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ABSTRACT

This report documents a study performed on the set of common-cause
failures (CCF) of pumps 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 pump CCF
data and presents several insights about the pump 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, pump CCF events. This report presents quantitative presentation of the pump
CCF data and discussion of some engineering aspects of the pump events.
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EXECUTIVE SUMMARY

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

General Insights. The study identified 274 events occurring at U.S. nuclear power plant (NPP)
units during the period from 1980 through 2000. Thirty-three NPP units each had one CCF event during
the period; 21 NPP units did not experience a CCF event. This accounts for about 50 percent of the NPP
units. While only 38 NPP units experienced more than two pump CCF events, these 38 NPP units
account for 76 percent of the total number of pump CCF events. Of the 274 events, 62 (23 percent) were
Complete common-cause failures (failure events with all components failed due to a single cause in a
short time).

Failure Modes. The events were classified as either fail-to-start or fail-to-run. The failure mode
for the majority of the pump CCF events is fail-to-run (54 percent). The fail-to-start failure mode
accounted for the other 46 percent of the events.

Trends. Figure ES-1 shows the trend for all pump CCF events. The decreasing trend for all
pump CCF events is statistically significant with a p-value of 0.0001. There was insufficient information
to determine what caused the decreasing trend in CCF events, but there were several regulatory initiatives
by the NRC and industry initiatives by utilities, INPO, and EPRI involving improved operation,
maintenance, testing, and inspection during the 21 years of improving performance. Both the fail-to-start
and the fail-to-run failure modes for pump CCF events were similar statistically-significant decreasing
trends. The trend for the Complete events from 1980-2000 is a decreasing trend and is statistically
significant with a p-value = 0.0001.

Method of Discovery. When the method of discovery was investigated, Testing accounted for
95 events, (35 percent), 83 events (30 percent) were discovered during Demand, Inspection accounted for
69 events (25 percent), and 27 events (10 percent) were detected during Maintenance activities.
Considering the extensive and frequent surveillance test requirements for pumps contained in the
Technical Specifications and the standby nature of most of the pumps in this study, it is expected that a
majority of the pump CCF events would be detected by Testing. The failures detected by testing tended
to be Internal to Component causes attributed to wear and aging and only a small percentage of these
failures resulted in Complete CCF events. It was expected that fewer failures would be detected by
Demand. Analysis of events showed that over half of the events discovered by Demand were Complete
or Almost Complete. The majority of events detected by Demand were attributed to design errors, human
errors, and the Others category. These causes were also dominant for all Complete CCF events. This
implies that testing may be effective at detecting normal wear and aging problems, but less effective at
detecting failures related to design and human errors.
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Segment. Overall, for all pumps, the highest number of events occurred in the pump segment
(106 events or 39 percent). The driver and suction segments were also significant contributors (32 and 24
percent, respectively), while relatively few events involved the discharge segment. These statistics vary
by system. For the emergency service water (ESW) and standby liquid control (SLC) systems, most of
the failures occurred in the pump segment. However, for the auxiliary feedwater (AFW), high pressure
injection (HPI), and BWR residual heat removal (RHR-B) systems, most of the failures occurred in the
driver segment, and for the PWR residual heat removal (RHR-P) system, most of the failures occurred in
the suction segment. Events involving the driver and suction segments were more likely to be Complete.
Ninety-two percent of all Complete events occurred in these two segments.

Piece Parts. The most common piece parts involved in pump segment CCF events were the
impellers and wear rings. The most likely piece parts involved in driver segment CCF events were circuit
breakers and instrument and control circuits. The most likely piece part involved in the suction segment
CCEF events was piping. The most likely piece part involved in discharge segment CCF events was the
valves.
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Figure ES-1. Trend for all pump CCF events. The decreasmg trend is statlstlcally 51gmﬁcant wnth ap-
value = 0.0001.

Proximate Cause. As shown in Figure ES-2, the leading proximate cause was Internal to -
Component, which accounted for about 39 percent of the total events; however, none of these events were
Complete. Design/Construction/Installation/Manufacture Inadequacy and Human Error accounted for 24
and 20 percent of the total events, respectively. The Other and External Environment proximate causes
were attributed to a small fraction of the pump CCF events. :

The Intema] to Component proximate cause category is the most likely for the pumps and
encompasses the malfunctioning of hardware internal to the component. Internal causes result from -
phenomena such as normal wear or other intrinsic failure mechanisms, which are influenced by the
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ambient environment of the component. Specific mechanisms include erosion, corrosion, internal
contamination, fatigue, wear-out, and end of life. '

The Design/Construction/Installation /Manufacture Inadequacy proximate cause group is
important for pumps 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 proximate cause group is the next most likely for pumps 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.

Coupling Factors. Maintenance was the leading coupling factor with 111 events (41 percent).
The next leading coupling factor was Design with 76 events (28 percent). While not the leading coupling
factor, over half (51 percent) of the Design coupled events were either Complete or Almost Complete.
The Environmental and Operational coupling factors account for the majority of the remaining events (44
and 28 events, respectively). Only a small fraction of the events coupled by Environmental were
Complete; however, over half (57 percent) of the events coupled by Operational were Complete. These
Complete events were almost all coupled by inadequate operations procedures. Only 15 events were
coupled by Quality, and three of these were Complete and affected the Driver segment.
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Figure ES-2. Proximate cause distribution for all pump CCF events.
System. Figure ES-3 shows the distribution of pump CCF events by affected system. The ESW

system had the most events. Most pump CCF events in the ESW system involved problems with the
pump impellers and wear rings. The RHR-P system had the largest fraction of Complete CCF events (92
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percent). Most of the RHR-P system events involved loss of suction, usually during refuelmg outages
with reduced water level in the reactor coolant system. .

Conyplete
B3 Almost Complete
B Partial

Figure ES-3. System distribution for all pump CCF events.
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FOREWORD

This report provides common-cause failure (CCF) event insights for pumps. 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-informed 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 pump CCF data, which are based on 1980-
2000 operating experience, are presented in the Executive Summary. High-level insights of the pump
CCEF data are presented in Section 3. Section 4 summarizes the events by sub-component. Section §
presents pump CCF insights by the pump system. Section 6 provides information about how to obtain
more detailed information for the pump CCF events. The information to support risk-informed regulatory
activities related to the pump 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 pump common-cause failure events.

Item Description ’ Text Reference  Page(s) Data

1.  CCF trends overview Section 3.2 16 Figure 3-1 — Figure 34

2. CCF segment overview Section 3.3 18 Figure 3-5

3. CCF proximate cause overview Section 3.4 19 Figure 3-6

4.  CCF coupling factor overview Section 3.5 22  Figure 3-7

5.  CCF discovery method overview Section 3.6 25 Figure 3-8

6. CCF system overview Section 3.7 26 Figure 3-9

7. Engineering Insights — Pump Segment  Section 4.2 31 Figure 4-1 - Figure 4-3

8.  Engineering Insights - Driver Segment Section 4.3 34 Figure 4-4 — Figure 4-6

9. Engineering Insights — Suction Section 4.4 38 Figure 4-7 - Figure 4-9
Segment

10. Engincering Insights — Discharge Section 4.5 43 Figure 4-10 - Figure 4-12
Segment

11. Engineering Insights - ESW System Section 5.2 47 Figure 5-1 — Figure 54

12. Engineering Insights - HPI System Section 5.3 50 Figure 5-5 - Figure 5-8

13. Engineering Insights - AFW System Section 5.4 52 Figure 5-9 - Figure 5-12

14. Engineering Insights - RHR (PWR) Section 5.5 S5 Figure 5-13 — Figure 5-16
System

15. Engineering Insights — Standby Liquid  Section 5.6 57 Figure 5-17 - Figure 5-20
Control System _

16. Engineering Insights - RHR (BWR) Section 5.7 60 Figure 5-21 - Figure 5-24
System

17. Data Summaries Appendix A, B,

and C

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
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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 pump 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 pump 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, 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 (throngh 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 réport 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 L

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 more 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.

Commori-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 charactenzmg why and how a
failure is systematically mduced 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 basxc events A and B, are statistically dependent
if, and only if,

Pl[AnB]= 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 operatxon accordmg 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 zmalyét’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.

xxii



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, ' '

P[An B]=P[AlP[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 2 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;
i.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—couplmg in synchronizing failure times.
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Common-Cause Failure Event Insights for Pumps
1. INTRODUCTION

This report presents insights about the common-cause events that have occurred in the pump
(pump) system 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 pump CCF events. Utilities can also use the information to help focus
maintenance and test programs such that pump 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;

¢ 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;

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

e 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
(LERSs) 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 frequenciés 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 pump
systems were analyzed to provide a better understanding of pump 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 Con‘cepts

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 mechamsm) that creates the condition for multiple components to be affected
by the same cause. L

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 operatxonal data and quanntatlve analysis of CCF
freqnenc1es

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 cormrective actions.
The proximate cause classification consists of six major categories:

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

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

e 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:

. Hardware Quality,
e Hardware Design,
e Maintenance,

e Operations, and

¢ 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
CCEF 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 plnlosophy can provxde a systematic approach to screening for potential CCF
mechamsms :

1 3 Report Structure

This report presents an overview of the pump CCF data and insights into the charactenstxcs of
that data. This report is organized as follows: Section 2 presents a description of the pump, a short
description of the associated segments, and a definition of the pump failure modes. High-level insights of
all the pump CCF data are presented in Section 3. Section 4 summarizes the events by segment. Section



5 presents pump CCF insights by selected systems. Section 6 explains how to obtain more detailed
information for the pump events. A glossary of terms used in this report is included in the front matter.
Appendix A contains three listings of the pump CCF events sorted by proximate cause, coupling factor,
and discovery method. Appendix B contains a listing of the pump CCF events sorted by the sub-
component. Appendix C contains a listing of the pump CCF events sorted by the system.



2. PUMP COMPONENT DESCRIPTION

2.1 Introduction

Pumps are used in many safety-related systems at commercial nuclear utilities. Pumps are
installed in redundant configurations to ensure the movement of water under accident conditions. Pumps
provide water to makeup for the loss of inventory, loss of pressure, cooling, and the addition of chemical
poisons. Many of these systems use the pumps in more than one mode of operation.

