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ABSTRACT

This report documents a study performed on the set of common-cause
failures (CCF) of circuit breakers from 1980 to 2000. The data studied here were
derived from the NRC CCF database, which is based on US commercial nuclear
power plant event data. This report is the result of an in-depth review of the
circuit breaker CCF data and presents several insights about the circuit breaker
CCF data. The objective of this document is to look beyond the CCF parameter
estimates that can be obtained from the CCF data, to gain further understanding
of why CCF events occur and what measures may be taken to prevent, or at least
mitigate the effect of, circuit breaker CCF events. This report presents
quantitative presentation of the circuit breaker CCF data and discussion of some
engineering aspects of the circuit breaker events.
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EXECUTIVE SUMMARY

This report provides insights related to circuit breaker common-cause failure (CCF) events.
These events were obtained from the U.S. Nuclear Regulatory Commission’s (NRC) CCF Database.
The circuit breaker CCF data contains attributes about events that are of interest in the understanding of:
completeness of the failures, occurrence rate trends of the events, circuit breaker type affected, causal
factors, coupling or linking factors, and event detection methods. Distributions of these CCF
characteristics and trends were analyzed and individual events were reviewed for insights.

General Insights. The study identified 119 events occurring at U.S. nuclear power plant (NPP)
units during the period from 1980 through 2000. Twenty-nine NPP units each had one CCF event
during the period; 54 NPP units did not experience a circuit breaker CCF event. This accounts for about
76 percent of the NPP units. Seventy-four percent of the total circuit breaker CCF events occurred at 51
of the NPP units. Of the 119 events, four of them (three percent) were Complete common-cause failures
(failure events with all components failed due to a single cause in a short time) and two events were
Almost Complete. The small fraction of Complete and Almost Complete events is mainly due to the
large populations of circuit breakers in NPP units and the large number of minor events such as slow
closing times, trip voltage out-of-specification, etc.

Failure Modes. The events were classified as either fail-to-open or fail-to-close. The failure
mode for the majority of the circuit breaker CCF events is fail-to-close (55 percent). The fail-to-open
failure mode accounted for the other 45 percent of the events.

Trends. Figure ES-1 shows the trend for all circuit breaker CCF events. The decreasing trend
for all circuit breaker CCF events is statistically significant with a p-value of 0.0001. Based on the
review of failure data for this study, improved maintenance and operating procedures, as well as
increased maintenance focus and emphasis on equipment reliability from initiatives throughout the
industry (NRC, utilities, INPO, and EPRI), appear to be a reason for the observed reduction of the
occurrence of CCF events over the 21 years of experience included in this study. The fail-to-close and
the fail-to-open failure modes both exhibited statistically significant decreasing trends.

Method of Discovery. When the method of discovery was investigated, Testing accounted for
71 events (60 percent), Demand for 25 events (21 percent), Maintenance 11 events (9 percent), and
Inspection 12 events (10 percent). The testing program has shown that it is successful in detecting faults.

Proximate Cause. As shown in Figure ES-2, the leading proximate cause group was Internal to
Component and accounted for 61 percent of the total. Design/Construction/Installation/Manufacture
Inadequacy accounted for about 18 percent of the total events. The Operational/Human error cause
group accounted for 13 percent of the total events. There were eight events attributed to the Other cause
category. Although the Internal to Component cause group had the largest fraction of the events, only
three percent were Complete failures.

xi



0.26

)
H

Events per Calendar-Reactor Year
{4
[l

[
]
!

80 81 82 53 34 35 38 87 83 288 S0 9 92 03 94 96 S8 9T S8 S 2000
Calendar Year

B obteerved mm—— Fltted Trend
wame 5% LowsrBound === == 5% Upper Bound

Figure ES-1. Trend for all circuit breaker CCF events. The decreasing trend is statistically significant
with a p-value = 0.0001.
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Figure ES-2. Proximate cause distribution for all circuit breaker CCF events.

The Internal to Component proximate cause category is the most likely for the circuit breakers
and encompasses the malfunctioning of hardware internal to the component. Circuit breaker failure due
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to internal causes are most likely the result of phenomena such as dirt and dust, hardening of lubricants,
aging, normal wear, and binding. Generally, these failures are though of as being preventable by more
frequent maintenance.

The Design/Construction/Installation/Manufacture Inadequacy proximate cause group is
important for the circuit breakers and encompasses events related to the design, construction,
installation, and manufacture of components, both before and after the plant is operational. Included in
this category are events resulting from errors in equipment and system specifications, material
specifications, and calculations. Events related to maintenance activities are not included.

The Operational/Human Error proxlmate cause group is the next most likely for circuit breakers
and represents causes related to errors of omission or commission on the part of plant staff or contractor
staff. Included in this category are accidental actions, failures to follow the correct procedures or
following inadequate procedures for construction, modification, operation, maintenance, calibration, and
testing. This proximate cause group also includes deficient training.

The Other proximate cause group is comprised of events that include setpoint drift and the state
of other components as the basic causes. All of these events were attributed to setpoint drift, which
tends to be a minor failure mode. Half of these events were in the reactor trip breakers (RTBs) and
involved failure of the undervoltage trip mechanism to trip the breakers within the required time or
voltage tolerances.

Coupling Factors. Maintenance, with 80 events (67 percent), is the leading coupling factor.
Design coupling factors, with 20 events (17 percent) result from common characteristics among
components determined at the design level. Quality coupling factors, with 16 events (13 percent) result
from common manufacturing and installation faults. These three coupling factors account for the top 97
percent of the events.

Circuit Breaker Type. As shown in Figure ES-3, the highest number of events occurred in the
RTB breaker type (50 events or 42 percent). The Medium Voltage and 480 Vac circuit breaker types
also had many events (34 and 31, respectively). The dc distribution circuit breakers had very few events
in the data set. The distribution has less to do with a comparison of circuit breaker CCFs than with the
reporting of non-safety significant components and the initial data gathering performed for the CCF
database.

Piece Parts. For all breaker types, the mechanical assembly had the most events, 31 (26
percent). The mechanical assembly was identified for all breaker types. Most of these events were
coupled by inadequate maintenance. The undervoltage (UV) trip assembly had the second most events,
28 (24 percent). The UV trip assembly was identified mostly for the RTBs.

The most likely piece part involved in a reactor trip breaker CCF event was the UV trip
assembly. The most likely piece part involved in both medium voltage and 480 Vac breaker CCF events
was the mechanical operating assembly.
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FOREWORD

This report provides common-cause failure (CCF) event insights for distribution circuit breakers.
The results, findings, conclusions, and information contained in this study, the initiating event update
study, and related system reliability studies conducted by the Office of Nuclear Regulatory Research
support a variety of risk-inforrned NRC activities. These include providing information about relevant
operating experience that can be used to enhance plant inspections of risk-important systems, and
information used to support staff technical reviews of proposed license amendments, including risk-
informed applications. In addition, this work will be used in the development of enhanced performance
indicators that will be based largely on plant-specific system and equipment performance.

Findings and conclusions from the analyses of the circuit breaker CCF data, which are based on
1980-2000 operating experience, are presented in the Executive Summary. High-level insights of all the
circuit breaker CCF data are presented in Section 3. Section 4 summarizes the events by circuit breaker
type. Section 5 provides information about how to obtain more detailed information for the circuit
breaker CCF events. The information to support risk-informed regulatory activities related to the circuit
breaker CCF data is summarized in Table F-1. This table provides a condensed index of risk-important
data and results presented in discussions, tables, figures, and appendices.

Table F-1. Summary of insights from circuit breaker common-cause failure events.

Item Description Text Reference Page(s) Data ,

1. CCF trends overview Section 3.2 14 Figure 3-1 — Figure 3-3

2.  CCF circuit breaker type Section 3.3 16 Figure 3-4
overview

3. CCF proximate cause overview  Section 3.4 17 Figure 3-5

4. CCF coupling factor overview Section 3.5 20 Figure 3-6

5. CCF discovery method overview Section 3.6 21 Figure 3-7

6. Engineering Insights — RPS Trip  Section 4.2 27 Figure 4-1 — Figure 4-3
Breakers -

7. Engineering Insights — Medium  Section 4.3 30 Figure 4-4 - Figure 4-6
Voltage Circuit Breakers

8. Engincering Insights — 480 Vac  Section 4.4 33 Figure 4-7 — Figure 4-9
Circuit Breakers

9. Engineering Insights — Dc Section 4.5 36
Distribution Circuit Breakers

10. Data Summaries Appendix A and B

The application of results to plant-specific applications may require a more detailed review of the
relevant Licensee Event Report (LER) and Nuclear Plant Reliability Data System (NPRDS) or Equipment
Performance Information and Exchange System (EPIX) data cited in this report. This review is needed to
determine if generic experiences described in this report and specific aspects of the circuit breaker CCF
events documented in the LER and NPRDS failure records are applicable to the design and operational
features at a specific plant or site. Factors such as system design, specific circuit breaker components
installed in the system, and test and maintenance practices would need to be considered in light of specific
information provided in the LER and NPRDS failure records. Other documents such as logs, reports, and
inspection reports that contain information about plant-specific experience (e.g., maintenance, operation,
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or surveillance testing) should be reviewed during plant inspections to supplement the information
contained in this report.

Additional insights may be gained about plant-specific performance by examining the specific
events in light of overall industry performance. In addition, a review of recent LERs and plant-specific
component failure information in NPRDS or EPIX may yield indications of whether performance has
undergone any significant change since the last year of this report. NPRDS archival data (through 1996)
and EPIX failure data are proprietary information that can be obtained from the EPIX database through
the Institute of Nuclear Power Operations (INPO). NRC staff and contractors can access that information
through the EPIX database.

Common-cause failures used in this study were obtained from the common-cause failure database
maintained for the NRC by the INEEL. NRC staff and contractors can access the plant-specific CCF
information through the CCF database that is available on CD-ROM and has been provided to the NRC
Regions and NRC Office of Nuclear Reactor Regulation (NRR). To obtain access to the NRC CCF
Database, contact Dale Rasmuson [dmr@nrc.gov; (301) 415-7571] at the NRC or S. Ted Wood at the
INEEL [stw@inel.gov; (208) 526-8729].

Periodic updates to the information in this report will be performed, as additional data become
available. In the future, these insights will be available on the RES internal web page.

Scott F. Newberry, Director
Division of Risk Analysis & Applications
Office of Nuclear Regulatory Research
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GLOSSARY

Application—A particular set of CCF events selected from the common-cause failure
database for use in a specific study. '

Average Impact Vector—An average over the impact vectors for different hypotheses
regarding the number of components failed in an event.

Basic Event—An event in a reliability logic model that represents the state in which a
component or group of components is unavailable and does not require further development in
terms of contributing causes.

Common-cause Event—A dependent failure in which two or moré component fault states
exist simultaneously, or within a short time interval, and are a direct result of a shared cause.

Common-cause Basic Event—In system modeling, a basic event that represents the
unavailability of a specific set of components because of shared causes that are not explicitly
represented in the system logic model as other basic events.

Common-cause Component Group—A group of (usually similar [in mission,
manufacturer, maintenance, environment, etc.]) components that are considered to have a high
potential for failure due to the same cause or causes.

Common-cause Failure Model—The basis for quantifying the probability of common-
cause events. Examples include the beta factor, alpha factor, basic parameter, and the binomial
failure rate models.

Component—An element of plant hardware designed to provide a particular function.

Component Boundary—The component boundary encompasses the set of piece' parts that
are considered to form the component.

Component Degradation Value—The assessed probability (0.0 <p < 1.0) thata
functionally- or physically-degraded component would fail to complete the mission.

Component State—Component state defines the component status in regard to its intended
function. Two general categories of component states are defined, available, and unavailable.

Available—The component is available if it is capable of performing its function
according to a specified success criterion. (N.B., available is not the same as
availability.)

Unavailable—The component is unavailable if the component is unable to
perform its intended function according to a stated success criterion. Two subsets
of unavailable states are failure and functionally unavailable.

Coupling Factor/Mechanism—A set of causes and factors characterizing why and how a
failure is systematically induced in several components.

Date—The date of the failure event, or date the failure was discovered.
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Defense—Any operational, maintenance, and design measures taken to diminish the
probability and/or consequences of common-cause failures.

Degree of Failure— The Degree of Failure category has three groups: Complete, Almost
Complete, and Partial. The degree of failure is a categorization of a CCF event by the magnitude
of three quantification parameters: component degradation value, shared cause factor, and timing
factor. These parameters can be given values from zero to 1.0. The degree of failure categories
are defined as follows:

Complete—A common-cause failure in which all redundant components are failed
simultaneously as a direct result of a shared cause; i.e., the component degradation
value equals 1.0 for all components, and both the timing factor and the shared
cause factor are equal to 1.0.

Almost Complete—A common-cause failure in which one of the parameters is not
equal to 1.0. Examples of events that would be termed Almost Complete are:
events in which most components are completely failed and one component is
degraded, or all components are completely failed but the time between failures is
greater than one inspection interval.

Partial—All other common-cause failures (i.e., more than one of the
quantification parameters is not equal to 1.0.)

Dependent Basic Events—Two or more basic events, A and B, are statistically dependent
if, and only if,

PlA~ B]= P[B1 AlP[A]= P[A| B]P[B] = P[A)P[B].
where P[X] denotes the probability of event X.
Event—An event is the occurrence of a component state or a group of component states.

Exposed Population—The set of components within the plant that are potentially affected
by the common-cause failure event under consideration.

Failure—The component is not capable of performing its specified operation according to
a success criterion. '

Failure Mechanism—The history describing the events and influences leading to a given
failure.
Failure Mode—A description of component failure in terms of the component function

that was actually or potentially unavailable.

Failure Mode Applicability—The analyst’s probability that the specified component
failure mode for a given event is appropriate to the particular application.

Functionally Unavailable—The component is capable of operation, but the function
normally provided by the component is unavailable due to lack of proper input, lack of support
function from a source outside the component (i.e., motive power, actuation signal), maintenance,
testing, the improper interference of a person, etc.
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Impact Vector—An assessment of the impact an event would have on a common-cause
component group. The impact is usually measured as the number of failed components out of a set
of similar components in the common-cause component group.

Independent Basic Events—Two basic events, A and B, are statistically independent if,
and only if,

PlAnB)=P[a]P(B],
where P[X] denotes the probability of event X.

Mapping—The impact vector of an event must be “mapped up” or “mapped down” when
the exposed population of the target plant is higher or lower than that of the original plant that
experienced the common-cause failure. The result of mapping an impact vector is an adjusted
impact vector applicable to the target plant.

Mapping Up Factor—A factor used to adjust the impact vector of an event when the
exposed population of the target plan is higher than that of the original plant that experienced the
common-cause failure.

P-Value—A p-value is a probability, that indicates a measure of statistical significance.
The smaller the p-value, the greater the significance. A p-value of less than 0.05 is generally
considered statistically significant.

Potentially Unavailable—The component is capable of performing its function according
to a success criterion, but an incipient or degraded condition exists. (N.B., potentially unavailable
is not synonymous with hypothetical.)

Degraded—The component is in such a state that it exhibits reduced performance
but insufficient degradation to declare the component unavailable according to the
specified success criterion.

Incipient—The component is in a condition that, if left un-remedied, could
ultimately lead to a degraded or unavailable state.

Proximate Cause—A characterization of the condition that is readily identified as leading
to failure of the component. It might alternatively be characterized as a symptom.

Reliability Logic Model—A logical representation of the combinations of component
states that could lead to system failure. A fault tree is an example of a system logic model.

Root Cause—The most basic reason for a component failure, which, if corrected, could
prevent recurrence. The identified root cause may vary depending on the particular defensive
strategy adopted against the failure mechanism.

Shared-Cause Factor (c)—A number that reflects the analyst’s uncertainty (0.0 <c <1.0)
about the existence of coupling among the failures of two or more components, i.e., whether a
shared cause of failure can be clearly identified.
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Shock—A shock is an event that occurs at a random point in time and acts on the system;
1.e., all the components in the system simultaneously. There are two kinds of shocks distinguished
by the potential impact of the shock event, i.e., lethal and nonlethal.

Statistically Significant—The term “statistically significant” means that the data are too
closely correlated to be attributed to chances and consequently have a systematic relationship.

System—The entity that encompasses an interacting collection of components to provide a
particular function or functions.

Timing Factor (q) —The probability (0.0 < q < 1.0) that two or more component failures
(or degraded states) separated in time represent a common-cause failure. This can be viewed as an
indication of the strength-of-coupling in synchronizing failure times.
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Common-Cause Failure Event Insights for Circuit
Breakers

1. INTRODUCTION

This report presents insights about the common-cause events that have occurred in circuit
breakers at operating nuclear power plants.

The insights for the U.S. plants are derived from information captured in the common-cause
failure (CCF) database maintained for the Nuclear Regulatory Commission (NRC) by the Idaho National
Engineering and Environmental Laboratory (INEEL). The database contains CCF-related events that
have occurred in U.S. commercial nuclear power plants reported in licensee event reports (LERs) and
reports to the Nuclear Plant Reliability Data System (NPRDS) and the Equipment Performance
Information Exchange (EPIX) system maintained by the Institute for Nuclear Power Operations (INPO)

The information presented in this report is intended to help focus NRC inspections on the more
risk-important aspects of circuit breaker CCF events. Utilities can also use the information to help focus
maintenance and test programs such that circuit breaker CCF events are minimized.

1.1 Background

The following four criteria must be met for an event to be classified as resulting from a common-
cause:

¢ Two or more individual components must fail or be degraded, including failures during
demand, inservice testing, or from deficiencies that would have resulted in a failure if a
demand signal had been received;

e Two or more individual components must fail or be degraded in a select period of time such
that the probabilistic risk assessment (PRA) mission would not be certain;

e The component failures or degradations must result from a single shared cause and coupling
mechanism; and

¢ The component failures are not due to the failure of equipment outside the established
component boundary.

To help resolve NRC Generic Issue 145, Actions to Reduce Common-Cause Failures, and to
address deficiencies related to the availability and analysis of CCF data, the NRC and the INEEL
developed a CCF database that codifies information on CCF-related events that have occurred in U.S.
commercial nuclear power plants from 1980 to date. The data is derived from both licensee event reports
(LERs) submitted to the NRC and equipment performance reports submitted to the INPO.

Accompanying the development of the CCF database was the development of CCF analysis software for
investigating the CCF aspect of system reliability analyses and related risk-informed applications.

The quantitative results of this CCF data collection effort are described in the four volumes of
NUREG/CR-6268, Common-Cause Failure Database and Analysis System.>** Some quantitative
insights about the data for use in PRA studies were also published in NUREG/CR-5497,° Common-Cause
Failure Parameter Estimations. Copies of the CCF database together with supporting technical



documentation and the analysis software are available on CD-ROM from the NRC to aid in system
reliability analyses and risk-informed applications.

The CCF event data collected, classified, and compiled in the CCF database provide a unique
opportunity to go beyond just estimation of CCF frequencies but to also gain more engineering insights
into how and why CCF events occur. The data classification employed in the database was designed with
this broader objective in mind. The data captured includes plant type, system component, piece parts,
failure causes, mechanisms of propagation of failure to multiple components, their functional and
physical failure modes. Other important characteristics such as defenses that could have prevented the
failures are also included.

Section 1.2 of Volume 3 of NUREG/CR-6268 (Reference 4) proposes methods for classifying
common-cause failures using the concepts of causes, coupling factors, and defensive mechanisms. The
methods suggest a causal picture of failure with an identification of a root cause, a means by which the
cause is more likely to impact a number of components simultaneously (the coupling), and the failure of
the defenses against such multiple failures. Utilizing these methods, the CCF data associated with circuit
breakers were analyzed to provide a better understanding of circuit breaker CCFs. This report presents
the results of this effort.

The data analyzed are derived from the CCF database. The coding and quality assurance (QA)
process for entering data into the database is as follows: Each event is coded from an LER or an NPRDS
or EPIX report by analysts at the INEEL. Each analyst has access to coding guidelines (NUREG/CR-
6268), which provides specific direction to the analyst about what the required information means and
how to enter the information into the database. Each analyst is knowledgeable about PRA and plant
systems and operations. Each event is initially coded by one analyst and reviewed by another analyst
with a comparable background. Any disagreement is resolved before coding of the event is considered
completed. An additional review of the events is done by another person familiar with PRA and CCF
concepts. An independent outside expert in CCF and PRA then reviews the coding. Any differences are
resolved and the final coding changes made in the database. The data collection, analysis, independent
review, and quality assurance process are described in more detail in NUREG/CR-6268, Volumes 1 and 3
(References 2 and 4).

1.2 Common-Cause Failure Event Concepts

CCFs can be thought of as resulting from the coexistence of two main factors: one that provides a
susceptibility for components to fail or become unavailable due to a particular cause of failure and a
coupling factor (or coupling mechanism) that creates the condition for multiple components to be affected
by the same cause.

An example is a case where two relief valves fail-to-open at the required pressure due to set
points being set too high. Because of personnel error (the proximate cause), each of the two valves fails
due to an incorrect setpoint. What makes the two valves fail together, however, is a common calibration
procedure and common maintenance personnel. These commonalties are the coupling factors of the
failure event in this case.

Characterization of CCF events in terms of these key elements provides an effective means of
performing engineering assessments of the CCF phenomenon including approaches to identification of
plant vulnerabilities to CCFs and evaluation of the need for, and effectiveness of, defenses against them.
It is equally effective in evaluation and classification of operational data and quantitative analysis of CCF
frequencies.



It is evident that each component fails because of its susceptibility to the conditions created by the
root cause, and the role of the coupling factor is to make those conditions common to several components.
In analyzing failure events, the description of a failure in terms of the most obvious "cause” is often too
simplistic. The sequence of events that constitute a particular failure mechanism is not necessarily
simple. Many different paths by which this ultimate reason for failure could be reached exist. This chain
can be characterized by two useful concepts— proximate cause and root cause.

The proximate cause of a failure event is the condition that is readily identifiable as leading to the
failure. The proximate cause can be regarded as a symptom of the failure cause, and it does not in itself
necessarily provide a full understanding of what led to that condition. As such, it may not be the most
useful characterization of failure events for the purposes of identifying appropriate corrective actions.
The proximate cause classification consists of six major categories:

¢ Design, construction, installation, and manufacture inadequacy causes,

¢ Operational and human-related causes (e.g. procedural errors, maintenance errors),

¢ Internal to the component, including hardware-related causes and internal environmental causes,
¢ External environmental causes,

o State of other component, and

o Other causes.

The causal chain can be long and, without applying a criterion identifying an event in the chain as
a “root cause,” is often arbitrary. Identifying root causes in relation to the implementation of defenses is a
useful alternative. The root cause is therefore the most basic reason or reasons for the component failure,
which if corrected, would prevent recurrence. Volume 3 of NUREG/CR-6268 (Reference 4) contains
additional details on the cause categories and how CCF event causes are classified.

The coupling factor is a characteristic of a group of components or piece parts that identifies them
as susceptible to the same causal mechanisms of failure - it is a characteristic that links the components.
Such factors include similarity in design, location, environment, mission, and operational, maintenance,
and test procedures. Coupling factors are categorized into the following five groups for analysis

purposes:
e Hardware Quality,
e Hardware Design,
e Maintenance,
e Operations, and
e Environment.
Note that proximate causes of CCF events are no different from the proximate causes of single component

failures.

The proximate causes and the coupling factors may appear to overlap because the same name is
sometimes used as a proximate cause and as a coupling factor (e.g., design, maintenance). However, they
are different. For example, maintenance, as a proximate cause, refers to errors and mistakes made during
maintenance activities. As a coupling factor, maintenance refers to the similarity of maintenance among
the components (e.g., same maintenance personnel, same maintenance procedures).



The defense or defensive mechanism is any operational, maintenance, or design measure taken to
diminish the probability and/or consequences of a common-cause failure event. Three ways of defending
against a CCF event are the following: (1) defend against the failure proximate cause, (2) defend against
the coupling factor, or (3) defend against both the proximate cause and the coupling factor. As an
example, consider two redundant components in the same room as a steam line. A barrier that separates
the steam line from the components is an example of defending against the proximate cause. A barrier
that separates the two components is an example of defending against the coupling factor (same location).
Installing barriers around each component is an example of defending against both the cause and the
coupling factor.

Proximate causes of CCF events are no different from the proximate causes of single component
failures. This observation suggests that defending against single component failures can have an impact
on CCFs as well. Most corrective actions usually attempt to reduce the frequency of failures (single or
multiple). That is, very often the approach to defending against CCFs is to defend against the cause, not
the coupling. Given that a defensive strategy is established based on reducing the number of failures by
addressing proximate causes, it is reasonable to postulate that if fewer component failures occur, fewer
CCF events would occur.

Defenses against causes result in improving the reliability of each component but do not
necessarily reduce the fraction of failures that occur due to common-cause. They typically include design
control, use of qualified equipment, testing and preventive maintenance programs, procedure review,
personnel training, quality control, redundancy, diversity, and barriers. It is important to remember that
the susceptibility of a system of redundant components to dependent failures as opposed to independent
failures is determined by the presence of coupling factors.

The above cause-defense approach does not address the way that failures are coupled. Therefore,
CCF events can occur, but at a lower probability. If a defensive strategy is developed using protection
against a coupling factor as a basis, the relationship among the failures is eliminated. A search for
coupling factors is primarily a search for similarities among components. A search for defenses against
coupling, on the other hand, is primarily a search for dissimilarities among components, including
differences in the components themselves (diversity); differences in the way they are installed, operated,
and maintained; and in their environment and location.

During a CCF analysis, a defense based on a coupling factor is easier to assess because the
coupling mechanism among failures is more readily apparent and therefore easier to interrupt. The
following defenses are oriented toward eliminating or reducing the coupling among failures: diversity,
physical or functional barriers, and testing and maintenance policies. A defensive strategy based on
addressing both the proximate cause and coupling factor would be the most comprehensive.

A comprehensive review should include identification of the root causes, coupling factors, and
defenses in place against them. However, as discussed in NUREG/CR-5460,” A Cause-Defense
Approach to the Understanding and Analysis of Common-Cause Failures, given the rarity of common-
cause events, current weaknesses of event reporting and other practical limitations, approaching the
problem from the point of view of defenses is, perhaps, the most effective and practical. A good defense
can prevent a whole class of CCFs for many types of components, and in this way, the application of a
procedure based on this philosophy can provide a systematic approach to screening for potential CCF
mechanisms.



1.3 Report Structure

This report presents an overview of the circuit breaker CCF data and insights into the
characteristics of that data. This report is organized as follows: Section 2 presents a description of the
circuit breaker, a short description of the associated circuit breaker types, and a definition of the circuit
breaker failure modes. High-level insights of all the circuit breaker CCF data are presented in Section 3.
Section 4 summarizes the events by circuit breaker type. Section 5 discusses how to obtain more detailed
information for the circuit breaker CCF events. A glossary of terms used in this report is included in the
front matter. Appendix A contains three listings of the breaker CCF events sorted by proximate cause,
coupling factor, and discovery method. Appendix B contains a listing of the breaker CCF events sorted

by the breaker type.



2. CIRCUIT BREAKER COMPONENT DESCRIPTION

2.1 Introduction

The circuit breakers analyzed in this report are part of the Class 1E alternating current (ac) and
direct current (dc) electrical power distribution systems providing power to electrical buses that supply
various components necessary for accident mitigation and safe shutdown of the reactor.

2.2 Risk Significance

The Class 1E ac and dc electrical distribution circuit breakers are relied upon in every potential
accident scenario to provide power to vital safety equipment to preserve the functionality of every safety
function: reactivity control, reactor coolant system inventory control, decay heat removal, and
containment integrity. Because of their risk importance, great effort has gone into the design of the
electrical distribution systems to maximize their reliability and reduce susceptibility to common-cause
failures through diversity, redundancy, and physical separation.

The reactor trip breakers are the key safety element of the reactor protection systems employed in
US NPP units. The risk significance of the RTBs was illustrated by the 1983 events at Salem 1. On two
occasions in February 1983, both RTBs failed to open automatically due to mechanical binding of the
latch mechanism in the undervoltage trip attachment. The Accident Sequence Precursor Program
evaluated these events to have a conditional core damage probability of 4.6E-3.%

2.3 Circuit Breaker Type Descriptions and Boundaries

The breakers in the Class 1E ac and dc electrical distribution systems and the RPS are defined by
the application of the breaker to investigate possible differences between applications.

2.3.1 Medium Voltage (4160 Vac and 6.9 kVac) Circuit Breakers

The Medium Voltage circuit breakers considered here are feeder circuit breakers to smaller
electrical distribution centers (480 Vac motor control centers), circuit breakers between two 4160 volts-ac
(Vac) busses, and the feeder circuit breakers from off-site power. Circuit breakers, which supply power
to 4160 Vac and 6.9 kVac busses, as well as circuit breakers supplying loads from the 4160 Vac and 6.9
kVac busses, were also considered. Circuit breakers that supply individual components (e.g., safety
injection pumps) are not included in this study, but are included in the component studies as a part of the
individual component. Circuit breakers used to supply power from an emergency diesel generator to 2
4160-volt bus are specifically excluded and are considered under the separate study of emergency diesel
generators. Figure 2-1 shows a typical simplified ac power distribution system. The circuit breakers
considered in this study are shown in boxes.

The boundary for the Medium Voltage circuit breaker is the breaker itself and the equipment
contained in the breaker cubicle. Ac circuit breakers have overcurrent protection that is integral to the
breaker unit. External equipment used to provide additional protection by monitoring parameters such as
undervoltage, differential faults, ground faults, and other protection schemes as required for circuit
breaker/system protection or the specific safety application are also considered part of the circuit breaker.
In addition, remote circuitry used for circuit breaker operation is considered integral to the function of the
circuit breaker for failure analysis. It includes all sensing devices, cabling, and components necessary to
process the signals and provide control signals to the individual circuit breaker.



23.2 480 Vac Circuit Breakers

Included within the 480 Vac circuit breaker type are the circuit breakers located at the motor
control centers (MCC) and the associated power boards that supply power specifically to any 480-volt
equipment. The MCCs and the power boards are not included except for the load shedding and load
sequencing circuitry/devices, which are, in some cases, physically located within the MCCs. Load
shedding of the safety bus and subsequent load sequencing onto the bus of vital electrical loads is
considered integral to the 480 Vac circuit breakers function and is therefore considered within the bounds
of this study. All instrumentation, control logic, and the attendant process detectors for system initiations,
trips, and operational control are included. Batteries were included if failures impacted 480 Vac circuit
breakers functional operability. Figure 2-1 shows a typical 480 Vac circuit breaker arrangement.
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Circuit |

i V7T Circuit
Breaker | _ H

i 6.9 KV or4160 Volfs__(__ | Breaker

6.9 KV or 4160 Volt AC
Loads

480 Volt MCCs DC MCCs

Figure 2-1. Generic distribution system.
2.3.3 Dc Distribution Circuit Breakers

Most dc loads are supplied from 125 volt-dc (Vdc) panels through individual distribution circuit
breakers, though some plants may have 250 Vdc distribution systems to support dc-powered motor-
operated valves or other relatively large dc-powered loads. Maultiple trains or divisions are available to
ensure dc power is supplied to redundant components. These dc distribution divisions typically number
from as few as two to as many as eight depending on the design of the plant. The dc power is normally
distributed to the loads from a battery charger in parallel with a battery. The battery charger is usually
powered from a Class 1E 480 Vac bus, supplied from off-site power or the emergency diesel generators.
In the event power is not available from the normal source, dedicated station batteries supply dc power to
the distribution system. A simplified schematic for a typical train or division of dc-power distribution is
presented in Figure 2-2.



The dc distribution circuit breakers are normally in the closed position regardless of whether the
plant is at power or shutdown. Most of the dc distribution circuit breakers are manipulated locally with
only instrumentation available to the control room operator.

The dc circuit breakers have overcurrent protection that is a built-in part of a circuit breaker unit.
Most circuit breakers, especially for safety-related equipment applications, provide additional protection
by monitoring parameters such as undervoltage, ground faults, and other protection schemes as required
for circuit breaker/system protection or the specific safety application. This additiona! application
hardware is generally located external to the circuit breaker and merely utilizes the remote operating
features of the circuit breaker. This hardware, as well as the remote operating hardware, is considered
integral to the function of the circuit breaker and part of the breaker for failure analysis. It includes all
sensing devices, cabling, and components necessary to process the signals and provide control signals to
the individual circuit breaker. '

480 VAC 480 VAC
Supply Supply
) } o
Battery Battery -
Charger Charger —
' i 125 VDC

125 VDC Bus
Distribution
125 VDCMCC

Figure 2-2. Dc power distribution configuration.
2.3.4 Reactor Protection System Trip Breakers

The reactor trip breakers (RTBs) are part of the pressurized water reactor (PWR) reactor
protection system (RPS), and supply power to the control rod drive mechanisms. Both ac and dc circuit -
breakers are used for the RTBs depending on the RPS design. On a reactor trip signal, the circuit
breakers will open, removing power from the control rod drive mechanisms. The control rods will then
unlatch and drop into the reactor core due to gravity. Figure 2-3 shows typical RTB arrangements.



The RTB component is defined as the circuit breaker itself, as well the hardware and controls for
the individual breakers that enable them to close and remain closed. The rod drive power supphes and
RPS system components are not considered part of the RTB.
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Figure 2-3. Reactor trip breaker configurations.
2.4 Failure Modes

Successful circuit breaker system response to a demand requires that the circuit breakers provide
electrical power to the required safety-related loads for the duration of the mission time. The failure
modes used in evaluating the circuit breaker data were:

Fail-to-Close (FTC)  The breaker did not close during testing or upon demand, or would not have been
able to close if a close signal had been generated.
Fail-to-Open (FTO)  The breaker did not open during testing or upon demand, or would not have been

able to open if an open signal had been generated.
Administrative inoperability events, such as seismic qualification violations, were not considered

failures because they were conditional upon the circumstances that would have existed at the time a
circuit breaker demand. The exception to this evaluation rule is if a licensee reported that the circuit
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breaker would have failed to perform its safety function in a design basis event. Failure to meet required
Technical Specification configurations also was not considered a failure unless the improper
configuration would have prevented the circuit breaker from operating properly on a safety demand.

11



3. HIGH LEVEL OVERVIEW OF CIRCUIT BREAKER INSIGHTS

3.1 Introduction

This section provides an overview of CCF data for the circuit breaker component that has been
collected from the NRC CCF database. The set of circuit breaker CCF events is based on industry data
from 1980 to 2000. The circuit breaker CCF data contains attributes about events that are of interest in
the understanding of: degree of completeness, trends, causal factors, linking or coupling factors, event
detection methods, and circuit breaker type.

Not all circuit breaker CCF events included in this study resulted in observed failures of multiple
circuit breakers. Many of the events included in the database, in fact, describe degraded states of the
circuit breakers where, given the conditions described, the circuit breakers may or may not perform as
required. The CCF guidance documents (References 3 and 4) allow the use of three different
quantification parameters (component degradation value, shared cause factor, and timing factor) to
measure degree of failure for CCF events. Based on the values of these three parameters, a Degree of
Failure was assigned to each circuit breaker CCF event.

The Degree of Failure category has three groups—Complete, Almost Complete, and Partial.
Complete CCF events are CCF events in which each component within the common-cause failure
component group (CCCG) fails completely due to the same cause and within a short time interval (i.e., all
quantification parameters equal 1.0). Complete events are important because they show evidence of
observed CCFs of all components in a common-cause group. Complete events also dominate the
parameter estimates obtained from the CCF database. All other events are termed partial CCF events
(i.e., at least one quantification parameter is not equal to 1.0). A subclass of partial CCF events are those
that are Almost Complete CCF events. Examples of events that would be termed Almost Complete are:
events in which most components are completely failed and one component is degraded, or all
components are completely failed but the time between failures is greater than one inspection interval
(i.e., all but one of the quantification parameters equal 1.0).

Table 3-1 summarizes, by failure mode and degree of failure, the circuit breaker CCF events
contained in this study. The majority of the circuit breaker CCF events were fail-to-close (55 percent).
The Complete degree of failure makes up a small fraction (3 percent) of the circuit breaker CCF events.
The small fraction of Complete and Almost Complete events is mainly due to the large populations of
circuit breakers in plants and the large number of minor events such as slow closing times, trip voltage
out-of-specification, etc.

Table 3-1. Summary statistics of éimuit breaker data.

Failure Mode Degree of Failure Total
Partial Almost Complete
Complete
Fail-to-Open (FTO) 48 ' 2 4 54
Fail-to-Close (FTC) 65 65
Total 113 2 4 119
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3.2 CCF Trends Overview

Figure 3-1 shows the yearly occurrence rate, the fitted trend, and its 90 percent uncertainty
bounds for all circuit breaker CCF events over the time span of this study. The decreasing trend is
statistically significant* with a p-value® of 0.0001. Based on the review of failure data for this study, the
improved maintenance and operating procedures as well as the improved testing and inspection
requirements have facilitated the observed reduction of the occurrence of CCF events over the 21 years of
experience included in this study.
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Figure 3-1. Trend for all circuit breaker CCF events. The decreasing trend is statistically significant with
a p-value = 0.0001.

Figure 3-2 and Figure 3-3 show similar statistically significant decreasing trends for both the fail-
to-close and the fail-to-open failure modes for all circuit breaker CCF events, with p-values of 0.0099 and
0.0001, respectively. Figure 3-2 shows a significant increase after 1983 followed by a noticeable decease
in the number of total failures beginning in 1990. Figure 3-3 shows a large step increase in 1983,
followed by a rapid decrease from 1983 through 1987. The increase in circuit breaker unreliability was
noted in a study performed for the NRC's Nuclear Plant Aging Research Program (NPAR)’. The study
noted that this increase was due to utility response to IE Bulletins (IE 83-01 & IE 83-08) that were issued
subsequent to the RTB failures at Salem Unit 1 in February 1983. In addition to more frequent and
detailed inspections, the IE Bulletins required independent testing of the operation of the undervoltage

a. The term “statistically significant” means that the data are too closely correlated to be attributed to chances and
consequently have a systematic relationship. A p-value of less than 0.05 is generally considered to be statistically significant.

b. A p-value is a probability, with a value between zero and one, which is a measure of statistical significance. The smaller

the p-value, the greater the significance. A p-value of less than 0.05 is generally considered statistically significant. A p-value of
less than 0.0001 is reported as 0.0001.
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trip device, leading to the discovery of multiple undervoltage trip device failures, some of which had
occurred well before the time of detection. The 1987 study utilized data through March 1985 and
therefore did not extend to the time when the failure rates began to decrease.

The NRC originally required licensees to qualify all safety-related electrical equipment in
accordance with the 1974 Edition of IEEE Standard 323 (Reference 10). However, concerns with the
industry methods developed to qualify equipment in accordance with the standard were not resolved to
the satisfaction of the NRC. This issue was originally identified in 1978 and later was determined to be
an unresolved safety issue (USI). The Code of Federal Regulations (CFR) was amended in January of
1983, requiring implementation of the rules contained in 10 CFR 50.49, Environmental Qualification of
Electric Equipment Important to Safety for Nuclear Power Plants. This rule required licensees to
determine performance requirements for electrical equipment under design-basis accident conditions
considering both environmental conditions and the affects of aging, and to implement a qualification
program to assure that the specified performance can be attained. Requirements included evaluation of
the aging effects on component piece parts due to normal environmental conditions, determination of the
end-of-installed life, and corresponding preventative maintenance program provisions to assure part
replacement prior to the end-of-installed life. While the final rule required implementation of the 10 CFR
50.49 requirements by May 1983, inspections revealed significant instances of non-compliance into the

late 1980s.
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Figure 3-2. Trend for all circuit breaker CCF events for the fail-to-close failure mode. The decreasing
trend is statistically significant with a p-value = 0.0099.
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Figure 3-3. Trend for all circuit breaker CCF events for the fail-to-open failure mode. The decreasing
trend is statistically significant with a p-value = 0.0001. P-value is 0.6746 for 1987-2000 data.

3.3 CCF Circuit Breaker Type Overview

The circuit breaker CCF data were reviewed to determine the affected circuit breaker type and the
affected piece part in that circuit breaker type. This was done to provide insights into what are the most
vulnerable areas of the circuit breaker component with respect to common-cause failure events. Section
2.3 describes these circuit breaker types.

Figure 3-4 shows the distribution of the CCF events by circuit breaker type. The highest number
of events occurred in the RPS trip breaker type (50 events or 42 percent). The Complete RTB events are
fail-to-open, and all occurred in 1983 at two NPP units. The Medium Voltage (34 events, 29 percent) and
480 Vac circuit breakers (31 events, 26 percent) are also significant contributors. Together, these three
circuit breaker types comprise over 97 percent of the circuit breaker CCF events studied. Section 4 of this
report provides an in-depth analysis of the CCF events assigned to these circuit breaker types.
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Figure 3-4. Circuit breaker type distribution for all circuit breaker CCF events.
3.4 CCF Proximate Cause

It is evident that each component fails because of its susceptibility to the conditions created by the
root cause, and the role of the coupling factor is to make those conditions common to several components.
In analyzing failure events, the description of a failure in terms of the most obvious "cause" is often too
simplistic. The sequence of events that constitute a particular failure mechanism is not necessarily
simple. Many different paths by which this ultimate reason for failure could be reached exist. This chain
can be characterized by two useful concepts— proximate cause and root cause.

