one kind
of assembly to another, or from plant to plant. Therefore, the rates are
assumed to vary, and distributions are fitted to the data, both for the

rate of individual faults, i.e., those not due to common cause, and also

for the rate of common cause events when there are enough data. Estimates
of the other quantities of interest are than found, based on the binomial
failure rate model, extended to allow for lethal shocks. Rates are

estimated both for complete inoperability f aults and for reduced caoability
faults. Every quantity is estimated by both a point estimate and a 90%
interval. Many of the intervals are quite wide, reflecting the observed
plant-to-plant variability. All the rates are expressed per calendar hour.

iii
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COMMON CAUSE FAULT RATES FOR INSTRUMENTATION AND CONTROL ASSEMBLIES:

ESTIMATES BASED ON LICENSEE EVENT REPORTS AT U.S. COMMERCIAL

NUCLEAR POWER PLANTS, 1976-1978

INTRODUCTION

Common cause faults are defined, for this report, as faults that are
synchronized by some external shock to the system. The seriousness of
several components simultaneously failing due to a single cause makes it
essential to estimate the rate at which they fail simultaneously. There-
fore, this report presents estimates of common cause fault rates and

individual fault rates for instrumentation and control (I&C) assemblies in
nuclear power plants.

There are many kinds of I&C components, which can be combined at var-

iuus levels of detail into " assemblies." We choose to define assemblies
that are as large as possible, as long as they are realistic from an
engineering viewpoint and tractable with our statistical methods. These

assemblies are then considered as the basic entities, for which fault rates
are to be found.

The data are Licensee Event Reports (LERs). They are described and

discussed in the first portion of this report. Two common cause aspects of
the data are considered in detail: correctly classifying reported events
as common cause events or not, and deciding which groups of assemblies in a
plant might be susceptible to simultaneous failure due to a common cause
shock.

IVesely's binominal f ailure rate (BFR) method is used to estimate the
common cause rates and related quantities of interest. Every quantity of
interest is estimated both by a point estimate and by a 90% interval. Many
of the intervals are rather wide, reflecting the substantial plant-to-plant
variability evident in the data.

A section of the report discusses how to use BFR estimates in applica-
tions such as fault tree analyses.

1
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All the basic methodclogy is described in the body of the report.
Certain technical details not covered in the references are given in
Appendix A. The required plant information, including calendar hours and
I&C assembly populations, is given in Appendix B. The estimates themselves

are found in Appendix C. Appendix D consists of a listing of one-line
summaries of all the data, and a separate listing of suinmaries of the

reported common cause events.

?
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THE DATA

Event Reports

The raw data consist of 529 LERs, describing I&C faults in U.S. nuclear
power plants. The LERs describe events occurring between January 1,1976,
and December 31, 1978, and are summarized by Miller, et al.2 They
involve 41 pressurized water reactors (PWRs), i.e. those designed by
Babcock & Wilcox, Combustion Engineering, and Westinghouse, and 24 boiling
water reactors (BWRs), i.e. those designed by General Electric. Reports of
events that occurred before a plant's initial criticality date are not

considered.

The basic information for each plant is tabulated in Appendix B. An

additional PWR, Arkansas Nuclear One, Unit 2, is considered in Reference 2.
This plant is not considered here, because its I&C system is a very differ-
ent from that of the other plants, and because less than one month of data

is available for this plant in the 1976-1978 time period.

Reference 2 actually contains 1833 LERs. Only 529 are used in this
report because only the populations of certain components or systems are
known. Without known populations, rates cannot be determined. In par-

ticular, Reference 2 only gives populations for I&C systems that directly
initiate a reactor trip. So, for example, no populations are given for I&C
systems that simply actuate engineered safety features; they are not con-
sidered because they do not directly initiate'a reactor trip. In addition,

Reference 2 gives populations only in systems that monitor-either flow,
temperature, pressure, level, radiation, or neutron flux, directly from the

primary coolant system. For example, no populations are given for I&C
systems that initiate a trip based on the voltage across a reactor coolant
pump supply breaker, or based on the position of a valve; they do not moni-
tor any of the six listed quantities directly from the primary coolant
system. Finally, Reference 2 does not give populations for any portion of
a plant's logic matrix. For this report, more detailed population informa-

tion was obtained than that given in Reference 2. However, the scope is

3
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still limited to those systems for which Reference 2 gives populations.
For more details concerning the scope and completeness of the data, see
pages 1-15 of Reference 2.

One-line summaries of the daa are presented in Appendix D. These

summaries are also printed separately for different groups of assemblies,
accompanying the estimates in Appendix C. To aid in checking for possible
common cause, underscores are used to separate unrelated lines. Lines not
so separated describe events that occurred at the same plant on the same
date. Appendix C also contains some tabular sunnaries of the data, giving
the total numbers of various kinds of faults.

Except for the common cause coding, the letter and number codes
printed in the one-line summaries of Appendixes C and D all have the same

meanings as in Reference 2. 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 three-character code identifying the plant.

Control Number: This is the unique six-digit identifier assigned to
the LER. If a single LER refers to more than one diesel generator or
more than one date, the control number for this line has another ,

character appended: an asterisk, or a letter A, B, C, etc.

Failure Date: The month, day, and year are given.

System: This code identifies the kind of assembly, for example,

source range flux detector or containment pressure switch.

Component: This identifies the failed component within the assembly,
such as a comparator or in amplifier. For digital channels (switches)

4
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l
I and main steam line radiation monitors, the component is not

specifically identified.

Parameter: This code identifies the quantity detected, for example,
temperature or neutron flux. It is defined if the assembly is a

sensing device, digital channel, or radiation monitor. It is not

defined if the assembly is a signal conditioning system.

Failure Mode and Cause: These codes classify the kind of f ault. The
code for mode means either reduced capability or inoperability. The

code f or cause might mean, for example, personnel error--maintenance
or drift.

Type: This code tells whether the event is a f ailure or a command

fault, whether it is an individual fault or caused by a common cause

shock, and whether it is recurrent or not.

Failure fiumber: This tells the number of assemblies that were
inoperable, or for a single assembly, the number of times it was
inoperable as reported by this line.

Activity: This tells when the f at.t was discovered, for example,

during normal operation or during maintenance.

Mode Description and Cause Description: These are very condensed

narratives from the LER.

There are two failure modes of interest. The first is inoperaDility, |
when the component does not function at all. The second tailure mode is
reduced capability, when the component is operational but does not perform
its function within defined limits.

There is another important distinction, between failure and command

fault. An event is a failure if the componenc itself needs work--repair or
replacement in the case of inoperability, and adjust +ent or calibration in

5
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the case of reduced capability. An event is a command fault if the compon-
ent does not operate (at all, or with full capability) because of external
inputs or lack of inputs. A command fault is corrected, not by doing any-
thing to the component, but by correcting the inputs.

For example, suppose that an operator fails to trip a bistable. Then
the bistable does not perform the desired function, even though it does not
need repair or adjustment. This is an inoperability command fault of the
bistable. Now suppose instead that the operator incorrectly calibrates the
bistable's set point. This is a reduced capability failure of the bistable,
because the bistable itself needs adjustment.

In the cata for this report, less than 3% of the one-line summaries

describe command faults. Therefore failures and command faults are con-
sidered together, as faults, and estimated fault rates are given. The text
of this report is often expressed in terms of failures rather than faults,
because "f ail" is a more convenient verb than "be inoperable or have reduced
Cdpability." However command faults should be understood to be included,
unless the context clearly rules this out. Both modes--inoperability and
reduced capability--are common and of interest. Therefore, fault rates are
estimatea separately for inoperacility faults and for reduced capability
faults.

Defining Instrumentation and Control Assemblies

The term " instrumentation and control" encompasses a large number of

diverse components. This makes instrumentation and control data much j

harder to handle than data for, say, pumps or diesel generators. It is not

practical to treat each kind of component separately, because it woulo be
impossible to get all the population counts, and because many components
would have few or no observed failures.

Therefore, the components must be grouped somehow. A natural way

would be to consider a channel, a sequence of components that performs a

single function, such as initiation of reactor trip based on a high reactor
coolant temperature. There are pitfalls to this, however, because some

6
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components perform multiple functions. This section describes how the
components are grouped into " assemblies." An assembly will be treated as
an entity, ana its fault rate will be estimated.

The simplest, kind of assembly that we consider is a digital channel.
It consists simply of a sensing device and a trip point. The output signal
is digital, either on or off. Such channels are used when monitoring pres-
sure or level, commonly in BWRs and occasionally in PWRs. In the event
descriptions of LERs, they are called pressure switches or level switches.

The other kind or channel is an analog channel. In this, the flow of

information proceeds as follows.

Something is detected by one or more sensing devices. The quantity
detectea may be flow, temperature, radiation, pressure, liquid level,
neutron flux, or something else. This quantity is coded as parameter in
the LER one-line descriptions. Only the six parameters just mentioned are
used in this report. The sensing device is itselr actually a system, with
components such as wires, amplifiers, diodes, and a transmitter. Regard-
less of the level of detail reported in an LER, any f ault involving a
sensing device has the component coded as sensor or transmitter.

From the sensing device, an electrical analog signal is sent through
one or more cables, possibly with intermediate amplifiers. The signal
usually goes through a converter or conditioner, altering the signal. For
example, the converter might change any pulse above a certain size to a
square wave and filter out smaller pulses. The signal may then be sent to,

a computation module, for example, to count pulses per second. If several

< en2ing devices feed one computation module, the module may calculete a,

difference, an average, or a maximum. Finally, the resulting signal is sent
to a bistable, or comparator, which compares the signal to some reference
value, and as a result puts out a signal that is either on or off.

The entire sequence described above, from the sensing device through
the bistable, is called an analog channel in Reference 2. This definition

will also be used in this report.

7
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For most kinds of analog channels, the statistical analysis is compli-

cated by the f acts that the number of sensors varies from channel to chan-
nel, ano that some components act as parts of several channels. For
example, in reactor coolant flow channels, Westinghouse plants have one
sensor per channel, while Combustion Engineering plants have one sensor per
loop per channel. Reactor coolant flow sensors are also used in Babcock &
Wilcox and General Electric plants, but only in conjunction with neutron
flux. As another example, in PWRs, reactor coolant pressure sensors are
used both for a direct trip due to high pressure, and for a more complicated
trip based on pressure and temperature. The exact relationship depends on
the vendor.

The statistical methods of this report only allow estimation of fault
rates for independent entities. If the entities are channels, the) cannot

have components in common and still act independently.

Therefore, we are forced to consider most analog channels in two parts,
the sensing device and the (signal) conditioning system. The signal condi-
tioning system is defined as all of the analog channel except for the sens-
ing device, i.e., everything after the sensing device's transmitter up
through the bistable (s). Sometimes signal conditioning systems contair.
portions in common. For example, most BWKs have two flow units, which do

not cause trips directly, but which provide inputs to six average power
range monitors (APRMs). In such a case, each portion is considered as a

separate signal conditioning system. In the example just mentioned, each

flow unit and each APRM is considered as a conditioning system.

!

There is one kind of analog channel that is treated as a single entity,
both in Reference 2 and here. This is the main steam line radiation monitor
in BWRs. This channel is the only one considered that monitors radiation.
It does not share components with any other channel, so there is no reason
to decompose it.

In summary, fault rates are estimated for four basic entities, or
assemblies:

8
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o digital channels (switches)
sensing devices, for analog channelso

o signal conditioning systems for analog channels
o main steam line radiation monitors.

!

| The assemblies are listed, with their populations, in diagrammatic
form in Appendix 6.

Populations

The populations given in Appendix B are taken, when possible, from
plant Final Safety Analysis Reports. Other sources of information are
vendors' standard technical specifications, and in a few cases Nuclear
Power Experience,3 individual LERs, or discussions with cognizant
personnel. When all cther sources are incomplete, the populations are
extrapolated from similar plants. This extracolation is often necessary. |

The populations used for this report are not taken directly from Refer-
ence 2, although they have been carefully compared with the notes that'were
used in writing that report. The present populations should be thought of
instead as a thorough revision of those of Reference 2, incorporating many
corrections ana much more detail. They should be examined by people
possessing more accurate plant information, for further correction in later
reports.

Imperfections in the Data

Two kinds of difficulty are discussed here--imperfections in obtaining
and coding the data, and problems in interpreting the results.

Imperfections in Obtaining and Coding the Data

As mentioned in the preceding section, the population counts are not
entirely accurate. Also, some LERs may have been overlooked when computer

9
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word searches of all LERs were used to build the data base. Miller,
et al., thoroughly discuss the latter concern, and conclude that the
data base probably contains a little over 90% of all the LER I&C data.

The data coding of Reference 2 was thoroughly reviewed for this report,
and about'220 (about 38%) of the one-line descriptions were changed in some

About 60 of these changes did not affect the conclusions of thisway.

report at all, since they only involved a more consistent definition of
" recurrent." Other changes were very important, because they involved the
comon cause coding. These changes were expected, because the common cause

coding of Reference 2 was intended to be quick and tentative, to flag common
cause candidates for further consideration in this report. One more cause
of changes was the knowledge we had acquired as we gathered more detailed

population information on the plants. Having learned better what assemblies
could be involved for reactor trip at each plant, we were able to recognize
errors and inconsistencies in the LERs, and so were able to correct some of

the coding.

In two LERs, the number of f ailed assemblies is not stated and cannot
be inferred. These are discussed individually with the estimates in

Appendix C. See the sections there on pressure switches and on reactor

coolant temperature sensors.

A final imperfection in the data base is present because the LERs some-

times provide incomplete information, especially concerning the cause of the
failures. This may lead to incorrect classification of the event in the
data base. A letter is often written to follow up the LER. This was read |

whenever a one-line description or event classification was questioned, and
the coding of the event was changed if appropriate. To minimize the effect
of possible misclassification, every event involving more than one assembly
or involving a common cause fault was checked at least twice. The effect
of data misclassification is discussed in the section, " Common Cause

Classification."

,

10
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Problems in Interpreting the Results

The LER reporting policy varies from plant to plant. Therefore, plant
rates can be compared only with great caution. A plant's high failure rate
may be attributable to a strict reporting policy. It is not known how much
the reporting rate varies, or how important a contributor it is to the sub-

stantial plant-to-plant variation observable in the data.

Another problem of interpretation arises from the reporting require-
ments for LERs. An LER is often submitted only if a prescribed safety
requirement has been violated.

For example, an LER from Monticello says that on August 5, 1978, "it
was discovered that 1 APRM scram trip was 4 to 5% low. One other APRM in
that channel was bypassed, leaving one operable APRM in the channel.
Technical Specifications 3.1.A requires two operable APRMs per channel."
The implication is that the one low AtRM would not have been reported if a
second APRM had not already been bypassed. Other LERs contain similar
statements.

Another example is found in a LER from Dresden 1. After reporting the

drift of five in-core amplifiers on April 28, 1977, the report comments,
"The in-core amplifiers have occasionally exhibited trip points above the
Tech. Spec. Limit." Such allusion to unreported events is not uncommon in
LERs.

An attempt is made in Appendix A to assess the effect of missing data,
by using derivatives of the parameter estimates. Although it 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 section, "Effect of Data

Inaccuracies." The LER system was not designed to provide a data base for
estimating fault fates. Those who use the rates of this report should be
very careful with their interpretation, recognizing that not all the faults
that occurred appear in the data.

11
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COMMON CAUSE CLASSIFICATION

In order to estimate the rate of common cause f aults, it is necessary

to determine which events in the data set are common cause faults and which
are not. The crucial question for each event is: "Was there some shock,
external to the I&C assembly or assemblies under consideration, that caused
or could have caused simultaneous f aults?" Synchronization of the f aults,

is essential, because the importance of common cause faults stems from the

serionsness of several assemblies failing simultaneously.

For example, at Nine Mile Point on May 26, 1978, two APRMs were found
to have cross-connected leads from two flux detectors. At Dresden 1 on
April 28, 1977, six in-core flux amplifiers in (apparently) five condition-
ing systems were found to have drifted high, because of high temperatures
when the control room air conditioning was being repaired. At Kewaunee on
February 6, 1978, all fou. pressurizer pressure sensors transmitted read-
ings that were too high, because they had been calibrated with a procedure
that did not include a head correction. The shocks were, respectively, the

rewiring of the APRMs during the previous refueling outage, the abnormally
high temperature, ano the calibration using the incorrect procedure.

Notice that in the first two examples the number of failed assemblies
was random--each shock could potentially have affected a different number
of assemblies. On the other hand, the calibration with an incorrect pro-

cedure was lethal--by its very nature it caused all the pressure sensors to
fail. In a later section, it will be necessary to distinguish between

lethal and nonlethal shocks. }

decause most shocks cause a random number of assemblies to fail, there

may be a shock causing exactly one I&C assembly to fail. When the data are
examined, it is usually possible to decide whether an assembly failed on its
own or f rom some shock that could potentially have caused other assemblies

to fail. For example, at Millstone 2 on February 9, 1977, a set point for

a reactor coolant low flow signal conditioning system was set high, because
someone misinterpreted the instructions for determining the set point. At
Cook 1 on October 7,1976, a feedwater flow sensor was giving an incorrect

12
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| signal, apparently because a technician had made an error in valving out
the transmitter. Both events are coded as conmon cause. In each case, the
shock is taken to be the presence of personnel. Faults due to personnel
error are often coded as common cause. This is based on the assumption that
if a person can make a mistake affecting one assembly, the same mistake can
potentially be made at the same time on other assemblies.

As can be seen, the coding of common cause events involves some judg-
ment on the part of the coder. An inadvertent experience with diesel
generator data, described by Atwood and Steverson, sheds some light on
the importance of the coder's judgement. After all the estimates had been
calculated, Atwood and Steverson reexamined the diesel generator data, and
changed the common cause coding 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

comen 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
be used in a fault tree, one of them, r , changed by almost 25%. This is

2

about 5% of the length of the interval for r . The changes are smaller
2

for the other quantities that would be used directly in fault trees. This
suggests that the cocer's judgement has a noticeable but not overriding
effect.

One kind of event does not fit naturally in the shock model. This is
an event in which the failure rates of several assemblies are increasing
simultaneously. A common I&C example is instrument drift. In such cases,
the failures are not fully synchronized, because there is no well-defined
shock hitting all the instruments and causing essentially simultaneous
failure. On the other hand, the assemblies do not fail independently with
constant failure rate because, it the instruments are initially calibrated+

at the same time, each instrument's likelihood of failure increases with

time,

for this report, the decision was made not to count instrument drift
as a common cause event, unless there was some other synchronizing factor

13
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causing the drift, such as abnormally high temperature. This affected the
classification of many of the LERs, as shown by a count of the one-line
descriptions with failure cause coded "14":

Lines Coded
Number Lines Coded as Drift

of Lines as Drift (%)

Digital Channels 82 64 78

Sensors 164 65 40
Conditioning Systems 275 90 33
Radiation Monitors 26 5 lj[

Total 547 222 41

,

i
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EXAMINING THE DATA FOR STRUCTURE

The Scope of Common Cause Events

Assemblies that are simultaneously susceptible to a common cause shock

need to be considered together. Such a group of assemblies will be called
a (common cause) system. This term should not be confused with signal

conditioning system. Conditioning systems are assemblies, and are grouped
together into common cause systems.

Of the 29 common cause events that affected more than one assembly,
all but two affected assemblies of the same kind, for example, two of the
four feedwater flow sensors at Kewannee, or three of the four reactor
liquid level switches at Brunswick 2, or all six APRMs at Hatch 2. There-
fore, the common cause systems are simply taken to be the systems of I&C

assemblies shown in Tables B-3 through B-10 of Appendix B, with two
exceptions.

The two exceptions, dictated by the data, are these. (a) At Oconee 1
on August 6, 1978, an operator failed to reset the trips for all four
nuclear power channels and all four power / flow channels. Only Babcock &
Wilcox plants have both kinds of channels, but at each of these plants, the
nuclear power and power / flow conditioning systems must be grouped together
as a single system containing eight assemblies. (b) At Beaver Valley on
May 12, 1976, an operator f ailed to trip one overpower / delta T bistable and
one overtemperature/ delta T bistable. These channels only are present at

! Westinghouse plants, but at these plants, the overpower / delta T and over-

temperature / delta T conditioning systems must be grouped together in a
single common cause system.

Other systems of assemblies are not combined, because it is more con-

servative to use many small groups than to use fewer large groups. See
Atwood,5 pp. 8 and 54, for a discussion of this. On the other hand, it
is not desirable to break down systems of assemblies of the same kind into
even smaller groups, because 18 common cause events involved most or all of

1

the assemblies of a given type.

15



Future augmentations of the data may require changes in this grouping
of assemblies.

Variability in the Fault Rates

Whenever possible, it is desirable to pool similar data, to get as
precise f ault rate esti, nates as possible. Examples would be pooling the
data f rom plants of similar design, or f rom similar kinds of assembliesi

such as all flux cetectors or all pressure switches. Therefore, this
report presents generic rates, for the 12 classes of assemblies listed in
Table 1.

Within any of these classes of assemblies, the fault rates show sub-
stantial plant-to-plant variability. There is also some variation in the
rates from system to system. For example, the five systems of pressure
switches show 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 individual (i.e., not common cause)
events, or, if enough data are present, the rate of nonlethal common cause

events or the rate of lethal common cause events. The data sources are the
different systems at the different plants, for example the five systems of
pressure switches, which are present at most of the 65 plants. To model the
variation among the dif ferent plants and systems, assume that the rate has a
two-parameter gamma distribution. A 94ama distribution is used because it
is a convenient distribution covering the range (0,-). Some other distri-

bution, 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
90% of the fitted distribution is an approximate 90% interval for the fault
rate. That is, the probability that such an interval will include a
randomly chosen new fault rate (say, from a'similar system at a plant not
yet analyzed) is aproximately 90%. (If not enough faults are observed to

16
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TABLE 1. ASSEMBLIES FOR WHICH RATES ARE ESTIMATED
(Codes in parentheses)

Pressure switches (RP, CP, VP, 0F, FP)

Reactor liquid level switchesa (RL)

Scram discharge volume water level switchesa (VL)

Source range flux sensing devices (SN)

Intermediate range flux sensing devices (IN)

Power range and wide range flux sensing devices, except for LPRMsb (PN, WN)

LPRMsb (PN)

Reactor coolant temperature detectors (RT)

Pressure sensors (RP, SP, CP)

Flow and level sensors (SF, FF, RF, SL, PL)

Signal conditioning systemsc (SN, IN, PN-NF, RN, DT, NT-TT, RT, RP, TP,
RF,FF,SL,PL,SP,CP,FU)

Main steam line radiation monitors (SR)

a. No faults were reported for system VL in the period from 1976 through
1978. This is believed to be due to underreporting rather than lack of
faults. Therefore separate rates are estimated for the RL and VL level
switches.

b. Local power range monitors (LPRMs), the power range flux sensing
devices in Model 2-4 BWRs, have a much lower estiicated individual f ault
rate than do other power range flux sensors. Therefore, LPRMs are treated
separately.

c. For estimating common cause rates, the systems PN and NF are treated as
a single system, as are the systems NT and TT. This is discussed in the
section "The Scope of Common Cause Events."

17
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make plant-to-plant variation evident, then a confidence interval rather
than a tolerance interval must be used.)

It 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

systems of pressure switches separately might result in five short toler-
ance intervals, covering different ranges, rather than one long tolerance
interval. There would be one interval for containment pressure switches,
one for reactor coolant pressure switches, etc. Although such a breakdown
might conceivably help, in fact it does not. Therefore, system-specific

rates are not given, except to tha extent that single systems coincioe with
the classes given in Table 1.

i

Flow sensors and level sensors are combined as a single class in

Table 1. The two kinds of sensors are mechanically similar because they
both measure differences in pressure, and their fault rates are very

similar.

Typically, most of the plants show no faults, while a few may show
recurrent faults. This results in highly skewed fitted distributions.
They have 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 many recurrent
f aults that it is an outlier, i.e., it is clearly different from the other

plants or systems. However, no outliers are so far out that they have to
be excludea. For details, see the first section of Appendix A.

18
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| EST! MATING FAULT RATES USING AN EXTENDED BFR MODEL

The Model

Let m be the number of assemblies in a system at a plant. For example,
a system might consist of the four reactor coolant temperature detectors in
a plant, or the six APRMs. The model assumes that there are three possible
kinds of f ailure:

1. Each assembly can f ail individually, and has a constant f ailure
rate A .

N
2. A common cause shock can occur in a system, with constant occur-

rence rate u. If a shock occurs, the assemblies in the affectea

system fail independently of each other, each with probability p,
so the total number of failed assemblies is random. Vesely calls

this the binomial f ailure rate (BFR) model, because the number of
failed assemblies, given that a shock occurs, is a binomial (m,p)
random variable. Estimators using this model are developed by
Vesely and Atwood.5,6 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 lethal shock, by its very nature, causes every

assembly in the affected system to fail. The number of f ailed
assemblies is not random, but must equal m.

This third kind of event occurs often enough in the I&C dato that it

must be included it in the model. For example, at Dresden 2 on March 27,

1978, all the main steam line rauiation monitor setpoints were set high,
because of a typographical error in the procedure. At Browns Ferry 3 on
November 28, 1978, all the LPRMs of all 43 strings were found reverse con-
nected to the six APRMs, because of lack of proper explanation of how to

connect them. Such events normally involve a procedural error or a
personnel misunderstanding.

19



,
. i [

'

.
' f9" }?

.. ,

!
I

,

. .

There are a number of quantities of interest. (The notation fc/r- 0, A ,
,

and u agrees with Reference 5. The quantity A+ is called A ' in *

,

that reference.) The quantities are
||

failure rate for an individual
~

A =
''assembly, not counting failures due ,

to common cause Shock /
:

I,rate of nonlethal shock occurrences /=u
~

probability that a specific assembly, '\=p
'fails, given that a nonlethal shock

occurs. ., ;

'

rate of nonlethal shocks that causeA + = u l l - 4") =

at least one assembly failure, i.e.,
'

rate of visible. nonlethal sho'cks- ,y
'

(here, q = 1 ~- p)

rate of lethal shock occurrences
~

=w

rateatwhichaspecificassebblyrj=A +up+w =

fails, either due to individual ,

''failure or due to a shock

rate at which a' specific set of k ' ,'
rk = up +w, =

for k > 2 assemblies fails simultaneously (duer '

-

to a shock)
'

.-

= [u p( 1 - q*~ I ) + w ]/r) long-term fraction of assembly=8
failures that occur in multiple
failures; called the beta factor by

Fleming.7 /'

The quantities r), r ,... are the relevant rates for fault tree ,

2

analysis. For, if a cut set of a fault tree involves k assemblies,. ~/ }

k > 1, then the relevant rate is r , and the probability'that the k ~[ . ,

k
2assemblies all fail in a short time is r t plus terms of order t . Tid

k

use of r), r , etc., is discussed in the section " Application," and'in2

Appendix A. The expression given for s ignores the time for discohe Q
,

'
and repair of failures. r

. ..

d

.y
*
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The basic BFR model, as defined in Reference 1, only includes events
of the first two kinds. Including the third kind, lethal shocks, has two

advjntages. First, it models the data more accurately, if lethal shocks
are obserMed, without nuking the model much more complicated. For some
kinas of I&C assemblies, notably for signal conditioning systems, there are

i so many letnal shocks that the basic BFR model, without such shocks, does
not adequately fit the data. Second, inclusion of the lethal shock rate,

'

puts a floor underneath the estimates of r , below which they cannotw,
k

ksink.' The basic BFR method estimates r as up , for k > 1. If p is small
k

~ k k + w keeps rand k, is large, then up can be microscopic. Using rk " "P k
. up at a realistic level, because the Bayes estimate of w is always
positive (even when the observed number of lethal shocks is zero).

Estimation

This section briefly describes the estimation procedure based on the
above model. The Bayesian. methods developed by Atwood ,6 are used,5

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

The point estimates given are Bayes means. The mean is used, rather
' - than the moae o'r 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 the mean is difficult to
compute). -.It should be realized that when the distribution has a large
variance, thba no single point--be it median, mean, or some other
point ; adequately identifies the location of the distribution. The

'l ' interval estirrates given are Bayes 90% intervals, with a 5% probabilib 4
'P,ach tail.'

''
// , ,.

'',

'

',- --

. The use of Bayesian methods is unavoidable, because classical>

non-Baye'sian methods do pot give confidence intervals for complicated

expressionssuchas.r{,orevenforsimploexpressionssuchaspwhenthe
data are obtainedierom ;ystems with different numbers of assemblies. The

Cayesian distribution,s (sed are either estimated directly from the data, to
refIect the apparent variabilb,y in the parameters, or else are calculated
in the usual way based 'on diffuse prior distributions. Therefore, the*
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results obtained should not differ markedly from non-Bavesian results, if
the latter were obtainable.

First, if enough faults are observed, a gamma distribution is fitted
to the observed individual faults of the pumps. This was described in the
section " Examining the Data for Structure," and defines a distribution for
the parameter A . For signal conditioning systems, enough common cause
f aults are also reported to allow a gamma distribution to be fitted to the
nonlethal common cause events, and for reduced capability faults to allow a
distribution to be fitted to the lethal events; this gives distributions

for A and w.

Any variability in p, from plant to plant or shock to shock, is not
estimated, because a niethod for doing this has not been developed. There-
fore, standard Bayesian methods are used to get posterior distributions for
p, for A when f ew or no individual faults are observed, and for A, and w
when few or no common cause events occurred. For p, an approximately

noninformative prior distribution is used, as described in Reference 5,
pp. 16-17. For A , A , or w, a noninformative prior distribution is used,
proportional to A ,A~ I , orw"II2 .

The quantities p, A , A ,, and w are treated as fundamental. The distri-
butions of all the other quantities are obtained from the distributions of
the four fundamental quantities, using the equations relating the para-
meters in the preceding section. Unfortunately, these equations involve m,
the number of assemblies in the system in question. Therefore, estimates

of u , 8, and r , 1 1 k 5 m, are found separately for each value of m. Then
k

overall estimates are given, which do not depend on m, as follows. As a
point estimate, the median of the point estimates is used. (If the number
of point estimates is even, the larger of the two possible medians is used.)
As a conservative interval, the smallest lower bound and the largest upper
bound are used.

1 1

1
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ESTIMATES

The estimates are given in Appendix C for the groups of assemblies

listed in Table 2. Depending on the application, either failure mode may'

be of interest. Therefore, for each group of assemblies, two sets of esti-
mates are given, one for inoperability faults and one for reduced capabil-
ity faults. Every estimate is given as a 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 f actor, the
median rather than the mean is shown.) The upper and lower limits form a
90% interval. Appendix C also contains sumnaries of the data used to
produce the estimates, both tabular sumnaries and printouts of the one-line
summaries of the LERs. A few comments precede each set of estimates.

Application of the estimates is discussed in the next section.

23
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DISCUSSION

Application

All the rates given are per calendar hour. Those who want rates ini

other units, such as per demand, must perform their own conversions. Users

may also with to adjust the estimated rates to account for presumed under-
reporting; see the earlier section " Problems in Interpreting the Results."

The uncertainty intervals should be used, not just the point estimates.
There is great variability from one plant to another, so many of the inter-
vals are quite wide, and use of the point estimates alone is 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 systems show no

f aults, but some of them show several f aults. In such cases the distribu-
tion has a spike at zero and a very long flat tail. So the lower bound
should De regarded as unknown, but essentially zero, and the point estimate

should be thought of as a crude way to characterize a wide distribution.

Consider now the ef fect of delayed discovery of f aults. Suppose that

an assembly becomes inoperable or develops reduced capability dur'ag a time
interval t, but that the fault is not discovered until the assembly is
tested at the end of the time interval. Faults in the other assemblies are
also not discovered until the end of the time interval. If the interval is
long enough, then a substantial portion of the simultaneous faults may not
be common cause faults, but rather may be individual faults that were not

discovered promptly,

in Appendix A, the section "How to Obtain Probabilities from Rates"
gives the general method for using the estimated rates to estimate proba-
bilities, for example, the probability that at least three out of four
assemblies fail during a time period t. Using the general method,

dpproXimations Can be founo if I is not too large, such as

24
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P(1 specific assembly fails) e r)t

and

P(k specific assemblies fail) e (At)k + r t
k

for k > 2. These approximations are accurate to at least one significant

digit if, in the first case, r)t < 0.l, and in the second case, if
x t < p/10 and r t < 0.1. The more general methods of Appendix A should

k

be used if it is too large for these approximations, e.g. if reduced capa-
bility faults in main steam line radiation monitors are under consideration,
x is the upper end point of the 90% interval, p is the point estimate, and
t is one month (720 hours).

The formulas just given should look familiar to fault tree analysts.

In particular, if k = 2, r t is used in the way that Br)t is often used by2
analysts. The formulas given here are more general than those obtained by
the beta-f actor method, because they recognize that systems can have more

than two assemblies. (The ratic r /r) would be a beta factor for k assea-k
blies, and the value given in this report as tne beta factor is a compromise
among these values.)

Diagnostic Check

A final diagnostic check on the BFR assumptions is performed. The
statistical datails are given in Appendix A, but the idea of the check is
this. If the BFR assumptions are correct, then the number of assemblies

affected by any (fyture) nonlethal shock is a binomial (m,p) random variable.
Once p has been estimated, the abserved numbers of affected assemblies can

be compared with the numbers predicted by the BFR assumptions. If they

diff er greatly, then the BFR assurrptions should be questioned. The compar-'

isons are performed by looking at the standardized residuals, defined as

(observed number - expected numoer)/ standard deviation.

25
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There is one residual for the number of common cause events involving

exactly one assembly, one residual for the common cause events involving
exactly two assemblies, etc. If the BFR assumptions are correct for the

! data set, then all the residuals should be small. '

In many cases, there are no observed nonlethal common cause faults, so
the check cannot be performed. In other cases, there is only one such

fault, so the residuals have little meaning. In the cases with two or more

j observed shocks, the largest standardized residual occurs when reduced

capability faults are analyzed in signal conditioning systems. Shocks

occurred in systems with up to six assemblies, so there are six standard-
'ted residuals, corresponding to one through six failed assemblies. They
are, respectively, 1.7 9, -1.30, -1.71, 1.15, 1.5 2, and -0.18. The largest

absolute value is approximately 1.8. This means that no observed count is
more than about 1.8 standard deviations from its estimated expected value.

Therefore, this investigation finds no strong evidence of departure from
the binomial distribution,

i

|
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CONCLUSIONS

Estimates have been found for common cause fault rates and related
quantities. The estimates are based on LERs for I&C assemblies for 1976
through 1978. Because the LER data base seems to be incomplete, the
estimates should be used with care.

All the rates presented are per calendar hour. Every quantity has
been estimated by both a point estimate and a 90% interval. The width of
the intervals reflects both statistical uncertainty, due to the random
nature of the data, and also the actual substantial variability in the
f ault rates from plant to plant or system to system.

How to use the estimates in applications has been discussed. A diag-
nostic check shows no marked departure in the data from the assumptions of
the model.

.
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APPENDIX A

TECHNICAL DETAILS OF METHODOLOGY
a

; Fitting a Gamma Distribution to the Data

Suppose that A has a gamma (a,b) distribution, and that, given A, the
number of faults of an assembly has a Poisson (At) distribution. Then it is
not hard to show that the unconditional distribution of the number of faults
is negative binomial with parameters a and bt (see Johnson and KotzA-1),

[ Therefore, the maximum likelihood estimates of a and bt can be found numeri-

cally, based on the exposure times and observed failures for the assemblies.

i

To illustrate this, consider the individual inoperability faults in
'

signal conditioning systems. There are 449 groups of conditioning systems
at the various plants, such as the group of 4 auclear power conditioning
systems at Calvert Cliffs 1 (CCl-PN) or the group of 3 reactor coolant
pressure conditioning systems at Beaver Valley (BVl-RP). When a gamma
distribution is fitted to the 147 faults from these 449 sources, the

estimated parameters are 0.258 and 1.272E-5, the estimated mean of the
distribution is 3.287E-5, and the estimated 90% interval is (7.960E-ll,.

1.575E-5). The single group of 4 nuclear power conditioning systems at

Fort Calhoun (FCl-PN) had 13 faults in 26304 hours. If a and b were equal,

to their estimates, the probability of getting at least 13 faults in
,

| 4 x 26304 assembly hours is only 0.000053. Therefore, the probability that
at least one of the 449 data sources would be as extreme as this is approx-
imately 449 x 0.000053 = 0.024. In fact, FCl-PN is influencing the esti-
mates of a and b, so this calculation makes FCl-PN look better than it is.

Using estimates based on all the data sources except FCl-PN gives

i 449 x 0.000009 = 0.004 as the probability of seeing a data source as
i

extreme as FCl-PN. The data source is clearly an outlier.

; If FCl-PN is excluded, and a gamma distribution is fitted to the

! remaining data, the estimated parameters are 0.325 and 9.069E-6, the
estimated mean is 2.948E-6, and the estimated 90% interval is (6.399E-10,
1.314E-5). That is, the mean shrinks by 10% (or by 3% of the length of the

| original interval), and the upper end point shrinks by 17%. These changes
!
:

|

|
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are not considered large enough to justify the complication of giving
special treatment to the single data source FCl-PN. The rates are
estimated based on all the data, which is conservative.

The above case was chosen to illustrate the method because it is the
only case with an outlier problem.

I

How to Obtain Probabilities from Rates

When using the model of this report, the key to evaluating probabili-
ties is to condition on the numlier of nonlethal shocks. Let N be the3
number of nonlethal shocks, and N the number of lethal shocks. Consider

L
any event involving the failure or survival of certain pumps in some time
period t. LetP(AjB)denotetheconditionalprobabilityofA,givenB.
The following decompositions hold

P(event)=P(event |N > 0) P(N >0)+P(event |N = 0) P(N = 0)

.

P(event |N = 0) = { P(event | fi = 0, f43 = n) P(N3 = n).
l

n=0

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

The model assumes independent shocks with a constant shock rate.

Therefore (Reference A-1, Ch. 4.1), the number of shocks in time t is a
Poisson random variable, with parameter equal to t times the shock rate.
It follows that some uf the 300ve probabilities are easy:

P(N = 0) = e-wt

P(N > 0) = 1 - e #

(pt)hn!P(N =n- =e
3

l
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If t is small, these expressions can be approximated by even simpler ones.

The nontrivial term to evaluate is the conditional probability of the
event under consideration, given that NL = 0 and fig = n. As a major step

toward evaluating this, let q = 1 - p, and note that for any specific single
assembly

P(survival |N = 0, N = n) = q" e4b
3

This expression is the probability that the assembly survives all n shocks
(q"), times the probability that it does not become inoperable individually

( e- ). Denote this expression by Q . To find P(event | N = 0, N * ")'
n s

use Q and the fact that, given a shock, the assemblies behave
n

independently.

As an example, suppose that a system has four assemblies. What is the
probability that at least three of the four become inoperable during some

time period t? Given that N = 0 and N3 = n, the conditional probability
that a specific assembly survives is Q , so the conditional probability that

n

at least three fail to survive is
;

P(exactly 3 fail |N = 0, N = n) + P(exactly 4 f ail | N = 0, NS " "I
S

= (3)(I - O ) O +(I-O) *(I-O) (1 + 3 Q )'n n n n n

Therefore, to obtain the desired probability, observe that

P(event | NL > 0) equals 1, and substitute into the equation for P(event)
at the beginning of this section. The answer is

,

(1 - e-et) + e-wt ( 3 _ g )3 (1 + 3 Q )e "t (ut)"/n' .' -

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

i

1
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probability is not so easy. Using the end points of the 90% intervals for
p, p , A, and w is conservative, because 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

and w. This is how the intervals for 8, rj, r2, etc. are found inp, A , A#,
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 A t << 1, ut << 1, and wt << l.
They follow from the Taylor series expansion for e * and are-

e =1

1-e" = wt
-

!

| -p t ; )e

Q 9n

1-Q (I-9)+9n

(1 - O ) O P(fig = n) = (p + qAt) q ut, for i > 0 and j > 0.
n n

n=1

|
This leads to simple approximations of many probabilities. For each of the

i probabilities below, the first approximation is valid if At << 1, ut << 1,
and wt << l. The second approximation for one specific assembly is valid

|
|

|

:
'
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if in addition u << A and w << A . The second approximation is valid
for k assemblies if the first approximation is valia and in addition qAt << p.