The pumps in this study are normally in standby, except for the emergency service water pumps
and the chemical and volume control system pumps include in the HPI system. The systems containing
pumps included in this insights study include:

¢« AFW Auxiliary Feedwater System (PWR)

¢ CSR Containment Spray Recirculation (PWR)
e ESW Emergency Service Water

e HCI High Pressure Coolant Injection (BWR)
¢« HPI High Pressure Safety Injection (PWR)

¢ RHR-B Residual Heat Removal (BWR)

e LCS Low Pressure Core Spray (BWR)

¢ RHR-P Residual Heat Removal (PWR)

e RCI Reactor Core Isolation Cooling (BWR)
¢ SDC Shutdown Cooling (BWR)

s SIC Standby Liquid Control (BWR)

2.2 Risk Significance

The emergency core cooling system (ECCS) is designed to supply sufficient water to the reactor
vessel and reactor coolant system (RCS) to keep the core covered and to remove decay heat in the event
of a loss of coolant inventory or normal core cooling. Thus, the ECCS systems play significantly in
transients with a loss of secondary cooling (including loss of off-site power and station blackout), and loss
of coolant accidents (LOCAs).? In general, the motor-driven and turbine-driven pumps are the most risk-
important component and common-cause failures of the pumps are routinely the dominant risk
contributors for the ECCS systems.

The auxiliary feedwater system (AFW) in PWRs provides a means of removing decay heat using
the secondary system when the normal feedwater system is not available. The most common demands for
AFW are transients with loss of secondary heat removal and loss of off-site power (including station
blackout), two prominent risk contributors in PWRs. Individually, the system pumps are risk significant.
Although most AFW systems employ diversity to combat common-cause failures (motor-driven and
turbine-driven pumps), such failures are still significant.”

2.3 Component Description and Boundary

The pumps in the systems listed above have varying characteristics such as discharge pressure,
flow rate, number of stages, suction type, discharge point, and control systems. However, all pumps have
a set of similar characteristics that are of interest when examining failures. Therefore, we define the
pump component as the combination of the suction source, the driver, the pump, and the discharge. In



this study, we will look at the segments as well as the overall pump component. Figure 2-1 shows the
component boundary as defined for this study.

Suction

Discharge

Figure 2-1. Pump component boundary drawing.
2.4 Segment Description

This section contains a brief description of each of the segments that comprise the pump. These
descriptions are intended only to provide a general overview of the most common pumps. Failure of the
pump due to external components (e.g., MOV, check valves, and strainers) required that the components
were not failed, but inhibited the pump. Otherwise, these types of components would have been
classified as a failure of the specific component. , ‘

241 Pump

The pump segment performs the function of converting rotational energy to fluid kinetic energy
to move fluid from the suction to the discharge flow paths. Most of the pumps in this study are
centrifugal type pumps. The SLC system and some of the coolant charging systems employ rec:procatmg
positive dlsplacement pumps. The pump may include the bearings, couplings, impeller/wear rings, shaft,
packing/seals, casing, lubrication, supports, and the plungers and cylinders (positive displacement).

242 Driver

The driver segment performs the function of providing the motive force to the pump. Most
pumps are motor-driven. The driver may include the circuit breaker, bearings, lubrication system, cooling
system, rotor, gearbox (positive displacement and some turbine-driven pumps), mstrumentatlon and
controls, motor or turbme, and power cables.’ '



2.4.3 Suction

The suction segment performs the function of supplying the fluid to the pump. The suction
includes the supply tank or other water source; manual, power-operated, or check valves; strainers; and
piping. Suction segment failures are evaluated to determine the effect on pump operability. Insufficient
net positive suction head (NPSH) is generally the type of event that occurs in the suction path. Low
levels in water source, high temperature in the suction source, or plugged strainers are typical examples.

2.4.4 Discharge

The discharge segment performs the function of directing fluid to the desired flow path. The
discharge includes manual valves, power-operated valves, relief valves, check valves, the recirculation
flow path, and piping. Discharge segment failures are evaluated to determine the effect on pump
operability. The state of the valves in the discharge path, insufficient recirculation flow, pipe leaks, etc.

are typical examples.
2.5 System Descriptions
Figure 2-2 to Figure 2-9 are shown to provide the reader with generic representations of the

system configurations discussed within this document.

Train A Containment Spray

Refueling
Water
Storage
Tank

DrywelVContainment

NAOH
Storage
Tank i

Soction From

[« O p

:;IIpISwpprenIm Cooling
Water

Train B Containment Spray

Figure 2-2. PWR Containment Spray system diagram.
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Figure 2-3. BWR RHR system diagram.

Flow Contsl Valve MOV
Presaure AoV aa—

X

Flow Contwol Valve

Figure 2-4. PWR Auxiliary Feedwater system diagram. -

10



Emergency Service Water “A” Train

Supply Header
Suction
from .
Uki Strainer |ln:d||1‘.o}ad||l.4:ld| w
Heat T Ultimate
Sink Retum Header Heat Sink
Supply
from
S Rmlnllm
Waer Service Water
Supply Header
Suction o oy T d —
from .
Uliimaig [Strainer L,_J"“" L_,_ll“"d I_,._Jl“’"’ Retum 1o
Heat Ukimate
Sink Retum Header Heat Sink

Emergency Service Water “B” Train

Figure 2-5. Generic Emergency Service Water system diagram.
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Figure 2-9. BWR Standby Liquid Control system diagram.
2.6 Failure Modes

Successful operation of a pump is defined for two distinct modes of operation. If the system is in
the normal standby condition, it must respond to an actuation signal by starting, which consists of
obtaining design discharge pressure and flow. Once running, the pump must continue to produce design
flow and discharge pressure until its service is no longer needed. Failures that occurred during testing are
included with the failures that occurred during plant transients requiring operation of the pumps. The
respective failure modes used for evaluating the pump data are:

Fail-to-start (FT'S) A successful pump start is defined as the start of the pump up to the point where
design flow (or minimum flow) and discharge pressure are achieved.

Fail-to-run (FTR) A successful pump run is defined, as the continuation of full flow and discharge
pressure for the time the pump is needed. In the cases where some degradation
of the pump is observed, a determination is made as to the ability of the pump to
perform throughout its PRA mission time (typically 24 hours).

Pump segment failures are evaluated to determine the effect on pump operability. Pump failures
include those failures that are caused by pump internals such as the impeller/wearing rings, bearings,
lubrication, packing, etc.

Driver segment failures are evaluated to determine the effect on pump operability. Failures of the
sensors or control circuitry to provide input in other systems (e.g., interlocks or indication) are not
considered pump failures.
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Suction segment failures are evaluated to determine the effect on pump operability. Insufficient
net positive suction head (NPSH) is generally the type of event that occurs in the suction path. Low
levels in water source, high temperature in the suction source, or plugged strainers are typical examples.

Discharge segment failures are evaluated to determine the effect on pump operability. The state
of the valves in the discharge path, insufficient recirculation flow, and pipe leaks are typical examples.

Failure of the pump due to external components (e.g., MOV, check valves, and strainers)

required that the components were not failed, but inhibited the pump. Otherwise, these types of
components would have been classified as a failure of the specific component.
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3. HIGH LEVEL OVERVIEW OF PUMP INSIGHTS

3.1 Introduction

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

Not all pump CCF events included in this study resulted in observed failures of multiple pumps.
Many of the events included in the database, in fact, describe degraded states of the pumps where, given
the conditions described, the pumps may or may not have performed 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 pump 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 (CCCQG) 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 since they show us evidence of
observed CCFs of all components in 2 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 pump CCF events contained in
this study. The majority of the pump CCF events were fail-to-run (54 percent), suggesting that often the
pump must be running at rated conditions for failures to develop and/or for those failures to be detected.
While most events (68 percent) were classified as Partial, a significant fraction of events (32 percent)
were classified as either Complete or Almost Complete.

Table 3-1. Summary statistics of pump data.

Failure Mode Degree of Failure Total
Partial Almost Complete
Complete
Fail-to-Start 86 12 27 125
(FTS)
Fail-to-Run 101 13 35 149
(FTR) _
Total 187 25 62 274

15



3.2 CCF Trends Overview

Figure 3-1 shows the yearly occurrence rate, the fitted trend, and its 90 percent uncertainty
bounds for all pump CCF events over the time span of this study. The decreasing trend is statistically
significant® with a p-value® of 0.0001. There was insufficient information to determine what caused the
decreasing trend in CCF events, but there were several regulatory initiatives by the NRC and industry
initiatives by utilities, INPO, and EPRI involving improved operation, maintenance, testing, and
inspection during the 21 years of improving performance. Examples of these initiatives include
improvements in testing, inspection, and maintenance associated with Generic Letter 89-13, Problems
with Service Water Systems Affecting Safety-Related Components™, and Generic Letter 89-04, Guidance
on Developing Acceptable Inservice Testing Programs''. Additionally, the testing and examination code
for pumps has been improved significantly since 1980.
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Figure 3-1. Trend for all pump CCF events. The decreasing trend is statistically significant with a p-
value = 0.0001.

Figure 3-2 through Figure 3-4 show trends for subsets of the pump CCF events contained in
Figure 3-1. Figure 3-2 shows the trend for Complete pump CCF events. The overall trend for Complete
pump CCF events from 1980 to 2000 is also statistically significant with a p-value of 0.0001. This
indicates a dramatic decrease of Complete pump CCF events, especially since the mid-1980's. Figure 3-3

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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and Figure 34 show similar statistically significant decreasing trends for both the fail-to-start and the fail-
to-run failure modes for all pump CCF events, both with p-values of 0.0001.
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Figure 3-2. Trend for Complete pump CCF events. The decreasing trend is statistically significant with a
p-value = 0.0001.
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Figure 3-3. Trend for all pump CCF events for the fail-to-start failure mode. The decreasing trend is
statistically significant with a p-value = 0.0001
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Figure 34. Trend for all pump CCF events for the fail-to-run failure mode. The decreasing trend is
statistically significant with a p-value = 0.0001.