A proximate cause of a failure event is the condition that is readily identifiable as leading to the
failure. The proximate cause can be regarded as a symptom of the failure cause, and it does not in itself
necessarily provide 2 full understanding of what led to that condition. As such, it may not be the most
useful characterization of failure events for the purposes of identifying appropriate corrective actions.

The proximate cause classification consists of six major groups or classes:

e Design/Construction/Installation/Manufacture Inadequacy

« Operational/Human Error | ’

e Internal to the component, including hardware-related causes and internal environmental causes
¢ External environmental causes

e Other causes

¢ Unknown causes.

The causal chain can be long and, without applying a criterion, identifying an event in the chain
as a “root cause” is often arbitrary. Identifying root causes in relation to the implementation of defenses
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is a useful alternative. The root cause is therefore the most basic reason or reasons for the component
failure, which if corrected, would prevent recurrence. (See Table 4-2 in Section 4.1 for a display of the
major proximate cause categories and a short description.) Reference 4 contains additional details on the
proximate cause categories and how CCF event proximate causes are classified.

Figure 3-5 shows the distribution of CCF events by proximate cause. The leading proximate
cause was Internal to Component and accounted for about 61 percent of the total events. Design/
Construction/Installation/Manufacture Inadequacy faults accounted for 18 percent of the total. Human
error accounted for 13 percent of the total events. To a lesser degree, External Environment and the Other
proximate cause categories were assigned to the circuit breaker component.

) Amost Complete
W Partial

Ext Ent
Other [l
Unknown

Figure 3-5. Proximate cause distribution for all circuit breaker CCF events.

Table A-1 in Appendix A presents the entire circuit breaker data set, sorted by the proximate
cause. This table can be referred to when reading the following discussions to see individual events
described.

The Internal to Component proximate cause category is the most important for the circuit
breakers and encompasses the malfunctioning of hardware internal to the component. Internal to
Component causes result from phenomena such as normal wear or other intrinsic failure mechanisms.
Specific mechanisms include corrosion of internal parts, lack of lubrication or lubricant hardening,
internal contamination (dust/dirt), fatigue, wear-out, and end of life. Internal to Component errors
resulted in 73 events.

Although the majority of circuit breaker CCF events were determined to have Internal to
Component as the proximate cause, there were only two Complete failures in this category. Most failure
mechanisms in this group are gradual in nature; therefore, complete failure of all circuit breakers in a
group should not occur frequently. In addition, the lack of a large number of Complete events may be
due to the method of discovery. The majority of events in this cause group were detected by Testing.
Effective testing programs should discover gradual degradation of the breakers prior to failure of all the
circuit breakers in the group.
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The most common types of events in this category involved wear, dirt, and inadequate lubrication
inside the circuit breaker. This finding is supported by a study performed for the NRC's NPAR.'® The
study identified dust, dirt, and deterioration of lubrication of the trip mechanism as significant causes of
some circuit breaker failures. The lubricant evaporates in the bearing of the trip mechanism, leaving the
soap base behind. The force required to operate the trip mechanism increases to the point where the trip
coil cannot cause the trip latch to operate.

The Design/Construction/Installation/Manufacture Inadequacy proximate cause group is the
second most likely for circuit breakers and encompasses events related to the design, construction,
installation, and manufacture of components, both before and after the plant is operational. Included in
this category are events resulting from errors in equipment and system specifications, material
specifications, and calculations. Events related to maintenance activities are not included.

Design/Construction/Installation/Manufacture Inadequacy errors resulted in 22 events. There was
one Complete circuit breaker CCF event in this proximate cause group. The coupling factors affecting
most of the events are Quality and Design, accounting for 86 percent of the events.

Compared to the overall distribution of circuit breaker types, the Medium Voltage circuit breakers
have a higher contribution under the Design/Construction/Installation/Manufacture Inadequacy proximate
canse and the 480 Vac circuit breakers and RTBs have lower contributions.

The Operational/Human Error proximate cause group is the next most likely for the circuit
breaker and represents causes related to errors of omission or commission on the part of plant staff or
contractor staff. Included in this category are accidental actions, failures to follow the correct procedures
or following inadequate procedures for construction, modification, operation, maintenance, calibration,
and testing. This proximate cause group also includes deficient training.

Operational/Human Error resulted in 15 circuit breaker CCF events. There was one Complete
circuit breaker CCF event with Operational/Human Error as the proximate cause. These
Operational/Human Errors include disabling all circuit breakers, not restoring circuit breakers to the
correct position following tagouts, and procedure inadequacies that result in incorrect circuit breaker
actuation. Inadequate maintenance procedures, inattention to work practices, and operator error were the
most common coupling factors cited in the event narratives. Many of these events involved the
observation of an incorrect system alignment (circuit breakers left open is one common observation). The
Operational/Human Error proximate cause group appears randomly throughout the time frame of this
study. ,

The External Environment proximate cause category represents causes related to a harsh
environment that is not within the component design specifications. Specific mechanisms include
chemical reactions, electromagnetic interference, fire or smoke, impact loads, moisture (sprays, floods,
etc.), radiation, abnormally high or low temperature, vibration load, and acts of nature (high wind, snow,
etc.). This proximate cause had one event assigned to it.

The Other proximate cause group is comprised of events that include setpoint drift and the state
of other components as the basic causes. Eight events were attributed to this category. However, none of
the circuit breaker CCF events in this cause group were Complete. All of the events were attributed to
setpoint drift, which tends to be a minor failure mode. Half of these events were in the RTBs and
involved failure of the undervoltage trip mechanism to trip the breakers within the required time or
voltage tolerances. -
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3.5 CCF Coupling Factor

Closely connected to the proximate cause is the concept of coupling factor. A coupling factor is
a characteristic of a component group or piece parts that links them together so that they are more
susceptible to the same causal mechanisms of failure. Such factors include similarity in design, location,
environment, mission, and operational, maintenance, design, manufacturer, and test procedures. These
factors have also been referred to as examples of coupling mechanisms, but because they really identify a
potential for common susceptibility, it is preferable to think of these factors as characteristics of a
common-cause component group. Reference 4 contains additional detail about the coupling factors.
Figure 3-6 shows the coupling factor distribution for the events.

The coupling factor classification consists of five major classes:

o Hardware Quality based coupling factors,

e Design-based coupling factors,

» Maintenance coupling factors,

* Operational coupling factors, and

¢ Environmental coupling factors.
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Figure 3-6. Coupling factor distribution for all circuit breaker CCF events.

Table A-2 in Appendix A presents the entire circuit breaker data set, sorted by the coupling
factor. This table can be referred to when reading the following discussions to see individual events
described.
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The Maintenance coupling factor indicates that the maintenance frequency, procedures, or
personnel provided the linkage among the events. The single largest coupling factor is Maintenance and
it is strongly associated with the Internal to Component proximate cause. The Maintenance coupling
factor indicates that the frequency of maintenance, the maintenance procedures, or the maintenance staff
coupled the circuit breaker CCF events. The actual link for most of these events was maintenance and
test schedules, indicating that more frequent maintenance could have prevented the CCF mechanism.
Only one event coupled by Maintenance actually resulted in a Complete CCF event; most were detected
as incipient failures. An example of this is a RTB failing its trip time requirements. The circuit breakers
have historically been noted to be lacking in lubrication and worn.

The Design coupling factor is most prevalent in the Design/Construction/Installation/
Manufacture Inadequacy and Internal to Component proximate cause categories. This means that the
design was inadequate and was the link between the events. The link for most of these events was that
the breakers shared the same design and internal parts. Examples of this include loose operating springs,
interference between piece-parts, cracked and bent piece-parts, and part location.

Quality based coupling factors are factors that propagate a failure mechanism among several
components due to manufacturing and installation faults. The Quality coupling factor indicates that either
the quality of the construction or installation or the quality of the manufacturing provided the linkage.
The Quality coupling factor is also prevalent in the Design/Construction/Installation/Manufacture
Inadequacy proximate cause category. Examples of this include defective undervoltage coils installed at
the manufacturer, incorrect relay type for the application, and an incorrect lug size on the trip coil pigtail.
The two Complete events in this group were due to incorrect relay installation in the circuit breaker trip
circuit and mechanical binding of the latch mechanism.

The Environment based coupling factors are the coupling factors that propagate a failure
mechanism via identical external or internal environmental characteristics. Two minor events occurred in

this category.

The Operational based coupling factors indicate that operational procedures or staff provided the
linkage among events. For example, two 4160-vac circuit breakers were racked-out because of operator
error. No Operational based coupling factors were noted for the circuit breaker CCF events.

3.6 CCF Discovery Method Overview

An important facet of these CCF events is the way in which the failures were discovered. Each
CCF event was reviewed and categorized into one of four discovery categories: Test, Maintenance,
Demand, or Inspection. These categories are defined as:

Test The equipment failure was discovered either during the performance of a
’ scheduled test or because of such a test. These tests are typically periodic
surveillance tests, but may be any of the other tests performed at nuclear
power plants, e.g., post-maintenance tests and special systems tests.

Maintenance  The equipment failure was discovered during maintenance activities. This
typically occurs during preventative maintenance activities.

Demand The equipment failure was discovered during an actual demand for the

equipment. The demand can be in response to an automatic actuation of a
safety system or during normal system operation.
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Inspection The equipment failure was discovered by personnel, typically during system
tours or by operator observations.

Figure 3-7 shows the distribution of how the events were discovered or detected. Testing
accounts for 71 events, (60 percent), Demand for 25 events (21 percent), Maintenance for 11 events (9
percent), and Inspection for 12 events (10 percent). The importance of Testing indicates the success of
testing in detecting common-cause failures. Testing is designed to detect faults before they occur. The
testing program has shown that it is successful in accomplishing this goal.

Table A-3 in Appendix A presents the entire circuit breaker data set, sorted by the discovery
method. This table can be referred to when reading the following discussions to see individual events
described.

Figure 3-7. Discovery method distribution for all circuit breaker CCF events.

3.7 Other Circuit Breaker CCF Observations

Figure 3-8 shows the distribution of breaker CCF events among the NPP units. The data are
based on 109 NPP units represented in the insights CCF studies. The largest contribution (76 percent)
consists of NPP units with either zero or one CCF event. This may indicate that the majority of the NPP
units have maintenance and testing programs to identify possible circuit breaker CCF events and work
towards preventing either the first event or any repeat events. Seventy-four percent of the total circuit
breaker CCF events occurred at 51 of the NPP units.
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Figure 3-8. Distribution of NPP units experiencing a multiplicity of CCFs for all circuit breaker CCF
events.

Figure 3-9 shows the distribution of the failed piece-parts for all breaker types. The mechanical
assembly had 31 events (26 percent). The mechanical assembly was identified for all breaker types.
Most of these events were coupled by inadequate maintenance. The UV trip assembly had 28 events (24
percent). The UV trip assembly was identified mostly for the RPS trip breakers. Table A-4 in Appendix
A presents the entire circuit breaker data set, sorted by the piece-part. This table can be referred to when
reading the following discussions to see individual events described.
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Figure 3-9. Distribution of the failed piece-parts for all circuit breaker CCF events.
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4. ENGINEERING INSIGHTS BY CIRCUIT BREAKER TYPE

4.1 Introduction

This section presents an overview of the CCF data for the circuit breaker component that have
been collected from the NRC CCF database, grouped by the affected circuit breaker type. The circuit
breaker CCF data were reviewed to determine the affected circuit breaker type and the affected piece part
of the circuit breaker. This was done to provide insights into what are the most vulnerable areas of the
circuit breaker component with respect to common-cause failure events. For the descriptions of the
circuit breaker and the circuit breaker types, see Section 2.3.

Table 4-1 summarizes the CCF events by circuit breaker type. Each sub-section contains a
discussion of a circuit breaker type, which summarizes and displays selected attributes of that circuit
breaker type. A list of the circuit breaker CCF Complete events follows displaying the proximate cause,
failure mode, and a short description of the event. For a listing of all circuit breaker CCF events, see
Appendix A.

Table 4-1. Summary of circuit breaker types.

Circuit Breaker Type Sub-Section  Partial  Almost Complete Complete  Total  Percent

RPS Trip 42 46 1 3 50  42.0%
Medium Voltage 43 34 34 28.6%
480 Vac 44 30 1 31 261%
D Distribution 4.5 3 1 4 34%

Total 113 2 4 119 100.0%

The largest number of the circuit breaker CCF events affected the RPS trip circuit breaker type.
The Medium Voltage and 480 Vac circuit breaker types each contribute significantly to the circuit breaker
CCF events. These three circuit breaker types contribute over 96 percent of the circuit breaker CCF
events. These circuit breaker types are the most plentiful and most tested circuit breaker types in the CCF
collection.

In this study, the proximate causes of the circuit breaker CCF events in the NRC CCF database
have been grouped into higher-order proximate cause categories to facilitate the graphical depiction of
proximate causes. Table 4-2 contains a hierarchical mapping of the proximate causes of circuit breaker
CCEF events into the higher-order groups. Since the graph x-axis labels are restricted in length, the
proximate cause category names have been shortened and are shown in parenthesis in Table 4-2. Table

* 4-2 also describes each of these groups.
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Table 4-2. Proximate cause hierarchy.

PROXIMATE CAUSE

— Design/Const/Install /Manufacture (Design)

—Design Enor

e Manufacturing Emor

— | nstallationy/Construction Error
—=Dasign Modification Error

= Operational/Human Emror (Human)

~=Accidental Action

= Inadequate/incorrect Procedure
= Failure to Follow Procedure

= Inadquate Training

== |nadequate Maintenance

= Extemal Environment (Ext Env)

== Fire/Smoke

— Humidity/Moisture

— High/Low Temperature
— Electromagnetic Field
e Radiation
—DBio-organisms
=—Contamination/Dust/Dirt
b Acts of Nature

- Wind
- Flood

- Lightning
- Showllce

™= Intemal to Component (Component)

Design/Construction/Installation/Manufacture
Inadequacy. This category encompasses actions and
decisions taken during design, manufacture, or
installation of components both before and after the
plant is operational.

OperationallHuman Error (Plant Staff Error).
Represents causes related to errors of omission and
commission on the part of plant staff. Anexampleisa
failure to follow the correct procedure. This category
includes accidental actions, and failure to follow
procedures for construction, modification, operation,
maintenance, calibration, and testing. It also includes
ambiguity, incompleteness, or error in procedures for
operation and maintenance of equipment. This includes
inadequacy in construction, modification, administrative,
operational, maintenance, test, and calibration
procedures.

External Environment. Represents causes related to a
harsh external environment that is not within component
design specifications. Specific mechanisms include
electromagnetic interference, fire/ smoke, impact loads,
moisture (sprays, floods, etc.), radiation, abnormally
high or low temperature, and acts of nature.

Internal to Component. Is associated with the
malfunctioning of hardware internal to the component.
Internal causes result from phenomena such as normal
wear or other intrinsic failure mechanisms. It includes
the influence of the internal environment of a
component. Specific mechanisms include erosion/
corrosion, vibration, internal contamination, fatigue, and
wearout/ end of life.

Other. Represents other causes including the State of
Another Component; The component is functionally
unavailable because of failure of a supporting
component or system and Setpoint Drift; The component
is functional, but will not perform its function within
required range due to a degraded piece-part.

Unknown. This cause category is used when the cause
of the component state cannot be identified.
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4.2 RPS Trip Breakers

Fifty circuit breaker CCF events affected the RPS Trip type circuit breaker (see Table B-1 in
Appendix B, items 70-119). Figure 4-1 through Figure 4-3 show selected distributions graphically. Half
of the RTB CCF events (25) were due to problems with the undervoltage (UV) trip assemblies. Table 4-3
contains a summary of these events by proximate cause group and failure. Figure 4-1 shows that the most
likely proximate cause group was Internal to the Component.

Table 4-3. CCF events in RPS trip breaker type by caﬁsc group and degree of failure.

Proximate Cause Group Complete C‘:g:;:l)::e Partial Total Percent
ﬁ?g;l&;smmﬁonﬂnsmﬂaﬁonl Manufacture 7 2 14.0%
Internal to Component | 2 1 30 33 66.0%
Operational/Human ' 1 4 5 10.0%
External Environment 1 1 2.0%
Other 4 4 8.0%
Total 3 1 46 50 100.0%

Although the largest number of events was attributed to the RTBs, only three (6 percent) of these
were Complete events. One Complete event was caused by personnel leaving jumpers installed around
the undervoltage coils following manual reactor trip functional testing (in 1983, before the shunt trip was
installed), which disabled the automatic trip function. This event was attributed to inadequate test
procedures. Another Complete event was caused by failure of the circuit breakers to open due to binding
of the latch assembly (also in 1983), which was attributed to a component design error. The third was due
to binding caused by the unused overcurrent trip pads. All three Complete events occurred in 1983. Most
RTB CCF events were the result of problems with the undervoltage trip assemblies and Internal to
Component was the dominant proximate cause. . _

'Ihere was one RTB CCF event affecting the shunt trip device. Four of the eight RTB shunt trip
devices were disabled because they were not properly restored after surveillance. This event occurred in
1984. The last fail-to-open RTB CCF event occurred in 1990, and that event affected two of eight
undervoltage devices. :
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Figure 4-1. Distribution of proximate causes for the RPS trip breaker type.

The Internal to Component proximate cause group had 33 events (66 percent) of which two were
Complete and one was Almost Complete (see Table B-1 in Appendix B, items 78 —110). Affected piece
parts included the undervoltage trip assembly, the mechanical operating assembly, and the latch assembly.
The vast majority of these events were coupled by inadequate maintenance.

The Design/Construction/Installation/Manufacture Inadequacy proximate cause group had seven
events (14 percent) of which none were Complete (see Table B-1 in Appendix B, items 70 -76). Affected
piece parts included the undervoltage trip assembly, the mechanical operating assembly, and the latch
assembly. The majority of these events were coupled by the quality of the manufacture or installation.

The Operational/Human Error proximate cause group contained five events (10 percent) of which
one was Complete (see Table B-1 in Appendix B, items 111 —-115). Affected piece parts included shunt
trip, connectors, the undervoltage trip assembly, and springs. The majority of these events were coupled
by maintenance staff errors and inadequate maintenance/test procedures.

The External Environment proximate cause group contains one event (see Table B-1 in Appendix
B, item 77). This event affected the mechanical operating assembly.

The Other proximate cause group contains four events (8 percent), which were all were Partial
CCF events affecting the undervoltage trip assembly (see Table B-1 in Appendix B, items 116 -119).

_ Testing was the most likely method of discovery for instrumentation and control circuit breaker
events (38 out of the 50 events, 76 percent) as shown in Figure 4-2. The reactor trip breakers are
frequently tested. This tends to make testing the most likely method of discovery. Inspection,
Maintenance, and Demand make up the rest of the observed discovery methods. The most likely piece
part involved in a RTB CCF event was the undervoltage trip assemblies as shown in Figure 4-3.
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Table 4-4 lists the short descriptions by proximate cause for the Complete events, the events that
failed all the circuit breakers. The descriptions of all circuit breaker CCF events can be found in

Appendix B.
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Figure 4-2. Distribution of the method of discovery for the RPS trip breaker type.
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Figure 4-3. Distribution of the affected piece part for the RPS trip circuit breaker type.
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Table 4-4. RPS trip circuit breaker type event short descriptions for Complete events.

Proximate Cause  Failure

Group Mode Description

Internal to Failure- During a routine startup, both reactor trip breakers failed to open

Component to-Open automatically on receipt of a valid low-low steam generator level reactor
trip signal. The reactor was shutdown 25 seconds later using the manual
trip on the control console. Subsequent investigation revealed that the
breaker failures were caused by mechanical binding of the latch
mechanism in the undervoltage trip attachment. All breaker undervoltage
attachments were replaced with new devices and extensive maintenance
and testing was performed on the breakers.

Internal to Failure- The static force to trip the circuit breakers exceeded allowable tolerance

Component to-Open due to binding caused by the unused overcurrent trip pads. The breakers

tested satisfactorily after removal of the overcurrent trip pads.

Operational/ Human Failure- Following performance of the manual reactor trip functional test, it was

Error to-Open noted that the procedure called for jumpering out the UV trip coils with
the reactor trip breakers closed and the rods capable of withdrawal. This
was a procedural error that caused the removal of both trains of automatic
reactor trip logic. The procedure was revised to prevent recurrence of the
event.

4.3 Medium Voitage (4160 Vac and 6.9 kVac) Circuit Breakers

Thirty-four circuit breaker CCF events affected the Medium Voltage type of circuit breaker.
Figure 4-4 through Figure 4-6 show selected distributions graphically (see Table B-1 in Appendix B,
items 36—69). The primary discovery methods were Testing, Inspection, and Demands. A large number
of events involved problems with the mechanical operating assemblies and closing spring charging
motors.

The most likely proximate causes are Internal to Component and Design/Construction/
Installation/Manufacture Inadequacy as shown in Figure 4-4. Table 4-5 contains a summary of these
events by proximate cause group and degree of failure. None of the Medium Voltage breaker CCF events
were complete.
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Table 4-5. CCF events in Medium Voltage circuit breaker type by cause group and degree of failure.

Proximate Cause Group Complete Cglnl:!p(l):te Partial Total Percent
aﬁegglug:;su‘ucﬁonﬂpstallation/ Manufacture 2 12 3%
Internal to Component 15 15  44.1%
Operational/Human 5 5 14.7%
External Environment 0 0.0%
Other ' 2 2 O 59%
Total 0 0 34 34 100.0%
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Figure 4-4. Distribution of proximate causes for the Medium Voltage circuit breaker type.

The Internal to Component proximate cause group had 15 events (44 percent) (see Table B-1 in

Appendix B, items 48 — 62). Affected piece parts included the mechanical operating assembly, the

charging spring motor, the arc chute, auxiliary contactors, latch assemblies, limit switches, over-current
relays, stab connectors, and trip coils. Most of these events were coupled by inadequate maintenance and

design.

The Design/Construction/Installation/Manufacture Inadequacy proximate cause group had 12
~ events (35 percent) (see Table B-1 in Appendix B, items 36 —47). Affected piece parts included relays,
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limit switches, latch assemblies, the mechanical operating assembly, and the spring charging motor. Most
of these events were coupled by the common design of the components and internal parts or construction
and installation errors.

The Operational/Human Error proximate cause group contains five events (15 percent) (see Table
B-1 in Appendix B, items 63 — 67). Affected piece parts included the mechanical operating assembly,
latch assembly, and relays. Most of these events were coupled by inadequate maintenance and test
procedures or maintenance staff errors.

Testing was the most likely method of discovery for the Medium Voltage circuit breaker events
(14 out of the 34 events, 41 percent) as shown in Figure 4-5. The most likely piece parts involved in
these CCF events were the mechanical operating assemblies, charging motors, latch assemblies, relays
and limit switches as shown in Figure 4-6. The descriptions of all Medium Voltage circuit breaker CCF
events can be found in Appendix A.
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Figure 4-5. Distribution of the method of discovery for the Medium Voltage circuit breaker type.
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Figure 4-6. Distribution of the affected piece part for the Medium Voltage circuit breaker type.

4.4 480 Vac Circuit Breakers

Thirty-one circuit breaker CCF events affected the 480 Vac circuit breakers (sec Table B-1 in
Appendix B, items 1--31). Figure 4-7 through Figure 4-9 show selected distributions graphically. The
majority of circuit breaker CCF events involving the 480 Vac circuit breaker type were caused by faults
internal to the circuit breakers. Of the 31 events, only one was Complete. The coupling factor for almost
all of the events (27) was Maintenance. Table 4-6 contains a summmary of these events by proximate

cause group and degree of failure.

Table 4-6. CCF events in the 480 Vac circuit breaker type by cause group and degree of failure.

Proximate Cause Group Complete Cﬁln?;::e - Partial Total  Percent
Design/Construction/Installation/ Manufacture
Inadequacy 1 1 2 6.5%
Internal to Component 22 22 71.0%
Operational/Human | ' ' 5 5 16.1%
External Environment 7 0 0.0%
Other 2 2 6.5%
Total 1 0 30 31 100.0%
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Figure 4-7. Distribution of proximate causes for the 480 Vac circuit breaker type.

The Internal to Component proximate cause group had 22 events (71 percent) of which none were
Complete (see Table B-1 in Appendix B, items 3 — 24). Affected piece parts included the mechanical
operating assembly, relays, closing coils, latch assemblies, auxiliary contactors, and over-current relays.
Almost all of these events were coupled by inadequate maintenance and testing schedules.

The Operational/Human Error proxxmatc cause group contained five events (16 percent) of which
none were Complete (see Table B-1 in Appendlx B, items 25 - 29). Affected piece parts included the
mechanical operating assembly, the main contacts, and the over-current relay. These events were all
coupled by either inadequate maintenance, test procedures, or by maintenance staff errors.

The Design/Construction/Installation/Manufacture Inadequacy proximate cause group had two
events (6 percent) of which one was Complete (see Table B-1 in Appendix B, items 1 —2). Affected
piece parts included fuses, relays, stab connectors, and trip coils. Most of these events were coupled by
shared quality issues related to installation or construction.

The Other proximate cause group had two events, neither of which was complete (see Table B-1
in Appendix B, items 30 — 31). Both events involved out-of-tolerance over-current trip relays.

There were no events in the External Environment proximate cause group.

Testing was the most likely method of discovery for 480 Vac circuit breaker events (15 out of the
31 events, 48 percent) as shown in Figure 4-8. A rather large number of these events were discovered by
demands (39 percent) Inspection and Maintenance make up the next most likely discovery methods.
The most likely piece part involved in 480 Vac circuit breaker CCF events was the mechanical operating
assembly as shown in Figure 4-9.

~ Table 4-7 provides a short description of the only Complete event. The descriptions of all circuit
breaker CCF events can be found in Appendix B.
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Table 4-7. 480 Vac circuit breaker type event short description for the Complete event.

Proximate Cause  Failure

Group Mode Description
Design/ Failure- Four 600 Vac normal auxiliary power system circuit breakers failed to
Construction/ to-Open open from local manual trip switch. The failures were caused by a relay
Manufacture/ contact in breaker trip circuit that was normally open instead of normally
Installation closed, as shown on wiring diagram. The relays were rewired to correct
Inadequacy the problem.

4.5 Dec Distribution Circuit Breakers

Four circuit breaker CCF events affected the dc Distribution type circuit breakers (see Table B-1
in Appendix B, items 32 — 35). Due to the small number of events, graphical displays of events are not
meaningful. The proximate cause for three events is Internal to Component. Design/Construction/
Installation/Manufacture Inadequacy was the proximate cause for one event. No events were caused by
External Environment. Three events were coupled by Maintenance. The discovery method was Testing.
The affected piece parts were the over-current relays, control switches, and the mechanical operating
assembly.
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5. HOW TO OBTAIN MORE DETAILED INFORMATION

The circuit breaker CCF insights for the U.S. plants are derived from information contained in the
CCF Database maintained for the NRC by the INEEL. The database contains CCF-related events that
have occurred in U.S. commercial nuclear power plants reported in LERs, NPRDS failure records, and
EPIX failure records. The NPRDS and EPIX information is proprietary. Thus, the information presented
in the report has been presented in such a way to keep the information proprietary.

The subset of the CCF database presented in this volume is based on the circuit breaker
component data from 1980 through 2000. The information contained in the CCF Database consists of
coded fields and a descriptive narrative taken verbatim from LERs or NPRDS/EPIX failure records. The
database was searched on component type (CB2, CB4, CBS, and CB7) and failure mode. The failure
modes selected were fail-to-open and fail-to-close. The additional fields, (e.g., proximate cause, coupling
factor, shared cause factor, and component degradation values), along with the information contained in
the narrative, were used to glean the insights presented in this report. The detailed records and narratives
can be obtained from the CCF Database and from respective LERs and NPRDS/EPIX failure records.

The CCF Database was designed so that information can be easily obtained by defining searches.
Searches can be made on any coded fields. That is, plant, date, component type, system, proximate cause,
coupling factor, shared cause factor, reactor type, reactor vendor, CCCG size, defensive mechanism,
degree of failure, or any combination of these coded fields. The results for most of the figures in the
report can be obtained or a subset of the information can be obtained by selecting specific values for the
fields of interest. The identified records can then be reviewed and reports generated if desired. To obtain
access to the NRC CCF Database, contact Dale Rasmuson at the NRC or Ted Wood at the INEEL.
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Appendix A

Data Summary

This appendix is a summary of the data evaluated in the common-cause failure (CCF) data
collection effort for breakers. The tables in this appendix support the charts in Chapter 3. Each table is
sorted alphabetically, by the first four columns.
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Table A-1. Breaker CCF event summary, sorted by proximate cause.

: Discovery . Coupling Failure | Degree of A~
Item| Proximate Cause |Breaker Method Piece Part Factor Year Mode | Failure Description
Design/ 480 Vac [Demand clay Quality 1987|Failure [Complete [Four 600 Vac normal auxiliary power system circuit breakers failed to open from local
IConstruction/ Open nuat trip switch. The failures were caused by a relay contact in breaker trip circuit that
1 anufacture/ s normally open instead of normally closed, as shown on wiring diagram. The relays
Installation rewired to correct the problem.
Inadequacy
Design/ 480 Vac [Demand Stabs/Connectors [Design 1980{Failure ﬂ’nrml ile retuming a service water booster pump to service, a minor fire occurred in a 480
onstruction/ Close Vac ESF MCC. This rendered several components inoperable. Repeated cycling of the
2 anufacture/ onto the bus coupled with inadequate stab to bus bar contact and dust in the MCC
nstallation binet caused a fire. Operators were reminded of undesirability of repeated cycling of
[nadequacy load breaker. An engineering study to determine if the breakers are adequately sized was
50 made (the results of the study were not included in the failure report).
Design/ DC [Test OC Relay [Design 1996Failure  |Almost 1 72 de molded case circuit breakers were tested, all 44 breakers of one vendor type,
onstruction/ distribution Open [Complete |installed in 4 different distribution panels failed to trip on overcurrent. Problem was the
3 |[Manufacture/ ign of the trip lever in the magnetic trip circuit breakers, All breakers of this type and
Installation were replaced.
Inadequacy
Design/ edivm [Demand Closing Coil Quality 1 ailure  |Partial service water pumps failed to start upon demand. Investigation revealed a high
onstruction/ oltage Close istance electrical contact in the pump motor circuit breaker close coil circuit.
Manufacture/ Tuation of the failure determined that the electrical contact had high resistance due to
4 |Instatlation interruption of current approximately three times rated. The installed contactor
[nadequacy mrent interrupt rating was inadequate. The contact failures occurred after a fraction of
design cycles. Al 4 kV circuit breakers were determined to be susceptible to this
ilure.
Design/ Medium  * [Demand Flelay Quality 1990iFailure  [Partial ile attempting to transfer two 4160 Vac buses to their altemate power supply, the
onstruction/ Voltage Close ternate feeder circuit breaker. Separately, another 4160 Vac circuit breaker failed to
Manufacture/ losc on demand, Both failures were caused by an open coil winding on a telephone-type
5 [instaltation ay within the synchronizing check relay of the circuit breaker. The telephone relay
Inadequacy feiled due to being continuously energized, which was not its intended application. A
ign modification was performed as the long-term corrective action.
Design/ Medium nspection  |I&C Hardware Zooomailm ial ing a system review, it was noted that the auxiliary transformer breakers did not trip
onstruction/ Voltage Open designed when the Main Turbine tripped. Investigation determined that this trip signal
Manufacture/ is blocked when & low load (4000 A) condition is sensed st the output of the generator.
6 [Installation low load block is not part of the original digital protection system modification and
Inadequacy reason for the block could be determined. Tripping of these breakers on a Main
Turbine trip is needed to ensuve that the timing sequence for the EDGs ona
ILOOP/LOCA, 2s defined in the FSAR, would not be affected. The block was removed.
Design/ [Medium jon  [Latch Assembly aintenance | 1998|Failure [Partial A bresker tripped when the cubicle door was closed. Subsequent inspection revealed
IConstruction/ ]Volmge Close incorrect latching mechanisms were installed on 4160 Vac breakers. The cause of
Manufacture/ incorrect Intching mechanisms being installed during original construction was
7 [Installation | error, The incorrect latches were installed in eight of seventeen cubicle doors in
Inadequacy Division II switchgear. Contributing to this event was that information relative to the
atching mechanisms was not provided to personne! working on the switchgear and that
controls were not adequate to ensure the correct parts were instaiied,
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. Discov . Coupling Failure | Degree of .
Item| Proximate Cause [Breaker T Methoec;y Piece Part Factor Year Mode | Failure Description
Design/ Medium Inspection  |Limit Switch [Design 1995|Failure  |Partial pection of circuit breaker limit switches revealed cam follower cracking. No
IConstruction/ Voltage Open equipment malfunctions or plant transients occurred, because the single actual failure
8 |Manufacture/ during routine post modification testing. The root cause of this occurrence was
ll::il&ﬂle‘l;ltion inadequate initial design of General Electric type SBM switches by the manufacturer.
uacy
Design/ |Medium pection  |Limit Switch Design 1995Failure {Partial 1 4kV vital busses were declared inoperable following inspection that revealed cracks
nstruction/ Voltage Open in the circuit breaker cam followers. One actual failure occurred during post maintenance
9 |Manufacture/ testing (maintenance was for another reason), but all cam follower limit switches at both
Installation units were replaced. The root cause of this occurrence was inadequate initial design of
Inadequacy Electric type SBM switches by the manufacturer.
ign/ Medium Inspection ical Assembly |Design 198&Failure |Partial operator racked up the emergency 4.16kv bus feeder breaker from an emergency
onstruction/ Voltage Close iesel generator and found that there was no indication of breaker position on the control
Manufacture/ panel. It was discovered that the breaker elevator mechanism linkage was distorted and
10 Installation allowed the cell switch actuator arm to fall into an intermediate position disabling the
[nadequacy tomatic and manual closure circuitry. Other bresker compartments contained distorted
linkages and it was concluded that any of 4.16kv breakers could fail during a seismic
ent. The linkage distostion was caused by an interference with the breaker assembly as
it is rolled out of the compartment.
Design/ Medium Maintenance {Limit Switch Design 1995[Failure [Partial Inspections revealed cracks in the lexan cam followers of control (limit) switches
onstruction/ Voltage Close installed in 4160 Vac and 6900 Vac circuit breakers, The same part used in 360 places in
11 [Manufacture/ unknown number of breakers. Inspection showed about one third were cracking and two
Installation inoperable. The root cause of this occurrence was inadequate initial design of
Inadequacy Electric type SBM switches by the manufacturer.
Design/ Medium Test |Mechanical Assembly  |Design 1 ailure  [Partial 'wo 6.9kV breakers failed to close due to manufacturer repair defect. A cotter pin
onstruction/ Voltage Close installed by the manufacturer was striking the latch check switch mounting bracket and
12 |[Manufacture/ bending it forward. This removed the factory set clearance between the bracket and the
Instaliation witch actuating paddle, resulting in the paddle rolling the trip shaft to the trip position
Inadequacy the breaker atiempts to close.
Design/ edium [Test Relay Design 1 ailure [Partial surveillance testing several circuit breaker lockout relays would not actuate.
onstruction/ Voltage Open failures would have prevented breaker trips on overcurrent. Mechanical binding
Manufacture/ the relays from tripping. Bench testing revealed several contributing factors but
tallation Id not identify the root cause. The failed relays’ armature force checks yielded 5 to 6.5
13 linadequacy unds but newer relays required only 3.5 pounds. The vendor discourages re-lubrication
reduce friction. Also, a vendor bulietin states that when the relay reset handle is forced
t the laich after resetting, tripping is delayed or prevented. The lockout relays were
laced with spares and tested satisfactorily.
ign/ Medium Test IRelay ign 1984{Failure [Partial performing a loss of bus test, two 4160 Vac bus-tie breakers failed to trip.
onstruction/ Voltage Open vestigation concluded that the bus-tic breakers could not trip if the diesel generator
14 [Manufacture/ utput breaker was open. The failures to open were caused by a design error,
tallation
Inadequacy
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. Discovery . Coupling Failure | Degree of i
Item| Proximate Cause IBreaker Method Piece Part Factor Year Mode | Failure o Description v
Design/ [Medium [Test |Spring Charging Motor [Quality 1986 Failure [Partial The circuit breaker for the residual heat removal pump a failed to recharge during testing,
IConstruction/ Voltage ‘ Close rendering the breaker incapable of automatic closure. In addition to performing required
Manufacture/ iltance tests, an investigation revealed that the breaker charging spring motor bolts
l:nsmlluu'on fallen out, allowing the motor to rotate, and breaking the power leads. A root cause
15 [Inadequacy lysis led to the conclusion that a combination of inadequate thread engagement of the
bolts in the motor housing and equipment vibration caused the bolts to loosen.
i this event had the potential for a common mode failure, all safety related
' kers were inspected during a scheduled maintenance outage. Three additional
. kers were found to have loose bolts. .
Design/ IRPS trip [Demand [Latch Assembly Quality 1 ailure |Partial ing plant protection system functional testing, two reactor trip breaker tripped free
IConstruction/ breakers Close n maintenance personnel attémpted to close them. With the vendor present, the
16 anufacture/ blem was traced to inadequate adjustment of the trip latch overlap. The adjustment
Installation initially made per vendor specifications. However, the vendor had since increased
nadequacy number of adjustment tums of the trip latch screw from 4 to a maximum of]
tumns. A change was submitted to change the procedure accordingly.
ign/ trip Maintenance [UV Trip Assembly IQuality 1983{Failure [Partial potential safety hazard was identified concemning certain critical dimensions of the
onstruction/ kers 1. " Ito Open ndervoltage trip device on a particular model reactor trip circuit breaker. An out-of-
~ Manufacture/ {erance measurement was found between the moving core and rolling bracket in
17 (Installation ition to a missing lock ring on the shaft pin of the undervoltage trip device. The
Inadequacy tial existed for either intermittent operation or total failure of the device. The cause
atiributed to manufacturing variations of the undervoltage trip devices. All
. : olge trip devices on all reactor trip breakers were replaced.
Design/ "IRPStrip  [Maintenance [UV Trip Assembly - [Maintenance |, | 1984[Failure  [Partial installation of new undervoltage trip relays, the reactor trip breakers would not stay
onstruction/ breakers Close losed. The otiginal trip bar design gap was satisfactory with old style undervoltage
18 [Manufacture/ : . ays, but not with new style relays.
Installation i
Inadequacy .
Design/ RPS trip [Test [Mechanical Assembly  JQuality 1984|Failure [Partial - [During surveillance testing, two reactor trip breakers would not re-close. Troubleshooting|
onstruction/ . {breakers ’ Close und manufacturing defects in the front frame assemblies (loose mechanical collars).
19 {Manufacture/ This problem has been identified on similar breakers. The front frame assemblics were
[nstallation , freplaced.
Inadequacy : . .
 |Design/ RPS trip Test Spring Design 1988{Failure [Partial  [Two reactor trip breakers failed to close during surveillance testing. The breakers’ closin,
onstruction/ breakers 0 Close springs had become detached from the pivoactuation points. The reason for the spring:‘ﬂ
20 [Manufacture/ leching could not be determined; however, this has been a recurring problem with this
Installation ker design. )
Inadequacy : . .
Design/ RPS trip [Test [UV Trip Assembly Quality 199({Failure [Partial [Two reactor trip breakers failed to close. The first failed to close during testing, the
onstruction/ breakers Close second failed to close while troubleshooting the first failure. The cause of both breaker
21 [Manufacture/ rilores was failure of the under voltage trip coil, which was thought to be dueto a
: Ilation nufacturing defect.
Inadequacy
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: Discovery . Coupling Failure | Degree of -
Item| Proximate Cause |[Breaker Type! Method Piece Part Factor Year Mode | Failure Description
Design/ . IRPS trip Test JUV Trip Assembly Quality 1983(Failure  [Partial During surveillance testing, two reactor trip breakers would not close when a close signal
IConstruction/ breakers Close was applied to the breaker’s control circuit. Troubleshooting found defective undervolta;
2 mllllf:gmtd idevices that would not allow the closure of the breakers. The undervoltage devices were
on ,
Inadequacy Ireplund
External RPS trip est echanical Assembly |Environmental | 1984jFailure [Partial routine surveillance testing of the reactor trip breakers, two breakers did not
23 |[Environment breakers Open ge state in the required time. The causes were determined to be dirty breaker
isms,
[nternal to 480 Vac IDemand JAux. Contactor Maintenance | 1986{Failure i ailempting to close a normal supply breaker to a 480 Vac bus, the close circuit
2 omponent Close blew. The failure caused by dirty auxiliary contacts. In another case, routine
ation found that the altemate supply circuit breaker to the same bus had failed due
a buned out closing relay.
[intemal to 480 Vac [Demand IClosing Coil intenance | 1984|Failure |Partial er a period of 5 months, there were 6 incidents of circuit breakers of the same vendor
IComponent Close type failing to close on demand. Intermittent failures of the closing coil cutoff x-
ays to properly retum to their de-cnergized position prevented the relays from
g the breakers' closing coils upon receipt of a close signal. It was determined
dirt and dust accumulation on the moveable parts of the relay causes the faulty
25 peration. The symptoms of the x-relay malfunction were found to be failure of the
er to close upon receiving a close signal, and in most cases, the breaker closes upon
iving a second close signal. This failure mode can cause equipment and/or systems to
inoperable without detection untif that equipment is called upon to operate, cither by
or when actually required. The x-relays on all safety-related breakers of this type
inspected and cleaned. The vendor did not provide for maintenance of the x-relays
in their maintenance procedures.
2 Intemal to 80 Vac [Demand h Assembly intenance | 1983|Failure [Partial 'wo 480 Vac circuit breakers failed to close due to worn latching mechanisms. The latch
omponent Close isms were replaced.
[tntemal to 480 Vac  [Demand echanical Assembly [Maintenance | 1984{Failure [Partial surveillance testing, one circuit breaker failed to trip when the undervoltage
iComponent Open ice was de-energized and two others failed to trip within the specified time limit This
27 ence may have affected the emergency diesel generator loading and its loading
uence as specified in Technical Specifications. The cause was dirt and lack of
lubrication.
Internal to 480 Vac Demand [Mechanical Assembly |Maintenance | 1988{Failure |Partial 'wo breakers failed to close during attempts to transfer bus power from alicmate w0
iComponent Close . rmal feed, the nommal feeder breaker would not close. One failure was caused by
28 ion in the cell switch. The second failure was due to excessive dirt. Both were
ibuted to lack of preventative maintenance. Preventative maintenance had not been
during the last 2 years because the unit had been shutdown for an unusually long
and maintenance frequency was tied to the refueling outage.
Intemal to FSSO Vac [Demand cchanical Assembly 1Mainwmnce 1989 Failure [Partial aitempting to switch 600 Vac buses from normal to alternate feed, the alternate
omponent Close ers failed 10 close when the normal breakers were tripped. One failures was due to
prodbmdngmmealtermtebmkﬂ'dutonluk of proper lubrication of the trip rod
29 . Another failure was caused by a binding plunger in the breaker charging motor
tout switch due to dirt buildup. The dirty plunger caused the swilch contacts to remain
pen preventing the motor from charging the closing spring and completing the closing
uence. The third failure was caused by a dirt buildup on the trip mechanism and pivot
ints, which resulted in binding of the intemal moving parts.
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Item

Proximate Cause

reaker

Discovery
Method

Piece Part

Coupling
Factor

Year

Failure
Mode

Degree of
Failure

Description

30

{Intemal to
IComponent

80 Vac

rMedmieal Assembly ‘IMnmmm

1

‘ailure
Close

A normal supply breaker for 8 600 Vac bus failed to close on demand when switching
the from the alternate to the nosmal power supply. The failure was due to binding of
he closing mechanism in the bresker. A few days later the alternate feed breaker to
er bus failed to closed during a hot transfer. The second failure was caused by a
contact finger in the bus transfer interlock logic. The cause of the failures was
ttributed to a lack of lubrication or hardening of the lubrication, The breakers were
ved from service and the closing pivot points and other moving parts lubricated,
Mlmﬁ&gchukmmmmmmh.