P(1 specific usembly fails) = At + put + wt a r)t
*At

P(k specific assemblies f ail) = (At)k + (qrt + p)k ut + wt

3 (At) + p ut + wt s (At)k + r t for k > 2
k

P(at least k out of m assemblies fail)

(*)( A t ) +ut ( )(qrt + p) q +wt
~

=

1=k
m

("k)( A t)k + t J ("j) p' q*~' + wt
'

. .

2

1=k

for k > 1.

Diagnostic Check Based on Residuals

If the binomial failure rate (BFR) assumptions hold, then the number
of assemblies affected by an obserable shock has a binominal(m,p) distri-
bution, truncated because zero caraot be observed. Once p has been esti-
mated, the correctness of this distributional assumption can be studied.
The sample sizes in the I&C data are much too small to allow standard

goodness of fit tests, but residuals can be used, essantially as described,

in Section 5 of Atwood.A-2
|
;

i Suppose n, nonlethal shocks hit the systems with m assemblies and
cause at least one assembly to become inoperable. Then define

;

(m)pj m-j/(1 - q )mz = q
)

i
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Y

for 1 1 j 1 m, with q = 1 - p. Let N be the number of shocks that affect
exactly j assemblies. Conditional on n,, Nj j = n, z) and vari-has mean E

ance Vj = n# z) (1 - zj). Now suppose that there are systems with various sizes
m , and corresponding values n,$ , Njj, Ejj, and Vjj. Then, conditionalj

on the values of n 4, N , = {N)j has mean E = {E and variance V , = {V
j j jj j 3j.

Here, the summations,are over all i, such that mj > j. Substitution of the
estimate of p gives E , and V ,. Then for each j, a standardized residual

j 3
can be constructed '

A

(N. -EJ')J'

U) = 1/2 *

,

J-

Under the BFR assumptions, the U values have a mean and variance of
J

dpproximately 0 and 1. Any large value of U indicates that the data do
j

not satisfy the BFR assumptions.

Effect of Data inaccuracies

In the main body of this report, in the section " Common Cause Classifi-
cation," there was a description of an actual experience suggesting the
importance of data misclassification. Now let us investigate the effect of
data inaccuracies more theoretically, by asking, "What effect does a small
relative change in the data have on the estimates?" This ef fect can be
approximated by the use of the relevant derivatives. Let e denote a para-
meter to be estimated (A, A ,, w, p, u , 8, or an r ) . Let x denote some

k

quantity in the data (n , n , n , or v, all defined below). Relative change
y L

means the change in the quantity, divided by the value of the quantity.
Then the rate of relative change in the estimate of 0 per relative change
in x is

.

C(0, x) = E N . (A-1)
3x 0

Approximate formulas will now be derived.
|

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

'+' stems with populations m and times t . Let nyg, ng,n 4, and s4 denote.

g $

the observed numbers of individual faults, nonlethal shocks, lethal shocks,
and pumps made inoperable by nonlethal shocks. Then the maximum likelihood

estimates satisfy

{n $-
g

A * Im tjj

In 3-

A+* [t j

1"Li-

**{t $

m4 nj-

[s =p1 (A-2)
3 -m

g

1-4

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

can be approximated by

-

p{mn$g

[S E ^mi
(1 - q )

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

[*j"+i
[n j

where the sum is taken over all i such that mg > 1. The terms with

j = 1 are not counted because they contain no information about p.m

37
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= {n $, n = [n 4, nl *I"Li,andSo now, if we define n
g g

B,

{sj/{mjn j, and if m is as just defined, then the estimates satisfyy=
;

ng-

A
* 1m tjj

n.-

A + " }, t j

n-

**{tL

^ ^

m
p = v (1 - q )

.

.

Finally, the coefficients C(e,x) defined by Equation (A-1), can be approxi-
mated for e = A , A , w, p, u, r , or 8, and for x = n , n , n , or v.

k y g

Formulas are given in Table A-1, and very rough approximate values are given
,

in Table A-2. For these approximations it is assumed that r) 2 A.

These coefficients are used as in the following example. Suppose that

information is needed about the effect on the estimate r) of increasing ng
and v by 10% and decreasing n by 5%. The relative change is

-

ar)
= C(r),n ) x (0.l) + C(r), n ) x (-0.05) + C(r),v) x (0.1) ..

g

r)

Of course, the real difficulty is not in calculating derivatives, but
in deciding how much inaccuracy might realistically be in the data.
Inaccuracy due to misclassification of the reporteo events was addressed in
the first part of this section. To assess the amount of missing data
(unreported events or overlooked reports) is beyond the scope of this
report.

I
,
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FORMULAS FOR C(0, x) = h ETABLE A-1.
e

~

X

"I "
"Le + y

A 1 0 0 0

A+ 0 1 0 0

w 0 0 1 0

P O O O I - q*
1 - q* - m p q*~I

u 0 1 0 1 - C(p,v)

L M - EE"
r

1 r r rj j j rj

k k
r,k>1 0 " E--- - WP

k
-

" [1 + (k - 1) C(p,v)]
k k k

*~
D + (m .)pp q C(p,v)L D gg w - C(r 'v)g

r) D+w r 0+w D+w lj

Notes:

1. Here, D denotes up(1 - q -l).m

2. For typographical clarity, the hat is omitted from estimated
quantities.

|
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TABLE A-2. CRUDE APPR0XIMATIONS FOR C(e,x)a

x

"I "+ "L ve

A 1 0 0 0

A+ 0 1 0 0 |
|
'

0 0 1 0w

p 0 0 0 >l

u O 1 0 <0

rj *1 *0 80 *0

rk, k > 1 0 <1 <1 varies

5 -1 <1 <1 variess

a. This table shows, f or example: if ni increases by 104, 8 will
decrease by approximately 10%; if v increases by 5%, p will increase by
more than 5%. For unusual data, the assumptions underlying the
approximations may not be true. For very small data sets, small relative
changes are impossible, so the table is irrelevant.

40
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APPENDIX B

PLANT INFORMATION, CODE DEFINITIONS, AND SYSTEM POPULATIONS

This appendix contains the plant information used in this report.
Table B-1 gives the plant code, vendor, and calendar hours for each plant.
Table B-2 defines the codes used in the one-line summaries of the data; it

gives all the codes except the plant codes, given in Table B-1, ano the
system codes, given in Tables B-3 through B-10.

Tables B-3 through B-10 give the populations of the instrumentation and
control assemblies in the plants and systems considered. The codes for the

systems of assemblies are shown in parentheses. These codes are intended
to be mnemonic: in the codes for sensors, digital channels, and radiation
monitors, the second character is always the code for the corresponding
parameter; the codes for conditioning systems are of ten identical to the
codes for the corresponding sensors. The arrows connecting the sensors and
conditioning systems show the flow of signals through the channels. If the

trip signal is generated, say, by high pressure or by low level, then a word
("hi" or "lcw") is printed by the final arrow. In more complicated cases,

such as mismatch, no word accompanies the final arrow.

|

|
|
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TABLE B-1. PLANT CODES, VENDORS, AND CALENDAR HOURS

Calendar
Plant Code Vendor Hours

Arkansas Nuclear One 1 AR1 B 26304
Crystal River 3 CR3 B 17184
Davis-Besse 1 dbl B 11448
Oconee 1 OEl B 26304
Oconee 2 OE2 B 26304

Oconee 3 OE3 8 26304
Rancho Seco RSI B 26304
Three Mile Island 1 TIl B 26304
Three Mile Island 2 TI2 8 6672

Calvert Cliffs 1 CCl C 26304
Calvert Cliffs 2 CC2 C 18264
Fort Calhoun FC1 C 26304
Millstone 2 MI2 C 26304
Main Yankee MY1 C 26304

Palisades PA1 C 26304
St. Lucie SL1 C 23592

Beaver Valley 1 BV1 W 23160
Donald C. Cook 1 DC1 W 26304
Donald C. Cook 2 DC2 W 7104
Haddam Neck HN1 W 26304
Inaian Point 2 IP2 W 20304

Indian Point 3 IP3 W 23976
Joseph M. Farley 1 JFl W 12216
Kewaunee KEl W 26304
North Anna 1 NAl W 6480
Prairie Island 1 PRI W 26304

Prairie Island 2 PR2 W 26304

Point Beach 1 PTl W 26304
Point Beach 2 PT2 W 26304

; Robert E. Ginna RG1 W 26304
l H. B. Robinson 2 R02 W 26304

Salem 1 sal W 18000

San Onofre 1 S01 W 26304
Surry 1 Sul W 26304
Surry 2 SU2 W 26304

Trojan TR1 W 26304

i

,
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TABLE B-1. (continued)
_

Calendar
Plant Code Vendor Hours

Turkey Point 3 TU3 W 26304
Turkey Point 4 TU4 W 26304
Yankee Howe YR1 W 26304
Zion 1 ZIl W 26304
Zion 2 ZI2 W 26304

Browns Ferry 1 BFI G 26304,

Browns Ferry 2 BF2 G 26304
Browns Ferry 3 BF3 G 21000
Big Rock Point BP1 G 26304
Brunswick 1 BR1 G 19536

4

Brunswick 2 BR2 G 26304
Cooper Station C01 G 26304 i

Duane Arnold DAl G 26304
Dresden 1 DR1 G 26304
Dresaen 2 DR2 G 26304

Dresden 3 DR3 G 26304
Edwin I. Hatch 1 EN1 G 26304
Edwin I. Hatch 2 EN2 G 4320
James A. FitzPatrick FPl G 26304
Millstone 1 Mll G 26304

Monticello M02 G 26304
| Nine Mile Point 1 NM1 G 26304

Oyster Creek 1 OCl G 26304
Peach Bottom 2 PB2 G 26304
Peach Bottom 3 PB3 G 26304

Pilgrim 1 PIl G 26304
Quad-Cities 1 QCl G 26304
Quad-Cities 2 QC2 G 26304i

Vermont Yankee VY1 G 20304

l

'

,

i

;

l
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TABLE B-2. CODES USED IN LER ONE-LINE SUMMARIES
,

CODES USED IN LER ONE-LINE DESCRIPTIONS

FAktuRE CAUSE *
FAILURE MODE - -- ACTIttit RESULitNG IN DISCOVERY
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TABLE B-3. POPULATIONS OF ASSEMBLlES CONSIDERED:
ALL BABCOCK & WILC0X PLANTS AR1, CR3, DB1, OEl, OE2,
OE3, RS1, Til, TI2
(Codes in Parentheses)

Analog Channels

Parameter Sensing Device Conditioning System

a hi
Flux (N) 8 power range flux 4 nuclear power - tdp

detectors (=4 (PN)
2-section
detectors) (PN)

Flow (F) 8 reactor coolant 4 power / flow (NF) trip

flow sensors (RF)

Temperature (T) 4 reactor outlet 4 reactor ogtlet S trip
temperature temperature (RT)
sensors (RT)

4 pressure / tempera- - trip
ture (TP)

t
Pressure (P) 4 reactor coolant 4reactogcoolant hi b

pressure sensors pressure (RP) ~_ trip

(kP) low

Digital Channels

Parameter Channel

Pressure (P) 0 or 4c reactor building pressure switches (CP) trip

Inputs to other conditiening systems are analog signals, sent before thea.
signal reaches a bistable.

1

b. Each conditioning system has two bistables, one for high-pressure trip,
one for low-pressure trip.

c. Apparently none at CR3; four elsewhere.
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TABLE 8-4. POPULATIONS OF ASSEMBLIES CONSIDERED:
ALL COMBUSTION ENGINEERING PLANTS
TWO LOOPS--CCl, CC2, FCl, MI2, pal, SL1
THREE LOOPS--MY1

(Codes in Parentheses)

Analog Channels

Parameter Sensing Device Conditioning System

Flux (N) 12, 8, or 2 wide range 4 or 2 rate of b ripa b
t

flux detectors (WN) flux (RN)

c d hiS power range flux 4 nuclear power - trip

detectors (=4 2-section (PN)
detectors) (PN) e

Temperature (T) 16 or 6 ,f temperature 4 thermal margin / b ripc
t

sensors (RT) low pressure (TP)

Pressure (P) 4 pressurizer narrow - 4 reactor coolant b ript

range detectors (RP) pressure (RP)

4/ loop steam generator 4 steam generator b ript

pressure sensors (SP) pressure (SP)
,

hi4 or 09 containment 4 or 09 contain- - trip
pressure sensors (CP) ment pressure

t

(CP)

Flow (F) 4/ loop reactor coolant 4 reactor coolant I " trip
flow sensors (RF) flow (RF)

#
Level (L) 4/ loop steam generator 4 steam generator trip

0'- water level sensors (SL) water level (SL)

Digital Channels

Parameter Channel

turbine oil pressure (loss of load) (0P) I * trip 5Pressure (P) 4 or 2

a. For each channel, there is one fission chamber, and two (one at MYl,
none at PA1) proportional counters.

! b. Two at pal, four elsewhere.

50
:



/' '
,

[,!%

..

4

'
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f . <
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e. r.,

!/
..
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' '

,e j !,MYl.
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, ,7

. r -
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' /
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TABLE B-5. POPULATIONS OF'ASSEMBLIE$ CONSIDERED:

WESTINGUDUSE PLANTS- 1

'TWO LOOPS;-KEl, PR1, PR?,=PT1, PT2, RG1
.

'

THREE t00PS--BVI, JF1, NAl, R02,~ Sul, Sul, SU2, TV3, TU4
f00PS--DC1, DC2' IP2, IP3, sal, TR1, Zll, ZI2

FOUR[es in Parentheses)
y,

(Co? r

i / ,
i ; + . . ,

.

Analog Channels'

; _
i ~ s

/ ~

( P/.raj,eter Sensing DrNice Conditioning System
.~'V

'

j, ~

/- hi> .

.
,

Flux (N) '/ 2 deurce range flux 2 source range flux - trip

, . detectors (SN)> (SH)
~

--

7~ . aa hi
2a int 9n5eNiata ? intermediate range - trip

, , _

'% M ange flux ' flux (IN)} s

/./
, detecto rs-{ IN')f' ' j'>t

,

'

- a 7' b ILL
i; 2 ('

s
-

8 power fange flux '4' power range flux trip"' s,
'

h* 'r " ,/ -! $, j detectors (Ple), s(PN) rates
,

'/[ *
~

/ \ d hi .R
'

t *-
e ,

/ /d - g N' - 3 or 4 overpower / trip+- .,

y s ! ,$/
. -c- 1 '

. ,,i'b, delta T (NT)
,,

is %,3
"(- s,

,
~ I'

,,s ;,.,
e d

% .
'

Temperature (T) 6 >/or 8 reactor - 3 'or 4 T average /
' l /A . \ elta Tb -(DT)

^

W Y '.' <-
coolant temperat'ure d

3 o%r4 over- - tripde't, ectors (RT)J d hi .

y-j',,/,; .d temperature / delta T
..' '

.- (TT)
'--

-

,/' Pressure (P) p 3 or 4 pressuritprd .
/ d low .f; -

3 or 4 reactor trip
J

-

- -

Q- 't $prassuresensors. coolant pressure hi
(RP)(RP)-~ -e .

i u
-

n' . +c' m
.

.-

r 3ngtr . ,

'P * (F)/ 3/loopre'$c|t>r.- - 3/ loop reactor trip
,

:-/,- ' f. lowf
idi co91 ant flow O coola4t flow (RF)s

fi- $J "? selisors (RF'/" c
'

sen . s .f .-<<s a +

|pf / 2/ loop steam flow
j// '. segsors($F);

'
. .

> r
92/ loop steam flow / tripfaj '|# ./f

#
wy .

fi e , f - feed flow mismatch
'

f (FF)
ys.. </ . ,

' *
.

r- . . ,

' ' , ( 2/ loop'feedwaterp
flo,w sensors (FF)'

;
.

.

Ib

*
: _.

:!- |~.<
, ,

1
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;

i

| TABLE B-5. (continuea)
i

Analog Channels (continued)
,

1, Parameter Sensing Device Conditioning System

Level (L) 3/ loop steam- 3/ loop steam I W-I * trip
generator water generator water

| level sensors (SL) level (SL)
hi

3/ loop pressurizer 3/ loop pressurizer gp4

level (PL) level (PL)

Digital Channels
!
!

j Parameter Channel
!

) Pressure (P) 3 turbine low autostop oil pressure switches (OP) * trip 9

a. At 501, there are only six power range detectors. The power range and
intermediate range detectors are all used for the power range conditioning
systems.,

b. Inputs to other conditionin'g systems are analog signals, sent before
j the signal reaches a bistable.

| c. At three-loop plants and TRl, this channel gives a trip if there is
hign flux, or a high rate of change of flux, or a high negative rate of
change of flux. At the other plants, high flux gives a trip but the rate
of change does not cause a trip.

d. Three at three-loop plants, four at two-loop and four-loop plants.

e. Six at three-loop plants, eight at two-loop and four-loop plants.

! f. Each channel gives a low-pressure trip. At two-loop plants, IP2, and
| IP3,-three of the four channels have a second bistable for a high-pressure

trip. At the remaining plants, all the channels have a second bistable for
a high-pressure trip.

g. This is an equipment-protective trip. It only occurs in conjunction'

: with a low steam generator level.
i-

I
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TABLE B-6. POPULATIONS OF SYSTEMS CONSIDERED:-

| WESTINGHOUSE PLANT HN1
] (Codes in Parentheses)

Analog Channels;

! Parameter Sensing Device Conditioning System
!

hi
- Flux (N) 2 source ran e flux 4 reactor startup - trip

detectors (5 ) rate (RN)
/

2 intermediate range
,

flux detectors (IN)
h i_6 power range flux 4 neutron flux ,jp

detectors (= 3 (PN)
2-section

j detectors) (PN)

Temperature (T) 8 reactor coolant 3 reactor coolant * trip
temperature temperature (RT)"

detectors (RT);.

I hi
Pressure (P) 3 reactor coolant 3 reactor pressure trip

;
> pressure (RP) (RP)

Flow (F) Reactor coolant flow reacgorcoolant * trip
a (RF) flow (RF)sensors

4 a b hi
Steam flow sensors 4 steam flow - trip

(SF) (SF)
i,

Feedwatgrflow steamflow/fegd trip

sensors (FF) flow mismatch
(FF),

hi
Level (L) 3 pressurizer level 3 pressurizer level - trip

sensors (PL) (PL) O

t

a. Population. unknown.
!

| D. Not considered for rate estimates, since this system is not used for
trip at other plants.4

i

i

t
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TABLE B-7. POPULATIONS OF ASSEMBLIES CONSIDERED:
WESTINGHOUSE PLANT YR1
(Codes in Parentheses)

Parameter Sensing Device Conditioning System

Flux (N) 2 source range flux
detectors (SN) \

Rate of change of b. trip

/ fluxa(RN)
3 intermediate range
flux detectors (IN)

3 power range flux - 3 power range trip
detectors (PN) flux (PN)

Populations for other systems are not known.

a. Population unknown.

!
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TABLE B-8. POPULATIONS OF ASSEMBLIES CONSIDERED:
GENERAL ELECTRIC PLANTS: MODEL 3 and 4 BWRS
MODEL 3--DR2, DR3, Mll, M01, PII, QCl, QC2
MODEL 4--BF1, BF2, BF3, BRl, BR2, C01, DAl, EN1, EN2,
P1, PB2, PB3, VY1
(Codes in parentheses)

Analog Channels

Parameter Sensing Device Conditioning System

hi
Flux (N) 4 source range monitors 4 source range flux - trip

(SN) (SN)
hi

8 intermediate range --- 8 intermediate range - tripa

(IN) flux (IN)

Many local power range 6 average power - trip

monitors (Pk) range monitors (PN)
fC

Flow (F) 4 reactor coolant flow - 2 flow units (FU)
sensors (RF)

Digital Channels

Parameter Channel

ht
Pressure (P) 4 reactor vessel steam dome pressure trip

switches (RP)

4 containment pressure switches (CP) b ript

4 condenser low vacuum pressure switches (VP) trip

# trip *4 turbine control fast closure valve c

pressure switches (0P)

4 turbine first stage pressure (FP) IU" trip 9I

#
Level (L) 4 reactor liquid level (RL) trip

4 scram discharge volume water level (VL) - trip
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TABLE B-8. (continued)

Radiation Monitors

Parameter Channel

hiRadiation (R) 4 main steam line radiation monitors (SR) - trip

a. Six at DAl and VYl.

b. DR2, DR3, 164; Mll, 120; M01, 96; PIl, 120; QCl, QC2, 164; BF1, BF2,
BF3, 172; BR1, BR2, 124; C01, 124; DA1, 84; EN1, EN2, 124; FP1, 124; PB2,
P83, 172; VY1, 80. Each LPRM is a fission chamber. They are connected,
four to a string. Approximately three-fourths of them are used for reactor
trip.

c. The trip setpoint for flux depends on measured flow.

d. Not present at C01, DAl, EN1, EN2, FPl.

e. This is an equipment-protective trip.

f. Not related to trip, so not counted, at Mll, BR1, or VYl.

g. This permits a trip, rather than initiating one.

|
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TABLE B-9. POPULATIONS OF ASSEMBLIES CONSIDERED:
GENERAL ELECTRIC PLANTS: MODEL 2 BWRS--NM1, OCl

(Codes in Parentheses)

Analog Channels

Parameter Sensing Device Conditioning System

hi
Flux (N) 8 intermediate range 8 intermediate range - trip

monitors (IN) flux (IN)
hi_

120 local power range 8 t... mage power gp
monitors (PN) rangeiaonitors (PN)

t
Flow (F) Reactor coolant flow 2 flow units (FU)

sensorsa (RF) .

Digital Channels

Parameter Channel

hi
Pressure (P) 4 reactor pressure switches (RP) rip

hi
4 or 8 containment pressure switches (CP)

4 condenser low vacuum pressure switches (VP) I * trip

0 or 4 turbine first stage pressure (FP) I " tripc

Level (L) 4 reactor liquid level (RL) trip

"
4 scram discharge volume water level (VL) - trip

Radiation Monitors

Parameter Channel
e

hi
Radiation (R) 4 main steam line radiation monitors (SR) trip

a. Populations not available.

b. Eight at NMI, four at OCl.

c. Zero at. NM1, four at OCI.
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TABLE B-10. POPULATIONS OF ASSEMBLIES CONSIDERED:
GENERAL. ELECTRIC PLANTS: MODEL 1 BWRS--BPl, DR1
(Codes in Parentheses)

.

Analog Channels

Parameter Sensing Device Conditioning System

a #
Flux.(N) 2, 3 intermediate range 2, 3 short reactor trip

flux detectors (IN) period (RN)
; hi
i 6 power range flux 6 power range flux trip

detectors (PN) (PN)-

Digital Channels
,

Parameter Channel

hi
Pressure (P) 4 sphere pressure switches (CP) - trip

- hi.

| 4 reactor pressure switches (RP) trip

#
!

0, 4 ' loss of feed pumps pressure switches U" trip

4, ? condenser pressure switches (VP) trip:

#
Level (L) 4,7 ' steam dome level switches U" trip

;

4, 0 reactor level switches (RL) * trip#

a. Two numbers separated by a comma are the populations f or BPI and DR1
respectively. A zero means that the assembly is not present. A question
mark means that the population is unknown but nonzero.

b. Not considered for rate estimates, because this system is not used at
L other plants.

i
|

<

|

,

|
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APPENDIX C

ESTIMATES

i

; This appendix contains 12 sections, each corresponding to one-of the
i classes of instrumentation and control assemblies defined in Table 1 of
I this report.

t

Each section has the same format. There may be a few remarks con-

| cerning any special features of the data. Then there is a printout of the
'

estimated parameters, based on all the reported inoperability faults, and a

j second printout of the estimated parameters, based on all the reported
! reduced capability faults. Following the estimates are a tabular summary
i of the data counts and a listing of the one-line descriptions of the

relevant LERs.

-

||

i S

!

;

!

!

!
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Pressure Switches

The digital channels (and their codes) considered here are: BWR
! reactor pressure switches (RP), containment pressure switches (CP), BWR

condenser low vacuum pressure switches (VP), turbine control fast closure
valve (loss of load) pressure. switches (0P), and turbine first stage
pressure switches (FP).

There is one event for which the number of failed pressure switches is
4

not known.- At FitzPatrick on April 3,1976, nine drywell pressure switches
had drifted. The plant only has four drywell pressure switches used for

j reactor trip. The LER does not say how many of the drifted switches were
in the reactor trip system. For this report, the number was taken to be
three. This affects the estimate of A, when reduced capability faults
are used. The effect is very small, because there are 82 such individual

i faults in all.

Be sure to r+-;d the section " Application" in the main body of the
report. The following computer printouts give the estimates, followed by

,

summaries of the relevant data.

4

k

,

i

!

i

03

_. _ . __ _ _ _ _ . , _ _ _ _ _ . _ _ . . _ . _ . _ _ _ _ _ . . _ _ . . . _ _ .. - . . _ __.._ _ _._.-=_,_



a= sm =

% % P.
O O O
1 8 I

w u w
e e e

e e o
M e en

am m e= m e= . . .

er* O e N N > P. p.

O O OO O su) .* ee
M M e er% er% 0 g i

E * * * * e f w w eu
O E er% er% er%

o e e
e. e a e 6 m
W F* e N O e se se ce
et se eli e @ e
w *e en ce me A e e a

O O Oe e o e e
ee eo se4
| | |> a e a a =

w e O ee ce e w w w
e O en se se O its m m

e e eO O O O O
o e e o e e e e

M
== w me w me > w me

Z
w

so a m m e am Z m e a= m

O e e e e 4 O P= P. > P=

A O U O O 3 eL O O O O

3 8 9 4 8 8 E I I I I
O w w w w we O w w w w
a > P. erg m N P= v P- P= c e=

e e e eZ e e e e e
art erg erg en

ue& w we se ce ce se
mZm

& O e a a a m w e e a a

A w& c P. P= P= P. ** P= P= #= P=

3 Or O O O O O u O O O O
EO e 8 3 3 3 w I e e e

use w w w eu w & m w w w w
a

w w w 0 e e e e M m art um ers erg

e o e e
> e-u o e o e o

4 4 mm ee e P= c e g a=e ce ce se
am

.E ** a a a a a w * a e a
*

a= ed u > P= P. P= P. O O O O O
ce se ce se

en 4 w O O O O O
W D & 5 5 $ $ $ == | | | 0

E M w w w w w w w w w w
> w e O e e e M ers .* erg arg

e e e e
Z *= e e e e e

M *= Z d 4 m N N m e e P= P=

Ow O **
Z a. w me me w w w en en me me

y e. a= = =
= Z P= 4 P= w

.e- O O O = e. en a= m > ** e= em em em
* O w
3 Z u I 0 t e e e e d 4 P. P= P= P= P=

M 3 & w w w O O O O O a o O O O O
O w M o e 3 3 4 3 3 0 g i e t

w e EL * * * w w w w w w w w w w
m e N er% pe P= O O ye e M O @ d

3 m O e e e e e e o e e e

M w @ em e a e e N N se # e @ e er% e
M 3 O P= e P=

w as O E O O O O m . . . m a e e m a

a 3 es a m I g i e w e e e P. P= P= P= P=

ek O w Q e w w w E O O O O O O O O O O

Z w * O f ww g | 3 g i 4 8 8 8 4

N w w w w w
2 M e o e e C*= O w w w w w
me a 3 m e M ** ** Zet es e e e c a O e e P= m

at C O @ ene o e e e e e e e e e

M O Z Z O e a a P. e est me e N pe see ce me

> Z en 3 e P* P= 0 m a a e a
s w O O O ce . e a e a

3 m3 N e D | $ $ e P* P* P= P" @ O @ @ @

4 *E es we w w w O O O O O O O O O O

E U w & O N ce P= 9 0 0 8 0 0 0 0 0 1

er w O o e e w w w w w w w to w w

> R E ek o ee f8% K4 N m e e e O M & f e
e e e o e

> w 3 dk e e o e e i

se & Z 3 w == == ee es @ P= or% ers M N ce se me
1

aer en en me me
es w w O e e e e me =e me =e me

en a O Z f .#
4 *E 4 & + 1

.a.# E s as
a w 4 4 E
W e6 .a E O O es wiu as ww | 4

EL w & W e e O keneE N M # e CE kNE N M f e $ M
Moe 4 w

C > em 2 E E w utom a w
Z *E M Q et 4 L b ed $ ||c F46 8 >

e4 4|b e' =A ed ed O eM | C to | O

.

4

|

o4 .

--- . . - - _ _ . - - - - --



a - 4

.

1

J

!

!

i
<

m

O
2
3
O
e

K
W
&
&
D
= M

w w
> ese
4 >
E os
me ==
M J Z

M 49 4 4
w w D D
Z M O
U > w

]
> I W W
e == z w
3 O me I
M & ==

Q> m m a
, w e E n k >

a O w O O O L9
5 D T U S I $ Z

M 3 m w w w me
M C w @ @ O >
w a & * * e 4
5 N O A E
6 m O me

w @ m a e *=
E 3 O b b M
** a O E O O O w

D J K 0 0 8
M O = 0 w w w a
M 2 h @ f d O
w e o e e &
D h 3 M M M M
4 4 C O O
w Q Z Z e a a w

Z M D se O O >
> w O ** ** M a
> J M E 4 0 I w
me 4 & w w w M
eJ U W E f k N e
me e w e e e o
e a r & e e m
4 W D E w
& & 2 3 aus * ** E
4 W
U W E O O 9 9 3

a O Z;
Q 4 4 + 4

# w W 4 4 >
U M .J K Q O 4 4
O w & w e E LP C

"
O > = 2 E E w
w 4 a O 4 4 L O
M & > ad and mJ O Z

4

t

i

65

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



enk
> ag 4

wouw|
ens O 4

GEO
"swww O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
eem a
EUJ%% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %
wwet'
wwEo O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
em=Z
4 4 wee

en*

1

eh
ai d

kuY'
DO

EOi O O O O O O O O O O O O O O O O O O O O O O O O O O O O O Om ew '
ens e li
e a%% % % % % % % % % % % % % % % % % % % % % % % % % % % % e6 % %
E469
DTOG O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
E>E8

we== 0
ud

M
en | 2C
ene y U&

>Ce2 i

eneZU Su
' w ene=

me mec O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
3 i sw dw
w ' ee=<a m

i EUT%%
ead

i

eadwe= & i

% % % % % % % % % % % % % % % % % % % % % % % % % % % % % %
I

w' N asO O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
D l Mw #3 .

e4 l 4 4 E ee
eM ' O
eas E
a
&

E
me e

M
M W&

i t= 04
.d i ZuI'

3' sen 9
4 O G4 O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
m swa

M4E|
d WI%% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %
s es-&

*I EwO O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
.3 aK
E E ==
0
E

M&
p e5

h e.M P
C3

eE O .* O O O O O O O O O O O O O O O O O O O O O .=a O O O O O O O
wweao
ess W
e9%% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %
EDE
3== O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O J
EQZ \

E =*
==

$

dL t
O$ O + d d d d e + + e e e # N e m m m m m m m m m m m m m m m
64

s

Y| O e 4 O O O O N O O 9 O O O N O O O O O O O O O 6 O O O O O
e9 O * O O O O O ** O O O O O O P e O O O P= d O e O O O O O O O
30 m f m m m M m e m N m m m M en se m eo m e N m O M m M M M O m
Ol 4 s=* 4 e e e @ @ 4 e e @ @ @ m m @ h 4 889 N 4 @ @ d 4 e 4 e @
Z$ N ** N N N N N N s=0 N N N N N N N N N me N N N N N N M N

*
n= 0
Kt .4 ee .e N m .s N .e N .e N e ao se .e N N m .e .e .e == N .e N .e ==

4.L.e.&o
h eas 88 e R. e* e* O 88 O4| e e w w eaa e ** *=s u u u *e > 4 A 3* V V

e "1 Ju. E 6. & & & a M eed u *E O C Q Q m e- e= y y en E E & M e Q O
ak 8

66

I

b



_ _ . _

i

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O f O
6

% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 8 O
O

4

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
8

% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 4 O
4

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O I O
E

% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %

O O O O O O O O en O O O O ee O O O O O O ** O O O O O O O O O O E **
I

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O I O
I

% % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %

O O O O O O O O *e O O O O =e O O O O O O ee O.O O O O O O O O O | M
$

f

O C ** O O O O e m we == ** e d O O e N O O m O O *e N m es e e e N I N
og es I e

s % % % % % % % % % % % % % % % % % % % % % % % % % % % % % % %

O O O O O O O O O O O O O O O O O ** O O ** O O O O O ** O O en O I *
i

4

m m m m m e m O O O N 4 o e e e O O C e e * O C C O O O O O @ g d

N N N ee ** N en en N N ** en no no N oe me N N N N 0% *e t 4
| O

4 4 4 4 e * + + 0 O O w 4 e + 4 4 4 4 O + e 4 + + 4 4 4 4 4 4 9 O
O O O O O O O O O O O m O O O O O O O N O O O O O O O O O O O E 4
m m m m m m m m m o m an m m en m m m m m m m m m en m m m m r m i m
& & O & D & C 4 O ** O m & D & b 9 O & 4 & O O & & & O & 4 & O | e
N N N N N N N N N N N ee N N N N w N N N N N N N N N N N N N 0 e

e
se

| .de N e4 M # on f( ens N M sue no N amt ed on A m se N see ne og sue og N m me se 4%) oo

' en e >- ee = oo % en
m a a em a C og a g gt 2 2 & ee o E s; e e me y u > $ .ma3 D Ca. D 3 ame me g
e e e e E tes O C O O w w w E E 2 O & & 6 O O 2 4 =

1

i

,

67

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



_ _ _ _ _ _ _ _ _ _ _ ________ _ _______-_________- -____________ ____________-____ ________ _
.-

i

!