3.3 CCF Segment Overview

Pumps are complex machines and can easily be thought of as a collection of segments, each with
many components. The pump CCF data were reviewed to determine the affected segment and the
affected piece part in that segment. This was done to provide insights to the most vulnerable areas of the
pump component to common-cause failure events. Section 2.4 describes these segments.

Figure 3-5 shows the distribution of the CCF events by pump segment. Overall, for all pumps,
the highest number of events occurred in the pump segment (106 events or 39 percent). The driver and
suction segments were also significant contributors (32 and 24 percent, respectively), while relatively few
events involved the discharge segment. These statistics vary by system. For the ESW and SLC systems,
most of the failures occurred in the pump segment. However, for the AFW, HPI, and RHR-B systems,
most of the failures occurred in the driver segment, and for the RHR-P system, most of the failures
occurred in the suction segment. Events involving the driver and suction segments were more likely to be
Complete. Ninety-two percent of all Complete events occurred in these two segments. Section 4 of this
report provides an in-depth analysis of the CCF events assigned to these segments.
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Figure 3-5. Segment distribution for all pump 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 2 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 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 groups or classes:

¢ Design/Construction/Installation/Manufacture Inadequacy

¢ Operational/Human Error

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

o 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 proximate causes in relation to the implementation of
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defenses is a useful alternative. The proximate 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 3-6 shows the distribution of CCF events by proximate cause. The leading proximate
cause was Internal to Component, which accounted for about 39 percent of the total events; however,
none of these events were Complete. Design/Construction/Installation/Manufacture Inadequacy and
Human error accounted for 24 and 20 percent of the total events, respectively. The Other and External
Environment proximate causes were attributed to a small fraction of the pump CCF events.
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Figure 3-6. Proximate cause distribution for all pump CCF events.

Table A-1 in Appendix A presents the entire pump 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 dominant for pump events and involves
the failure or malfunction of parts internal to the pump. Internal causes result from phenomena such as
normal wear or other intrinsic failure mechanisms that are influenced by the ambient environment of the
component. Specific mechanisms include erosion, corrosion, internal contamination, fatigue, wear-out,
and end of life. Internal to Component failures resulted in 108 events. Of these, 61 events were classified
as fail-to-run and 47 were fail-to-start. Although this is the dominant proximate cause group, there were
no Complete failure events attributed to the Internal to Component proximate cause. This is because most
failure mechanisms in this group are gradual in nature; infrequently causing all system components to fail
at once. 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 discovered by Testing. These data suggest
that the testing programs are succeeding in finding and fixing gradual failures of pumps before full failure
is observed.

| The Design/Construction/Installation/Manufacture Inadequacy proximate cause category is
the next most likely for pump events and encompasses events related to the design, construction,
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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 67 events. The failure mode
for 42 of these events was fail-to-run, and 25 events had fail-to-start as the failure mode. There were 17
Complete CCF events in this proximate cause group: 13 Complete events were fail-to-run and 4 were fail-
to-start. The majority of these Complete events (11 out of 17) occurred in the Suction segment.
Typically, these events were due to a lack of adequate NPSH due to design discrepancies. Instead of the
loss of suction events being distributed over a large number of NPP units, two stations account for
approximately 65 percent of the Suction segment CCF events with the Design, Construction, and
Manufacturer proximate. The rest of the CCF events were relatively evenly distributed between the
Driver segment and the Pump segment.

The Operational/Human Error proximate cause category is also likely for pump CCF events.
This proximate cause category 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 may also include deficient training.
Operational/Human Error was assigned to 56 pump CCF events. The majority of these events involved
inadequate procedures and accidental action. The failure mode for 24 events was fail-to-run and 32
events had fail-to-start as the failure mode. Almost half (48 percent) of the pump CCF events in this
cause category were Complete. This highlights the importance of maintenance and operations in the
availability of the pump component. The majority of CCF events were discovered by either Demand or
Inspection. The high number of events discovered by Demand is explained by the fact that human errors
are prone to occur during operations involving system demands. In addition, maintenance personnel
errors also show up when the system is called upon to function. However, for those events not discovered
by system demands, Inspection discovered more events than Maintenance and Testing. Many of these
events involved problems such as system misalignments, improper circuit breaker operations, Technical
Specification violations (non-allowed combinations of systems/components out of service at the same
time) that were discovered by plant operators. It is expected that routine Inspection would discover more
of these events than Testing and Maintenance, which are conducted only periodically.

The Other proximate cause category is comprised of events that were caused by instrumentation
and control circuit setpoint drift or failure components outside the defined pump component boundary.
There were 29 events assigned to this cause category. The failure mode for 13 events was fail-to-run and
16 events had fail-to-start as the failure mode. Again, almost half (45 percent) of the pump CCF events in
this cause category were Complete. The most common Complete events in this category involved an
interlock dependent on either a temperature or pressure sensor that prevented pump start or an actual low
level in the suction source. Therefore, this cause category is important although the total number of
events was relatively small. Most of the events were discovered by Demand in lieu of Testing,
Maintenance, and Inspection. This is expected due to the nature of CCF events in this proximate cause
group. The dependencies outside the pump component that initiate these CCF events may not be the
specific target of system component testing; therefore, it is reasonable that more events would be
discovered during system operation than by less-frequent test surveillance. In addition, because CCF
events that occur due to the state of other components typically are indirectly initiated by failure of other
components, they may not be readily apparent during routine inspections and maintenance. Fourteen
events (48 percent) affected the Driver segment. This is reasonable to expect because the pump Drivers
are dependent on a large number of other components, such as circuit breakers, instruments, interlocks
and controls. The other important segment is Suction, with 11 events. This is a reflection of the number
of events in the RHR-P system related to loss of suction due to system configuration.
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The External Environment proximate cause category represents causes related to a harsh
environment that are 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.). There were 13 pump CCF events in this cause category. The failure mode for eight events was fail-
to-run, and five events had fail-to-start as the failure mode. There were four Complete CCF events in
attributed to External Environment. .

The Unknown proximate cause category is used when the cause of the component state cannot be
identified. There was one Complete, fail-to-run event in this cause category that occurred in the Suction

segment.
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.

The coupling factor classification consistg of five major classes:
¢ Hardware Quality based coupling factors,
o Design-based coupling factors, |
¢ Maintenance coupling facfors, |
e Operational coupling factors, and
¢ Environmental coupling factprs.

'Figure 3-7 shows the coupling factor distribution for the pump CCF events. Maintenance was the
leading coupling factor with 111 events (40 percent). The next leading coupling factor was Design with
76 events (28 percent). While not the leading coupling factor, over half (51 percent) of the Design, -
coupled events were either Complete or Almost Complete. The Environmental and Operational coupling
factors account for the majority of the remaining events (44 and 28 events, respectively). Only a small
fraction of the events coupled by Environmental were Complete; however, over half (57 percent) of the
events coupled by Operational were Complete. These Complete events were almost all coupled by
inadequate operations procedures. Only 15 events were coupled by Quality, and three of these were
Complete and affected the Driver segment.

Table A-2 in Appendix A presents the entire pump 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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Figure 3-7. Coupling factor distribution for all pump CCF events.

The Maintenance coupling factor indicates that the maintenance frequency, procedures, or
personnel provided the linkage among the events. Most of the pump CCF events with this coupling factor
were coupled by maintenance/test schedules (74 out of 111) and maintenance/test procedures (23 out of
111). Internal to Component was the most prevalent proximate cause to be linked by maintenance (75
events). The maintenance linkage to the component failure proximate cause usually indicated that
maintenance that is more frequent could have prevented the CCF mechanism. Very few of these events
actually resulted in Complete CCF events, and most were detected as incipient failures. Examples of
these are: :

e The circuit breakers associated with the Auxiliary Feedwater Pumps failed to close as required.
The cause of the failure was the binding in the operating mechanism due to accumulated dirt and
lack of lubrication.

e The AFW pumps failed to start due to steam binding. The cause of the steam binding was
determined to be leakage past the downstream AFW system check valves.

e Two of three ESW pumps failed to start on demand. The cause was determined to be bad
couplings between the pumps and drivers. The cause was determined to be lack of periodic
maintenance and inspection.

¢ The two gland seal retaining bolts inside the centrifugal charging pump speed increaser lube oil
pump were found to be backed out allowing the gland seal to loosen. This resulted in reduced oil
flow to the speed increaser causing significant damage. Other centrifugal charging pumps
(CCPs) were inspected, and the same gland seal bolts as on the first pump were found loosened.
The cause of the bolts backing out was determined to be lack of a periodic adjustment of the
gland seal bolts.
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The Design coupling factor indicates that the failures were linked by the components having the
same design and component parts or by the system configuration. Design/Construction/Installation/
Manufacture was the most prevalent proximate cause to be linked by Design (45 events). This means that
design errors and inadequacies were both the cause and the link between the events. Examples of these
events are:

s A modification design error removed a start permissive interlock contact. This flaw de-
energized the auxiliary lube oil pump; consequently, when one AFW pump was started it ran
for 2.5 seconds and tripped on low oil pressure. Further investigation showed that both units
AFW pumps would be affected in the same way.

e Both RHR-P pufnps failed to run due to high bearing temperatures caused by inadequate
bearing clearances and using the wrong lubricating oil, which had too high a viscosity.
Inadequate vender design information resulted in the higher viscosity oil being used.

o During the performance of a special test to determine the available net positive suction head of
the SLC Pumps, the pumps began to cavitate unexpectedly. The causes of this event were
determined to be inadequate modification testing and errors in the original design calculations.

o During a unit load shed test, the service water pumps lost suction and tripped. The loss of
suction pressure was caused by a loss of prime in the condenser circulating water siphon flow
system. The event was attributed to poor system design.

The Environmental coupling factor propagates a failure mechanism via identical extemal or
internal environmental characteristics. Internal to Component was the most prevalent proximate cause to
be linked by Environmental (29 events). Examples of these events are:

e Failure of the HPI Pumps due to clam and sludge fouling of the pump lube oil coolers.

» A CCP seized during surveillance testing. Subsequent inspection revealed resin particles and
metal shavings in the pump casings and suction lines for all the charging pumps.