31

Intemnal to
IComponent

480 Vac

iDemand

{Mechanical Assembly

Design

19

ailure
Close

phase to phase fault across the station auxiliary transformer buswork caused a loss of
offsite power to the unit. Both operable emergency diesel generators started as
ired. During the temporary loss of normal offsite power, several breakers in the
ant's electrical distribution system failed to operate. The plant operators restored station
through an altemate offsite source, and restarted all necessary equipment.

32

nternal to
omponent

80 Vac

Dernand

" |Spring Charging Motor

1 985'2“‘“

Close

lose bolts holding the charging gearbox assembly. When demanded, the fuses for
breaker blew and the breaker failed to close. The cause of this failure was

ined to be dirty contacts. Another breaker failed due to failure of the auxiliary
lay. The fourth breaker failed to close due to dirty and dried lubricant on the trip Jatch
ljustment parts,

33

Flntemal t0
IComponent

480 Vac

[Inspection

[Mechanical Assembly

aintenance

1989 Faiture
9Fn Close

Partial

Two 480 Vac feeder breakers tripped and would not closs while a special inspection of
breakers was being conducted. The breakers failed to close due to dirt built up and lack of]
lubrication,

34

Internal to
IComponent

80 Vac

iMaintenance

Latch Assembly

aintenance

198

Open

[Partial

[During preventive maintenance, two power supply circuit breakers to motor control
jcenters would not automatically open when their associated load center was isolated.
They subsequently failed to trip when the manual trip button or tripper bar was pushed,
[The circuit breaker latch mechanisms were dirty and sticky. The root cause was
determined to be normal wear and an inadequate preventive maintenance procedure.

35

ntemnal to
IComponent

80 Vac

[Maintenance

[Mechanical Assembly

aintenance

198

ailure
Close

[While conducting maintenance, the main feeder breaker for a 600 Vac emergency bus
would not close. Investigation revealed the trip setpoint tolerance, contact gap and trip
atch roller gap were out of adjustment preventing the breaker operation. This breaker
s adjusted and retumed to service. Another 600 Vac breaker was found to be *broken.”
0 exact failure mechanism was given; however, the cause was given as "wear," and this
er was replaced.

36

temnal to
iComponent

480 Vac

Test

IClosing Coil

[Design

198

ailure
Close

a station loss of offsite power (loop) test, two class 1E 480 volt load center
kers failed to close during sutomatic load sequencing. Subsequent investigation
led that the breaker spring release device in both breakers was binding against the
ing in the breaker base plate which resulted in failure of the closing coil and failure
f the breaker to close. Other defective breakers were also identified following
: A

37

nternal to
omponent

480 Vac

[Test

lMeehnniell Assembly lMainwname

19

ailure
Close

ing routine inspections of the 480 volt unit boards, two feeder breakers were binding.
The failures were attributed to dirty, hardened grease, normal aging and wear.

33

Internal to
Component

%80 Vac

Test

[Mechanical Assembly [Maintenance

1986{Failure

Open

[The power supply circuit breakers to two motor control centers would not trip during
illance testing. The circuit breakers were dirty. This was due to a normal
mulation of dirt during operations. The circuit breakers were cleaned and verified to
operable,
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. Discovery . Coupling Failure | Degree of ..
Item| Proximate Cause |Breaker Type Method Piece Part Factor Year Mode | Failure Description
Internal to rtso Vac [Test echanical Assembly intenance | 1991|Failure |Partial [Two 480 Vac circuit breakers failed to close due to mechanical binding caused by dried
39 lcomponent to Close Jout, hardened lubricant. The mechanical operating mechanisms were replaced.
Intemal to 480 Vac  [Test [Mechanical Assembly [Maintenance | 1987|Failure [Partial ing once per cycle testing of the startup transfer feeder to the unit bus breaker, two
40 IComponent Open breaker trip units were found to be non-operational so that the breakers would not trip.
Both failures were caused by lack of lubrication on the internal moving parts due to a lackl
f proper maintenance.
Internal to 480 Vac [Test {Mechanical Assembly [Maintenance |1 ailure  |Partial ing high tolerance instantaneous testing, several 480 Vac circuit breakers on all three
4] [Component Open hases did not trip in the required time (0-10 cycles). Failures were attributed to aging
degraded lubricants resulting from an ineffective maintenance program.
Intemal to pBO Vac F«t pC Relay WMaintenance 1998Failure  |Partial ¢ instantancous trip testing of both breakers revealed excessive time prior to tripping.
9 omponent to Open required trip time is less than 0.15 seconds, Breakers were tripping on instantaneous
ting between 0.194 and 0.753 seconds. Cause was determined to be inadequate
entative maintenance.
Intemnal to 480 Vac  [Test [Relay [Maintenance | 1988Failure [Partial surveillance testing on the plant ac distribution system, the normal feeder breaker
4 Fomponent Close m a transformer would not close when transferring from altemate to normal power.
e failure was attributed to close relay contacts hanging up from a lack of breaker
lubrication. A second similar failure was attributed to the breaker having dirty contacts.
a“ Intemal to 480 Vac Test lay |antenance 1983|Failure [Partial our 480 Vac circuit breakers failed to close during testing due to failure of the power
omponent Close r3, The power sensors were replaced.
Intemnal to 480 Vac Test lay Maintenance | 1988{Failure  [Partial circuit breaker failed to close on a safety injection demand due to oxidation on contacts
(Component Close for the alarm switches. Subsequent investigation revealed 11 other safety-related breakers
45 ith the same problem. The cause was determined to be inadequate periodic inspections
cleaning of the alarm switch contacts due to lack of specific guidance in the
intenance procedure. Corrective actions included revision of the maintenance
procedure.
Intemal to DC [Test IControl Switch p\daimenancc 1987|Failure |Partial routine observation of the 250 volt distribution boards, a normal dc power feeder
IComponent distribution to Close breaker was siow to transfer and another failed to transfer. The first failure was due to
46 witch joints being dirty and an indicating light resistor being bumed out The second
failure was due to dirty hinge joints.
ternal to DC [Test Mechanical Assembly  [Maintenance | 1 ailure  [Partial dc bus inter-tic breakers failed to open due to lack of lubrication. Corrective action
4 omponent distribution | Open was to create a preventative maintenance and inspection schedule for these breakers.
Intemal to DC Test JOC Relay Maintenance | 1989 Failure [Partial While performing preventative maintenance on the dc feeder circuit breakers, the
48 [Component distribution Open vercurrent trip devices would not set correctly. The cause was attributed to a lack of
intenance.
Intemal to Medium iDemand IAux. Contactor [Maintenance | 1980Failure [Partial a planned line outage which de-energized a transformer, the altemate feeder
omponent Voltage Close breaker failed to close, de-energizing a 4 kv bus tie board during automatic transfer.
49 the transformer was re-energized the normal feeder breaker failed to close. The
fuse clip and fuse in the close circuit of altemate feeder breaker were not making contact.
auxiliary contacts of the normal feeder breaker were dirty.
Intemal to Medium [Demand [Latch Assembly [Maintenance l99||f°ailu:e {Partial 4160 Vac circuit breaker failed to open and several more were degraded due to
omponent [Voltage Open grease aid lack of lubrication. This problem could affect the ability of the
50 ubject breakers to open or close. Maintenance of the breakers was incomplete despite
imilar failures due to the same cause four years earlier.
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. Discovery . Coupling Failure | Degree of -
Item| Proximate Cause |Breaker 'l‘ypel Method Piece Part Factor Year Mode | Failure Description
ternal to [Medium [Demand [Mechanical Assembly [Design 1981/Failure  [Partial A decay heat removal pump fhiled to start due to the circuit breaker failing to close upon
omponent [Voltage Close The cause was determined to be an intermittent sticking of the motor cutoff
s1 : : operator due to the operator being slightly bent, which prevented it from sliding.
inspections revealed that afl 4.16 and 13.8 kv circuit breakers were susceptible to
is problem. All applicable circuit breakers were subsequently modified.
52 Igltemal o - Medium Demand [UV Trip Assembly [Maintenance | 1988{Failure [Partial [Two 4160 Vac failed to open due to failure of the breaker trip coils. The cause were
omponent Voltage Open determined to be normal wearand aging. <
Intemal to Medium |inspection  |Arc Chute Design 1 silure [Partial 160 Vac circuit breakers could fuil to change position due to an insulating block (a
53 [Component Voltage Open icomponent of the breaker blowout magnets), whose adhesive had degraded with age,
could become loose and fall into the breaker mechanism and prevent breaker operation.
Intemal to [Medivm  [inspection Spring Charging Motor |[Maintenance |1 ailore [Partial  [Two bresker's closing springs failed to charge-up when equipment operator was making
g4 [component Voltage Close the in-feed breaker from separate station power transformers. The suspected faiture
use for one breaker was dirty contacts in the charging mechanism. The suspected
ilure cause for the other breaker was binding in the charging spring mechmnism.
linternal to Medium Maintenance [Mechanical Assembly  [Quality 1985|Failure {Partial During a scheduled maintenance outage of 4160v safety-retated switchgear, the plant
iComponent Voltage Close ectrical staff discovered that two clrcuit breakers were rendered electrically inoperable
55 to the failure of a spot welded pivot pin. This spot welded pivot pin was on ;
internal piece of linkage, which actuates the suxiliary contacts that track breaker position.
contacts are also used in external breaker trip and close schemes as interlocks, The
ive component is being modified to preclude additional failures,
{Intemnal to Medium Test Limit Switch Maintenance | 198%(Failure [Partial  [In two separate incidents while attempting to realign power to support testing, the
IComponent Voltage Open Itemate supply circuit breaker failed to trip upon closure of normal supply breaker, The
56 of failure was attributed to the mised upper limit switch being out of mechanical
jjustment causing a greater than 178 inch gap between the operating plunger and the
ker suxiliary switch. This limit switch provides the trip signal for the alternate
ker. :
Internal to edium [Test echanical Assembly aintenance | 1995|Failure  [Partial 4KV supply circuit breaker closed during testing, but failed to instantly recharge. The
nComponent [Voltage WM WM Close use of the failure was aging of the Iatch monitor pivot bearing lubrication. This
57 blem had previously surfaced and the bearings were refubricated at that time. Since
action did not fix the problem, the decision was made to replace the pivot bearings
for all affected circuit breakers..
Intemnal to edium [Test [Mechanical Assembly [Design 1987[Failure [Partial circuit breaker failed to trip during a surveillance test. Upon investigation, it was
[Component oltage : Open ined that the connecting pin for the breaker trip crank located between the trip
’ lenoid and the trip shaft became loose due to a pin weld failure, which prevented
58 lectrical tripping of the breaker. Inspection revesled several breakers with the same weld
) geometry, Two procedures, an inspection procedure and a trip crank replacement
dure were written for eighty six affected breakers on site. Nine breakers failed the
\nce criteria
[nternal to Medium Test OC Relay Maintenance | 1984{Failure  [Partial Several 4160 Vac circuit breakers of the vendor and type failed to trip due to age induced
IComponent [Voltage Open ing of grommets in the electromechanical overcurrent device. Corrective actions
59 . included replacement with new or newly rebuilt overcurrent devices and establishing an
adequate preventive maintenance surveillance interval,
- |intemnal to edium est |Relay |Maintenance |1 ailure [Partial time delay relay for 2 4160 volt feeder breaker would not time out within its specified
60 Fomm‘ Voltage Close lerance during calibration, and a time delay relay for a second breaker would not
. The causes of both failures were determined to be due to aging.
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: Discovery . Coupling Failure | Degree of L.
item] Proximate Cause lBreaket Typel Method Piece Part Factor Year Mode | Failure Description
Intemal to IMedium [Test |Spring Charging Motor intenance | 1987|Failure |[Partial [Two 4160 Vac circuit breakers failed to close. One failure was caused by the latching
61 iComponent Voltage Close pawl spring being out of adjustment, which prevented the springs from charging. The
icause of the second failure was altributed to the racking mechanism slide interlock being
lout of adjustment.
Internal to [Medium [Test |Spring Charging Motor |[Maintenance | 198Failure |Partial [While performing testing of 4160 Vac boards and buses, three circuit breakers would not
62 }Component Voltage Close iclose. The failures were attributed to the breakers being dirty, needing lubrication, and
idue to loose connections,
63 Intemal to Medium [Test Spring Charging Motor IMmmnnance 1987|:=:ilure Partial [The closing springs for two 4160 Vac breakers would not charge. The cause of the
(Component Voltage Close failures were dirty contacts, a dirty closing mechanism, and lack of lubrication.
Internal to [RPStrip  [Demand  [Closing Coil [Maintenance | 1992|Failure [Partial  [Two reactor trip breakers failed to close following a trip test. The cause of the failure was
64 |Component breakers Close believed to be due to the relay release arm on the closing solenoid moving core being out
jof adjustment.
Intemal to RPS trip [Demand Latch Assembly Maintenance | 1992fFailure {Partial [While attempting to reset the control rod drive system following a control rod drive
iComponent breakers Close breaker in the reactor protective system failed to reset. Later, during a control rod drive
65 er trip test, another breaker failed to reset after a trip. The first failure was due to the
breaker trip latch being out of adjustment. The cause of the second failure could not be
isely determined; however, troubleshooting revealed cracked insulation on the close
il.
Interal to RPS trip Demand [Unknown Quality 1993|Failure |[Partial ing an attempt to close the control rod drive circuit breakers two breakers failed to
iComponent breakers Close lose. The failures could not be repeated. Although the mechanical interlock, a piece part
66 f this circuit breaker, was found slightly dirty and in need of lubrication, it is not
belicved 1o have caused the failures to close. As a preventive measure, the mechanical
interlock was cleaned and Jubricated. The breakers were successfully closed on all
ubsequent tests,
Intemal to RPS trip Demand UV Trip Assembly Quality 1983fFailure [Complete ing a routine startup, both reactor trip breakers failed to open automatically on receipt
iComponent breakers Open f a valid low-low steam generator level reactor trip signal. The reactor was shutdown 25
later using the manual trip on the control console. Subsequent investigation
67 ealed that the breaker failures were caused by mechanical binding of the latch
ism in the undervoltage trip attachment. All breaker undervoltage attachments
replaced with new devices and extensive maintenance and testing was performed on
breakers.
Intemal to RPStrip  [Inspection  JUV Trip Assembly [Maintenance | 1987|Failure [Partial reactor trip breakers failed to close following testing. Troubleshooting found one
68 [Component breakers Close eaker's under voltage coil had failed (open circuit) and the other breaker’s undervoltage
device pivot to armature clearance was out of adjustment. Operational/ambient conditions
were cited as causes for the failures.
9 Internal to trip |Mainwnance JAux. Contactor IMAintemnce 1 ailure [Partial [Two reactor trip breakers failed to close during preventative maintenance. The failure to
omponent Close iclose was due failure of the breaker cutoff switches.
temal to Strip  [Maintenance [Relay [Maintenance | 1986{Failure [Partial  |During preventative mainienance two reactor trip breakers failed to close. Both breaker
70 [Component breakers Close ilures were due to failure of the same relay. The cause was assumed to be wear and
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: Discovery . Coupling Failure | Degree of .
Item| Proximate Cause [Breaker T: Method Piece Part Factor Year Mode | Failure Description
Internal to IRPS trip Test [Latch Assembly [Maintenance | 1994{Failure [Partial [During unit outage, while performing functional testing, operators found that two reactor
[Component breakers Close p breakers would not close from the handswitch in the main control room.
roubleshooting discovered the inertia latch (piece part of the circuit breaker) had stuck
7 in mid travel. The breakers' electrical trip function was lost, but the control rod drive
was not affected because of an available redundant trip breaker. Plant operation
not affected. Insufficient lubrication of the inertia latch caused the latch to stick in
id travel. The inertia latches were cleaned and lubricated and post maintenance testing
: performed satisfactorily,
ntemal to trip [Test [Latch Assembly [Design 1983[Failure [Complete [The static force to trip the circuit breakers exceeded atlowable tolerance due to binding
72 [Component kers jto Open- used by the unused overcurrent trip pads. The breakers tested satisfactorily after
oval of the overcurrent trip pads.
nternal to S trip Test [Mechanical Assembly [Maintenance | 1985[Failure [Partial During normal operation while performing surveillance testing, two reactor trip circuit
omponent reakers Open kers failed the under voltage response time test. The breaker's front frame assembly
73 the suspected cause of the increased time response of the one breaker's undervoltage
evice. The other failure was due to loose armature laminations in the undervoltage
levice. Both are known design problems with these circuit breakers.
nternal to trip - [Test [Mechanical Assembly [Maintenance | 1989(Failure [Partial ing surveillance testing, two reactor trip switchgear breakers would not close. The
24 omponent kers Close irst failure was due to a defective piece part in the cutout 'y' switch on the breaker due to
. lic fatigue. In the second failure, a broken clamp was found on the closing
ism, which prevented the breaker from closing.
Internal to RPS trip [Test Mechanical Assembly [Maintenance | 1984|Failure |[Partial ing surveillance testing of the reactor trip circuit breakers, the under voltage trip
75 ‘omponent kers Open ponse time was found out of specification. Troubleshooting found the breakers' front
: assemblies to be lacking the proper amount of lubricant on their bearings. This was
recurring problem with this breaker type. The front frame assemblies were replaced.
Intenal to RPS trip Test [Mechanical Assembly ' [Maintenance | 1985{Failure * |Partial ile performing testing of the unit's reactor trip circuit breakers, the undervoltage trip
76 [Component breakers Open ime was found to be out of the allowable tolerance for two breakers. Dirt accumulation
. in the front frame assembly and lack of lubrication were the suspected causes
[intemal to [RPS trip [Test 1Mechanical Assembly  [Maintenance | 1984{Failure . [Partial ing surveillance testing, the trip time requirements for two reactor trip breakers were
[Component breakers Open found to be out of specification high. Historically, the bearings for the breaker front frame
77 semblies have been found worn and lacking the necessary lubrication, which increases
p times. After replacing the front frame assemblies and lubrication the bearings, the
kers were retested satisfactorily and retumned to service.
78 ntemal to trip [Test lRelay IMalnmnnce 1984iFailure {Partial 'wo reactor trip breakers failed to close over a one-month period. Both failures were
mponent ers Close ttributed to relay release ams being out of adjustment.
ycmemam [RPStip  [Test [Relay [Maintenance | 1986{Failure  [Partial 'Wo reactor trip breakers failed to trip during performance of surveillance testing. One
'omponent [breakers B Open ilure was due to the auxiliary contact for the shunt trip was not making contact due to
79 isalignment with the block, The other failure was due to a faulty undervoltage relay.
jumper to change the control voltage was installed in the 48 volt holes and should
: e been installed in the 125 volt holes causing the relay to overheat and melt.
nternal to trip Test |Spring Quality 1989Failure |Partial ile performing surveillance testing on reactor trip circuit breakers, two breakers failed
%0 omponent ers Close close, In one failure, the left side close spring on the breaker had fallen off and the
breaker wouldn't close with only one spring. The second breaker failure was due to a bad
ntrol power fuse that failed due to aging.
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. Discovery . Coupling Failure | Degree of .
Item} Proximate Cause |Breaker Type Method Piece Part Factor Year Mod Failure Description
Internal to trip ‘est Spring Design 1986Failure i During performance testing of the reactor trip circuit breakets, two breakers failed to re-
81 mponent [breakers Close lose afier open them from the control om panel controls. Troubleshooting found that
Fﬂe breakers' operating springs fell off, preventing closure but not opening, a recurring
problem with this particular breaker design.
Jintemnal to S trip est [Unknown |[Maintenance |1 silure [Partial reactor trip breakers failed to close following a trip test. The cause could not be
82 [Component breakers Close and the failure was not repeatable. The breakers that failed were replaced with|
pares.
Intemal to RPS trip [Test [UV Trip Assembly Design 1983|Failure [Partial ing reactor trip breaker surveillance testing, the undervoltage trip devices for two
83 [Component breakers Open jcircuit breakers exhibited scattered and unacceptable response times. The reactor trip
breakers were replaced with spares.
Intemal to S trip [Test [UV Trip Assembly intenance | 198(0\Failure |Partial [t was discovered during testing that some reactor trip breakers would not trip on
IComponent breakers Open oltage as expected. One device would not trip and two others tripped sluggishly.
84 cause was determined to be misaligned armatures in the undervoltage devices. A new
entative maintenance program was initiated to check the undervoltage coils
independently on a monthly basis,
ternal to RPS trip Test Trip Assembly [Environmental | 1983{Failure [Partial ing routine surveillance testing, a the control rod drive AC breaker experienced a
iComponent breakers Open ayed trip. Subscquent testing of all AC and dc control rod drive breakers resulted in a
85 ntrol rod drive dc breaker also experiencing a delayed trip. If a reactor trip had
and if both malfunctioned breakers had defayed in tripping, two control rod
ups would not have dropped immediately.
Internal to RPS trip [Test UV Trip Assembly Maintenance |1 ailure  [Partial 'wo reactor trip breakers were found to have defective undervoltage trip relays which
86 ’Componem breakers Open revented opening. One failure was detected during testing and the other was detected
uring maintenance. The relay failures were determined to be due to aging.
intemal to RPS trip [Test [UV Trip Assembly |Maintenance | 1982Failure |Partial surveillance testing, four of nine reactor trip circuit breakers failed to trip on
IComponent breakers Open oltage. The primary cause was inadequate lubrication, possibly due to an excessive
entive maintenance interval, combined with a small design margin in the tripping
87 force provided from the undervoltage coil. Corrective actions were to perform required
entive maintenance prior to the unit entering mode 2 and implementation of the
mmendations of IE Bulletin 79-09 and vendor recommendations, increased
urveillance testing of the undervoltage trip feature and a decrease in the interval between
entive maintenance.
ternal to RPS trip est UV Trip Assembly Quality 1983{Failure |Almost th reactor trip breakers and a bypass breaker failed to open on an undervoltage trip
38 mponent ‘bmkus Open [Complete |signal during response time testing. The failures were due to mechanical problems of the
olage mechanisms, which resulted from manufacturing deficiencies. Fifieen days
later, one of the replacement reactor trip breakers also failed due to the same cause.
Intemal to RPS trip Test UV Trip Assembly Quality 1983\Failure |Partial undervoltage armatures for two different reactor trip breakers were found during
omponent breakers Open ting to not be fully picked up (repetitive failures in the same month). Based on vendor
ts, the abnormal armature position has little or no detectable effect on the ability of the
89 undervoliage trip device to trip the breaker on loss of voltage. The undervoltage
not being fully picked up is the result of interference between the undervoltage
and the copper shading ring around the coil core. As comective action, visual
ification and manual adjustment of proper closed air gap position is required following
ization of the undervoltage device.
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90

ternal to
omponent

[RPS trip
breakers

Test

UV Trip Assembly

e,

|Partial

[Two reactor trip breakers failed to close following testing. Troubleshooting found one
breaker's under voltage cail had failed (open circuit) and the other breaker’s undervoltage
ice pivot to armature clearance was out of adjustment. Operational/ambient condmonsr
ibration) were cited as causes for the failures.

91

iternal to
omponent

|RPS trip
[breakers

Test

UV Trip Assembly

l983[:)ai(l)l::n

|Partial

undervoltage armatures for two different reactor trip breakers were found during
ing to not be fully picked up (repetitive failures in the same month). Based on vendor
the abnormal armature position has litde or no detectable effect on the ability of the
ltage trip device to trip the breaker on loss of voltage. The undervoltage

not being fully picked up is the result of interference between the undervoltage
and the copper shading ring around the coil core. As corrective action, visual
ification and manual adjustment of proper closed sir gap position is required following
ization of the undervoltage device. .

92

Intemat to
IComponent

RPS trip
kers

Test

uv Tfip Assembly

aintenance

1986{Failure

Close

[Partial

use for the miuﬁm was found, however, operational stress and/or equipment
ging were suspected.

93

temal to
IComponent

IRPS trip
breakers

Test

UV Trip Assembly

FMaimenmce

1983{Failure

Open

Partial

g surveillance testing, three reactor trip breakers failed to trip on undervoltage. The
mary cause was inadequate lubrication, possibly due to an excessive preventive
intenance interval, combined with a small design margin in the tripping force provided
the undervoltage coil. Corrective action was to perform the required preventive

maintenance prior to entering Mode 2. Additionally, as required by IE Bulletin 79-09 and

recommendations, the surveillance testing interval of the undervoltage trip feature
increased end the interval between preventive maintenance was decreased to prevent
recurrence of this event,

94

ternal to
omponent

RPS trip

Test

[UV Trip Assembly

IMnilmnanee

1984{Failure
Close

During surveillance testing, two reactor trip breakers failed to close during surveillance
response time test. The stated cause was normal wear.

95

ternal to
'omponent

IRPS trip
[breakers

Test

UV Trip Assembly

wMﬁmu

1986{Failure
0 Close

[Partial

While conducting monthly surveitlance testing of the unit's reactor protection system, two
trip circuit breakers failed to close after testing. Troubleshooting found a failure ot{
breaker's under voltage device. The second circuit breaker's pick-up coil voltage was
igh due to a change in characteristics of the voltage adjustment potentiometer. Both
ilures were attributed to operational stress and/or equipment aging.

[Intemal to
IComponent

RPS trip
[breakers

[Test

UV Trip Assembly

[Maintenance

.

[Partial

n seperate tests, two reactor trip breakers failed to close after trip testing. The faiture to
was determined to be due to worn undervoltage trip coil mechanisms to prevented
breakers from latching.

97

Operational/
Human Error

480 Vac

IOC Relay

aintenance

1998]Failure
Close

rtial

ircuit breakers were found to be susceptible to tripping on normal start due to improper
ing of overcurrent trip. The problem was discovered when one breaker failed to close
demand. A previous modification package was determined to be inadequate in that it

id not require trip setpoint adjustment.

98

Operational/
Human Error

480 Vac

[Test

aninCmnm

wMaimumwe

1 ailure
Close

[Partial

ing testing on emergency bus feeder breakers, the closing spring charge/discharge
indicator showed that the springs were charged with the breaker closed, indicating that
main contacts were closed but not exerting full pressure against the stationary

. Investigation showed the root cause to be failure to incorporate the latest vendor

information on contact adjustment into the breaker maintenance procedure.
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[Operational/
Human Error

480 Vac

[Test

{Mechanical Assembly

Maintenance

1997|Failure
Open

Partial

A breaker failed to trip during testing. Subsequent testing and inspection revealed several
breakers degraded due to lack of lubrication. Lubrication was removed during
furbishment by the vendor and was not re-instailed.

IOperational/
Human Error

480 Vac

Test

[Mechanical Assembly

{Maintenance

1997|Failure
Close

breakers failed to close on demand during testing. Hardened grease was discovered

in the stop roller and main drive link roller. When actuated by the closing coil, these

liers and the associated closing latch release the stored energy of the breaker springs,

osing the breaker. Stiff rollers have resulted in multiple breaker failures in the past. The
maintenance procedure provides instructions to clean and lubricate various friction points

f the breaker mechanism; however, they are not specifically identified in the vendor

ual. These rollers were not cleaned and lubricated during the performance of the

ed preventative maintenance.

101

[Operational/
Human Error

480 Vac

Test

[Wires/Connectors/Board

aintenance

1993(Failure
Open

Partial

Emergency Diesel Generator (EDG) failed to pass surveillance testing because certain
loads were not shunt tripped from the safeguard bus when a simulated Loss of Coolant
ccident (LOCA) signal was initiated. During troubleshooting, a loose wire was
iscovered in one circuit breaker and a lifted wire was discovered in another circuit
breaker. The wires were restored to their normal positions and a portion of the test
procedure was performed to verify appropriate loads were shunt tripped following a
imulated LOCA signal. The loose/disconnected wires were believed to have come loose
a plug connection during repairs made to enhance electrical separation between
{ectrical divisions. Procedures were revised (o alert workers of the potential for wires
becoming loose during removal and restoration of plug connections on similar circuit
breakers.

102

(Operational/
Human Error

Medium
Voltage

Demand

fMechanical Assembly

{Maintenance

1997{Failure
To Open

[Partial

'wo circuit breakers failed to open on demand during separate evolutions. During
ubsequent reviews, station personnel determined that the condition of the three circuit
reakers was similar to the condition of the two safety-related circuit breakers that

iously failed to open an demand. The cause of the event was determined to be
inadequate preventive maintenance. The preventive maintenance performed did not
ubricate the main and auxiliary contacts in the circuit breakers as recommended by the
ircuit breaker manufacturer and also did not provide sufficient instructions to remove the
ughness on the main and suxiliary contacts.

103

Operational/

[Human Error

{Medium
Voltage

[Demand

[Mechanical Assembly

[Maintenance

1 ailure
Close

Partial

‘our 4160 Vac circuit breakers failed to close. Each failure was due to a different
ism; however, investigation revealed that all failures were related to workmanship
quality control practices by the vendor who overhauled the circuit breakers. To
nsure the safety class circuit breakers are reliable, the utility and vendor developed a
mprehensive plan to inspect critical components of the circuit breakers that were

iously overhauled.
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104

Operational/
Human Error

[Medium
Voltage

[Inspection

Latch Assembly

Maintenance

1996{Failure
Close

[Partial

A fatlure of a roll pin securing a spring for a latch pawl on a 4KV breaker was reviewed
a determination made that the failure of this pin could cause the breaker to fail.
investigation revealed that the roll pin failed as a result of hydrogen

brittlement. Later, an issue involving permanently applied lubricant which was
inadvertently removed from the breakers was identified. This also could potentially affect
ker operation. The cause of the cracked roll pin was the lack of knowledge of plating
induced hydrogen embrittlement. Vendor personnel involved in the procedure
evelopment were not aware that zinc plating of hardened steel parts could produce
rogen embrittiement and subsequent cracking. The cause of the lubricant being
inadvertently removed from breaker parts is also due to the lack of knowledge by Vendor
nel.

105

Operational/

Human Error

edium
oltage

Jinspection

|Relay

Design

1998{Failure
Close

Partial

f two breakers and lockout of another. The event was attributed to human error and poor

circuit breaker contacted exposed relay terminals during rack-in, causing trips/lockowt
esign (location of relays).

[Operational/

Human Ermor

[Medium
Voltage

[Maintenance

IMechanical Assembly

[Maintenance

l988|;ailm

[Partial

circuit breaker failed to open due to trip linkage binding caused by misalignment and
improper assembly. Subsequent inspection of other 4160 Vac circuit breakers revealed
he same problem, The misalignment was the result of a procedural deficiency by the
endor that performed circuit breaker gverhauls.

107

[Operational/
Human Error

trip
breakers

Inspection

[Wires/Connectors/Board [Maintenance

1983{Faiture
Open

IComplete

Following performance of the manual reactor trip functional test, it was noted that the
ure called for jumpering out the UV trip coils with the reactor trip breakers closed
the rods capable of withdrawal. This was a procedural error that caused the removal
f both trains of automatic reactor trip logic. m procedure was revised to prevent

of the event.

108

iOperational/

Human Error

RPS trip
reakers

[Test

Latch Assembly

Maintenance

1 gilure
Close

[Partial

ile performing surveillance testing, two reactor trip breakers failed to close on
occasions. In one case, the breaker latch catch and arm were found bent,
ing the breaker from closing. The cause of this failure was belicved to be from
incorrect installation of the breaker during previous maintenance or testing activitics. In
second case, the breaker operating mechanism latch was binding against the housing
ikely due to inadequate lubrication and rough surfaces.

[Operational/
Human Error

RPS trip
breakers

Test

Shunt Trip

Maintenance

l984|:-':ilm

Partial

set of leads in each of the four plant protective system bays were found to be
isconnected. These disconnected leads removed the automatic shunt trip feature from
RTB's #1,#2, #3, and #4. The subject leads had been disconnected and not restored
Juring 18-month surveillance testing conducted eartier.

1o

iOperational/
Human Error

RPS trip
breakers

Test

Spring

Design

1994iFailure
Close

{Partial

While puformmg initial approach to criticality testing, operators noted that the B-phase
'or a reactor trip breaker, was not indicating current flow after the breaker was closed.

e train's function of providing power to the contro! rod drive mechanism was degraded

one phase of power was unavailable. The failure was caused by a mechanical operating]

ng that had come loose. With the spring loose, the B-phase contacts were getting
insufficient pressure to close. The vendor has provided notice that the spring could come
loose and the vendor has provided additional instructions for breaker inspection and
maintenance to address this problem. The spring was reinstalied mordlng to the vendors

instructions. The breaker was subsequently tested and returned to service.
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1

[Operational/
Human Esror

|RPS trip

UV Trip Assembly

Maintenance

19

ailure

Open

[Partial

During the performance of reactor trip circuit breaker undervoltage device surveillance

ing, three breakers failed to open within the acceptance time criteria. The following
y, and then 8 days later, two additional breakers failed to meet the acceptance criteria.
reactor trip breakers failed even though extensive maintenance and testing was
ormed on all eight of the trip system breakers 11 days prior to the first 3 failures.
intenance included procedures specified in the vendor service advisory letter. The
ciencies were corrected by again performing the vendor approved refurbishment
ures on the slow breakers, followed by successful testing.

112

480 Vac

[Maintenance

JOC Relay

Maintenance

1

Failure

Open

Partial

preventive maintenance procedure was being performed on 480V molded case circuit
. These are magnetic only breakers with an adjustable instantaneous trip range of
0 to 150 amps, With the breakers adjusted to their lowest setting, the right phase for two
ers tripped at 71.7 amps and 69 amps. The maximum allowable trip point was 57.5
ps. The breakers had a date code that meant they were manufactured in August of
1978. Considering the breakers were approximately 16 years old, the drift in calibation is|
iated with the breakers' service life. Therefore, it was decided to replace the

ers. The circuit breakers would still trip on instantaneous within its adjustable range
ich would provide adequate overcurrent protection. The cause was attributed to the
reakers' long service life. Like for like breakers were installed. All tests were performed
i rily.

113

jOther

480 Vac

Test

OC Relay

—

198.

Failure

Open

routing surveillance testing, three circuit breakers would not trip on short time
vercurent trip test. The failures were caused by the breakers being out of calibration as
result of normal wear,

114

jOther

Medium
Voltage

Test

UV Trip Assembly

{Maintenance

198

ailure

Open

During routine testing it was found that the under voltage relays for two 4160 Vac feeder
breakers from an auxiliary transformer to the buses were out of calibration, The failures
jwere attributed to relay wear.

115

iOther

|Medium
Voltage

Test

UV Trip Assembly

[Maintenance

1

ailure

Open

Undervoltage dropout relays in two separate, similar breakers drified out of specification
between times they were checked by scheduled maintenance. A root cause investigation
ibuted the relay setpoint shift to a combination of: 1) relay setpoint repeatability, 2)
sensitivity of the relays, and 3) testing techniques. Applicable test equipment
procedures have been changed to address the causes of the setpoint shift,

itionally, the testing frequency has been increased from quarterly to monthly pending

116

jOther

S trip
breakers

[Maintenance

UV Trip Assembly

[Maintenance

1986iFailure

Open

Partial

lay performance trending results.
ing preventive maintenance on the reactor trip breakers, the undervoltage trip units on
breakers were found to be out of specification. One undesvoltage device could not be
ljusted within specification and was replaced. The cause for both failures was

ined to be vibration and aging.

117

jOther

RPS trip

[Test

[UV Trip Assembly

[Maintenance

1983

=

|Partial

monthly surveillance test of the reactor trip circuit breaker undervoltage trip

ices, the response time of two breakers was slower than allowed by Technical
Specifications. This event was caused by setpoint drift and wom/binding front frame
ly mechanisms. Corrective actions included replacement of front frame assemblies|
undervoltage trip devices.