AL_L FAULi$ IN PRESSURE SWITCHES

A

P
C A F C F t V

W $ G R A OT4 NC I
C FAIL T M A IOY IU0 i
N Pli CONT.NO. DA TE 5 P ML EP LM V Y MODE DESCRIPTION CAUSE DESCRIPTION

8 API 014496 032376 CP DC P A14 1 i RX BUILDING PRES!URE SWITCH F AILED TO TRIP INSTRUMENT ORIF T

W NAl 023480 122878 OP OC P A09 1 N CH 1 TUR8 AUTO STOP OIL LOW PRESS SPURIOut SIGNAL LOOSE TERMINAL SCREW ON P$-LO-609-4
i W T R1 017 7594 050477 OP bt P A14 1 T P5-6309X EXCEEDEO ALLOWABLE SEIPOINI LIMIT IN51RUMENT SE TPOINT ORIF T

G BF1 017077* 012677 VP OC P A14 3 i P5-2-1 Ae 18e 8 A WE RE,FOUND 0PE R ATING BE L OW TECH SPEC S F TPOINT ORIF T
_

G BF1 021560* 053078 FP OC P A14 3 i PS-1-81 Ae 81E e 918 t TUR 8INE PRES,PE RMIS$1VE B DR IF TED SET POINT ORIFT
G 882 016395 111576 OP DC P 802 C 1 T EHC LOF PRESS. SWITCH IPS-47-142) FAILED $ WITCH PLUGGED WITH TEFLON TAPE

G B F 2 019 39 5 101977 CP OC P A14 1 T ORYWELL PRESSURE SWITCH OR1FIED khYOND SET PotNT SEIPOINT ORIFT OF P5-64-56C
HIGH PRES $ SWITCH 3 PS 3204Ae 8 EhCEEDED TS LIMIT SEIPOINT ORIFT$G BF2 023292* 12117R RP OC P A14 2 i RX

G BF3 017529 031477 CP DC P A14 1 i DRYWELL HIGH PRESS SWITCH PS-64-56 A EXCEE0 T$ LIM. SE TPOINT DRIFT
G BP1 020937 040778 VP OC P A14 1 I VACUbM SWITCH SEIPOINT FOUND 10 SE OUT OF TFS Tot. SFTPOINT DRIFT IMINORI
G 8R1 017082 012677 CP OC P A05 1 i HIGH ORYWELL PS C71-PS-N002C FOUND TO HAVE FOR.5UB FOREIGN SUS $1 ANCE SEEN THERE $1NCE IP$iAL

[[ G BR2 014138* 011076 CP OC P A14 4 T RPS HIGH ORYWELL PRES $URE SWITCHES FOUND OUT OF C A $FTPOINT ORIFieOF C72-N002AeBeC AND C

G B R 2 014 54 7 012476 CP DC P A14 1 i HIGH ORYWELL PRES $URE SWITCH FOUND_HIGH DOC SfiPOINT DRIF T OF C72-N002 A

G BR2 014392* 013176 CP OC P A14 2 T RPS HIGH ORTWELL PRES $URE SWITCHES FOUND 00C HIGH SETPOINT DRIFT OF C72-N002C AND 0
G RP2 015398* 060876 CP OC P A14 2 i HIGH DRYWELL PRESS SWITCHE5 FOUND DUT OF C AL SUTPOINT DRIFT OF 2-C72-PS-N002C AND D

G BR 2 015 39 7* 061976 RP OC P A14 4 T HP SCRAM PRESS $ WITCHES FOUND OUT OF CAL HIGH SF TPOINT ORIF T OF 2-821-PS-N023 Ae Se C L 0

G BR2 017588 031377 RP OC P A14 1 T RX HIGH PRES 5URE TRIPE PRESS $W FOUND ODC HIGH SfiPOINT DRIFT OF 821-P5-N0238
G BR2 019179 061277 RP OC P A14 1 i RX HIGH PRESS TRIP PRESS SWITCH FOUND OUT OF CAL. SfiPOINT ORIFT OF 821-PS-N023D
G C D1 016713 181676 OP DC P 802 U 1 M DURIRE STARTUP PRES $URE $W!iCH TRIP CAUSED RPS TRI PRESSURE SWITCH LEFT ISOL ATED AFTER SURVE

G C01 018 441* 0608 77 OP OC P A14 4 T TGF PRESSURE SWITCHES FAILED TO OPER ATE WTTHIM LIM SWITCHES HAVE EXCESSIVE SETPOINT ORITY

G DR2 014189 020776 CP OC P A14 1 i ORYWELL HIGH PRESS $ CRAM SENSOR PS216218 SFTitNG H SEIPOINT DRIFT
C OR2 015023 061676 RP OC P A14 1 T REACTOR HIGH PRESS 3 CRAM SWIICH PS226335C A80VE LI IN$iRUMENT SETPOINT ORIFT
G DR2 015024 061676 RP OC P A14 1 i REACTOR HIGH PRES $ SCRAM $W PS226355A A80VF LIMITS INSTRUMENT SE TPOINT ORIF T

_

C OR2 019903 112977 FP OC P A14 1 T TURBINE FIRST ST AGE PS-504C TRIPPED A80VE SPEC IN51ROMENT ORIFT

G OR2 021159 042478 FP DC P A14 1 i TUR8tME FIRST STAGE P55040 TRIPPED _A80VE SPEC IN$iRUMENT SEIPOINT DRIFT
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ALL_ FAULTS IN PRES $uRE SWITCHES
_

&

kD
P I

C AFC F W

V $ 0 mA 0TA N [
E Fall Y M A IOY IU0
,N PLT CONT.NO. DA TE $ P M LE P LMV Y MODE DESCRIPTION

_ , , __ _CAUSE DESCRIPTION __

G DR3 018935 089677 RP DC P 808 1 i HIGH PRESS SCR AM SWITCH F AILED TO TRIP AS REOUIRED ADJUSTED MECHANIC AL STOP OF BOURDON IUSE

G DR 3 021155* 042478 FP DC P A14 2 i PS 504C G D IST STG TUR8 PRESS EXCEEDED LIMITS INSTRUMENT SETPOINT DRIFT

C FP1 013959 010C'6 CP DC P 811 R 1 N DRYWELL PRESS SW 05-RL-16 INOPERAitVE MatSTURE IN SENSING LINE BLDCKED SICP AL
-

G F P1 014 485* 0 40 376 CP DC P Al4 3T T HINE HIGH ORYWELL SWITCHE$ SETPOINTS WERE HIGH NORMAL DRIFT AND TOO CLOSE TO T 5 LIPITS

G F P 1 01448 3 040576 RP DC P 802 C 1 i REACTOR HIGH PRESS SW 2-3-55D F AILED TO ACTUATE INCORRECT AOJUSTMENT OF MECHANICAL $10P

G Mit 014229 021076 VP DC P A14 1 T CONDER$ER VAC $ WITCH OUT OF TOLERANCE BY 0.1 TN HG DIT-H1855 VAC# PRE $$ SW INST DRIFT
~

C Mil 014291 021976 OP OC P A14 1 i TURRINE CONT VALVE ACC RELAY PRESS $W E ARL Y TRIP P72AA-997 PRESS SW $ETPOINT DRIFT

G M11 016672* 122176 CP OC P A14 2 T 2 0F 4 HIGH DRYWELL PRESS $WITCHE3~ TRIP HIGH SFTPOINT DRIFT OF 8 ARTON SWITCHES

G Mit 01720R 021477 CP OC P A14 1 T ORYWELL HIGH PRESS SCRAM G CONT ISOL SW TRIP HIGH NODEL 288 0-5P$t PRESS SW $ETPOINT OptFT
~

G Mll 017215* 021577 VP DC P A14 2 T 2 0F 4 C MD LOW VAC 5 CRAM SW TRIPPED OUTSIDE T.S. MnDEL DIT-H1955 PRESS SW SETPOINT ORIFT

G Mit 022077 070575 VP DL P A14 1 T CONDENSER _ LOW VAC SW TRIP LEss C055ERV THAN T.S.8 ARK 50 ALE PRESS SW SETPOINT DRIFT
cr
W G Mit 022679 101178 CP DC P A14 1 T ORYWELL HIGH PRE SS SW TRIP 2.85 PSI VICE 2PST INSTRUMENT ORIFT OF BARTON 288 $WITCP

~

G Mll 022860 110678 CP D2 P A14 1 T ORYWELL HIGH PRESS SW TRIP 2.1PS1 VICE 2 PSI SARTON 288 SW SETP01MT DRIFT

G NM1 014248 020776 CP DC P A14 1 Y HIGH DRYWELL PRESS TRIP 3 35 VICE 3 5 PSIG 8ARTON INSTRUMENT SETPOINT DRIFT

G OC1 014489 040676 CP DC P A14 1 T ORYWELL HI PRESS SCRAE stN50R TPD NT 2.1 VS 2 0 INSTRUMENT REPE AT ABILITY-C AT NO. 2N-P4

G OC1 023116 112578 RP OC P A14 1 i RX HI PRESS SCRAM SW RE03C TRIPS LESS CON $RV THAN TS-SENSOR REPE AT A81LITY-9 PSI GT DES SETG

G P82 0172636 022677 VP DC P A14 3 i COMO LOW V ACUUM SW5 PS-2-5-11 Ae SED TRIPD LOWR TNAN TS LIMIT-SETPT DRFT-MOD DIT-H1855 PR ES SW

G P 8 3 01508 3 061876 RP OC P 813 1 i RX HI PRESS SW P S- 3-2- 3- 5 5 8 WOULO NOT TRIP FAILURE OF IEN DIODE IN TRIP UNT-RET-1205

G PB3 015880 0927F6 VP DC P A14 1 i COND LO VAC SW~ PS-3-5-11A TR PD 0.2 6 IN BELOW T5 SE TPOINT OR IF T-S ARKSDAL E POD DIT-"18 5$ PS

G Pi1 017165 020777 VP DC P A14 1 i LO VAC 3 CRAN PRES SW PS-5038tD SET AT 22 5 VS 23IN MINOR SETPOINT ORIFT

G Pil 017331* 030277 CP DC P A14 3 i HI DRYWE LL PRES PS-512 Ae SED,FOUND TO H AVE MINOR SETPOINT DRIFT ON LOW PRES $URE INSTRLMENT

G PIl 022250* 081878 RP DC P A14 2 T RX H1 PRESS SWS PS-263-558tC AT 1108 V5 1085 P5tG SETPOINT ORIFT-0-1500 PSIC-MOD 82T-A1255
G OC1 018110* 042277 FP OC P A14 2 T MAIN iURS FRST STG PRESS SWS PS-1-504 AE8 SET GT TS INSTRUMENT SETPOINT ORIFT

~

G OC10:4580 072277 FP DC P A14 1 i TUR8 FRST STG PRESS 54 OUT OF CAL-401 V5 400 PSIG TNST STPOINT ORFT-TOLER ANCES T00 CLS LCD

G QC1 021410 042578 FP DC P A14 1 i TUR8 F5T STG LO PRES SW PS-1-50AA_TRPO 401 WS 400 INSTRUMENT SETPOINT DRIFT,

PAGE 2



ALL F AW'_,TS IN PRE S5URE SWITCHE5

A

P
C A FC F 5V

W 5 0 R A 0T A NC 1
i FAIL Y M A I OY IU0 i
N PL T CONT.NO. D A TE 5 P M LE PLMV Y MODE DESCRIPTION CAUSE DESCRIPTION

_

_ _

G 0C1 021382 112278 OP DC P A14 1 T EHC PRESS SW 1-5600-PS-3 TRPD AT 880 V5 9008 DECRS TMSTRUMENT SETP0lNT ORIFT
G QC 2 019162* 077476 FP DC P A14 R 2 i TUR8 FRST STG PRE S SW5,P5-2-504 ALB EXCEEOFD T5 LRT SETPOINT ORIFT-SETPOINT SAME A5 LCO
C QC2 01811e 011877 FP OC P A14 1 i TUR8 FRST STG PRES SW TRIPPED AT 407-T5 LIMIT-400 INSTRUMENT SE TP0tMT DRIFT
G QC2 018120* 042277 FP DC P A14 2 i TURS FRST,5fG PRES SW5 PS-2-504CED, EXCEED T5 LIMIT INST SETPOINT ORIFT - STPT TOO CLSE 1CO
G QC2 01857F* 072277 FP OC P A14 R 2 T "A" RPS TUR8 FRST STG PRES SWCHS E RCEEDED TS LIMIT INSTRUMENT SETPOINT DRIFT

'- G QC 2 018 65 6 0725F7 OP OC P A14 1 i ELETROHYD LO PRES SCRAM SW TRPD 15 PSI 8ELOW T5 TMSTRUMENT SETPOINT DRIFT

G QC2 011101 082277 FP OC P R13 R 1 i TUR8 555T 5TG PRE 5~5W kRIPPED AT 409 V5 400 PSI TNSTRUME NT SE TPOINT DRIFT-INST REPL ACE D
~

G VY1 015741 083076 CP DC P A14 1 T ORYWELL HI PRESS SCRantISOLATION SWTCHS El 0F 45W) SETPT DRIFT MODEL 8 12N-AA4
G VY1 01T138 020177 CP DC P A14 1 T ORTWELL HI PRESS SCRAM #150LATM SW 2 038V5.2 08 DRIFTD .1 PSI OVER ONE 10MTH

PAGE 5

_ _.



- .. .- -- . . - . .. . .. . . - - _ . .

t

e

Reactor Liquid Level Switches,

4

: These digital channels are coded RL, and they occur only in BWRs.
They are treated separately from the watar level, switches for the scram
discharge volume, because of the apparent underreporting for the scram
discharge volume switches.

f

The only observed common cause faults involved reduced capability
rather than complete inoperability. Therefore, most parameters cannot be

{ estimated based on inoperability faults.

!

$ Be sure to read the section " Application"-in the main body of the-
report. The following computer printouts give the estimates, followed by

! summaries of the relevant data.
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INOPFRASILITY FAULTS IN REACTOR LIoulD LEVEL SWITCHES
R ATES ARE PER C ALEND AR HOUR

ipIPLE CF NUMRERS SHOWS (LOWER BOUND, POINT E SilMATE, UPPER 80Ugol

LOWFR AND UPPER BOUNOS FORM 90 PERCENT INTERVAL

LAMBDA = t 2 1E-13, 3.3E-06. 1.8E-058

t 3.4E-09, 8.8E-07, 3.4E-069LAM 80A =
+

OPE G A = t 3.4E-09, 8.8E-07, 3.4E-06)

t%
NO DATA WERE OBSERVED FOR ESTIMATING OTHER QU4NTITIES

,

h

1

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

REDUCED CAPA8tLITY FAULTS IN RE ACTOR LIQUID LEVEL SWITCHES
RATES ARE PER CALENDAR HOUR

TRIPLE OF NUM8ERS SHOWS (LOWER BOUND, POINT E$ilMATE, UPPER 80UN05

LOWFR AND UPPER BOUNDS FORM 90 PERCENT INTERV AL

4 .299, .593. .8485P =

LAPRDA I 2.3E-08, 8.8E-06e 3.SE-OSI' =

LAMBDA = 1 1.0E-06, 4.4E-06, 9.7E-063
. +

OPE G A t 3.1E-07e 2.6E-06, 6.8E-068=

!

SYSTEM SHOCM RATE FOR
SIZE RATE SPECIFIC COMPONENT SETA FACTOR

y N MU R1

I
"

4 4 1.1E-06, 4.7E-06, 1.1E-050 t 3.0E-06, 1.4E-05, 4 0E-053 I .046, .305. .6568

4

7

i

SYSTEM RATE FOR SET OF K $PECIFIC COMPONENTS
SIZE

! M R2 R3 R4

4 ( 1.1E-06, 4.3E-06, 9.3E-06) ( 7.6E-07, 3.8E-06e 8.5E-06) I 6.0E-0Fe 3.4E-06. R.0E-063

)

,

i
i

w
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k

i
t

ALL FAULT 5 IN REACTOR LIQUID LEVEL SWITC.H.E.5-- .

A

Oh;
i P I 1
i A FC F $W
! V $ R A TANC I

E FAIL T A 1 Y IUD:

N PLT CONT.NO. D ATE 5 P ML PLMV y MODE DESCRIPTION CAUSE DESCRIPTION

G SF1 022082 072078 RL OC L A14 1 T REACTOR WATER SEVEL SWITCH EXCEEDED TS LIMIT SE TPOINT ORIF TED SELOW SPEC. ILIS-3-20358
G 0F2 018632* 081477 RL OC L A01 C 2 7 TWO RX WATER LOW LEVEL SCR AM SWITCHE5 WERE +20 IM. RFFERENCE LEVEL COLUMN 8 WA5 NOT FUL L
G BF3 017160 020877 RL OC L B13 1 i RX try WATER 1EVEL,5 WITCH Li5-3-2030 F AILE0 TO OP. ERR ATIC MICR0 SWITCH WAS REPLACEO
G BR1 018685 072977 RL OC L A14 1 i RX LOW W ATER LEVEL,1NS T. FOUND OUT,0F CALI8tATION SETPOINT ORIFT, INST.8 821-LIS-N0178,

G BR2 014 391* 020776 RL OC L A14 4 i SCRAM SWITCHES 821-LTS-N017AegeC AND 0 FOUND 00C SETPOINT ORIFT
G 8R2 014944* 061276 RL OC L A04 C 3 T RE LOW WATEP LEVEL SW 2-521-LIS-N024 Aet.258 ACT L CIRCUIT DESIGN 185E0 MIGH LEVEL SWITCFES

,

G BR2 019018 090277 RL OC L A14 1 T RX LOW WATER LEVEL INST FOUND OUT OF C ALIBR ATION INTRUMENT ORIFT OF B 21-L IS-M0178'

'

G BR2 020725 030478 RL OC L A00 1 T RE LOW WATER LEVEL 81 INST FOUND OUT OF CAL LOW ORIVE ARM LINR AGE SLIPED ON 821-LIS-60170
G OR2 015747 082176 RL OC L A14 1 T REACTOR WATER LCVEL INST 2263578 ACTUATED A80VF.LI INSTRUMENT SETPOINT ORIFT
G OR2 019657 111177 RL OC L A14 1 i REACTOR WATER LEVEL SWITCH LI52263_S74 A80VE SPEC INSTRUMENT SETPOINT ORIFT

, b$ G OR2 020600 021678 RL DC L A14 1 i REACTOR LEVEL SWITCH LI52-263-578 AGOVE LIMITS INSTRUMENT ORIFT

| C EN! 017593 022477 RL OC L A14 1 i RR WATER LEVEL SW S21-N0178 EXCEEDED LIMIT SETPOINT ORIFT
. G EH2 023634 111278 RL OC L 813 1 M LEVEL DUT DUT OF SPEC AND COULO NOT SE CalteR ATED SENSOR F AILE0 AND Was REPL ACEO
I, G CN2 023036 111578 RL OC L 013 1 M INST 2021-N017C COULO NOT SE C ALIBR ATED SENSOR FAILE0 AND WAS REPLACEO
I G EN2 023068 121078 RL DC L At4 1 T LEVEL SW 2821-N017C SETPOINT ORIFT R ARTON 2884 SW SETTING HAD ORIFTED

| G NM1 017398 030477 RL OC L A14 1 Y RX LEVEL LO-LO-LO TRIP AT 119 VICE 125 INCH INSTRUMENT SETPOINT ORIFT

G NMI 017442 032077 RL DC L A14 1 i RE LOW-LOW LEVEL TRIP AT 1 IN VICE S INCH SETPOINT ORIFT

G NM1 018165 060477 RL OC L A14 1 T RX LOW LEVEL TRIP OUT OF ADJUSTMENT DIO NOT TRIP SWITCH OUT OF ADJUSTMEdf

G OC1 0219298 071478 RL OC L A06 L 4 T FOUR RX WTR SWTCHS USEO FOR SCRAM INI LESS CONSW THAN T5-DEFICIENCIES IN TEST PROCE005E
G PS2 014400 042676 RL OC L 813 1 T RX LVL SW LIS 2-2-3-1018 COULO NOT OST ACC RESP TI ME-DEFECTV MICR0 SW - MODEL 288 A LVL IMO
G PIl 022982* 111570 RL OC L A14 2 T RK WTR LVL SWS LIS-263-57AGB TRIPPED GT TS LIMITS MTNOR SET POINT ORIFT

' G QC1 020543 011778 RL OC L A14 1 T RR LO WTR LVL SW LIS 1-263-588 SET AT 7.3 V5 8 IN INSTRUMENT SETPOINT ORIFT
G QC1 021786 061578 RL OC L 808 R 1 T LO-LC RX WTR LVL SW Lt5-1-263-72A FAILD TO OPERATE MERCOIO SWCH MI5ALGMD W CAM-MNTO MAGbET
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4

Scram Discharge Volume Water Level Switches
4

These digital channels are coded VL, and they occur only in BWRs.
There are no LERs for them. This may be due to underreporting in the
period 1976 through 1978. Because no common cause faults were reported,
only a few parameters can be estimated.-

i Be sure to read the section " Application" in the main body of the
a

j report. The following computer printouts give the estimates. No sumaries
of the data are given, because no faults were reported.
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Source Range Flux Sensing Devices

These sensors are coded SN. No common cause faults were reported, so
most parameters cannot be estimated. The very wide interval for A is

strongly influenced by a single sensor that is reported to have failed six

times.

Be sure to read the section " Application" in the main body of the
report. The following computer printouts give the estimates, followed by
summaries of the relevant data.
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Intermediate Range Flux Sensing Devices

These sensors are coded IN. ho common cause faults were reported, so
most parameters cannot be estimated. Be sure to read the section

" Application" in the main body of the report. The following co'mputer
printouts give the estimctes, followed by summaries of the relevant data.
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i Power Range and Wide Range Flux Sensors, Except for LPRMs

The sensors included here are the wide range neutron flux sensors
(coded WN) at Combustion Engineering plants, and the power range neutron

{ flux sensors (coded PN) at PWRs and at Model 1 BWRs. No common cause
I

faults were reported, so most parameters cannot be estimated.
1

Be sure to read the section " Application" in the main oody of the
,

report. .The following computer printouts give the estimates, followed by
summaries of the relevant data.,
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Local Power Range Monitors (LPRMs)i
,

,

These are the power range neutron flux detectors (coded PN) in BWRs,
;

] except for Model 1 BWRs. They are connected in strings, with four LPRMs to
a string. Usually, three of the LPRMs on any. string are connected to
average power range monitors (APRMs), and so used for reactor trip. The

' remaining LPRM is used for other functions such as control. However, this
varies from plant to plant. Also, within any plant the exact wiring changes
during plant operation, when LPRMs become unusable and other LPRMs are used

,

instead.,

When an LER reports a f ault involving an LPRM, it is sometimes not'

possible to decide if the LPRM was being esed for reactor trip or not. In

every case, it is at least possible that the reactor trip system was
involved. Therefore all the LERs involving LPRMs are used, five reports in;

0 all. The extent of underreporting of LPRM f aults is not known.

I

j It is conceivable that plants do not submit LERs for LPRMs that are
not connected to APRMs. If this is the case, then the relevant population

sizes for this report are approximately three-fourths of the sizes actually
given in Appendix B, and the estimates should be changed accordingly..

For reduced capability faults, no common cause faults were' reported, so
most parameters cannot be estimated. Be sure to read the section "Applica-
tion" in the main body of this report. The following computer printouts
give the estimates, followed by summaries of the relevant data,

i
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Reactor Coolant Temperature Sensors

These sensors are coded RT, and are used in PWRs.

The LER for St. Lucie on February 3, 1978, refers to delayed response
times in " selected channels." The number of affected sensors is coded as
three in the data summaries, but the number is really unknown. Tnerefore,
this LER is used for estimating A , but not for estimating p.

Be sure to read the section " Application" in the main body of this
report. The following computer printouts give the estimates, followed by
summaries of the relevant data.
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ALL F AULTS IN RE ACTOR COOL ANT TEPPERAtuRE SEN5085
, .. - -

_ ___ _

A

D
P I

C A FC F
V 5 o R A 0I AN
E FAIL Y M A 1OY !U0
N PLT CONT.NO. DATE $ P MLEPLMV Y MODE DESCRIPTION

__
CAUSE DESCRIPTION
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4

Pressure Sensors4

The sensors considered here are used in PWRs. The quantities measured

(and their codes) are: reactor coolant pressure or pressurizer pressure
(.iP), steam generator pressure (SP), and containment pressure (CP).

,

!

For _ reduced capability f aults, no common cause f aults were reported,

so most parameters cannot be estimated. Be sure to read the section
" Application" in the main body of this report. The following computer

! printouts give the estimates, followed by summaries of the relevant data.
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i

REDUCED C AP ABILITY F AUL TS IN PRES $URE SENSORS
i RATES ARE PER CALENDAR HOUR

TRIPLE OF NUMBER $ $ HOWS (LOWER BOUND, POINT ESTIMATE, UPPER BOUND)

LOWFR AND UPPER BOUNDS FORM 90 PERCENT INTFRWAL
|

7

,

LAMBDA 1 1.7E-10, 2.5E-06, 1.2E-059=

i LAM 80A = t 1.6E-09, 4.0E-07, 1 5E-061
! 4

__ OPE G A = t 1.4E-0Te 1 2E-06, 3.1E-068

~

j NO D ATA WERE 083E RVE0 FOR ESTIM ATING OTHER QUANTITIES
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ALL FAULTS IN PRES 3URE SENSORS
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A FC F $
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E FAIL Y M A 10Y IU0
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MODE DESCRIPTION CAUSE DESCRIPTIONN PL T CONT.MO. D A TE $ P MLEPLMV Y

8 OE1 022918 102678 RP TX P A07 1 i RPS CH A TRIP 9.6 HIGHER THAN TS EXCESS TEnP# HUMIDITY INDUCEO DRIFT

8 OE 3 019884 122877 RP TX P 906 U 1 N XMTR LEFT VALVE 0 OUT AFTER REPAIR _ TO TEST TEE INCORRECT #IkCOMPLETE VALVE CHECKLIST

B RS1 0145034 040576 RP TX P A14 3 T 3 RPS PRESS XMTR5 READ OUT5IDE OF TS - LOW INST DRIFT-VERITR AK MOD 59 PH 443-70!0
8 R $1 0145038 040576 RP TX P A14 1 T 1 RPS PRESS XMTR READ OUTSIDE OF TS - HIGH INST DRIFT-VERITRAK MOD 59 PH 443-7010
8 Til 015864* 083176 RP ft P A14 2 i RtX COOLNT PRESS SETP0_INTS LES$ CONSERV T9AN T.S. RPS CHAN SEC C ALIS. DRIFTIMINOR D

8 Til 015971 091676 RP TX P 813 R 1 M RC PRESS TRIP SETPT3. CHAN 8 LESS CONSRVTV THAN TS OFFECTV TRAN$MITTRIWEST. MODEL 59HI
j C C C 1 019 734 120577 $P TX P 813 1 N RPS CH D 812 StG PRES $URE READ HIGH FAILED OSCILLATOR IN StG PRES $ IMITTIR
3 C CC2 018224 062077 $P TX P A14 1 M CH A StG PRE 55URE PI-10234. INDICATED LOW 2ERO SHIFT IN PRES $URE TRANSMITER--

oh C FC1 014305 022776 SP TX P 813 1 i PitD902 PRE $$ CHANNEL DUT OF C AL FOXBORO E-11GM XMTR HAD B AD AMP CARE

C MI2 018340 061777 RP TX P A14 1 i CH 8 PER PRESS TRIP POINT LESS CDNSERV THAN T.S. E11GM INTR INSTRUMENT DRIFT

C MI2 022888 102578 RP TX P B09 1 T RPS CORE PROTECT C ALCULATOR HAD GROUNDED INPUT ELECTRICAL GROUND $0URCE UNKNOWN AS TE T
.

C MY1 022142 073178 RP TX P A14 1 i PI-102C,RX C DOL ANT PRE SS NDN-CONSE RV ATIVE FP MODEL 50EP1000 INST ORIFT
,

W KE1 0172444 030477 RP TX P A14 1 T PIR PRESS HIGH PRES $ RX TRIP HIGH_7 PSIG INSTRUMENT SETPOINT ORIFT

! W KE1 020424 020678 RP TX P A06 L 4 R PER PRE 55 RE ADINGS HIGH PROCE DURE NOT INCLUDING HE AD CORRECT ION

i w NA1 022568 092078 RP TX P A14 1 T CH III PER PRESS PT-1457 TRIP HIGH NON-CONSERVATIV XMTR DUTPUT ORIFT
i W TR10177598 OSO477 RP TX P A14 1 i PT-456 S.E.T. POINT .E.XCE ED.EO. ALLOW ASLE LIMITS INSTRUMENT SETP0lNT ORIFT
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Flow and Level Sensors

The sensing devices considered here all measure flow or level by
measuring a difference in pressure. (The scope of this report does not
permit checking each plant to find possible exceptions to this assertion.)
The quantities detected (and their codes) are: steam flow (SF), feedwater
flow (FF), reactor coolant flow (RF), steam generator water level (SL), and
pressurizer level (PL). SL sensors are at Combustion Engineering and

Westinghouse plants. SF, FF, and PL sensors are at Westinghouse plants.
RF sensors are at virtually all plants.

Be sure to read the section " Application" in the main body of this
report. The following compu+.er printouts give the estimates, followed by
summaries of the relevant data.
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ALL FAULTS IN FLOW,AND LEVEL $ENSOR$

A

'
I

P 1
C AF C F ,

V S 0 R A 0i AN ,

E FAIL Y M A I DY IU0
CAUSE DESCRIPTIONN PL T CONT.NO. DATE $ P MLE P LM V Y MODE DESCRIPTION

___

_

8 CR3 019009* 090277 RF TX F A14 4 R 4 RCS FLOW INSTRUMENTS OUT OF CALIBRATION C ALIBRATION ORIFT OF DtP TR ANSMIT TE R $
- 8 081 020704 022378 RF TX F B13 1 M RPS CH 3 LOOP 2 HOT LEG FLOW FTRCi A3 INOPER A8tt DEFECTIVE AMPLIFIER IN FLOW TR ANSMIT1ER
1

8 081 022699 092878 RF TX F 813 1 N RPS CH 1 LOOP 2 FLOW TRANSMITTER F AILED LOW DFFEC TIVE AMPLIFIER

RPS CH_ D _F Lbv INDIC ATI ONHIGH LEAK DUE TO BLOWN GASAET8 OE2 020346 011878 RF TX F A08 1 T
_

C CC1 0189510 082677 RF TX F A07 R 2 N RPS CH D TRIP UNITS BTPASSEDe5PUR100$ LOW FLOW TR. STEAM LEAK IN AREA 0F LOW FLOW XMITTER

C CC1 018C51 A 082977 #F TX F A07 R 1 N RPS CH D iRIP UNIT 5 OTP453EDe5PUR10VS LOW FLOW TR. STEAM LEAK IN ARE A 0F LOW FLOW XMITTER

C CC1 0183518 090777 RF TX F A07 R 1 N RPS CH D TRIP UNITS STPASSEDe $PURIOU$ LOW FLOW TR. STEAM LEAK IN ARE A 0F LOW FLOW XMITTER

C F CI 02313 3 112278 $L TX L A14 1 i LEVEL XMTR "C" C /L T-901 OUT OF SPE C GE/MAC 555 XMTR ORIFTED OUT OF TOLER ANCE
~ -

C M12 014165 012676 eF TX F All 1 i LOOP 2 CH C STM GEN OP HIGHER THAN 0THER 3 MODEL 368 DP XMTR FOREIGN MATTER PRESENT

j C M12 014460 030876 #F TX F 813 1 T LOOP 2 CH C STM GEM OP HIGHER DUT OF SPEC MODEL 368 OP XMTR SAD ZERO ADJ POT
' C PA1 019462* 081677 RF T X F 813 2 T LO FLO DET CHNLS FOR 354 PUMP OPER MODES E XCEED TS ZER0E$P AN ORIF T-M00 296 W MOD 199 BE1 LOWS

PC C PA1 019438 082477 RF TX F B13 1 T COOLANT FLO XMTR PDT-0112AA READ _8_ PCT HIGH LOSES ACCRCY WHEN PRESS ST 2000-5/N e6916
4 CD ,

IN - OUTSIDE T3 LMtf SETPOINT ORIFT-EASILY RECALIBRATEDC Pal 020549 020278 SL TX L A14 1 T $G LVL INST LT-0751C ST PT 40

W SW1 017555 032677 $L T X L 813 1 N 14 STEAM GENERATOR LEVEL F AILED LOW F AILED TR ANSMITTER

W DC1 015969 091376 $L TX L A14 1 i $/G LEVEL TR ANSMIT TE R EXCEEDED L IMITit OLP-1201 ZERO $ETTING $HIFTED AND REOCCURRED

W DC1 016114 100776 FF TX F 802 C 1 T FEED FLOW TRANSMITTER EXCESSIVE ERROR (FFC-2118 PFRSONNE L ERROR WALVING OUT TRANSMITTER4

,
W DC1 015858 091676 PL TX L A14 1 i PRES $URIZER LEVEL TRANSMITTER EXCES$1VE ERROR ZFRO HAD DRIFTED LOW ON TRAN$MITTER

f W DC1 015859 091676 PL TX L A14 1 i PRES $URIZER LEVEL TRAN$h!TTER EXCE S5IVE ERROR ZERO HAD DRIFTED LOW DN TRANSMITTER

W DC1 016771 010177 RF TR F A14 1 i REACTOR COOL ANT FLOW TRAN5MITTER ERROR EXCES$17E SE TPOINT DRIFT (F T-4263

W DC1 016770 010377 SL TN L 813 1 T SIG LEVEL TRANSMITTER ERROR EXCESSIVE (BLP-1201 RUST FORMATION AT FLEXURE BAR PLATE

W DC1 019869 120377 PL TX L A05 2 T PRES $URIZER LEVEL DEV! Af tDN SETWEEN INDICAft4G CHA PARTIAL LOS$ OF fX REF LEG (CH I G Ill
W DC1 023529* 012978 PL TX L 811 R 2 T PRES $URIZER LEVEL INDICATIDN READING HIGH (CH-19 GAS PDCKET IN REFERENCE SENSING LEGS

W DC1 021949 070978 PL TX L 811 R 1 i PRE 550RIZER LEVEL INDIC AT EDN CH ANNEL V ARI AflDN GAS PDCKET IN REFERENCE SEN$1NG LINE(CH-3

W DC1 022695 102378 PL TX L 811 R 1 T PRES $URIZER LEVEL CHANNEL OEVI ATION TOO GRE Af f CH-3 GAS POCKET IN 5ENSING LINE

W DC1 023361 122978 PL TX L 811 R 1 N PR E 5 5.U.R.12 E R L E V E L I.N.D.I C A T I DM R E A D.I.NG L OW (CH ONEl G AS PDCKET IN SENSING LINC___ -

- ..
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ALL F AULTS IN FLOW AND . LEVEL $ E NS.O.R.$__

P
C A FC F $ v

$ 0 R A 0i ANC [
' FAfL Y M A I OY IOO

N Pli CONT.NO. DAfE $ P MLEP LMV Y MODE DESCRIPTION CAUSE DESCRIPTION
===

W OC2 020919 A 032478 FF TI F B11 1 N STE AM FLOW-FEED FLOW MISMATCH IS/G 4 CH tl TRANSMITTER AND SENSING LINES AIRBOUFD

W DC2 0209798 032478 FF TX F 811 R 1 N STE AM, FLOW-FEED FL OW MISMATCH IS/G 4 CH 23 TR ANSMITTER AND SENSING LINES AIR 800)O

TRANSMITTER SENSING LINES AIR 80UNDW DC2 020933 040178 FF TX F B11 R 1 N $1G 4 FEED FLOW CH ANNEL 2 F AILEO _,
W DC2 021677 061878 PL TX L 811 R 1 M PRES $URIZER LEVEL CHANNEL 3 INDICATING HIGH LFAK IN REFERENCE LEG TEE FITTING

W DC2 021946 071078 SF TX F 813 1 i STEAM FLOW CHANNEL NFC-120 WAS READING LOW TRANSMITTER HAD A ZFR0 $HIFT

W DC2 022233 080278 PL TX L 811 R 1 i PRES $URIZER LEVEL CHANNEL 3 INDICATING MALFUNCTION C AS PDCKET IN SEN$tNG LINE

W HN! 018774 070577 PL ZZ L A14 1 N PRES $URIZER LEVEL 03 OtFFER$ FROM s1 & 2 NORMAL INSTRUMENT ORIFT

W IP2 017782 042877 PL TX L A14 1 i LT-460 LEVEL XMTR DUT OF TOLERANCE HIGH XMTR 613HM-H ORIF TED OUT OF TOLER ANC E

W IP2 016642 121276 St TX L 811 1 N LEVEL XMTR OUTPUT ORIF TED HIGH SLOCKED $ENSING LINE TO INTR

W IP3 023223 112178 PL TX L 811 R 1 N PRES $URIZER LEVELeCH 3eSHOWE0 LEVEL FAILING HIGH SL3WDOWN VALVE LEAKING

PRZR L2 VEL IND LT-461 RE5 DING LOW OELTA-P UNIT LT-461 OEFECTIVEW JF1 019696 111177 PL TX L 813 1 N

W KE1 014300 022376 PL TX L A14 1 T PIR LEVEL LT-427 FOUND OUT OF $PECIFICATION LOW ZERO OttFT LOW

W R E 1 014396 030976 SF TX F B13 1 i MAIN STEAM FT-464 OUT DT TOLER ANCE MON-LINE AR DEFECTIVE SELLOWS IN TRA$MITTER
'

W KE1 016118* 092876 PL TX L A14 2 T PZR LEVEL TR ANSMITTER$ [29 TRIPS LESS CONSERVATIVE IN$iRUMENT DRIFT
W KE1 017156A 021577 PL TX L A14 2 T 2 0F 3 PIR LEVEL XMTR$ TRIP $ETTINGS MON-CONSERVAi DRIFT

i W K E 1 0171568 021577 PL T X L 813 1 T 1 0F 3 PZR LEVEL XMIR$ TRIP SETTINGS NON-CONSERVAT OEFECTIVE SELLOWS
~

W R E 1 017 372 032377 FF TX F B05 C 2 N STM GEM LEVEL CONTROLLER $ L5CK Ji CONTROL CROS$ED INSTRUNENT TAPS SETWEEN 2 CH ANNEL

W K E 1 021391 050478 PL TX L A14 1 T PZR LE VE L kMTR OUT OF CAL LESS CONSERVATIVE S ARTON LEVEL XMTR INSTRUMENT DRIFT,

i W KE1 021443 051178 RF TX F A14 1 T 1 RCS FLOW XMTR E ACH LDOP OUT OF C AL LES$ CONSERV FOXBORO FLOW XMTR INSTRUMENT ORIFT

j W KE1 021629 060178 PL TX L A14 1 N FlR LEVEL IDICATING HIGH, LES$ CDNSERV ATIVE BARTON PIR LEVEL XMIR INST DRIFT

W M41 022571 092778 RF TX F A06 1 T RX COOL ANT LD-LO F LOW TR IP MON-CONSERV Af tVE XMTR C AL PRDCEDURE W10 ELEV ATION COM PEN $ A

W M41 022593 100278 $L TX L All 1 T CH !!! $G LEVEL INDICATION St DEVI ATIDM L1-1496 M ANIFOLD C ASKET LE AR

W PR2 020126A 121277 SF TX F A14 1 R 1 PROTCM SYS XMITR ORIFTED Si Bl$iBL STPTS GT TS INS TMT DRIF T - NO $ INGLE C AU$E ESTAB LISHD

W PR2 0201268 121277 RF TX F A14 2 R 2 PROTCN ST$ XMITR$ ORIFTED ST 81$TBL STPTS GT T3 INSTMT DRIFT - NO SINGLE C AUSE ESTABLISHD

W Sal 017015 012177 $F TX F B13 1 M NO 13 $fG STM FLO CH 1 H AD INNACCUR ATE FLO $IGN AL XMTR OI APGM C LINKG FLO-M00 6906 A535 C A69
,
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ALL F AULT5 IN FLOW AND LEVEL SENSOR $

i &

$P
C A FC F 5

V 5 0 R A 0TANC
E FAIL Y M A 10Y IU0

j N PL T CONT.NO. DA TE 5 P MLEPLM V Y MODE DESCRIPTION C AUSE DESCRIPTION

I W 541 021912 062378 SF TX F A14 1 i NO 11 SIG STM FLO CN II OUT-OF-SPEC LOW INSTRUME NT .0RIF T IN NONCONSERVATV DI8CIN

W SA1 022154 081578 SL TX L A14 1 T MD 13'5#G LVL CH IV IRIP PO NT EXCO T5 LIMITS TRANSMITTER ORIFT
~'

l W 541 023229 112878 PL TX L 813 R 1 i PRE 55URIZER LEVEL W45 RE ADING to PCT GT OTHER CHL5 STR AIN GAUGE OVLPD HI RES IN 00TPT B5IOGE
W SA1 023228 113078 SF TX F A14 1 R NO 13 StG STM FLO CH I CAL DATA SHOWED is FXCEEDED ZERO SHIFT C50 OY 510 G 5/U OF UNIT

NO 12_5fG LVL_CH III FOUNO TO BE I50PER48tE PARilALLY CLOGGEO SENSING LINESW SA1 023227 120178 SL TX L 811 5 1 N

W 501 015174 062076 RF IX F B13 1 N UNIT 1 TRIP At 330MW $PURIOUS LOW FLOW SIGNAL F AILO FEEDSACK MOTOR IN FLOW TRAN54 TITER

v 501 023374 112678 FF SE F B07 5 1 M "C" FEED FLOW $UDOEN INCRE ASEILOSS OF 15TE AMf FEED FLOW STR AIGHTNR OtSLOOGED AGAINST OR IFICE
W $U1 022642 101178 PL TX L All 1 N CHAN 1 PREZ. LEVEL L-t-459 ORIFTO H1--O A0JUSNNT E LE AKAGE THAU TRAN5MITR SYPASS/ EQUAL.%ALVE<

W SUI 022952 111578 PL TX L A14 1 N CH AN i~0k~PREZ LEVEL L1-1-459 ORiF50 LOW ORIFT IS INTERMITTENTpUNNNOWN C AUSE s fEC AL

| W SU2 014846* 021776 PL TX L 414 2 N 20F3 PREZ LEV. TR ANSMITA SETPOINTS OUT OF SPEC-924 L T-459-934 C LT-461-92 085 ELECTRONC ORIF
W TR1 0177590 050477 P( TX L A14 1 T LT-461 SE TPOINT EXCEEDED ALLOW ABLE LIMIT INSTR SETPOINT ORIFT,,

pf W TR1017759C 050477 St TX L A14 1 i LT-537 SETPOINT EXCEEDED ALLOWABLE _ LIMIT INSTR SETPOINT ORIFi
W T R 1 0213120 040578 SL TX L A06 4 i FOUR OF 12 SG LEVEL INST GUT OF CALIBR ATION " NORMAL" INST. ORIFTI CAL 18 WHEN COLC

i W !!! 014268 030576 FF TX F 808 1 i S. GEN. 1C FEED FLOW XMit 1FT-520 F AILO MI LOOSE LINN AGE 8ETWEEN FORCE SALANC E 015C

f
~

W 211 017405 022677 SF TX F B13 R 1 N 10 STEAM GEN kLOW INDIC4T t0N LOW -REDUND CH AN AVAL DEFECTIVE COIL ASMSLY IN FLOW XMTR
,

,, -

StG 10 CHAN II LOW READING F AI6 9 COIL ASMBLY ON XMTRW Z!! 018057 0 31977 S F T X F 813 R 1 N FLOW IND 1F1-533 ON
.

i W III 018374 041677 SF TX F B13 R 1 N LOOP 0 STEAM FLOW INICATR RE ADING 0 L85tHR LOSS OF FLUID IN OP XMTRS REPLACO XMIR
W !!! 022112 041977 SF TX F 813 R 1 N 1FT-533 STEAN FLOW XMTR SPIRINGLO5 LOS5 OF XMTR FLUID FILLI REPL ACE 0 XMit

,

W Z I t 017 85 8 051277 SF TX F 813 R 1 N IFT-533_ STEAM FLOW XMTR F AILO TO ZERO 3 REPLACE 0 APPARENTLY OUE TO INTERMITTNT CONNEC i!ON,

W 211018 375 070877 SF IX F A14 1 T XMTR 1FT-510 OUT OF TOLERNCE FOR LOOP A IERO 5HIFT OF THE XMTR
4 W !!! 018530 072977 SF TX F All 8 1 N LOOP 10 STE AM FLOW IMO. F AILO LOW DP LINES PLUGG0 WITH SEDIMNTp W ATR H AMMER
| _ _