The Operational based coupling factor links the CCF events via inadequate operations
procedures and operations staff errors. Human Error was the dominant proximate cause for events linked
by Operational factors (25 events). Examples of these events are:

e HPI pumps not restored to service before a mode change as required by Technical Specifications
due to a procedural inadequacy.

o The CCPs were erroneously placed in pull-to-lock when required to operable.

» During a routine Control Board walk-down it was discovered that the AFW pump discharge
MOVs were closed. Subsequent investigation revealed the AFW system had not been previously
placed in standby readiness per the operating procedure after the system was secured.

The Quality based coupling factor propagates a failure mechanism among several components by
manufacturing and installation errors. Design was the dominant proximate cause for events linked by
Quality based coupling factors (12 events). Examples of these events are:

» During surveillance testing, neither motor-driven AFW pump would start. The pump control
circuit was found with auto-start defeat switches labeled backwards, causing all auto-starts except



the low-low steam generator level to be defeated. This was an original installation error resulting
from an inadequate design change process.

e Both motor-driven AFW pumps failed to start when the operator tried to start them manually.
While preparing a design change, the designer failed to review all the unit specific documentation
associated with the motor-driven AFW pump wiring and made the erroneous assumption that
both units switchgear compartment internal wiring was identical. In fact, the wiring for each unit
was different. Consequently, when the design change was installed, it was installed in
accordance with the erroneous design.

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 a demand for the equipment.
The demand can be in response to an automatic actuation of a safety system
or during normal system operation.

Inspection The equipment failure was discovered by personnel, typically during system
tours or by operator observations.

Figure 3-8 shows the distribution of how the events were discovered or detected. Testing
accounted for 95 events, (35 percent), 83 events (30 percent) were discovered during Demand, Inspection
accounted for 69 events (25 percent), and 27 events (10 percent) were detected during Maintenance
activities. Considering the extensive and frequent surveillance test requirements for pumps contained in
Technical Specifications, it is expected that a majority of the pump CCF events would be detected by
Testing. The intent of testing programs is to detect degradation and initiate corrective actions before total
failure. The failures detected by testing tended to be Internal to Component causes attributed to wear and
aging and only a small percentage of these failures resulted in Complete CCF events. It was expected that
fewer failures would be detected by Demand. Analysis of events showed that over half of the events
discovered by Demand were Complete or Almost Complete. The majority of events detected by Demand
were attributed to design errors, human errors, and the Others. These causes were also dominant for all
Complete CCF events. This implies that testing may be effective at detecting normal wear and aging
problems, but less effective at detecting failures related to design and human errors.

Table A-3 in Appendix A presents the entire pump data set, sorted by the discovery method. This
table can be referred to when reading the following discussions to see individual events described.
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Figure 3-8. Discovery method distribution for all pump CCF events.

3.7 Pump CCF System Observations

Figure 3-9 shows the distribution of pump CCF events by system and the degree of failure. The
ESW system had the most events. Most pump CCF events in the ESW system involved problems with
the pump impellers and wear rings. The RHR-P system had the largest fraction of Complete CCF events
(92 percent). Most of the RHR-P system events involved loss of suction, usually during refueling outages
with reduced water level in the RCS. Section 5 of this report provides an in-depth analysis of the pump
CCF events in these systems. '

3.8 Other Pump CCF Observations

" Figure 3-10 shows the distribution of pump CCF events among the NPP units. The data are .
based on 109 NPP units represented in the insights CCF studies. Eighty-eight of the NPP units included -
in this study (81 percent) experienced at least one pump CCF event, and 55 NPP units had more than one
pump CCF event. While only 38 NPP units experienced more than two pump CCF events, these 38 NPP
units account for 76 percent of the total number of pump CCF events. ,
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Figure 3-10. Distribution of NPP units experiencing a multiplicity of CCFs for all pump CCF events.
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4. ENGINEERING INSIGHTS BY PUMP SEGMENT

4.1 Introduction

This section presents an overview of the pump CCF data that have been collected from the NRC
CCEF database, grouped by the affected segment. Pumps are relatively complex machines and can easily
be thought of as a collection of segments, each with many components. The pump CCF data were
reviewed to determine the affected segment and the affected piece part in that segment. This was done to
determine which pump segments and piece-parts are most vulnerable to common-cause failure events.
For the descriptions of the pump and its segments, see Section 2.4.

Table 4-1 summarizes the CCF events by segment. The rest of this section provides discussions
of pump segment, summarizing selected attributes of that segment. At the end of each discussion is a list
of the Complete pump CCF events, with identification of the proximate cause, the failure mode, and a
short description of the event. For a listing of all pump CCF events by segment, see Appendix B.

Table 4-1. Summary of segments.

_Segment Sub-Section _ Partial _ Almost Complete  Complete  Total _ Percent
Pump 42 94 8 4 106  387%
Driver 4.3 56 8 23 87 31.8%
Suction 44 27 5 34 66 24.1%
Discharge 45 10 4 1 15 5.5%
Total 187 25 62 274 100.0%

The majority of the pump CCF events originated in the pump segment followed by the driver and
suction segments. The majority of Complete CCF events occurred in the driver and suction segments.
There were relatively few events involving the discharge segment. The Complete events in the driver
segment were dominated by instrument and control failures and circuit breaker failures. The Complete
events in the suction segment were dominated by lack or loss of suction head. The failure mode for the
majority of CCF events in the pump and suction segments was fail-to an. However, the failure mode for
the majority of events in the driver segment was fail-to-start.

In this study, the proximate causes of the pump 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 pump CCF 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

— Desigi/Const/Install Manufacture (Design)

—Design Error

e Manufacturing Emor

— Installation/Construction Error
—Design Modification Error

’— Operational/Human Eror (Human)

— Accidental Action

— Inadequate/incorrect Procedure
= Failure to Follow Procedure

™ [nadquate Training
=Inadequate Maintenance

— Extemal Environment (Ext Erv)

= Fire/Smoke

— Hurmidiity/Moisture

e High/L.ow Temperature
— Electromagnetic Field

— Radiation :

e Bi0-Organisms
—Contamination/Dust/Dirt -
i-Actsof Nature

- Wind
- Flood

- Lightning
- Show'lce

== Intemal to Component (Component)

= Cth A
Stats of Other Component
Setpoint Drift

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.

Operational/Human Error (Plant Staff Error).
Represents causes related to errors of omission and
comrnission 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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42 Pump

There were 106 pump CCF events affecting the pump segment (see Table B-1 in Appendix B,
items 103 - 208). Of these 106 events, 37 were fail-to-start and 69 were fail-to-run. Only four of the
pump segment events were Complete CCF events. Table 4-3 contains a summary of these events by
proximate cause group and degree of failure. Figure 4-1 displays the events by proximate cause and

failure mode.

Table 4-3. CCF events in pump segment by cause group and degree of failure.

Proximate Cause Group Coinple@e C':::;;::e Partial Total Percent
ﬁsgfglugg;su'ucﬁonﬂnstallaﬁonl Manufacture 1 | 3 13 17 16.0%
Internal to Component 3 75 78 73.6%
Operational/Human 2 1 4 7 6.6%
External Environment 1 1 1 28%
Other 1 1 09%
Total 4 8 94 106 100.0%
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Figure 4-1. Distribution of proximate causes for the pump segment.

The Design/Construction/Installation/Manufacture Inadequacy proximate cause group had 17
events, of which one was Complete and three were Almost Complete (see Table B-1 in Appendix B,

items 103 — 119). The causes were primarily due to installation of improper materials that led to
corrosion and or failure of piece parts. Other causes included installation errors and failures due to

improper design specifications.
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The Internal to Component proximate cause group had 78 events, of which none were Complete
and three were Almost Complete (see Table B-1 in Appendix B, items 123 — 200). The causes included
failed bearings, failed and leaking seals/packing, worn impellers and wear rings due to aging and normal
wear and erosion damage of pump internals.

The Operational/Human Error proximate cause group had seven events of which two were
Complete and one was Almost Complete (see Table B-1 in Appendix B, items 201 — 207). The causes of
these events included pump failures due to misalignment, failures due to maintenance perscnnel errors
such as improper pump assembly or failure to add sufficient lubricant, and gas binding of pumps due to
failure to follow procedures. - _

_ There were three events with External Environment as the proximate cause group. One of these
events was Complete and one was Almost Complete (see Table B-1 in Appendix B, items 120 — 122).
The causes for these events included damage from water spray, foreign material in the process fluid and
damage due to air entrainment. The Other proximate cause group (see Table B-1 in Appendix B, item
208) contains one event, which was partial. The event involved loss of pump cooling water.

Testing was the most likely method of discovery for CCF events involving the pump segment (59
out of 106 events) as shown in Figure 4-2. The pumps are frequently tested and typically in standby
during power operations. Inspection and Demand are the next most likely discovery methods (27 and 13
events, respectively). The most common piece parts involved in pump segment CCF events were the
impellers and wear rings, as shown in Figure 4-3.

Table 4-4 lists the short descriptions by proximate cause for the Complete events. The
descriptions of all pump CCF events can be found in Appendix A.
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Figure 4-2. Distribution of the method of discovery for the pump segment.
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Figure 4-3. Distribution of the affected piece parts for the pump segment.
Table 4-4. Pump segment event short descriptions for Complete events.
System meigl::o:pCause ‘;:lﬂogcm Description
ESW  Design/ Failure to Both charging pump service water pumps failed. A carbon cap screw failed allowing the impeller of one pump
Construction/ Run to bind on the casing. The ensuing leakage shorted the motor windings of the other pump.
Manufacture/
Installation
Inadequacy

HPI Openmonall Human Failure to A routine preventive maintenance (oil change) was mistakenly performed on the north charging pump instead
Start of the south as scheduled. Since the south pump was previously cleared for this oil change, and the test pump
was valved out, none of these three pumps were in service as required by tech specs for the approximately 20

minutes it took to change the oil in the north pump.

RHR-P External Failure to Following a trip, water was found spraying from both low head safety injection pump wedge control rod seals.
Environment Start Both pumps were declared inoperable. Postulated failure on the seals was from a minor flow induced pressure
transient.