[Other

IRPS trip

Test

[UV Trip Assembly

=

1983Failure

Open

Partial

surveillance testing of the reactor trip circuit breakers’ undervoltage devices, the
time of two breakers than allowed by Technical Specifications. The cause of the
ent was setpoint drift and wominding front frame assembly mechanisms. The
ints were adjusted and the trip shaft and laich roller bearings were lubricated.
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. Discovery 9 Coupling Failure | Degree of _—
Item| Proximate Cause [Breaker Method Piece Part Factor | Y| Mode | Faiture : Description
Other IRPS trip [Test UV Trip Assembly [Maintenance | 1983(Failure {Partiat The trip response time of two reactor trip breakers was stower than allowed by Technical
breakers Open Specifications. The breakers were retested satisfactorily and returned to service after
justing the UV trip device setpoints and lubricating the trip shaft and latch roller

ings. The breakers were still considered operable since the shunt trip devices were
ional with satisfactory response times.
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Table A-2. Breaker CCF event summary, sorted by coupling factor.

ttem| COUPHME | proximate Cause Discovery IBreaker Typ|  Piece Part Year| Failure D;f’ﬂ“m"f Description
Design Design/ Demand 480 Vac Stabs/Connectors 1980iFailure |Partial While returning a service water booster pump to service, a minor fire occurred in a 480
IConstruction/ olto Close Vac ESF MCC. This rendered several components inoperable. Repeated cycling of the
Manufacture/ pump onto the bus coupled with inadequate stab to bus bar contact and dust in the MCC
! Installation cabinet caused a fire. Operators were reminded of undesirability of repeated cycling of
Inadequacy load breaker. An engineering study to determine if the breakers are adequately sized was
so made (the results of the study were not included in the failure report).
Design Design/ Inspection  [Medium Limit Switch 1995Ll:ailure Partial pection of circuit breaker limit switches revealed cam follower cracking. No
Construction/ Voltage Open uipment malfunctions or plant transients occurred, because the single actual failure
2 Manufacture/ urred during routine post modification testing. The root cause of this occurrence was
Installation inadequate initial design of General Electric type SBM switches by the manufacturer.
Inadequacy
Design Design/ Inspection  [Medium Mechanical Assembly 1985,foailure Partial operator racked up the emergency 4.16kv bus feeder breaker from an emergency
Construction/ Voltage Close iesel generator and found that there was no indication of breaker position on the control
Manufacture/ panel. It was discovered that the breakes elevator mechanism linkage was distorted and
Installation had allowed the cell switch actuator arm to fall into an intermediate position disabling the
3 Inadequacy utomatic and manual closure circuitry. Other breaker compartments contained distorted
linkages and it was concluded that any of 4.16kv breakers could fail during a seismic
ent. The linkage distortion was caused by an interference with the breaker assembly as
it is rolled out of the compartment.
Design Design/ Inspection  [Medium Limit Switch 1995|Failure [Partial 11 4 kV vital busses were declared inoperable following inspection that revealed cracks
Construction/ Voltage Open in the circuit breaker cam followers. One actual failure occurred during post maintenance
4 Manufacture/ ting (maintcnance was for another reason), but all cam follower limit switches at both
Installation units were replaced. The root cause of this occurrence was inadequate initial design of
Inadequacy General Electric type SBM switches by the manufacturer.
Design Design/ Maintenance [Medium Limit Switch 1995{Failure  {Partial [nspections revealed cracks in the lexan cam followers of control (limit) switches
Construction/ Voltage Close installed in 4160 Vac and 6900 Vac circuit breakers. The same part used in 360 places in
5 Manufacture/ unknown number of breakers. Inspection showed about one third were cracking and two
[nstallation inoperable. The root cause of this occurrence was inadequate initial design of
Inadequacy cral Electric type SBM switches by the manufacturer.
Design Design/ Test DC IOC Relay 1996{Failure |Almost 11 72 dc molded case circuit breakers were tested, all 44 breakers of one vendor type,
Construction/ distribution Open |[Complete linstalled in 4 different distribution panels failed to trip on overcurrent. Problem was the
6 Manufacture/ esign of the trip lever in the magnetic trip circuit breakers. All breakers of this type and
Installation endor were replaced.
Inadequacy
Design Design/ [Test Medium Relay 1990iFailure [Partial During surveillance testing scveral circuit breaker lockout relays would not actuate.
Construction/ Voltage Open ese failures would have prevented breaker trips on overcurrent. Mechanical binding
Manufacture/ vented the relays from tripping. Bench testing revealed several contributing factors but]
7 Installation d not identify the root cause. The failed relays’ armature force checks yielded 5 to 6.5
Inadequacy unds but newer relays required only 3.5 pounds. The vendor discourages re-lubrication

reduce friction. Also, a vendor bulletin states that when the relay reset handle is forced
inst the latch after resetting, tripping is delayed or prevented. The lockout relays were
laced with spares and tested satisfactorily.
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ttem| COUPME | provimate Cause | Dprcovesy Bmkeﬂypel Piece Part Year| Failore | Dogtoe of Description
[Design Design/ Test [Medium  [Mechanical Assembly |1 ailure  [Partial Two 6.9kV breakers failed to close due to manufacturer repair defect. A cotter pin
IConstruction/ - Voltage Close installed by the manufacturer was striking the latch check switch mounting bracket and
8 Manufacture/ ing it forward. This removed the factory set clearance between the bracket and the
Installation itch actuating paddle, resulting in the paddle rolling the trip shaft to the trip position
Inadequacy the breaker attempts to close. -
[Design Design/ [Test [Medium  [Relay 1984Failure |Partial performing a loss of bus test, two 4160 Vac bus-tic breakers failed to trip.
onstruction/ [Voltage Open estigation concluded that the bus-tie breakers could not trip if the diesel generator
9 Manufacture/ utput breaker was open. The failures to open were caused by a design error.
Instaliation
Inadequacy
[Design Design/ Test trip  [Spring 1988{Failure [Partial 'wo reactor trip breakers failed to close during surveillance testing. The breakers® closing|
Construction/ kers Close prings had become detached from the pivot/actuation points. The reason for the springs'
10 Manufacture/ ing could not be determined; however, this has been a recurring problem with this
Installation er design.
Inadequacy
Design [intematl to [Demand 480 Vac  [Mechanical Assembly | 1984[Failure  [Partial phase to phase fault across the station auxiliary transformer buswork caused a loss of
(Component Close rmal offsite power to the unit. Both operable emergency diesel generators started as
1] ired. During the temporary loss of normal offsite power, several breakers in the
lant's electrical distribution system failed to operate. The plant operators restored station
wer through an altemnate offsite source, and restarted all necessary equipment.
_|Design Intemal to [Demand Medium echanical Assembly | 1981 Failure {Partial decay heat removal pump failed to start due to the circuit breaker failing to close upon
Component Voltage 1:0 Close emand. The cause was determined to be an intermittent sticking of the motor cutofT
12 itch operator due to the operator being slightly bent, which prevented it from sliding.
[Further inspections revealed that all 4.16 and 13.8 kv circuit breakers were susceptible to
is problem. All applicable circuit breakers were subsequently modified.
Design Internal to nspection  {Medium IArc Chute 1 ailure  |Partial 4160 Vac circuit breakers could fail to change position due to an insulating block (a
13 Component [Voltage Open icomponent of the breaker blowout magnets), whose adhesive had degraded with age,
could become loose and fall into the breaker mechanism and prevent breaker operation.
Design Intemal to [Test 480 Vac IClosing Coil 1988]Failure {Partial [During a station loss of offsite power (loop) test, two class 1E 480 volt load center
(Component Close breakers failed to close during sutomatic foad sequencing. Subsequent investigation
14 revealed that the breaker spring release device in both breakers was binding against the
pening in the breaker base plate which resulted in failure of the closing coil and failure
f the breaker to close, Other defective breakers were also identified following
inspections.
Design Intemnal to [Test Medium  [Mechanical Assembly | 1987[Failure |Partial circuit breaker failed to trip during a surveillance test Upon investigation, it was
(Component Voltage [to Open ned that the connecting pin for the breaker trip crank located between the trip
lenoid and the trip shaft became loose due to a pin weld failure, which prevented
15 {ectrical tripping of the breaker. Inspection revealed several breakers with the same weld
geometry. Two procedures, an inspection procedure and a trip crank replacement
were written for eighty six affected breakers on site. Nine breakers failed the
criteria.
[Design Internal to [Test trip Latch Assembly 1983[Failure [Complete [The static force to trip the circuit breakers exceeded allowable tolerance due to binding
16 ‘omponent kers F) Open caused by the unused overcurrent trip pads. The breakers tested satisfactorily after
: removal of the overcurrent trip pads.
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Item C;:cp:;?g Proximate Cause D;As:odee‘;y Breaker Typel Picce Part Year Fl”l lurel D;fi'i:,eo f Description
Design [ntemnal to [Test IRPS trip [UV Trip Assembly 1983|Failure  [Partial [During reactor trip breaker surveillance testing, the undervoltage trip devices for two
17 [Component breakers Open ircuit breakers exhibited scattered and unacceptable response times. The reactor trip
I breakers were replaced with spares.
Design Internal to est [RPS trip Spring 1986Failure |Partial performance testing of the reactor trip circuit breakers, two breakers failed to re-
(Component breakers Close lose after open them from the control room panel controls. Troubleshooting found that
t8 breakers' operating springs fcll off} preventing closure but not opening, a recurring
problem with this particular breaker design
Design Operational/ Inspection  |Medium  [Relay 1998{Failure [Partial circuit breaker contacted exposed relay terminals during rack-in, causing trips/lockout
19 Human Error Voltage Close f two breakers and lockout of another. The event was attributed to human error and poor
ign (location of relays).
Design Operational/ Test RPS trip Spring 1 silure [Partial ile performing initial approach to criticality testing, operators noted that the B-phase
Human Error breakers Close for a reactor trip breaker, was not indicating current flow afier the breaker was closed.
train's function of providing power to the control rod drive mechanism was degraded
one phase of power was unavailable. The failure was caused by a mechanical operating]
20 pring that had come loose. With the spring loose, the B-phase contacts were geting
insufficient pressure to close. The vendor has provided notice that the spring could come
loose and the vendor has provided additional instructions for breaker inspection and
maintenance to address this problem. The spring was reinstalled according to the vendors
instructions. The breaker was subsequently tested and retumed to service.
Environmental |External [Test trip echanical Assembly { 1984{Failure [Partial ing routine surveillance testing of the reactor trip breakers, two breakers did not
21 Environment ers Open ¢ state in the required time. The causes were determined to be dirty breaker
mechanisms.
Environmental [Intemal to [Test IRPS trip UV Trip Assembly 1983jFailure |Partial routine surveillance testing, a the control rod drive AC breaker experienced a
Component breakers Open layed trip. Subsequent testing of all AC and dc control rod drive breakers resulted in a
22 ntrol rod drive dc breaker also experiencing a delayed trip. If a reactor trip had
umed, and if both malfunctioned breakers had delayed in tripping, two control rod
zroups would not have dropped immediately.
Hardware Design/ HInspection edium 1&C 2 ailure |Partial ing a systemn review, it was noted that the auxiliary transformer breakers did not trip
Construction/ [Voltage Open designed when the Main Turbine tripped. Investigation determined that this trip signal
Manufacture/ is blocked when a low load (4000 A) condition is sensed at the output of the generator.
23 Installation low load block is not part of the original digital protection system modification and
Inadequacy reason for the block could be determined. Tripping of these breakers on a Main
urbine trip is needed to ensure that the timing sequence for the EDGs ona
P/LOCA, as defined in the FSAR, would not be affected. The block was removed.
Maintenance  |Design/ |inspection edium Latch Assembly 1998{Failure |Partial breaker tripped when the cubicle door was closed. Subsequent inspection revealed
Construction/ [Voltage Close eral incorrect latching mechanisms were installed on 4160 Vac breakers. The cause of
Mapufacture/ incorrect laiching mechanisms being installed during original construction was
24 Installation 1 error. The incorrect latches were installed in eight of seventeen cubicle doors in]
Inadequacy Division II switchgear. Contributing to this event was that information relative to the
latching mechanisms was not provided to personncl working on the switchgear and that
ement controls were not adequate to ensurc the correct parts were installed.
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Item

Coupling
Factor

Proximate Cause

Discovery
Method

[Breaker 1ypel Piece Part

Year

Failure
Mode

Degree of .
Failure Description

25

{Maintenance

Design/ .
onstruction/
Manufacture/
Installation
Inadequacy

WMaintenam‘,e

IRPS trip
breakers

[UV Trip Assembly

19

ailure
Close

[Partial

After installation of new undervoltage trip relays, the reactor trip breakers would not stay
iclosed. The original trip bar design gap was satisfactory with old style undervoltage
llvlaw, but not with new style relays.

26

[Maintenance

|intemnal to
iComponent

[Demand

K80 Vac

Closing Coil

1984{Failure

Close

[Partial

a period of S months, there were 6 incidents of circuit breakers of the same vendor
nd type failing to close on demand. Intermittent failures of the closing coil cutoff x-

nys to properly retum to their de-energized position prevented the relays from
ergizing the breakers' closing coils upon receipt of a close signal. It was determined

t dirt and dust accumulation on the moveable parts of the relay causes the faulty
peration. The symptoms of the x-relay malfunction were found to be failure of the

er to close upon receiving a close signal, and in most cases, the breaker closes upon
iving a second close signal. This failure mode can cause equipment and/or systems to
inoperable without detection umtil that equipment is called upon to operate, either by
or when actually required. The x-relays on all safety-related breakers of this type
inspected and cleaned. The vendor did not provide for maintenance of the x-relays
in their maintenance procedures.

Maintenance

{Internat to
iComponent

480 Vac

[Mechanical Assembly

198

Failure
0 Close

|Partial

breekers failed to close during attempts to transfer bus power from alternate to
ormal feed, the normal feeder breaker would not close. One failure was caused by
rrosion in the cell switch. The second failure was due to excessive dirt. Both were
ttributed to lack of preventative maintenance. Preventative maintenance had not been
one during the last 2 years because the unit had been shutdown for an unusually long
ime and maintenance frequency was tied to the refueling outage.

28

Maintenance

- [Intemal to

(Component

480 Vac

{Mechanical Assembly

19

Failure

Open

Partial

During surveillance testing, one circuit breaker failed to trip when the undervoltage
ice was de-energized and two others failed to trip within the specified time limit. This
may have affected the emergency diesel generator loading and its loading
vence as specified in Technical Specifications. The cause was dirt and lack of
ubrication. . - : :

29

Maintenance

{Intemnal to
iComponent

Demand

480 Vac

|Spring Charging Motor

1985

Failure
Close

[Partial

‘our 480 Vac feeder breakers failed to close on demand. One breaker failed to close due
lose bolts holding the charging gearbox assembly. When demanded, the fuses for
ther breaker blew and the breaker failed to close, The cause of this failure was
ined to be dirty contacts. Another breaker failed due to failure of the auxiliary
ay. The fourth breaker failed to close due to dirty and dried lubricant on the trip latch

adjustment parts,

30

Maintenance

Intemal to
omponent

480 Vac

[Mechanical Assembly

ailure
Close

[Partial

normal supply breaker for a 600 Vac bus failed to close on demand when switching
the from the alternate to the normal power supply. The failure was due to binding of
closing mechanism in the breaker, A few days later the alternate feed breaker to
bus failed to closed during a hot transfer. The second failure was caused by a
contact finger in the bus transfer interlock logic, The cause of the failures was
ibuted to a lack of lubrication or hardening of the lubrication. The breakers were
from service and the closing pivot points and other moving parts lubricated.

ﬂerﬁmctiomltatin&mebmkusweremwnedtombe.
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Coupling . Discovery . Failure | Degree of -
Item Factor Proximate Cause Method [Breaker Piece Part Year Mode | Failure Description
Maintenance |Intemal to IDemand 480 Vac FMechanical Assembly | 1989 Failure Fhmal 'When attempting to switch 600 Vac buses from normal to altemate feed, the alternate
Component Close breakers failed to close when the normal breakers were tripped. One failures was due to
ip rod binding in the alternate breaker due to a lack of proper lubrication of the trip rod
3 bearings. Another failure was caused by a binding plunger in the breaker charging motor
tout switch due to dirt buildup. The dirty plunger caused the switch contacts to remain
pen preventing the motor from charging the closing spring and completing the closing
uence. The third failure was caused by a dirt buildup on the trip mechanism and pivot
points, which resulted in binding of the intemal moving parts.
Maintenance  |Intemal to Demand 1480 Vac Latch Assembly 1983\Failure  {Partial 480 Vac circuit breakers failed to close due to worn latching mechanisms. The latch
32 Component Close echanisms were replaced.
Maintenance  |Intemnal to [Demand 480 Vac IAux. Contactor I986Ll;ailure [Partial attempting to close a normal supply breaker to a 480 Vac bus, the close circuit
1 Component Close blew. The failure caused by dirty auxiliary contacts. In another case, routine
bservation found that the altemate supply circuit breaker to the same bus had failed due
a bumned out closing relay.
Maintenance  |Internal to Demand Medium IAux. Contactor 198Q(Failure  [Partial ing a planned line outage which de-encrgized a transformer, the altemate feeder
Component Voltage Close breaker failed to close, de-energizing a 4 kv bus tie board during automatic transfer.
34 en the transformer was re-energized the normal feeder breaker failed to close. The
fuse clip and fuse in the close circuit of altemate feeder breaker were not making contact.
auxiliary contacts of the normal feeder breaker were dirty.
Maintenance  |Intemal to Demand Medium [Latch Assembly 1991|Failure  [Partial 4160 Vac circuit breaker failed to open and several more were degraded due to
3 Component Voltage Open hardened grease and lack of lubrication. This problem could affect the ability of the
3 ubject breakers to open o close. Maintenance of the breakers was incomplete despite
imilar failures due to the same cause four years earlier.
3 Maintenance [Intemnal to Demand Medium [UV Trip Assembly 1988]Failure [Partial  [Two 4160 Vac failed to open due to failure of the breaker trip coils. The cause were
6 Component Voltage Open ldetermined to be normal wear and aging.
IMaintenance  |Internal to Demand RPS trip Closing Coil 1 ailure  |Partial Two reactor trip breakers failed to close following a trip test. The cause of the failure was
37 Component breakers Close belicved to be due to the relay release arm on the closing solenoid moving core being out
f adjustment.
Maintenance  [Internal to Demand |RPS trip [Latch Assembly 1992fFailure  [Partial ile attempting to reset the control rod drive system following a control rod drive
(Component breakers Close reaker in the reactor protective system failed to reset. Later, during a control rod drive
38 breaker trip test, another breaker failed to reset after a trip. The first failure was due to the
trip latch being out of adjustment. The cause of the second failure could not be
isely determined; however, troubleshooting revealed cracked insulation on the close
il.
Maintenance |Intemnal to finspection  |480 Vac  |[Mechanical Assembly | 1989Failure |Partial 'wo 480 Vac feeder breakers tripped and would not close while a special inspection of
39 [Component Close ers was being conducted. The breakers failed to close due to dirt built up and lack of]
lubrication.
[Maintenance |Intemal to ﬁlnspecu'on [Medium  |Spring Charging Motor | 1 ailure [Partial 'wo breaker’s closing springs failed to charge-up when equipment operator was making
0 'omponent [Voltage Close y the in-foeed breaker from separate station power transformers. The suspected failure
for one breaker was dirty contacts in the charging mechanism. The suspected
ilure cause for the other breaker was binding in the charging spring mechanism.
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Coupling . Discovery . Failure | Degree of' .
Item Factor Proximate Cause Method ker Typel Piece Part Year Mode | Failure Description .
[Maintenance |Intemal to |Inspection  [RPS trip UV Trip Assembly 1987|Failure rtial [Two reactor trip breakers failed to close following testing. Troubleshooting found one
4l iComponent [breakers Close [breaker's under voltage coil had failed (open circuit) and the other breaker’s undervoltage
jce pivot to armature clearance was out of adjustment. Operational/ambient conditions|
cited as causes for the failures.
Maintenance [Internal to [Maintenance [480 Vac lechanical Assembly | 1985{Failure  {Partial ile conducting maintenance, the main feeder breaker for a 600 Vac emergency bus
[Component Close uld not close. Investigation revealed the trip setpoint tolerance, contact gap and trip
latch roller gap were out of adjustment preventing the breaker operation. This breaker
42 s adjusted and retumed to service. Another 600 Vac breaker was found to be "broken.”
o exact failure mechanism was given; however, the cause was given as "wear,” and this
er was replaced.
Maintenance [Internal to Maintenance 480 Vac Latch Assembly 1986{Failure [Partial ing preventive maintenance, two power supply circuit breakers to motor control
(Component Open would not automatically open when their associated load center was isolated.
43 subsequently failed to trip when the manual trip button or tripper bar was pushed.
circuit breaker latch mechanisms were dirty and sticky. The root cause was
ined to be normal wear and an inadequate preventive maintenance procedure.
Maintenance |Internal to aintenance |RPS trip lay 1986 Failure [Partial ing preventative maintenance two reactor trip breakers failed to close. Both breaker
44 Component ers Close failures were due to failure of the same relay. The cause was assumed to be wear and
aging.
Maintenance  [Internal to |Maintenance [RPStrip  |Aux. Contactor 1990fFailure [Partial  [Two reactor trip breakers failed to close during preventative maintenance. The failure to
45 omponent [breakers o Close iclose was due failure of the breaker cutoff switches.
lMainwnance Internal to Test 480 Vac echanical Assembly | 1986{Feilure |Partial During routine inspections of the 480 volt unit boards, two feeder breakers were binding.
46 [Component Close [The failures were attributad to dirty, hardened grease, normal aging and wear.
4 Maintenance |Internal to [Test 480 Vac echanical Assembly | 1991|Failure rtial [Two 480 Vac circuit breakers failed to close due to mechanical binding caused by dried
Component Closs out, hardened lubricant, The mechanical operating mechanisms were replaced.
Maintenance [Internal to Test 480 Vac  [Mechanical Assembly | 1986|Failure [Partial [The power supply circuit breakers to two motor control centers would not trip during
(Component illance testing. The circuit breakers were dirty. This was due to a normal
48 ation of dirt during operations. The circuit breakers were cleaned and verified to
operable.
Maintenance  |Intemnal to Test 480 Vac Relay 1998/Failure [Partial instantaneous trip testing of both breakers revealed excessive time prior to tripping.
[Component Open e required trip time is less than 0.15 seconds. Breakers were tripping on instantaneous
49 esting between 0.194 and 0.753 seconds. Cause was determined to be inadequate
entative maintenance.
Maintenance  |Internal to Test 480 Vac  [Mechanical Assembly | 1999Failure ial ing high tolerance instantaneous testing, several 480 Vac circuit breakers on all three
50 Component Open did not trip in the required time (0-10 cycles). Failures were attributed to aging
degraded lubricants resulting from an ineffective maintenance program.
Maintenance |Intemal to Test 480 Vac Mechanical Assembly | 1987|Failure  {Partial [During once per cycle testing of the startup transfer feeder to the unit bus breaker, two
[Component Open breaker trip units were found to be non-operational so that the breakers would not trip.
51 Both failures were caused by lack of lubrication on the internal moving parts due to a lack|
lof proper maintenance.
{Maintenance  (Intemnal to Test 480 Vac  [Relay 1988/Failure [Partial During surveillance testing on the plant ac distribution system, the normal feeder breaker
5 [Component Close m a transformer would not close when transferring from altemate to normal power.
failure was attributed to close relay contacts hanging up from a lack of breaker
lubrication. A second similar failure was attributed to the breaker having dirty contacts.
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Coupling : Discovery . Failure | Degree of -~
Item Factor Proximate Cause Method Breaker Picce Part Year Mode | Failure Description
Maintenance |Internal to [Test 480 Vac  [Relay 1983(Failure P’arual our 480 Vac circuit breakers failed to close during testing duc to failure of the power
53 Component Close rs. The power sensors were replaced.
[Maintenance  |Intemal to Test 480 Vac [Relay 1988iFailure [Partial circuit breaker failed to close on a safety injection demand due to oxidation on contacts
Component Close for the alarm switches. Subsequent investigation revealed 11 other safety-related breakers
with the same problem. The cause was determined to be inadequate periodic inspections
34 cleaning of the alann switch contacts due to lack of specific guidance in the
maintenance procedure. Corrective actions included revision of the maintenance
procedure.
Maintenance |Internal to Test DC Mechanical Assembly | 1996iFailure |Partial The dc bus inter-tie breakers failed to open due to lack of lubrication. Corrective action
35 IComponent distribution to Open was to creale a preventative maintcnance and inspection schedule for these breakers.
IMaintenance  {intemal to [Test DC r:ontrol Switch 1987|Failure |Partial During routine obscrvation of the 250 volt distribution boards, a normal dc power feeder
Component distribution Close breaker was slow to transfer and another failed to transfer. The first failure was due to
36 witch joints being dirty and an indicating light resistor being burned out. The second
Failun was due to dirty hinge joints,
Maintenance  [intemal to ITest DC OC Relay 1989 Failure [Partial ile performing preventative maintenance on the dc feeder circuit breakers, the
57 Component distribution Open vercurrent trip devices would not set correctly. The cause was attributed to a lack of
intenance.
Maintenance  |Intemal to est Medium Relay 1989Failure {Partial time delay relay for a 4160 volt feeder breaker would not time out within its specified
38 Component Voltage Close lerance during calibration, and a time delay relay for a second breaker would not
. The causes of both failures were determined to be due to aging.
Maintenance |Internal to [Test Medium Relay 1984{Failure |Partial Several 4160 Vac circuit breakers of the vendor and type failed to trip due to age induced
59 Component Voltage Open hardening of grommets in the clectromechanical overcurrent device. Corrective actions
included replacement with new or newly rebuilt overcurrent devices and establishing an
lequate preventive maintenance surveillance interval.
Maintenance  |Intemal to [Test Medium Limit Switch 1989 Failure [Partial In two separate incidents while attempting to realign power to support testing, the
IComponent Voltage Open temate supply circuit breaker failed to trip upon closure of normal supply breaker. The
of failure was attributed to the raised upper limit switch being out of mechanical
60 fjustment causing a greater than 1/8 inch gap between the operating plunger and the
breaker auxiliary switch. This limit switch provides the trip signal for the alternate
breaker.
Maintenance  |Intemnal to est [Medium Spring Charging Motor | 1987|Failure [Partial 'wo 4160 Vac circuit breakers failed to close. One failure was caused by the latching
6 Component Voltage Close wl spring being out of adjustment, which prevented the springs from charging. The
! of the second failure was attributed to the racking mechanism slide interlock being
ut of adjustment.
Maintenance  |Internal to est {Medium Spring Charging Motor | 1986jFailure [Partial ile performing testing of 4160 Vac boards and buses, three circuit breakers would not
62 Component Voltage Close ose. The failures were attributed to the breakers being dirty, needing lubrication, and
ue to loose connections.
63 JMaimenance Internal to [Test edium Spring Charging Motor | 1987|Failure [Partial closing springs for two 4160 Vac breakers would not charge. The cause of the
[Component Voltage Close ailures were dirty contacts, a dirty closing mechanism, and lack of lubrication.
Maintenance  |Intemal to Test Medium echanical Assembly | 1995|Failure |Partial 4KV supply circuit breaker closed during testing, but failed to instantly recharge. The
[Component Voltage Close of the failure was aging of the latch monitor pivot bearing lubrication. This
64 blem had previously surfaced and the bearings were relubricated at that time. Since
action did not fix the problem, the decision was made to replace the pivot bearings
for all affected circuit breakers..
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ttem| COUPE | proximate Cause | Dhacover BreskerType]  Piece Part Year| Tl D;fi'l“m"f Description
aintenance ternal to [Test trip UV Trip Assembly 1986Failure [Partial While conducting surveillance testing of the unit's reactor protection System, two reactor
omponent kers Close ip circuit breakers' UV devices would not pick up after tripping the breakers.
65 ubleshooting found that the UV devices gap clearances were incorrect. No direct
use for the misadjustments was found, however, operational stress and/or equipment
ging were suspected. :
{Maintenance  |Intemal to [Test jRPStrip  [Relay 198QFailure |Partial reactor trip breakers failed to trip during performance of surveillance testing. One
iComponent breakers Open ilure was due to the auxiliary contact for the shunt trip was not making contact due to
66 isalignment with the block. The other failure was due to a faulty undervoltage relay.
jumper to change the control voltage was installed in the 48 volt holes and should
been installed in the 125 volt holes causing the relay to overheat and melt.
Maintenance |Intemal to [Test trip UV Trip Assembly 199({Failure |[Pertial 'wo reactor trip breakers were found to have defective undervoltage trip relays which
67 [Component kers Open opening. One failure was detected during testing and the other was detected
maintenance. The relay failures were determined to be due to aging.
Maintenance  |Intemal to Test trip  [Mechanical Assembly | 1985]Failure [Partial ile performing testing of the unit's reactor trip circuit breakers, the undervoltage trip
68 [Component ers Open ime was found to be out of the allowable tolerance for two breakers. Dirt accumulation
in the front frame assembly and lack of lubrication were the suspected causes
Maintenance |Internal to [Test [RPStrip  [Mechanical Assembly | 1984[Failure [Partial surveillance testing of the reactor trip circuit breakers, the under voltage trip
69 [Component breakers Open response time was found out of specification. Troubleshooting found the breakers® front
frame assemblies to be Iacking the proper amount of lubricant on their bearings. This was
a recurring problem with this breaker type. The front frame assemblies were replaced.
Maintenance |Intemal to [Test RPS trip [UV Trip Assembly 1982{Failure [Partial During surveillance testing, four of nine reactor trip circuit breakers failed to tripon
(Component breakers Open undervoltage. The primary cause was inadequate lubrication, possibly due to an excessive
‘ jve maintenance interval, combined with a small design margin in the tripping
70 force provided from the undervoltage coil. Corrective actions were to perform required
ive maintenance prior to the unit entering mode 2 and implementation of the
mmendations of IE Bulletin 79-09 and vendor recommendations, increased
surveillance testing of the undervoltage trip feature and a decrease in the interval between
preventive maintenance.
aintenance  |Internal to [Test RPStrip  |Mechanical Assembly l985|‘Failute [Partial During normal operation while performing surveillance testing, two reactor trip circuit
[Component breakers 0 Open breakers failed the under voltage response time test. The breaker’s front frame assembly
1 the suspected cause of the increased time response of the one breaker’s undervoltage
ice. The other failure was due to loose armature laminations in the undervoltage
ice. Both are known design problems with these circuit breakers.
Maintenance  |Intemal to Test RPStrip  {UV Trip Assembly 1990iFailure [Partial  [In separate tests, two reactor trip breakers failed to close after trip testing. The failure to
72 [Component breakers Close was determined 10 be due to womn undervoltage trip coil mechanisms to prevented
the breakers from latching.
Maintenance  |Internal to [Test RPS trip UV Trip Assembly 1987|Failure [Partial Two reactor trip breakers failed to close following testing. Troubleshooting found one
7 [Component : kers - fto Close breaker's under voltage coil had failed (open circuit) and the other breaker’s undervoltage
device pivot to armature clearance was out of adjustment. Operational/ambient conditions
(heat/vibration) were cited as causes for the failures.
74 Maintenance  [Intemnal to [Test IRPS trip IReIay 1984]Failure |Partial 'wo reactor trip breakers failed to close over a one-month period. Both failures were
IComponent breakers Close tiributed to relay release arms being out of adjustment.
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Item C‘?:&I::g Proximate Cause D;{s:my IBreaker Typel Piece Part Year l;;"l";e D;;‘;m £ Description
Maintenance |Intemnal to est Stip  |Mechanical Assembly | 1984{Failure |[Partial surveillance testing, the trip time requirements for two reactor trip breakers were
IComponent breakers Open found to be out of specification high. Historically, the bearings for the breaker front frame
75 semblies have been found worn and lacking the necessary lubrication, which increases
ip times. Afier replacing the front frame assemblics and lubrication the bearings, the
reakers were retested satisfactorily and retumed to service.
Maintenance |Intemal to [Test trip [Latch Assembly 1 ailure [Partial ing unit outage, while performing functional testing, operators found that two reactor
Component reakers Close ip breakers would not clos¢ from the handswitch in the main control room.
roubleshooting discovered the inertia latch (picce part of the circuit breaker) had stuck
76 in mid travel. The breakers' electrical trip function was lost, but the control rod drive
ystem was not affected because of an available redundant trip breaker. Plant operation
not affected. Insufficient lubrication of the inertia latch caused the latch to stick in
mid trave). The inertia latches were cleaned and lubricated and post maintenance testing
performed satisfactorily.
Maintenance (Intemal to Test RPS trip [Unknown 1992iFailure  |Partial 'wo reactor trip breakers failed to close following a trip test. The cause could not be
77 [Component ess ZF: Close ined and the failure was not repeatable. The breakers that failed were replaced with
pares.
78 Eainmnance Intemnal to Test S trip [UV Trip Assembly 1984fFailure |Partial During surveillance testing, two reactor trip breakers failed to close during surveillance
IComponent breakers Close response time test. The stated cause was normal wear.
Maintenance [intemal to [Test IRPS trip UV Trip Assembly 1986{Failure |Partial ile conducting monthly surveillance testing of the unit's reactor protection system, two
Component breakers Close reactor trip circuit breakers failed to close after testing. Troubleshooting found a failure of]
79 ne breaker's under voltage device. The second circuit breaker's pick-up coil voltage was
igh due to a change in characteristics of the voltage adjustment potentiometer. Both
failures were attributed to operational stress and/or equipment aging.
Maintenance |Intemnal to est RPS trip Trip Assembly 1983|Failure [Partial ing surveillance testing, three reactor trip breakers failed to trip on undervoltage. The
Component breakers Open primary cause was inadequate lubrication, possibly due to an excessive preventive
intenance interval, combined with a small design margin in the tripping force provided
80 from the undervoltage coil. Corrective action was to perform the required preventive
intenance prior to entering Mode 2. Additionally, as required by IE Bulletin 79-09 and
endor recommendations, the surveillance testing interval of the undervoltage trip feature
increased and the interval between preventive maintenance was decreased to prevent
urrence of this event.
Maintenance |{Internal to [Test trip UV Trip Assembly 1980{Failure [Partial It was discovered during testing that some reactor trip breakers would not trip on
Component breakers to Open undervoltage as expected. One device would not tripand two others tripped sluggishly.
81 cause was determined to be misaligned armatures in the undervoltage devices. A new
reventative maintenance program was initiated to check the undervoltage coils
independently on a monthly basis.
Maintenance |Intemal to est S trip echanical Assembly | 1989|Failure [Partial surveillance testing, two reactor trip switchgear breakers would not close. The
82 [Component breakers pr Close first failure was due to a defective piece part in the cutout 'y’ switch on the breaker due to
ic fatigue. In the second failure, a broken clamp was found on the closing
, ism, which prevented the breaker from closing. .
Maintenance |Operational/ [Demand 480 Vac IOC Relay 1998Failure  [Partial ircuit breakers were found to be susceptible to tripping on normal start due to improper
83 [Human Efror Close ing of overcurrent trip. The problem was discovered when one breaker failed to close
n demand. A previous modification package was determined to be inadequate in that it
id not require trip setpoint adjustment.
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Failure
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84

aintenance

Operational/
Human Error

IDemand

[Medium
[Voltage

[Mechanical Assembly

1

ailure

Open

[Partial

[Two circuit breakers failed to open on demand during separate evolutions. During
ubsequent reviews, station personnel determined that the condition of the three circuit
ers was similar to the condition of the two safety-related circuit breakers that

iousty failed to open an demand. The cause of the event was determined to be
inadequate preventive maintenance, The preventive maintenance performed did not
ubricate the main and auxiliary contacts in the circuit breakers as recommended by the
ircuit breaker manufacturer and also did not provide sufficient instructions to remove the
ughness on the main and auxiliary contacts,

|

85

Maintenance

[Operational/

Human Error

Demand

[Medium
[Voltage

[Mechanical Assembly

1

ailure
Close

rtial

‘our 4160 Vac circuit breakers failed to close, Each failure was due to a different
anism; however, investigation revealed that all failures were related to workmanship
nd quality control practices by the vendor who overhauled the circuit breakers. To
the safety class circuit breakers are reliable, the utility and vendor developed a
prehensive plan to inspect critical components of the circuit breakers that were
iously overhauled.

86

Maintenance

Operational/
{Human Error

nspection

[Medium
Voltage

Latch Assembly

1

ailure
0 Close

Partial

failure of a roll pin securing a spring for & latch pawl on a 4KV breaker was reviewed
and & determination made that the failure of this pin could cause the breaker to fail.
‘urther investigation revealed that the roll pin failed as a resuit of hydrogen

brittlement. Later, an issue involving permanently applied lubricant which was
inadvertently removed from the breakers was identified. This also could potentially affect
ker operation. The cause of the cracked roll pin was the lack of knowledge of plating
induced hydrogen embrittlement. Vendor personnel involved in the procedure
evelopment were not aware that zinc plating of hardened steel parts could produce

gen embrittlement and subsequent cracking. The cause of the lubricant being
inadvertently removed from breaker parts is also due to the lack of knowledge by Vendor
nnel.

87

|Maintenance

Operational/
iHuman Error

{Inspection

[RPS trip
breakers

'Wires/Connectors/Board

1983

ailure

Open

Complete

Following performance of the manual reactor trip functional test, it was noted that the
ure called for jumpering out the UV trip coils with the reactor trip breakers closed
the rods capable of withdrawal. This was a procedural error that caused the removal
f both trains of automatic reactor trip logic. The procedure was revised to prevent

of the event.

88

Maintenance

Operational/

Human Ermror

|Maintenance

Medium
[Voltage

[Mechanical Assembly

198

Open

[Partial

circuit breaker failed to open due to trip linkage binding caused by misalignment and
improper assembly. Subsequent inspection of other 4160 Vac circuit breakers revealed
same problem. The misalignment was the result of a procedural deficiency by the
that performed circuit breaker overhauls.

89

wMaimenance

Operational/
Human Error

[Test

480 Vac

[Main Contacts

Failure
Close

Partial

ing testing on emergency bus feeder breakers, the closing spring charge/discharge
indicator showed that the springs were charged with the breaker closed, indicating that
main contacts were closed but not exerting full pressure against the stationary

tacts. Investigation showed the root cause to be failure to incorporate the latest vendor
information on contact adjustment into the breaker maintenance procedure.
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[Maintenance

Operational/
Human Error

[Test

480 Vac

[Mechanical Assembly

ailure
Close

Partial

Three breakers failed to close on demand during testing. Hardened grease was discovered
in the stop roller and main drive link roller. When actuated by the closing coil, these
llers and the associated closing laich release the stored energy of the breaker springs,

losing the breaker. Stiff roliers have resulted in multiple breaker failures in the past. The

intenance procedure provides instructions to clean and lutricate various friction points
f the breaker mechanism; however, they are not specifically identificd in the vendor
manual. These rollers were not cleaned and lubricated during the performance of the
uled preventative maintenance.

91

Maintenance

Operational/
Human Error

[Test

480 Vac

wmmn Assembly

ailure

Open

ers degraded due to lack of lubrication. Lubrication was removed during

breaker failed to trip during testing. Subsequent testing and inspection revealed several
furbishment by the vendor and was not re-installed.

92

Maintenance

iOperational/
Human Error

Test

480 Vac

Wires/Connectors/Board

199

ailure

Open

Emergency Diesel Generator (EDG) failed 1o pass surveillance testing because certain
oads were not shunt tripped from the safeguard bus when a simulated Loss of Coolant
ccident (LOCA) signal was initiated. During troubleshooting, a loose wire was
iscovered in one circuit breaker and a lifted wire was discovered in another circuit
. The wires were restored to their normal positions and a portion of the test
ure was performed to verify appropriate loads were shunt tripped following a
imulated LOCA signal. The loose/disconnected wires were believed to have come loose
a plug connection during repairs made to enhance electrical separation between
ectrical divisions. Procedures were revised to alert workers of the potential for wires
ming loose during removal and restoration of plug connections on similar circuit

ers

93

Maintenance

Operational/
Human Error

Test

RPS trip
breakers

IShunt Trip

19

ailure

Open

Partial

set of leads in each of the four plant protective system bays were found to be
isconnected. These disconnected leads removed the automatic shunt trip feature from
TB's #1, #2, #3, and #4. The subject leads had been disconnected and not restored
uring 18-month surveillance testing conducted earlier.

94

Maintenance

[Operational/
Human Error

[Test

RPS trip
breakers

[Latch Assembly

199;

ailure
Close

[Partial

ile performing surveillance testing, two reactor trip breakers failed to close on
occasions. In one case, the breaker latch catch and anm were found bent,

enting the breaker from closing. The cause of this failure was believed 1o be from

incorrect installation of the breaker during previous maintenance or testing activities. In

o second case, the breaker operating mechanism latch was binding against the housing

likely due to inadequate lubrication and rough surfaces.

95

Maintenance

perational/
Human Error

[Test

RPS trip
breakers

UV Trip Assembly

198

ailure

Open

Partial

ing the performance of reactor trip circuit breaker undervoltage device surveillance
ting, three breakers failed to open within the acceptance time criteria. The following
y, and then 8 days later, two additional breakers failed to meet the acceptance criteria.
reactor trip breakers failed even though extensive maintenance and testing was
ormed on all eight of the trip system breakers 11 days prior to the first 3 failures.
intenance included procedures specified in the vendor service advisory letter. The
iciencies were corrected by again performing the vendor approved refurbishment
ures on the slow breakers, followed by successful testing.
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Failure
Mode

Failure

Degree of

Description

[Maintenance

Other

1994

ailure

Partial

A preventive maintenance procedure was being performed on 480V molded case circuit
breakers. These are magnetic only breakers with an adjustable instantancous trip range of
50 to 150 amps, With the breakers adjusted to their lowest setting, the right phase for two

breakers tripped at 71.7 amps and 69 amps. The maximum allowable trip point was 57.5
neptukmhidldmmdedlatnmﬂneymmmufactured in August of

ers. The circuit breakers would still trip on instantaneous within its adjustable range
ich would provide adequate overcurrent protection. The cause was attributed to the

kers' long service life. Like for like breakers were installed. All tests were performed
i ily,

97

Maintenance

UV Trip Assembly

19!

ailure

Open

[Partial

ing preventive maintenance on the reactor trip breakers, the undervoltage trip units on
breakers were found to be out of specification. One undervoltage device could not be
ljusted within specification and was replaced. The cause for both failures was
ined to be vibration and aging,

98

[Maintenance

[Test

480 Vac

OC Relay

198

Open

ailure [Partial ing routing surveillance testing, three circuit breakers would not trip on short time

trip test. The failures were caused by the breakers being out of calibration as
result of nommat wear, '

Maintenance

[Test

edium
[Voltage

UV Trip Assembly

1986{Failure
1-0 Open

[Partial

During routine testing it was found that the under voltage relays for two 4160 Vac feeder
breakers from an suxiliary transformer to the buses were out of calibration. The failures
fwere attributed to relay wear,

Maintenance

Test

[Medium
[Voltage

UV Trip Assembly

1994{Failure
Open

Partial

Undervoltage dropout relays in two separate, similar breakers drifted out of specification

between times they were checked by scheduled maintenance. A root cause investigation

ttributed the relay setpoint shift to a combination of: 1) relay setpoint repeatability, 2)
sensitivity of the relays, and 3) testing techniques. Applicable test equipment

procedures have been changed to address the causes of the setpoint shift.

itionally, the testing frequency has been increased from quarterly to monthly pending

ay performance trending results.