1 W 211019520* 102177 SL TX L A14 R 7 T ILT-537,538 L 539 SG LEWL XMTRS HI.IMONCONSERVATVI FERO 5HIFT TO ALL 3 XMIR5
,

-

i W 211 013 53 5 080677 PL TX L A14 R 1 I PIR LEWL XMTR ILT-461 FOUNO LOWsRE SULT MONCONSERV. ZERO 5HIFT OF THE IMit
i

j W !!! 019521 102077 PL TX L A14 R A T .iLT-461 PZR LEVEL XMTR FOUND LOW RESULTgNONCONSERV ORIFT OF SARION MODEL 386

C00LNT . FLOW XM.IR 5.F.T-425.HIG.H I.N0NCONSERV ATIVE l ZERO SHIF T OF XMTRl W !!! 019516 102877 RF TX F A14 t 1 T RX
3

. _ . ... .

j PACE 3

.I

(
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< ALL FAULTS IN FLOW
-.N D L E.V_E L __S_E NSOR $
A

; _

A

k1 f\
P I

C AFC F a
V $ 0 R A 0i ANL
E FAIL Y M A I DY IU0
N PLT CONT.NO. DATE $ P MLEP LM V Y __ _ MODE DESCRIPTION

. _

CAUSE DESCRIPTION

W ZI! 019514 103177 RF TX F A14 R 1 T RX C00LNT FLOW XMTR 1FT-444 HIGH (NONCONSERV ATIVI ZERO 5HIFT OF XMTR
W III 019777* 103177 R7 TX F A14 R 2 i RC FLOW XMTR$ IF T-43S 4 434 HIGH INONCONSERV ATIVEl ORIFT OF XMTR$ SY 4.5% C 3.7% RESPEC TVLY

~

W ZIl 020002 120877 PL TX L A14 R 1 N P2R LEVL XMTR 1LT-459 OUT OF T OL L OW GNONCONSERVil IERO $HIFT3 PREVIOUS LERS .

j W III 020001 120977 SF TX F A14 R 1 i STE AM FLOW IND 1FI-513 5/G LOOP A LOW (NONCONSERVI ZERO SHIFT 3 TRENDING INSTRUMNT DRIFT 5
W ZIl 020196 122377 $t TX L A14 R 1 N 1A $/G LEVL IMO. 1LIS10 HI (NONCOM 5ERV3 (ILT5183 IERO $HIFT3 PRESENTLY TRENDING DRIFT $,

W III 020349 011678 SF TX F A14 R 1 N STE4M FLOW CHANL 1F523 SEG AN IMO LOWR THAN OTHER ZERO 5HIFT OF FISCHER-PORTER XMTR
W Zil 0202578 012478 SF TX F A14 2 T STEAM FLOW XMTRS 1FT-532 E S33 LOW (NONCONSERV) DRIFT OF XMTR$3 RECALIBRATED
W E11021967A 071778 $L TX L 613 1 N $G 1D LEVL CHNL 538 TRIPPD DUE TO HI INDIC ATO LEfL F AILD TR AN5MITTER

1 W !!! 0219678 071778 $L TX L All $ 1 N CHNL S37 SG LEVL IND HIGHER THAN,CHNL $39 PACKING LEAR FRDM ROOT WALVE OF XMTR
W 2I1 022221 080278 St TX L A14 I N SG LEVL CHNL $38 HIGHR_

,

THAN CHNL5 5378539 (NONCSVI DRIFTED OUT OF TOLERANCE 3 REPLACD vf 5 PARE,

| W ZIl 022512 082278 RF II F B13 1 i XMTR 1FT-446 FAILD HI (NONCONSERVivl FOR LO RC FLW F AILO 05CIL ATR IN XMTR
[j W III 022898 102078 FF TX F ili 1 T FEE 0 FLOW XMTR ILT-531 OUTPUT RESULT IN NONCONSER XMTR DRIFT CAU$fD CHANNL TO BE OUT OF TOL

| W ZIl 022899 102078 $L TX L A14 1 T SG 18 LEVL CHNL IL-S40 ORIFTD HI (NONCONSERV $ETPT 4.7'R ORIFTO OUT OF TOLERANCE
. W 211 022900 102078 5L TX L 811 1 T 3G 10,LEVL,CHNL IL-538,N01CONSERVTV SE TP0lNT INSTRU LINE TO IMTR BLOCKD

W !!! 023126 112S78 SF TX F A14 1 T 1FT-523 RE ADIN LT. OTHR FLOW CH ANLS ON ac" 5 /G F5 DRIFT 15 MONCONSERT3 XMTR OUT OF TOLER
k II2 013943 010676 SL TX L A11 1 N $/G LEVEL IN DIC A TOR 2LI-538 FOUND RE ADING HIGH INSTRUMENT ROOT VALVE DEVELOPED A LE AR

W II2 014190 012376 SL TX L A14 1 T 2LT-528 2C 5#G LEVL XMTR OUT OF TOLINONCONSERVTVEl SCALE SHIFT IN XMTR3 RECALIBRATED
i W II2 014943 0S2576 $L TX L 813 i N LEWL XMTR 2LT-539 FOUND OUT OF TOL FOLLWNG RX TRIP REPL ACED IMTR WITH $ PARE

W 212 015190 070576 $L TX L 808 1 N Sf G LEVL XMTR 2L T-547 F AILD HI S TICKY INTERN AL COMPONENT PART5

W Z I2 01526 2 072976 $L TX L 414 R I N S/G 8 LEVL XMTR 2LT-549 OUT OF TOL HIGH (NONCONSRI IFR0 $HIFT UNDER INVESTICATION
i W ZI2 015366 080276 $F TX F A14 R 1 N STEAMFLOW XMTR 2FT-543 FOR 8 S/G FOUND LOW ZERO $HIFil PLAN MODIFICATIONS SY SUPPLIR

W II2 015370 080276 FF 14 F A14 R 1 N FEE 0 FLOW XMTR 2FT-521 FOR StG C HIGH IERO $HIFT3 PL ANS TO M00lFY ARE BEING MDEi

' W ZI2 015371 080276 SF TX F Att R 1 N STE AMFLOW XMTR 2FT-523 FOX StG C FOUND TO BE LOW ZERO SHIFT 3 PLANS TO M00!FY
_ _

W II2 022222 090177 SL TX L A14 1 T 5/G LEVL CHNL 2L-S27 FOUNO READING HIGH (NONCONSR) IMTR DRIFT 3 REC ALIBR ATED
W 212 015841 082176 PL TX L Al . 1 T PER LEVL CHNL 2LT-461 RE ADING HIGHER THAN OTHER CH UPPER ROOT VALVE LE AKING THRU 800Y TC SNT
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ALL FAULTS IN FLOW AND LEVEL SENSOR 5

A

1
kAFC F

. V $ R A0T ANC
E FAIL Y N A I OY IU0'

N . PLT CONT.NO. DATE 5. P. .M L..E .P .L..M .V..V N00.E DESCRIPTION. . . . . . _.... - -
CAUSE DESCRIPTION

=_,

W 212 016969 012277 PL TI L A14 1 T PIR LEWL INTR 2LT-461 FOUNO LOW BY 78 ORIFTO OUT pc TOLERANCE

W 212 013522 102077 FF TE F A14 1 N FEED FLOW INDICATR 2FI-540 NONCONSERWTIVE ORIFT OF RMTR I RECALIBRATED
, W 712 019998 120677 $L TX L A08 1 N 28 $/G LEWL IMO. 2LT-547 RE ADING HI (NONCONSERVTVI STICKING INTERNAL PARTS
) W ZI2 020976 030978 RF TX F A14 1 T XMTR 2FT-445 HIGH3 NONCONSERV FOR RC FLOW RX TRIP ZERO $HIFTEOs RECALIBRATED

W II2 021796 062578 $L TX L 800 R 1 N 5/G LEVEL IMO 2LI547 F AILO H1-NONCONSERV OTRECTION CHECK 0 ROOT VALV$ F0 STE AM LE AK5-NONE

j W ZI2 022801 091978 $L TX L 800 R 1 N 2L-547, FALLO HI3NONCONSERV FOR SF/FW NISMATCH REPL ACE 0 RMTR --NO C AUSE FOUNO TE T
,

' db W ZI2 022798 100878 $L TI L All 1 N S/G LEWL,CHNL 2 LI-538 HIBMONCONSERV FOR LOLO S/G OIRT IN SEN$tN LINE5e TUNED OSCILATOR
W !!2 021344 042578 PL TX L A14 1 N PZR LEVL CHANL 2L-459 DUT OF IDL HIGH NONCONSERWTV R ANGE SHIFT OF INTR

W ZI2 021708 060978 PL TR L A14 R 1 T PZR LEVL CHANL 459,FOUNO,LO-NONCONSERV FOR HI TRIP IERO $HIFT eRE A0 JUSTED
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Signal Conditioning Systems

The signal conditioning systems (and their endes) are for: source

range flux (SN), intermediate range flux (IN), power range flux or nuclear
power (PN), power to flow (NF), rate of change of flux (RN), T-average /
delta T (DT), overpower / delta T (NT), overtemperature/ delta T (TT), reactor
outlet temprature (RT), reactor coolant pressure (RP), pressure / temperature
or thermal margin / low pressure (TP), reactor coolant flow (RF), steam
flow / feed flow mismatch (FF), steam generator water level (SL), pressurizer
level (PL), steam generator pressure (SP), containment pressure (CP), and
flow unit (FU). When considering common cause faults, PN and NF are grouped

together, and NT and TT are grouped together; this is discussed in the sec-
tion "The Scope of Common Cause Events" in the main body of this report.

At FitzPatrick on June 26, 1977, during advance preparations for LPRM
replacement, a contractor cut 19 of the 31 LPRM strings, causing the loss
of the 15% APRM scram function. Apparently all six APRMs were affected.
The LER does not make it clear whether this should be regarded as a lethal
shock, automatically causing all the APRMs to fail, or a nonlethal shock
that only happened to cause them all to fail. The event is classified here
as a lethal shock, because then the data show a much better fit to the

,

extended BFR model.

: Enough common cause events were reported to allow gamma distributions

to be fitted for A,, and for reduced capability faults to allow a gamma

| distribution to be fitted for w. The corresponding intervals are very
wide. This reflects the observed tendency of the f aults to recur at

certain plants. The wide intervals have unrealisticaly small lower end
points. These er.d points should be understood to be unknown, but virtually
Zero.

Be sure to read the section " Application" in the main boay of this

report. The following computer printouts give the esimates, followed by
summaries of the relevant data.

125
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ALL F AUL TS IN SIGN.AL.C.ON.DITIONING.$Y$ i.E.M.S.. .

4

0h
kVC F FbIV S O A IU0[A NC

E FAIL Y M 1 D Y
N PL T CONI.MO._ D A TE $ P LE PL M VV MODE DESCRIPTION __ CAUSE DESCRIPTION
,

-_ ..

8 081 019943 120777 NF PS 813 1 N RPS CH 3 FLOW LOOP 8 F AILED LOW F AULTY CONTACT ON POWER SUPPLY FUSE HOLDE
"

3..H.6.T L E C I.E.M.P.S T RI NG i t-_ AC 3Bk. IMOPER 48L E8 081 020706* oil 078 RT C A 809 2 i RP5 CH
- __ _ __ =

LOOSE WIRE CONNECTION AT TEMP ELE PENT
_

8 DE1 022174A 090678 NF ZZ A06 N 4 N QUADRANT POWER TILT EXCEEDED TECH $PEC OPER ATOR F AILEO TO RESET TRIPS
B Of t 0221748 080678 PN ZZ A06 N 4 4 QUADRANT POWER TILT EXCEEDEO TECH SPEC OPERATOR F AILEO TO RFSET TRIPS
8 0F3 017452 032577 NF Z2 A00 1 i FLUXtFLOW IMBALANCE. CH 8 RX. COOL.FL OW TRIPPF0 LOW UNKNOWN NON-REPETITIVE
8 DE 3 019 48 7 100577 RT CM 813 1 i CH 8 HIGH RX COOL ANT FiiL'fU TRIP ~~ANY LEVEL NDPMAL USAGE FAILURE REPLACEO

'

8 R$1 018006 041977 NF CN A14 1 i RPS CH 5 FLUX /kMBALNCE/FLdW TRIP ENVELOPE OUTSO TS ORIFT OF FUNCTION GEN MOD 6625027Al
4 T11 015866 083076 NF CA 809 1 N "0" C H ANL TRIPPO IFLUXIIMS AL ANC/ FLOW is"C" 14 RYP AS SHORT IN JUNCTION 80X8"C" PLACED IN N05ML
8 T13 016306 102776 RT C A 812 1 i FC HI TE MP BISTABLE CHAN "C" FAILD TO TRIP OIRTY C ONNECTOR ON BIST ABLE CLEANED C(NN

~

C CC1 014284 021876 RF PS 813 1 T NON-CONSERV A TIVE LOW i[bi TRIP.RPS CH 8e FOUND DEFECTIVE POWER SUPPLY CAUSED DRIFT
C CCI 017994 033077 PN C A 802 C 1 M POWER RANGE UPPER DETECT 6R CIRCUlf eCH A. F AILE0 DETFCTOR ORAWER FIELD CABLE CONN. DISCENN

k$ C CC1 017712 040477 RP CA A09 1 N PRES $UR12ER PRES 5URE INDIC A h!ON AT IC06 RE AD HIGH OIRTY SIDE LINK CONNEC TIONS AT 1C250,

! C C C1 017713 050177 PM CM 813 1 M VARIABLE OWFRPOWER IRIPeCH 0,_WhgULO,NOT RESFT LOW LEVEL ALARM COMPARATOR HAD FAILEO
_

C CC1 017907 05?177 PN CM A09 R 1 N RPS CH A HIGH POWEP TRIPS GAVE SPURIOUS TRIPS NOISE ON TEMP LOOP $1GNALS
C CC1 018307 070177 TP CA A07 1 M RP$ CH 8 TRIP DNITS SYPA33E0 OUE 10 LOW TC ING. OUST ON THE SLIOE LINK TERMINALS INC PE$.
C CC1 018305 070177 PN CM 813 1 M RPS CH & HIGH POWER TRIP UNIT BEC AME ERRATIC COMPARATOR FAILURE

C CC1 018860 081177 PN P$ 813 1 i RPS CH C IRIP UNIT' WERE SYPA$$ED POWER SUPPL Y REGUL ATING HIGH.REPL ACEO

i C CC1 019122 091577 TP IM 813 1 N RPS CHAN5E[ B TM/L' TRIM UNIT ar!dATE0 THERMAL MARGINILOW PRES $ CALCULATOR F A lt
~

< C CC1 019619 102977 PN CM B13 1 N RP$ CH C ASI INDIC ATOR DECLARED thCPERABLE FAILEO COMPARATOR MODULE
~

CH 0 A51 085ERVs6 G61NG,0PP05 tie DIRECTION CARLES REVER$EO 00E TO MISLA8 LINGC CC2 016725 121276 PN C A 805 C 1 N

C CC2 016996* 011777 TP CA A09 2 N CHANNEL 8 THERP AL MARGINILP SPURIOUS TRIPS TH SIGN AL LE ADS WERE LOOSE
C CC2 017207 012677 PM AM 813 1 M CH A AXIAL FLUX OFFSET PO$ tTIVE LIMIT F AILE0 HIGH F Attf D AMPLIFIER
C CC2 017983 042177 PN PS 803 C 1 i POWER SUPPLY FOR CH 8 LkNE AR R ANGE NUC IN$ F AILEO POWER SUPPLY GROUNDED BY TECHNICI AN
C CC2 017823 051677 RF IM 813 1 N PP$ CH C RX CODiANI FLOW-t0W TRIPeTRIPPED FAILED FLOW SIGN AL CHAR ACTERIZER

AXIit F LUX OF FS E T POS LIM.I.T..T.RI.P FOUNOC CC2 018879 081977 PN IM 813 1 T sH A IMOP.
.- .

MULTPLIER10tWIDER FOUND LIMITING APO SIG.
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ALL FAULTS IN SIGNAL CONDITIONING SYSTEMS

&
C

ii
C FC F 5

V $ 0 A 0T& NC
E Fall Y H IOY IU0 CAUSE DESCRIPit0NN PL T C ONT.MO. DATE $ P L E PLM V Y MODE DESCRIPTION

,,,,, __ _, _ ,,,,_

_

C MI2 02135 3 042578 PN C4 809 1 N PWR RNG CH D INDIC ATION F AILE'D LOW L O15 E C ONN E C T OR TO CHAN D DETECTOR

C MI2 022132 080178 RF CM A14 1 i RP5 RX C00L ANk FLOW LOW TRIP OUT OF SPEC NONCONSER ELD-240-0000-TF INSTRUMENT DRIFT

C MI2 022P83 100478 RF CM a14 1 T RPS CH 8 8X COOL LOW TRIP OUT OF Spic NON-CONSE*VA E L O-2 40-00 0 0-IF INSTRUMENT ORIFT
~

C MI2 023210 113078 PM P5 813 1 N RP5 CH 8 C6RE Pp6TECT CALCUL ATOR F AILED LCD- A-22 PWR SUPPLT FAILURE
~

C MYi 014009 011676 PN IM R13 1 i APS VAR 0VER-POWER HIGH TRIP NON-CONiERVATIVE FFEDS ACK L IMITE R MODULE WORM POTE NTIOM ETR

C MY1 014123 011676 RF F5 813 1 Y RE ACTOR LOW FLOW TRIP NON-CONSERVATIVE PS DRA 15-750115-7508 IMPROPER DUTPUT

C MY1 014010 012376 TP IM 813 1 M DELTA-T IMPui TO TMfLP TRIP CALCULATOR LOWIERR ATIC SLH 10 TURN POTENTIOMETER WORNf0tRTY

C MY1 014262 021976 RP P3 813 1 i RPS P2R PRESS HIGH TRIP POINT NON-CONSERVAftVE DRA 15-750#15-7508 PS INCORRECT DUTPUT

C MY1 014261 022476 RN P$ 813 1 M RPS "O" WIDE R ANGE L6G NUCLE AR HIGH WOLT AL ARM SENRUS TECHNIPOWER PS MODULE FAILURE

C MY1 015074 061576 RP PS 813 1 T EPS HIGH PRE 5s PZR TRIP NON-CONSERU45tVE DRA 15-750/15-7508 PS INCORRECT VOLTAGE

C MY1 015276 072676 TP IM 913 1 T CH B TMELP TRIP LOWER THAN OTHER 3 CHANNELS BEH 19-301 A ADDFSUB MODULE F AILE0

8tH 19-502 AMPLITUDE SELECTOR F AILED[[ C MY1 015275 080376 TP IM 813 1 N SPURIOUS TalP CH..D.T.MILP _ .

15-750/15-7508 PS INCORRECT VOLTAGInc - _ _ _ _ _ _ -COOL ANT FLOW TRIP NON-CONSERV ATIVE DR A
_

C MY1 016754 011877 RF PS 813 1 T RPS LOW REACTOR

C MY1 023558 122678 TP IM B13 1 N RP5aC" VAR Priss ssTPOINT iUR'TMILP LOW DIRTY POT IN TMILP MODULE
~

C P A1 014 395 030676 PN 21 A00 R 1 i PWR RNG 5AfiY CHNL NID06 TRIPPED AT 507.1 PRCNT LIMP CH PT NO-ELJ 147-000-1Ae5N-NP-6-1(5

C PA1 016490 111576 PN CM A14 1 i NEUT MON CHNL C TRIP AT 108.4 v5 166 5 PERCFNT INSTRUMENT SE T POINT ORIF T

C PA1 016621 120676 St CM A14 1 i $G La LVL TRtPECH 63 SELOW T5 BY .135 INCHES SET POINT DRF T AND ADMIN LMT CLOSE TO T$

C P A1 020622 120577 RP CM A14 1 T PRI PRESS ST PT Foi CHNL "C" WAS 1743 VS 1750 INSTRUMENT DRIFit3 PS18-M00 562
~

C P A1 021323 041478 RF CM A06 C 1 i CH A LD PRI FLOW WAS 94.6 PCie TS REQ MIN 95 PCT C ALIB PROCEO RE05 CHK THAT AFFECTS TRIP

C P A1022783 102078 RP CM A14 1 T PCS CH 0 PRE SS INSTE PT-01020 5 TRIP 551745 VS 1750 2ERO 5HIFT CAU$ED 8f INCREASE IN AM8 TEMP
W BV1 014606A 051276 NT CM 801 U 1 N OVE R P OWE R 8tST ABLE NOT T RIPPED WHE N EEO. OPER ATOR F AILED TO TRIP 815T A8LES

W BW1 0146068 051276 TT CM 801 U 1 N OVERTEMP BISTABLE NOT TRIPPED WHEN REO. OFEP ATOR F AILED TO TRIP SISTABLES
~

W 8V1 014691 051376 ff CM 802 $ 1 i LOOP 1 A DVEtiEMP DT BI5 TABLE TRIPriO CAU$ LNG RX TR VOLT AGE SPIRE C AUSE D BY PE RSONNELIM AIN .9

W 8V1 015 726 082376 OT AM 813 1 N LOOP A DT INDICATOR OISC6VERED LESS YHAN ZERO HAGAN SIGNAL ISOLATOR FAILURE

W BWt 017623 041677 Fr in 813 1 N 1A siG IEE6 FLOW IMiiRUMENT F AILE0 H5GH F AILED SQU ARE ROOT EXTR ACTOR

PAGE 3

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _



. _ _ _ - - - _ _ _ _ -. . - . - _ _ _. .
-

..L.L.F AULi$ IN $1GNAL CDMDITIONING SYSTEMS
A

_ - __ _

- - --

A
C

kI
C FC F 5W

W 5 0 A 0 i ANCI
E FAIL Y M IOV IU0t
N P L T CON T.NO. DAIE 5 P LEPLM VY MODE DESCRIPil0N CAUSE DESCRIPIION

_ __ , __ ,,,

W SV1 017695 042677 TT IP 313 1 N IC RCL OVERTEMP OT SETPOINT DISCOVERED FULL SC ALE F AILE D LE A D-L AG MODUL Ee WE ST.MODEL 131-314
W MV1 018830 072177 PN IM 813 1 N CHI OVFRPOWER PT SETPOINT READING HIGNER THAN OTHE F AILED SUMMATOR,

W SV1 019932 121077 Of CA 813 1 N LOOP 3 UT INDICATUR FItLED LOW TEMPERATURE DETECTOR C ABLE D AMAGED

W BW1 020129 121477 RP AM B13 1 N P2R PRES 5URE INDICATOR F AILED LOW , CHANNEL 445 FAILED !$0LAi!ON AMPLIFIER
_

W SV1 020127 121677 FF IM 813 1 M LOOP 3 FEED FLOW CHANNEL 496 INDIC ATED LOW FAILED CHANNEL MUi! PLIER-0!VIDER MODULE
W SW1 020440 011678 IN AM 813 1 N INTER. R ANGE CHANNEL N36 INDIC ATED 8ELOW OP. LIMIT FAILED CURRENT AMPLIFIER
v 8VI 0207558 021178 NT CM 813 R 2 N ON IWO SEPARAT DAYS 0VERPOWER Di SETPOINT READ HI MODULE 00iPUT DRIFieMODULE REPLACED
W BV1 020793 022878 PN AM R13 1 N POTENTI0MEIER DISCOVERED OPER ATING E RR AllC ALLY NON-CON TINUOU$ ARE A DN POTENTIOME TERIN413

W BV1 026843 042478 Of AM 813 1 N LOOP 8 DT-TAVE th6tCAil0N FAILED LOW FAILE0 CAPAttiOR IN 4.0W-L EVE L AMPLIFIE S
W SW1 022881 101378 PN CM A02 C 1 i EX CORE INhk ee CH N41eR ATE TRIP $Efr0 INT TOO HIGH IN ADVER TENT RE ADJUSIMENT

W DC1 014723 051376 FF IM A14 1 i EXCES$IVE ERROR IN SQU AR E 5001 E X TR ACTOR IIFY-5219 9 5FT POINT ORIFT
W PC1 019767* 112377 $N 22 800 2 N TWO SGdRCE R5NGE CHANNELS INhPER ABLE FOR ABOUT 1 H CAUSE UNMNOWN-F AILURE COULD NOT BE LOC 8tE[[

_

W DC1022333* 082878 $L C9 813 a 2 i SIG LEVEL SIST ABLE EXCEEDED MINIMUM SETPOINT S AD SOL DER JOINT ON RESISTOR

W DC1 022535 092478 SM C A 809 1 N SOURCE R ANGE CHANNEL 5[k AME IN0PERAS[E IN-31) CHANGE 0 CABLE FROM DETECTOR TO ORAWER4

W DC2 020931 040178 TT IM 813 1 N REACTOR COOL ANT LOOP 1 DELTA T OVERIEMPE RATURE F AI RODULE 2TY-411C F AILE0
j W LC2 022502 091378 RP CM 813 1 i PRE 55URIZER,_ PRES $URE HIGH RE ACTOR iRIP BI5fA8tE FA 81ST ABL E F AILEO DUE TO A 8AD TRIAC

_ _

A Ci2 023113 112578 $N CA 812 1 N SOURCE RANGE NEUTRON FLUX CHANNEL N-31
W H N. 014005 010 876 PN C M A14 1 i CH 33 DVERP WER TRIP ABOVE LIMIT

~ INOPE R 4 8LE HIGH VOLTAGE G SIGNAL CABLE CONN CLEANED
-

NORMAL INSTRUMENT ORIF T

W HNA 014161 021976 PN CM A14 1 i CH 34 DVERPOWER TRIP ABOVE LIMIT NORMAL INSTRUMENT DRIF T
'

W !*2 014204 011676 $L PS 813 1 i RISTABLE LC-4tF6-2-238 OUT OF $PEC M163 AL ARM UNIT PWR SUP DEFECTIVE

W IPT 016220 101376 OT 22 ADO 1 T OFLTA-T CH22 DIFFERS FROM OTHER 3 CHANNELS CHANGE OF DELTA-T SINCE PHYSICS TE5flNE
W PPr 016556* 112876 PN AM A14 2 i PWR RNG F IDELTA Il FOR CH 41 E 43 OUT OF SPEC ST ATIC GAIN UNIT 62H-2 OUT OF C ALIBR AT ION
W IPn 015131 052576 RP CM A14 1 i SISTABLE 63U-AC-bHEI-F NETPUINT hRIFT PC-4574 REA0 JUSTED

W 195 015114 060576 RF AM 813 1 T FT-434 OUTPUT DRIFTING FT AMP A33V 1435Y DEFECTIVE
W I'1 916340 102976 Ni AM A14 R 1 i CH 11 O_VER POWE R-DEL T A-T SE TPOINT NONCONSERVA f tVE STATIC GAIM UNIT MODEL DQ OUT OF ADJUSI
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1

ALL FAULTS IN StGNAL CONDITIONING SYSTEMS

A

k
1

C F C F 5V
V $ 0 A 0 i A NC I
E Fall Y M I OY IU0I
N PL T CONT.MO. D A lf $ P LE PLN VY MODE DESCRIPTION CAUSE DESCRIPTION

W I P 3 01712 3 112576 MT AM A14 R 1 T CH 11 DVERPOWER-DE LT A-T SE TPOINT NONCONSERVATIVE 00 ST ATIC GAIN UNil OUT OF ADJUSTMENT
W IP3 016468 113076 NT AM A14 R 1 T CH II OVE RPOWE R-DELT A-T SE TPbtNIS NONCONSERV A TIVE 00 STATIC GAIM UNIT GUT OF ADJUSTMENT
W IP3 016634 113076 NT AM Al4 R 1 i CH II OVERP0bER-DELT A-T $E TPOINTS _NONCONSERV ATIVE D0 STATIC GAIN UNIT OUT OF ADJU5tMENT
W I P 3 017121 012777 NT AM A14 R 1 i CH II OVERPOWER-DELIA-T SETPOINi$ NONCONSERVATIVE 00 STATIC GAIM UNIT GUT OF ADJUSTMENT

IV DVERPOWER-DELI 5-5 SE iPOINTS_N0fCONSERV ATIVEW IP3 019763 092877 NT AM A14 1 i CH D0 ST ATIC GAIN UNIT DUT OF ADJU$iMENT
_

W IP3 021652 060278 PM \M A14 R 1 i Ft0Qt MD. 41 SETPOINT5 NDNCONSERVATIVE 00 $iATIC GAIN UNIT GUT OF ADJUSTMENT
W JF1 019056 OR2277 Of iM A14 1 N LOOP C LO-LO T AVG,T8 _432E SETPOINT DUT OF TOLERANC TB-412E CUT OF C ALIBR ATION
W J F I 019 35 8 090777 PL CM A14 1 1 PIR LEVEL _L8-459Af28 SETPOINT DUT OF TOLERANCE INSTRUMENT DRIFT

W J F 1 019 364 092177 DT IM A14 1 i T8-4328-1 SETPOINT GUT OF TOLERANCE _ INSTRUMENT DRIFT
_

W JF1 019371 100877 Of IM 913 1 T DELTA-TtiAVG CH II OUT OF TOLERANCE _, LEAD /L AG C ARD TT-422E F AILED

_. W JF1 019697 111777 IN CM A14 1 i HIGH LEVEL TRIP BISTABLE MC206 IN EXCESS DF T.S. 815 REL AT DRIVER NC206 INST DRIFT

$$ W J F 1 019 849 112977 RP CM R13 1 N PIR H IGH, PRE 51,P 8-45 71 TRIPPED A80VE__5E T POINT NAL CARD P8-4574 DEFECTIVE

W JF1 019848 120277 FF IM A14 1 N STM FLOW IND F I-484 READING LOW NMD CARD FT-484 OUT OF CALIBRATION
_ _

W J F 1 019 84 6 120577 RP CM 913 1 N PlR HIGH_ PRESS P8-457A TRIPPED ON ,
DEFFCTIVE BIsiABLE C ARD

W JF1020282* 011278 FF CM A14 2 T SIM V5 FEED FLOW MISMATCH TRIP LESS CONSERVATIVF CARDS F8-4988 G FY-497 NORPAL DRIFT
W MF1 0172448 n30477 RP CP, A14 1 i PIR PRESS HIGH PRES $ RX TRIP HIGH 4 PSIG INSTRUMENT SETPOINT DRIFT

W *r1 017723 033077 PL CM A14 1 Y PIR HIGH LEVEL TRIP CHANNEL A80VE i.5. SETPOINT AL ARM 815T ABLE ORIFT

'J "t1 021541 052978 DT AM B13 1 i PROTECT f5hG Love PROTECT DT HIGH 5-5412 COLD LE G RTD AMP F AILURE
~

W wel 022557 083178 RP PS 813 1 M PIR PRESS CH P-455 SPINE INTERMITTENTLY FAULTT PZR PRESS LOOP POWER SUPPLT

W NA1 022937 101278 FF P3 809 1 N FEEDWATER FLOW FT-1496 LOOP C F AILED LOW POWER FUSE BLOWN

W N A' 022771 101770 FF IM A14 1 T STM-FEEDWATER FLOW M 15 M A TC H 1 RIP HIGH DRIFT OF MULTIPLIER-01VIDER CARD

W P R 2 014 202 020976 TT CM A14 1 T ONE DIFF DVRTkMP $ETPOINT FOUND OUTSIDE TS LIMITS $FT POINT DRIFT
W PR2 014275 022976 RP CM A09 1 T ONE LO PSIR PRESS SI SIG FOUND 9 PSI SELOW T1 LMIT LD0tE LOOP RE51STOR
W P R 2 016 3 41 110376 SN AM 813 1 N NUCLEAR SOURCE R ANGE CHANNEL 24-32 F AILE D FAULTY PREAMPLIFIER

W PR2 017112 0204T7 NT IM A14 1 T OVERPOWER FUNCTION DELTA-i SP2 TRIPPED OUT OF SPEC INtTMT DRIFT IN SUMMING AMP -MOD 6e RC-EL
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I

ALL FAULis IN SIGN AL CONDITIONING SYSTEMS

A

Oh
I

C F C F
V 5 0 AniA N
E FAIL Y M I DY IU0
N P ti C ONT.NO. DATE 5 P LE PLMVY MODE DESCRIPTION _ CAU5E DESCRIP. TION .

. -- - - _=- = .

NIS POWER R ANGE CHANNEL 2441 F AILED _, F AILURE OF -25V LOW VLTC PS-MOD UPM-449WW P P 2 0 22 716 081178 PM PS R13 1 M
W PT1 013946 011076 PN P1 813 9 1 M PWR RNG_ CH 41 PWR SUP FAILED-41 DEIECTOR INOPFRATV MOD UPM-4'i POWER SUPPLY R E PL AC ED
W P il 016573 113076 PN P5 813 R 1 N PWR R NG..C.H.4 2..F A IL D TO T RI P P0511N C.USNG CUTR ACM MOD UPM-44K -25V PWR SUPPLY FAILED.. . --

W Pil 021444 051279 NT IM R13 1 N S P EC I AL_ SUMM ER il-I M-404V IIN OVR PWR DELT A T CH SP2 DRF TD HI-DFCTV ZERO POI- 66RC-OL
W Pit 023304 121978 PN P5 813 R 1 N PWR RNG_CH 44 F AILEO C AUSING TUR8INE,RUN8 ACE PWR SUPPL f F AILED - MOD PUMP-X54W

W P f 2 01495 8 061176 PN PS 800 1 M UNIT EXPER TURS RUN8ACK FOLLOWING LOSS OF PR DET V C AUSE UNMNOWN - MODEL UPMD-X54W

W R G 1 014 203 012976 PN P1 813 1 N ROTH CONTROL POWER FU5ES SLEW FUR M4 PWR RNG CHNL CAPACTR IN AUX PWR SUP 80 SLO-UPMDX54
W RG1 014715 041276 PM P1 813 1 N N44 PhR RNG HI VLIG PWR SUP FAILED TO SFW DC M000LAR BLOCR PT NO IV-101 - M00 UPMD-954
W 5A1 016026' 092776 IN CA 807 C 2 N BOTH INTERMEDI ATE RANGE NUCLE AR INST CHNL5 IMOPFR WET TING OF DICTR$ WITHIN WELL-HI CONN FES
W SA! 017017 312 07 7 RF 22 805 5 1 N NO 12 RX CUULINT FLOW CHENNEL 1 BECAME IN0PE248tE SW AGELon f uSE F ITNG B ACKED OFF-CONST E ROR

W 5A1 017267 021577 DT IM A14 R 1 T 814 RX CLNT LOOP DELTA-TITAVG TRIP POINI GT TS LMT SLIGHT COMP VALUE CHG5 WITHIN SLD ST CPif
W 5A1 017423 031477 DT IM A14 R 1 i 814 RI CLNT LOOP DELIA iti AVG IRIP PUINT GT TS LMT CHANNEL ORIFT - CNN F AILURE CMPNTS UNDET
W SA1 017888 060377 PL CM 813 1 N CHANNEL III PSR2R LEVEL WAS DECLARED INOPER48tF DUAL DuiPT COMPARATOR FLD-2 CAPCTRS ON P5

W 541 019923 120577 FF IM Alt R 1 T 814 StG FLO CH II TRP Pi 31MVUC GT ALLOWED BY T5 INST ORIFT IN 50 ROOT EXIRCTR-PNI 4111111
SIGNAL ISOLATOR FAILED-CONSOLE IND LO51W SA1 019922 120677 RF IM 813 1 N 811 RC LOOP FLO,W CHANNEL 11 F AILE0 _,

W $ Al 019921 1207FF RF AM 813 1 Y 812 RC LOOP _CH II OPDT SETPT DEIRMND TO EXCD T5 LOW LEVEL AMPLIFIER F AILED - MOD 111

W SA1 020456 010378 FF IM A14 R 1 i NO 14 SIG SIM F10 CH II TRIPPED GI f5 LIMIT INST DRIFT IN 50 RT E XTR ACIOR-PNt 4111111
W 541 020457 010678 TT IM 813 1 N LOOP 13 OVR TEMP DELT A-T CHANNEL F AILED FAILED CAPCTR IN TTPE 4111513 FNCIN GES
W SA1 021030 031078 PN CM A14 1 i PWR RNG CH N_43 TRIP SE_iPOINI FOUND_1 4 PCT GT AL L W INSTRUMENT DRIF T
W SA1 021648* 061078 PN CA 802 C 1 N TWO INOPERA8LE POWER R ANGE _CH WERE 10NIF OIN41LN421 MAINT PER5 DISCONN WRONG LE ADS FOR RX COM

__

W 541 022157 080978 FF AM 813 1 T NO 11 5/G FEED FLO CH 2 81518L_SETPi_A80VE T5 LMTS FA11ED OP AMP IN THE QUAL COMPARATOR P(D_

W SA1 022413 991278 BP CM 813 R 1 i PRESS PROTCIN CH 2 RX TRIP SETPI Gi_ TECH $PEC LIMT UNST ABLE OUTPT FRM COMP ARATOR FDG TRIP 85
W 501 015998 082376 FF P5 811 1 N 5/G F FED CONT. 810 POWER,5UPPL Y DE GR ADE D C AUSING IN1P FEFD FLOW RtX TRIPS FAILD DIODES
W SUI 016257 110176 TT CM 813 1 T COMPARATORITC-1 ,432Cl FAILD TO TRIP PDWF R C AP ACITOR MALFUNCTION

W SUI 017420 032877 FF RE 812 1 i HI STE AM FLOW REL AVIFC-485-I AI M ALFUNCTND- SI TEST DEspl5 IN 8F-48 RELAT CONTACTS
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ALL FAULTS IN $1GNAL CONDITIONING SYSTEMS

! A

i1
C FC F SV

V $ 0 A oTA NCI
E Fall Y M i 0 Y I U0i

_

____,, MODE DESCRIPTION _ CAUSE_ DESCRIPTION ,,,
N P L T C ONT.NO. DATE 5 P L EPL M VY

W Sul 020097 121677 $t PS 813 1 Y "A" $/G LEVEL CHAN tl COMPARATOR F AILD TO TRIP 2 OPEN CAPACliOR$ IN COMP. POWER $UPPL3

W 5U2 014842 021176 TT IM A09 1 M CHAN 3 HI TEMP SEiP0}N5'OEIF TD 9t IN NONCONSERVA TV LOO $E CCNNECTION ON SUMM ATOR

LOSS OF 0EiECTR VOLi 5LARM TO PWR R ANGE NI CH AN 42 -25 V0li POWER SUPPLY FAILD 33 CHAN OPER.
~

W $U2 015527 062176 PN P5 813 1 N

W $U2 015528 062676 PN IM A14 1 N NIS POWR R ANGE CHAN N42 DEVI AfD Bh ht FROM OTHR CH DUTPUT OF LEVEL L SUMMING AMPLIFR ORIF LO

W $U2 016140 101376 SL CM 813 1 T DUAL COMPA555i~bF 5/G "B" NARROW k ANG CH AN 2 8t0W L OPEN C A P AC ITOR IC M WOULON'T DENERGIZE

T-432 F OR OVRPht E OVR TEMP M AL 7 U NC .0F SPAN POTENTIOMTR IN LE VEL APPL"C" LOOh hCOLO CHANW $U2 017201 020977 OT AM B13 1 N

W $U2 018476 071877 RF CM 813 1 i RIX C00LNf FLOW COMP. FC-2-414 FAILD TO TRIP CAPACliOR LEANAGE3 2 REDUNDi. SYS OPER #8L

I W TR1 016798 010777 $L AM B13 1 T C STE AM.. GEN LO LEVEL 81-5f A8L 537C F AILO 10 TRIP OPER ATIONAL AMPLIFIER ON CKi BRD FAILO
__.