RHR-P Operational/ Human Failure to Both loops of the residual heat removal system were declared inoperable due to gas binding of both RHR
Error Stant pumps. The gas binding was caused by entry of nitrogen gas into the reactor coolant system from accumulator.
The root cause of this event has been attributed to personnel error. Personnel did not comply with the specific
requirements in the accumulator discharge check valve full flow test procedure due to inattention to detail.
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4.3 Driver

There were 87 pump CCF events affecting the driver segment, of which 24 were Complete events
and 6 were Almost Complete (see Table B-1 in Appendix B, items 16 — 102). The failure mode for the
majority of the pump CCF events involving the driver was fail-to-start (68 events). Only 19 events
involved fail-to-run. The most likely proximate cause was Operational/Human, followed by Internal to

Component and Design/Construction/ Installation/Manufacture Inadequacy. Table 4-5 contains a
summary of these events by proximate cause group and degree of failure. Figure 4-4 shows the

distribution of events for the driver segment by proximate cause and failure mode.

Table 4-5. CCF events in the driver segment by cause group and degree of failure.

Proximate Cause Group Complete - C‘:lx:;;::e Partial Total Percent
Eﬁfqnllgg;stmcﬁonﬂnstallation/ Manufacture 5 3 10 18 20.7%
Internal to Component ' - 3 16 19 218%
Operational/Human 12 2 15 29 33.3%
External Environment S 2 : o 4 6 6.9%
Other s n 15 172%
Total o _ 23 8 56 87 100.0%
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Figure 4-4. Distribution of proximate causes for the driver segment.
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There were 18 events involving the driver segment in the Design/Construction/Installation/
Manufacture Inadequacy proximate cause group, of which five were Complete and three were Almost
Complete (see Table B-1 in Appendix B, items 16 — 33). Most of these events were caused by design
related errors with instruments and control circuits.

There were 19 pump CCF events involving the driver segment with Internal to Component as the
proximate cause, of which none were Complete and three were Almost Complete (see Table B-1 in
Appendix B, items 40 — 58). Most of these events involved circuit breaker failures due to worn internal

parts and binding.

A third of the CCF events attributed to the driver segment were assigned to the Operational/
Human Error proximate cause group (see Table B-1 in Appendix B, items 59 — 87). There were 29 driver
failures with this proximate cause, of which 12 were Complete and two were Almost Complete. The
causes of these events included operations and maintenance personnel errors such as improper lineups,
poor maintenance, work on the wrong components, and inadequate procedures.

External Environment was the proximate cause for six driver segment events (see Table B-1 in
Appendix B, items 34 - 39). Two of these events were Complete and none were Almost Complete.
Causes for these events included foreign material contamination, flooding, low ambient temperatures.

Other was determined to be the proximate cause for 15 driver segment events (see Table B-1 in
Appendix B, items 88 — 102). Four of these were Complete and none were Almost Complete. Most of
these events were caused by instrument problems or failures of valves and piping in other systems.

Inspection was the most likely method of discbvery for driver events (29 events) as shown in
Figure 4-5, followed closely by Demands and testing. The most likely piece parts involving driver
segment events were circuit breakers, instruments, and control circuits as shown in Figure 4-6.
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Figure 4-5. Distribution of the method of discovery for the driver segment.
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Figure 4-6. Distribution of the affected piece part for the driver segment.

Table 4-6 lists the short descriptions by proximate cause for the Complete events, the events that
failed all the pumps. The descriptions of all pump CCF events can be found in Appendix A.

Table 4-6. Driver segment event short descriptions for Complete events.

Proximate Cause  Failure

System Group Mode Description

AFW  Desigw/ Failure During surveillance testing, neither motor-driven AFW pump would start. The pump control circuit was found
Construction/ to Start  with autostart defeat switches labeled backwards, causing all autostarts except the low-low steam generator
Manufacture/ level to be defeated. The labels were cotrected and the links were closed. The original installation error was the
Installation result of an inadequate design change process that did not require sufficient verification and testing of the
Inadequacy modification.

LCS  Design/ Failure Relay extra contacts left connected during construction, prevented Core Spray pump start with emergency
Construction/ to Start  diesel generator breakers racked out.
Manufacture/
Installation
Inadequacy

RHR-P Operational/ Human Failure Al RHR pumps de-energized to replace RHR Relief valve. T.S. allows this condition for 1 hour. Operated in
Error to Start  the mode in excess of § hours.

ESW  Other Failure Following a reactor scram, an attempt to initiate suppression pool cooling revealed that both RHRSW loops

to Start  were inoperable as neither loop’s pumps could be started. Low suction header pressure lockout signals in each
loop prevented starting each loop's pumps. Plugging of the sensing line to each loop’s suction header pressure
switch prevented both switches from sensing actual pressure, although a lack of operating fluid in one switch
and an open power supply breaker to the other switch also would have prevented pumps from starting.

HPl  Operational/ Human Failure During the draining of the reactor coolant system, both centrifugal charging pumps were rendered inoperable.
Error to Start  The initial conditions in the draining procedure contained a confusing statement, which led to an erroneous
assumption that both CCP breakers had to be racked out and tagged.

36



Proximate Cause  Failure

System Group Mode Description

AFW  Operational/ Human Failure  An operator incorrectly secured the diesel and steam-driven AFW pumps, which prevented their restart on low
Error to Start  SG level.

AFW  External Failure Both AFW pumps failed to start. The problem was traced to two relays (1 per pump). Examination of the relays
Environment to Start revealed open circuiting and severe degradation of the insulation.

AFW  Operational/ Human Failure Both AFW pumps failed to start when tested, due to the circuit breakers not being racked in properly.

Error to Start

SLC  Other Failure  During a test, both Squib Valve Detonators shorted after firing and the Control Power Transformer fuse blew

to Start  causing the pump motor trip. This was caused by improper fuse coordination between the Control Power
Transformer fuse and the Squib Valve Detonator fuses. The redundant system's Squib Valve was also fired
during this test, without running the associated pump, and one of the Squib Valve Detonators shorted after
firing. The same fuse coordination problem existed for both systems.

RHR-P Other Failure Two LPI pumps, when given a start signal, would not start. An ongoing investigation revealed the probable root

to Start  cause of the event to be poor electrical contact of the breaker auxiliary stabs for the pumps.

HPI Operational/ Human Failure With alternate CCP pump out-of-service, the remaining operable pump was erroncously placed in pull-to-lock.
Emor to Start

HPI Operational/ Human Failure HPI pumps not restored before mode change due to procedural inadequacy.

Error to Start

AFW  Design/ Failure Both motor-driven auxiliary feedwater pumps failed to start when the operator tried 10 start them manually,
Construction/ to Start While preparing a design change, the designer failed to review all the unit specific documentation associated
Manufacture/ with the motor-driven AFW pump wiring and made the erroncous assumption that both units switchgear
Installation compartment internal wiring was identical, In fact, the wiring for each unit was different. Consequently, when
Inadequacy the design change was installed, it was installed in accordance with the erroncous design. The wiring

discrepancy was corrected and the motor-driven AFW pumps were tested and retuned to service.

AFW  Operational/ Human Failure During testing one AFW pump was tested and other was tested without returning first to auto. Both pumps were
Error to Start unavailable at the same time. The procedure was the cause.

ESW  Operational/ Human Failure An emergency service water pump failed to start and was declared inoperable. Further investigation determined
Error to Start  that the failure of the pump to start was due to a tripped emergency engine shutdown device. Operations

personnel performing the testing did not recognize the need to reset it prior to starting the pump. Examination
of the other two ESW pumps revealed that their emergency shutdown devices were also in the tripped
condition.

HPI Operational/ Human Failure By opening incorrect breaker, HPI pump tripped while others were unavailable.

Error to Start

HPI External Failure It was determined that the common minimum flow path return line for the safety injection pumps to the

Environment toRun refueling water storage tank was frozen. Previous actions to investigate problems with the freeze protection
system were unsuccessful in preventing development of this condition. The two HPI pumps were declared
inoperable with this return line frozen. A faulty ambient temperature switch for the RWST heat trace system
prevented the heat trace from activating and was subsequently replaced. In addition, sdministrative controls did
not sufficiently recognize the safety significance of flow through this line and the need to ensure flow
capability.

CSR  Operational/ Human Failure CSR control power de-energized prior to mode change. Technical Specification violation. Inadequate procedure
Error to Start  review.

AFW  Design/ Failure A modification design error (in 1983-1984) removed a start permissive interlock contact. At cold shutdown this
Construction/ to Start  de-energized the auxiliary lube il pump, consequently, when one AFW pump was started it ran for 2.5 seconds
Manufacture/ and tripped on low oil pressure. Further investigation showed that both units AFW pumps would be affected in
Installation the same way. The design error combined with insufficient post modification testing led to this CCF event.
Inadequacy

RHR-P Operational/ Human Failure Both trains of RHR were rendered inoperable for two minutes, while performing an operational readiness test

Error to Start

surveillance procedure. The surveillance procedure required that the one RHR train pump be placed in pull to
lock and the other train heat exchanger flow control valve throttled to 30-40% open. The procedure directed the
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Proximate Cause  Failure

System Group Mode

Description

Error to Start

RHR-P Operational/ Human Failure

Error to Start
HCI  Other Failure
: to Start
RHR-P Design/ Failure
Construction/ " toRun
Manufacture/
Installation
Inadequacy

operators to perform operations that resulted in both trains of RHR being inoperable

The switches for the containment spray and recirculation pumps were in a trip pullout when the Technical
Specifications and plant procedures required the pumps to be operable.

Water entered the HCI and RCI steam supply lines, rendering both pumps inoperable. Failed reactor vessel
instrumentation allowed water to overflow and fill the HCI/RCI steam lines. Pumps were unavailable.

Both RHR/LPI pumps fail-to-run due to improper oil in system. High bearing temperatures occurred when the
pumps were operated. This was due to the wrong lube oil being used, which had too high a viscosity.
Inadequate vender design information resulted in the higher viscosity oil being used and additional exacerbating
problems such as insufficient bearing clearances.

4. 4 Suction

Sixty-six events affected the suction segment of the pumps (see Table B-1in Appendix B, items
209 — 274). Thirty-four were Complete events. The most likely proximate cause was
Design/Construction/Installation/Manufacture. The failure mode was fail-to-run for 54 events and fail-to-
start for 12 events. Table 4-7 contains a summary of these events by proximate cause group and degree of
failure. Figure 4-7 shows the distribution of events by proximate cause and failure mode.