101

{Maintenance

[Test

UV Trip Assembly

1983{Failure

Open

ing surveillance testing of the reactor trip circuit breakers® undervoltage devices, the
nse time of two breakers than allowed by Technical Specifications. The cause of the
was setpoint drift and wombinding front frame assembly mechanisms. The
ints were adjusted and the trip shaft and Iatch rolier bearings were lubricated.

102

Maintenance

Test

UV Trip Assembly

1983|Failure

Open

.

monthly surveillance test of the reactor trip circuit breaker undervoltage trip
ices, the response time of two breakers was slower than allowed by Technical
Specifications. This event was caused by setpoint drift and worn/binding front frame
ly mechanisms, Corrective actions included replacement of front frame assemblies)
undervoltage trip devices,

103

Maintenance

[Test

trip
kers

UV Trip Assembly

1983

ailure
Open

Partial

¢ trip response time of two reactor trip breakers was slower than allowed by Technical
Specifications. The breakers were retested satisfactorily and retumed to service after
fjusting the UV trip device setpoints and lubricating the trip shaft and latch roller

ings. The breakers were still considered operable since the shunt trip devices were
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em| COUPINE | proximate Cause Discovery IBreaker Typel Piece Part Year| Flure | Degfoe of Description
KQuality Design/ [Demand 1480 Vac [Relay 1987|Failure [Complete [Four 600 Vac normal auxiliary power system circuit breakers failed to open from local
Construction/ Open ual trip switch. The failures were caused by a relay contact in breaker trip circuit that
104 Manufacture/ nommally open instead of normally closed, as shown on wiring diagram. The relays
Installation rewired to comrect the problem.
Inadequacy
Quality Design/ mand {Medium  [Relay 1 ailure  [Partial ile attempting to transfer two 4160 Vac buses to their altemate power supply, the
Construction/ Voltage Close ternate feeder circuit breaker. Scparately, another 4160 Vac circuit breaker failed to
105 Manufacture/ lose on demand. Both failures were caused by an open coil winding on a telephone-type
Installation lay within the synchronizing check relay of the circuit breaker. The telephone relay
Inadequacy failed due to being continuously energized, which was not its intended application. A
ign modification was performed as the long-term corrective action.
Quality Design/ Demand Medium Closing Coil 1996|Failure  [Partial 'wo service water pumps failed to start upon demand. Investigation revealed a high
Construction/ Voltage [to Close resistance electrical contact in the pump motor circuit breaker close coil circuit.
Manufacture/ valuation of the failure determined that the electrical contact had high resistance due to
106 Installation interruption of current approximately three times rated. The installed contactor
[nadequacy t interrupt rating was inadequate. The contact failures occurred after a fraction of
dulgn cycles. All 4 kV circuit breakers were determined to be susceptible to this
Quality Design/ Demand IRPS trip Latch Assembly 1994{Failure |Partial Dunng plant protection system functional testing, two reactor trip breaker tripped free
[Construction/ breakers Close maintenance personnel attempted to closs them. With the vendor present, the
107 Manufacture/ roblem was traced to inadequate adjustment of the trip latch overlap. The adjustment
Installation initially made per vendor specifications. However, the vendor had since increased the]
Inadequacy number of adjustment tums of the trip latch screw from4 to a maxunum of]
tumns. A change was submitied to change the procedure accordingly.
Quality Design/ Maintenance |[RPS trip UV Trip Assembly 1983Failure |Partial potential safety hazard was identified conceming certain critical dimensions of the
Construction/ breakers Open undervoltage trip device on a particular model reactor trip circuit breaker. An out-of-
Manufacture/ lerance measurement was found between the moving core and rolling bracket in
108 Installation ition to a missing lock ring on the shaft pin of the undervoltage trip device. The
Inadequacy tential existed for either intermitient operation or total failure of the device. The cause
attributed to manufacturing variations of the undervoltage trip devices. All
dervoltage trip devices on all reactor trip breakers were replaced.
Quality Design/ [Test Medium 1Spring Charging Motor | 1986{Failure |[Partial e clrcun breaker for the residual heat removal pump a failed to recharge during testing,
IConstruction/ Voltage Close the breakes incapable of automatic closure. In addition to performing required
Manufacture/ urveillance tests, an investigation revealed that the breaker charging spring motor bolts
Installation fallen out, allowing the motor to rotate, and breaking the power leads. A root cause
109 Inadequacy ysis led to the conclusion that a combination of inadequate thread engagement of the
unting bolts in the motor housing and equipment vibration caused the bolts to loosen.
this event had the potential for a common mode failure, all safety related
breakers were inspected during a scheduled maintenance outage. Three additional
were found to have loose bolts.
Quality Design/ [Test |RPS trip UV Trip Assembly 1 ailure Tm 'wo reactor trip breakers failed to close. The first failed to close during testing, the
[Construction/ breakers Close failed to close while troubleshooting the first failure. The cause of both breaker
110 Manufacture/ ilures was failure of the under voltage trip coil, which was thought to bedue to a
llnstallation ufacturing defect.
Inadequacy
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ttem| COUPIE | prosimate Cause Dlscover [Breaker Piece Part Year| Fellure | Degree of Description
Quality Design/ Test [RPS trip Trip Assembly 1983[Failure  [Partial [During surveillance testing, two reactor trip breakers would not close when a close signal
[Construction/ breakers Close was applied to the breaker’s control circuit. Troubleshooting found defective undervolta,
Hi anufacture/ devices that would not allow the closure of the breakers, The undervoltage devices were
nstallation replaced.
[nadequacy
Quality ign/ . Test trip 1Medmnical Assembly | 1984iFailure [Partial During surveillance testing, two reactor trip breakers would not re-close. Troubleshooting
Construction/ ers Close found manufacturing defects in the front frame assemblies (loose mechanical collars).
112 Manufacture/ is problem has been identified on similar breakers. The front frame assemblies were
Installation aced.
Inadequacy
[Quality Internal to [Demand trip [Unknown 1993|Failure |Partial ing an attempt to close the control rod drive circuit breakers two breakers failed to
[Component kers Close ose. The failures could not be repeated. Although the mechanical interlock, a piece part
13 f this circuit breaker, was found slightly dirty and in need of lubrication, it is not
ieved o have caused the failures to close. As a preventive measure, the mechanical
interlock was cleaned and lubricated. The breakers were successfully closed on all
bsequent tests,
Quality Internal to [Demand IRPS trip [UV Trip Assembly l983|::ailm [Complete ing a routine startup, both reactor trip breakers failed to open automatically on receipt
[Component breakers Open f a valid low-low steam generator level reactor trip signal. The reactor was shutdown 25
later using the manual trip on the control console. Subsequent investigation
114 led that the breaker failures were caused by mechanical binding of the latch
mechanism in the undervoltage trip attachment. All breaker undervoltage attachments
replaced with new devices and extensive maintenance and testing was performed on
breakers.
IQuality Internal to [Maintenance Medium Mechanical Assembly l985LF:ilme Partial During a scheduled maintenance outage of 4160v safety-related switchgesr, the plant
Component Voltage Close lectrical staff discovered that two circuit breakers were rendered electrically inoperable
s to the failure of a spot welded pivot pin. This spot welded pivot pin was on an
internal piece of linkage, which actuates the auxiliary contacts that track breaker position.
contacts are also used in external breaker trip and close schemes as interlocks. The
fective component is being modified to preclude additional filures.
Quality Internal to Test {RPS trip UV Trip Assembly 1983{Failure [Partial - ¢ undervoltage armatures for two different reactor trip breakers were found during
[Component breakers Open ing to not be fully picked up (repetitive failures in the same month). Based on vendor
. . the abnormal armature position has little or no detectable effect on the ability of the
16 undervoltage trip device to trip the breaker on loss of voltage. The undervoltage
; not being fully picked up is the result of interference between the undervoltage
and the copper shading ring around the coil core. As comrective action, visual
ification and manua! adjustment of proper closed air gap position is required following
ization of the undervoltage device.. .
KQuality Internal to Test trip  [Spring 1989(Failure [Partial ile performing surveillance testing on reactor trip circuit breakers, two breakers failed
IComponent kers Close 0 close, In one failure, the left side close spring on the breaker had fallen off and the
n7 breaker woukdn’t close with only one spring. The second breaker failure was due to a bad
ntrol power fuse that failed due to aging. :
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Coupling Proxi C

ety [eier e

Piece Part

Degree of

Description

Quality

[UV Trip Assembly

[The undervoltage armatures for two different reactor trip breakers were found during
ting to not be fully picked up (repetitive failures in the sgme month). Based on vendor
ts, the abnonmal armature position has little or no detectable effect on the ability of the
undervoliage trip device to trip the breaker on Joss of voltage. The undervoltage

not being fully picked up is the result of inierference between the undervoltage
e and the copper shading ring around the coil core. As comective action, visual
erification and manual adjustment of proper closed air gap position is required following
ization of the undervoltage device.

119

Quality

UV Trip Assembly

ignal during response time testing. The failures were due to mechanical probiems of the
oliage mechanisms, which resulted from manufacturing deficiencies. Fifteen days

Et:mtmp breakers and a bypass breaker failed to open on an undervoliage trip
i
, one of the replacement reactor trip breakers also failed due to the same cause.
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Table A-3. Breaker CCF event summary, sorted by discovery method.

Discovery Coupling . . Failure | Degree of
hem| "\ ethod Factor Proximate Cause 'Bmker Tywl Piece Part Year Mode | Failure Description
[Demand Design Design/ . 480 Vac tabs/Connectors 1980(Failure  [Partial [While returning a service water booster pump to service, a minor fire occurred in a 480
IConstruction/ Close 'Vac ESF MCC, This rendered several components inoperable. Repeated cycling of the -
| anufacture/ ipump onto the bus coupled with inadequate stab to bus bar contact and dust in the MCC
Installation cabinet caused a fire. Operators were reminded of undesirability of repeated cycling of
nadequacy load breaker. An engineering study to determine if the breakers are adequately sized was
[also made (the results of the study were not included in the failure report).
Demand Design Internal to 480 Vac  [Mechanical Assembly | 1984{Failure [Partial phase to phase fault across the station auxiliary transformer buswork caused a loss of
iComponent Close ormal offsite power to the unit. Both operable emergency diesel genemators started as
2 uired. During the temporary loss of normal offsite power, several breakers in the
lant's electrical distribution system failed to operate. The plant operators restored station
wer through an altemnate offsite source, and restarted all necessary equipment.
Demand Design [nternal to [Medium  [Mechanical Assembly | 1981[Failure [Partial decay heat removal pump failed to start due to the circuit breaker failing to close upon
Component Voltage Close nd. The cause was determined to be an intermittent sticking of the motor cutoff
3 tch operator due to the operator being slightly bent, which prevented it from sliding.
urther inspections revealed that all 4.16 and 13.8 kv circuit breakers were susceptible to
is problem, All applicable circuit breakers were subsequently modified.
4 Demand IMaintenanoe ternal to 480 Vac [Latch Assembly 1983|Failure [Partial 480 Vac circuit breakers failed to close due to worn lstching mechanisms. The latch
omponent Close mechanisms were replaced.
[Demand [Maintenance [internal to 480 Vac  [Mechanical Assembly | 1984|Failure {Partial ing surveillance testing, one circuit breaker failed to trip when the undervoltage
(Component Open ice was de-energized and two others failed to trip within the specified time limit. This
5 may have affected the emergency diesc! generator loading and its loading
uence as specified in Technical Specifications. The cause was dirt and lack of
lubrication. .
[Demand Msintenance  [Intemal to 480 Vac IAux. Contactor 198Q{Failure {Partial sttempting to close a normal supply breaker to a 480 Vac bus, the close circuit
6 iComponent Ito Close blew. The failure caused by dirty auxiliary contacts. In another case, routine
bservation found that the altemate supply circuit breaker to the same bus had failed due
0 a burned out closing relay.
Demand Maintenance  [Intemnal to 480 Vac  [Mechanical Assembly | 1988[Failure  [Partial breakers failed to close during attempts to transfer bus power from alternate to
- - |Component Close | feed, the normal feeder breaker would not close. One failure was caused by
7 ion in the cell switch, The second failure was due to excessive dirt. Both were
tiributed to lack of preventative maintenance. Preventative maintenance had not been
ne during the last 2 years because the unit had been shutdown for an unusually long
ime and maintenance frequency was tied to the refueling outage,
[Demand [Maintenance |Internal to 480 Vac pring Charging Motor | 1985Failure [Partial ‘our 480 Vac feeder breakers failed to close on demand. One breaker failed to close due
Component Close fose bolts holding the charging gearbox assembly. When demanded, the fuses for
breaker blew and the breaker failed to close. The cause of this failure was
8 ined to be dirty contacts. Another breaker failed due to failure of the auxiliary
lay. The fourth breaker failed to close due to dirty and dried lubricant on the trip latch
ljustment parts.
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Discovery
Method

Coupling
Factor

Proximate Cause lBreaku‘Type'

Picce Part

Year Failure

Degree of
Failure

Description

Demand

|Maintenance

Intemal to
(Component

480 Vac

(Closing Coil

1984Failure
to Close

[Partial

er a period of 5 months, there were 6 incidents of circuit breakers of the same vendor
type failing to close on demand. Intermittent failures of the closing coil cutoff x-
ys 10 propeidy return o their de-energized position prevented the relays from
gizing the breakers' closing coils upon receipt of a close signal. It was determined
that dist and dust accumulation on the moveable parts of the relay causes the faulty
peration. The symptoms of the x-relay malfunction were found to be failure of the
breaker to close upon receiving a close signal, and in most cases, the breaker closes upon
receiving a second close signal, This failure mode can cause equipment and/or systems to
be inopesable without detection until that equipment is called upon to operate, cither by
t or when actually required. The x-relays on all safety-related breakers of this type
inspected and cleaned. The vendar did not provide for maintenance of the x-relays
in their maintenance procedures.

Demand

Maintenance

Internal to
[Component

K80 Vac

|Mechanical Assembly

198HFailure
Close

{Pastial

attempting to switch 600 Vac buses from normal to altemate feed, the alternate
breakers failed to close when the normal breakers were tripped. One failures was due to
trip rod binding in the allemate breaker due to a lack of proper lubrication of the trip rod
bearings. Another failure was caused by a binding plunger in the breaker charging motor
ut switch due to dirt buildup. The dirty plunger caused the switch contacts to remain
pen preventing the motor from charging the closing spring and completing the closing
sequence. The third failure was caused by a dirt buildup on the trip mechanism and pivot
points, which resulted in binding of the intemal moving parts.

11

Demand

[Maintenance

|Intemal to
Component

480 Vac

|Mechanical Assembly

e Clowe

Partial

normal supply breakes for 2 600 Vac bus failed to close on demand when switching
from the from the altemate to the normal power supply. The failure was due to binding of |
closing mechanism in the breaker. A few days later the alternate feed breaker to
ther bus failed to closed during a hot transfer. The second failure was caused by a
contact finger in the bus transfer interlock logic. The cause of the failures was
ibuted to a lack of lubrication or hardening of the lubrication. The breakers were
emoved from service and the closing pivot points and other moving parts lubricated.
functional testing, the breakers were returned to service.

12

Demand

e

|lmemal to
Component

IMedium
[Voltage

Latch Assembly

I”lroai(l);r:n

|Partial

e 4160 Vac circuit breaker failed to open and several more were degraded due to
grease and lack of lubrication. This problem could affect the ability of the
bject breakers to open or close. Maintenance of the breakers was incompleic despite
imilar failures due to the same cause four years earlier.

Demand

Maintenance

Intemal to
omponent

UV Trip Assembly

1988[Failure
Open

4160 Vac failed to open due to failure of the breaker trip coils. The cause were
etermined to be normal wear and aging.

Demand

[Maintenance

|internal to
IComponent

ium
olmge
ium
[Voltage

JAux. Contactor

l98(1Failure
to Close

=

a planned line outage which de-energized a transformer, the alternate feeder
breaker failed to close, de-energizing a 4 kv bus tie board during aulomatic transfer.
the transformer was re-energized the nonnal feeder breaker failed to close. The
clip and fuse in the close circuit of altemate feeder breaker were not making contact.
auxiliary contacts of the normal feeder breaker were dirty.

15

Demand

Maintenance

|intenal to

e

Latch Assembly

1992Failure
Close

W

ile attempting to reset the control rod drive system following a control rod drive

in the reactor protective system failed to reset. Later, during a control rod drive
breaker trip test, another breaker failed to reset after a trip. The first failure was due to the
eaker trip laich being out of adjustment. The cause of the second failure could not be

isely determined; however, troubleshooting revealed cracked insulation on the close
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Discov: ouplin . . Degpree ..
Item M etho:y CF;'gmg Proximate Cause [Breaker Type! Piece Part Year 1;;2‘:: Fail mof Description
[Demand Maintenance  [Intemal to RPS trip Closing Coil 1992iFailure |Partial [Two reactor trip breakers failed to close following a trip test. The cause of the failure was
16 [Component kers Close believed 10 be due to the relay release arm on the closing solenoid moving core being out
of adjustment,
Demand |Maintenance  [Operational/ 480 Vac OC Relay 1998iFailure [Partial  [Circuit breakers were found to be susceptible to tripping on normal start due to improper
17 [Human Evwor Close ing of overcurrent trip, The problem was discovered when one breaker failed to close
demand. A previous modification package was dewermined to be inadequate in that it
id not require trip setpoint adjustment.
Demand Maintenance  |Operational/ edium echanical Assembly | 1994{Failure [Partial Four 4160 Vac circuit breakers failed to close. Each failure was due to a different
Human Error oltage Close ism; however, investigation revealed that all failures were related to workmanship
18 quality control practices by the vendor who overhauled the circuit breakers. To
sure the safety class circuit breakers are reliable, the utility and vendor developed a
hensive plan to inspect critical components of the circuit breakers that were
iously overhauled,
[Demand mintenance  [Operational/ edium echanical Assembly l997ltl:nilute rtial circuit breakers failed to open on demand during separate evolutions. During
[Human Etror oltage Open subsequent reviews, station personne] determined that the condition of the three circuit
kers was similar to the condition of the two safety.related circuit breakers that
19 iously failed to open an demand. The cause of the event was determined to be
inadequate preventive maintenance. The preventive maintenance performed did not
lubricate the main and auxiliary contacts in the circuit breakers as recommended by the
ircuit breaker manufacturer and also did not provide sufficient instructions to remave the
ughness on the main and auxiliary contacts,
Demand IQuality Design/ 480 Vac  [Relay 1987Failure [Complete [Four 600 Vac nonnal suxiliary power system circuit breakers failed to open from local
Construction/ [to Open nual trip switch. The failures were caused by a relay contact in breaker trip circuit that
20 Manufacture/ normally open instead of normally closed, as shown on wiring diagram. The relays
Installation rewired to correct the problem.
nadequacy
Demand IQuality Design/ {Medium lay 1 ailure |Partial ile attempting to transfer two 4160 Vac buses to their altemate power supply, the
nstruction/ [Voltage Close Iternate feeder circuit breaker. Separately, another 4160 Vac circuit breaker failed to
Manufacture/ Tose on demand. Both failures were caused by an open coil winding on & telephone-type
21 Installation ay within the synchronizing check relay of the circuit breaker. The telephone relay
Inadequacy failed due to being continuousty energized, which was not its intended application. A
iJgn modification was performed as the long-term corrective action.
[Demand IQuality Design/ Medium Closing Coil 1 ailure  [Partial service water pumps failed to start upon demand, Investigation revealed a high
IConstruction/ Voltage Close istance electrical contact in the pump motor circuit breaker close coil circuit.
Manufacture/ valuation of the failure determined that the electrical contact had high resistance due to
22 Installation ated interTuption of current approximately three times rated. The installed contactor
Inadequacy interrupt rating was inadequate. The contact failures occurred after a fraction of
’ design cycles. All 4 kV circuit breakers were determined to be susceptible to this
failure.
[Demand IQuality Design/ trip [Latch Assembly 1 ailure  [Partial During plant protection system functional testing, two reactor trip breaker tripped free
nstruction/ breakers F;» Close maintenance personnel attempted to closs them, With the vendor present, the
Manuficture/ blem was traced to inadequate adjustment of the trip latch overlap. The adjustment
23 Installation initially made per vendor specifications. However, the vendor had since increased the]
[nadequacy mended number of adjustment turns of the trip latch screw from 4 to a maximum of]
turns. A change was submitted to change the procedure accordingly.
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Discovery Coupling . Failure | Degree of Lo
Item Method Factor Proximate Cause pwaku‘l‘ypel Piece Pt Year| '\ oo | Failwe Description
[Demand Quality |Intemal to trip Unknown 1993|Failure i During an sttempt to close the control rod drive circuit breakers two breakers failed to
[Component to Close ose. The failures could not be repeated. Although the mechanical interlock, a piece part
% f this circuit breaker, was found slightly dirty and in need of lubrication, it is not
T R believed 10 have caused the failures 10 close. As a preventive measure, the mechanical
inteclock was cleaned and lubricated. The breakers were successfully closed onall
ubsequent tests.
Demand Quality Intemal to - |RPS tip UV Trip Assembly 1983Failure  [Complete ing a routine startup, both reactor trip breakers failed 10 open automatically on receipt
iComponent breakers Open f a valid low-low steain generator level reactor trip signal. The reactor was shutdown 25
later using the manual trip on the conwol console. Subsequent investigation
25 evealed that the breaker failures were caused by mechanical binding of the laich
ism in the undervoltage trip attachment. All breaker undervoliage attachients
e replaced with new devices and extensive maintenance and testing was performed on
the breakers.
nspection  [Design Design/ jum Limit Switch 1995{Failure |Partial 4 kV vital busses were declared inoperabie following inspection that revealed cracks
iConstruction/ Voltage Open in the circuit breaker cam followers. One actual failure occurred during post maintenance
26 ufacture/ tawng(nmmenancewufonmﬂumson).bmdlcamfolhwlmnmtdmubmh
tallation its were replaced. The root cause of this occurrence was inadequate initial design of
uacy Electric type SBM switches by the manufacturer,
pection  |Design ign/ Medium |Mechanical Assembly | 1988{Failure |[Partial operator racked up the emergency 4.16kv bus feeder breaker from an emergency
nstruction/ 'Voltage Close iesel gencrator and found that there was no indication of breaker position on the control
Manufacture/ : . It was discovered that the breaker elevator mechanism linkage was distorted and
27 installation allowed the cell swilch actuator arm to fall into an intermediate position disabling the
Inadequacy ic and manual closure circuitry. Other breaker compartments contained distorted
inkages and it was concluded that any of 4.16kv breakers could fail during a seismic
ent. The linkage distortion was caused by an interference with the breaker assembly as
it is rolled out of the compartment,
pection  |Design Design/ {Medium Limit Switch 1995Failure  |Partial pection of circuit breaker limit switches revealed cam follower cracking. No
Construction/ Voltage Open uipment malfunctions or plant transients occurred, because the single actual failure
28 ufacture/ during routine post modification testing. The root cause of this occurrence was
Installation inadequate initial design of General Electric type SBM switches by the manufacturer.
Inadequacy
|Inspection  |[Design Internal to |Medium Arc Chute 1 ailure |Partial 160 Vac circuit breakers could fail to change position due to an insulating block (a
29 iComponent Voltage Open mponent of the breaker blowout magnets), whose adhesive had degraded with age,
d become loose and fall into the breaker mechanism and prevent breaker operation.
Inspection  |Design Operational/ ium Relay 1998 Failure |Partial circuit breaker contacted exposed relay terminals during rack-in, causing trips/lockow
30 Human Emor oltage Close f two breakers and lockout of another. The event was attributed to human error and poor
ign (location of relays).
|inspection  [Hardware Design/ ium I&C 2000iFailure |Partial ing a system review, it was noted that the auxiliary transformer breakers did not trip
Construction/ oltage Open designed when the Main Turbine tripped. Investigation determined that this trip signal
o . is blocked when a low load (4000 A) condition is sensed at the output of the gencrator.
31 lation low load bock is not part of the original digital protection system modification and
Inadequacy reason for the block could be determined. Tripping of these breakers on a Main
ine trip is needed to ensure that the timing sequence for the EDGs ona
] P/LOCA, as defined in the FSAR, would not be affected. The block was removed.
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32

[Inspection

[Maintenance

Design/

IConstruction/

enufacture/
{lation

[Voltage

Medium

Latch Assembly

1998{Failure
Close

Partial

A breaker tripped when the cubicle door was closed. Subsequent inspection revealed
incorrect latching mechanisms were installed on 4160 Vac breakers. The cause of

incorrect latching mechanisms being installed during original construction was

error. The incorrect latches were installed in eight of seventeen cubicle doors in

Division It switchgear. Contributing to this event was that information relative to the

atching mechanisms was not provided to personnel working on the switchgear and that

controls were not adequate to ensure the correct parts were installed.

33

|Inspection

[Maintenance

Intemalto
omponent

480 Vac

IMechanical Assembly

1989Failure
Close

[Partial

480 Vac feeder breakers tripped and would not close while a special inspection of

was being conducted. The breakers failed to close due to dirt built up and lack of]
ubrication.

|Inspection

Maintenance

Internal to
omponent

|Medivm
Voltage

Spring Charging Motor

1 ailure
Close

Partial

breaker's closing springs failed to charge-up when equipment operstor was making
the in-feed breaker from scparate station power transformers. The suspected failure
for one breaker was dirty contacts in the charging mechanism. The suspected
iture cause for the other breaker was binding in the charging spring mechanism,

135

[Inspection

Maintenance

|internal to
IComponent

trip

UV Trip Assembly

1987{Failure
Close

|Partial

reactor trip breakers failed to close following testing. Troubleshooting found one
under voltage coil had failed (open circuit) and the other breaker’s undervoltage

pivot to anmature clearance was out of adjustment. Operational/ambient conditions|
cited as causes for the failures.

36

Flnspeetion

|Inspection

: |Maintenance

{Operational/
. [Human Error

[Medivm
:[Voltage

Latch Assembly

1 ailure
Close

Partial

failure of a roll pin securing a spring for a Iatchpawl on a 4KV breaker was reviewed

a determination made that the failure of this pin could cause the breaker to fail.
urther investigation revealed that the roll pin failed as a result of hydrogen

brittlement. Later, an issue involving permanently applied tubricant which was
mdvenemiymmved from the breakers was identified. This also could potentiaity affect
ker operation. The cause of the cracked roll pin was the Iack of knowledge of plating
induced hydrogen embrittiement. Vendor personnel involved in the procedure

lopment were not aware that zinc plating of hardened steel parts could produce

gen embrittlement and subsequent cracking. The cause of the lubricant being
inadvertently removed from breaker parts is also due to the lack of knowledge by Vendor

37

Maintenance

' [Operational/
- |Human Ervor

trip
kers

[Wires/Connectors/Board

1983 Failure
Open

Complete

ollowing performance of the manual reactor trip functional test, it was noted that the
called for jumpering out the UV trip coils with the reactor trip breakers closed
nd the rods capable of withdrawal, This was a procedural ervor that caused the removal
f both trains of automatic reactor trip logic. The procedure was revised to prevent
of the event.

38

|Maintenance

Design

[Medium
Voltage

[Limit Switch

1995{Failure
Close

{Partial

Inspections revealed cracks in the lexan cam followers of control (limit) switches
instatled in 4160 Vac and 6900 Vac circuit breakers. The same part used in 360 places in
imown number of breakers. Inspection showed shout one third were cracking and two
inoperable. The root cause of this occurrence was lmdequate initial design of
1 Electric type SBM switches by the manufacturer.

39

aintenance

IRPS trip
breakers

[UV Trip Assembly

1984[Failure
Close

[Partial

fier installation of new undervoltage trip relays, the reactor trip breakers would not stay
losed. The original trip ber design gap was satisfactory with old style undervoltage
ays, but not with new style relays.
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ltem Discovery . Coupling

Year

Failure

Degree of
Failure

Description

[Maintenance |Mainienance

19

ailure
Close

Partial

[While conducting maintenance, the main feeder breaker for a 600 Vac emergency bus
uld not close. Investigation revealed the trip setpoint tolerance, contact gap and trip
latch roller gap were out of adjustment preventing the breaker operation. This breaker
adjusied and retuimed to service. Another 600 Vac breaker was found to be “broken."
mﬁﬂuremechanumwugwen.however mecauscwasgwens"wm'mdﬂm
eaker was replaced.

41

intenance |Maintenance

Internal to
(Component

480 Vac

Ptch Assembly

19

ailure
Open

ing preventive maintenance, two power supply circuit breakers to motor control
ters would not automatically open when their associated load center was isolated.
subscquently failed to trip when the manual trip button or tripper bar was pushed.
circuit breaker latch mechanisms were dirty and sticky. The root cause was

ined to be normal wear and an inadequate preventive maintenance procedure.

42

. |Maintenance [Maintenance

Internal to
mponent

Relay

ailure
Close

|Pactial

preventative maintenance two reactor trip breakers failed to close. Both breaker
ilures were due to failure of the same relay. The cause was assumed to be wear and

o

aintenance [Maintenance

Intemnal to
Component

JAux. Contactor

ailure
to Close

Partial

reactor trip breakers failed 1o close during preventative maintenance. Thc fmlure to
lose was due failure of the breaker cutoff switches.

[Maintenance [Maintenance

oo

[Voltage

|Mechanical Assembly

198

ailure

Open

Partial

circuit breaker failed to open due to mp linkage binding caused by mlsalunment and
improper assembly. Subsequent inspection of other 4160 Vac circuit breakers revealed
same problem. The misalignment was the result of a procedural deficiency by the
endor that performed circuit breaker overhauls.

45

|Maintenance |Maintenance

480 Vac

IOC Relay

to Open

|Partial

" |beeakess' long service life. Like for like breakers were installed. All tests wese performed

preveative mainienance procedure was being performed on 480V molded case circuit

0 to 150 amps. With the breakers adjusted to their lowest setting, the right phase for two
eakers tripped at 71,7 amps and 69 amps. The maximum allowable trip point was 57.5
ps. The breakers had a daie code that meant they were manufactured in August of

1978. Considering the breakers were approximately 16 years old, the driRt in calibration is|
iated with the breakers' service life. Therefore, it was decided to replace the

would provide adequate overcurrent protection. The cause was atiributed to the

y.

aintenance FMaintenance

Other

UV Trip Assembly

1986{Failure

Open

ing preventive maintenance on the reactor trip breakers, the undervoltage trip units on
breakeis were found to be out of specification. One undervoltage device could not be
mtedwuhmspeclﬁwxonmdwureplwed.mcwseforbmhfadweswn

10 be vibration and aging.

47

IMaintenance [Quality

Deﬂgnl
Manufacture/
Installation
Inadequacy

UV Trip Assembly

1983Failure

lo Open

P’mial

potential safety hazard was ideatified conceming certain critical dimensions of the
ltage trip device on a particular model mﬂormpumnbreaker An out-of-
tolerance measurement was found between the moving core and rolling bracket in
ition % a missing lock ring on the shaft pin of the undervoltage trip device. The
tential existed for either intermitient operation or total failure of the device. The cause
attribuied to manufacturing variations of the undervoltage trip devices. All

. These are magnetic only breakers with an adjustable instantaneous trip range of |

breakers. The circuit breakers would still trip on instantaneous within its adjustable range |-

oliage trip devices on all reactor trip breakers were replaced.
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Discovery | Coupling . . Failure | Degree of o
Item Method Factor Proximate Cause [Breaker ‘l'ypeI Piece Part Year Mode | Failure Description
aintenance [Quality ternal to edivm [Mechanicat Assembly | 1985[Faifure  [Partial During a scheduled maintenance outage of 4160v safety-refated switchgear, the plant
mponent Voltage Close lectrical staff discovered that two circuit breakers were rendered clectrically inoperable
48 to the failure of a spot welded pivot pin. This spot welded pivot pin was on :n
intemnal piece of linkage, which actuates the auxiliary contacts that track breaker position.
contacts are also used in external breaker trip and close schemes as interlocks. The
ive component is being modified to preclude additional failures.
est Design ign/ DC Relay 1996iFailure [Almost 1 72 dc molided case circuit breskers were tested, all 44 breakers of one vendor type,
onstruction/ distribution Open IComplete linstalled in 4 different distribution panels failed to trip on overcurrent. Problem was the
49 anufacture/ ign of the trip lever in the magnetic trip circuit breakers. All breakers of this type and
nstallation r were replaced.
uacy
[Test [Design Design/ Medium [Relay 1984{Failure ial performing a loss of bus test, two 4160 Vac bus-tie breakers failed to trip.
onstruction/ Voltage Open igation concluded that the bus-tic breakers could not trip if the diese] generator
50 Manufacture/ utput breaker was open. The failures to open were caused by a design error.
instatiation
Inadequacy
[Test Design Design/ Medivm lay 1990(Failure [Partial During surveillance testing several circuit breaker lockout relays would not actuate.
Construction/ 'Voltage Open faitures would have prevented breaker trips on overcurrent. Mechanicat binding
Manufacture/ the relays from tripping. Bench testing revealed several contribauting factors bt
51 Installation not identify the root cause. The failed relays® armature force checks yielded 5 t0 6.5
Inadequacy unds but newer relays required only 3.5 pounds. The vendor discourages re-lubrication
0 reduce friction. Also, a vendor bulletin states that when the relay reset handle is forced
gainst the latch after resetting, tripping is delayed or prevented. The lockout relays were
laced with spares and tested satisfactorily.
‘est ign Design/ edivm  [Mechanical Assembly |1 ailure  |Partial 6.9xV breakers failed to close due to manufacturer repair defect. A cotter pin
onstruction/ [Voltage 0 Close installed by the manufacturer was striking the latch check switch mounting bracket and
52 Manufacture/ ing it forward. This removed the factory set clearance between the bracket and the
nstallation itch actusting paddle, resulting in the paddie rolling the trip shaft to the trip position
Inadequacy the breaker attempts to close.
[Test [Design ign/ IRPS trip pring 1988iFailure ial reactor trip breakers failed to close during surveillance testing. The breakers® closing
Construction/ breakers ‘m Close ings had become detached from the pivot/actuation points. The reason for the springs’
53 Manufacture/ etaching could not be determined; however, this has been a recurring problem with this
Jation er design.
Inadequacy
[Test Design ternal to 480 Vac Closing Coil 1988{Failure [Partial ing a station loss of offsite power (loop) test, two class 1E 420 volt load center
omponent Close kers failed to close during sutomatic load sequencing. Subsequent investigation
led thet the breaker spring release device in both breakers was binding against the
54 ing in the breaker base plate which resulted in failure of the closing coil and failure
f the breaker to close. Other defective breakers were also identified following
inspections.
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em| Dscovely | Coupling | proimate Cause |Br=|ker 'l'ypel Picce Part Year| Failire | Degroe of Description
Test [Design Internal to ium rMeuhmml Assembly | 1987|Failure [Partial A cuc\ut breaker failed to trip during a surveillance test. Upon investigation, it was
iComponent oltage Open that the connecting pin Ibrﬂwbreakermpmnklocatedbmeenthemp
. . Ienmd and the trip shaft became loose duc to a pin weld failure, which prevented
55 ; tripping of the breaker. Inspection revealed several breakers with the same weld
. Two procedures, an inspection procedure and a trip crank replacement
oceduemwnuenﬁuenahtymaﬂ‘ectedbmkmonsm. Nine breakers fnledthe
crileria.
Test Design [nternal to RPS trip UV Trip Assembly 1983(Failure  [Partial reactor trip breaker surveillance testing, the undervoltage trip devices for two
56 : : Component eakers )Open | © bmkemexhnbnedscaueredandunmpublemponseumes The reactor trip
breakers were replaced with spares,
Test Design Intemnal to trip Latch Assembly 1983iFailure [Complete static force to trip the circuit breakers exceeded allowable tolerance due to binding
‘57 Component breakers Open by the unused overcurrent trip pads. The breakers tested sahsfnctonlyaﬂer
S o al of the overcurrent trip pads.
Test Design . |intemalto . . |RPS1rip 1986Failure {Partial  [During performance testing of the reactor trip circuit breakers, two breakers faited o re-
sg (Component [breakers Close ose afler open them from the control room panel controls. Troubleshooting found that
i breakers' opemingsmngsfelloﬁprevenungclosurebmnotopenmg,uewnmg
: blem with this particular breaker desi ign.
Test Design IOperational/ lﬁPs trip Spring 1994\Failure  |Partial ile performing initial approach to criticality testing, operators noled that the B-phase
Human Error eakers JoClose | - & reactor trip breakes, was not indicating current flow after the breaker was closed.
train's function of providing power to the coatrol rod drive mechanism was degraded
one phase of power was unavailable. The failure was caused by a mechanical operating
59 pring that had come loose. With the spring loose, the B-phase contacts were getting
insufficient pressure to close. The vendor has provided notice that the spring could come
loose and the veador has provided additional instructions for breaker inspection and
toaddrmthupmblem.l‘hesmngwuremslanedmrdmgmﬂnverﬂon
mxtmcuons The breaker was subsequently tested and retumned to service,
.. |Test . . Environmental [External trip mely 1984{Failure |Partial routine surveillance testing of the reactor trip breakers, two breakers did-not
60 [Environment Open state in the required time. The causes were determined to be dirty breaker
isms.
est [Environmental lemal to IRPS trip UV Trip Assembly 19831Failwre  |Partial ing routine surveillance testing, a the control rod drive AC breaker experienced a
to Open layed trip. Subsequent testing of all AC and dc control rod drive breakess resulted in a
61 ’ . - ol rod drive dc becaker also experiencing a delayed trip, If a reactor trip had
and if both malfunctioned breakers had delayed in tripping, two control rod
groups would not have dropped immediately.
[Test |Maintenance |lmemal t 480 Vac  IMechanical Assembly | 198GFailwe |Partial power supply circuit breakers to two motor control centers would not trip during
62 IComponent Open urveillance testing. The circuit breakers were dirty. This was due 10 a normal
. S : i ofdu'tdmngopemum 'l'lwcnrcunbreakuswe:eclwwdmdveﬁﬁedw
operable.
Test intenance (Intemal to 480 Vac  [Mechanical Assembly | 1987|Failure |Partial once per cycle testing ofmesmmpu'ansfafeedatomeunubusbreeker two
63 Tm' iComponent Open trip units were found to be non-operational so that the breakess would not trip.
thfauummcausedbylackoﬂubncauononﬂlcmmmnlmwmgpamduemalack
f pmpetmuntemncc
[Test [Maintenance w0 480 Vac  |Mechanical Assembly l ailure  [Partial high tolerance instantaneous testing, several 480 Vac circuit breakers on all three
64 : ' omponent . Open didnot trip in the required time (0-10 cycles). Failures were atiributed to aging
fo- - degndedhbticm“esulun_gﬁomanimﬂ‘eaivemai:wmpmgm
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Discovery Coupling . Failure | Degree of L.
Item Method Factor Proximate Cause 'Bmker Piece Part Year Mode | Failure Description
[Test aintenance  {Internal to 480 Vac [Relay 1988Failure [Partial During surveillance testing on the plant ac distribution system, the normal feeder breaker
65 iComponent Close a transformer would not close when transferring from altemate to normal power.
failure was attributed to close relay contacts hanging up from a lack of breaker
lubrication. A second similar failure was attributed to the breaker having dirty contacts.
66 est ,Mainwnunce Igntemal to - 480 Vac lay 1983|Failure  [Partial ‘our 480 Vac circuit breakers failed to close during testing due to failure of the power
omponent Close r3. The power sensors were replaced. - .
[Test [Maintenance  [intemal to 480 Vac IOC Relay 1998(Failure  |Partial instantaneous trip testing of both breakers revealed excessive time prior to tripping.
67 (Component Open required trip time is less than 0.15 seconds. Breakers were tripping on instantaneous
ing between 0.194 and 0.753 seconds. Cmse was determined to be inadequate
: - : preventative maintenance.
68 Test lMainmnee Internal to 480 Vac [Mechanical Assembly | 1991{Failure {Partial 480 Vac circuit breakers failed to close due to mechanical binding caused by dried
mponent Close hardened lubricant. The mechanical operating mechanisms were replaced.
[Test {Maintenance  [intemnal to 480 Vac  [Relay 1988|Failure  [Partial circuit breaker failed to close on a safety injection demand due to oxidation on contacts
Component ' Close for the alarm switches. investigation revealed 11 other safety-related breakers
69 ith the same problem. The cause was determined to be inadequate periodic inspections
cleaning of the alann switch contacts due to lack of specific guidance in the
intenance procedure. Corrective actions included revision of the maintenance
procedure. ‘
7 est l aintenance  |Intemal to 480 Vac echanical Assembly | 1986Failure [Partial [During routine inspections of the 480 volt unit boards, two feeder breakers were binding.
! omponent Close The failures were attributed to dirty, hardened grease, normal aging and wear.
[Test WMainmnee internal to DC IOC Relay 1989{Failure  [Partial While performing preventative maintenance on the dc feeder circuit breakers, the
n : Component istribution Open v t trip devices would not set correctly. The cause was attributed to a lack of
C C mimemme.
Test |Maintenance  |[Internal to IControl Switch 1987]Failure F[thl routine observation of the 250 volt distribution boards, a normal dc power feeder
[Component istribution Close er was slow to transfer and another failed to transfer. The first failure was due to
n joints being dirty and an indicating fight resistor being bumed out. The second
. ilure was due to dirty hinge joints.
est Maintenance |Internal to DC echanical Assembly | 1996(Failure [Partial The dc bus inter-tie breakers failed to open due to lack of lubrication. Cormrective action
3 | [Component istribution Open was to create a preventative maintenance and inspection schedule for these breakers.
Test Maintenance {internal to edivm pring Charging Motor | 1987|Failure rl’mml closing springs for two 4160 Vac breakers would not charge. The cause of the
74 omponent Voltage o Close failures were dirty contacts, a dirty closing mechanism, and lack of lubrication.
Test [Maintenance [fntemai to Medium  [Spring Charging Motor | 1986{Failure [Partial - ile performing testing of 4160 Vac boards and buses, three circuit heakem_would not
75 Component Voltage Close close. The failures were attributed to the breakers being dirty, needing lubrication, and
due to Joose connections. }
est Maintenance  [Intemal to edium Spring Charging Motor | 1987Failure [Partial Two 4160 Vac circuit breakers failed to close. One failure was caused by the Iatching
(Component Voltage Close wl spring being out of adjustment, which prevented the springs from charging. The
7 ' use of the second failure was attributed to the racking mechanism slide interlock being
. . of adjustment.
[Test FMainunanoe intemnal to |Medium lay 1989 Failure |Partial time delay relay for a 4160 volt feeder breaker would not time out within its specified
77 [Component [Voltage Close lerance during calibration, and a time delay relay for a second breaker would not
. The causes of both failures were determined to be due to aging.
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Item Dmry Cg:;l;:g Proximate Cause |Breaker 'l’ypel Piece Part Year Fl"ll ure, D;SI:: f Description
[Test - - - intenance - |intemal to Medium IOC Relay 1984[Failure |Partial eral 4160.Vac circuit breakers of the vendor and type failed to trip due to age induced
28 mponent Voltage Open ing of grommets in the electromechanical overcurrent device. Corrective actions
. included replacement with new or newly rebuilt overcurrent devices and establishing an
. o . adequate preventive mainienance surveillance interval. -
Test intenance ternal to edium [Limit Switch 1989iFailure  |Partial two scparate incideats while aitempting to realign power to support testing, the .
Component Voltage Open tesnate supply circuit breaker failed 10 trip upon closure of normal supply breaker. The
79 of failure was attribuied to the raised upper limit switch being out of mechanical
fjustment causing a greater than 1/8 inch gap between the operating plunger and the
caker auxiliary switch. This limit switch provides the trip signal for the alternate
breaker. .
Test intenance  [Intemal to um ical Assembly | 1995{Failure |Partial 4KV supply circuit breaker closed during testing, but failed to instantly recharge. The
‘ iComponent [Voltage Close of the failure was aging of the latch monitor pivot bearing lubrication. This
80 . : N I blem had previously surfaced and the bearings were relubiricated at that time. Since
. action did not fix the problem, the decision was made to replace the pivot bearings
for all affected circuit breakers.. =
[Test intenance  |Intemal to IRPS trip [UV Trip Assembly 1986{Failure {Partial conducting monthly surveillance testing of the unit's reactor protection system, two)
iComponent breakers Close trip circuit breakers failed to close after testing. Troubleshooting found a failure o
81 ne breaker's under voltage device. The second circuit breaker's pick-up coil voltage was
gh due to a change in characteristics of the voltage adjustment potentiometer. Both
failures were attributed to operational stress and/or equipment aging.
Test intenance  |Intemal to Strip-  JUV Trip Assembly 1986{Failure [Partial ile conducting surveillance testing of the unit's reactor protection system, two reactor
o [Component breakers Close ip circuit breakess' UV devices would not pick up after tripping the breakers.
82 - ' roubleshooting found that the UV devices gap clearances were incorrect. No direct
for the misadjustments was found, however, operational stress and/or equipment
. : igg were suspected. o
[Test intenance temnal to S trip [UV Trip Assembly 1987|Failure 'wo reactor trip breakers failed to close following testing. Troubleshooting found one
mponent Close eaker's under voltage cail had failed (open circuit) and the other breaker’s undervoltage
8 ice pivot 10 armalure clearance was out of adjustment. Operational/ambient conditions
ibration) were ciled as causes for the failures.
Test {Maintenance to IRPS tip  [Mechanical Assembly | 1989{Failure |Partial ing surveillance testing, two reactor trip switchgear breakers would not close. The
mponent breakers Close irst failuse was due to a defective piece part in the cutout 'y’ switch on the breaker due to
4 ic fatigue. In the second failure, a broken clamp was found on the closing
ism, which prevented the breaker from closing.
[Test |Maintenance ternal to RPS trip  [Mechanical Assembly | 1985{Failure |Partial normal operation while performing surveillance testing, two reactor trip circuit
mponent |breakers Open failed the under voltage response time test. The breaker's front frame assembly
85 the suspected cause of the increased time response of the one breaker’s undervoltage
ice. The other failure was due to loose annature laminations in the undervoltage
ice. Both are known design problems with these circuit breakers.
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Discov: Couplin, . .
tem| “Goteg | CouPli%g | proximate Cause [Breaker Picce Part Year  Frilure | Dogroc of Description
Test [Maintenance  |Internal to trip UV Trip Assembly 1982fFailure [Partial  [During surveillance testing, four of nine reactor trip circuit breakers failed to trip on
[Component BzFnOpen itage. The primary cause was inadequate lubrication, posslblyduem an excessive|
maintenance interval, combined with a small design margin in the tripping
86 force provided from the undervoltage coil. Corrective actions were to perform required
nvemnmtemncepriorm the unit entering mode 2 and implementation of the
of IE Butletin 79-09 and vendor recommendations, increased
urveillance testing of the undervoltage trip feature and a decrease in the interval between
tive maintenance.
87 Test Maintenance |Internal to IRPS trip UV Trip Assembly 1984{Failure |Partial During surveillance testing, two reactor trip breakers failed to close during surveillance
mponent breakers Close response time test. The stated cause was normal wear.
est Maintenance  |intemal to IRPStrip  [Relay 1986iFailure  |Partial [Two reactor trip breakers failed to trip during performanee of surveitlance testing. One
Component breakers Open failure was due to the auxiliary contact for the shunt trip was not making contact due to
88 mhgmnent with the block. The other failure was due to a faulty undervoltage relay.
jumper to change the control voltage was installed in the 48 volt holes end should
been installed in the 125 volt holes causing the relay to overheat and melt.
Test aintenance [Intemal to trip rMechnnical Assembly | 1984IFailure rtial ring surveillance testing of the reactor trip circuit breakers, the under voltage trip
8 mponent kers Open time was found out of specification. Troubleshooting found the breakers® front
assemblies to be lacking the proper amount of lubricant on their bearings. This was
recurring problem with this breaker type. The front frame assemblies were replaced.
00 Test IMainmnanoe rntemal to trip  [Relay 1984iFailure IPnrhal ructor trip breakers failed to close over a one-month period. Both failum were
Component kers Close buted to relay release ams being out of adjustment.
Test FMaintenanee Internal to RPStiip  [UV Trip Assembly 1990Failure  [Partial reactor trip breakers were found to have defective undervoltage trip relays which
9] iComponent breakers Open vented opening. One failure was detected during testing and the other was detected
. . maintenance. The relay failures were determined to be due to aging.
Test Maintenance [Internal to trip Mechanical Assembly | 1984IFailure [Partial During surveillance testing, the trip time requirements for two reactor trip breakers were
Component breakers Open found to be out of specification high. Historically, the bearings for the breaker front fra
92 semblies have been found worn and lacking the necessary lubrication, which increases
ip times. After replacing the front frame assemblies and lubrication the bearings, the
. B breakers were retested satisfactorily and returned to service. :
est Maintenance  (Internal to RPS trip UV Trip Assembly 1980fFailure [Partial It was discovered during testing that some reactor trip breakers would not trip on
[Component ers Open undervoltage as expected. One device would not trip and two others tripped sluggishly.
93 cause was determined to be misaligned armatures in the undervoltage devices. A new|
tative maintenance program was initiated to check the undervoltage coils
independently on a monthly basis. =
[Test Maintenance . |Internal to trip UV Trip Assembly l?j:ailure [Partial in separate tests, two reactor trip breakers failed to close after trip testing. The l'anlure to
94 Component kers Close was determined to be due to worn undervoltage trip coil mechanisms to prevented
breakers from latching, -
Test Maintenance [Internal to trip  [Latch Assembly 1 ailure Partial ing unit outage, while performing functional testing, operators found that two reactor
[Component kers Close ip breakers would not close from the handswitch in the main control room,
‘roubleshooting discovered the inertia latch (piece part of the circuit breaker) had stuck
in mid travel. The breakers' electrical trip function was lost, but the control rod drive
95 system was not affected because of an available redundant trip breaker. Plant operation
- not affected. Insufficient lubrication of the inertia latch caused the latch to stick in
id travel. The inertia latches were clcaned and lubricated and post maintenance testing
performed satisfactorily.
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Coupling
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Year