-=
3

W 191 018 58 6 070877 SL CM A14 1 i StG LEVEL PROTECTH SET IV L8-537C IRIPPN LOWFR LEV FOUND TO H AVE HI R ATE OF SE TPOINT ORIF T
W TR1 019113 090377 SN P5 813 1 N SOURCE R ANGE CHAM N-31 F AILD TO ENERGIZE AT 10-104 RE10Vf DL REPL ACED FU$E$30PER ATED OK IHEN

W 103 015007 051976 PL CM A14 1 i PRZR LEVEL COMP.LC-459A TRIPPIN AT 4.685V WS. 4.69 $ETPOINI DRIFil WILL ADJU$i TO COMPENS 8TE
La W TU3 016886 112576 FF PS 813 R 1 i STEAM FLOW COMPRTR FC-3-484 SETPOINT NONCONSERVATV 2 FILTR CAP ACTR5 DN PRNTD CKT.BD.IN PWF $
CD

w TU3 017590* 012777 NT CM A14 2 i TRIP SEiPTS dF OVERPWR COMPS.TC-3-4328 L 432C LOW SETPOINT DRIFTIEXACT CAUSE OF DRIFT UNRWN
~

W 103 022768 092978 FF P5 813 R 1 i STEAM F16V COMP. FC-3-484kkTPTLESSCONSERVATIVF FAULTY 2EG. AMP IN PWR SUPPLY 80ARD
W IU4 014878 013076 Of IM 813 1 i CHAN 2 DELTA-i TRIP 5E TPT 1 DEG HIGHR THAN ALLOWD 2 FILTR CAP. F AILD IN SIGNL $UM.TM-4-4 22F
W ZIl 014221 020976 Di AM 813 1 T DELTA T TRIP 4TC-422 C#D COMPARATOR INOPEP48tE OPERTNL AMPS A2 G A3 DEFECTIVE

W til 014285* 022176 PN ZZ A03 L 4 T RESCALE6~PWR RANGE DET.1N41 42,43 & 44 HOWEVF DID NOT RESCALE DELTA I $UMMAIOR$--NONCONSERV

W III 015189 061876 NT IM 813 1 T SUMMATOR lim-48tC OVERPWR E DELTA T PROT. RAM 9 LING F AILD C APACITOP C8

W ZIl 016481 111776 Of IM 813 1 N DELTA 1 DEVIATION ALARM LOOP D SOUNDED DEFFCTIVE BEAD / LAG MODULE ITM431J
~

W !!! 016984 120176 RF PS 813 1 T COMP AR AiOR 5FC-416 FOR RX COOLNT FLOW OUT OF TOLRN 840 CAPACITOR IN POWER SUPPLY FOR COMP 91R
~

V rll 017406 030377 of IM Bl3 t N DELTA i fMD ERR 555C 0ROPPD FROM 100 50 80t LOOP D GROUNDE D $UMM ATOR. DEFECTIVE INTEGRID (KT

W ZIl 018529 071977 RP IM 813 1 I ONE OF PRESSER PRESS CHANLS READING HIGH 84D LEADtLA4 MODULE 8 2 FAILD CAPACliOR5

W z11 020589 012778 RF RE 812 1 i RX PROT. A RELAY 1F C 42 6- X 4 FOR LOOP C FLOW TR AIN 4 FOUND HUNGUP--8INDING PLUNGER PIN ON R14Y

FEED FLO.W.C.H.A.M.L.1F-511 50.RT.EXTRAC R HI IMONCONSI D#lFT OF CLOCK PULSE FOR SCUARE ROOT E DT.W rit 02t449 050978 FF IM A14 1 9
. . . .- - -

W !!! 023441 092578 DT IM A14 1 T FUNCTION GENERATOR INM-4418 OUTPUT O_UT OF 10L LOW SE TPi$ NONCONSERVIVE 3 INSTRUMNT ORIFT
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ALL FAULTS IN $1GN AL CONDITIONIN__G _SY_ STEMS

A

D

AbTANV 5 0
E FAIL Y M I OY IU0I
N PLT CONT.ND. DAtE 5 P LE PL M VY MODE DESCRIPTION CAUSE DESCRIPTION

_____

W !!! 022902 102178 RF CM A14 1 i RC FLOW CHANL IF-414 LOOP A TRIP SETP0lNT ORIF LOW SFTPOINI DRIFT 8 20fHER LOOP CHANL5 OPE 58L
W !!2 016049 091076 FF AM 813 1 N LOOP B COMPARTR 2FC-5418 8 2FC-5414 FOUND HIGH 840 OPERAi!ONAL sMPLIFIER A-1 3 REPLACED

| W !!2 016050 091416 PP CM 813 1 N COMPARTR 2PC-456A PlR HIGH RX TRIP F()UND HIGH COMPRTR WAS REPLACED WITH SPARE
|

,

| W ZI2 016491 112476 FF IM 813 R 1 N LOOP D SIG FLOW IND F AILD TO ZERO THEN NORML AflME BAD MULTIPLIER / DIVIDER MODULE

W !!2 016698 120376 FF IM 913 1 N LOOP D SM STEAMFLOW IND LOW s 56UARE ROOT E RTR ACT 8AD C AP ACITORS C11 L C12 IN 50.RT.FM-5 338|
| W !!2 017250 020377 FF IM A14 1 1 SQUARE ROOT EXTRACTR L OOP 8 SIEAM FL OW FOUND HIGH DRIFT OF LOW END SETTING OF $0.R T.E xi R CIR

W !!2 017249 020777 FF IN A14 1 Y 5 0.R 001 EXTRACTR F OR LO6P O STE AM FLOW FOUND HIGH DRIFT OF LOW END SEfftNG 2FM-5308

W II2 018054 041177 RP AM 813 1 i C OMP AR AT R 2PC-456A WOUL6 Ndi TRIP 3 PUT IN TRIP P00 BAD OPER ATIONL AMPL]F]ER A-3
W 212 020392 122377 Rf RE B12 1 T 2FC416-h8 LOOP A RC FLOW TRIP LOGIC IRAIN 8 HUNGUP BINDING PLUNGER PIN AG AINST REL AY HOUS ING

IND 2FI 5564 6kkFID HI I NONC ONS E R V 8 FAILD USCILLATOR AMPLIFIER IM XMit1W 212 020350 012178 FF AM 813 1 M FW FLOW

W ZI2 020564 020178 FF IM 813 R 1 N UNIT 2 0 5tG STM. FLOW LOOP 532 OUT OF TOLINONCON59 MAL FUNC T SQUARE ROOT E XTR ACTOR
00 W 212 023499 022078 PL CM 813 1 i PZR LEWL CHAML 2L-460 OUT OF TOL H1 AND LO 1N05 REVER50 DIODE CAUSN IMPRPR VOLT REGULATIN
N

W 212 022802 091578 PN PS 813 1 N PWR R AN_GE CHANL N42 RE ADING LOWINONCONSE RV TRIP BAD 25 VOLT PWR SUPPLY

W !!2 022800 092578 PL CM A00 R 1 N PIR LEWL 2LT-459 LOWINDNCONSERV FORit! LEWL TRIP NO CAUSE COULD BE FDL*D

G 8F3 022826A 102978 IN CA 802 C 1 N IRM F CH5h5E[~0EC[ ARED INdPER A8tE SIGNAL CABLE SMEARED

G OF3 0228248 102978 IN CA 802 C 1 N IRM H CHANNEL DECLARED IMOPERABLE SIGNAL CAOLE DISCONN

G 8F3 023032* 412878 PN CA 806 L 6 T ALL LRPM'S OF 43 SIRINGS FOUND REVERSE CIsNNECTED LACK OF EEPLANATION OF PROPER LPRM CONtEC

PR NEUTROE MONITOR blDDUTRESPONDPROPERLYte25 POL ARIllNG VOLT. ON COMP ION CHAM SWAP TEDG IsP1 015443 081376 PN C A 802 C 1 N

G RR1 016855* 010577 PN CM A06 L 6 i HIGH FLUE TRIP FOR APRM'S FOUND TO SE 100 HIGH DEF FC TI VE PROCEDURE
~

G BR1 019185 092677 PN CM A06 1 T APRM CHANNEL F UPSC ALE iHE4M AL TRIPS BEYOND f t$ RFC AL. DONE WITH INADEQUATE PROCEDURE

"k BR1 020679 012878 PN CM A14 1 i APRM CHANNE[E TRIPED AT 5~ 20 PERCENT (122 PERI SFTPOINT DRIFT1

G BR1 020680 021478 PN CM A14 1 T APRM CHANNEL C SEIPOINT FOUND ABOVE TS LIMIT SFTPOINT DRIFT
~~

C BR2 020917 040378 IN CA 812 1 T IRM E HA6 NO RESPONSE TO CHANGING FLUX DIRTY AND WET DETECTOR CABLE CONNECTIOk5

G Col 018897 041677 IN 22 414 1 T IRM "H" FOUND 10 RE AD 80 AS OPPOSED 10125-TEST INSTRUMENT DRIFT IN TWO MODULES

G CD1 018899 081077 PM AM 813 1 N APRM FL W IN6t C A510N DEC RE ASED-C AUhb UPSC ALE AL AR SAD ISOLATION AMP IN SUMMER UNIT-REPLAEED
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ALL F AULTS IN SIGN AL CONDITIONING ST$TEMS

A

l C FC F ''

W $ 0 A0iAN
E FAIL 7 M I OY IU0
N PL T C ONT.NO. DATE $ P L E PL M VY MODE DESCRIPTION C AUSE DESCRIPTION

j G C ol 01928 6 092377 $N CA 802 8 1 M SRM W AS RE ADING HIGH AND ERR ATIC LURING REFUELING BREAK IN OUTER SHIELD OF TRIAXIAL CABLE
'

G Cut 020799 012978 PN P5 813 1 N APRM *20V POWER SUPPLY FLUCTUATED-CAUSED HALF 3CR4 ZENER DIODE FAILED IN POWER $UPPLY
G C01 02119 7 0408f8 $N CA 802 8 1 M SRM WOULD NOT RESPOND _ PROPERLY DURING REFUEL TNG BREAR IN SHIELD OF TRIAXIAL CABLE,

_

| G Dal 0143F8 031476 ?N PS 813 1 T $RM AI4573 Al F OUND RE ADING APPROM SOE LOW FAULTY DIO0E IN VOLTAGE PREREGULATOR
G DA1 014514 041776 FU CM B13 1 T APRM/ ROM FLOW UNIT D COMPARATOR EXCEEDED LIMIT DEFECTIVE FLOW UNIT SUMMER CIRCUIT
G DA1 014732 051276 PM CM A14 1 T APRM CH A UPSC ALE TRIP EXCEEDED LIMIT INSTRUMENT DRIFT
G DA1 015322 081276 $N CM A14 1 i $RM D UPSCALE R8 TRIP EXCEEDED LIMIT INSTRUMENT DRIFT
G DA1 019120 090277 IN PS 813 1 T IRM CH & DOWN$CALE TRIP EDUND INOPER ABLE VOLT REG AND PRE-REG WERE DEFECTIVE
G Dat 019208 091577 IN PS 813 1 T IRM CH 8 00WNSC ALE TRIP FOUND IMOPER A8LE LOOSE COMM ON PWR $UPPLY C AU$ED FUSE TC 8

*

G Dal 019965* 112877 PN CA A01 C 4 i NONCONSERV ERR 0k$ INDUCED IN APRM CH AeSeC L D PER $0NNEL-REVERSED INPUT /0UTPUT OF LPR P
~

G DR1 015078 061176 PN CM A14 1 i POWER RANGE CH 3 ACTUATES ABOVE LIMITS INSTRUMENT $ETPOINT DRIFT
La G DR1 016591 112676 PN AM A14 1 T I N C O R E N E U T.R.O.N..F L UE AMPLIFIER 103C TRIPPED HTGH INSTRUMiNT SETPOINT DRIFTo -

-

109A. TRIPPED HTGH INSTRUMENT SETPOINT DRIFTG DR1 017294 022377 PN AM A14 1 T IN CORE NEUTRON FLUX AMPLIFIER _ . _ _ -
*

G DR1 017733* 042377 PN CM A14 2 T POWER RANGE CH 1 G 2 ACTUATED ABOVE $PEC INSTRUMENT SETPOINT DRIFT
G DR1 017797* 042877 FM AM A14 C 5 T IN-CORE FLUE AMPS 1048 1100 1120 113A 113C 1140 Hi INSTRUMENT SETPOINT DRIFT DUE TO HIGH TEM
G DR1 019015 090477 PM AM A14 1 T CH 1 HIGH NEUTRON MONITOR F AILED TO TRIP DURING TE INSTRUMENT SETPOINT DRIFT
G DR1 019199 093077 PN AM 813 1 N CH 2 OUT OF CORE NEUTRON MONITOR FAILED DOWN SCALE TU8E FAILURE IN AMPLIFIER CIRCUIT
G OR1 019320 101777 PM CM A14 1 i CH 1 RIC-281 TRIP EXCEEDED LIMIT $ WHEN TESTED SETPOINT DRIFT
G DR1 021016 031878 PN AM A14 1 T INCORE MONITOR AMP 1048 EXCEEDED TRib LIMIT INSTRUMENT DRIFT,

G DR1 021515 052578 PN AM A14 1 T
! INCORE . MONITOR .AM.P 109.A.E ECE EDED T RI P LIMIT
1 G DR1 021514 060278 PM AM 414 1 T INCORE MONITOR == .

_ _ __---
TRIP ADJ BI AS VOLT AGE 25KOMM RESIS DRIFTE ;

-

AMP 113C EXCEEDED TRIP LIMIT TRIP ADJ BI A$ WOLTAGE 25M0HM RE$t$ DRIFTE .

G DR2 015160A 063076 PM AM 805 1 N APRM CHS INDIC ATION DROPPED FROM 54 TO 31 PERCENT 8ROKEN LEAD ON DC AMPLIFIER j
'G DR2 0151608 063076 PN 22 414 1 N APRM CHS,AGAF_HIGH VALUE INSTRUMENT DRIFTj

G DR2 017184* 012877 FU CN A06 M 2 T APRM FLOW-8t A$ FLOW INDICATIDN ERCEEDED 100t IAt99 PROCEDURE FOR TC*AL CORE FLOW IND REVISED
G DR2 017221 021477 PN RE 813 1 T REED RE.L.A.Y CO.NTACT.S ON RELAf K6 WERE. SEPARATED CONT ACTS REPL ACEDe APRM AVE C ARD REL AY+

<
. -

j,

; PAGE 9 |
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ALL F AUL.TS IN $1GN AL. CONDITIONING .S.T.$ TEM $- . __ --- _ --- -

A
C

"I#es
, M 1 Y IU|

, ,
\ i

'' A TA Ni
k FAfL

.P.L .T C ON..i.?,N.OD.A I E. .P. .L .P L..M .V..f -

.. .--- -

CAUSE DESCRIPTIONN
.. .

| MODE DESCRIPTION. .
.

G DR2 017743 022377 IN CM A14 1 T IRMf16 TRIPPED ABOVE SETPOINT DURING TEST INSTRUMENT SETPOINT DRIFT

A P R M / R B.M F L O.W..B.I.A.$..E.X.C.E.E.D.E D 100 5 A.T.l.00 4 C OR E F L OW
~

G O R 2 01,k 651* 042 57 7 FU C N A06 M 2 T APRMIR8M CONVERTER $ C AL18 TO ORIG SPECS
G O R 2 r,19190 092077 IN IM A14

1 i AP RM 5 .W.A.$..F.OU.ND TO INOP D.N.12 I.N.S.T.E.AD OF 11 LPR MS ELECTRONIC DR IF T OR DIR TY CONT ACTS ON CARq . --

G DR2 019904 113077 IN CM 913 1 T IRM813 DID NOT TRIP AS REQ'O BY SURVEILL ANCE PROCE DEPECT!WE DUAL TRIP MODULE
G DRs 019989 120077 IN CM A14 1 T IRM013 TRIPPED ABOVE LIMITS INSTRUMENT ORIFT

GDf2019910*122277FUCM A06 M 2 N APRM FLOW BIAS $ CRAM L ROD BLOCK SEIPOINTS MON-CON OEFICIENT PROCEDURE
_

Gja2021881 062678 PN CM A14 1 T APRM CH 4 ROD BLOCK TRIP HIGH SETPOINT ORIFT
G'OR2 022071 080178 PN 22 813 1 T APRM CHf3 $CDAM SETPOINT FOUND ABOVE $PEC BROREN WIRE AND TRAN$ISTOR FAILURE
/DR3 017212 020077 PN RE 813 1 M APRM 96 FOUND FLUCTUATING FATLED REED REL AY CONTACTSj

#
,,7 G DR3 0173254 022077 PN CM A14 1 i APRM 3 900 BLOCK TRIP EXCEEDED LIMITS ELECTRONIC DRIFT

s. ,e G DR 3 0173258 022077 PM CM A14 1 T APRM 6 ROD BLOCK TRIP EXCEE0E0 LIMITS ELECTRONIC ORIFT

kE G OR3 017974 0S2677 FU AM 813 1 N CH A L CH 8 FLOW EXCEEDEO MISMATCH FAULTY PROPORTIONAL AMPLIFIER
G DR 3 017975 052677 PN IM A14 1 7 APRM 4 IN0PERA8LE ELECTRONIC DRIFT
G OR3 018550 072577 PN PS A12 1 T APRM 4 WOULD NOT GENERATE AN INOP UNTIL 13 L P R M' $ VOL T AGE SHIFT-0!RTV POWER SUPPLVEPIN-It)
G DR3 018937* 082 777 PN IM A14 2 i APRM ? E 2 WOULD NOT GENER ATE INOP UNTIL 12 LPRM'$ ELECTRONIC DRIFT
G OR3 019176* 092977 PN 22 A14 C 2 i APRM'S 4 5 6 GENERATE 6 INOP WITH 12 LPRM'$ SYP A53E ABNORMAL ELECTRONIC DRIFT
G DR3 020603* 020278 IN CM A14 2 T IRM 15 L 16 EX_CEEDED TRIP SETPOINT INSTRUMENT ORIFT
G DR 3 0215098 052078 $N C A 813 1 T SRM 21 DECLARE 0 INOPERABLE BAD SIGNAL CABLE

APRMCH,,fDUNDOUT_OF
~

G EN1020020 100477 PM CM A14 1 T TOLERANCE SETPOINT DRIFT
_

G EN2 0226768 101178 PN CM A06 L 6 i HIGH FLJX_$CR AM SETPOINTS SET _VERY HIGH PROCEDURE DID MGT LIST STARTUP $ETTING
_

G EN2 022704 101678 PN IM A14 2 N RP3 CHANS ALE INOPERATIVE APRM E ORIFTEC HIGHe APRM A COUNT CRT CRI
G F P! 015 49 7 080876 PN IM A14 1 i APRM C WOULD M0T TRIP AT_LES$ THAN 11 INPUT 5 RANDOM $ET POINT ORIFT

,

G F P1 015851 090576 PN IM A00 1 i APRM INOP SIGNAL WOULD_ NOT FUNC TION __ CAUSE NOT GIVEN
G F P 1 017 328 022777 PM CM A14 1 i APRM *E" DOWN5CALE TRIP SE TPOINT HIGH NORMAL DRIFT
G F P1018051* 062677 PM C A 802 L 6 M LOSS OF 15% APRM $CR AM FUNCTION CONTRACTOR Cui 19 0F 31 LPRM STRINGS
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1

i

i

|

l
! ALL F AU'.T5 IN SIGNAL CON 0!TIONING SYSTEMS
i
' A

t C FC F $V
V $ 0 A 0TANC I
E FAIL f M IOY IU0i
N PL T C ON T.NO. DATE $ P LEPLMVY MODE DESCRIPfl0N CAUSE_ DESCRIPTION

i G F P1 022031 070778 PN IM A14 1 N APRM 0 LPRM COUNT TRIP SETPOINT HIGH $ET#1 TNT ORIFie REA0JU$iED CIRCUITS

G MI1 015456 081376 IN CM A14 1 T INTERMEO RANCE MONITOR SETPOINT LESS CONSERVATIVE SETP01MT ORIFT OF INSTRUMENT CHANNEL'

j G N01021562* 060678 PM CM A06 C 4 T 4 0F 6 APRM 3 CRAM SETTINGS 3 TO 45 LOW SI A$ED DISTRIS OF LPRMS WITHIM APRM P ACES
J G M01 0221868 080578 PN CM A06 8 1 T 1 APRM SETTING 4 TO 5t LOWS 1 SVPASSED LRG PWR SHAPE CHNG OEFECT PROCEDURES ;

1, G NM1 014983 032176 PM CM A02 1 i APRM sit F AILE0 TO TRIP AT 208 FLOW POINT TEST METER OFF5ET C AUSED B AO Caller ATICN
I G NM1015170* 061376 PM CM A14 2 T 2 0F 8 AP_RM FAILE0 TO TRIP AT REQUIREO FLOW GI AS APRM 17 G lt SETPOINT ORIFT

{ G NM1 013171* 062776 PN CM A14 2 T APRM 11 E 15 F AIL TO TRIP AT REQUIRED FLOW RI AS SETPOINT ORIFT LESS THAN lt

; G NM1 018593 073177 PN 22 A14 1 i SYPAS$ 6 VICE 5 LPRMS TO GET APRM-16 INOP LTGHT APRM 216R513G2 SETPOINT ORIFT
'

G NM1021439* 052678 PM C A 802 C 2 Y LPRM DET AEB TO APRM 11 C 15 CROS$_ CONNECTED GE-MA-100 OETEC TORS CROSS-CONNECTED
-1 G OC1 015286* 080576 PM C A 513 2 Y TWO APRM85 IN THE S AME TRIP SYS CONC ANTLY IN0*ER A4 FAULTY PIM RECEPTACLE

G OC10185744 072277 IN C A 802 8 1 i IRM CHNL 13 FOUNO INOPERABLE WIRE TO DETECTOR Ot3 CONN - MAINTEN

($ G OC1 0185748 072277 IN CA 802 8 1 i IRM CHNL 14 FOUNO IMOPERASLE WIRF TO DETECTOR DAMGO - MAINTEN

G OC1 018877A 090177 FU CN 813 R 1 N RECIRC FLO SIG FOR APRM i 1.ft HIER THAN ACT FLOW FLO CMVTR NO-1350830961-ZERO $HIFT'

l G OC10198778 090177 FU CN 813 R 1 M #ECIRC FLO SIG FOR APRM I! 1.7% HIER THAM ACT FLOW FLO CMVTR NO.13588300G1-HI G AIN A0JUST PT
IBM 12 BEC AME IMOPER ATIVE WHILE'IRM 14 OISCONNECTO CABLE FOR IRM 12 OARAGEO ST MAINT ACTI%ITG OC1 022743 101978 IN C4 802 8 1 M

4 G PB2 015760 082876 PN CM A14 1 N APRM "A" TRIP PTS LESS CONSERVATIVE THAN TECH SPEC INSTRUMENT ORIFT-INSTRUMENT RECALIBRAT ED

C P82 017774 041777 PN IM A14 1 R APRM A INOP TRIP OED NOT OCCUR IAW T5 19 VS 8 LPRM SETF1 $HIFT - MOD GEK-32537A APRM'

4 G PS2 021707 070578 PN IM A14 1 i $ CRAM CLAMP TRP STPT FOR "A" APRM WAS 1 PCT GT T$ SETPPIMT ORIFT-lMMEDI ATELY REC All8R ATE C

G P B 3 01468 3 050776 PN tt 813 1 T CH "E". ARPM TRPO AT FLUE LVLS HIER THAN LICENSE T1 SETPT $HIFT - DEF IM4734A ZENER DIODE

) G P 83 01508 4 061276 PM RE 813 1 7 "F" APRM ROD * LOCK NOT OSTNO FRM SIM MI FLUR CONOT F AILURE OF MOD 35AT600 4RI RELAY

CORE FL.O.SI AS IMPUT TO THE A LOGIC ArtM $TRNG - HI ASSENCE OF OFFSET SIGNAL IN FLO OIA$ APPi G P83 016174 101176 FU AM A09 1 N
;

-

G P 8 3 017548 041677 PM CM A14 1 Y OWN$CLE, TRIP FOR APRM E FOUN,C,AT 2.3e T5 15 2 5 PCT SETPOINT SHIFT ON A M00 GEM-32537A A*R P
] G P83 017778 050977 PN CM 414 1 T OWN5CLE T.R I.P.F.O.R APR M 0 .F.NO A T.1 5.V.5 2.5 PE RC ENT SETPOINT SHIFT - M00 GEK-32537Aa . .

OEC AME INDPER ABLE PER$0NNEL JUMPERED ENTIRE LOGIC FOR $RP A
..

G P11 022799 103078 $N II 802 5 1 R SOURCE RNG MON " A"
'

C VY1 018061 052577 FU CM A14 1 N APdM Ft7W OIAS HI FLUR TRIP OUT OF SPEC G AL ARME0 FLOW CONVRTR REPLACE 0e NO REASON FOR OBIF
i
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Main Steam Line Radiation Monitors

These channels are in BWRs, and are coded SR. Be sure to read the
section " Application" in the main body of this report. The following
computer printouts give the estimates, followed by summaries of the
relevant data.
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I

IHOPERASILITY FAULTS IN BWR M AIN STE AM LIkE R ADI ATION MONITORS
; P ATES ARE PER C AL ENDAR NOUR

TPIPLE OF NUM9ERS SHOWS ELOWER BOUND, POINT ESTIMATEe UPPER 80UNDI

LCwFR AND UPPER RCUNDS FORM 90 PERCENT INTERVAL

P* t .003, .194, .577)

LAMBDA I 2.7E-C6e 4.4E-06, 7.5E-069*

LAM 80A = t 3 2E-C7, 2.8E-06. 7.2E-069

OPEGA I 3.6E-09, 9.2E-07e 3.5E-063=

SjSjgM SH0gK
SPECIFICj0gR

RATE F
Rg PONENT SETA FACTOR

' as
hv 4 I 6.4E-07, 4.0E-04, 2.1E-049 4 3.7E-06, 6.7E-06. I.1E-058 t .004, .118. .4231

i

'

SYgTEM RATE FOR SET CF K SPECIFIC COMPONENTS
M R2 w3 R4

'
4 8 1. 3 E-0e , 1. 2E -0 6, 3.9E-06) ( 6.5E-09, 1 0E-06, 3.7E-068 1 5.0E-09e 9.7E-07. 3.6E-06)

i

1

|
|

f '

.

I
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.

1

Rf DUCED C AP ABILITY F AUL TS IN BWR MAIN STEAC LINE RADIATION MONITORS
RATFS ARE PER CALENDAR HOUR

TRIPLE OF NUM4ERS SHOWS (LOWER 80 UNDE POINT ES11M ATE, UPPER ROUNDI

LOWER AND UPPER BOUNDS FORM 90 PERCENT Id1ERVAL

P . t .001, .094, .3091

LAMBDA . I 1.9E-08e 4.7E-06, 1 8E-05)

I 2.0E-06, 6.4E-06, 1.3E-059LAMBDA =
+

OMFGA . I 1 1E-C6, 4.6E-06, 1 0E-051

SYSTEM SHOCK RATE FOR

SPECIFICf0MPONENTSIgE R E SETA FACTOR
_

&
'd 4 6 4.9E-06, 2.3E-03, 1.3E-03) t 3.5E-06, 1.1 E -0 5, 2.5E-050 t .134, .527e .7499

i

j

SYSTEM RATE FOR SET OF M SPEC IFIC COMPONENTS
SIZE

M R2 R3 R4

4 ( 1.2E-06. 4.8E-06, 1 0E-051 t 1.1E-06, 4.6E-06, 1.0E-051 t 1 1E-06, 4.6E-06, 1.0E-059
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APPENDIX D

ONE-LINE SUMMARIES OF INSTRUMENTATION AND CONTROL
..

LICENSEE EVENT REPORTS

This appendix contains a listing of one-line summaries of the -\
,

instrumentation and control LERs considered in this report. Following this
'

listing is a listing of the one-line summaries of common cause events.
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ALL FAULTS C0NSIDERED IN IN5fRUMgfATION L_CONTR OL AS,$ EM*L 1ES
_

, ,

A

D
P I I

C A F C F 5 V

IU0[V $ 0 R A 0i ANC
E Fal( Y M A I DY
N PL T C ONT.NO. DAlt S P M L EP LM V Y MODE DESCR IPfl0N_ CAUSE DESCRIPil0N

8 AR1 014496 032376 CP DC P 414 1 i RX SUILDING PRES $URE SWITCH F AILE3 TO IRIP INSTRUMENT DRIFT

8 C R 3 019009* 0902 7 7 RF TX F A14 4 R 4 RCS FLOW INSTRUMENTS OUT OF CALISRATION CAL 18 RATION ORIFT OF OtP TRANSMITTERS
~~

F AULTY CONT ACT ON POWER SUPPLY FU$E FDLDE
| 8 081 019943 120777 NF P5 813 1 N RPS CH 3 FLOW LOOP AILED LOW _

8 081 020706* 021078 RT C A 809 2 T RPS CH_3_ HOT LEG TEMP STRINGTI-RyS4 IN0PER A8tE LOD 5E WIRE CONNECTION AT TEMP E L E ME N T

8 081 020704 022178 RF TX F 813 1 N RPS CH 3 L (10 P 2 H6 T _ L E G FL OW F T"S.43 IN0PER A 8t f 0FFECTIVE AMPLIFIER IN FLOW TR AN5MIT TER

8 081 022689 092878 RF TX F 813 1 N RPS CH 1 LOOP 2 FLOW TRAN5MITTER F AILED 60W OFFEC TIVE AMPLIFIER

S DEL 022174A 080678 NF 22 A06 M 4 N QUADSANT POWER TILT EXCEEDED TECH $PEC OPERATOR FAILE0 TO RESET TRIPS

9 DE1 0221748 080678 PN 22 A06 N 4 N QUADRANT POWER T I L_ Y EXCEEDED T E C H'_ S P E C 9PERATOR F AILED TO RESE T TRIPS

A IRIP 9.o HIGHER THAN T5 EXCESS TE MPINUMIDITY INDUCED DRIF T8 0F1 022918 102678 RP TX P A07 1 T RPS C,H_
_

INDICATION HIGh ___,
TRIPPED LOW UNKNOWN NON-REPEitTIVE

8 DE2 020346 011878 RF IX F AOS 1 i RPS CH D FLOW LEA % DUE TO BLOWN G A$KE T

8 OE 3 017452 032577 NF 22 A00 1 i FLUX / FLOW IMBALANCE, CH 8 RX. COOL. FLOW

8Hi[HR5C60LANTFAIL50IRIP5NY LEVEL NORMAL U$ AGE FAILURE REPLACED8 DE3 019487 100577 eT CM 813 1 i CH

- 0 DE3 019884 122877 RP TX P 806 U 1 N XMTR h FT3$LVED OUT AFTER REPAIR f0TESTTEE INCORRECT /INCUMPLETE VALVE CHECKLIST

MOISTURE FROM LE AKING V ALVE ONTO RfD TERM
tim]E ADlHG LOW __$ 8 OE3 023312 120078 RT SE T A07 1 T RP5 A RC

8 R$1 0145034 040576 RP TX P A14 3 i 3 RPS PRESS uMTRS READ OUTSIDE OF TS - LOW IN ST DRIF T-VE R tiR AK MOD 59 PH 443-70!O

8 *$1 0145038 040576 RP TX P A14 1 T 1 RPS PRES $ XMit READ 00iSIDE OF T$ - HIGH INST DRIFT-VERITR AK MOD 59 PH 443-7050

8 R$1 018006 041977 NF CN A14 1 i RP5 CH A FLUX /IMBALNCE/ FLOW IRIP_ ENVELOPE OUT50 TS DRIFT OF FUNCTION GEN MOD 6625027A1

8 Til 015866 083076 NF CA 809 1 N "0" CHANL TRIPPD (FLUXIIMB AL ANCtFLOWis"C" IN Sf Pa$ $HORT IN JUNC T I ON 80Xp"C" PLACED IN DDRML
_

8 TIl 015864* 083176 RP TX P A14 2 i RfR C00LNT PRESS $ETPOINTS LESS CONSERV TN AN T.S. R PS CHAN 8EC C All8. DR3F'! MINOR)

9 TIl 015971 091676 RP TX P 813 R 1 N RC PRESS TR EIPTS. CH AN 8 LESS ON$RVIV THAM TS DEFECIV TRAN$MITTRlWEST. MODEL 59H)

8 fil 016306 102776 RT CA 812 1 i RC HI_ TEMP SISTABLE CHAN "C" FAILD_TO TRIP OIRTY CONNECTOR DN 815f A8LE I CLE ANE D CONN

8 ft2 021612 041778 PN SE N 805 1 N RPS CHAN C HI FLUX IRIP INTER M I T TE M-D E TE C TOR 41-7 41-7 DAMAGD DURN INITIAL INST ALLTM-R EPL AC

C CC1 014284 021876 RF P5 813 1 T NON-C 0g V A ll V E _ L C W FLOW TRIPeRPS CH 8 FOUND DEFECTIVE POWER SUPPLY CAUSED ORIFT

C CCI 017994 031077 FM CA 802 C 1 N POWER R NGE UPPER DETECTOR CIRCUlfeCH Ae FAILED OFTECTOR JRAWER FIELD C ABLE CONN. 0I5 CONN

C C C I 017 712 040477 RP CA A09 1 N PRESSURIZER PRESSURE INDICATION AT _1C06 RE AD HIGH DIRTY SIDE LINK CONNECTIONS AT 1C2)D
_

PAGE 1
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ALL F AULTS CONSIDERE0 IN INSTRL.4ENTATION & _C ONTROL ASS _ENBL IES

A

EP
C A FC F $V

V 5 0 R A 0i AN C I
E FAIL Y n A 10Y tU0 I
N PLT CONT.NO. DATE 5 P ML EPLMV T MODE DESCRIPTION CAUSE DESCRIPTION

C CC1 017713 050377 PN CM 813 1 N VARIAOLE OVERPOWER TRIP,CH De WHOULD NOT Rf5FT LOW LEVEL AL ARM COMP AR ATOR HAD F AILE C

C CC1 017796 052277 RT SE T 813 1 N RPS CH 8 T-HOT FOUNO READING HIGH ONE OF THE TWO RTO'S HAD HIGH RESIST ANCE

C CC1 017907 052377 PN CM A09 R 1 N RPS CH A_HIGH POWER TRIP 5_GAVE SPURIOUS TRIPS NOISE ON TEMP LOOP $1GNALS

C CC1 018305 070177 PN CM 813 1 N RP5 CH A HIGH POWER TRIP UNIT BECAME ERRATIC COMPARATOR F AILURE

C CCI 018307 070177 TP CA A07 1 N RPS CH 8 TRIP UNITS STPASSED 00E TO LOW TC IMO. DUST ON THE SLIOE LTNX TERMINALS INC RE5.
C CC1 018860 081177 PN P5 813 1 i RPS C,H C_ TRIP UNITS WERE OTPASSED _ POWER SUPPLY REGUL ATING HIGHeREPL ACE C .

I

C CCI 018951' 0R2677 RF TX F A07 R 2 N RPS CH 0 TRIP _ UNITS _87PA55E0e5PUR1005 LOW FLOW TP. STE AM LE AK IN AREA 0F LOW FLOW XMITTER ]
C CC1 0149514 082977 RF TX F A07 R 1 N RPS CH 0 TRIP UNITS 87PA55EDe 5PURIOUS LOW FLOW TR. STEAM LEAK IN ARC A 0F LOW FLOW XMITTER ]
C CC1 0189518 090777 RF TX F A07 R 1 N RPS CH 0 TRIP UNITS 87PA55EOe5PURIOUS LOW FLOW TR. STEAM LEAR IN ARE A 0F LOW FLOW 1 MITT ER I

I
C C C 1 019122 091577 TP IM 813 1 N RPS CHANNEL 8 TM/LP TRIM UNIT ACTUATED THERMAL MARGINitdW PRES $ CALCULATOR FAIL {

)C CC1 019619 102877 PN CM 813 1 N RPS CH C A5I INDICATOR DECLARED INOPERABLE P A1 LED COMP AR ATOR MODULE

C CCI 019734 120577 SP TX P 813 1 N RPS CH 0 #12 5tG PtE55URE READ HIGH FAILE0 OSCILLATOR IN StG PRESS XMITTER

CH 0 ASI OBSERVED,pdING OPPOSITE DIRECTION CA8tES REVERSED OUE TO MISLABLING 1{" C CC 2 016725 121276 PM C A 805 C 1 N

C CC2 016996* 011777 T* CA A09 2 N CHANNEL 8 THERMAL MARGIN #LP SPURIOUS TRIPS TH SIGNAL LEADS WERF LOOSE-"

~

C CC2 017206 017577 PN SE N 813 1 N FLUX PR08LEMS EXPERIENCED IN CH 8 HI POWER, TN#LP ICONil G AXIAL FLUX OFFSET. FAIL DE7 TU8E

C C C 2 017207 012677 PN AM 813 1 N CH A AXI AL FLUE OFFSET POSITIVE LIMIT F AILE0 HTGH F AILED AMPLIFIER
C CC2 017981 0 4217 7 PN PS 801 C 1 T POWER SUPPLY FOR CH 8 LINE AR R ANGE NUC INS F AILED POWER SUPPLY GROUNDED BY TECHNICIAN

C CC2 017823 051677 RF IM 813 1 N RPS CH C RX COOL ANT FLOW-LOW TRIP, TRIPPED FAILED FLOW SIGNAL CHARACTERIZER

C CC2 01Td25 051677 RT SE T 813 1 N RPS CH 0 TC 015 COVERED REA0!NG HIGH SROKEN LUG CONNECTION ON RTDe RTD PEP LACED

C CC2 017800 051777 RT SE T A09 1 N SPURIOUS TRIPS ON RPS CH C RECIEVED N0!sE F40+ TH RfDeCAUSE UNDETERMINED

C CC2 018224 062077 SP TX P A14 1 N CH A StG PRES 5URE,PI-1023Ae!NOICATED LOW IFR0 SHIFT IN PRESSURE TRAN5 MITER

C CC2 018879 081977 PN IM 813 1 T CH A AXIAL FLUX OFFSET P05 LIMIT TRIP FDUND INOP. MULTPLIERIDIVIDER FOUNO LIMITING APD $1G.