Table 4-7. CCF events in the suction segment By cause group and degree of failure.

Proximate Cause Group Complete . Cﬁlnx::;:te ; Partial Total Percent
gﬁf:‘l]g);smﬁonﬂnstallaﬁonl Manufacture ,l 1 = 2 16 29 43.9%
Internal to Component 6 6 9.1%
Operational/Human 12 1 4 17 25.8%
External Environment 1 1.5%
Other 9 , 2 1, 12. 13.2%
Unknown - ' 1 1.5%
Total 34 5 27 66 100.0%
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Figure 4-7. Distribution of proximate causes for the suction segment.

The Design/Construction/Installation/Manufacture Inadequacy proximate cause group had 29
events, of which 11 were Complete and two were Almost Complete (see Table B-1 in Appendix B, items
209 - 237). Most of these events involved inadequate net positive suction head due to poor system
design.

The Internal to Component proximate cause group had six events, of which none were Complete
or Almost Complete (see Table B-1 in Appendix B, items 239 — 244). All of these events involved
blocked suctions due to foreign material intrusion.

There were 17 events assigned to the Operational/Human Error proximate cause group. Twelve
of these events were Complete and one was Almost Complete (see Table B-1 in Appendix B, items 245 —
261). These events mostly involve inadequate procedures and personnel errors related loss of pump
suction due to improper venting or system lineups. This has the largest (35 percent) contribution to the
Complete suction events.

Other was identified as the proximate cause of 12 events, of which nine were Complete and two
were Almost Complete (see Table B-1 in Appendix B, items 262 - 273). These events involved failures
of other components impacting pump suction, such as leaking or blocked valves, failed vent valves, and

erroneous level instruments.

There was one event assigned to each of the External Environment and Unknown proximate
cause groups, and both these events were Complete (see Table B-1 in Appendix B, items 238 and 274).
One event involved loss of RHR pump suction, the cause of which could not be determined or repeated.
The other event was caused by boron solidification in the suction piping.

Demand was the most likely method of discovery for the suction segment events (39 of 68

events) as shown in Figure 4-8. Since most events were attributed to design problems and human error,
this implies that testing has not been effective in detecting failures with these causes. The most likely
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piece part involved in the suction segment CCF events was piping as shown in Figure 4-9. The piping
piece part indicates that something caused a loss of NPSH to the pumps that is not a valve, strainer, etc.

Table 4-8 lists the short descriptions by proximate cause for the Complete events. The
descriptions of all pump CCF events can be found in Appendix A.
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Figure 4-8. Distribution of the method of discovery for the suction segment.
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Table 4-8. Suction segment event short descriptions for Complete events.

Failure
Mode

Proximate Cause

System Group

Description

AFW  Operational/ Human Failure

Error to Run
RHR-P Other Failure
to Run

Failure

RHR-P Operational/ Human
Error to Run

Failure

RHR-P Operational/ Human
Error to Run

ESW  Design/ Failure
Construction/ to Run
Manufacture/

Installation
Inadequacy

ESW  Design/ Failure
Construction/ to Run
Manufacture/

Installation
Inadequacy

RHR-P Other Failure

to Run

ESW  Design/ Failure
Construction/ to Run
Manufacture/

Installation
Inadequacy

ESW  Desig/ Failure
Construction/ to Run
Manufacture/

Installation
Inadequacy

ESW  Design/ Failure
Construction/ to Run
Manufacture/

Installation
Inadequacy

ESW Design/ Failure
Construction/ to Run
Manufacture/

Installation
Inadequacy

HPI  Other Failure

to Start

Both emergency feedwater pumps lost feed pump suction. The emergency feedwater pump suction flashed to
steam due to the feedwater train flashing and forcing hot water back through the startup and blowdown tanks
and into the feedwater pump suction. To prevent this recurrence, the operating procedures have been changed to
require isolating the startup and blowdown effluent as a source of emergency feedwater suction prior to
increasing power.

A complete loss of RHR flow occurred while plant operators were increasing RHR heat exchanger flow by
closing down on the heat exchanger bypass valve.

While attempting to increase RHR flow, the plant experienced a total loss of flow due to the pumps being air-
bound. The pump was not vented when starting to increase flow. Operating procedures have been changed to
have an operator present while changing flow in the RHR system. There have been losses of RHR flow in the
past because the pumps were air-bound and methods are being investigated to improve the system design.

The reactor vessel vent eductor was in service in preparation for refueling with RHR operating. A low flow
alarm was received and low flow and low motor current were indicated. A second pump was started and became
air-bound. Putting the vessel vent eductor system into service was the root cause of the incident.

Increasing flow to chillers robs NPSH from charging service water pumps.

Increased flow to chillers resulted in loss of NPSH to Charging Water Service Water pumps.

Temporary coolant loop level indicator showed level slowly increasing over a period of days. The system was
periodically drained to maintain 65 percent indicated level. A RHR pump lost suction on reduction of actual
level. The second pump was started, and lost suction. Indication drift was due to evaporation of reference leg.

The use of service water by the chillers can cause a loss of suction pressure to the charging pump service water
pumps.

Increased flow to chillers resulted in loss of NPSH to Charging Water Service Water pumps.

The use of service water by the chillers can cause a loss of suction pressure to the Charging Water Service
Water pumps.

The use of service water by the chillers can cause a loss of suction pressure to the charging pump service water
pumps.

Hydrogen from the suction dampener got into suction piping and failed both CCPs.
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Proximate Cause  Failure

System Group Mode Description
RHR-P Other Failure RHR Suction lost due to erroneous RCS level while draining the RCS.
to Run

RHR-P Opcranonali Human Failure

to Run
RHR-P Opernnonall Human Failure
to Run
RHR-P Other Failure
to Run
ESW  Design/ Failure
Construction/ to Run
Manufacture/
Installation
Inadequacy
RHR-P Other Failure
to Run
RHR-P Unknown Failure
to Run
HPI  Extemnal Failure
Environment to Start

RHR-P Opemnona]l Human Failure
to Run

Failure
to Run

RHR-P Other

RHR-P Opetauonall Human Failure
to Run

ESW Operanonall Human Failure
to Run

ESW  Operational/ Human Failure

Error to Run
ESW  Design/ Failure
Construction/ to Run
Manufacture/
Installation
Inadequacy
RHR-P Other Failure
to Run

Shutdown cooling was lost due to nitrogen intrusion because of backflushing a filter in the purification system.

Suction was lost to both RHR pumps. RHR flow was less than 3000 gpm and pump amps were fluctuating prior
to taking corrective action. Each of these events appear to have been caused by a slow decrease in RCS level in
conjunction with the vortex action at the pump suction. )

With unit drained to centerline of the nazzles, suction to both RHR pumps was lost for 36 minutes. Suction to
the RHR pumps was lost because of ambiguous reactor coolant system level indication while drained 1o
centerline of the nozzles. The actual RCS level was Jower than observed.

Increased flow to chillers resulted in loss of NPSH to Charging Water Service Water pumps.

The RHR pumps began to cavitate and eventually both pumps were stopped. The reactor vessel level gauge
being used to provide an indication that the level was approaching the vessel flange level had been isolated
(reactor coolant drain tank isofation valve had been closed during an attempt to reduce leakage). Additicnally,
procedures did not require visual monitoring of cavity level.

RHR pumps cavitated. Unable to repeat. Unknown cause.

Boron solidification in the suction and gas binding of pumps led to the failure of all three safety injection
pumps. Flushing procedures inadequate.

The control room operators started a second residual heat removal pump in preparation for removing the
operating RHR pump from service. With both pumps running, flow became excessive for the half-loop
condition causing cavitation and air binding of both pumps. To prevent recurrence the procedure which controls
the operation of the RHR pumps has been changed to include specific instructions to stop the operating pump
priar to starting the second pump while at half-loop.

Both RHR pumps were unable to operate due to the introduction of air into the RHR system. The incident
occurred during the drain down of the RCS, when the level of the RCS was being monitored via a standpipe off
the centerline of one of the RCS loops. The isolation valve to which the standpipe was attached became clogged
sometime during the drain down and falsely indicated above centerline when in fact the level was below the
RHR suction line (below centerline).

Swap over of RHR pumps resulted in both trains becoming inoperable due to air injection into the suction of the
pumps. This required both pumps to be vented and required RCS level to be raised to prevent a possible
recurrence of the vortex problem.

A service water strainer was placed in service without being vented resulting in air binding system and loss of
charging pump service water pumps.

Failure to properly vent and fill a newly installed pipe introduced air into the charging pump service water
system.

Loss of prime in the condenser circulating water siphon flow system caused loss of low pressure service water
pumps. Pumps lost suction during a test due to poor design. .

SDC pumps cavitated due to Jowering RCS leve). Level indication was in error.
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System

Proximate Cause  Failure
Group Mode

Description

RHR-P Other

ESW

SLC

SLC

ESW

SDC

Failure
to Run

Operanonall Human Failure
to Run

Failure
to Run

Design/
Construction/
Manufacture/
Installation
Inadequacy

Failure
to Run

Design/
Construction/
Manufacture/
Installation
Inadequacy

Operational/ Human Failure
Error to Run

Operational/ Human Failure

Error to Run

Design/ Failure

Construction/ to Run

Manufacture/

Installation

Inadequacy

Other Failure
to Start

RHR flow was interrupted when both RHR trains became inoperable due to air bound RHR pumps. The loss of
RCS inventory to the reactor coolant drain tank due to a leaking valve caused a decrease in RCS water level,
vortexing in the pumps’ suction line, and air entrainment in the RHR pumps.

The procedure failed to adequately caution the operator to slowly fill a drained line. Rapid filling resulted in a
loss of NPSH to the charging service water pumps.

During the performance of a special test on the available NPSH of the SLC pumps, the pumps began to cavitate
unexpectedly. The SLC systems of both units were declared inoperable. The causes of this event are inadequate
modification testing and an error in the original design calculations.