Failure

Degree of
Failure

Descrintion

[Test

Internal to

UV Trip Assembly

1983{Failure
DF" Onea

During surveillance testing, three reactor trip breakers failed 1o trip on undervoltage. The
i cause was inadequate Jubrication, possibly due to an excessive preventive

i interval, comnbined with a small design margin in the tripping force provided
from the undervoltage coil. Cormective action was 1o perform the required preventive
maintenance prior to entering Mode 2. Additionally, as required by 1E Bulletin 79-09 and
vendor recommendations, the surveillance testing interval of the undervoliage trip feature
wumeasedmdthcmmdbetweenptevmuvenmnmmewasdeamedmptwmt
jrecuzrence of this event.

97

[Test

iComponent

RPS trip
breakers

Unknown

1 ailure
Close

reactor trip breakers failed to close following a trip test. The cause could not be
ined and the failure was not repeatable. The breakers that failed were replaced with

98

[Test

Maintenance

Internal to
IComponent

RPS trip
b;eakm

1985|Failure
Open

performmg testing of the unit's reactor trip circuit breakers, the undesvoliage trip
time was found to be out of the allowable tolerance for two breakers. Dirt accumulation
mﬂ:eﬁomﬁameassanblyandlackoflubtmwnwuetbcsuspeaedcauses

[Test

Operutional/
Human Error

480 Vac

rumhnninl Assembly
[Main Contacts

1

ailure
Close

testing on emergency bus feeder breakers, the closing spring charge/discharge
indicator showed that the springs were charged with the breaker closed, indicating that
main contacis were closed but not exerting full pressure against the stationary

nlacts. Investigation showed the root cause to be failure to incorporate the latest vendor
information on contact adjustment into the breaker maintenance procedure.

100

est

[Maintenance

[Operational/
Human Error

480 Vac

[Wires/Connectors/Board

199:

ailure

Open

Emergency Diesel Generator (EDG) failed to pass surveillance testing because certain

loads were not shunt tripped from the safeguard bus when a simulated Loss of Coolant
ident (LOCA) signal was initiated. During troubleshooting, a loose wire was

iscovered in one circuit breaker and a lified wire was discovered in another circuit

. The wires were restored to their normal positions and a portion of the test

was performed 10 verify appropriate loads were shunt tripped following a

imulaied LOCA signal. The loose/disconnected wires were believed to have come loose

aplugomnecuondmngrepammadewenhanceelewmlwpanmnbem

ectrical divisions. Procedures were revised 1o alert workers of the potential for wires

becoming loose during removal and restoration of plug connections on similar circuit
eakers. ‘

101

Test

[Operational/

480 Vac

HMWMW'Y

breakers failed to close on demand during testing. Hardened grease was discovered
in the stop roller and main drive link roller. When actuated by the closing coil, these

lers and the associaled closing laich release the stored energy of the breaker springs,
osing the breaker. Stff rollers have resulted in multipie breaker failures in the past. The
procedure provides instructions to clean and lubricate various friction points
f the breaker mechanism; however, they are not specifically identified in the vendor

. These rollers were not cleaned and lubricated during the performance of the
uled preventative maintenance.

102

[Test

480 Vac

ical Assembly

1997

[Partial

breaker failed to trip during testing. Subsequent testing and inspection revealed several
ers degraded due to lack of lubrication. Lubrication was removed during
ishment by the vendor and was not re-installed

103

.[Test

RPS wip

IShunt Trip

Partial

set of leads in each of the four plant protective system bays were found to be
i These disconnected leads removed the automatic shunt trip feature from
TB's #1, #2, #3, and #4. The subject leads had been disconnected and not restored

uring 18-month surveillance testing conducted earlier.
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104

Test

[Maintenance

Operational/
rHumnn Esror

eakes

UV Trip Assembly

1983

Failure

Open

Partial

During the performance of reactor trip circuit breaker undervoltage device surveillance
ing, three breakers failed to open within the acceptance time criteria, The following
, and then 8 days later, two additional breakers failed to meet the acceptance criteria.
reactor trip breakers failed even though extensive maintenance and testing was

on all eight of the trip system breakers 11 days prior to the first 3 failures.
sintenance inclded procedures specified in the vendor service advisory letter. The
ciencies were corrected by sgain performing the vendor spproved refrbishment

on the slow breakers, followed by successful testing. B

105

Test

aintenance

(Operational/
Human Error

e

[Latch Assembly

1

Failure
Close

[Partial

While performing surveillance testing, two reactor trip breakess failed to close on
occasions. In one case, the breaker latch catch and arm were found bent,
ing the breaker from closing. The cause of this failure was believed % be from
incorrect installation of the breaker during previous maintenance or testing activities. In
second case, the breaker operating mechanism latch was binding against the housing
likely due to inadequate lubrication and rough surfaces. :

Test

IMaintenmce i

480 Vac

OC Relay

198.

‘ailure
Open

Partial

ing routing surveillance testing, three circuit breakers would not trip on short time
trip test. The failures were caused by the breakers being out of calibration as
result of normal wear,

107

[Test

[Maintenance

i

edium
oltage

UV Trip Assembly

1986{Failure

Open

Partial

During routine testing it was found that the under voltage relays for two 4160 Vac feeder
from an suxiliary transformer to the buses were out of calibration. The failures
attributed to relay wear.

108

Test

[Maintenance

il

ledium
lege

UV Trip Assembly

1994Failure

Open

[Partial

oltage dropout relays in two separate, similar breakers drifted out of specification
times they were checked by scheduled maintenance. A root cause investigation
ibuted the relay setpoint shift to a combination of: 1) felay setpoint repeatability, 2)
sensitivity of the relays, and 3) testing techniiques. Applicable test equipment
nd procedures have been changed to address the causes of the setpoint shift.
itionally, the testing frequency has been increased from quarterly to monthly pending
lay performance trending results. . :

109°

Test

[Maintenance

UV Trip Assembly

1983[Failure

Open

[Partial

trip response time of two reactor trip breakers was slower than allowed by Technical
Specifications. The breakers were retested satisfactorily and returned to service after
ljusting the UV trip device setpoints and lubricating the trip shaft and latch roller

ings. The breakers were still considered operable since the shunt trip devices were

} with satisfactory response times.

110

[Test

Maintenance

Other

UV Trip Assembly

1983

ailure

Open

Partial

ing surveillance testing of the reactor trip circuit breakers® undervoltage devices, the
time of two breakers than allowed by Technical Specifications. The cause of the
was setpoint drift and wombinding front frame assembly mechanisms. The
ints were adjusted and the trip shaft and latch rolfer bearings were lubricated.

1

[Test

|Maintenance

UV Trip Assembly

1983{Failure

Open

During monthly surveillance test of the reactor trip circuit breaker undervoltage trip
ices, the response time of two breakers was stower than allowed by Technical -
pecifications. This event was caused by setpoint drift and wom/binding front frame

bly mechanisms, Corrective actions included replacement of front frame assemblial

undervoltage trip devices. :
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Discovery Coupling . Failure | Degree of L.
Item Method Factor Proximate Cause |Breaker Piece Part Year Mode | Failure Description
Test Quality Design/ ium Spring Charging Motor | 1986iFailure |Partial [The circuit breaker for the residual heat removal pump a failed to recharge during testing,
. Construction/ Voltage Close | . ing the breaker incapable of automatic closure. In addition to performing required
Manufacture/ urveillance tests, an investigation revealed that the breaker charging spring motor bolts
Installation fallea out, allowing the motor to rotate, and breaking the power leads. A root cause
112 Inadequacy ysis led to the conclusion that a combination of inadequate thread engagement of the
unting bolts in the motor housing and equipment vibration caused the bolts o loosen.
this event had the potential for a common mode failure, all safety related
breakers were inspected during a scheduled mainienance outage. Three additional
breakers were found to have loose boits.
[Test Quality Design/ trip UV Trip Assembly 1 ailure [Partial 'wo reactor trip breakers failed to close. The first failed to close during testing, the
[Construction/ breakers to Close failed to close while troubleshooting the first failure. The cause of both breaker
113 failures was failure of the under voltage trip coil, which was thought to be due 10 a
Installation ufacturing defect.
Inadequacy .
[Test Quality Design/ RPS trip UV Trip Assembly 1983|Failure rPamal surveillance testing, two reactor trip breakens would not close when a close signal
onstruction/ breakers Close | applied to the breaker's control circuit. Troubleshooting found defective undervols
14 Manufacture/ ices that would not allow the closure of the breakers. The undervoltage devices were
Instaltation laced. :
Inadequacy :
est ity Design/ |RPS trip  [Mechanical Assembly { 1984{Failure ([Partial surveillance testing, two reactor trip breakers would not re-close. Troubleshooting
nstruction/ breakers Close found manufacturing defects in the front frame assemblies (loose mechanical coilars).
its Manufacture/ is problem has been identified on similar breakers. The front frame assemblies were
Inadequacy
Test ity Jintemal to uip  |Spring 1989 Failure [Partial ile performing surveillance testing on reactor trip circuit breakers, two breakers failed
: iComponent breakers Close to close. In one failuze, the left side close spring on the breaker had fallen off and the
He breaker woukin't close with only one spring. The second breaker failure was due to a bad
ol power fuse that failed due to aging.
Test Quality |Intemal to uip UV Trip Assembly 1983{Failure ti > undervoltage armatures for two different reactor trip breakers were found during
' [Component breakers Open iesting to not be fully picked up (repetitive failures in the same month). Based on vendor
sts, the abnormal armature position has littic or no detectable effect oa the sbility of the
mdervoltage trip device to trip the breaker on loss of voltage. The undervolage
m armatures not being fully picked up is the result of interference between the undervoliage
arma mdthecoppershadmxnngamundthecmlcomncomvemmvuual
ification and manual adjustment of proper closed urgnpposmon is required folluwmg
gization of the undervoltage device.
Test Quality Intemal to IRPS trip [UV Trip Assembly 1983Failure [Partial g undervoluge armatures for two different reactor trip breakers were found during
[Component breakers Open esting to not be fully picked up (repetitive failures in the same month). Based on vendor
ests, the abaomal aimaeture position has little or no detectable effect on the ability of the
undervoltage trip device to trip the breaker on loss of voltage. The undervoliage
18 anmatures not being fiilly picked up is the result of interference between the undervoliage
mature and the copper shading ring around the coil core. As cotrective action, visual
erification and manual adjustment of proper closed air gap position is required followmg
ergization of the undervoltage device.
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Discovery Coupling . . Failure | Degree of .
Item Method Factor Proximate Cause |{Breaker Type| Picce Part Year Mode | Failure _ A ; Description
Test Quality {Internatl to S trip [UV Trip Assembly 1983(Pailure {Almost  [Both reactor trip breakers and a bypass breaker failed to open on an undervoltage trip
1o Component breakers Open [Complete [signal during response time testing. The failures were due to mechanical problems of the

dervoltage mechanisms, which resulted from manufacturing deficiencies. Fifteen days
later, one of the replacement reactor trip breakers also failed due to the same cause.
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Table A-4. Breaker CCF event summary, sorted by piece-part.

ltem Piece Part Discovery Coupling

iBreaker'lYpel Proximate Cause

Year Failure

Degree of

Failure

Description

Method Factor
JArc Chute pection  [Design

temal to
1 Vollage F»mmt

1 ailure

4160 Vac circuit breakers could fail to change position due to an insulating block (a
component of the breaker blowout magnets), whose adhesive had degraded with age,
fcould become loose and fall inko the breaker mechanism and prevent breaker operation.

[Aux. Contactor [Demand |Maintenance 480 Vac to
2 mponent

1986{Failure
Close

attempting to close a normal supply breaker to a 480 Vac bus, the close circuit
fuses blew. The failure caused by dirty auxiliary contacts. In another case, routine
ation found that the altemate supply circuit breaker to the saine bus had failed due
a bumed out closing 1clay.

|intemal 10
IComponent

IAux. Contactor Mainienance |[Medium

Voltage

1980Failure
Close

a planned line outage which de-energized a transformer, the altemate feeder
ef failed to close, de-cnergizing a 4 kv bus tie board during automatic transfer,
the transformer was re-energized the normal feeder breaker failed to close. The
chpandfusemtheclosemntofultematefeedﬁbmketmrcnotmkmxeonm
auxiliary contacts of the normal feeder breaker were dirty.

RPS trip temal to

4 lAux, Contactor intenance 'antenance
mponent

Close

reactor trip breakers failed to close during preventative maintenance. The failure to
56 was due failure of the breaker cutoff switches.

[Maintenance lintemnal to

IComponent

Closing Coil 480 Vac

1984{Failure
Close

[Partial

er & period of 5 months, there were 6 incidents of circuit breakers of the same vendor
type failing to close on demand. Intermittent failures of the closing coil cutoff x-
ehysmpropulyreuuntomende-eneryudposumprevmledlherehylﬁom
gizing the breakers' closing coils upon receipt of a close signal. It was determined

h dltmddustwwmulmmonthcmveablepamofmelelaywmthefauuy
penuon.msympw“ofmex-telaymalmnwonmfoumwbefallureofﬂw

inoperable without detection until that equipment is called upon to operate, either by
or when actually required. The x-relays on all safety-related breakers of this type
inspected and cleaned. The vendor did not provide for maintenance of the x-relays
in their maintenance procedures.

Closing Coil RPS trip

=

1 ailure
Close

Partial

reactor trip breakers failed to close following a trip test. The cause of the failure was
ieved 10 be due to the relay release amm on the closing solenoid moving core being out
f adjustment,

Closing Coil Quality
[Voltage nsuwuonl

uacy

1 ailure
Close

Partial

'wo service water pumps failed to start upon demand. lnveuigationrevealednhigh
istance electrical contact in the pump motor circuit breaker close coil circuit.
valmuon of the failure determined that the electrical contact had high resistance due to
interruption of cuirent approximately three times raied. The installed contactor
t interrupt rating was inadequate, The contact failures occurred after a fraction of
design cycles. All 4 kV circuit breakers were determined to be susceptible to this

Closing Coil Test 450 Vac  [Intemal to

1988{Failure

Close | -

ure.
ing a station loss of offsite power (loop) test, two class 1E 480 voltload center
failed 1o close during automatic load sequencing. Subsequent investigation
caled that the bicaker spring release device in both breakers was binding against the
pening in the bieaker base plate which resulied in failure of the closing coil and failure
f'the breaker to close. Other defective breakers were also identified following
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. Discovery Coupling Failure of -
Item Piece Part Method Factor reaker Wpel Proximate Cause |Year Mode D;fi'l:m Description
IControl Switch Test Maintenance JDC ntemal to 1987|Failure  [Partial During routine observation of the 250 volt distribution boards, a normal dc power feeder
9 distribution |Component Close breaker was slow to transfer and another failed to transfer. The first failure was due to
itch joints being dirty and an indicating light resistor being burned out. The second
failure was due to dirty hinge joints. :
1&C Tnspeaion [Hardware edivm ign/ gilure |Partial ing a system review, it was noted that the auxifiary transformer breakers did not trip
oltage n/ Open 3 designed when the Main Turbine tripped. Investigation determined that this trip signal
anufacture/ is blocked when a low load (4000 A) condition is sensed at the output of the generator.
10 nstallation low load block is not part of the original digital protection system modification and
Inadequacy reason for the block could be determined. Tripping of these breakers on 8 Main
ine trip is needed to ensure that the timing sequence for the EDGs ona
P/LOCA, as defined in the FSAR, would not be affected. The block was removed.
11 [Latch Assembly [Demand lMalnmce '[480 Vac Igl;emal to 1983[Failure  [Partial [l'wu 480 Vac circuit breakers failed to close due to worn latching mechanisms. The latch
mponent Close mechanisms were replaced.
Latch Assembly [Demand Waim [Medium nternal to 1991[Failure [Partial 4160 Vac circuit breaker failed to open and several more were degraded due to
12 Voltage t Open grease and Iack of fubrication. This problem could affect the ability of the
ubject breakers to open or close. Maintenance of the breakers was incomplete despite
- imilar failures due to the same cause four years earlier.
[Latch Assembly [Demand WMainmmee IRPS trip to 1 ailure  [Partial ile attempting to reset the control rod drive system following a control rod drive
breakers ponent Close ker in the reactor protective system failed to reset. Later, during a control rod drive
13 ker trip test, another breaker failed to reset after a trip. The first failure was due to the
er trip laxch being out of adjustment. The cause of the second failure could not be
isely determined; however, troubleshooting revealed cracked insulation on the close
il,
Latch Assembly Demand Quality trip ign/ 1994iFailure [Partial  [During plant protection system functional testing, two reactor trip breaker tripped free
ers Close maintenance personnel attempted to close them. With the vendor present, the
14 anufacture/ blem was traced to inadequate adjustment of the trip latch overlap. The adjustment
nstallation initially made per vendor specifications. However, the vendor had since increased M
recommended number of adjustment tums of the trip latch screw from 4 to a maximum of]
S tums. A change was submitted to change the procedure accordingly.
[Latch Assembly pection  |Maintenance edium ign/ 1998IFailure  [Partial breaker tripped when the cubicle door was closed. Subsequent inspection revealed
oltage Close eral incorrect latching mechanisms were installed on 4160 Vac breakers, The cause of
amufacture/ incorrect latching mechanisins being installed during original construction was
15 tallation 1 error, The incorrect latches were installed in eight of seventeen cubicle doors in
Division I switchgear, Contributing to this event was that information relative to the
latching mechanisms was not provided to personnel working on the switchgear and that
controls were not adequate to ensure the correct parts were installed.
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. Discovery Coupling 'lype' . Failure | Degree of .
Item Piece Part Method Factor IBmku Proximate Cause |Year Mode | Failure Description
Latch Assembly Inspection intenance . [Medium Operational/ 1 ailure [Partial  |A failure of a roll pin securing a spring for a latch pawl on a 4KV breaker was reviewed
Voltage Human Esror Close ndctﬂmmaumnndethatt}nfaumofmupmcomdeansethebtukuloﬁll
urther investigation revealed that the roll pin failed as a result of hydrogen
brittlement. Later, an issue involving permanently applied lubricant which was
inadverteatly removed from the breakers was identified. This also could potentially affect

16 er operation, The cause of the cracked roll pin was the lack of knowledge of plating

induced hydrogen embrittlement. Vendor personnel involved in the procedure
clopment were not aware that zinc plating of hardened steel parts could produce
hydrogen embrittlement and subsequent cracking. The cause of the lubricant being
inadvertently removed from breaker parts is also due to the lack of knowledge by Vendor
personnel. :
Latch Assembly Maintenance |Maintenance [480 Vac  jInternal to 1986iFailure  |Partial During preventive maintenance, two power supply circuit breakers to molor control
IComponent Open centers would not automatically open when their associated load center was isolated.

17 They subsequently failed to trip when the manual trip button or tipper bar was pushed.
[The circuit breaker laich mechanisms were dirty and sticky. The root cause was
ketermined to be normal wear and an inadequate preventive maintenance procedure.

Latch Assembly Test Design IRPS trip temal to 1983\Failure [Complete {The static force to trip the circuit breakers exceeded allowable tolerance due to binding

18 rmkeﬂ t Open icaused by the unused overcurrent trip pads. The breakers tested satisfactorily after
jremoval of the overcurrent trip pads.

Latch Assembly Test |Maintenance |RPS trip  |intemal to 1 ailure [Partial ing unit outage, while performing functional testing, operators found that two reactor
IComponent Close breakes would not close from the handswitch in the main control room.
roubleshooting discovered the incrtia latch (piece part of the circuit breaker) had stuck

19 in mid travel, The brcakers’ electrical rip function was lost, but the control rod drive

ystem was not affected because of an available redundant trip breaker. Plant operation
not affected. Insufficient lubrication of the inertia laich caused the latch to stick in
id travel. The inertia laiches were cleaned and lubricated and post maintenance testing
. performed satisfactorily.
Latch Assembly [Test intenance h;K‘PS trip Operational/ 1 ailure |Partial . ile pecforming surveillance testing, two reactor trip breakers failed to close an
’ cakers Human Error Close ate occasions. In one case, the breaker latch catch and arm were found bent,
eventing the breaker from closing. The cause of this failure was believed o be from
20 incorrect installation of the breaker during previous maintenance or testing activitics. In
second case, the breaker operating mechanism latch was binding against the housing
likely due to inadequate lubcication and rough surfaces.
Limit Switch Inspection  [Design Medium Design/ 1995(Failure [Partial pection of circuit breaker limit switches revealed cam follower cracking. No
[Voltage Construction/ Open uipment malfunctions or plant transients occurred, because the single actual failure
21 ufacture/ ed during routine post modification testing. The root cause of this occurrence was
tallation inadequate initial design of General Electric type SBM switches by the manufacturer.
uacy -
Limit Switch |Inspection  [Design [Medium ign/ 19954Failure [Partial 4 kV vital busses were declared inoperabie following inspection that revealed cracks
[Voltage nstruction/ Open in the circuit breaker cam followers. One actual failure occurred during post maintenance
22 {maintenance was for another reason), but all cam follower limit switches at both
tallation its were replaced. The root cause of this occurrence was inadequate initial design of
uacy Electric type SBM switches by the manufacturer.
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; Discovery Coupling T I . Failure | Degree of
Item Piece Part Method Factor |Bmker Proximate Cause |Year Mode | Failure Description
Limit Switch [Maintenance [Design edium ign/ 1995{Failure [Partial spections revealed cracks in the lexan cam followers of control (limit) switches
[Voltage nstruction/ Close installed in 4160 Vac and 6900 Vac circuit breakers, The same part used in 360 places in
23 anufacture/ numbser of breakers. Inspection showed about one third were cracking and two
nstatlation inoperable. The root cause of this occurrence was inadequate initial design of
quacy Electric type SBM switches by the manufacturer.
Limit Switch Test Maintenance [Medium  [internal to 1989 Failure [Partial two separate incidents while attempting to realign power to support testing, the
{ [Voltage IComponent Open ute supply circuit breaker failed to trip upon closure of normal supply breaker. The
24 use of failure was attributed to the raised upper limit switch being out of mechanical
justment causing a greater than 1/8 inch gap between the operating plunger and the
ker auxiliary switch. This limit switch provides the trip signal for the altemnate
breaker,
[Main Contacts [Test [Maintenance 480 Vac Operational/ 1 ailure [Partial ing testing on emergency bus feeder breakers, the closing spring charge/discharge
Human Esror Close indicator showed that the springs were charged with the breaker closed, indicating that
25 main contacts were closed but not exerting full pressure against the stationary
. Investigation showed the root cause to be failure to incorporate the latest vendor
information on contact adjustment into the breaker maintenance procedure.
Mechanical Assembly  [Demand Design 480 Vac I to 1984iFailure phase to phase fault across the station auxiliary transformer buswork caused a loss of
iComponent Close at offsite power to the unit. Both operable emergency diesel generators started as
26 ired. During the temporary loss of normal offsite power, several breakers in the
lants electrical distribution system failed to operate. The plant operators restored station
wer through an altemate offsite source, and restarted all necessary equipment.
echanical Assembly |[Demand Design Medivm ntemal to 1981{Failure [Partial decay heat removal pump fiiled to start due to the circuit breaker failing to close upon
WVolmge iComponent Close nd, The cause was determined to be an intermittent sticking of the motor cutoff
27 itch operator due to the operator being slightly bent, which prevented it from sliding.
inspections revealed that all 4.16 and 13.8 kv circuit breakers were susceptible to
is problem. All applicable circuit breakers were subsequently modified.
echanical Assembly  [Demand lMainwnance 480 Vac ternal to 1 ailure  [Partial normal supply breaker for a 600 Vac bus failed to close on demand when switching
‘omponent Close m the from the alternate to the normal power supply. The failure was due to binding of|
closing mechanism in the breaker. A few days later the altemate feed breaker to
28 ther bus failed to closed during a hot transfer. The second failure was caused by a
k contact finger in the bus transfer interlock logic. The cause of the failures was
buted to a [ack of lubrication or hardening of the lubrication. The breakers were
oved from service and the closing pivot points and other moving parts lubricated.
- functional testing, the breakers were retumed to service.
Mechanical Assembly JDemand aintenance [480 Vac  |Internal to 1984{Failure [Partial g surveillance testing, one circuit breaker failed to trip when the undervoltage
iComponent Open ice was de-energized and two others failed to trip within the specified time limit. This
29 cc may have affected the emergency diesel generator loading and its loading
as specified in Technical Specifications. The cause was dirt and lack of
lubrication.

V xtpuaddy



(4% 4

Item

Picce Part

Discovery
Method

Coupling
Factor

rclkcr‘l‘ypel Proximate Cause

Year Failure

Degree of
Failure

Description

'30

rmiw Assembly

[Demand

|Maintenance

480 Vac

[intemal to
IComponent

1989 Failure
to Close

Partial

'Whea attempting to switch 600 Vac buses from normal to altemnate feed, the altemate

[breakers failed to close when the normal breakers were tripped. One failures was due to
trip rod binding in the alternate breaker due to a lack of proper lubrication of the trip rod
bearings. Another failure was caused by a binding plunger in the breaker charging motor
switch due to dirt buildup. The dirty plunger caused the swilch contacts to remain
preventing the motor from charging the closing spring and completing the closing
. The third failure was caused by a dirt buildup on the trip mechanism and pivot
ints, which resulted in binding of the intemal moving parts.

3

[Mechanical Assembly

|Maintenance

480 Vac

|lntemal to
IComponent

1988 Failure

Close

Partial

breakers failed to close dunng altempis totransfer bus power from altemate to
rmal feed, the normal feeder breaker would not close. One failure was caused by
ion in the cell switch. The second failure was due to excessive dirt. Both were
ibuted to lack of preventative maintenance. Preventative maintenance had not been

ne during the last 2 years because the unit had been shutdown for an unusually long
ime and maintenance frequency was tied 1o the refueling outage.

32

rMechanical Assembly

[Maintenance

[Medium
'Voltage

[Operational/
Human Error

199

Partial

circuit breakers failed 10 open on demand during separate evolutions. During
ubsequent reviews, station personnel determined that the condition of the three circuit
{ was similar to the condition of the two safety-related circuit breakers that

iously failed to open sn demand. The cause of the event was determined to be
inadequate preveative maintenance. The preventive maintenance performed did not
lubricate the main and auxiliary contacts in the circuit breakers as recommended by the
mnbreake:mnufamnermdakodldmtprwdesuﬂicwmmsmmmwmveme
ughness on the main and auxiliary contacts. -

33

[Mechanical Assembly

Demand

" [Maintenance

IMedium
Voltage

Operational/
Human Error

1 ailure
Close

ou4l60Vacdmutbmkm failed to close. Each failure was due to a different

; however, investigation revealed that all failures were related to workmanship
quality control practices by the vendor who oveshauled the circuit breakers. To

e the safety class circuit breakers are reliable, the utility and vendor developed a
mprehensive plan to inspect critical compoaents of the circuit breakers that were
previously overhauled.

34

[Mechanical Assembly

[inspection

Design

Medium
Voliage

Design/

IConstruction/

ufacture/
tallation
uacy

1983|Failure
to Close

Partial

operator racked up the emergency 4.16kv bus feeder breaker from an emergency
esel generator and found that there was no indication of breaker position on the control
It was discovered that the breaker elevator mechanism linkage was distoited and
allowed the cell switch actuator arm to fall into an intermediate position disabling the
tomatic and manual closure circuitry. Other breaker compartments contained distorted
inkages and it was concluded that any of 4.16kv breakers could fail during a seismic
ent. The linkage distortion was caused by an interference with the breaker assembly as
it is rolled out of the compartment.

35

fMechanical Assembly

|inspection

|Maintenance

480 Vac

1989 Failuce
Lo Close

Partial

480 Vac feeder breakers tripped and would not close while a special inspection of
wubemgconducted.ﬂwbreakmﬂﬂedtocloaduetodmbmltupmdlackof
ubncnuon.