C CC2 019620 110477 CP TR 813 1 T CONT. PRESS INPUT TO CH 8 RPS FOUND OC ILL ATING FAILED E/E SIGNAL ISOLATOR

C CC2 020560 022178 PN CA 809 1 T RPS CH 8 W10E RANGE NEUT. IND1 COULO NOT BE ALIGN HIGH CAPAC CONNECTION
C FC1 014301 022776 SL CM $13 1 N RPS A STM GEN 8 LEVEL TRIP DID NOT ACTUATE SISTABLE INPUT RESISTOP OUT OF TOLER ANCE
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ALL F AULis C_0NSIDERED IN INS T R UM EN T A T ION L CONTROL A$$FM8 LIES

A

D
P I I

C AFC F $V
W $ 0 R A 0i A NC I
E FAIL f M A I Df 1U0 i
N PLT CONT.MO. DATE 5 P M L E PLMV V _ MODE DESCRIPTION __ __ _ , , _

CAUSE DESCRIPTION
. _ _ _

_

C FC1 014 305 022776 $P TX P 813 1 i PT10902, PRESS CHANNEL OUT OF CAL ,
Pn5tTIVE LIMIT MODULE DEFECTIVE REPL ACED

FOXBORO E-11GM XMTR HAD BAD AMP CARD

C F CI 014507* 03P676 PN IM 804 R 1 N BEH 19-301A A00-5US MODULE WENT INTO 0$CILLATION
C F C 1 014 501 032776 PN IM 804 R 1 N BEH 19-301A, ADD-5US MODULE WENT INTO OSCitL ATION CIRCUIT MODIFIED PER L ATER LER

SCH 19-317-2X FSL M00 OJIPUT ORIFTEDC FC1 014499 040176 PN IM A14 1 T VHPM TRIP S A T _6 V ICE,4. 2 _
C F C I 014 510 040576 PN IM 804 R 1 N CH 8 APD POS LIMIT HIGH SCH 19-301A A00-5U8 MOLuif OSCILLATIDG
C F C 1 014558 041376 PN IM 804 R 6 N CH AE8 APO PDS LIMil HIGH 6_ TIME $ SEH 19-301A MOD OSCILLATE $e RANDOM NCISE

C F CI 016667 121476 RT TX T A06 C 1 T 8 CH COLD LEG TEMP HIGH C ALIBRATION PROCEDUR1 IN ERROR

C F C 1 017237 021677 SP CM 813 1 T RPS 0 TRIP 6 SG PR555 FAILED TO TRIP TRIP INCIC AT'ON 8UL83 OUT OF TOLERANCE

C FC1 019385 102077 SL CM 813 1 i RPS D TRIP 4 SG31 LE VE L DUT OF SPEC IR IP UNIT ELD-240-0000-1F INTERN AL F AILUR
C F C 1 01156 3 101177 PN PS 813 1 N SETPOINTS FOR APD "D" 0F RPS INCORRECT L AMBD A PS LCD-A-22 LOW OUTPUT, RE PL ACED

C FC1020849 032778 TP IN 813 1 N VAR HP IRIP e8" NOT IMOIC ATING PRbPERLY REH 19-309 MULi!PLIIR MODULE FAILED

C F C 1 02169 7 061978 PN IM 813 1 M VAR HP IkiP NOT INDICai!NG PROPEkLY SEH 19-502 AMP SELECT MODULE FAILED

un .
-TOLERANCE

GEN ATOMICS ELD 240-0000-IF 8#5 ORIF TC FC1 021800 070378 RF CM A14 1 i "C" LOW FLOW TRIP SETPOINT OUT OF--

00 C FC1 021801 071278 $P PS 813 1 i $fM GEN PRESS TRIP OUT OF TOLERANCE PWR M ATE PS OR A 15-750 F AILED

C FCI G22303 081478 PN P$ 813 1 Y "C# LkN PWR HETER $ READING LOW *$ MC-14.5-1 0 LOST REGUL Ai!ON

C FCI 022230 083078 PM PS 813 1 N "B"RPS hAR OVER ~ TRIP RESET DEM ALARM ACTUATO *$ 19-6014 18 VOLT F AILED UP TO 27VOL iPOWER

C FC1 022544 091878 Ri SE T 807 1 T HOT LEG TEMP IND F AILURE RfD 104WC HAD WATER IN POTHEAD
_

_,

C FC102278 7 101478 RT SE 1 813 1 N COLD LEG IND 8/122C HIGH OFF$CALE RfD 104WC OPEN CIRCUITED

C FCI 023133 112278 $L TX L A14 1 i LEVEL XMTR "C" C/LT-901 OUT OF SP5C GE#MAC 555 XMTR ORIFTED OUT OF TOLER ANCE

C M12 014015* 011476 TP IM 804 L 4 R 4 0F 4 TMILP TRIP NON-CONSERVAi!VE FOR ALL CONDITI 0F 5 tGN WIRING ERROR INPUT TO CE A FUNC GEN
~

C Mt2 014165 012676 RF TX F All 1 Y LOOP 2,CH,C STM GEN D* HIGHER TH AM OTHER 3 9ODEL 368 OP XMTR FOREIGN 9ATTER PRE $ENT
_

C MI2 014460 030876 #F TX F 813 1 T LOOP 2 CH C STM GEN CP HIGHER OUT OF $PEC MODEL 368 OP XMIR BAD 2ERO ADJ POT

C M12 015079 061376 TP AM 813 1 N iM/LP C ALCUL ATOR ERR ATIC NON-CONSERVATIVE TRIP PT RSH OUAL SIPOL AP AMP 381441-01 FAILU5E

C MI2 015580 080676 $L CM A14 1 T CH A STM G5A LEV L HIGH kRIPS HIGHER THAN $*EC E L D-2 40-0000-t F 81ST ABL E INST ORIF T

C M12 017116 020977 PF CM A02 C 1 i PPS LOW FLOW SETPOINT SE T HIGH NONCONSERVATIVE *ERSONNEL MISINTERPRETED FORMUL A
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A

0
P 1 I

C A F C F 5 V
V 5 0 R A 0 T A N C 1 |

i

t FA Y P A I D f IU0 I
N P L T C 011.N1. DA 5 P M L E P LM V Y MODE DESCRIPTION CAUSE DESCRIPTION |

W MOD 199 SELLOWSC Pat 0174629 08167 7 RF TX F 813 2 T LO FLO,DET CHNL5 FOR 3E4 PUMP OPE _R, MODES E TCFE0 TS Z ER065P AN DRIF T-MOD 296

C P al 011438 082477 RF TX F 813 1 T COOL A.N.T.F.L O..X.M.T.R..P DT-0112 A A READ 8 PCT HIGN
LOSES ACCRCY WHEN PRESS GT 2000-5tH E6916

.. _ ___
_

C Pal 020622 120577 RP CM A14 1 i PRI PRESS ST Pi FOR CHNL "C" W AS 174 7 V5 1750 IN51RUMENT DRIFit3 P5tl-MOD 562

INST Li-0751C ,$i Pi 40 IN, ,0UT SIDE TS L4tf SE TP0thi DR IF T-E ASILY REC AL18R ATEDC Pat 020549 020278 SL TX L 414 1 i SG LVL

C PAL 021323 041478 RF CM A06 C 1 T CH A LO,PR I_ FLOW WAS 94.6 PCT._T5,RE0 MIN 95 PCT C All8 PROCED RE05 CHR THAT AFFECT $ TRIP
_

0102DI TRIP,4T 1745 V5 1750 IFR0 SHIFT CAUSED BY INCREASE IN AM8 TEMPC ' Al 022 78 3 102078 RP CM A14 1 T PCS CH D PRE 55,tN5ftPi7
C 511 020513 02C 3' I RT 5F T A06 C 3 i RfD RESPONSE TIMES GT. 55EC. VALUE,5ET 8t VENDOR R f D'S MOUNTD IN INST.WE LL5--NOT ACCT E FDt

,
_

OPERATOR FAILED TO TRIP BESTABLESW RV1 0146064 0512 NT CM 801 U 1 N OVERPOWER SISTABLE NOT TRIPPED WHEN REO.

W BV1 0146068 051276 TT CM 801 U 1 N OVERTEMP BISTABLE NOT IRIPPED WHEN REO. OPERATOR FalLED TO TRIP SISTA8tES

W 8vl 014691 051376 TT CM 802 5 1 i LOOP _1A OVERTEMP DT 8tSTABLE TRIPPED C AU5ING e X TR VOL T AGE SPIKE C AUSED BY PF R50NNEt tM A IN. I
W RV1 015726 082376 DT AM 913 1 N LOOP A DT INDICATOR DISCOVERED LESS TN AN ZERO HAGAN SIGNAL ISOLATOR FAILURE

W SV1 017555 032677 SL TX L 813 1 N 1A STEAM GENERATOR LEVEL FAILED LOW F AILED TR ANSMITTER

FalLED 5004RE ROOT EXTR ACTOR
_ _ _ _ _ -- .E N .T.F A I L E D .H I G HINSTRUM . _. _-- W SV1 017623 041677 FF IM 813 1 N 1A 5/G FEED FLOW

-

er --OVERTEMP DT SETPOINT DISCOVERED FULL SC ALE F AILE D LE AD-L AG MODULE WEST.MODEL 131-114
=_-

Sm W Rv1 017695 042677 TT IM 813 1 N IC RCL

W BV1 018830 0 72177 PN IM 813 1 N CH1 OVE_RPOWE R PTSETPbfNiREADIN HtGHER THAN OTHE F AILE D SUMM ATOR
,

W 8V1 018731 080877 PN SE N A14 1 i EXCORE NEUIRON DEIECTOR READ HIGH (DETECTOR N419 I NS TR UME N T DRIFT

W BVI 019932 121077 DT CA 813 1 N LOOP 3 Of INDICAIOR FAILED LOW TFMPERATURE DETECTOR CABLE DAMAGED

W BV1 020129 121477 RP AM B13 1 N PZR PRESSURE INDICATOR F AILED LOW CHANNEL 445 F AILE D 150L Ail 0N AMPLIFIER

W RV1 020127 121677 FF IM 813 1 N LOOP 3 FEEE FLOW CHANNEL 496 INDIC ATED LOW F AILE D CH ANNE L MUT! PLIER-DIVIDER MODLLE

W BV1 020440 011678 IN AM 813 1 N INTER. R ANGE CH ANNEL N36 INDICATED SELOW OP. LIMIT F AILED CURRENT AMPLIFIER

W BVI 023755* 021178 NT CM 813 R 2 N ON TWO SEPARAI 6AY5,0VERPbWER Di SETP0fMi READ HI MODUL E OUTPUT DRIFT, MODULE REPLACED
~

POTENiiUME TER 6~ 5 COVERED OPERATING ERR ATIC Atty NON-CONTINUOUS ARE A ON POTENTIOMETERIN411IW B V1 020 79 3 022878 PN AM 913 1 N

f ~D T-I AVE th61C Ail 0N F AILED _ LOW F AILED C APACITOR IN LOW-LEVEL AMPLIFIERW SV1 026843 042478 DT AM 813 1 N LOOP

W SW1 022881 101378 PN CM A02 C 1 I EX CORE INST.eCH N41, RATE TRIP SETPOINT T10 HIGN INADVERTENT READJUSTMENT

. _ 50U AR E R OO.T.E.X.h R AC T OR i t F Y-5 2141SET POINT DRIFTW DC1 014723 051376 FF IM A14 1 i E X C t S.S.I.V.E.E.R RO R IN . . .
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ALL F AUL T5 CONSIDERED IN INSTRUMENTATION E C ON TR OL AS.S.E.M BL.I.E.S_ _--- - -- -- ..

A

D
P S I

C A F C F 5 Y
V 5 0 R A UT ANC I
E F AIL Y M A IDY IU0 i C AUSE DESCRIPit0NN PLT CONI.NO. DATE 5 P ML EP LM V V MODE DESCRIPT10N

_
_

__

St G LE _EL _iR AN5MII TE R _E NC E EDED LIMIT 5 t OLP-1201 ZERO SEfilNG $HIFTED AND REOCCURREDW DCI 015969 091376 SL TX L A14 1 i V

W DC1 015859 091676 PL TA L A14 1 T PRE 55URt!ER LEVEL TRAN5MIfiER E XCESSIVE ERROR ZERO HAD DRIFTED LOW ON TRAN5MITTER
_

W DCI 015959 091676 PL TX L A14 1 T PR E 55URI T? R LEVEL TRANSMITTER EvCESSIVE ERROR ZERO HAD DRIFTED LOW ON TRAN5MiiiER

TRANSMITTER EXCESSIVE ERROR (FFC-Fill PERSONNEL ERROR WALVINJ OUT TRANSMITTERW DC1 016114 100776 FF TX F 802 C 1 i FEED FLOW,_
TRANSMITTER ERROR EXCES$1VE SETPOINT ORIFT IFT-4268

_

W DCI 016771 010177 #F It A A14 1 T REACTOR COOL ANT FLOW

W DC1 016770 010377 5t TI L 813 1 T SIG LEVEL 1RAN5M! ITER ERROR EXCESSIVE ISLP-1209 RUST FORM ATION AT FLEXURE BAR PLATE

W DC1 019767* 112377 SN 22 800 2 N TWO SOURCE R ANGE CHANNELS INOPERABLE FOR 480U7 1 H C AUSE UNKNOWN-F AILURE COULD NOT BE L EC ATE

W DCI 019869 120377 PL TX L AOS 2 i PRESSURIZER LEVEL DEVI ATION BE TWEEN INDIC ATING CHA P ARTI AL LOSS OF TX REF LEG (CH I E Ill

W DC1 023529* 012978 Pt IX L 811 R 2 T PRE 55URIZE R LEVEL INDIC ATION RE ADI,G HIGH (CH-1) CAS PDCRET IN REFERENCE SEN5!MG LEG 5M
,

W DC1 021215* 0 4207 8 SN SE N 813 R 6 i SOURCE..R AN.GE DE TEC TOR FAILED SIM TIME 5 (N-125
FX ACT C AUSE OF F AILURE5 UNKF3WN

.. --== ._ __ -

W DC1 021949 070978 PL TX L 811 R 1 T PRES $URIZER LE VEL INDIC ATION CH ANNEL V ARI ATION G45 POCKET IN REFERENCE SENSING LINE (CH-3

W DCI 022333* 082878 5t CM 913 R 2 i 5/G LEVEL 8tSTABLE EXCEE05D MINIMUM SEIPGINT 440 SOLDER JOINT ON RESISTOR

SOURCE,R ANGE CH ANNEL SEC A9E INOPER ABLE IN-319 CHANGED CABLE FROM OETECTOR TO DRAWER-- W DCI 022535 092478 SN CA 809 1 N
tr
LD W DCI 022695 102378 PL TX L 811 R 1 i PRES $URIZER LEVEL CHANNEL DEVIATION 100 GRE ATICH-3 G AS P DCkE T IN SENSING LINE

_

W DC1 023361 122978 PL TX L 811 R 1 N PRESSURIZER LEVEL INDIC4Tt0N READING LOW (CH ONEl GAS POCMET IN SEN5ING LINE

W DC2 020979A 032478 FF TX F 811 1 N STE AM FLOW-FEED FLOW MISMATCH (5IG 4 CH 11 TR ANSMITIER AND SEN5fMG LINES AIR 80090

W DC2 0209798 032478 FF TX F 811 9 1 N STE AM FLOW-FEE D FLOW MISMATCH (SIG 4 CH 29 TRANSMITTER AND SENSING LINES AIRBOUFD

W DC2 023931 040178 TT IM 813 1 N REACTOR COOL ANT LOOP 1 DELTA T OVE RTEMPER ATURE F AI MODUL E liY-411C F AILED
TRANSMITTER SENSING LINES AIRBOUNDW DC2 020933 040178 FF TX F 811 R 1 N SIG 4 FEED FLOW CHANNE L 2 F AILED _

W OC2 021677 061878 PL TX L 811 R 1 N PRES $URIZER LEVEL CHANNEL 3 INDICATING HIGH LEAK IN REFERENCE LEG TEE FITTIMG
TRAN5MITTER HAD A ZERO SHIFT

S T E AM__F. LOW CH ANNEL.HF_C_.120 W AS R E ADING LOWW DC2 021946 071078 St TX F 813 1 i
__ . - - .

W DC2 022233 08027R PL TX L 811 R 1 i PRES 5URIZER LEVEL CHANNEL 3 INDIC A f tNG M ALFUNCTION G AS POCKE T IN SEN51NG LINE

W DC2 022502 091378 RP CM 813 1 T PRE 55URIZER PRESSURE HIGH_ RE ACIOR fRIP8ISTantE F A 815 TABLE F AILE0 DUE TO A SAD TRIAC

W DC2 023113 112578 SN CA 812 1 N SOURCE RANGE NEUTRON FLUX CHANNEL N-31 INOPERARLE HIGH VOLTAGE E SIGNAL CA8LE CONN CLE8MED

33 bvERPUWER,iRIP ABOV5 LIMIT NORMAL INSTRUMENT DRIFTW HN1 014005 010R76 PN CM A14 1 T CH
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..LL FAULTS CONSIDERED.IN INSTRUMENI&il0N E C ON T R OL 4 5.S.E.M 8.L.I.F.5
A

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

A

0h
P I I

C A F C F 5 V
V $ 0 R A 0i A NC I
E F a !L Y M A I DY IU0 i

CAUSE DESCRIPft0NN PL T C ON T.NO. DATE 5 P M L EP LM V Y MODF DESCRIPTION
__

_ _ _._

W HN1 014161 021976 P4 CM A14 1 i CH 34 OVERP0WER TRIP ABOVE LIMIT NORMAL INSTRUMENT DRIFT
_

W HN1 018 351 062377 PN SE N 813 1 N NUCLEAR INSI CH 32 DETECTOR CURRENT ERR Af tC DETECTOR AND CA8LE DETER 10 Rail 0N

W HN1 018 774 070577 PL 22 L A14 I N PRES 50RIZER LEVEL 83 DIFFERS FROM 51 & 2 NORMAL IN$iRUMENT OREFT

W IP2 014204 011676 $1 PS 813 1 T SISTABLE LC-4876-2-238 OUT bF SPEC 4/63 ALARM UN!i PWR SUP DEFECTIVE

W IP2 016220 101376 DT 22 A00 1 T DELTA-T CH22 OIFFERS FR6M OTHER 3 CHANNELS CHANGE OF DELTA-T SINCE PHYSICS TEST ING

W IP2 016556* 112876 PM A6 A14 2 T PWR RNG F IDELTA Il FOR CH 41 & 43 OUT OF SPEC STATIC GAIN UNIT 62H-2 OUT OF C All8R AT 6dN

W IP2 016642 121276 SL TX L 811 1 N LEVEL'XMTR OUIPUT ORIFTED HIGH
~

RLOCKED SENSING LINE 10 XMTR

W IP2 017752 042877 PL TX L A14 1 T LT-460 LEVEL XMTR DUT OF TOLERANCE HIGH XMTR 613HM-H ORIFTED OUT OF 10LERANCE

W IP3 015131 052576 RP CM A14 1 T 8tSTABLE 63U-AC-OHAA-F SETPOINT ORIFT PC-457A RE ADJUSTED
~

W IP3 015115 060376 PN SE N 813 1 i PWR RANGE CH 43 DECREASING SLOWLY WL23686 DEFECTIVE AND REPLACE 0
~

W IP3 015114 060576 #F AM 813 1 T FT-434 00TPUT DRIFTING FT AMP ASST 1435T DEFECTIVE

W I P 3 016 34 0 102976 NT AM A14 R 1 i CH II OVERPOWER-DELT A-T SETPOINT NONCONSERV Af tWE STATIC GAIN UNIT MODEL 00 OUT OF ADJL$i

p W IP3 017123 112576 NT AM A14 R 1 T CH It OVERPOWER-DELTA-T SETPOINT NONCONSERVATIVE 00 STATIC GAIN UNIT OUT OF ADJUSTMENT
cr. W IP 3 016468 113076 MT AM A14 R 1 i CH It OVER POWE R-DE LT A-T SE TPOINi$ NONCONSERV ATIVE 00 STATIC GAIN UNtf OUT OF ADJUST ME N T

W IP3 016634 113076 NT AM A14 R 1 i CH II OVER POWE R-DEL T A-T SE TPOIN T S NONC ONSE R V ATIVE 00 3TATIC CAIN UNIT DUT OF ADJU5 TME N T

W IP3 017121 012777 NT AM A14 R 1 i CH II OVERPOWER-DELTA-T SETPOINTS NONCONSERVATIVF 00 $T ATIC G AIN UNIT DUT OF ADJU$iME N T

W IP3 019263 092877 NT AM A14 1 T CH IV DVERPOWER-DELT A-T SETPOINi$ NONC0h5ERv4TIVE 00 ST ATIC G AIN UNIT DUT OF ADJUSTMEN T

W IP3 021652 060278 PN AM A14 R 1 i F1001 NO. 45'5EhPOINTSN NC NSERVIYIVE DO ST ATIC G AIN UNIT GUT OF A0JUSTMFNT

W IP 3 022403 091278 RT SE T 807 1 N HO T LE G R TO-410 A INOPE R48tf 80RalED WATER LEAK ON Rf D WIRING

W IP3 023223 112178 PL TX L 811 R 1 N PRE 55UR ilE R LEVEL,CH 3 SHOWED LEVEL F AILING HIGN BLOWDOWN VALVE LEAKING

W JF1 019056 082277 DT IM A14 1 N LOOP C LO-LO TAVG TB-432E SETPOINT DUT OF TOLFRANC TB-432E OUT OF Call 8 RATION
W JF1 019358 090777 PL CM A14 1 i PlR LEVEL LB-459A(25 SEfPOINT GUT 6F TOLERANCE INSTRUMENT ORIF T

W JF1 019364 092177 DT IN A14 1 i T8-43E8-1SkiPOINTGUTOF TOLERANCE INSTRUMENT DRIF T

W JF1 019371 100877 OT IM 813 1 T DELTAITtTAVG CH II but bF TOLERANdE LF AD/L AG C ARD TY-422E F AILED

W JF1 019696 111177 PL IN L 813 1 N PRZR L5 VEL IND LT-461 RE ADING LOW _ OE L T A-P UNI T L T-461 DE F EC T IVE
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ALL F AULTS CON $10ERED IN IN5fRUMENT4Tl0N E CONTROL ASSEMBLIES

A

D
P 1 I

C A F C F S V
V $ U R A 0i A NC I
E FAIL Y M A I OY IU0 i
N PLT CONT.NO. DATE 5 P M L EP LMV Y MODE DESCRIPTION CAUSE DESCRIPTION

=.----

W JF1 019697 111777 IN CM A14 1 i HIGH LEVEL TRIP BISTABLE HC206 IN EXCES$ OF T.S. S/S RELAY ORIVER NC206 INST ORIFT
_

W JF1 019849 11297 7 PP CM 813 1 N PZR HIGH PRESS P8-4571 TRIPPED ABQVE SETPOTNT NAL CARD PB-457A DEFECTIVE

W JF1 019848 120277 FF IM A14 1 N STM FLOW INO FI-484 RE ADING LOW NMD C APO FY-484 OUT OF C ALIBR ATION i

1

W J F 1 019 8 46 120577 RP CM 813 1 N P!R HIGH PRESS P8-457A TRIPPED ON OFFEC TIVE 81$i ABLE C ARD 1

W JF1 020282* 011275 FF CM A14 2 f STM V5 FEED FLOW MISMATCH. TRIP LESS CONSERVATIVE
C ARDS F8-4988 L F Y-497 NORM AL DRIFT ',

=
- -

W JF1 021234 042478 IN SE N A14 1 i INTERMEDIATE RANGE N35 HIGH FLUX TRIP LESS C013ERV NEW DETECTOR LESS SENSITIVE THAN ORICINAL |
|

W KE1 014300 022 376 PL TX L A14 1 i PZR LEVEL LT-427 FOUND OUT OF SPECI_FICATION LOW ZERO ORIFT LOW |

W K E 1 014 39 6 030976 $F TX F B13 1 i M A I N .S.T.E .A N..F T-4 6 4 OUT OF TOLER ANCE_NON-LINE AR
DEFECTIVE BELLOWS IN TRA$MITTER I

W KE1 016118* 092876 PL TX L 414 2 i PZR LE VE L TRANSMITTERS 82) TRIPS LESS CONSERVAftVE IN3fRUMENT ORIFT |
. .

_-

W KF1 016973 011777 $N SE N 813 1 N CH31 SOURCE RANGE NO OUTPUT DETECTOR AND PRE-AMP FAILURE |

~

W KE1 0171564 021577 PL TX L A14 2 T 2 0F 3 PIR L5 VEL XMTR5 TRIP $EITING$ NON-CONSERV AT ORIFT

W kEl 0171568 021577 PL TX L 813 1 i 1 0F 3 PZR LEVEL XMTR$ TRIP SEITINGS NON-CONSFRVAT of FECTIVE SELLOWS

[[ W KE1 017244A 030477 RP TX P A14 1 i PZR PRES $ HIGH PRESS RX TRIP HIGH 7 PSIG INSTRUMENT SE TPOINT ORIF T
_

'd d KE1 0172448 030477 RP CM A14 1 i PZR PRESS HIGH PRE $$ RX TRIP HIGH 4 PSIG INSTRUMENT SETPOINT ORIFT

W KE1 017372 032377 FF TX F 805 C 2 N $iM GEN _LE VEL CONTROLLERS L ACK_OF_ CONTROL CRO$$ED INSTRUMENT T APS BETWEEN 2 CH ANNEL

W KE1 017723 033077 PL CM A14 1 i PZR HIGH LEVEL TRIP CHANNEL ABOVE T.S. SETR014T ALARM BI$tASLE DRIFT

W rEl 020424 020678 RP TX P A06 L % R PZR PRESS RE ADINGS HIGH PROCEDURE NOT INCLUDING HE AD CORREC T ION

W KE1 021391 050478 PL TX L A14 1 T PZR L E VE_ L_ XM TR DUT OF CAL LESS CONSERVAf tVE B ARION LEVEL XMIR INSTRUMENT DRIFT

W K E 1 02144 3 051178 LF TX F A14 1 T 1 RCS, FLOW XMTR_EACH LOOP OUT OF C AL LESS C143ERV FOXBORO FLOW XMTR INSTRUMENT ORIFT

W K E 1 021629 060178 PL TX L A14 1 N P!R LEVEL IDICATING HIGH, LESS CONSERVATIVE 84RTON PZR LEVEL XMTR INST ORIFT
~

_ .- =_O_T5CT Of HIGH T-1412 COLD LEG RTO AMP F AILUREPR
--W NA1 021541 052978 DT AM 813 1 T PR O T E _C_T__T_A V.G_L D W, -

--

W NA1 022557 083178 RP P5 813 1 N PZR PRESS CH P-455 SPIKE INTERMIffENILY F AULTY PZR PRES $ LOOP POWER SUPPLY

W N A1 022571 092778 WF TX F A06 1 T RX COOL ANT LO-LO FLOW TR IP NON-CONSERVATIVE X4tR CAL PROCEDURE W10 ELEVATION COM Pf NS A

W NA1 022568 092878 RP TX P A14 1 i CH III P!R PRE 55 PT-1457 TRIP HIGH NON-CONSERVATIV XMIR OUTPUT ORIFT

W N A102259 3 100278 $L TX L All 1 i CH III 5G LEVEL INDIC A TI ON 52 DEVIATION Li-1496 MANIFOLO GASKET LEAK
_

_
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.A.L L..F.AUL T S C ON SI DE RE D IN INSTRUMENTATION E CONTROL AS$FMBLIES. .-__ _ --= _

-

A

kP
C A FC F 5 V

V $ 0 R A 0i A NC I
E FAIL Y M A I OV 1UU T
N PLT CONI.NO. DATE S P M L E P L M V Y MODE DESCRIPTION

_ .... ...... .C.AUSE____- .DESCRIP110N ......

W N A1022937 101278 FF PS 809 1 N FEEDWATER FLOW FT-1496 LOOP C F AILED LOW POWER FUSE OLOWN

W NA1 022771 101778 FF IM A14 1 Y STM-FEEDWATER FLOW MISMATCH IRIP ,1GH ORIFT OF MULTIPLIER-DIVIDER CARD

W NAL 023480 122878 OP OC P A09 1 N CH 1 TUR8 AUiG STOP 0IL LOW PRESS,5PURIOUS SIGNAL LnOSE TERMINAL SCREW ON PS-LO-609-4
_ _

W PR1 014206* 020876 IN TX N A14 2 N BOTH INTRMD R,NG H1 FLUX TRIPS AT 30 V$ 25 PEtCENT "qRnF NT5 CH ANGE SIGNIFCTLY OVER CORE LIFE
1

_ _

| W PRI 015071 061776 SN SE N 813 1 N Nis 50URCE_RNG CH N31 DIO NOT RESP,PRPRLY ON Stu F AULTY OFitL6 um. DEffCf0p eEPLACED
_ _

I W PRI 011603 10157f IN SE N 813 1 N NIS INTRMO RNG _ CH N36 FLD TO PROVO_ INPUT-8t MTV SIG COMPNSTN C APABILITY W AS LOSI-0ET ReitACED
\

W PRI 020431A 011078 SN SE N 813 1 N IT BCME APPRNT IHAT DE T FOR 3R CH M11 REQD REPLCMT NO CAUSE WAS GIVEN

W PRI 0204318 011078 SN SE N B03 5 1 T CONTROL ROOM LOST ALL,50URCE R ANGE INDICATInN TEST PR$NL DISCONN Ch N32 VS CH N31

W PR2 014202 020976 TT CM A14 1 T ONE DIFF OVRTEMP SETPOINT FOUND OUTSIDE TS LIMITS SET POINT ORIFT

W P82 014275 022976 RP CM A09 1 T ONE LO P5ZR PRESS SI,STG FOUND 9 PSI BELOW TS LMIT LODSE LOOP RESISTOR
W P82 016 341 110376 $N AM 813 1 N NUC LE AR SOURCE RANGE CHANNEL 2M-32,FAILEO F AULTY PRE AMPLIFIER

__

W PR2 016720 010177 RT SE T 813 1 N ONE REACTOR COOL ANT DE LT A-T CH ANNE L F AILED LOW RTO F AILED - MODEL 176KF

cn" W PR2 017112 020477 NT IM A14 1 T OVERPOWER FUNCTION DELTA-T SP2 TRI.PPED OUT OF SPEC IN$iMT ORIFT IN SUMMING AMP -MOD 66R C-OL-

- -- __

CC W P92 0201264 121277 SF TX F A14 1 R 1 PROTCN SYS XMITR ORIF TED ST 81518L STPTS GT TS INSTMT ORIF T - NO SINGLE C AUSE ESTABLISHD

W PR2 0201268 121277 RF TX F A14 2 R 2 PROTCN SYS XMITR$ ORIFIED ST SIST8L STPTS GT T$ INSTMT DRIFT - NO $1NGLE C AUSE ESTABL15HD

W PR 2 022 716 081878 PN P5 813 1 M N15 POWER R ANGE CH ANNEL 2N41 F AILE0 FAILURE OF -25V LOW VLIG PS-MOD UPM-44KW

RNG CH 41 PWR SUP F}ILED-41 DETECTOR IN9PER ATV MOD UPM-44K POWER SUPPLY REPLACEDAW Pil 013946 011076 PN P$ 813 R 1 N PWR

W Pit 016573 113076 PN P$ 813 R 1 N PWR RNG CH 42 F AILD TO TRIP,P0stiN C AU$NG CUTR ACE MOD UPM-44K ~25V PWR SUPPLY F AILED
W Pil 021444 051278 NT IM B13 1 N SPECIAL SUMMERIl-TM-404V)1N OVR PWR DELTA T C4 SP2 ORFID H1-DFCTV ICR0 POT- 66RC-OL

W Pil 023304 121978 PN P3 813 R 1 N PWR RNG_CH 44 F AILED,C AUSING IURB_INE RUN84CK PWR SUPPLY FAILED - MOD PUMP-X54W

W PT2 014746 051476 PN SE N 813 1 N PWR RNG DETECTOR 2428 WAS DRIFi!NG_ MOD WL23-710 WA5 RPLCD WITH MOD WL23-686

W PT2 014951 061376 PN P5 800 1 N UNIT E XPER TUR8 RUN8ACK FOLLOWING LOSS OF PR DET V CAUSE UNKNOWN - MODEL UPMD-X54W

W P T 2 0 2 312 3* 120978 RT SE i 802 U 4 N LOOP "A" RTD MANIF ISOLATED WHILE RX WAS *RTTICat 'ERSONNEL OVERSIGHT

W PG1 014203 012976 PN P5 813 1 N BOTH CONTROL POWER FUSES SLkW FOR N42 PWR RNG CHNL C AP ACIR IN AUX PWR SUP 80 FLD-UPMDh54

W RG1 014715 041276 PN P$ 813 1 N N44 PWR RNG HI VLTG PWR SUP FAILE0 TO 57V DC MODULAR BLOCK Pi NO IV-101 - MOD UPM E-X 54
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- _ _ _ _ _ _ _ _ - _ _ _ _ - _

ALL F AJLIS CON 51Df RED IN INSTRUMENT &TtDN & C ON T R OL 4 9 t E M 9.L..I E S--
__ _ ----

A

P
C A F C F 5

V $ 0 R A Oi ANC
E FAIL Y M A I Df IU0

C AUSE DESCRIPi!ONN Pli CONT.NO. D A TE 5 P MLEP LM V V __ MODE DESCRIPTION _ __

W R02 022334 082178 RT $E T 813 1 M T-AVE E DELTA T FOR LOOP 3 DRIFTING LOW HOT LEG RfD F AILED

W 541 016026* 092776 IN CA 807 C 2 N BOTH kNTERMEDIATE RANGE NUCLE 5R~ N5TCHNL5 IN1*ER WETTING OF DiCTR$ WITHIN WELL-H1 CONS RES
~

W SAL 017017 012077 RF 22 805 5 1 N NO 12"RK~C60LANT FLOW CHANNEL 1 SECAME IN0PERA8tf SWAGELOK TU8E FITNG BACKED OFF-CON $i EROR
~ ~

W 541 017015 01217 7 $F IN F 813 1 N NO 13 5/G 55M FLO CH 1 HAD INNACCURATE FLG StG1AL XMTR DIAPGM E LINKG FLD-MOD 6906A535(A69
W 541 017267 021577 DT IM A14 R 1 T 814 RK CLNT LOOP DELTAET#iAVG TRIP POINT GT T5 LMT SLIGHT COMP VALUE CHGS WITHIN SLO ST CKTY

W Sal 017423 031477 OT IM A14 R 1 T 814 RX CLNT LOOP OELTA itTAVG TRIP POINT GT T$ LRT CHANNEL DRIFT - CMN F AILURE CMPNTS UkDET

W Sal 017888 060377 *L CM 813 1 N CHANNEL III,PSR2 R LEVEL W AS DECL ARE0 INOPER ABL E DUAL DUTPT COMPARAf0R FL D-2 C APCTR$ CN P5

W Sat 019923 120577 FF IM A14 R 1 T 814 StG FLO CH II TRP PT 31MVDC GT ALLOWED RV TS IN$f DRIFT IN 50 ROOT E XTRCTR-PNt 4111511

811 Rb LOOP FLOW CHANNEL I! FAILED ~ SIGNAL ISOL ATOR F AILED-CONSOLE INO L ESTW SA! 019922 120677 RF IM B13 1 N
W Sal 019921 120777 RF AM 813 1 i 812 PC LOOP CH II OPDT SETPT DETRMND TO EECD f 5 LOW LEVEL AMPLIFIER FAILED - MOD 111

~

W $41 020456 010373 FF IM A14 R 1 i NO 14 StG STM FLO CH !! TRIPPED Gi~TS LIMIT INST ORIFT IN SO RT EXTRACTOR-PN/ 4111511

W SA1 020457 010678 TT IM B13 1 N LOOP 13 OVR TEMP DELTA-I CHANNEL F AILCO F AILEO C APCTR IN TYPE 4111513 FNCTM EE N

| ._ W S al 021030 0 31078 PM CM A14 1 Y PWR RNG CH M43 TRIP $ETPOINT FOUND 14 PCT GT ALLW INSTRUMENT ORIFT

[[ W SA1 0216488 061078 PN CA 802 C 1 N TWO INOPERABLE POWER RANGE CH WERE IDNTFDIN41EN429 M AINT PER$ DISCONN WRONG LE ADS FOR R) COM

W 541 021912 062378 SF TX F A14 1 T NO 11 5/G SIM FLO CH 11 OUT-OF-SPEC LOW INSTRUMENT DRIFT IN NONCONSERVATV OIPCIN

W $Al 022157 080978 FF AM B13 1 i NO 11 StG FEED FLO CH 2 8thT8L $ETPT A80VE TS L9T5 FAILEO OP AMP IN THE DUAL COMPARATOR POD
W SA1 022154 081578 SL TM L A14 1 T NO 13 $/G LVL CH IV TRIP POINT E XCD TS LIMIT $ TRANSMITTER DRIFT

W 541 022413 091278 RP CM 813 R 1 T PRESS PROTCTN CH 2 RX IRIP SETPT Gi TECH $PFC LIMT UNSTABLE OUTPi FRM COMP AR ATOR FDC TR IP 85

W 541 023229 11287M PL TX L 813 R 1 i PRE 55URIZER LEVEL WAS READING 10 PCT GT OTHER CHLS STR AIN GAUGE DVLPD H! RES IN OUTPT BRIDGE

W $A1 023228 113078 SF in F A14 1 R NO 13 $#G SiM FLO CH I C5L 07TA kHOWED IS EXCEEDEO ZERO $HIF7 CSD SY $10 C $1U OF UNIT
W 541 023227 120178 SL IN L 811 $ 1 N NO 12 StG LVL CH III FOUND TO 8[~ INOPERABLE P ARTI ALLY CLOGGED SEN$1NG LINES

W 501 015174 062876 RF TX F 813 1 N UNIT $ IRIP AT 330MW SPURIOUS LOW FLOW SIGNAL F AILO FEEDBACK MOTOR IN FLOW TR AN5MI TTER

W $01 015998 082376 FF PS 813 1 N SIG FEED CONT. PfU POWER SU* PLY DE GR ADED C AU$1NG INOP FEED FLOW R/X TRIPS FAILD DIDDE5

W 501 023374 112678 FF SE F 807 $ 1 N *C" FEED FLOW $UDDEN INCRE ASE BLO5h 0F 1 STE AM/ FEED FLOW STR AIGHINR DISLODGED AGAINST OR IFICE

W Sul 016257 110176 TT CM B13 1 i COMPARATORIit-1-432Cl FAILO TO TRIP POWER CAPACITOR MALFUNCTION

* AGE 10
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.A L L..F.A U.L.T.S.C..ON S I D E R E D I N INSTRUMENTATION & CONTROL 455E48 LIES.. .
- =- _ =_=_ ==

4

kP
C A F C F 5V

V 5 0 R A UT A NC [
E FAIL Y M A 1 0Y IU0 1

MODE DESCRIPTION C AUSE DESCRIPTIONN PL T CONT.No. Dale 5 P ML EP LM V Y
=-_ ---__ _

=----- _ -. .