During the performance of a special test on Unit 1 to determine the available NPSH of the SLC pumps, the
pumps began to cavitate unexpectedly. The SLC systems of both units were declared inoperable. The causes of
this event are inadequate modification testing and an error in the original design calculations.

Both trains of both units charging pump service water pumps became air bound. Underwater diving maintenance
activities on one units circulating water and service water lines was identified as the source of the air. The air
entered the service water supply lines when a valve was opened in preparation for a Safety Injection logic test.

Both trains of both units charging pump service water pumps became air bound. Underwater diving maintenance
activities on one units circulating water and service water lines was identified as the source of the air. The air
entered the service water supply lines when & valve was opened in preparation for a Safety Injection logic test.

HPI pumps fail due to operation with inadequate suction head. Two pumps damaged due to operation with
inadequate suction, but all three system pumps were unavailable due to the loss of the suction source. Suction
source level instrumentation was the cause.

SDC pump suction high temperature interlock failed, causing all three SDC pumps to be inoperable.

4.5 Discharge

Fifteen events affected the discharge segment of the pumps, of which one event was Complete
and four were Almost Complete (see Table B-1 in Appendix B, items 1 — 15). No one proximate cause
was dominant. The failure mode for eight events was fail-to-start and the failure mode for seven events
was fail-to-run. Table 4-9 contains a summary of these events by proximate cause group and degree of
failure. Figure 4-10 shows the distribution of events by proximate cause and failure mode.
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Table 4-9. CCF events in the discharge segment by cause group and degree of failure.

. Proximate Cause Group Complete C‘:lnt:;)(;::e Partial Total Percent
zzifgluﬁ;s&ucﬁonﬂnétallationl Manufacture 3 3 20.0%
Internal to Component 1 4 5 33.3%
Operational/Human 1 1 3 20.0%
External Environment ' 2 1 3 20.0%
Other 1 1 6.7%
Total 1 4 10 15 100.0%

(@ Fafore to Start O Failure to Run |

Figure 4-10.. Distribution of proximate causes for the discharge segment.

The Design/Construction/Installation/Manufacture Inadequacy proximate cause group had three
events, of which none were Complete or Almost Complete (see Table B-1 in Appendix B, items 1 - 3).
These events involved failure of the discharge flow controller, pumps dead-headed by other operating
pumps, and discharge valve failure.

The Internal to Component proximate cause group had five events, of which none were Complete
and one was Almost Complete (see Table B-1 in Appendix B, items 7 — 11). These events involved
degradation of discharge valves and line blockage.

The Operational/Human Error proximate cause group contains three events, with one Complete
event and one Almost Complete event (see Table B-1 in Appendix B, items 12 — 14). Two of these
events were due to inadvertent valve closures in the discharge flow path. The third event was due to



procedural problems that allowed pumps to be run with no flow or beyond the maximum allowable flow
rate.

External Environment was the proximate cause for three events, two of which were Almost
Complete (see Table B-1 in Appendix B, items 4 — 6). These events were caused by voiding in the
discharge lines due to high temperatures, voiding due to air entrainment, and blockage due to foreign
material intrusion. :

The Other proximate cause group was identified for one Partial event, which was caused by
failure of an automatic vent valve on the pump discharge lines (see Table B-1 in Appendix B, item 15).

The method of detection was rather evenly split among demand, inspection, and testing for the
discharge segment events as shown in Figure 4-11. Most discharge segment events involved the state of
the valves in the discharge of the pumps as shown in Figure 4-12. Table 4-10 lists the short description
for the Complete discharge segment event. The descriptions of all pump CCF events can be found in
Appendix A.
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Figure 4-11. Distribution of the method of discovery for the discharge segment.
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Figure 4-12. Distribution of the affected piece parts for the discharge segment.

Table 4-10. Discharge segment event short description for the Complete event.

System  Proximate Cause
Group

Failure

Mode

Description

AFW  Operational/ Human
Ecror

Failure to
Start

Following a trip, the AFW Pumps were secured and the discharge flow control valves for the
Motor-driven Pumps were closed. Later, an operator discovered during a routine Control Board
walkdown that the valves were closed. Subsequent investigation revealed the AFW system had
not been placed in standby readiness per the operating procedure after the system was secured.
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5. ENGINEERING INSIGHTS BY PUMP SYSTEM

5.1 Introduction

This section presents an overview of the CCF data for the pump component that have been
collected from the NRC CCF database, grouped by the system. Each discussion of a system summarizes
selected attributes of that system. Table 5-1 shows the summary of the event counts by system and the
degree of failure. For a listing of all pump CCF events, by system, see Appendix C.

Table 5-1. Summary of systems.

Almost

‘System Sub-Section Partial Complete Complete Total Percent

ESW 52 119 8 16 143 52.2%
HPI 53 29 7 9 45 16.4%
AFW 54 20 9 9 38 13.9%
RHR-P 55 1 1 22 24 8.8%
SLC 5.6 8 3 11 4.0%
RHR-B 58 10 . 10 3.6%
CSS 58 1 1 0.4%
HCI 58 1 1 04%
LCS 5.8 1 1 0.4%
Total 187 25 62 274 100.0%

5.2 Emergency Service Water

One hundred and forty three pump CCF events affected pumps in the ESW system (see Table C-1
in Appendix C, items 40 — 182). Figure 5-1 through Figure 54 show selected distributions graphically.
The Internal to Component was the dominant proximate cause (51 percent of the events for this system)
affecting both the fail-to-start and fail-to-run. The most likely discovery method was testing. Most pump
CCF events in the ESW system involved problems with the pump impellers and wear rings. Consistent
with this, most of the failures involved the pump segment (50 percent).

Sixteen of the ESW pump CCF events were Complete. The set of Complete CCF events is
dominated by two units at a single facility, accounting of 14 of the 16 events. Most these events occurred
in the early 1980s and involved a design configuration issue, which caused the ESW pumps to fail when
suction water was diverted for the chillers. Most of the other events involved air introduction into the
ESW suction path. Very few of the Complete and Almost Complete events are attributed to the impeller
or wearing rings. However, the ESW pumps CCFs are dominated by this piece part.

47



A

No. of Evenis
cunsh 8BREHSE

+

EENEN
=58
o
Proximate Cause
[ @ Faitore to Start D Failure to Run|

Figure 5-1. Proximate cause distribution for the ESW system.
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Figure 5-2. Method of discovery distribution for the ESW system.
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Figure 5-3. Piece part distribution for the ESW system.
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Figure 5-4. Segment distribution for the ESW system.
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5.3 High Pressure Injection

Forty-five pump CCF events affected pumps in the HPI system (see Table C-1 in Appendix C,
items 184 — 228). Figure 5-5 through Figure 5-8 show selected distributions graphically. The most likely
proximate causes were the Intemnal to Component, Design/Construction/Installation/Manufacture
Inadequacy, and Operational/Human Error. The failure mode for 26 events was fail-to-run and the failure
mode for 19 events was fail-to-start. The most likely discovery method was Inspection.

Nine of the HPI pump CCF events were Complete and seven events were Almost Complete.
Most of these events involve line blockage (foreign material, bio-fouling, boron solidification, frozen
lines) or system misalignment. For all HPI events, the dominant failed piece parts were lubrication,
piping, instruments, and control circuits and circuit breakers. Sixteen events involved failure of the driver
segment while 13 events involved the pump segment.
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Figure 5-5. Proximate cause distribution for the HPI system.
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Figure 5-6. Method of discovery distribution for the HPI system.
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Figure 5-7. Piece part distribution for the HPI system.
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Figure 5-8. Segment distribution for the HPI system. *

5.4 Auxiliary Feedwater

Thirty-eight pump CCF events affected pumps in the AFW system (see Table C-1 in Appendix C,
items 1 — 38). Figure 5-9 through Figure 5-12 show selected distributions graphically. The most likely
proximate cause was Design/Construction/ Installation/Manufacture Inadequacy (37 percent), followed by
Internal to Component (26 percent) and Operational/Human Error (21 percent). The failure mode for 18
events was fail-to-run and the failure mode for 20 events was fail-to-start. The most likely discovery
method was Demands. There were nine Complete and nine Almost Complete AFW pump CCF events.
Almost half the AFW pump CCF events were observed safety-significant events. The last Complete
AFW pump CCF event occurred in 1994, '

The dominant piece parts involved in the AFW pump Complete and Almost Complete CCF
events were instrument and control circuits. Examples follow: Degraded relays, permissive interlock,
interlock improperly engaged, pumps not returned to automatic, autostart defeat switches labeled
backwards, incorrect modification of pump circuitry. These events involved human error, failed
equipment, improper operation, and bad design. Consistent with this, most of the events involved the
driver segment with a dominant failure mode of fail-to-start. Another important contribution was the
leaking of check valves that caused the AFW pumps to become steam bound.
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Figure 5-10. Method of discovery distribution for the AFW system.
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Figure 5-12. Segment distribution for the AFW system.
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5.5 Residual Heat Removal (PWR)

Twenty-four pump CCF events affected pumps in the RHR-P system (see Table C-1 in Appendix
C, items 240 — 263). Figure 5-13 through Figure 5-16 show selected distributions graphically. The RHR-
P system had the largest fraction of Complete CCF events (92 percent). One event was Almost Complete.
Consistent with this, the dominant proximate causes were Operational/Human Error and Other, and the
dominant method of discovery was Demands. The pump CCF data indicates that events caused by human
error or component failures outside the pump boundary are more likely to be Complete events and are
more likely to be detected by demand than by testing, maintenance or inspection. The failure mode for
most RHR-P system CCF events was fail-to-run (18 events). The last Complete RHR-P pump CCF event
was in 2000, indicating that the overall problems with RHR-P pumps have not been completely
addressed. However, the last loss of suction CCF event was in 1987, which indicates that this failure
mode has been addressed.