36

echanical Assembly

intenance

[Maintenance

480 Vac

1985(Failure
to Close

Partial

ile conducting maintenance, the main feeder breaker for a 600 Vac emergency bus
d not close. Investigation revealed the trip setpoint tolerance, contact gap and trip
roller gap were out of adjustment preventing the breaker operation. This breaker
adjusted and returned to service. Another 600 Vac breaker was found to be "broken.”
0 exact failure mechanism was given; however, the cause was given as "wear," and this

was replaced.
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. Discovery Coupling . Failure | Degree of
Item Plgoe Part Method | Factor Bmker'lypel Proximate Cause |Year Mode | Failure . ) Description .
echanical Assembly |Maintenance [Maintenance edium 1988 Failure rPutul A circuit breaker failed to open due to trip linkage binding caused by misalignment and
3 oltage uman Error Open improper assembly. Subsequent inspection of other 4160 Vaec circuit breakers revealed
. same problem. The misalignment was the result of s procedural deficiency by the
. B that performed circuit breaker overhauls. )
[Mechanical Assembly  [Maintenance |Quality edium to 1985{Faiture  [Partial ing a scheduled maintenance outage of 4160v safety-related switchgear, the plant
Floluge Tm Close lectrical staff discovered that two circuit breakers were rendered electrically inoperable
38 ue to the failure of a spot welded pivot pin. This spot welded pivot pin was on m
internal piece of linkage, which actuates the suxiliary contacts that track breaker position.
contacts are also used in external breaker trip and close schemes as interlocks. The
) ive component is being modified to preclude additional failures, :
Mechanical Assembly [Test Design wedium 1999Failure [Partial 6.9kV breakers failed to close due to manufacturer repair defect. A cotter pin
. N S 'oltago Close instafled by the manufacturer was striking the latch check switch mounting bracket and
39 ing it forward. This removed the factory set clearance between the bracket and the
itch actuating paddle, resulting in the paddle rolling the trip shaft to the trip position
) the breaker attempts to close. .
Mechanical Assembly  [Test Design Medivm temal to l987|::ilm'e Partial circuit breaker failed to trip during a surveillance test. Upon investigation, it was
. [Voltage ... IComponent Open ined that the connecting pin for the breaker trip crank located between the trip
lenoid and the trip shaft became loose due to a pin weld failure, which prevented
40 lectrical tripping of the breaker, Inspection revealed several breakers with the same weld
geometry. Two procedures, an inspection procedure and a trip crank replacement
procedure were written for eighty six affected breakers on site. Nine breakers failed the
criteria,
echanical Assembly  [Test [Environmental IRPS trip External 1984[Failure  |Partial During routine surveillance testing of the reactor trip breakers, two breakers did not
41 kers [Environment Open ge state in the required time, The causes were determined to be dirty breaker
Mechanical Assembly  [Test [Maintenance 480 Vac Operational/ 1997Failure  |Partial breakers failed to close on demand during testing. Hardened grease was discovered
[Human Error Close in the stop roller and main drive link roller. When actuated by the closing coil, these
llers and the associated closing latch release the stored energy of the breaker springs,
oS losing the breaker. Stiff rollers have resulted in multiple breaker failures in the past. The
intenance procedure provides instructions to clemn and lubxicate various friction points
f the breaker mechanism; however, they are not specifically identified in the vendor
anual. These rollers werenot cleaned and lubricated during the performance of the
led preventative maintenance.
echanical Assembly  [Test aintenance  |480 Vac al to 1986|Failure  [Partial routine inspections of the 480 volt unit boards, two feeder breakers were binding.
43 , IM omponent Close failures were attributed to dirty, hardened grease, normal aging and wear.
“ IMechanical Assembly  [Test Imim 480 Vac  [internal to 1991]Faiture 420 Vac circuit breakers failed to close due to mechanical binding caused by dried
omponent Close hardened lubricant. The mechanical operating mechanisms were replaced.
WMechanical Assembly  [Test WMaintemnee 480 Vac Internal to 1987|Failure {Partial . ing once per cycle testing of the startup transfer feeder to the unit bus breaker, two
Open ker trip units were found to be non-operational so that the breakers would not trip.
45 th failures were caused by lack of lubrication on the intemal moving parts due to a lack
f proper maintenance,
[Mechanical Assembly  [Test Maintenance 480 Vac Intemal to 1986{Failure [Partial power supply circuit breakers to two motor control centers would not trip during
mponent Open| . - illance testing, The circuit breakers were dirty. This was due to a normal
46 ation of dirt during operations. The circuit breakers were cleaned and verified to
operable. . . -
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' : Discovery | Coupling . Failure | Degree of ..
ltem|  Piece Part Method |  Factor [oreaker lV""I Proximalc Cause | Year| ‘i’ | “Fyilure Description
Mechanical Assembly [Test intenance 480 Vac temal to 1 ailure |Partial During high tolerance instantancous testing, several 480 Vac circuit breakers on all three
47 : IComponent Open msu did not trip in the required time (0-10 cycles). Failures were attributed to aging
Tubricants resulung from an ineffective maintenance program,
Mechanical Assembly [Test IMaintenance 480 Vac Operational/ 1 ailure {Partial breaker failed to trip during testing. Subsequent testing and inspection revealed several
48 Human Esror Open degraded due to lack of lubrication. Lubrication was removed during
: furbishment by the vendor and was not re-installed.
® Mechanical Assembly [Test IMAmtenance DC _jintemal to 1 ailure |Partial [The dc bus inter-tic breakers failed 10 open due to lack of lubrication. Corrective action
istribution  jCompouent to Open jwas to creale a preventative maintenance and inspection schedule for these breakers.
[Mechanical Assembly [Test [Maintenance  [Medium 0 1995{Failure [Partial A 4KV supply circuit breaker closed during testing, but failed to instantly recharge. The
Voltage jComponent Close | cause of the failure was aging of the laich monitor pivot bearing lubrication. This
50 lem had previously surfaced and the bearings were relubricated at that time. Since
action did not fix the problem, the decision was made to replace the pivot bearings
for all affected circuit breakers..
[Mechanical Assembly  [Test intenance trip temal to 1984|Failure [Partial ing surveillance testing, the trip time requirements for two reactor trip breakers were
[breakers IComponent to Open found to be out of specification high. Historically, the bearings for the breaker front
51 blies have been found worn and lacking the necessary lubrication, which increases
ip times. Afier replacing the front frame assemblies and lubrication the bearings, the
breakers were reiested satisfactorily and retumed to service.
Mechanical Assembly  [Test intenance trip temal to 1984]Failure [Partial surveillance testing of the reactor trip circuit breakers, the under voltage trip
52 breakers mponent Open ponse time was found out of specification. Troubleshooting found the breakers’ front
frame assemblies to be lacking the proper amount of Tubricant on their bearings. This was
recurting problem with this breaker type. The front frame assemblies were replaced.
Mechanical Assembly [Test ﬂMAinwnanoe S trip ternal to 1989Failure {Partial ing surveillance testing, two reactor trip switchgear breakers would not close. The
53 breakers t Close failure was due to a defective piece part in the cutout 'y’ switch on the breakes due to
ic fatigue. In the second failure, 8 broken clamp was found on the closing
which prevented the breaker from closing.
ical Assembly [Test l935|l;ailu:e Partial nommal operation while performing surveillance testing, two reactor trip circuit
breakers failed the under voltage response time test. The breaker's front frame assembly
54 as the suspected cause of the increased time response of the one breaker’s undervoltage
ice. The other failure was due to loose armature Jaminations in the undervoltage
ice. Both are known design problems with these circuit breakers.
[Mechanical Assembly  [Test [Mainienance  [RPS trip temal to 1985{Failure [Partial ile perfomiing testing of the units reactor trip circuit breakers, the undervoltage tip
55 o - Open was found to be out of the allowable tolerance for two breakers. Dirt accumulation
in the front frame assembly and lack of lubrication were the suspected causes
|Mechanical Assembly [Test Quality 1984{Failure |Partial surveillance testing, two reactor trip breakers would not re-close. Troubleshooting
Close ound manufacturing defects in the front frame assemblies (foose mechanical collars),
56 ig problem has been identified on similar breakers. The front frame assemblics were
laced. :
IOC Relay [Demand intenance H80 Vac Operational/ 1998{Failure |Pastial ircuit breakers were found 10 be susceptible to tripping on normal start due to improper
Human Ervor Close ing of overcuirent trip. The problem was discovered when one breaker failed to close
57 demnnd.Aptekuamodlﬂﬁuonpuhgewudeummedmhcuﬂdequuemhm
id not require trip setpoint adjustment.
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. Discovery Coupling Failure | Degree of
Item Piece Part Method Factor leker Type‘ Proximate Cause |Year Mode | Failure Description
IOC Relay rMamtemnce aintenance 480 Vac Other 1 ailure  [Partial A preventive maintenance procedure was being performed on 480V molded case circuit
Open ers. These are magnetic only breakers with an adjustable instantaneous trip range of
0to 150 amps. With the breakers adjusted to their lowest setting, the right phase for two
tripped at 71.7 amps and 69 amps. The maximum allowable trip point was 57.5
ps. The breakers had a date code that meant they were manufactured in August of
58 1978. Considering the breakers were approximately 16 years old, the drift in calibration is}
iated with the breakers' service life. Therefore, it was decided to replace the
ers. The circuit breakers would still trip on instantaneous within its adjustable range
ich would provide adequate overcurrent protection. The cause was attributed to the
akers’ long service life. Like for like breakers were installed. All tests were performed
isfactorily.
IOC Relay Test Design DC [Design/ 1 ailure [Almost 1 72 dc molded case circuit breakers were tested, all 44 breakers of one vendor type,
distribution [Construction/ Open [Complete |installed in 4 different distribution panels failed to trip on overcurrent. Problem was the
59 ufacture/ ign of the trip lever in the magnetic trip circuit breakers. All breakers of this type and
Ilation were replaced. )
nadequacy
IOC Relay Test sintemance 480 Vac  [Intemal to 1998{Failure instantaneous trip testing of both breakers revealed excessive time prior to tripping.
60 IComponent Open required trip time is less than 0.15 seconds. Breakers were tripping on instantancous
ing between 0.194 and 0.753 seconds. Crise was determined to be inadequate
maintenance.
IOC Relay [Test Maintenance 1480 Vac Other 1985{Failure  [Partial ing routing surveillance testing, three circuit breakers would not trip on short time
61 Open trip test. The failures were caused by the breakers being out of calibration as
result of normal wear,
OC Relay - [Test "~ [Maintenance  |DC Internal to 1989 Failure  [Partial ile performing preventative maintenance on the dc feeder circuit breakers, the
62 ldis!ribuﬁon ponent Open trip devices would not set correctly. The cause was attributed to a lack of
intenance.
I0OC Relay Test aintenance  [Medium al to 19841Failure 4160 Vac circuit breakers of the vendor and type failed to trip due to age induced
& Voltage ponent Open ing of grommets in the electromechanical overcurrent device. Comrective actions
included replacement with new or newly rebuilt overcurrent devices and establishing an
preventive maintenance surveillance interval.
|Relay Demand Quality 480 Vac ign/ 1987|Failure  [Complete [Four 600 Vac normal suxiliary power system circuit breakers failed to open from local
on/ Open | trip switch. The failures were caused by a relay contact in breaker trip circuit that
64 anufacture/ normally open instead of normally closed, as shown on wiring diagram. The relays
Iation rewired to correct the problem. :
Relay [Demand Quality [Medivm 1 ailure  [Partial ile attempting to transfer two 4160 Vac buses to their altemate power supply, the
[Voltage Close ltemnate feeder circuit breaker. Separately, another 4160 Vac circuit breaker failed to
lose on demand. Both failures were caused by an open coil winding on a telephone-type
65 ay within the synchronizing check relay of the circuit breaker. The telephone relay
iled due to being continuously energized, which was not its intended spplication. A
ign modification was performed as the long-term corrective action.
[Relay nspection  [Design edium Operational/ 1998|Failure [Partial circuit breaker contacted exposed relay terminals during rack-in, causing trips/lockowt
66 'oltage [Human Emor Close f two breakers and lockowt of another. The event was attributed to human error and poor
: ign (location of relays).
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. Discovery Coupling Failure | Degree of o
ltem Picce Part Method |  Factor [oroakes IW‘I Proximaie Cause | Year| ‘yroge | Failue Description
Relay Maintenance [Maintenance tdp to 1986{Failure i [During preventative maintenance two reactor trip breakers failed to close. Both breaker
67| . . breakers mponent - - jto Close fulumweredueloﬁdmoftlwsanwrehy The cause was assumed to be wear and
; ing. -
|Relay Test Design IMedium o/ 1990IFailure [Pantial  [During surveillance testing several circuit breaker lockout relays would not actuate,”
Voltage ) jon/ Open failures would have prevented breaker trips on overcurrent. Mechanical binding
ufacture/ evented the relays from tripping. Bench testing revealed several contributing facwn
68 tallation not identify the root cause. The failed relays’ armature force checks yielded 5 t0 6.5
uacy but newer relays required only 3.5 pounds. The vendor discourages re-Jubrication
reduce friction. Also, a vendor bulletin states that when the relay reset handle is forced
i ﬁ:elatduﬂﬂrmmng.uippmgwdehyedorprcvmted. Thelockourelayswcn
placed with spares and tesied satisfactorily. :
Relay Test Design jum Design/ 1984iFailure  [Partial performing a loss of bus test, two 4160 Vac bus-tie breakers failed to trip.
: Voltage ion/ _[toOpen | - - - [lnvestigation concluded that the bus-tic breakers could not trip if the diesel generator
69 - ) ufacture/ uiput breaker was open. The failures to open were caused by a design error.
lation R o
Relay est 480 Vac  [Intemal to l988|Fulum |Partial  |During surveillance testing on the plant ac distribution system, the normal feeder breaker
70* : ) o iComponent to Close from a transformer would not close when transferring from altemate to normal power.
failure was attributed o closs relay contacts hanging up from a lack of breaker
‘ lubrication. A second similar failure was atiributed to the breaker having dirty contacts.
1 Relay - [Test |antenance 480 Vac Internal to 19834Failure  |Partial Four 480 Vac circuit breakers failed to close during testing due to fmlm of the power
omponent to Close sensors. The power sensors were replaced.
Relay Test Mainicnance [480 Vac  [Internal to 1988{Failure [Partial | circuit breaker failed to close on a safety injection demand due to oxidation o contacts
: : ’ o IComponent Close for the alarm swiiches. Subsequent investigation revealed 11 other safety-related breakers
72 ith the same problem. The cause was determined to be inadequate periodic inspections
cleanmgofﬂwalmsmwhconmdww lack of specific guidance in the
procedure, Cotrective actions included revision of the maintenance
. pmcedure.
Relay Test [Maintenance edium w 1989\Failure time delay relay for a 4160 volt feeder breaker would not time out within its specified
173 'oltage Close lerance during calibration, and a time delay relay for a second breaker would not
: : : . The causes of both failurcs were determined to be due to aging.
Relay [Test intenance |RPStrip  |Intenalto 1986{Failure |Partial _ [Two reactor trip beeakerss failed to trip during perfornmance of surveillance testing. One -
breakers  [Component to Open failure was duc to the suxiliary contact for the shunt trip was not making contact due to
74 ignment with the block. The other failure was due to a faulty undervoltage relay.
jumper to change the control voltage was installed in the 48 volt holes and should
ve been installed in the 125 voltholes musing the relay to overheat and melt.
Relay [Test intenance Strip  {intemal to ailure  [Partial reactor trip breakers failed to close over a one-month period. Both failures were
75 breakers Component Close ibuted 10 relay release amms being out of adjustment.
hunt Trip est intenance trip Operational/ 1984{Failure [Partial set of leads in each of the four plant pioiective system bays were found to be
Human Error to Open i These disconnected leads removed the automatic shun trip feature from
76 TE's 1,42, 43, and #4, The subject leads had been disconnected wad not resioed
lB-mnnth surveillance tuung conducted earlier.
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. Discovery Coupling . Failure of _—
Item Piece Part Method Factor [Breaker Proximate Cause |Yesar Mode D;fi‘;:‘ Description
|Spring [Test [Design trip ional/ 1 ailure [Partial While performing initial approach to criticality testing, operators noted that the B-phase
kers Human Error Close a reactor trip breaker, was not indicating current flow after the breaker was closed.
train's function of providing power to the control rod drive mechanism was degraded
mp!meofpowwunwailable.'mefailmwascausedbyamechmiealopcnﬁngp
7 pring that had come loose. With the spring loose, the B-phase contacts were getting
insufficient pressure to close. The vendor has provided notice that the spring could come
loose and the vendor has provided additional instructions for breaker inspection and
intenance to address this problem. The spring was reinstalled according to the vendors
instructions. The breaker was subsequently tested and returned to service.
Spring . [Test ign tip  [Design/ 1988iFailure |Partial reactor trip breakers failed to close during surveillance testing. The breskers’ closin,
IConstruction/ Close ings had become detached from the pivot/actuation points. The reason for the springs’j
78 Manufacture/ ing could not be determined; however, this has been a recurring problem with this
m ker design.
|Spring est Design [RPStrip  [Internal to 1986{Failure [Partial ing performance testing of the reactor trip circuit breakers, two breakers failed to re-
79 breakers Component To Close lose after open them from the control room panel controls. Troubleshooting found that
breakers' operating springs fell off, preventing closure but not opening, a recurring
blem with this particular breaker design. )
pring [Test Quality [RPStrip  |Internal to 1989Failure [Partial ile performing surveillance testing on reactor trip circuit breakers, two breakers failed
80 breakers IComponent Close close. In one failure, the left side close spring on the breaker had fallen off and the
ker wouldn't close with only one spring. The second breaker failure was due to a bad
‘ | power fuse that failed due to aging.
Spring Charging Motor |Demand Maintenance 480 Vac {intemal to 1985|Failure [Partial Four 480 Vac feeder breakers failed to close on demand. One breaker failed to close due
IComponent Close 0 lose bolts holding the charging gearbox assembly, When demanded, the fuses for
81 -janother breaker blew and the breaker failed to close. The cause of this failure was
ined to be dirty contacts. Another breaker failed due to failure of the auxiliary
lay. The fourth breaker failed to close due to dirty and dried lubricant on the trip latch
adjustment parts, ’
Spring Charging Motor |Inspection aintenance edium Internal to 1 silure  |Partial breaker's closing springs failed to charge-up when equipment operator was making
[Voltage IComponent Close the in-feed breaker from separate station power transformers. The suspected failure
82 use for one breaker was dirty contacts in the charging mechanism. The suspected
failure cause for the other breaker was binding in the charging spring mechanism,
Spring Charging Motor [Test : [Maintenance ledium I:ntemal to 1987 Failure [Partial closing springs for two 4160 Vac breakers would not charge. The cause of the
83 IM oltage o Close failures were dirty contacts, a dirty closing mechanism, and lack of lubrication.
Spring Charging Motor [Test [Maintenance  [Medium nternal to 1986{Failure |Partial While performing testing of 4160 Vac boards and buses, three circuit breakers would not
84 [Voltage mponent Close close. The failures were attributed to the breakers being dirty, needing lubrication, and
due to loose connections.
Spring Charging Motor [Test [Maintenance  [Medium Internal to 1987|Failure  [Partial [Two 4160 Vac circuit breakers failed to close. One failure was caused by the latching
[Voltage Close spring being out of adjustment, which prevented the springs from charging. The
8 of the second failure was attributed to the racking mechanism slide interlock being
of adjustment. ‘
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Breaker T

Proximate Cause

Year

Failure
Mode

Degree of
Failure

Description

Spring Charging Motor

[Test

Quality

IMedium
Voltage

1

19

ailure
Close

Partial

[The circuit breaker for the residual heat removal pump a failed to recharge during testing,
ing the bicaker incapable of automatic closure. In addition to performing required
urveillance tests, an investigation revealed that the breaker charging spring motor bolts
fallen out, allowing the motor to rotate, and breaking the power leads. A root cause
lysis led to the conclusion that a combination of inadequate thread engagement of the
unting bolts in the motor housing and equipment vibration caused the bolts to loosen.
this event had the potential for a common smode failure, all safety related

were inspected during a scheduled maintenance outage. Three additional

eakers were found to have loose bolts.

87

Stabs/Connectors

Design

480 Vac

ign/
nstruction/

Installation

1980\Failure
Close

ile retuming a service water boosier pump to service, a minor fire occurred in a 480

Vac ESF MCC. This rendered several components inoperable. Repeated cycling of the
onto the bus coupled with inadequate stab to bus bar contact and dust in the MCC

inet caused a fire. Operators were reminded of undesirability of repeated cycling of
0ad breaker. An engineering study to determine if the breakers are adequately sized was

88

[Unknown

Quality

temal to

ailure
Close

|Partial

50 made (the results of the study were not included in the failure report).

ing an attempt to close the control rod drive circuit breakers two breakers failed to
lose. The failures could not be repeated. Although the mechanical interlock, a piece part
f this circuit breaker, was found slightly dirty and in need of lubrication, it is not

lieved 10 have caused the failures to close. As a preventive measure, the mechanical
interfock was cleaned and lubricated. The breakers were successfully closed on all
ubsequent tests.

89

[Unknown

[Test

|Maintenance

trip

1 ailure
|£ Close

{Partial

reactor trip breakers failed to close following a trip test. The cause could not be
and the failure was not repeatable. The breakers that failed were replaced with]
jpares. '

UV Trip Assembly

Demand

Maintenance

ium
oltage

e

4160 Vac failed to open due to failure of the breaker trip coils. The cause were
to be normal wear and aging.

91

UV Trip Assembly

Demand

Quality

IComponent

1983iFailure

Open

ing a routine startup, both reactor trip breakers failed to open automatically on receipt
f a valid low-low steam generator level reactor trip signal. The reactor was shutdown 25
later using the manual trip on the contol console. Subsequent investigation
ealed that the breaker failures were caused by mechanical binding of the latch

ism in the undervoltage trip attachment. All breaker undervoltage attachments
replaced with new devices and extensive maintenance and testing was performed on
breakers.

92

Trip Assembly

Inspection

Maintenance

freaker

Flnlemalto

iComponent

1987,

ailure
Close

reactor trip breakers failed to close following testing. Troubleshooting found one

eaker's under voliage call had failed (open circuit) and the other breaker’s undervoltage
ice pivot to ammature clearance was out of adjustment. Operational/ambient conditions
cited as causes for the failures.

93

[UV Trip Assembly

|Maintenance

|Maintenance

RPS trip
[oreakers

19

ailure
Open

[Partial

ing preventive maintenance on the reactor uip breakers, the undervoltage trip units on
breakers were found to be out of specification. One undervoltage device could not be
justed within specification and was replaced. The cause for both failures was

ined to be vibration and aging.
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" Discovery Coupling . Failure | Degree of A~
Item Piece Part Method Factor [Breaker ‘lypel Proximate Cause |Year Mode | Failure Description
UV Trip Assembly |Maintenance {Maintenance [RPS trip ign/ 1984]Failure [Partial After installation of new undervoltage trip relays, the reactor trip breakers would not stay
breakers ion/ o Close closed. The original trip bar design gap was satisfactory with old style undervoltage
94 ufacture/ [relays, but not with new style relays.
lation o
nadequacy
UV Trip Assembly [Maintenance |Quality trip ign/ l983‘f:llum Partial  |A potential safety hazard was identified conceming certain critical dimensions of the
kers struction/ Open dervoltage trip device on a particular model reactor trip circuit breaker. An out-of-
anufacture/ lerance measurement was found between the moving core and rolling bracket in
95 nstallation ition to a missing lock ring on the shaft pin of the undervoltage trip device. The
tential existed for either intermittent operation or total failure of the device, The cause
attributed to manufacturing variations of the undervoltage trip devices. All
ndervoltage trip devices on all reactor trip breakers were replaced.
[UV Trip Assembly [Test Design trip Internal to 1983|Failure  [Partial [During reactor trip breaker surveillance testing, the undervoltage trip devices for two
9 ers omponent Open circuit breakers exhibited scattered and unacceptable response times. The reactor trip
: breakers were replaced with spares.
[UV Trip Assembly Test [Environmental tip  [intemal to 1983[Failure  [Partial [During routine surveillance testing, a the control rod drive AC breaker experienced a
breakers IComponent Open delayed trip. Subsequent testing of all AC and dc control rod drive breakers resulted in a
97 control rod drive dc breaker also experiencing a delayed trip. If a reactor trip had
and if both malfunctioned breakers had delayed in tripping, two control rod
groups would not have dropped immediately,
UV Trip Assembly Test {Maintenance  [Medium Other 1986Failure [Partial [During routine testing it was found that the under voltage relays for two 4160 Vac feeder
98 [Voltage Open ers from an auxiliary transformer to the buses were out of calibration. The failures
attributed to relay wear,
UV Trip Assembly Test [Maintenance  [Medium Other 1 ailure [Partial ndervoltage dropout relays in two separate, similar breakers drifted out of specification
[Voltage Open times they were checked by scheduled maintenance. A root cause investigation
tributed the relay setpoint shift to a combination of: 1) relay sétpoint repeatability, 2)
99 sensitivity of the relays, and 3) testing techniques. Applicable test equipment
procedures have been changed to address the causes of the setpoint shift.
dditionally, the testing frequency has been increased from quarterly to monthly pending
lay performance trending results.
UV Trip Assembly [Test Maintenance trip Other 1983[Failure [Partial ring surveillance testing of the reactor trip circuit breakers® undervoltage devices, the
kers Open time of two breakers than allowed by Technical Specifications. The cause of the
100 was setpoint drift and wombinding front frame assembly mechanisms. The
ints were adjusted and the trip shaft and laxch roller bearings were lubricated.
UV Trip Assembly [Test [Maintenance  [RPS trip Other 1983[Failure  [Partial g monthly surveillance test of the reactor trip circuit breaker undervoltage trip
’ breakers Open ces, the response time of two breakers was slower than allowed by Technical
101 Specifications, This event was caused by setpoint drift and wom/binding front frame
sembly mechanisms. Corrective actions included replacement of front frame assemblies|
undervoltage trip devices.
UV Trip Assembly [Test |Maintenance  |RPS trip Other 1983{Failure {Partial trip response time of two reactor trip breakers was slower than allowed by Technical
breakers Open Specifications. The breakers were retested satisfactorily and returned to service after
102 djusting the UV trip device setpoints and lubricating the trip shaft and latch roller
8. The breakers were still considered operable since the shunt trip devices were
ional with satisfactory response times,
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Failure
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103

[UV Trip Assembly

Test

m

teznal to
IComponent

198 nlure
Open

[Partial

(During surveillance testing, three reactor trip breakers failed to trip on undervoliage. The
cause was inadequate lubrication, possibly due to an excessive preventive

i interval, combined with a small design margin in the tripping force provided
m the undervoltage coil. Corrective action was 10 perform the required preventive
intenance priof to entering Mode 2. Additionally, as required by IE Bulletin 79-09 and
endor recommendations, the surveillance testing interval of the undervoltage trip feature
'mensedf ‘;nd the interval between preventive maintenance was decreased to prevent
of this cvent.

104

UV Trip Assembly

[Test

[RPSwip

|lnternal to

1982]Failure
Open

surveillance testing, four of nine reactor trip circuit breakers failed to trip on
oltage. The primary cause was inadequate lubrication, possibly due to aa excessive
eventive maintenance interval, combined with a small design margin in the tripping
force provided from the undervoliage coil. Comective actions were to perform required
eventive maintenance prior to the unit entering mode 2 and implementation of the
ecommendations of 1E Bulletin 79-09 and vendor recommendations, increased
meﬂmemof&euﬂuvdmmpimem.dwmmmwm
eventive maintenance.

105

UV Trip Assembly

[Test

IMaintenance

trip
eakers

Fl&mﬂl to
t

1 ailure
Open

th.ial

reactor trip breakers were found to have defective undervoltage trip relays which
ented opening. One failure was detected during testing and the other was detected
uring maintenance. The relay failures wete determined to be due to aging.

UV Trip Assembly

[Test

mponent

1986{Failure
Close

|Partial

cactor trip circuit breakers failed to close after testing. Troubleshooting found a failure of
breaker's under voliage device. The second circuit breaker's pick-up coil voltage was
due to a change in characteristics of the voltage adjustment pownuometer. Both
ilures were attributed to operational stress and/or equipment aging.

ile conducting monthly surveillance testing of the unit's reactor protection system, twv.;#

107

UV Trip Assembly

est

RPS trip

llntemnl to
(Component

1986{Failure
Close

Partial

ile conducting surveillance testing of the unit's reactor protection system, two reactor
ip circuit breakess' UV devices would not pick up after tripping the breakers.
roubleshooting found that the UV devices gap clearances wese incorrect. No direct
for the misadjustments was found, however, operational stress and/or equipment
ing were suspected.

108

UV Trip Asscmbly

Test

-

et

|internal to

1987 Failure
Close

reactor trip breakers failed to close following testing. Troubleshooting found one
under voltage coil had failed (open circuit) and the other breaker’s undervoltage
ice pivot to armature clearance was out of adjustment. Operational/ambient conditions
ibration) were cited as causcs for the failures.

109

UV Trip Assembly

Test

IRPS trip

'”"Ii“é‘.‘:‘,e

Fhrl.inl

separate tests, two reactor trip breakers failed to close after trip testing. The failure to
eset was determined to be due to worn undervoltage trip coil mechanisms to prevented
breakers from latching.

110

UV Trip Assembly

[Test

Mmm

trip

1980(Failure

Partial

t was discovered during testing that some reactor trip breakers would not trip on
oltage as expected. Oue device would not trip and two others tripped sluggishly.
cause was determined to be misaligned armatures in the undervoltage devices. A new|
entative maintenance program was initiated to check the undervoltage coils

independently on & monthly basis.
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111

UV Trip Assembly

[Test

[Maintenance trip
kers

Operational/
[Humen Error

1983

Mode
ko Open

Partial

During the performance of reactor trip circuit breaker undervoltage device surveillance

ing, three breakers failed to open within the acceptance time criteria. The following
, and then 8 days later, two additional breakers failed to meet the acceptance criteria,
reactor trip breakers failed even though extensive maintenance and testing was
ormed on all eight of the trip system breakers 11 days prior to the first 3 failures.
aintenance included procedures specified in the vendor service advisory letter. The
iencies were corrected by again performing the vendor approved refurbishment
[procedures on the slow breakers, followed by successful testing.

112

[UV Trip Assembly

[Test

[Maintenance trip

nternal to
mponent

1984iFailure

Close

{Partial

During surveillance testing, two reactor trip breakers failed to close during surveillance
response time test, The stated cause was normal wear.

13

[UV Trip Assembly

Test

kers
=

temal to
omponent

ailure

Almost
Complete

during response time testing. The failures were due to mechanical problems of the
ltage mechanisms, which resulted from manufacturing deficiencies. Fifteen days

Both reactor trip breakers and a bypass breaker failed to open on an undervoltage trip
ignal
Emr, one of the replacement reactor trip breakers also failed due to the same cause.

14

JUV Trip Assembly

Test

Quality trip

kers

jintemat to
IComponent

1983

o Open

[Partial

undervoltage armatures for two different reactor trip breakers were found during
to not be fully picked up (repetitive failures in the same month). Based on vendor
the abnormal armature position has little or no detectable effect on the ability of the
oltage trip device to trip the breaker on loss of voltage. The undervoltage
rmatures not being fully picked up is the result of interference between the undervoltage
and the copper shading ring around the coil core. As corrective action, visual
ification and manual adjustment of proper closed air gap position is required following
ization of the undervoltage device,

115

UV Trip Assembly

Test

trip
ers

Design/

IConstruction/
anufacture/
Enmllaﬁon

1

ailure
Close

[Partial

reactor trip breakers failed to close. The first failed to close during testing, the
failed to close while troubleshooting the first failure, The cause of both breaker
ilures was failure of the under voltage trip coil, which was thought to be due to a
ufacturing defect,

116

UV Trip Assembly

[Test

Quality trip

kers

ign/

lation

1983[Failure
Close

[Partial

ing surveillance testing, two reactor trip breakers would not close when a close signal

applied to the breaker's control circuit. Troubleshooting found defective undervoltage]

levices that would not allow the closure of the breakers. The undervoltage devices were
laced.

117

UV Trip Assembly

Test

IRPS trip
ers

IComponent

l983|:,allme

Open

[Partial

undervoltage armatures for two different reactor trip breakers were found during

0 not be fully picked up (repetitive failures in the same month). Based on vendor
the abnormal armature position has little or no detectable effect on the ability of the

ltage trip device to trip the breaker on loss of voltage. The undervoltage

rmatures not being fully picked up is the result of interference between the undervoltage
and the copper shading ring around the coil core. As corrective action, visual
ification and manual adjustment of proper closed air gap pesition is required follaw'mgL
ization of the undervoltage device. .

Wires/Connectors/Board

spection

[Maintenance  [RPS trip
breakers

[Operational/
Human Error

1983

Open

iComplete

'ollowing performance of the manual reactor trip functional test, it was noted that the
called for jumpering out the UV trip coils with the reactor trip breakers closed
the rods capable of withdrawal. This was a procedural error that caused the removal
T both trains of automatic reactor trip logic. The procedure was revised to prevent

mrence of the event.
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. . Discovery Coupling |,: ™ ! . y Failure | Degree of -
Item Piece Part Method E Breaker Proximate Cause |Year Mod Failure Description
[Wires/Connectors/Board [Test intenance [480 Vac IOperational/ 1993{Failure i |An Emergency Diesel Generator (EDG) failed to pass surveillance testing because certain
rHumanEmu' Open loukmmtshuuuippedfmmthenfegwdhuwhmn.simumdhssowoohm

119

Aeadentﬂl)CA)ﬂgn:lmeedDunng(roubleslwoﬂng.lloosewuew

eaker. The wires were restored to their normal positions and a portion of the test
ocedire was performed to verify appropriate loads were shunt tripped following a .
imulated LOCA signal. The loose/disconnected wires were believed to have come loose
a plug connection during repairs made to enhance electrical separation between
ectrical divisions. Procedures wese revised 0 alert workers of the potential for wires

becoming loose during removal and restoration of plug connections on similar circuit
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Appendix B
Breaker Type Data Summary

This appendix is a summary of the data evaluated in the common-cause failure (CCF) data
collection effort for breakers. The data is sorted by breaker type, and supports the charts in Section 4 of
the report. Each table is sorted alphabetically, by the first four columns.
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Table B-1. Breaker CCF evént summary.

. Discovery y Coupling Failure | Degree of
Item [Breaker ‘l‘ypel Proximate Cause Method Piece Part Factor Year Mode | Failure Description
480 Vac Design/ [Demand lay Quality 1987[Faiture [Complete [Four 600 Vac normal auxiliary power system circuit breakers failed to open from local
onstruction/ Open mpswndLThefallumwueuusedbyanlaycoanbtukermpctmtﬂm
l anufacture/ normatly open instead of normally closed, as shown on wiring disgram. The relays
Installation rewired to correct the problem.
adequacy
480 Vac ign/ . Demand tabs/Connectors Design 1980iFailure [Partial ile returning a service water booster pump to service, a minor fire occurred in a 480
onstruction/ Close 'ac ESF MCC. This rendered several components inoperable, Repeated cycling of the
P Manufacture/ p onto the bus coupled with inadequate stab to bus bar contact and dust in the MCC
Installation binet caused a fire. Operators were reminded of undesirability of repeated cycling of
Inadequacy oad breaker. An engineering study to determine if the breakers are adequately sized was
150 made (the results of the study were not included in the failure report).
480 Vac Intemal to Demand IAux. Contactor [Maintenance | 1986{Failure [Partial en attempting to close a normal supply breaker to a 480 Vac bus, the close circuit
3 omponent ' Close fuses blew. The failure caused by dirty auxiliary contacts. In another case, routine
tion found that the alternate supply clrwnbrukaloﬂ)esambushadfnﬂeddue
a burned out closing relay.
480 Vac intemal to Demand Closing Coil [Maintenance | 1984|Failure [Partial a period of 5 months, there were 6 incidents of circuit breakers of the same vendor
Component Close type failing to close on demand. Intermittent failures of the closing coil cutoff x-
lays to property return to their de-energized position prevented the relays from
ergizing the breakers' closing coils upon receipt of a close signal, It was determined
dirt and dust accumulation on the moveable parts of the relay causes the faulty
4 ion. The symptoms of the x-relay malfunction were found to be failure of the
breaker to close upon receiving a close signal, and in most cases, the breaker closes upon
iving a second close signal. This failure mode can cause equipment and/or systems to
inoperable without detection until that equipment is called upon to operate, either by
t or when actually required. The x-relays on all safety-related breakers of this type
inspected and cleaned. The vendor did not provide for maintenance of the x-relays
in their maintenance procedures.
5 480 Vac Intenal to [Demand [Latch Assembly 1983|Failure  |Partial Ewo 480 Vac circuit breakers failed to close due to wom latching mechanisms. The latch
omponent Close isms were replaced.
480 Vac Internal to [Demand WMechanieal Assembly Wainuname 1992{Failure M normal supply breaker for a 600 Vac bus failed to close on demand when swm:hmg
omponent Close the from the alternate to the normal power supply. The failure was due to binding of
closing mechanism in the breaker. A few days later the altemate feed breaker to
6 bus failed to closed during a hot transfer. The second failure was caused by a
contact finger in the bus transfer interlock logic. The cause of the failures was
ibuted to a lack of lubrication or hardening of the lubrication. The breakers were
from service and the closing pivot points and other moving parts lubricated.
fter fimctional testing, the breakers were retumed to service.
1480 Vac Intemal to Demand [Mechanical Assembly FMaintenance 1984|Failure |Partial ing surveillance testing, one circuit breaker failed to trip when the undervoltage
Component Open ice was de-energized and two others failed to trip within the specified time limit. This
? may have affected the emergency diesel generator loading and its loading
as specified in Technical Specifications. The cause was dirt and lack of
lubrication.
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Item

Breekcr‘l‘ypeI _Proximate Cause

Discovery

Piece Part

Coupling
Factor

Failure
Year Mod

Failure

Deg.xee of . : Description

480 Vac

|internal to
IComponent

[Demand

|Mechanical Assembly

{Maintenance

1988{Failure
Close

Partial

[Two breakers failed to close during attempts to transfer bus power from alternate to

feed, the nonmal feeder breaker would not close. One failure was caused by
ion in the cell switch. The second failure was due to excessive dirt. Both were
ibuted to lack of preventative maintenance. Preventative maintenance had not been
ne during the last 2 years because the unit had been shutdown for an unusually long
ime and maintenance frequency was tied to the refueling outage.

480 Vac

ternal to
jComponent

anical Assembly
Wedumml

198%Failure
Close

[Partial

altempting to switch 600 Vac buses from normal to altemate feed, the aliemate
eakers failed to close when the normal breakers were tripped. One failures was due to
ip rod binding in the alternate breaker due to a lack of proper lubrication of the trip
bearings. Another failure was caused by a binding plunger in the breaker charging motor
tout switch due to dirt buildup. The dirty plunger caused the switch contacts to remain
pen preventing the motor from charging the closing spring and completing the closing
uence. The third failure was caused by a dirt buildup on the trip mechanism and pivot
ints, which resulied in binding of the intemal moving parts.

10

480 Vac

|intemal to
IComponent

Assembly

Design

1984[Faiture
Close

|Partial

phase to phase fault across the station auxiliary transformer buswork caused a loss of
rmal offsite power to the unit Both operable emergency diesel generators started as
uired. During the temporary loss of normal offsite power, several breakers in the
lant's electrical distribution system failed to operate. The plant operators restored station
power through an altcmate offsite source, and restarted all necessary equipment.

480 Vac

ternal to
IComponent

|Spring Charging Motor |[Mainienance

1985{Failure
Close

‘our 480 Vac feeder breakers failed to close on demand. One breaker failed to close due
lose bolts holding the charging gearbox assembly. When deimanded, the fuses for
merbreakerblewandmebreakuﬂdedmclose.mcuueoftmmnmewu

to be dirty contacts. Another breaker failed due to failure of the auxiliary
elay. mfonnhbteaketfauedtodosedwtodutymddmdlubnaMmﬂwmplmh
Jjustment parts.

480 Vac

temal to
‘omponent

{Inspection

[Mechanical Assembly

|Maintenance

198%AFailure
Close

'wo 480 Vac feeder breakers tripped and would not close while a special inspection of
eakers was being conducted. The breakers failed to close due to dirt built up and lack of]
ubncauon.

480 Vac

[intemal to
IComponent

|Maintenance

[Latch Assembly

[Minanes

1984 Failure

Open

preventive maintenance, two power supply circuit breakers to motor control
would pot automatically open when their associated load center was isolated’
subsequently failed to trip when the manual trip buiion or tripper bar was pushed.
cucmtbteaketlatch mechanisms were dirty and sticky. The root cause was

10 be normal wear and an inadequate preventive maintenance procedure.

480 Vac

|internal to
IComponent

[Maintenance

{Mechanical Assembly

IMaintenance

1985{Failure
Close

Partial

e conducting maintenance, the main feeder breaker for a 600 Vac emergency bus
uld not close. Investigation revealed the trip setpoint tolerance, contact gap and trip
roller gap were out of adjustment preventing the breaker operation. This breaker
adjusted and retumed 1o service. Another 600 Vag breaker was found to be "broken."
o exact failure mechanism was given; however, the cause was given as "wear,” and this
breaker was replaced,

15

480 Vac

lintemal to
IComponent

Test

Closing Coil

Design

1988{Failure
Close

Partial

a station loss of offsite power (loop) test, two class 1E 480 volt load center
eakers failed to close during automatic load sequencing. Subsequent investigation
ededthtdnhukasmngnleasedemehbothbmkmwubmdmgagmmmw
in the breaker base plate which resulted in failure of the closing coil and failure
f the breaker to close. Osher defective breakers were also identified following

inspections.
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. Discovery . Coupling Failure | Degree of -
Item {Breaker Proximate Cause Method Piece Part Factor Year Mode | Failure Description
480 Vac al to Test [Mechanical Assembly [Maintenance | 1987[Failure |Partiel During once per cycle testing of the startup transfer feeder to the unit bus breaker, two
16 omponent Open trip units were found to be non-operational so that the breakers would not trip.
failures were caused by lack of lubrication on the internal moving parts due to a lack
f proper maintenance,
480 Vac |Internal to Test [Mechanical Assembly  [Maintenance | 1999{Failure [Partial  [During high tolerance instantancous testing, several 480 Vac circuit breakers on all three
17 omponent Open hases did not trip in the required time (0-10 cycles). Failures were attributed to aging
degraded lubricants resulting from an ineffective maintenance program.
18 480 Vac Igmmal to [Test IMechaniml Assembly lMamtenanee 1991|Faiture  [Partial ,::? 480 Vac circuit breakers failed to close due to mechanical binding caused by dried
omponent Close hardened lubricant. The mechanical operating mechanisms were replaced.
480 Vac Internal to [Test Mechanical Assembly  [Maintenance | 1986/Failure [Partial power supply circuit breakers to two motor control centers would not trip during
19 omponent o Open illance testing. The circuit breakers were dirty. This was due to a normal
ation of dirt during operations. The circuit breakers were cleaned and verified to
be operable,
20 rso Vac ternal to [Test [Mechanical Assembly IMaintenanee 1986{Failure [Partial  |During routine inspections of the 480 volt unit boards, two feeder breakers were binding.
omponent Close [The failures were attributed to dirty, hardened grease, normal aging and wear.
480 Vac Intemal to Test IOC Relay Maintenance | 1998Failure  [Partial [The instantaneous trip testing of both breakers revealed excessive time prior to tripping.
21 iComponent Open The required trip time is less than 0,15 seconds. Breakers were tripping on instantaneous
ing between 0.194 and 0.753 seconds. Cause was determined to be inadequate
ive maintenance,
2 480 Vac ternal to [Test lay IMaintemnee 1983(Failure  |Partial [Four 480 Vac circuit breakers failed to close during testing due to failure of the power
omponent Close sors, The power sensors were replaced.
480 Vac Internal to [Test lay FMmmmnce 1988[Failure rtial circuit breaker failed to close on a safety injection demand due to oxidation on contacts
- (Component Close for the alarm switches. Subsequent investigation revealed 11 other safety-related breakers
2 ith the same problem. The cause was determined to be inadequate periodic inspections
cleaning of the slarm switch contacts due to lack of specific guidance in the
intenance procedure. Corrective actions included revision of the maintenance
80Vac  |internal to est IRelay aintenance | 1988/Failure [Partial ing surveillance testing on the plant ac distribution system, the normal feeder breaker
2% (Component Close from a transformer would not close when transferring from altemnate to normal power.
failure was attributed to close relay contacts hanging up from a lack of breaker
ubrication. A second similar failure was attributed to the breaker having dirty contacts,
480 Vac [Operational/ [Demand OC Relay {Maintenance | 1998[Failure [Partial ircuit breakers were found to be susceptible to tripping on normal start due to improper
25 Human Error Close ing of overcurrent trip. The problem was discovered when one breaker failed to close
demand. A previous modification package was determined to be inadequate in that it
id not require trip setpoint adjustment.
480 Vac [Operational/ [Test ain Contacts [Maintenance | 1992[Failure |Partial During testing on emergency bus feeder breakers, the closing spring charge/discharge
Human Error Close indicator showed that the sprines were charged with the breaker closed, indicating that
26 main contacts were closed but not exerting full pressure against the stationary
icontacts. Investigation showed the root cause to be failure to incorporate the latest vendor
information on contact adjustment into the breaker maintenance procedure,
480 Vac iOperational/ [Test [Mechanical Assembly [Maintenance | 1997|Failure  [Partial [A breaker failed to trip during testing. Subsequent testing and inspection revealed several
|27 Human Error Open breakers degraded due to lack of lubrication. Lubrication was removed during
refurbishment by the vendor and was not re-installed,
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Discovery
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Piece Part

Coupling
Factor

Year Failure

Failure

Degree of

Description

28

480 Vac

(Operational/
Human Error

Test

[Mechanical Assembly

|Maintenance

1 ailure
Close

[Three breakers failed to close on demand during testing. Hardened grease was discovered
in the stop roller and main drive link roller. When actuated by the closing coil, these
llers and the associated closing laich release the stored energy of the breaker springs,
osing the breakes. Stiff rollers have resulted in muitiple breaker failures in the past The
intenance procedure provides instructions to clean and lubricate vatious friction points
f the breaker mechanism; however, they are not specifically identified in the vendor
ual. These rollers were not cleaned and lubricated during the performance of the
uled preventative mainienance.