W $U1 Oti'70 032877 FF RE 812 1 i HI STE AM F LOW RE L A Y t FC-485-X Al M AL FUNCIND- Si TE ST DE8R15 IN 8F-48 REL AY CONT ACTS

W SUI 0200(. 121677 SL t$ 813 1 i "A" 5/G_ LEVEL CHAN !! COMPARAIOR F AILD TO TRIP 2 OPEN C APACITORS IN COMP. POWER SUPPLY

W SU1 022642 101178 PL TX L All 1 N CHAN 1 PREZ. LEVEL L-I-459 DRIFib HI--0 ADJUSM1T C L E AK AGE THRU IRAN 5MITR BfPA55/ EQUAL.bALVE

W $U1 022952 111578 PL TX L 414 1 N CHAN 1 0F PR EZ LEVEL LI-1-459 ORIF TD LOW ORIF T 15 INTERMITTENT 3 UNKNOWN C AUSE 3 f EC AL

W SU2 014842 021176 if IM A09 1 N CHAN 3 HI TEMP SEIPOINT DRIFTD 92 IN NONCONSERVATV LOOSE CONNECTION 04 5UMMATOR

20F3fRE_2 LEV. TR AN5MiiR,5ETPOINf 5 OUT OF 5'EC-92% LT-459-934 C LT-461-92 081 ELECTRONC ORIFW SU2 014846* 021776 PL TX L A14 2 N

W $U2 015527 06?!76 PH 85 813 1 N LOSS OF DETECTR VOLT AL_ARN TO PWR_RANGF NI CHAN 42 -25 VOLT POWE R SUPPLY fallo 33 CHAN EPER.
_

I W SU2 015528 062676 PN IM A14 1 N NIS POWR RANGE CHAN N42 DEVIATO BY 3t FROM OTHR CH OUTPUT OF LEVEL & SUMMING AMPLIFR DRIF LO

W SU2 016140 101376 SL CM 813 1 T DUAL COMPARATR OF $1G .".B."
N ARR OW R ANG CHAN 2 5L OJ L OPEN CAPACITOR 3CM WOULONei DENERGIZL1

__ -.
i

! W $U2 017201 020977 Di AM 813 1 N "C" LOOP TCOLD CHAN T-432 FOR OVRPWR E OVR TEMS MALFUNC.0F SPAN POTENTIOMTR IN LEVEL AMPL

W $U2 015476 071877 RF CM 813 1 1 RtX COOLNT_ FLOW COMP._FC-2-414_F_AILD TO FRIP C AP AC ITOR LEARAGEl 2 REOUNDT. STS OPIRA8L
,

"B" LOOP HOT LEG,$ ENS ELE ME NT _0R IF TING L0t--CH AN 2 P ACKING LE AK REDUCEO RESIST ANCE OF E LEM*NW SU2 023016 111578 RT SE i A07 1 N
,

-- W TR1 016798 010777 SL AM 813 1 T C STE AM GEN LO LE /EL SI-ST ABL 537C,F AILD TO TRIP OPE R ATION AL AMPLIF IER ON CKT BRD FAIR O
cr.
C; W T e l 017 75 94 050477 OP OC P A14 1 i PS-63091 EXCEEDED ALLOWA8LE SETPOINT LIMIT INSTRUMENT SE TPOINT ORIF T

W Tel 0177598 050477 RP IX P 414 1 T PT-456 SETPOINT EXCEEDED ALLOWA8tE LIMtis INSTRUMENT SEIPOINT ORIF T

W T RI 017 759C 050477 SL TX L A14 1 i LT-537 SEIPOINT EXCEEDED ALLOWA8tE LIMIT INSTR SEIPOINT DRIFT

W IR1 0177590 050477 PL IX L A14 1 i LT-461 SEfPOINT EXCEEDED ALLOWABLE LIMIT TN51R SE TPOINT ORIFT

W TR1 018586 070877 SL CP 414 1 i 5fG LEVEL PRuiECIN SET IV L8-537C TRIPPM LOWER LEV FOUMD TO HAVE HI RATE OF StiPOINT UdIFI
W IR1 019113 090377 54 PS 813 1 N SOURCE _R ANCE CHAN N-31 F AILO TO ENERGIZE AT 10-10 A R EMOVE0L REPL ACE 0 FUSE 530PER ATED OK THEN
W ipt 021312* 040578 St TX L A06 4 i FOUR 6F 12 SG LE VE L INST UUT OF CALIBRATION " NORMAL" IN5T. ORIFig CALIB WHEN COLC

W T U 3 015007 051976 PL CM A14 1 T PRZR LEVEL COMP.LC-459 A TRIPPIN AT 4.685V V5. 4.69 SfiPOINT DRIFig WILL ADJUST TO COMPE FS ATE

W TU3 016886 112576 FF P5 813 R 1 i STE AM FLOW COMPRER F C- 3-4 8 4 SETPOINT NONCONSERVaiv 2 FIL TR C AP ACTRS ON PRNID CKT.80.1N FWR $

CbMP3.TC-hhh328 C 432C LOW SE TPOINT ORIFi3EX ACT C AUSE OF DRIFT LNKWNfEfPT5bF OVERPWRW IU 3 J17 590* 012 77 7 NT CM A14 2 i TRIP

W TU3 022768 092978 FF PS 813 R 1 T STEAM FLOW COMP. FC-3-484 SE EPT LE SS CONSERV AflWE F AULTY REG. AMP IN PWR SUPPLY BOARD

W TU4 014878 013076 DT IM 913 1 i CHAN ELTA-T TRIP SE TP T 1 DEG HI HR THAN ALLOWO 2 FILTR CAP. FAILO IN SIGhl SUM.IM-4-422F
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ALL FAJLTS_ CONSIDERED _IN IN5ituMENTATION E CONTROL A55EM8 TIES

A

P
C AFC F 1

W 5 0 R A 07ANC
E FAIL Y M A IDY IU0
N Pli CONT.40. D A TE 5 P M LEP LM V Y MODE DESCRIPTION CAUSE DESCRIPf!ON

-

_- .

W 211 014221 020976 DT AM 813 1 T DELTA T TRIP 1TC-422 C/D COMP AR ATOR INOPERASLE OPERTML AMP 5 A2 & A3 DEFECTIVE
W 211 014285+ 022176 PN 22 A03 L 4 T RESCALED PWR R ANGE DE T.1N41,42,43 g 4 4 HOWE VE Dio NOT RE5C ALE DELT A I SUMM ATORS--MONC0 kSER W

W III 014268 030576 FF TX F 808 1 T 5. GEN. 1C FEED FLOW XMTRi1FT-520 F AILO HI LOOSE LIMM AGE OE TWEEN FORCE S AL ANC E 015C
W lll 015189 061876 NT IM 813 1 T SUMMATOR ITM-411C OVERPWR E DELTA T PR0f. RAM 8 LING FAILD CAPACliOR C8

DEL T A i'DEvt ATION AL ARM' LOOP O SOUNDED DEFECitvE LEAD / LAG MODULE lim 431J
~

W III 016481 111776 DT IM 813 1 M

W ZIt 016984 120176 RF PS 813 1 i COMPARATOR 1FC-416 FOR R X C00LNi ~F[0W OUT OF 70LRN S AD C AP ACliOR IN POWER SUPPLY FOR COPPRTR
W ZIl 017405 022677 SF TX F B13 4 1 N 10 STEAM GEN FLOW IflDICATION LOW -REDUND CHAN AWAL DEFECTIVE C0tt A5MBLY IN FLOW XMTR
d 211 0! T 406 030377 DT IM 813 1 N DELTA I IND ERRATIC DROPPD FROM 100 TO 80% LOOP O GROWNDE D SUMM ATOR, DEFECTIVE INTEGRTC CMT

W 211 019 057 031977 SF TX F 813 R 1 N FLOW IND 1FI-533 DN 5tG 10 CHAN II L OW RE ADING FAILD COIL ASMOLY ON XMTR
W ZIt 018374 041677 SF TX F 813 R 1 h LOOP D SIEAM FLOW INICATR READING 0 L85fMR LOSS OF FLUID IN DP AMTRI REPLACD XMTR l

W ZIt 022112 041977 SF TX F 813 R 1 N IFT-533 STEAM FLOW XMTR 5PIMING LOW LOS$ OF XMTR FLUID FILL 3 REPL ACED XM TR
_

W ZIl 017854 051277 SF TX F 813 R 1 N IF T-53 3 STE AM FLOW XMit FAILO To ZERO 3 REPLACED APPARENTLY DUE TO INTERN! TINT CONNEC1 ION
W !!! 018 375 070877 SF TX F A14 1 T XMTR 1FT-510 OUT OF TOLE RNCE FOR LOOP A ZERO $HIFT OF THE XMTR-s

E W !!! 018529 071977 RP IM 813 1 T ONE OF _ PRE 552R PRESS CH4ML5 RE ADING HIGH 840 LEAD / LAG MODULE 3 2 FAILO CAPACITCRS
,

W III 018530 072977 SF TX F All 8 1 N LOOP 10 STEAM FLOW IND. FAILD LOW- DP LINES PLUGGD WITH SEDIMNT) WATR H AMMER
W !!! 018535 080677 PL TX L A14 R 1 T PZR LEWL XMTR ILT-461 F6'JND LOWIRE SUL T NONCONSER V. IE RO $HIF T OF THE XMTR
W !!! 019521 107077 PL TX L A14 R 1 T ILT-461 PZR LEVEL XMTR FOUND LOW RESULilNONCONSERV ORIFT OF BARTON MODEL 386
W III 017520* 102177 SL TX L A14 4 3 T ILT-537,538 E 539 SG LEWL XMTRS HI (NONCONSERVATV) ZERO $HIFT TO ALL 3 XMTR$

W Z11 019516 102877 RF TX F 414 R 1 T RX C00LNi FLOW XMTR 1FT-425 HIGH (NONCON5(RWATIVEl ZERO 5HIFT OF XMIR
W Fl! 019514 103177 RF TX F A14 R 1 i RX COOLNT FLOW X MT R 1Fh5444 HIGH INONCONSE'RfAT!WI ZERO $HIFT OF XMTR
W 211 019 77 7* 101177 RF TX F A14 R 2 T RC FLOW XMTRS 1FT-435 C 434 HIGH (NONCONSERV ATIVE S DRIFT OF XMTR5 OY 4 5% 5 3 7% RESPEC TVLY |
W ZIl 020002 120877 PL TX L A14 R 1 N PZR LEVL'XMiR 11LT 459 OUT 6F TOL L W (NONCONSERWil IERO $HIFTp FREWIDU$ LERS

W ZIt 020001 120977 SF TX F A14 # 1 T STEAM FLOW IND 1F1-513 SIG LOOP A LOW (NONCONSERVI ZERO 5HIFil TRENDING IN5iRUMNT DRIFT 5
W 111 020196 122377 St TX L A14 R 1 N la 5/G LEVL IND. ALI518 HI (NONCONSERW) 11Lf5189 ZERO SHIFT 3 PRESENTLY TRENDING DRIFT 5
W Til 020349 O!!678 SF TX F A14 R 1 N STEAM, FLOW CHANL 1F523 8EG A_N IND iOWR THAN OTHER ZERO 5HIFT OF FISCHER-PORTER XMTR

,
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d

fVP
C AFC F

V 5 0 R A 0i aNC I
E FAIL Y M A I DY IU0 i CAUSE DESCRIPT10NMODE DESCRIPTIDM

| .N .P t..I C.ON..T N..O.D.a i.E 5. .P. .M L..E .P .L..M .V..Y _ --- .....
. . .

__--- . __ ___ = _-

(NONCONSF R V ) DRIFT OF XMIN53 RECALIBRATED
W 211020257* 012478 SF TX F A14 2 T STEAM FLOW XMTR$ 1FT-53_t 533 LOW _

& F OUND HUNGUP--BINDING PLUNGE R PIN ON RLAYW ZIl 020589 012778 RF RE 812 1 i RX P R tli . A RELAY _1FC426-X4 FOR L OO P C F L OW train

W ZII 021449 050978 FF IM A14 1 T FEED FLOW CH ANL 1F-511 5 0.R T .E XT R ACTR HI (NONCONSI DRIFT OF C L OC K PULSE FOR $QUARE ROOT Exi.

W 211 0219674 071778 SL TX L 813 1 N SG 10 LEVL CHNL 538 TRIPPD DUE 10 HI INDIC ATO LEWL F AILD TR ANSMliiER

W ZIl 0219678 071778 SL TX L All 5 1 N CHNL 537 SG LEVL IND HIGHER TH AN CHNL 539 P ACKING LE AK FROM ROOT V ALVE OF XMIR

W 211 022221 080278 SL TX L A14 1 N SG LEVL CHNL 538 HIGHR TH AN CHNL5_537E539 (NONC598 DRIFIED OUT OF TOLERANCE 3 REPL ACD W15P ARE
tNONCONSERVivl FOR LO RC FLW F AILD 05CIL AIR IN XMIRW 211 022512 082278 PF TX F 813 1 T XMTR y -446 FAILO HI_

SEIPT5 NONCONSERVTVE3 INSTRUMNT DRIFT
W 211 023441 092578 DT IM A14 1 T FUNCTION GENE R AT OR INM-4418 OUTPUT GUT OF TOL LOW

W ZI! 022 818 102078 FF TX F Ato 1 i FEED FLOW XMTR ILT-511 OUTPUT RESULT IN NONCON>tt XMit DRIFT CAUSE0 CHANNL TO BE OUT OF TOL

W ZIl 022899 102078 SL TX L A14 1 T SG 18 LEVL CHNL 1L-548 DRIFID HI (MOHCONSERV SETPT M*TR DRIFID OUT OF TOLERANCE

W III 022900 102078 $t TX L 811 1 i SG 10 LEWL CHNL 1L-538 NONCONSERVTV SEIPOINT INSTRU LINE TO XMit SLOCK0

W III 022902 102178 RF CM A14 1 T RC FLOW CH ANL 1F-414 LOOP A TRIP SEIPOINT ORIF LOW SfiPOINT DRIFT 3 20iHER LOOP CH ANL5 OPE R8L

- W !!! 023126 112578 SF TX F A14 1 T IFT-523 READIN LT. OTHR F t.0W CH ANL5 DN "C" SIG F 5 DR IF T 15 NONCONSEWWs XMIR OUT OF TOLER

W 212 013943 010676 SL TX L All 1 N $1G LEVEL INDICATOR 2LI-538 FOUND RE ADING HIGH INSTRUMENT ROOT VALVE DEVELOPED A LE AKh
W 212 014190 012376 5t TX L A14 1 T 2LT-528 2C StG LEVL XMIR QUT OF TO L(N ONC015 E RV iWE ) SC ALE SHIFT IN XMTR3 RECALIBRATED

W 212 014943 052576 SL TX L R13 1 N LEVL XMTR 2LT-539 FOUND OUT OF TOL_FDLLWNG RX TRIP RE PL ACED XMit WITH SPARE

W 212 015190 070576 SL TX L 808 1 N $1G LEVL XMit 2L T-547 F AILD HI STICKY INTERNat COMPONENT PART5
INVESTIGATION

W Z12 015282 072976 SL TX L A14 R 1 N SIG B LEVL XMTR 2LT-549 OUT OF 3,HIGH (NONCONSRI ZERO SHIFT UNDER

W 212 015366 080276 SF TX F A14 R 1 N STEAMFLOW XMTR 2FT-543 FOR 8 StG FOUND LOW FERO SHIFT 3 PL AN MODIFIC ATIONS SY SUFFLIR
_

W 212 015370 080276 FF TX F A14 R 1 M FEED FLOW XMTR 2F T-521 FOR SIG C HIGH ZERO $HIFT3 PLANS TO MODIFY ARE SEINE RDE

W 2T2 015371 0R0276 SF TX F A14 R 1 N STE AMFLOW XMTR 2FT-523 FOR StG C FOUND TO BE LOW ZE RO $HIFilPL ANS TO MODIFY

W 212 015841 082176 PL 'X L A11 1 T PER LE WL CHNL 2L T-461 RE ADING HIGHER THAN OTHER CH UPPER ROOT VALWE LE AKING THRU 80DY TC 8NT

LOOP UOUARTR UC-5418 L 2FC-541f FOUND HIGHSAD QPERATIONAL AMPLIFIER A-1 8 REPL ACED
W 212 016049 091076 FF AM 813 I N

W Z I2 016050 091476 RP CM 513 1 N COMPARTR 2PC-4564 PZR HIGH kX TRIP FOUND HIGH COMPRTA WAS REPLACED WITH SPARE

W !!2 016491 112476 FF IM 513 R 1 N LOOP O SIG FLOW IND F_4ILD 10 ZERO THEN NORML 6 TIME 8 AD MULTIPLIER #DtWIDER MODULE
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ALL FAOLIS CON $f DERED IN INS T RUM EN T 4 t!ON E C ON TR OL,4 $ $ f_M 9 t i8 5
_ _

A

P
C A FC F $

W $ 0 a4 0T ANC
E FAIL T M A IDT IU0
N PLT CONT.43. Dalf $ P ML E P LMV Y MODE DESCRIPTION CAUSE DESCRIPflDN

W 212 016698 120376 FF IM 813 1 N LOOP D 5/G $iE AMFLOW INDLOj p 5'WU ARE ROOT E XTR ACT 8 AD C AP Ar! TORS C11 E C12 IN $0.RT.FM-5338_

W Z I2 016969 012277 PL TX L A14 1 T P2R LEVL XMTR 2LT-461 FOUNd LOW BT 7% ORIFTD OUT OF TOLERANCE

W 212 017250 020377 FF IM 414 1 i $0UARE ROOT EXTRACTR LOOP O STEAM FLOW FO'J10 HIGH DRIFT OF LOW END SETTING OF 30.RT.f r1RCTR
' BOP O Sih&M FLOW FOUND HIGH ORIFT OF LOW END SETTING 2FM-5308W E12 017249 020777 FF IM 414 1 T 50.R00T EXTRACTR FOR L

W ZI2 018054 0 4117 7 R P AM 913 1 i COMPARaiR 2PC-4564 MbOLD NOT TRIP 8'PUT IN TRIP MOD 940 OPERATIONL AMPLIFIE1 A-3
W 212 022222 090177 $t TX L A14 1 i 5/6 LEVL CHNL 2L-527 FbuMD RE ADING HIGH (NONCON$R) XMit DRIFTp RECALIBRATED

W ZI2 011522 102077 FF TX F A14 1 N FEED FLOW INDICATR 2FI-540 NONCONSERVTIVE DRIFT OF XMIR 3 RECALIBRATED }
W !!2 019779 111777 $N SE N 813 1 N SOURCE RANGE DETECTR~ 2N-32 AUiG ENERGIZED I FAILD CliECKO CHNL ELECTRICALYs REPLACE 0 DE1 ECTR

W 212 019998 120677 $t IX L A08 1 N 28 StG LEWL IND. 2LT-547 READING HI (NONCONSERWTV3 STICKING INTERNAL PART5
' C FLOW TRIP LOGIC TR AIN 8 HUNGUP BINDING PLUNGER PIN AGAINST RELAY HOLSINGW TI2 020392 12?377 RF RE 812 1 T 2FC 416-X8 LOOP A R

W II2 020350 012178 FF AM 813 1- N FW FLOW IND 2FI-510A DRIFID HI IN0NCONSERvi F AILD OSCILLATOR AMPLIFIER IN TMTR

W 212 020564 020178 FF IM 813 A 1 N UNIT 2 0 $1G STM. FLOW LOOP 532 OUT,0F T0tt40NCONSI M ALFUNCT $004RE ROOT EXTR ACTOR
W !!2 023499 022078 PL CM 813 1 i PZR LEWL CHANL 2L-460 Oui 0F TOL HI AND LO FNDS RFvfR$D OIODE CAU$N IMPRPR WOLT REGULATIN--

W 212 020976 030978 RF TX F A14 1 i XMit 2Fi-445 HIGH3 NONCONSERV FOR RC FLOW RN TRIP ZERO SHIFTEDs WEC Att8R ATED
W !!2 021344 042578 PL TX L A14 1 N PER LEWL CHANL 2L-459 DUT OF TOL HIGH MONCONSERVTV RANGE SHIFT OF XMTR

IFOUNO LO NONCONSERV FOR Hi TRIP ZERO SNIFT eRE ADJUSTEDW 212 021708 060978 PL TX L A14 R 1 T PZR LEVL CHANL 459

W 212 021796 062578 SL TX L 800 R 1 N S/G LEVEL IND 2LI547 F AILD HI-NONCONSERV OIRECTION CHECND ROOT VALWS F0 STE AM LEAK 5-NON E

W !!2 022802 091578 PN PS 813 1 N PWR RANGE CHANL N42 RE ADING LOWINONCONSERV TRIP 940 25 VOLT PWR SUPPLY

W II2 022801 091978 5t TX L 800 R 1 N 2L-547 FAILD HIJNONCONSERV FOR SF/FW MISMATCH REPL4CED XMTR --NO CAU$E FOUND YET

W 212 022800 092578 PL CM A0n R 1 N PZR LEWL 2LT-459 LOWINONCbMSERV FOR M1 LEWL TRIP NO C AUSE COULD BE FOUND

W 212 022798 10087M $L TX L All 1 M 5/G LEVL CHNL 2 LI-538 HIINONCONSE RV FOR LOLO StG DIRT IN SEN$1N l!NES, TUNED 05CIL ATOR

G BF1 017077* 012677 VP DC P A14 3 T PS-2-1 AelSe 8 A WERE FOUND OPER ATING SELOW TECH $PEC SFTPOINT ORIFT

G OF1 021560* 053078 FP DC P A14 3 i P5-1-81 Ae 81E e 918 tIUR 8INE PRES PE RMISSIVEl DR IF TED SET POINT DRIFT

G 851 022082 072078 PL DC L 414 1 i REACTOR WAfkR LEVEL SWITCH EXCUEbEb TS LIMIT SETPOINT ORIFTED SELOW SPEC. (L15-3- 20 38 3

G OF2 016395 111576 DP DC P 802 C 1 i EHC LOF PRE 5$. SWITCH (P5-47-1423 FAILED SWITCH PLUGGEO WITH TEFLON TAPE
,
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ALL FAULTS CONSIDERED IM INSTRUMENTATION & CONTROL 455Em8 LIES

&

Dk
P I I

C A F C F 5
V 5 0 R A 0T A NC
E FAIL Y M A IDY 1UU CAUSE DESCRIPTIONN PL T CONT.MO. D A TE 5 P MLEP LM VY ,, MD,DE DES,CRIPTION

__
_

G 8F2 018632* 081477 RL DC L A01 C 2 i TWO RI W6TER LOW LEVEL SCRAM SWITCHE5 WERE *20 IN. REFERENCE LEVEL COLUMN 8 WA5 NOT FULL

G BF2 019395 101977 CP DC P A14 1 Y ORfstLL PRES 5URE SW!iCH DRIFIED BETOND SET POINT 5F T POINT ORIF T OF PS-64-56C

G 8F2 022854* 111478 54 MO R A06 L 4 T M/S LINE RAD MON RM-90-135,136 137 138 SETPOINT H! INSTRUCTION DEf tCIENT IN REQUIREMENT S

G GF2 023292* 121178 RP DC P A14 2 i RI HIGH PRESS SWITCH 5 PS-3204Ae8 EXCEEDED T5 LIMIT SETPOINI DRIFT

| G BF 3 017160 020877 RL DC L 813 1 T RE LOW WATER LEVEL 5 WITCH LI5-3-203D F AILED Tf1 OP. ERRAi!C MICR0 SWITCH WA5 REPLACED

G BF 3 017 529 031477 CP DC P A14 1 i DRYWELL HIGH PRESS SWITCH PS-64-56 A E XCEED T5 LIN. SETPOINI DRIFT

G OF 3 022824 A 102978 IN CA 802 C 1 N IRM F CH ANNEL DECL ARED INOPE R A8t E SIGNAL CABLE 5HtARED

G BF 3 022824R 102978 IN CA 802 C 1 N IRM H CHANNEL DECL ARED INOPER ABLE_, SIGNAL C A8LE DISCONN

ALL LRPM'S 0{43 51 RINGS FOUND REVERSE COMECTED
L ACR OF EXPLANATION OF PROPER LPRM CCNNEC

_

G 8F3 0230328 112878 PN CA 806 L 6 T

G BP1 015443 081376 PN CA 802 C 1 N PR NEUTRON MON! TOR DID NOT RE5 POND PROPERLY Istl POLARI2ING VOLT. ON COMP ION CHAM SW APPED
_

_

G PP1 020937 040778 VP DC P A14 1 i VACUUM SWITCH SETPOINT FOUND TO 8E OUT OF T15 TOL. SE TPOINT DRIFT IMINORD

G BR1 016851 121576 58 NO R 813 1 T MAIN STE AM LINE D RAD MON. DISCOVE RED OUT OF C AL. COMPONENT F AILUREe MONITOR RECALI8 RATED

G 8 91 016855* 010577 PN CM A06 L 6 T HIGH F_L_U_X. TRIP FOR APRM's FOUND TO 8E TOO HIGH
OEFEC TIVE PROCEDURE--

_ _ _
_cy,

4s G BR1 017082 012677 CP DC P A05 1 i HIGH DRYWELL PS C71-P5-N002C FOUND TO HAVE FOR.5US FOREIGN SUBST ANCE BEEN IHERE SINCE IP5T AL

G BP1 015544 071377 SR MO R 414 1 i M5 LINE HIGH R ADI ATION IN57. FOUND_QUT OF C AL. SE TPOINT DR IF T e D12-RM-E 603C

G 881 018685 072977 RL DC L Att 1 T RR LOW WATER LEVEL INST. FOUND OUT OF CALIRRaff0N SE TPOINT DRIFieIN5T.R 821-L15-N0178

G 8P1 018889 081577 SR MO R A00 1 T HIGH STEAMLINE RAD MONITOR SEIPOINT FOUND TO BE HI UNKNOWN C AUSEe INST. 10 D12-RM-K603A

G BR1 011185 092677 PN CN A06 1 T APRM CHANNEL _ F UP5C ALE THERM AL TRIPS BEYO10 fis RECAL. DONE WITH INADEOUATE PROCEDURE

G RR1 020679 012878 PN CM A14 1 T APR M CH ANNf L E TRIPED AT *120 PE_ ] NT I122 PERI SETPOINT DRIF T

G BR1 020600 021478 PM CM A14 1 T APRM CHANNEL C SETPOINT FOUND A80VE T5 LIMIT SETPOINT DRIFT

G PRI 020770 030178 SR M0 R 802 C 1 M MAIN STEAM LINE RAD MONITGR "D" PS FAltED IRM C ABLES D AM AGED D12-RM-K603D P5

1RM "_A"_ FAILED WHILE
"E" G "H" IMOPERASLE IRM "E" AND "A" FAILEDe COMPONENT F A ILUREG 8R1 020835* 031578 IN SE N 800 2 N

G 891 021187 041478 SP MO R A00 1 i MAIN STE AM L INE R AD MON D12-RM-N 60 3C OUT OF SPECS INST REC All8R ATEDe RETURNED TO 5ERVIC E
_

C72-N002AeSet AND CRPS HIGH DRYWELL P,RE55URE SWITCH {FOUND OUT OF C A SE TPOINT DRIF f e0FG BR2 014138* 011076 CP CC P A14 4 i

G RR2 014547 012476 CP GC P A14 1 i HIGH DRYWELL PRES 5URE SWITCH FOUND HIGH 00C SE TPOINT ORIF T OF C72-N0024
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ALL F AULTS CONSIDERE0_IN,IN$TRUMENT ATICM E CONTROL ASSE_M9 LIES

A

"'

p .- /'
,

C AFC F .

V 5 0 R A T ANN
.

E FAfL Y M A 1 Y IU0 'fN PL T C ONI.MO. DAIE 5 P ML PLMV Y MODE DESCRIPTICN
_

CAUSE DE5CRIPTION

G BR2 014392* 013176 CP OC P A14 2 i RPS HIGH DRYWELL PRES $URE $ WITCHES FOUND 00C HIGH SETPOINT ORIFT OF C72-N002C AND D,

,
, G BR2 014391* 020776 Rt bC L A14 4 i $ CRAM SWITCHE5 821-Li5-N017Ae 8eC AND D (CUND 00C SETPOINT DRIFT

| G BR2 015398* 060876 CP OC P A14 2 i HIGH DRYWELL PRE SS SWITCHE5 FOUND OUT OF C AL SETPOINT DRIFT OF 2-C72-PS-N002C AND 0,

' G BR2 014944* 061276 RL DC L A04 C 3 i RX LOW WATER LEVEL SW 2-821-Lis-N024 AeBe259 ACI L f 7ECHIT DESIGN USED HIGH LEVEL SWITCPES
I
| G BR2 0153974 061976 RP DC P A14 4 T HP $ CRAM PRE 55,5WITCHE5 FOUND OUI,0F CAL HIGH IFTPotNT DRIFT OF 2-821-PS-N023AeSeC & D

G BR2 017588 031377 RP OC P A14 1 T RN HIGH PRESSURE TRIrePRESS SW F0ddO 00C HIGH' SETPOINT ORIFT OF B21-P5-NO238

G RR2 018179 061277 RP DC P A14 1 T RI HIGH PRESS TRIP PRESS SWITCH FOUNG OUT OF CAL. SETPUINT ORIFT OF 821-PS-N0230
G BR2 019018 090277 R1 DC L A14 1 i RI LD5~h ATER LEVEL INS T FOUNO CUT OF C ALISR&Y101 FMTRUMENT ORIFT OF 821-L15-N0178

G BR2 023168 010278 $R MO R 402 C 1 i MAIN STE AM LINE RAD MON D12-Rn-R603 RE AD 00WNSC ALE PREVICUS C ALIBR Af tDN PERFORM WRONG

G BR2 020725 030478 RL DC L A08 1 i RI LOW WATER LEVEL's1 INST FOUND OUT OF CAL LOW DRIVE ARM LINKAGE $LIFED ON 821-LIS-F0170

G BR2 0209684 032478 SR PO R 813 R 1 M MAIN STEAM RAD MONeCHANNEL Ce SECAME ERRATIC PROSAOLE CAUSEeTWO SAD TRAN$1STORS

G BR2 0209688 032978 $R MO R 813 R 1 N MalN STEAM RAD MONeCHANNEL Ce SECAME ERRATIC PROBABLE CAU$E TWO SAD TRAN5ISTOR5

G pp2 020917 040378 IN CA A12 1 T IRM E HAD NO RESPONSE TO CHANGING FLUE DIRTY AND WE T DETECTOR C ABLE CONNECT IONS--

kb G C 01 014 839 050776 IN $E N 414 1 M WHILE 5HUiflNG DOWN IRMS COULD NOT PE SET AS RE0'O SENSITIVITY DECREASE WITH EXP05URE
G Col P16713 111A76 OP DC P E02 U 1 N DURING STARTUP PRES $URE SWITCH FRIP C AU$ED P83 TR1 *PESSURE SWITCH LEFT t$0 LATED AFTER $URVE

G C 01 017299 012817 PM SE N 813 1 N APRM 8 SEP ASSED AND DECL ARED IMOPERATIONAL LPRM SE AL F AILE0e LPRM ORIFTEDI REC ALIS

G C 01 018 89 7 041677 IN 22 414 1 T IRM "H" FOUND TO RE AD 80 45 OPPOSED TO 125-TEST INSTRUMENT DRIFT IN TWO MODULES

G C 01 018 441 * 060 8 77 OP DC P A14 4 i TGF PRESSURE .$ WITCHES FAILED TO CPER ATE WITHIN LIM SWITCHE$ HAVE EXCESSIVE SEIPOINT DRIFT

G C 01 018 8 99 081077 PN AM 813 1 N APRM FLOW INDICATION DECRE ASEO-C AUSEn UP5C ALE AL AR 8 40 150L ATIO1 AMP IN SUMMER UNIT-REPLACED

G C 01 019286 092377 SN CA 802 8 1 M SRM WAS READING HIGH AND ERR ATIC OURING REFUELING maEAM IN DUTER SHIELD OF TRI ARI AL C A ELE

G C01 020799 012978 PN P$ 813 1 N APRM +20V POWER SUPPLY FLUCTUATE D-C AUSED H ALF SCRA 2ENER DIODE FAILE0 IM POWER SUPPLY

G C 01 02119 7 040878 $N CA 802 8 1 M SRM WOULO NOT RESPOND PROPERLY DURING REFUELING BREAK IN SHIELO OF TRIARIAL CABLE

G C01 02174 7 052778 SR MO R A06 C 1 M MAIM STEAM LINE RAD MONITOR TRIP P0lMT NOT ADJU$iE PROCEEDURAL DEFICIENCY FOR SOURCE C ALIBR A

G DA: 014378 0 31476 sN Ps 813 1 i $Rn Ae4s73 Al FOUND RE ADING APPROI hot LOW FAULTY O! ODE IN VOLTAGE PREREGULATOR

G Dal 014514 041776 FU CM B13 1 i APRMIRBR FLOW UNIT D COMP ARATOR EXCEEDED LI4tf DEFECTIVE FLOW UMIT SUMMER CIRCUIT
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QL FallLT5 CONSIDERE_O IN INSTRUMENTATION & CONTROL ASSEMBLIES

A

lkI '

P
C A F C F 5V |

V 5 0 R A 0f A NC I
E FAIL T M A 1DY IU0 T

CAUSE DESCRIPT!0NN PLT CONT.MO. DATE 5 P ML&P LM V T M00E DESCRIPTION
_ ,_ _ _ _ , , , , , ___ _

G DA1 014732 051276 PN CM A14 1 T APRM CH A UPSC ALE TRIP EXCEEDED LIMIT IN51RUMENT ORIFT

G DAl 015322 OR1276 SN CM A14 1 T 3RM 0 UPSC ALE R8 TRIP EXCEEDEO LIMIT INSTRUMENT ORIFT

G DA1 016266 101976 PN SE N 813 1 i LPPM C AL18 C ALC INDICATE CFRR AT A80VE SPEC LPRM ORIFT DUE TO LE AutNG SE ALS

G DA1 016205 102476 IN $E 4 A00 1 T DURING STARTUP IRM F OID NOT DEMONSTRATE OVERLAP UNKNOWN

G 0 41 017 75 8 041877 SR MG R 813 1 i Mit REU MON!icit RC 44480 OIO NOTlESPOND PROPERLY THQ V ACUUM TUSES & ONE DIODE WERE DE FECTI

G DA1 019128 090277 IN P5 813 1 i IRM CH d DOWNSCALE TRIP FOUND INOPERAOLE VOLT REG AND PRE-REG WERE DEFECTIVE

|
G DA1 019208 091977 IN P5 813 1 i IRM CH 8 00WNSC ALE TRIP FOUNO IMOPER A8LF LOOSE CONN ON PWR SU9 PLY C AUSED FUSE TO 8

G Dat 019965* 112877 PN CA A 01 C 4 T NONCONSERV ERRORS INDUCE 0 IN APRM CH AeBec & 0 PERSONNEL-REVERSED INPUTt0UTPUT OF L FRM

G OR1 015078 061176 PN CM A14 1 i POWER RANGE CH 3 ACTUATE 5 A80VE LIMIT 5 INSTRUMENT 3ETP0lNT ORIFT

G DR1 016591 112676 PM AM A14 1 Y IN CORE NEUTRON FLUE AMPLIFIER 103C TRIPPE0 HIGH INSTRUMENT SETPOINT ORIFT

G OR1 017294 022377 PN AM A14 1 T IN CORE NEUTRON FLUX AMPLIFIER 109A TRIPPE0 MIGH TNSTRUMENT SETPOINT ORIFT

G OR1 0177316 042377 PN CM A14 2 T POWER RANGE CH 1 &.2 ACTUA _TED .A.80.V.E SPEC INSTRUMENT SETPOINT ORIFT
- - -

G DR1 01779 7* 042877 PN AM A14 C 5 7 IN-CORE FLUX A MP 5 1048 1100 1120 1134 113C 11*u Mt IN$iRUMENT SETPOINT OttFT DUE TO HIGF TEM--

Ch -- -- -

cn G OR1 019015 090477 PM AM A14 1 T CH 3 HIGH NEUIROM MONITOR F AILE0 TO TRIP OURING TE INSTRUMENT SETPOINT ORIFT

G ORI 019199 093077 PN AM 913 1 N CH 2 OUT OF CORE NEUIRON MONITOR F AILE0 00WN SCALE TUSE FAILURE IN AMPLIFIER CIRCUIT

G OR1 019320 101777 PN CM A14 1 i CH 1 RIC-281 TRIP EICEEDED LIMITS WHEN TESTED SETPOINT ORIF T

G 081 021016 031878 PN AM A14 1 T INCORE MONITOR AMP 1048 EICEEDED TRIP LIMIT INSTRUMENT ORIFT

G Del 021515 052578 PN AN A14 1 T ENCORE MONITOR ~ EXCEEDEU TRIP LIMIT TRIP ADJ SE AS VOLT AGE 25KOMM RESIS ORIFTEAMP 109A

113CERCEE6EOTflP LIMIT TRIP A0J 8tas VOLT AGE 25KOMM RESIS DRIFTEG OR1 021514 060278 FM AM A14 1 i INCORE MONITOR AMP
G 0 R 2 014189 020776 CP OC P A14 1 T ORYWELL HIGH PRESS SCRAM SENSOR PS216218 SETTING H SETPOINT ORIFT

G OR2 015023 061676 RP OC P A14 1 T REACTUP HIU PRESS SCR AM ~5 WITCH PS226355C A80VE L t INSTRUMENT SEIPOINT OttFT

G OR2 015024 061676 RP OC P A14 1 T REACTOR HIGH PRESS SCRAM SW PS2263554 A80VE LIMIT 5 INSTRUMENT SE TPOINT ORIFT

G OR2 015160A 063076 PN AM 805 1 N APRM CH5 INDIC AIION OROPPE0 FR M 54 TO 31 PERCENT 4RonEN LE AD ON DC AMPLIFIER

G 0R2 015160M 063076 PN 22 A14 1 N APRM CH5 AGAF HIGH VALUE INSTRUMENT ORIFT

G OR2 015747 092176 RL DC L A14 1 i REACTOR WATER LEVEL INST 2263578 ACTUATED A80VE LI INSTRUMENT SETPOINI ORIFT
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ALL FAJLTS _ CONSIDERED IN INSTRUMENTATION E CONTROL ASSEM9 LIES

&

P 1
C A F C F

V 5 0 R A 0T A NC
E FAIL v M A I DY IU0

CAUSE DESCRIPTIONN PL T C ONT.N3. DATE $ P ML EP LM W Y MODE DESCRIPTION
_

G OR2 017184* 012877 FU CN A06 M 2 T APR M FLOW-8t A5 F LOW INDICATION E XC EEDE D 100t I AE81 PROCEDURE FOR TOTAL CORE FLOW IND RE t!$ED

G DR2 017221 021477 P4 RE B13 1 T RE ED REL AY CONTACis ON REL AY K6 WE RE SEPAR ATED CONT ACTS RE PL ACE 0e APRM AVE CARD RELAT
_

G DR2 017293 022377 IN CM A14 1 T IRMe16 TRIPPED ABU7E ~ 5EIPOINT DURING IEST INSTRUME NT $E TPOINT DRIF T

| G DR2 017651* 042577 FU CN A06 M 2 i APRMIRBM, FLOW BI AS E ACEEDED [005 Af 100t CORE FLOW APRMIR8M CONVERTERS CALIB
~

TO ORIG $ PICS
1

G DR2 019190 092077 IN IM A14 1 i APRM 5_ W A5 FOUND TO INDP_QN 12 INSTEAD OF 11 LPRMS ELECTRONIC DRIFT OR DIRTY CONTACT 5 06 CAR
G D R 2 019 65 7 111177 RL DC L A14 1 T REACTOR WATER LEVEL SWITCH,LI5226357A A80ft SPFC INSTRUMENT SETPOINT DRIFT

,

G DR2 019903 112977 FP DC P A14 1 i TURBINE F1RST STAGE PS-504C TRIPPED ABOVE $PEC IN$1RUMENT DRIF T

G DR7 019904 113077 IN CM 813 1 T IRM813 DID NOT TRIP AS RE0'D BY $URVEILL ANCE PROCE OFFECTIVE DUAL TRIP MODULE

G DR2 019989 120877 IN CM A14 1 i IRMs13 TRIPPED A80VE LIMITS INSTRUMENT DR&FT

G DR2 0199108 122277 FU CN A06 M 2 N APRM FLOW 8tAS SCRAM t_ ROD 8 LOCK ,$ETPOINTS NON-COM CIFICIENT PROCEDURE
G DR2 020600 021678 RL DC L A14 1 T REACTOR LEVEL $ WITCH LI:2-263-578 A80VE L19tTS IN$iRUMENT ORIF I

G DR2 020869* 032 778 St MO R 406 L 4 I MSL HIGH R AD ISOLATION SEIPOINT 5EI HIGH TYPOGRAPHICAL ERROR IN PROCEDURE

G DR2 021159 047478 FP DC P A14 1 i TURBINE FIRST ST AGE PS504D TRIPPED A80VE SPEC INSTRUMENT $ETPOINT DRIFT-d

Ch
'W G D R 2 021881 062678 PN CM A14 1 i APRM CH 4 ROD 8 LOCK TRIP HIGH SfiPOINT DRIF T

G DR2 022071 080178 PN 22 813 1 i APRM CH03 SCRAM SEIPOINI FOUND A80VE SPEC BROKEN WIRE AND TR AN$1STOR FAILURE

G DR1 017212 020877 PN RE 813 1 N APRM 86 FOUND FLUCTU ATING F AILED REED REL AY CONT ACTS

G O R 3 017 32 5 A 022077 PN CM A14 1 T APRM 3 ROD 8 LOCK TRIP EXCEEDED [5M5TS ELECTPONIC DRIFT

G DR3 0173259 022077 PN CM A14 1 i APRM 6 POD 8t0CK TRIP ERCEEDED LIMITS ELECTRONIC DRIFT

G DR3 D17511 040477 PN $E N 813 1 N OUTPUT OF LPRM 16-33-0 SHIFTED UPSCALE PERAMIC $EAL FAILED

G OR 3 017974 052677 FU AM 813 1 N CH A L CH B FLOW E XCEEDED MISMaiCH FAULif PROPORTIONAL AMPLIFIER

ELECTRONIC DRIFTG DR3 017975 052677 PN IM A14 1 i APRM 4 INOPERAOLE
_ __

G DR3 019550 072577 P4 PS A12 1 i APRM 4 WOULD NOT GENERATE AN INOP UNilt 13 LPRN'S WOLTAGE 5HIFT-01RTY PONER $UP PL Y I PI N -101

G DR 3 018935 080677 RP DC P 808 1 i HIGH PRESS SCR AM SWITCH F AILED TO RIP AS RF OUIRED ADJUS TED MECH ANIC AL STOP OF BOURDON TU86

G DR 3 019937* 082777 PN IM A14 2 T APRM l'E 2 WOULD NOT GENERATE IMOP,UNTIL 17 LPR9'S FLCCTRONIC DaiFi
G DR3 019188 092877 $R MD R 813 1 N MSL RAD MONITOR 8 INDICATION 00U8 LED DETECTOR MALFUNCTIONTO

* AGE 18
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ALL F AULTS CONSIDERED IN INSTRUMENTATION L CONTROL ASSEMBLIES

&

C
h j

C A FC F
. IV $ 0 W & DT & NL, W

$ FAIL Y M A ID Y IU0 iN P L T C ON T.NO. DAIE $ P MLEP LMV Y MODE DESCRIPT10N CAUSE DESCRIPTION

G D R 3 01917 6 * 092977 PN K2 A14 C 2 T APRM'$ 4 L 6 GENER ATED INOP WITH 12 LPRM81 STP45$E A8MORMAL ELECTRONIC CRIS T

G DR3 020603* 020278 IN CM A14 2 T IRM 15 & 16 EXCEEDED TRIP SETPOINT IN$iRUMENT DPIFT

G DR 3 0:0871 032778 SR M0 R A03 C 1 T M$L HIGH RAD SCRAM 150L MONITOR SE TPOINT HIGH PER$0NNEL ERROR-SETPOINT A0 JUSTED HICH
~

~

G 043 021155* 0424F8 FP DC P A14 2 i PS 504C & D 1$T stG TUR8 PRESS EXCEEDED LIMITS INSTRUMENT SETPOINT DRIF T

G DR3 0215094 052078 $N SE N 813 $ 1 I $RM 24 FAILED TO INSERT TO STARTUP POSITION F AULTY DRIVE C ABLE

| G OR3 0215099 052078 $N CA 811 1 T SRM 21 DECLAKED IN0PERA8tE SAD $1GNAL CABLE
-- _ _. . ------

_

| G F N1 01759 3 022477 RL DC L A14 1 i RX WATER LEVEL $W B21-N0178 EACEEDED LIMIT SETPOINT DRIFT

SEIPOINT DRIFTG EN1020020 100477 PN CM A14 1 T APRM CI: A_FOUND U UF TOLERAM ,

SCRAN LOOSE WIRE AND D AM AGED COMPONENTSG ens 022745 110178 SR M0 R 813 1 T M$L RAD MON D11-K6030 DID NOT INITIATE HALF
G EN2 022676* 101178 PN CM A06 L 6 i HIGH FLUE SCR AM $ETPb!NTS SET WERE HIGH PROCEDURE 010 NOT LISI STARTUP SETTIkG

G EN2 022704 101678 PN IM A14 2 N RP$ CHAN$ ALE INOPERATIVE APRM E ORIF TED HIGHe APRM A COUNT CKI DRI

G EN2 023634 111278 RL OC L 813 1 N LEVEL DUT OUT OF SPEC AND COULD NOT BE CALIBRATED SENSOR FAILED AND WAS REPLACED

INST 2821-Nb17C COU(5 bT SE C AL18 HATED SENSOR FAILED AND WAS REPLACEO7 G EN2 023036 111378 RL DC L 813 1 N

2821-N017Cji_P0tNTDRIFT SARTON 288A SW SETTING HAD DRIFTEDE G EN2 023068 121078 RL DC L A14 1 i LEVEL $W

G F P1 013959 010676 CP DC P 811 R 1 N ORYWELL PRESS $W 05-RL-16 INOPER AT IVE M 0l$ iUR E IN $ENSING LINE BLOCKED $1GkAL

G F P1 01448 5* 040 376 CP DC P A14 3 i NINE HIGH ORTWE LL SWITCHE,5 $ETPOINTS WERE HIGH NORMAL DRIFT AND TOO CLOSE TO T 5 LIPITS

G F P1 014483 040576 RP DC P 802 C 1 T REACTOR HIGH PRE S$ _SW 2-3-55D F AILED TO ACTU ATE INCORRECT ADJUSTMENT OF MECHANICAL SIOP
_

G F P1 015061 061076 3R MO R A00 1 N MN STM LINE RAD MONITOR EP-17-RM-251A SPURIOUS TE$tE D AND WORKED PROPERLY C AUSE UNK60WN

G F P1 015C5 4 062876 PN SE N A14 1 N LPRM 44-37-C ORIF TED HIGH NORMAL INSTRUMENT DRIFT

G r P 1 015 49 7 080876 PN IM A14 1 T APRM C WOULD NOT TRIP AT LES5 TNAN II INPUTS RANDOM SET POINT ORIFT

G F P1 015851 090576 PN IM A00 1 T APRM b 0 $1GNAL WbOLO NOT_ FUNCTION CAU$E NOT GIVEN

EN 90WNSCALE Trip $EIPOINT HIGH NORMAL ORIFTEG F P1 017 328 0227T7 PN CM A14 1 i APRM
CONTR ACTOR CUT 19 0F 31 LPRM STRINGSG FP1 018051* 062677 PM CA 802 L 6 M LO$$ OF 152 APRM $ CRAM FUNCTION ___

___

G F P1 020928' 040178 PN SE N 805 C 4 i LPRM-36-45 DET A E Be LPRM-12-21 OET 8 E C NOT OP OETECTOR WIRING INCORRECT

G FP1022031 070778 PN IM A14 1 N APRM D LPRM COUNT TRIP $ETPOINI HIGH $ETPOINT ORIFTe READJUSTED CIRCUITS
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ALL F AUL!5 CONSIDERED IN I NS TR UM EN T Ai!OM E CONTROL ASSEMBLIES
--- - ---

- -- ---

A
C

P
C AFC F 5

V 5 0 R A 0TA NC
E Fall Y M A I Of IU0 CAUSE DESCRIPTIONN P L T C ONT.NO. D A IE 5 P M LEP LM V Y MODE DESCRIPTION

_____

_ __ __

G Mit 014214 012076 Se MO R A14 1 i MAIN STE AMLINE R ADI ATION MONITOR 40% LOW OUTPUT AMPLIFIER ORIF T WIIMIN MONITOR

G MI! 014229 021076 VP DC P A14 1 T CONDENSER WAC 5W!iCH OUT OF TOLERANCE BY 01 IN HG OIT-H1855 V AC# PRESS SW INST DPIFT

G Mil 014291 021976 OP DC P A14 1 Y TURBINE CONT VALVE ACC RELaf PRE 55 SW EARLY fpIP #72 AA-997 PRESS 52 SETPOINT ORIFT

G MI! 015456 081376 IN CM A14 1 T INTERMED R ANGE MONITOR SETP014T LESS CONSERVATIVE 5FTP01NT DRIFT OF INSTRUMENT CHANNEL

G MIL 016672* 122176 CP OC P A14 2 T 2 0F 4 HIGH DRYWELL PRESS SWITCHES TRIP MiGH SETPOINT DRIFT OF BARTON SWITCHES

G Mil 017208 021477 CP DC P A14 1 i DRYWELL HIGH PRESS SCRAM _G CONT !$0L SW TRIP HIGH MODEL 288 0-SP5I PRESS SW SETPOINI DRIFT
G M11 017215* 021577 VP DC P A14 2 T 2 0F i COMO LOW W'C 3 CRAM SW IRIPPED OUTSIDE T.S. MODEL DII-H1855 PRESS SW TETPUINT OR IFT

G Mil 022077 070578 VP DC P A14 1 i CONDENSER LOW VAC SW TRIP LESS CONSERV THAN T.S. B ARK 50 ALE PRESS SW SETPolNT DRIFT

G Mt1 022679 101178 CP DC P A14 1 T ORYWELL HIGH PRESS SW TRIP 2.85 PSI VICE 2P51 INSTRUMENT DRIFT OF BARTON 288 $WITC H

G M11 022860 110678 CP DC P A14 1 T DRYWELL HIGH PRESS SW TRIP 2.1 PSI VICE 2 PSI 8ARTON 288 SW SETPOINI ORIFT

G MOL 021562* 060678 PN CM A06 C 4 Y 4 0F 6 APRM SCRAM SEifiNGS 3 TO 45 LOW BIA5ED DISTRIS Of LPRMS WITHIN APRM FAGE5

G M01 022186* 080578 PN CM A06 8 1 T 1 APRM SETTING 4 TO 5t_L_0We 1 STPASSED LNG PWR 5HAPE CHNG DEFECT PROCEDURES

G NM1 014248 020776 CP DC P A14 1 T HIGH DRYWELL PRESS TRIP 3.35 VICE 3 5 PSIG BARTON INSTRUMENT SETPOINT ORIFT-d

cn - - --

u; G NM1 014979 030376 IN SE N 813 1 N IRM 913 ERR A TIC OPER ATION LOW DETECTOR RE515f ANCE. REPL ACE 0
~

G NM1 014983 032176 PN CM A02 1 T APRM 818 FAILED TO TRIP AT 20t FLOW PolNT TEST METER OFFSET C AUSED O AD CALIBR A TION

G NM1 015170* 061376 PM CM A14 2 T 2 0F 8 APRM F AILED TO TRIP AT REQUIRED FLOW 8145 APRM 17 E 18 SETPOINT DRIFT

G NM1 015171* 062776 PM CM A14 2 i APRM 11 E 15 F AIL TO TRIP AT REQUIRE 0 FLOW 8ta$ SE TPOINT ORIF T LESS THAN 1%

G NM1 017398 030477 RL DC L A14 1 i RX LEVEL LO-LO-LO TRIP AT 119 WICE 125 INC H INSTRUMENT SE TPOINT DRIF T

G NM1 017442 032077 RL DC L A14 1 i RI LOW-LOW LEVEL TRIP AT 1 IN VICE 5 INCH SETPOINT ORIFY

G NM1 018165 060477 RL DC L A14 1 i R1 LOW LEVEL TRIP OUT OF ADJUSTMENT DIO NOT TRI* SWITCH OUT OF ADJUSTMENT

Sf P A55 6 WICE 5 LPRMS,T,0 GET APRM-f6 INOP LIGHT APRM 216R513G2 SETPOINI DRIFTG NM1 018593 073177 PN 22 A14 1 i

G NN1 021439* 052678 PM CA 802 C 2 i LPRM DET AE8 TO APRM 11 E 15 CROSS CONNECTED GE-NA-100 DETEC TOR 5 CROS$-CONNEC TED

G OC1 014489 040676 CP DC P Att 1 T ORYWELL HI PRE 55 SCR AM SENSOR IPD AT 2.1 V5 2.0 INSTRUMENT REPE AtaMILIT f-C AT NO. 2N-P4

G OC1 015286* 080576 PN CA 813 2 i TWO APRM85 IN THE SAME TRIP 575 CONCRNTLY IN0PER A8 F AULif PIN RECEPT ACLE

G OC1 019574A 072277 IN CA 802 8 1 i IRM CHNL 13 FOUND INOPERABLE WIRE TO DETECTOR DISCONN - MalNTEN
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ALL FAJLTS CONSIDERED IN INSTRUMEN T ATION L CONTROL 4 3 5 E.M R L .I .E.S== _ __ _ - - . . ..

P
C & F C F V

V 5 0 R A 0T A N [
E FAIL T M A I DY IU0 y
4 PLT CONT.NO. 04tE 5 P ML EP LM V T MODE DESCRIPTION CAUSE DESCRIPTION

FOUND INOPERABLE WIRE TO DETECIOR DAMGD - MAINTENG Oc t 0185748 072277 14 CA 802 8 1 T IRM C.H.N L.14:--- - - - = - - -. .. .

G OCI 018877A 090177 FU CN 813 R 1 N RECIRC FLO SIG FOR APRM i 1 7% HIER THAN ACT FLOW F LO CMVT R NO.13 588 308GI-lE R3 SHIF T

G OC1 0188778 090177 FU CN 813 R 1 N RECIRC FLO SIG FOR APRM II 1.Ft HIER 'HAN ACT FLOW FLO CNWTR NO.13588308G1-H1 CAIN ADJ9 5f M T
_

_

G OC1 021929* 071478 RL DC L A06 L 4 i FOUR RR WTR SWTCHS USED FOR SCRAM INI LESS CONSW THAN TS-0EFICIENCIES IN TEST PROCEDUEE

G OC1 022743 101978 IN CA 802 8 1 N IRM 12,8ECAME IN0PER ATIVE WHILE _IRM 14 DI5CONNECTD C ABLE FOR IRM 12 D AM AGED SV M AINT AC TIVII
_

G OC1 023116 11?S78 RP DC P A14 1 T RX HI PRESS SCRAM SW RE03C TRIPS LESS CONSRW TN AN T1-SENSOR REPE AT A8tLIff-9 PSI GT DES SEiG
~

| G P 8 2 014 400 042676 RL OC L 813 1 T RX LVL SW LIS 2-2-3-1618 COULD NOT 0ST ACC RESP f t ME-DE FEC TV MICR0 5W - MODEL 288 A LVL IND

G P S2 015760 082876 PN CM A14 1 N APRM "A* TRIP PT5 LESS CONSERVATid THAN TECH SPEC INSTRUMENT DRIFT-INSTRUMENT REC ALIBR ATO
1

_

SW5 PS-2-5-11 A,8ED TRIPD LOWR TNAN T5 LIMIT-SETPT ORFT-MOD DIT-H1855 PRIS SWG P 8 2 017 26 3* 02267 7 VP DC P 414 3 i COND LOW VACUUM'

G PR2 017 774 041777 PN IN A14 1 R APRM kN6P TRIP DID NOT OCCUR IAU TS 19 V5 8 LPRM SETPi $HIFT - MOD GER'32537A APRM

G P82 0193234 100377 St MO R 808 R 1 T 2C MN SIM LINE RAD MON DWM SCL kRP IND FLD TO CLR DEFECitVE REED REL AT - RPLCD IN RIND

G P 9 2 019 32 3 8 100777 SR MO R 882 1 N 2C MM STM LINE,R AD MON DN SCL TRP_IND FLD TO CLEAR INADECUATE INST WARMUP PRIOR TO CALIEmiN
~~ G PS2 019329 101077 SR MO R A14 1 T 2C PN.STM LN R&D MON HI-HI TRIP OUTSIDE T5 LI4tf SETPOINT DRIFT-REC AL E RETURMED TO SIRWIC
$4 _ . _ . _ = - -

O G P 8 2 019 829 112877 SR MO R A09 1 N MN STM LINE RAD MON RIS-2-2-2518_DVLPD UP5CL SPIRG CONT ACT MIS ALIGNMENT PROBLEM
G P 82 021707 070578 PN IM A14 1 i SCRAM CLAMP TRP STPI FOR " A" APRM UA5 1 PC T GT T5 SETPOINT DRIFT-IMMEDI ATELY RECALIBRAIED

G P83 013987 010676 3R MO R A14 1 i MN STM LM RAD MON R15-251A DID re07 TRIP WHEN DESIR SM ALL STPT ORFT ON LOG SCL-194x629 GOC 7

G P 8 3 014 68 3 050776 P4 ZZ 813 1 i CH "E" ARPM TRPD AT FLUE LVL5 HIER_THAN LICENSE T5 SE TPI SN!FT - DEF IN4734A ZENER DIODE
"F" AQROD SLOCK NOT 00THD F AM SIM HI FlutCONDT FAILURE OF MOD 35AT600 4RI RELAYG P 8 3 01508 4 061276 PN RE 813 1 T

G P 8 3 015 08 3 061876 RP DC P 813 1 T Rt HI PRESS SW PS-3-2-3-558 WOULD NOT TRIP F AILURE OF 2EN 0100E IN TRIP UNT-xE T-1205
_

G P 8 3 015 88 0 092776 VP DC P A14 1 i COND LO V_AC SW PS-3-5-11 A TRP6~0 IN BELOW T5 SETPOINT ORIF T-8 ARKSDALE MOD DIT-H18M P5

G P 8 3 01617 4 101176 FU AM A09 1 N CORE FLO 8 ES INPUT TO THE A LOGIC APRM STRNG - HI ARSENCE OF OFFSET SIGNAL IN FLO 8145 AMP

G P 8 3 017 54 8 041677 PM CM A14 1 i DW15CLE TRIP FOR APRM E F,0UND AT 2 3e is is 2.5PC7 S E TPOINT SHIFT ON A MOD GEM-32537A A PRM

- ...P.R.M D F N D A.T 1 5.V5 2.5 PERCENT SEIPOINI SHIFT - MOD GEK-32537A
_

G P 8 3 017 778 050977 PN CM A14 1 T OWNSCLE T R .I.P..F .O.R
A

_ _ _ _

G P 8 3 018 702 080877 SP MO R A00 1 M IND ON MN STM LN R AD MON R15-3-17-2510 ERt 4 TIC CAUSE COULD NOT BE DEIRMND-RETURNED TO SV

G PB3 022282 090478 SR MO R d13 1 T "D" MN NM LN RI6 MON FAILED T0_ SE HALF SCRA9 DEFCTV 11STR IN TRIP UNIT-MOD 194r624007
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ALL F AUL TS_ CONSIDERED {N,1N$ingMENT_4 TION E CONTROL A$$f M8 TIES
_

_

A

I
O

P L
C AFC F

V $ 0 R A 0i AN
E FAIL Y M A I OY IU0
N PLT CONT.MO. DAlf $ P MLEP LMV V MODF DESCRIPTION CAU$E DESCRIPTION

_ _

I G PIl 017165 020777 VP OC P A14 1 i LO VAC $CR AN PRES $W PS-503810 SET Af 22 5 VS 231N NINOR SETPOINT ORtFT
- G Pil 017331* 030277 CP DC P A14 3 i HI DRYWELL PRES PS-5124 8dB FOUND TO HAVE MINOR $FTPOINT DRIFT ON LOW PRES $URE IN$fRLMENT!

G PI! 022250' 081078 RP OC P A14 2 T Rt HI, PRES $_$w$ PS-263-558EC AT 1108 VS 1085 PSIG S E T POIMf DR IF T-0-1500 PSIG-ROD B27-41255
_

} G PI! 022799 103078 $N 22 802 $ 1 R SOU R C E R NG M ON " A,",8 E C AM E IN0PERA8tE PERSONNEL JUMPERED ENTIRE LOGIC FOR $PM A
! G Pil 022982* 111578 RL DC L A14 2 i RX WIR LVL $WS LIS-263-57AEB TRIPPE0 GT IS LIMifS M I NDR SET POINT ORIFT

G QC1 018110* 042277 FP DC P A14 2 i MAIN TURS FR$T STG PRIS$ SMS PS-1-304AES $Ei GT TS INSTRUMENT $ETPOINT ORIFT
i. G OC1 018580 072277 FP DC P A14

1 T TUR 8 F R $ T $iG P.R E.$.$..$.W.OU..T OF .C.AL .401 VS 4 00 PSIG INST STPOINT ORFT-TOLERANCES 100 CLS LCO. . . -
< G QC1 020543 011778 RL OC L A14

1 i RX LO WIR .L.V.L._$ W L.I.S_1-2 6 3-5 88 S E T.A T 7. 3 V S 8 IN- IN$iRUMENT $ETPOINT DRIFT1 ..
'

G QC1 021410 042578 FP OC P A14 1 T TURS FST $iG LO PRES SW PS-1-504A TRPD 401 V$ 400 IN$imunENT $E TPOINT ORIF T
G QC1 021786 061578 RL DC L 808 R 1 i LO-Lo R3 WIR LVL $W LIS-1-263-72 A FAILD TO OPER ATE NERCOID $wCH MISALGNO W CAM-MNTD MAGkET

EHC PRi55~5h'1-5600-PS-3 TAPD AT See VS 9008 DECR$ IN$tauMENT $ETPOINT ORIFTG QC1 023382 112278 OP DC P 414 1 Y

G QC2 018162* 072476 FP DC P A14 R 2 T IURS FR$i SIG PRES $WS PS-2-504ALs EXCEEDED TS LMT SfiPOINT ORIFT-SETPOINI S AME AS LCD
G QC2 018118 011877 FP DC P A14

1 i TUR O .F.R.$.f.SIG PR.E.S.$W TR IP.P.E.D.AT 407-T 5 LIMI T-400 IN$iRUMENT $E TPOINT ORIF T
--

%w - .

G QC2 018120* 042277 FP DC P A14 2 i IURB FR$i STG PRES $WS PS-2-504CEO ERCEED i$ LIMIT IN$i SETPOINI DRIFT - STPT T00 CLSE 1C O--
>

, G QC2 01R577* 072277 FP OC P A14 R 2 i "A" RPS TURS FR$T STG PRES $WCHS EXCEEDED T$ LIMIT INSTRUMENT SETPOINT DRIFT
G QC2 016656 072577 DP DC P A14 1 i ELETR3HYo to PRES SCRAM iW_iRPD 15 P51 eEt0W TS tNSTRuaENT SEIPOINI DRIFT

)

G QC2 011101 082277 FP OC P 813 R 1 i TURS FR$i STG PRES $W TRIPPED AT 409 VS 400 P11 IN51RUMENT SETPOINT DRIFT-!NST REPL ACEO
~ ~

, G OC2 020942 0228i8 $P MO R 802 1 N 20 MAIN $IE AM LINE Rio MON RE5Di5G 00WNSCALE NI VLiG LEAD TO MON WA$ IMPRPRLY ATTACHED
G QC2 022667 083178 $2 MO R A14 1 N MN STM LN RAD MON 2-1705-20 FLO IN OWNSCL CONDITN INST DRIFT ENH ANCE0 SV HI TEMPERATURES,

i
, G WY1 015741 093076 CP OC P A14 1 T ORfWELL HI PRES $ $CRAMF150LATION $WTCHS II 0F 45W) SETPT DRIFT MODEL e 124-AA4

G WY1 017138 020177 CP DC P A14 1 i ORYWELL HI PRES $ SCR AM7tSQL ATM SW 2 03ev$.2 08 ODIFTD .1 PSI OVER ONE MONTH
~

G VY1 018061 052577 FU CN A14 1 N APRMh[bW BIA$ H1 FLUX IRIP OUT0[,'$PECEALARMFD FLOW CONVRTR REPL ACE D, 40 RE4s0N FOR ORIF; -

|
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.A.LL..C OM MON C A US E F AUL T 5_

A

0
P I I

C A FC F 5V
V 5 0 R A 0f ANC I
E FAIL Y M A I D Y IU0 I 4AUSE DESCRIPTIONN PLT CONT.NO. DATE 5 P MLEP LMV V MODE DESCRIPTIDM

_

8 OE1 022174A 080678 NF !! A06 N 4 M QUADRANT POWER TILT EXCEEDED TECH SPEC OPERATOR F AILED TO RE5E T TRIPS

8 OE1 0221748 OR0678 PN 22 A06 N 4 N QUADRANT POWER TILi EuCEEDED TECH _5_PEC OPERATOR F AILED TO RESET TRIPS

8 OE3 019884 122877 RP TX P 906 0 1 N XMTR LEFT VALVED 0UT AFTER REPAIR TO TEST TFE INCORRECT 1tNCOMPLETE VALVE CHECKLIST
_

C CC1 017994 033077 PN CA 802 C 1 N POWER RANGE UPPER DE TECTOR CIRCU1 TECH As F AILEO OETECTOR ORAWER FIELD C ABLE CONN. O!5C0hN
_

IC ABLES REVERSED DUE TO MISLA8 LINGC CC2 016725 121276 PN CA 805 C 1 N CH D .A51.O.B.SER VED GOING OPP 05f tE.D.IREC TION. .
- .

I

I C CC2 017983 042177 PN P5 803 C 1 i POWER SUPPLY FOR CH 8 LINE AR R ANGE NUC INS F AILED PO WE R SUPPLY GROUNDED 8T TECHNICI AN
,

C ALIORATIDN PROCEDURE IN ERRORC FC1 016667 121476 RT TX T A06 C 1 T 8 CH COLD LEG TEMP HIGH __,__

C Mf2 014015* 011476 TP IM 804 L 4 A 4 0F 4 TN#LP TRIP NON-CONSERVATIVE FOR ALL C01DITI OFSIGN WIRING ERROR INPUT TO CE A FUNC CEN

C MI2 017116 020977 RF CM A02 C 1 T RPS LOW FLOW SETPOINT SE T HIGH NONCONSERVATIVE PERSORNEL MI5'MTERPRETE D FORMUL A

C PA1 021323 041478 RF CM A06 C 1 T CH' A .L.O.PRI FLOW W AS 94 6 PCTe T.5..REO MIN 95 PCT
C ALIB PROCED RESS CHK THAT AFFECTS fplP

_ _ - - ._ _

C SL1 020513 020378 RT SE i A06 C 3 T RfD RESPONSE TIMES GT. 55EC. VALUE SE T Bf VENDOR RTD*5 MOUNID IN INST. WELLS--MOT ACCT E FOR

W BV1 0146064 051276 NT CM 801 0 1 N OVERPOWER SISTABLE NOT TRIPPE0 WHEN S EO. OPERATOR FAILE0 TO TRIP SISTABLES

W R V 1 014 6068 0 512 76 TT CM 801 U 1 N OVERIEMP SISTABLE NOT TRIPPE0 WHEN REQ. OPERATOR FAILED TO TRIP BISTABLES
-

INADVERIENT RE ADJUSTMENTb$ W SV1 022881 101378 PN CM A02 C 1 i Et C O.R E._ INST .e CH M.41.e.R A.T.E.TR IP S.E.T. POI N T TOO HI GH
W DC1 016114 100776 FF TX F 802 C 1 i FEED FLOW TRAN5MiliER . EXCESSIVE ERROR (FFC-2119 PERSONNEL ERROR VALVING OUT TRAN5MIT1ER

. _

.

W Kf1 017372 032377 FF TX F 805 C 2 N STM GEN LEVEL CONTROLLERS LACK OF CONTROL CROSSED INSTRUMENT T APS BETWEEN 2 CH ANNEL

W KE1020424 02067R RP TX P A06 L 4 R PIR PRESS READINGS HIGH *ROCE DURE NOT INCLUDING HE AD CORRECT ION

W PT2 023123* 120978 RT SE T 802 U 4 N LOOP " A" R IO M AN IF ISOLATED WHILE RX WAS CRITIC AL PERSONNEL OVER $1GHT

BOTH INTERMEDI ATE R ANGE NUCLE AR,1NST CHNL5 IMOPER WETTING OF OTCTRS WITHIN WELL-HI COMB RESW Sal 016026* 092776 IN CA 807 C 2 N

W Sal 021648* 061078 PM CA 802 C 1 M TWO INOPERABLE POWER RANGE CH WERE IDNTF0tN41E44281 AINT PEP 5 DiSCONN WEDMG LE ADS FOR R 3 COM

W 211 014285* 022176 PN 22 A03 L 4 i RESCALED PWR R ANGE DE T.IN41e %2,4 3_ G 44 HDWEVE 010 NOT RE5CALE DELTA I SUMM ATORS--MORC O NSER V
OP LINES PLUGGD WITH SEDIMNT3 WATR HAMMENW 211 019530 072977 SF TX F All 8 1 N LOOP ID STEAM _ FLOW IND. FAILO LOW __
SW!iCH PLUGGED WITH TEFL0h TAPEG RF2 016395 111576 OP OC P 802 C 1 T EHC LOF PRESS. SWITCH IPS-47-1429 FAILED

~

G RF2 018 632* 081477 RL OC L A01 C 2 T TWO RX WATER LOW LEVtt SCR AM SWITCHES WER8 +20 IN. RFFERENCE LEVEL COLUMN 8 UA5 NOT FUL L

G SF2 022854* 111478 SR MO R A06 L 4 i M/S LINE R AD MON RN-90-135 136,13h 138 SETPOINT Hi {NSTRUCTION DEFICIENT IN R E QUIR E PE NT S
_

*AGF 1
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ALL COMMON C AUSE F AUL T5

A

!P
C AFC F 5 V

V 5 0 R A 0T 4NC I
E FAIL Y M A 1 0Y 100 T
N PL T CONI.NO. DATE 5 P M LEPLMd i MODE DESCRIPTION CAUSE DESCRIPTION

G 8F 3 0228244102978 IN CA 802 C 1 N IRM F CHANNEL DECLARE 0 INOPERABLE SIGNAL C ABLE SHE ARED

G BF 3 0228248102978 IN CA 802 C 1 N IRM H CHANNEL DECLARED INOPER48tE , SIGNAL C ASLE DISCONN
_ _

G 8F3 023032* 112878 PN CA 806 L 6 T ALL LRPM's OF 43 STRINGS FOUND REVERSE CONNECTED LACE DF E XPLAN ATION OF PROPER LPRM C CNNEC

G BP1 015443 081376 PN CA 802 C 1 N PR NEUTRON MONITOR DID NOT RESPOND _ PROPERLY 1828 POLARI!!NG VOLT. ON COnP ION CHAM SW APPED

G BR1 016855* 010577 PN CM A06 L 6 i HIGH FLUX TRIP FOR APRM'5 FOUND 10 SE TOO HIGH SEFECTIVE PROCEDURE

G 821020770 030178 SR MO R 802 C 1 M MAIN STE AM LINE RAD MONITOR "0" PS F AILED IRM C ABLE S DAM AGED 012-RM-R603D F5

_

_,,EVEL SW 2-821-L15-N024 AeSe254 ACT L CIRCUIT DESIGN USED HIGH LEVEL SWITCHESG BR2 014944* 061276 RL DC L A04 C 3 T RX LOW WATER L

G BR2 020168 010278 5# MD R A02 C 1 i MAIN STE AM LINE R AD MON D12-RM-K60_3 RE AD DOW45C ALF PREVIOUS C ALI8R ATION PERFORM WRONG

DOAING,$iARTUP PRE 550RE SWITCH TRIP C AUSED RPS TRI PRE 55UeE SWITCH LEFT ISOLATED AF>iER SURVEG C 01 016713 111676 OP DC P 802 U 1 N
_

G C 01 01928 6 092377 54 CA 802 8 1 M SRM WAS RE ADING HIGH,AND ERRATIC DURING REFUELING 8 REAR IN OUTER SHIELD OF TRIAXI AL C AELE
G C 01 02119 7 040R78 $N CA 802 8 1 M SRM WOULD N01 RESPONO PROPERLY DURING REFUELING 8 REAR IN SHIELO OF TRIAKIAL CA8LE

G C01 021747 052778 SR MO R A06 C 1 N MAIN STE AM LINE RAD MONITOR TRIP POINI NOT A0JUSTE PROCEEOUR AL DEFICIENCT FOR SOURCE C Atl8R A

G DA1 011965* 112877 PN CA A01 C 4 7 h0NCONSERV ERRORS INDUCE D IN APRM CH Ae8eC E D PERSONNEL-REVER$ED INPUTtDUTPUT OF L tRM--

bU G OR 1 017 797* 042 877 PN AM A14 C 5 T IN-CORE FLUX AMPS'1048 liOO 1120 1534 113C 1140 HI INSTRUMENT SEIPOINT ORIFT DUE TO HIGP TEM
~

G DR2 017184* 012877 FU CN A06 M 2 i APRM FLOW-8t AS FLOW IN01C ATION EXCEEDED 1002 I AE85 PRDCE DURE FDR TOTAL CORE FLOW IMO RE%tSED

G DR2 017651* 042577 FU CN A06 M 2 i APRMIR8M FLOW 8tas EXCEEDED 1004 AT 1004 CORE FLOW APRMf R8M CONVERTERS Catt8 TO ORIG SP ECS
'

G DR2 019910* 122277 FU CN ics M 2 N APRM FLOW BI AS SCR AM E ROD 8LOCR SEIPOINf 3 NON-CON DEFICIENT PROCEDUAe

G DR2 020069* 032778 SP 90 R 406 L 4 i MSL HIGH R AD ISOLATION SETPOINT SET HIGH TYPOGRAPHICAL ERROR IN PROCEDURE

G DR 3 019176* 092977 PN 22 414 C 2 i APRM'S 4 5 6 GENERATED IMOP WITH 12 LPages 8YP ASSE ABNORMAL ELECTRONIC DRIFT

G DR3 020871 032778 $# MO R A03 C 1 i M5L HiGH RAD SCRAM ISOL MONITOR SEiPOINT HIGH PER$0NNEL ERROR-SEIPOINT ADJUSTED HICH

I G EN2 022676* 101178 PN CM A06 L 6 i HIGH Flut SCRAM SETPOINTS SET VERT HIGH PROCEDURE DID NOT LIST STARTUP SETTIkG

G FPI 014483 040576 RP OC P 802 C 1 i REACTOR HIGH PRES 5 SW 2-3-550 FAILED TO ACTUATE INCORRECT ADJUSTMENT OF MECHANICAL $10P

G F P1 019051* 062677 PN CA 802 L 6 M LOSS OF ISE APRM SCR AM FUNCTION CONTR ACTOR CUT 19 0F 31 LPRM STRINGS

G F P1 020928 * 040178 PN SE N 805 C 4 i LPR M-36-45 DET A G Be LPRM-12-21 DET 8 C C NOT OP OffECTOR WIRING INCORRECT
G M91 021562* 060678 PN CM A06 C 4 T 4 0F 6 APRM'5 CRAM SE TiifGS_3 TO 44 LOW BIA5ED DISTRIS OF LPRMS WITHIN APRM FAGES

__
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ALL COMMON CAU$E FAULTS

&

k$IP
C A FC F $V

V $ 0 R A 0T 4 N C I
E FAIL Y M A I DY !U0 t
N PL T CON T.NO. D A TE $ P M L EP L M V Y MODE DESCRIPTION CAU$E DESCRIPTION

_

G M01 022186* 080578 PN CM A06 8 1 T 1 APRM $ETTING 4 TO St LOWe 1 SYPASSED LRG PWR SHAPE CHNG OEFECT PROCEDURES
G NM1 0214398 052678 PN CA 802 C 2 i LPRM DET AE8 TO APRM 11_ E 15 CROS$ CONNECTED GF-N A-100 DE TEC TOR $ CROS$-CONNE CTf D
G OC1 018 5744 072277 IN CA 802 R 1 T IRM CHNL 13 FOUND INOPERA8tE WIRE TO DETECTOR DISCONN - MAINTEN
G OC1 0185748 072277 IN CA 802 8 1 i IRM CHNL 14 FOUND IN0PERA8LE WIRE TO DETECTOR DAMGO - MAINTEN

_

G OC1 021929* 0 71478 Rt DC L A06 L 4 T FOUR RX WTR $WTCHS USED FOR SCRAM INI LE$$ C045V THAN T$-DEFICIENCIES IN TEST PROCEDURE
' G OC1 022741 101978 IN CA 802 8 1 N IRM 12 OECAME INOPERATIVE,WHILE IR M 14 DISC 044 ECTO CABLE FOR fBM 12 DAMAGED 8V MAINT ACTIVIT

PAGE 3

=%

'

+

4

4

1



rc w 335 I u w, DDC/eU.S. NUCLE AR REGUL ATORY COMMIS$10N8' 2 78 NUREG/CR-2771
BIBLIOGRAPHIC DATA SHEET EGG-EA-5623

4 TITLE AND SUBitTLE (Add Volume No.,if appewinsfe) 2. (Leere bin a f

COMMON CAUSE FAULT RATES FOR INSTRUMENTATION AND CONTROL
ASSEMBLIES: ESTIMATES BASED ON LICENSEE EVENT REPORTS AT 3. RECIPIENT'S ACCESSION NO.
U.S. COMMERCIAL NUCLEAR POWER PLANTS, 1976-1978

7. AUTHORG) 5. DATE REPORT COMPLETED
MONTH |YLAMCorwin L.- Atwood September 1982

9. PERFORMING ORGANIZATION N AME AND MAILING ADDRESS (Include lip Codel DATE REPORT ISSUED

P.O. Box 1625 February | '1983
" "'" '^"EG&G Idaho, Inc.

8''''"'''''''Idaho Falls, Idaho 83401
r

8. (Leave blank)

12. SPONSORING ORGANIZ ATION NAME AND MAILING ADDRESS (/nclude Inp Codel
p

Division of Risk Analysis
Office of Nuclear Regulatory Research M. CONTRACT NO.
U.S. Nuclear Regulatory Comission
Washington, DC- 20555 FIN A6283

13. TYPE OF REPORT PE RIOD COVE RED (/nclusive dates)

Technical

15. SUPPLEMENTARY NOTES 14. (Leave Nm A)

16. ABSTR ACT 000 words or less)

This report presents estimates of common cause fault rates and related quantities,

based on Licensee Event Reports of instrumentation and control assemblies in nuclear

reactors. The Licensee Event Report data base is briefly described, and imperfections,

in the data are discussed. The components are grouped into assemblies, for which rates

are estimated. For estimating rates, the binomial failure rate model is used, extended

to allow for the substantial observed plant-to-plant variability, and for shocks that by

their nature cause all the assemblies in a system to fail. Every quantity is estimated

by both a point estimate and a 90 percent interval. All rates are expressed per

calendar hour.

17. CIEY WOHDS AND DOCUMENT AN ALYSIS 17e DESCRIPTORS

Common Cause Instrumentation and Control Diagnostic Checks
Failure Rates Assemblies Methodology
Licensee Event Report (LER) Shocks Gamma Distribution
Binomial Failure Rate Model Bayesian Methods Point and Internal
Parameter Estimation Plant-to-Plant Variation Estimates

17tt IDENTIFIE RSf0 PEN-ENDED TERMS

;

18. AVAlLABILtTY STATEMENT 19. SE CURITY CLASS (Th,s report) 21. NO. OF PAGES
tincl a ss i find

Unlimited 20. SE CU RITY,CL ASS (Tros papf 22. P RICE
Unclassi fied s

NRC FORM 335 87 77)

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



- - _

UNITED STATES
' 0 7,'" C,',"y,$^,','nNUCLEAR REGULATORY COMMISSION 3

usmac
WASHINGTON D C. 20555 WASH 0 C

FE musf as 311

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE. $300

120SS5078877 1 ANRG
US NhG
AdM DIV GF T100
PCLtLY E PUB MGT bR-POR huR EGa-501
W A SilI NG T ON DC 20555

;

l
1

!
!

f

I

|

1
,

, -