29

480 Vac

iOperational/

[Human Emor

Test

[Wires/Connectors/Board [Maintenance

1993{Failure

Open

Emergency Diesel Generator (EDG) failed to pass surveillance testing because certain
loads were not shunt tripped from the safeguard bus when a simulated Loss of Coolant
ident (LOCA) signal was initiated. During troubleshooting, a loose wire was
iscovered in one circuit breaker and a lifted wite was discovered in another circuit
breakes. The wires were restored to their normal positions and a portion of the test
ure was performed to verify appropriate loads were shunt tripped following a
imulated LOCA signal. The loose/disconnected wires were believed to have come loose
a plug connection during repairs made to enhance electrical separation between
ectrical divisions. Procedures were revised to alert workers of the potential for wires
becoming loose during removal and restoration of plug connections on similar circuit

30

480 Vac

iOther

|Maintenance

JOC Relay

PMlinmmnce

Partial

preventive maintenance procedure was being performed on 480V molded case circuit
breakers. These are magnetic only breakers with an adjustable instantancous trip range of
0 to 150 amps. With the breakers adjusted to their lowest setting, the right phase for two
reakers tripped at 71.7 amps and 69 amps. The maximum allowable trip point was 57.5
The breakers had a date code that meant they were manufactured in August of
1978. Considering the breakers were approximately 16 years old, the drift in calibration is|
iated with the breakers' service life. Therefore, it was decided to replace the
breakers, The circuit breakers would still trip on instantaneous within its adjustable range
which would provide adequate overcurrent protection. The cause was attributed to the
breakers' long service life. Like for like breakers were installed. All tests were performed
i rily.

31

480 Vac

Other

Test

IOC Relay

|Maintenance

1985{Failure

Open

|Partial

vercuirent trip test. The failures were caused by the breakers being out of calibration as

ing routing surveillance testing, three circuit breakers would not trip on short time
a result of normal wear.

32

DC
|distribution

Design/
IConstruction/
Manufacture/
tallation

lequacy

Test

OC Relay

Design

1 ailure
Open

Almost
Complete

| 72 dc molded case circuit breakers were tested, all 44 breakers of one vendor type,
installed in 4 different distribution panels failed to trip on overcurrent. Problem was the
ign of the trip lever in the magnetic trip circuit breakers. All breakers of this type and
endor were replaced.

33

DC
Mistribution

temal to
‘omponent

[Test

Control Swikch

Maintenance

1987|Failure

Close

routine observation of the 250 volt distribution boards, a normal dc power feeder
er was slow to transfer and another failed to transfer. The first failure was due to
witch joints being dirty and an indicating light resistor being bumed out. The second
failure was due to dirty hinge joints.

DC

distribution

temnal to
omponent

[Test

IMgchmiul Assembly

IMAintemnce

1 ‘ailure

Open

IThe dc bus inter-tie breakess failed to open due to lack of lubrication. Corrective action

was to create a preventative maintenance and inspection schedule for these breakers.
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Ttem [Breaker Typel Proximate Cause | Discovety Piece Part Coumling | yeuy| Failure Pegres of Description
DC ) to Test JOC Relay [Maintenance | 1989]Failure [Partial  [While performing preventative maintenance on the dc feeder circuit breakers, the
35 ldlsuibuuon omponent Open trip devices would not set correctly. The cause was attributed to a lack of
edium Design/ . Demand IClosing Coil Quality 1 ailure  {Partial service water pumps failed to start upon demand. Investigation revealed a high
Voltage onstruction/ Close istance electrical contact in the pump motor circuit breaker close coil circuit.
Manufacture/ ~ valuation of the failure determined that the electrical contact had high resistance due to
36 stallation interruption of current approximately three times rated. The installed contactor
Inadequacy interrupt rating was inadequate. The contact failures occurred afier a fraction of
design cycles. All 4 kV circuit breakers were determined to be susceptible to this
ilure.
Medium Design/ Demand lay IQuality 1990{Failure [Partial ile attempting to transfer two 4160 Vac buses to their alternate power supply, the
Voltage onstruction/ Close temate feeder circuit breaker. Separately, another 4160 Vac circuit breaker failed to
37 Manufacture/ lose on demand. Both failures were caused by an open coil winding on a telephone-type
Installation lay within the synchronizing check relay of the circuit breaker. The telephone relay
Inadequacy failed due to being continuously energized, which was not its intended application. A
ign modification was performed as the long-term corrective action.
edium ign/ [Inspection  [I&C Hardware 2000Failure  [Partial  |During a system review, it was noted that the auxiliary transformer breakers did not trip
oltage onstruction/ Open designed when the Main Turbine tripped. Investigation determined that this trip signal
Manufacture/ is blocked when a low load (4000 A) condition is sensed at the output of the generator.
38 Installation low load block is not part of the original digital protection system modification and
Inadequacy reason for the block could be determined. Tripping of these breakers on a Main
ine trip is needed to ensure that the timing sequence for the EDGs on a
LOOP/LOCA, as defined in the FSAR, would not be affected. The block was removed.
Medium Design/ Inspection  [Latch Assembly 1998[Failure  |Partial breaker tripped when the cubicle door was closed. Subsequent inspection revealed
Voltage onstruction/ Close incorrect Iatching mechanisms were installed on 4160 Vac breakers. The cause of
Manufacture/ incorrect latching mechanisms being installed during original construction was
39 Instatlation 1 error. The incorrect latches were installed in eight of seventeen cubicle doors in
Inadequacy Division II switchgear. Contributing to this event was that information relative to the
latching mechanisms was not provided to personnel working on the switchgear and that
controls were not adequate to ensure the correct parts were installed.
Medium ign/ {Inspection  [Limit Switch (Design 1995(Faiture  {Partial ion of circuit breaker limit switches revealed cam follower cracking. No
Voltage struction/ Open ipment malfunctions or plant transients occurred, because the single actual failure
40 Manufacture/ during routine post modification testing. The root cause of this occurrence was
[nstallation inadequate initial design of General Electric type SBM switches by the manufacturer.
Inadequacy
Medium ign/ spection  [Limit Switch Design l995|‘l:ilute Partial Il 4 KV vital busses were declared inoperable following inspection that revealed cracks
Voltage 'onstruction/ Open in the circuit breaker cam followers. One actual failure ocowrred during post maintenance
41 Manufacture/ ing (maintenance was for another reason), but all cam follower limit switches at both
Installation units were replaced. The root cause of this occurrence was inadequate initial design of
[nadequacy Electric type SBM switches by the manufacturer.
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ltem [Breaker Type] Proximmate Cause | Dpscovery Piece Part COUPG | yeor| Fallure Desree of Description
iun Design/ pection ical Assembly |Design 1988{Failure [Partial operator racked up the emergency 4.16kv bus feeder breaker from an emergency
Voltage nstruction/ Close iesel generstor and found that there was no indication of breaker position on the control
[Manufacture/ panel. It was discovered that the breaker elevator mechanism linkage was distorted and
2 Installation allowedthcceﬂlmlchwumorarmlofnﬂmwmmtenmdmeposmondmblmglhe
Inadequacy and manual closwe circuitry. Other breaker compartments contained distorted
linkages and it was concluded that any of 4.16kv breakers could fail during a seismic
ent. The linkage distortion was caused by an interference wxﬂm\ebmkﬁ'assanblyas
it is rolled out of the compartment.
edium Design/ Maintenance [Limit Switch IDesign 1995]Failure |Partial Inspections revealed cracks in the lexan cam followers of control (limit) switches
Voltage nstruction/ sLocum installed in 4160 Vac and 6900 Vac circuit breakers. The same part used in 360 places in
43 |- Manufacture/ unknown number of breakers. Inspection showed about one third were cracking and two
Installation ¢ inoperable. The root cause of this occurence was inadequale initial design of
Inadequacy encral Electric type SBM switches by the manufacturer.
" |Medium ign/ ‘est |Mechanical Assembly |Design 1999 Failure  |Partial 'Wo 6.9kV breakess failed to close due to manufacturer repair defect. A cotter pin
Voltage nstruction/ Close installed by the manufacturer was striking the latch check switch mounting bracket and
44 Manufacture/ bending it forward. This removed the factory set clearance between the bracket and the
Installation wilch actuating paddle, resuiting in the paddle roliing the tnp shaft to the trip position
uacy the breaker aliempls to close.
ium Design/ Test lay Design l99(1f:ilure Partial surveillance testing several circuit breaker lockout relays would not actuate.
Voltage nstruction/ . Open failures would have prevented breaker trips on overcurrent. Mechanical binding
Manufacture/ ’ prevented the relays from tripping. Bench testing revealed several contributing factors but
45 Installation d not identify the root cause. The failed relays’ armature force checks yielded § 10 6.5
inadequacy but newer relays required only 3.5 pounds. The vendor discourages re-lubrication
o reduce friction. Also, a vendor bulletin states that when the relay reset handle is forced
inst the latch after resetting, tripping is delayed or prevented. The lockout relays were
eplaced with spares and tested satisfactorily.
WMedlum Design/ [Test f(clay Design 1984iFailure |Partial performing a loss of bus test, two 4160 Vac bus-tie breakers failed to trip.
Voltage nstruction/ Open vestigation concluded that the bus-tie breakers could not trip if the dicsel generator
46 Manufacture/ utput breaker was open. The failures to open were caused by a design efror.
tallation :
uacy
IMedium ign/ [Test |Spring Charging Motor [Quality 198&Failure |Partial circuit breaker for the residual heat removal pump a failed to recharge during testing,
Voltage nstruction/ Close ing the breaker incapable of automatic closure. In addition to performing required
ufacture/ eillance tests, an investigation revealed that the breaker charging spring motor bolts
tallation fallen out, allowing the motor to rotate, and breaking the power leads. A root cause
47 uacy 1alysis led to the conclusion that a combination of inadequate thread engagement of the
unting bolts in the motor housing and equipment vibration caused the boits to loosen.
this event had the potential for a common mode failure, all safety related
were inspected during a scheduled maintenance outage. Three additional
ers were found to have loose bolts.
edium ternal to IDemand IAux. Contactor intenance | 1980(Failure [Partial a planned line outage which de-energized a transformer, the altemate feeder
- [Voltage Component Cloge failed to close, de-energizing 8 4 kv bus tic board during automatic transfer.
48 the transformer was re-cnergized the normal feeder breaker failed to close. The
: use clip and fuse in the close circuit of alternate feeder breaker were not making contact.
auxiliary contacts of the normal feeder breaker were dirty.,

v xipuaddy




6-9

: Discovery ing Failure of .
Item [Breaker Proximate Cause Method Piece Part Cg:lm Year Mode D;m Description
edium nternal to [Demand Latch Assembly |Maintenance | 1991|Failure |Partial [One 4160 Vac circuit breaker failed to open and several more were degraded due to
9 oltage omponent ‘ Open ardened grease and lack of lubrication. This problem could affect the ability of the
bject breakers to open or close. Maintenance of the breakers was incomplete despite
imilar failures due to the same cause four years earlicr,
Medium Internal to [Demand echanical Assembly ign 1981|Failure  [Partial decay heat removal pump failed to start due to the circuit breaker failing to close upon
[Voltage omponent Close eimand. The cause was determined to be an intermittent sticking of the motor cutoff
50 switch operator due to the operator being slightly bent, which prevented it from sliding.
Further inspections revealed that all 4.16 and 13.8 kv circuit breakers were susceptible to
is problem. All applicable circuit breakers were subsequently modified.
51 Medium ternal to [Demand UV Trip Assembly Maintenance | 1988[Failure  [Partial 4160 Vac failed to open due to failure of the breaker trip coils. The cause were
Voltage ponent Open ined to be normal wear and aging.
Medium Internal to Inspection  {Arc Chute Design 1999{Failure (Partial 4160 Vac circuit breakers could fail to change position due to an insulating block (a
52 |Voltage omponent : o Open component of the breaker blowout magnets), whose adhesive had degraded with age,
could become loose and fall into the breaker mechanism and prevent breaker operation.
Medium  Jintemal to meim Spring Charging Motor i 1992iFailure |Partial Two breaker's closing springs failed to charge-up when equipment operstor was making
3 [Voltage IComponent o Close ready the in-feed breaker from separate station power transformers. The suspected failure
cause for one breaker was dirty contacts in the charging mechanism, The suspected
fuilure cause for the other breaker was binding in the charging spring mechanism.
rMedium [ntemnal to Maintenance |Mechanical Assembly  [Quality 1985[Failure {Partial During a scheduled maintenance outage of 4160v safety-related switchgear, the plant
Voltage Component r Close lectrical staff discovered thet two circuit breakers were rendered electrically inoperable
54 to the failure of a spot welded pivot pin. This spot welded pivot pin was on an
internal piece of linkage, which actuates the auxiliary contacts that track breaker position.
contacts are alo used in external breaker trip and close schemes as interlocks. The
ive component is being modified to preciude additional failures.
[Medium intemal to est Limit Switch mintenance | 1989{Failure ial In two separate incidents while attempting to realign power to support testing, the
Voltage [Component Open Iternate supply circuit breaker failed to trip upon closure of normal supply breaker. The
55 of failure was attributed to the raised upper limit switch being out of mechanical
fjustment causing a greater than 1/8 inch gap between the operating plunger and the
auxiliary switch, This limit switch provides the trip signal for the alternate
Medium t?temal to Test 1Nledmml Assembly Pmign 1987[Failure [Partial circuit breaker failed to trip during a surveillance test. Upon investigation, it was
Voltage omponent ‘ Open ined that the connecting pin for the breaker trip crank located between the trip
lenoid and the trip shaft became loose due to a pin weld failure, which prevented
%6 lectrical tripping of the breaker. Inspection revealed several breakers with the same weld
geometry. Two procedures, an inspection procedure and a trip crank replacement
were written for eighty six affected breskers on site. Nine breakers failed the
criteria.
Medium {Intemal to Test [Mechanical Assembly an 1995|Failure  [Partial 4KV supply circuit breaker closed during testing, but failed to instantly recharge. The
- {Voitage Component FuClose of the failure was aging of the latch monitor pivot bearing lubrication. This -
57 blem had previously surfaced and the bearings were relubricated at that time. Since
action did not fix the problem, the decision was made to replace the pivot bearings
all affected circuit breakers..
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. Discovery . Coupling Failure | Degree of -
Item [Breaker T: Proximate Cause Method Picce Part Facior Year Mode | Failure Description
ediun - [Internal to Test OC Relay {Maintenance | 1984{Failure i eral 4160 Vac circuit breakers of the vendor and type failed to trip due to age induced
s8 [Voltage IComponent to Open ing of grommets in the electromechanical overcurrent device. Cormrective actions
included replacement with new or newly rebuilt overcurrent devices and establishing an
uate preventive maintenance surveillance interval.
Medium Intemnal to [Test Relay [Maintenance | 1989\Failure [Partial time delay relay for a 4160 volt feeder breaker would not time out within its specified
59 [Voltage  [Component : Tocme lerance during calibeation, sad a time delay relay for a second brcaker would not
. The causes of both failures were determined to be due to aging.
edium  [Intemal to [Test Spring Charging Motor [Maintenance | 1987iFailure [Partial 'wo 4160 Vac circuit breakess failed to close. One failure was caused by the latching
P Voltage IComponent Close wi spring being out of adjustment, which prevented the springs from charging. The
of the second failure was altributed to the racking mechanism slide interlock being
ut of adjustient.
[Medium ternal to [Test Spring Charging Motor [Mainienance | 198GFailure [Partial [While performing testing of 4160 Vac boards and buses, three circuit breakers would not
6] [Voltage omponent 1 Close iclose. The failures were attributed to the breakers being dirty, needing lubrication, and
due to loose connections.
62 Medium  [Internal to [Test ISpringChargingMotor |Mnntemnce 1987|Failure [Partial  [The closing springs for two 4160 Vac breakers would not charge. The cause of the
oltage IComponent Close |failures were dirty contacts, a dirty closing mechanism, and lack of lubrication.
[Medium Operational/ [Demand [Mechanical Assembly |[Maintenance | 1 ailure [Partial our 4160 Vac circuit breakers failed to close, Each failure was due to a different
Voliage [Human Error Close ism; however, investigation revealed that all failurcs were related to workmanship)
63 quality control practices by the vendor who oveshauled the circuit breakers. To
the safety class circuit breakers are reliable, the utility and vendor developed a
ive plan to inspect critical components of the circuit breakers that were
iously overhauled.
ium IOperational/ [Demand IMechanical Assembly [Maintenance |1 ailure  [Partial circuit breakers failed to open on demand during separate evolutions. During
Voltage Human Error : o Open ubsequent reviews, station personnel determined that the condition of the three circuit
breakers was similar to the condition of the two safety-related circuit breakers that
iously failed 10 open an demand. The cause of the event was determined to be
o4 inadequate preventive maintenance. The preventive maintenance performed did not
ubricate the main and auxiliary contacts mﬂ:eamnbmketsasmomnw\dedbydw
ircuit breaker manufacturer and also did not provide sufficient instructions to remove ther
on the main and auxiliary contacts.
IMedium iOperational/ pection  [Latch Assembly |Maintenance |1 ailure [Partial failure of a roll pin securing a spring for a latch pawl on a 4KV breaker was reviewed
Voltage [Human Error Close ’ a determination made that the failure of this pin could cause the breaker to fail.
urther investigation revealed that the roll pin failed as a result of hydrogen
ittlement. Later, an issue involving permanently applied lubricant which was
inadveriently removed from the breakers was identified. This also could potentially affect
65 eaker operation, The cause of the cracked roll pin was the lack of knowledge of plating
induced hydrogen embritilement. Vendor personnel involved inthe procedure
elopment were not aware that zinc plating of hardened steel parts could produce
ydrogen embrifilement and subsequent cracking. The cause of the lubricant being
inadvertently removed from breaker parts is also due to the lack of knowledge by Vendor
[Medium Operational/ Jinspection  [Relay Design 1998iFailure [Partial circuit breaker contacted exposed relay terminals during rack-in, causing trips/lockout
66 [Voltage Human Ermror 1; Close f two breakers and lockout of another. The event was attributed to human error and poor
) ign (location of relays).
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. Discovery . Coupling Failure | Degree of .
Item leker Proximate Cause Method Piece Part Factor Year Mode | Failure Description v
edium Operational/ [Maintenance [Mechanical Assembly  [Maintenance | 1988{Failure ial A circuit breaker failed to open due to trip linkage binding caused by misalignment and
67 oltage Human Error Open improper assembly. Subsequent inspection of other 4160 Vac circuit breskers revealed
same problem. mnusahgnmmmemultoh procedural deﬁciencybytbe
that performed circuit breaker overhauls,
{Medium T [Test JUV Trip Assembly intenance | 1986]Failure ial routine testing it was found that the under voltage relays for two 4160 Vac feedet
63 |Voltage Open breakers from an muxiliary transformer to the buses were out of calibration. The failures
attributed to relay wear.
Medium Other Test UV Trip Assembly [Maintenance 1994Ll:nilum [Partial Undervoltage dropout relays in two seperate, similar breakers drifted out of speclﬁmon
Voitage b times they were checked by scheduled maintenance. A root cause investigation
ttributed the relay sctpoint shift to a combination of: 1) relay setpoint repeatebility, 2)
69 ure sensitivity of the relays, and 3) testing techniques. Applicable test equipment
havebemdungedtoaddmﬂnuusesofmesapomtshlﬁ. '
ddmomlly, the testing frequency has been increased from quarterly to monthly pending
lay performance trending results.
trip Design/ Demand Assembly IQuality 1994|Failure [Partial g plant protection system functional testing, two reactor trip breaker tripped free
breakers Construction/ ’ Close maintenance personnel attempted to close them. With the vendor present, the
70 snufacture/ Ianwuuwedtoinadequm:djumentofdwmplatchweﬂap The adjustment
nstallation initially made per vendor specifications. However, the vendor had since increased
Inadequacy number of adjustment tums of the trip Iatch screw from 4 to a maximum of]
turns. A change was submitted to change the procedure accordingly.
RPS trip ign/ aintenance {UV Trip Assembly Quality 1983{Failure [Partial potential safety hazard was identified conceming certain critical dimensions of the
breakers onstruction/ I!o Open Itape trip device on a particular model reactor trip circuit breaker. An out-of-
Manufacture/ olerance measurement was found between the moving core and rolling bracket in
11 Installation addition to a missing lock ring on the shaft pin of the undervoltage trip device. The
Inadequacy existed for either intermittent operation or total failure of the device. The cause
attributed to manufacturing variations of the undervoltage trip devices. All
ge trip devices on all reactor trip breakers were replaced.
RPS trip [Maintenance [UV Trip Assembly [Maintenance | 1984|Failure  |Partial instatlation of new undervoltage trip relays, the reactor trip breakers would not stay
breakers Close losed. The original trip bar design gap was satisfactory with old style undervoltage
7”71l lays, but not with new style relays.
RPS trip Test rMec!mmeal Assembly  [Quality 1984/Failure ing surveillance testing, two reactor trip breakers would not re-close. Troubleshooting
breakers Close found manufacturing defects in the front frame assemblies (loose mechanical collars).
73 problem has been identified on similar breakers. The front frame assemblies were
laced.
RPS trip [Test Spring Design 1988{Failure [Partial reactor trip breakers failed to close during surveillance testing. The breakers’ closing|
breakers Close prings had become detached from the pivot/actuation points. The reason for the springs’
74 ing could not be determined; however, this has been a recurting problem with this
design.
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Discovery . Coupling Failure | Degree of -
Method Picce Part Factor Year Mode | Failure Description
Test. UV Trip Assembly Quality 1983Failure |Partial Dmmgmulhmemmg,mxmmphreakenwouldwdoscwhmnclosesm
Close was applied to the breaker's control circuit. Troubleshooting found defective undervoltagel
mmd.m would not allow the closure of the breakers. The undervoltage devices were
_ [Test UV Trip Assembly Quality 1 ailure [Partial  [Two reactor rip breakers failed to close. The first failed to close during testing, the
Close failed to close while troubleshoating the first failure. The cause of both breaker
failures was failure of the under voltage trip coil, which was thought to be duc to a
ing defect.
Test [Mechanical Assembly |Environmental | 1984{Failure [Partial ing routine surveillance testing of the reactor trip breakers, two breakers did not
Open ¢ state in the required time. The causes were determined to be dirty breaker
- |RPS trip temnal to [Demand IClosing Coil 1 ailure [Partial mmpbreakmfadedlocloaefollowmgampmmeauseoftlnfmlmwas
78 ers mponent ) Close believed o be due to the relay release amn on the closing solenoid moving core being out
: : ' f adjustment.
IRPStlip {Intemal 10 Demand  [Latch Assembly [Maintenance | 1992{Failure  [Partial ile attempting to reset the control rod drive system following a control rod drive
breakers Fomponcnt Close eaker in the reactor protective system failed to reset. Later, during a control rod drive
79 eaker trip test, another breaker failed 10 reset after a trip. The first failure was duc to the
breaker trip laich being out of adjustment. The cause of the second failure could not be
preciscly determined; however, troubleshooting revealed cracked insulation on the close
: il.
RPS trip t:ntcmal.to [Demand [Unknown Quality 1993iFailure [Partial  |During an attempt 10 close the control rod drive circuit breakers two breakers failed to
breakers omponent Close lose. The failures could not be repeated. Although the mechanical interlock, a pieee part
80 f this circuit breaker, was found slightly dirty and in need of lubrication, it is not
believed 0 have caused the failures to close. As a preventive measure, the mechanical
interlock was cleancd and lubricated. The breakers were successfully closed on all
. ubsequent tests, .
. IRPS trip |Internal to Demand UV Trip Assembly Quality 1983 Failure Fomplete ing a routine startup, both reactor trip breakers failed 10 open automatically on receipt
breakers jComponent Open fa valid low-low stcam generator level reactor trip signal. The reactor was shutdown 25
later using the manual trip on the confol console. Subsequent investigation
| 81 ealedﬂmﬂ\ebrenkerﬁdwuweremusedbymenhanwalbmdingofﬂlelawh
in the undervoltage trip attachment. All breaker undetvoltage attachments
e replaced with new devices and extensive maintenance and testing was performed on
breakers. = ' ' .
mu'ip to |inspection UV Trip Assembly intecnance | 1987}Failure [Partial 'wo reactor trip breakers failed to close following testing. Troubleshooting found one -
82 ers IComponent : Close bteaku‘s under voltage cail had failed (open circuit) and the other breaker's unda‘voltageL
: pivot to armature clearance was out of adjustment. Operational/ambient conditions
were cited a3 causes for the failures.
' S trip temnal to intenance [Aux. Contactor intenance |1 ailure Two reactor trip breakers failed to close during preventative maintenance. The fmlure to
83
ers mponent to Close close was due failure of the breaker cutoff switches.
trip temal to ‘[Mainienance [Relay * |Maintenance | 1986[Failure [Partial During preventative maintcnance two reactor trip breakers failed to close. Both breaker
84 poneat -~ {- - D Close - muwueduetofaﬂureofmemmlay The cause was assumed to be wear and-
ing,
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. i . Coupling Failure of .
Item |Breaker Type] Proximate Cause Method Piece Part Factor Year Mode D;;‘j'l:en Description
‘|RPS trip Internal to est Latch Assembly [Maintenance | 1994{Failure [Partial During unit outage, while performing functional testing, operators found that two reactor
breakers IComponent Close ip breakers would not close from the handswitch in the main control room.
bleshooting discovered the inertia latch (piece part of the circuit breaker) had stuck
85 in mid travel. The breakers' electrical trip function was lost, but the control rod drive
was not affected because of an available redundant trip breaker. Plant operation
not affected. Insufficient lubrication of the inertia latch caused the latch to stick in
id travel. The inertia latches were cleaned and lubricated and post maintenance testing
performed satisfactorily.
RPS trip Internal to [Test * |[Latch Assembly Design 1983[Failure [Complete [The static force to trip the circuit breakers exceeded allowable tolerance due to binding
86 fbreakers  [Component Open ~ caused by the unused overcurrent trip pads. The breakers tested satisfactorily after
! : iremoval of the overcurrent trip pads.
FS trip Internal to [Test |Mechanical Assembly rMaimenmce 1984|Failure  [Partial During surveillance testing, the trip time requirements for two reactor trip breakers were
breakers  [Component “Ito Open found to be out of specification high. Historically, the bearings for the breaker front
87 blies have been found wom and lacking the necessary lubrication, which increases
ip times. After replacing the front frame assemblics and lubrication the bearings, the
ers were retested satisfactorily and returned to service.
trip Intemal to Test |Mechanical Assembly FMaintenance 1984|Failure |Partial During surveillance testing of the reactor trip circuit breakers, the under voltage trip
88 breakers  [Component Open time was found out of specification. Troubleshooting found the breakers® front
frame assemblies to be lacking the proper amount of lubricant on their bearings, This was
recurring problem with this breaker type. The front frame assemblies were replaced.
RPS trip lintemal to Test [Mechanical Assembly  Maintenance | 1985|Failure  [Partial ile performing testing of the unit's reactor trip circuit breakers, the undervoltage trip
89 [breakers  [Component . Open ime was found to be out of the atlowable tolerance for two breakers, Dirt accumulation
in the front frame assembly and lack of lubrication were the suspected causes
|RPS trip Internal to [Test }Medmical Assembly  IMaintenance | 1985[Failure {Partial ing normal operation while performing surveillance testing, two reactor trip circuit
breakers IComponent Open ers failed the under voltage response time test. The breaker’s front frame assembly
90 the suspected cause of the increased time response of the one breaker’s undervoltage
’ evice. The other failure was due to loose armature laminations in the undervoltage
ice. Both are known design problems with these circuit breakers.
RPS trip Intemal to Test . [Mechanical Assembly IMaintenance | 1989{Failure [Partial During surveillance testing, two reactor trip switchgear breakers would not close. The
breakers Component Close first failure was duc to a defective piece part in the cutout 'y’ switch on the breaker due to
9l lic fatigue, In the second failure, a broken clamp was found on the closing
. mechanism, which prevented the brezker from closing.
RPStrip  |Intemnal to Test Relay intenance | 1984]Failure |Partial 'wo reactor trip breakers failed to close over a one-month period. Both failures were
92 Ibreakers omponent lm Close ibuted to relay release arms being out of adjustment,
RPS trip nternal to Test Relay Maintenance | 1986]Failure [Partial reactor trip breakers failed to trip during performance of surveillance testing. One
breakers IComponent Open failure was due to the auxiliary contact for the shunt trip was not making contact due to
93 misalignment with the block. The other failure was du¢ to a faulty undervoltage relay. .
jumper to change the control voltage was installed in the 48 volt holes and should
ave been installed in the 125 volt holes causing the relay to overheat and melt.
RPS trip Intemal to Test Spring Quality 1989{Failure  [Partial ile performing surveillance testing on reactor trip circuit breakers, two breakers failed
breakers IComponent Close close. In one failure, the left side close spring on the breaker had falien off and the
% breaker wouldn’t close with only one spring. The second breaker failure was due to a bad
trol power fuse that failed due to aging.
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ltem [Breakes Type| Proximate Cause | Discovery Picce Part Couping - [vear| Seiture | Degsee of Description
S trip Intemal to Test Spring Design 1986Failure [Partial  [During performance testing of the reactor trip circuit breakers, two becakers failed to ro-
95 breakers [Component Close afier open them from the control room panel controls. Troubleshooting found that
the breakers' operating springs fell off, preveating closure but not opening, a recusring
blem with this particular breaker design.
RPS trip  [Intemal to [Test iUnknown [Maintenance |1 ailure [Partial 'wo reactor trip breakers failed to close following a trip test. The cause could not be
96 [breakers  [Component mlicmse ined and the failure was not repeatable. The breakers that failed were replaced with)
pares,
RPS trip Intemal to [Test UV Trip Assembly [Mainienance |1 ailure  |Partial separate tests, two reactor trip breakers failed to close after trip testing. The failure to
7 |[breakers Fompmmt Close was detesmined 10 be due to worn undervoltage trip coil mechanisms to prevented
bteakas from laiching,
RPS trip Intemnal to [Test [UV Trip Assembly Maintenance | 1983{Failure {Partial surveillance testing, three reactor trip breakers failed to trip on undervoltage The
breakers IComponent Open i cause was inadequate lubrication, possibly due to an excessive preventive
maintenance interval, combined with a small design margin in the tripping force provided
08 from the undervoltage coil. Corrective action was to perform the required preventive
tenance prior to entering Mode 2. Additionally, as required by IE Bulletin 79-09 and
endor recommendations, the surveillance testing interval of the undervoltage trip feature
increased and the interval between preventive maintenance was decreased to prevent
of this event.
IRPS trip Internal to [Test [UV Trip Assembly [Design 1983|Failure [Partial reactor trip breaker surveillance testing, the undervoltage trip devices for two
9 Ibreakers (Component Open it breakers exhibited scattered and unacceptable response times. The reactor trip
were replaced with spares.
L;K:S trip Intemal to [Test UV Trip Assembly Quality 1983{Failure |Almost th reactor trip breakers and a bypass breaker failed to open on an undervoltage trip
100 IComponent Open [Complete |signal during response time testing. The failures were due to mechanical problems of the
oliage mechanisms, which resulted from manufacturing deficiencies. Fifteen days
ater, one of the replacement reactor trip breakers also failed due to the same cause,
IRPS tip  [Intemnal to [Test [UV Trip Assembly Quality 1983iFailure {Partial > undervoliage asmatures for two different reactor trip breakers were found during
breakers IComponent Open 1o not be fully picked up (repetitive failures in the same month). Based on vendor
ts, the abnonnal armature position has litte or no detectable effect on the ability of the
101 undervoltage trip device to trip the breaker on loss of voltage. The undervoltage
not being fully picked up is the result of interference between the undervoltage
and the copper shading ring around the coil core. As comective action, visual
ification and manual adjustment of proper closed air gap position is required following|
ization of the undervoltage device.
trip temal to [Test UV Trip Assembly [Maintenance | 199(\Failure {Partial 'wo reactor trip breakers were found to have defective undervoltage trip relays which
102 Wkus omponent Open evented opening. One failure was detected during testing and the other was detected
ro uring maintenance. The relay failures were determined to be due to aging.
RPS trip temnal to Test UV Trip Assembly FMamlau\nee 1987|Failure {Partial reactor trip breakers failed to close following testing. Troubleshooting found one
reakers omponent Close eaker's under voltage coil had failed (opea circuit) and the other breaker’s undervoliage
103 ice pivot to armature clearance was out of adjustment. Operational/ambient conditions]
ibration) were cited as causes for the failures.
IRPS trip temal to Test UV Trip Assembly |[Environmental | 1983{Failure [Partial ing routine surveillance testing, a the control rod drive AC breaker experienced a
breakers mponent Open yed trip. Subsequent testing of all AC and dc control rod drive breakers resulted in a
104 ntrol rod drive dc breaker also experiencing a delayed trip. If a reactor trip had
and if both malfunctioned breakers had delayed in tripping, two control rod
ups would not have dropped immediately.
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105

trip
breakers

ternal to
omponent

[Test

[UV Trip Assembly

IMnintmanoe

1984

ailure
Close

ranial

[During surveillance testing, two reactor trip breakers failed to close during surveiltance
response time test. The stated cause was normal wear.

RPS trip
breakers

nternal to
IComponent

Test

UV Trip Assembly

Maintenance

Open

[Partial

ing surveillance testing, four of nine reactor trip circuit breakers failed to trip on

Itage. The primary cause was inadequate lubrication, possibly due to an excessive
tive maintenance interval, combined with a small design margin in the tripping
orce provided from the undervoltage coil. Corrective actions were to perform required

ive maintenance prior to the unit entering mode 2 and implementation of the
mendations of IE Bulletin 79-09 and vendor recommendations, increased
urveillance testing of the undervoltage trip feature and a decrease in the interval between
ive maintenance.
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freckers

[ntenal to
IComponent

[Test

UV Trip Assembly

[Maintenance

1986

Failure

Jto Close

[Partial

ile conducting surveillance testing of the unit's reactor protection system, two reactor
ip circuit breakers’ UV devices would not pick up after tripping the breakers.
roubleshooting found that the UV devices' gap clearances were incorrect. No direct
use for the misadjustments was found, however, operational stress and/or equipment
ging were suspected.
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IRPS trip
breakers

[Intemal to
IComponent

Test

UV Trip Assembly

Quality

1983

ailure

Open

Partial

¢ undervoltage armatures for two different reactor trip breakers were found during

ing to not be fully picked up (repetitive failures in the same month). Based on vendor

, the abnormal armature position has little or no detectable effect on the ability of the

ltage trip device to trip the breaker on loss of voltage. The undervoltage

not being fully picked up is the result of interference between the undervoltage

ature and the copper shading ring around the coil core, As corrective action, visual

ification and manual adjustment of proper closed air gap position is required following
ization of the undervoltage device.
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RPS trip
breakers

[Intemal to
[Component

[Test

UV Trip Assembly

[Maintenance

19

ailure

Open

|Partial

t was discovered during testing that some reactor trip breakers would not trip on
itage as expected. One device would not trip and two others tripped sluggishly.
cause was determined to be misaligned armatures in the undervoltage devices. A new]
ive maintenance program was initiated to check the undervoltage coils
independently on a monthly basis,
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RPS trip
breakers

Internal to
iComponent

[Test

[UV Trip Assernbly

[Maintenance

1986

Failure
Close

Partial

ile conducting monthly surveillance testing of the unit's reactor protection system, two)
or trip circuit breakers failed to close after testing. Troubleshooting found a failure of]
¢ breaker's under voltage device. The second circuit breaker’s pick-up coil voltage was
igh due to a change in characteristics of the voltage adjustment potentiometer. Both
failures were attributed to operational stress and/or equipment aging.

RPS trip
breakers

[Operational/

Human Error

|Inspection

[Wires/Connectors/Board

[Maintenance

1983

Open

IComplete

Following performance of the manunl reactor trip functional test, it was noted that the
procedure called for jumpering out the UV trip coils with the reactor trip breakers closed
the rods capable of withdrawal. This was a procedural error that caused the removal
both trains of automatic reactor trip logic. The procedure was revised to prevent
of the event.
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freskers

[Operational/
Human Error

[Test

[Latch Assembly

{Maintenance

1992

Failure
Close

|Partial

ile performing surveillance testing, two reactor trip breakers failed to close on
occasions. In one case, the breaker latch catch and arm were found bent,

ing the breaker from closing. The cause of this failure was believed to be from
incorrect installation of the breaker during previous maintenance or testing activities. In
second case, the breaker operating mechanism Iatch was binding against the housing

ikely due to inadequate lubrication and rough surfaces.
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Item |Breaker Typ:l Proximate Cause

Discovery

Piece Part

Coupling

Failure

Degree of

Failure

' Descrioti

RPS wip
13

iOperational/
iHuman Error

Test

hunt Trip

19

Partial

One set of lcads in each of the four plant protective system bays were found to be

These disconnected leads removed the automatic shunt trip feature from
TB's #1, #2, #3, and #4. The subject leads had been disconnected and not restored
ring 18-month surveillance testing conducted earlier.

|RPS trip

114

[Operational/
iHuman Error

[Test

" sering

Design

1

ailure
to Close

hile per performing initial approach to criticality testing, operators noted that the B-phase
for a reactor trip breaker, was not indicating current flow after the breaker was closed.
train's function of providing power to the contro! rod drive mechanism was degraded
one phase of power was unavailable. The failure was caused by a mechanical operating]
pring that had come loose. With the spring loose, the B-phase contacts were geiting
insufficient pressure to close. The vendor has provided notice that the spring could come
ooscmdﬂwvmdorbaspmwdedaddmomlmsuucuomfmbmakumpemonmd
to address this problem. The spring was reinstalled according to the vendors

RPS trip

115

iOperational/
Human Ermror

[Test

UV Trip Assembly

l983F;ailule

instructions. The breaker was subsequently tested and returned to service.

testing, three breakers failed to open within the acceptance time criteria. The following
y, and then 8 days later, two additional breakers failed to meet the acceptance criteria.
reactor trip breakers failed even though extensive maintenance and testing was
formed on all eight of the trip system breakers 11 days prior to the first 3 failures.
mcludedproceduresspeclﬁedmthzvendorservwendwsorylew The
iciencies were corrected by again performing the vendor approved refurbishment

e3 on the slow breakers, followed by successful testing.

[Other

[UV Trip Assembly

19864Failure

[to Open

ing preventive maintenance on the reactor trip breakers, the undervoltage trip units on
two breakers were found (o be out of specification. One undervoltage device could not be
uswdmﬂunspeclﬁmmandwasreplaced The cause for both failures was

to be vibration and aging.

Test

UV Trip Assembly

1983

‘ailure

to Open

Partial

trip response time of two reactor trip breakers was slower than allowed by Technical
pecifications. The breakers were retested satisfactorily and retumed to service after
fjusting the UV rip device setpoints and lubricating the trip shaft and latch roller

bearings. The breakers were still considered operable since the shunt trip devices were
perational with satisfactory response times.

1g

Other

Test

[UV Trip Assembly

1983

ailure
Open

[Partial

ing monthly surveillance test of the reactor trip circuit breaker undervoltage trip

ices, the response time of two breakers was slower than allowed by Technical
pecifications. This event was caused by setpoint drift and worn/binding front frame
ly mechanisms. Corrective actions included replacement of front frame assemblies)

RPS trip

[Test

UV Trip Assembly

1983

ailure

Partial

undervoltage trip devices.
ing surveillance testing of the reactor trip circuit breakers’ undervoltage devices, the
esponse time of two breakers then allowed by Technical Specifications. The cause of the
was setpoint dsift and worvbinding front frame assembly mechanisms. The

ints were adjusted and the trip shaft and latch roller bearings were lubricated.
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