The Suction segment and the piping piece part (piping was used as the piece part for the loss of
suction events) dominate the events in this system. Most of the RHR-P system events involved loss of
suction, usually during refueling outages with reduced water level in the RCS. These events occurred
repeatedly, but were caused by different mechanisms including suction vortexing, air entrainment,
operator error, and malfunctioning level instruments. All 16 of the suction segment events were either
Complete or Almost Complete. Four of the remaining Complete events were due to improper system
lineups caused by human error.
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Figure 5-13. Proximate cause distribution for the RHR-P system.
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Figure 5-14. Method of discovery distribution for the RHR-P system.
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Figure 5-15. Piece part distribution for the RHR-P system.
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Figure 5-16. Segment distribution for the RHR-P system.
5.6 Standby Liquid Control

Eleven pump CCF events affected pumps in the SLC system (see Table C-1 in Appendix C, items
264 - 274). Figure 5-17 through Figure 5-20 show selected distributions for the SLC system. The
dominant proximate cause was Internal to Component (64 percent) and the dominant failure mode was
fail-to-run (73 percent). The most likely discovery methods were inspection and testing. A variety of
piece parts failed, affecting mostly the pump segment. Three of the SLC system CCF events were
Complete and none were Almost Complete. One of the Complete events involved a short circuit in the
pump control circuit and two events involved inadequate pump suction head. The Partial SLC pump CCF
events were associated with worn internals and leaks.
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Figure 5-17. Proximate cause distribution for the SLC system.
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Figure 5-18. Method of discovery distribution for the SLC system.
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Figure 5-19. Piece part distribution for the SLC system.
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Figure 5-20. Segment distribution for the SLC system.
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5.7 Residual Heat Removal (BWR)

Ten pump CCF events affected pumps in the RHR-B system (see Table C-1 in Appendix C, items
230-239). Figure 5-21 through Figure 5-24 show selected distributions for the RHR-B system. The
most likely proximate cause was Internal to Component (50 percent) and the dominant failure mode was
fail-to-start (80 percent). The most likely discovery method was Testing and half of the events involved
circuit breaker failures. None of the RHR-B system CCF events were classified as either Complete or

Almost Complete.
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Figure 5-21. Proximate cause distribution for the RHR-B system.
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Figure 5-22. Method of discovery distribution for the RHR-B system.
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Figure 5-23. Piece part distribution for the RHR-B system.
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Figure 5-24. Segment distribution for the RHR-B system.

5.8 Other Systems

Three pump CCF events affected pumps in the CSS, HCI/RCI, and LCS systems. The small
number of events in these systems precludes the presentation of CCF parameter charts. These events are
included in this study since they are of interest. All of the events for these systems were Complete. The
CSS event (Appendix C, Table C-1, item 39) involved the removal of control power prior to mode
change. The HCI/RCI event (Appendix C, Table C-1, item 183) involved failure of both systems due to
overfilling the reactor vessel, which filled the steam supply lines with water. The HCI count is low
because it requires coincident failure of RCL. Most HCI failures were independent or RCL. In the LCS
system (Appendix C, Table C-1, item 229), the CCF event involved improperly wired relays, which
prevented auto start of the pumps under certain conditions.
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6. HOW TO OBTAIN MORE DETAILED INFORMATION

The pump 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 pump 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 (MDP and TDP) and failure mode. The failure modes selected were fail-to-
start and fail-to-run. 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.

63



10.

11.

7. REFERENCES

U.S. Nuclear Regulatory Commission, A Prioritization of Safety Issues, Generic Issue 145,
NUREG-0933, April 1999.

U.S. Nuclear Regulatory Commission, Common-Cause Failure Database and Analysis System
Volume 1 - Overview, NUREG/CR-6268, June 1998, INEEL/EXT-97-00696.

U.S. Nuclear Regulatory Commission, Common-Cause Failure Database and Analysis System
Volume 2 - Event Definition and Classification, NUREG/CR-6268, June 1998, INEEL/EXT-97-

00696.

U.S. Nuclear Regulatory Commission, Common-Cause Failure Database and Analysis System
Volume 3 - Data Collection and Event Coding, NUREG/CR-6268, June 1998, INEEL/EXT-97-

00696.

U.S. Nuclear Regulatory Commission, Common-Cause Failure Database and Analysis System
Volume 4 - CCF Software Reference Manual, NUREG/CR-6268, July 1997, INEEL/EXT-97-
00696.

U.S. Nuclear Regulatory Commission, Common-Cause Failure Parameter Estimations,
NUREG/CR-5497, May 1998, INEEL/EXT-97-01328.

U.S. Nuclear Regulatory Commission, A Cause-Defense Approach to the Understanding and
Analysis of Common-cause Failures, NUREG/CR-5460, March 1990, SAND89-2368.

U.S. Nuclear Regulatory Commission, Individual Plant Examination Program: Perspectives on
Reactor Safety and Plant Performance, NUREG-1560, December 1997.

. Idaho National Engineering and Environmental Laboratory, Standardized Plant Analysis Risk

(SPAR) Models, Rev 3 Series, developed under Job Code Number W6467.

U.S. Nuclear Regulatory Commission, Problems with Service Water Systems Affecting Safety-
Related Components, Generic Letter 89-13, April 4, 1990.

U.S. Nuclear Regulatory Commission, Guidance on Developing Acceptable Inservice Testing
Programs, Generic Letter 89-04, April 3, 1989.

65



Appendix A

Data Summary



Appendix A

Data Summary

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



Appendix A

Table A-1. Pump CCF event summary, sorted by proximate cause....

Table A-2. Pump CCF event summary, sorted by coupling factor.

Table A-3. Pump CCF events, sorted by the method of discovery....
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Table A-1. Pump CCF event summary, sorted by proximate cause.

Item] Proximate Cause C;:]:)tl:g Segment Dﬁ':;‘v;y Piece Part  {System|Year ?;lo:': Dlgfi’l::f Description
t |Desig/ [Design Discharge [Demand [Valve IAFW |1 silure FPaninl Both the turbine driven and motor driven AFW pumps could not produce full flow because
IConstruction/ Stant [the cages in their discharge valve trapped debris and plugged.
anufacture/
nstallation
adequacy
2 ign/ Design Discharge [Demand [Valve IAFW | 1985[Failure [Partial [Controfler problems in the steam and diesel driven AFW pumps caused the pumps to trip
onstruction/ [to Start lon low suction pressure. The pump discharge flow controller valves were also not set
anufacture/ rly after last maintenance. Low suction trips were due to design error.
nstallation I
adequacy
3 |Design/ Design Driver  |Demand [Lubrication RHR-P § 21 silure [Complete [Both RHR/LPI pumps fail to run due to improper oil in system. High bearing temperatures
onstruction/ Run when the pumps were operated. This was due to the wrong lube oil being used,
anufacture/ hich had too high a viscosity. Inadequate vender design information resulted in the
nstallation igher viscosity oil being used and additional exacerbating problems such as insufficient
nadequacy ing clearances.
4 [Design/ Design Driver  {Demand &C IAFW | 1981{Failure |Almost AFW pumps failed to automatically start due to low suction pressure trips. A
onstruction/ Start [Complete ification was installed to prevent this. This effect was discovered previously, but
anufacture/ arently had not been corrected prior to an attempt to start the pumps three weeks later.
nstallation
equacy
5 sign/ Design Driver  |Demand E&C IAFW | 1997|Failure [Partial One actual AFW pump failure due to spurious electronic overspeed trip. Determined that
onstructiony/ Run [all three pumps were susceptible to spurious overspeed trips.
Manufacture/
nstallation
adequacy
6 [|Pesign/ [Design Driver  |Demand 1&C AFW | 1981Failure  |Almost  |A modification to the control instrumentstion for two AFW pumps resulted in a backfeed
ction/ Start [Complete [situation such that when called upon to start, both pumps would not stert.
anufacture/
tallation
adeguacy
7 ign/ [Design Driver |Inspection [I&C AFW | 1994{Failure [Partial ingle failure would prevent auto initiation of AFW, Circuit design did not provide
'onstruction/ 0 Start aration required by standards and code. The single failure identified was a short circuit
anufacture/ two conductors of the actuation relays associated with the initiation logic matrix.
Installation
nadequacy
Design/ [Design Driver  [Inspection  [Lubrication HPI 2000{Failure |Partial ICVC makeup oil pump motor too small for certain accidents.
truction/ OOO*IO Run
anufacture/
stallation
adequacy
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Item} Proximate Cause C:ua;l:g Segment D;::::’:? Piece Part | System|Year l;;do:': D;mof Description
g [|Design/ Design [Driver pection  |Supports RHR-B | 1986Failure |Partial motor intemal supports were cracked due to stress and vibration, Design
IConstruction/ |to Start improvements were made.
Manufacture/
Instailation
inadequacy .
1o |Pesign/ Design Driver  |Maintenance [I&C HPI 1996|Failure |Partial lead was lifted in an emergency bus DC control circuit resulting in one charging pump
nstruction/ to Run tripping while running on the altemate power supply. Further investigation into this event
anufacture/ vealed an anomaly, which could result in having no operating charging pumnps. The
tallation of the event has been determined to be an ervor in the original design of the charging
Inadequacy ump interlock logic. The anomaly would occur upon a loss of the DC control power to
emergency bus if 'C’ charging pump was powered from the other bus.
11 |Design/ Design Driver aintenance [I&C HPI 1996|Failure |Partial lead was lifted in an emergency bus DC control circuit resulting in one charging pump
truction/ to Run tripping while running on the alternate power supply. Further investigation into this event
Manufacture/ vealed an anomaly, which could result in having no operating charging pumps. The
Instaliation of the event has been determined to be an etror in the original design of the charging
[nadequacy ump interlock logic. The anomaly would occur upan a loss of the DC control power to
e emergency bus if ‘'C' charging pump was powered from the other bus.
12 |Design/ Design Driver  [Test 1&C AFW | 198)[Failure {Almost 'wo low suction pressure trips for the AFW pumps were mis-calibrated, which prevented
truction/ to Start [Complete [the pumps from starting. :
anufacture/
Installation
inadequacy
13 [Design/ Design Driver est 1&C AFW | 1992{Failure [Complete |A modification design error (in 1983-1984) removed a start permissive interlock contact.
truction/ to Start cold shutdown this de-energized the auxiliary lube oil pump, consequently, when onc
Manufacture/ pump was started it ran for 2.5 seconds and tripped on low oil pressure, Further
tallation investigation showed that both units AFW pumps would be affected in the same way. The
uacy ign error combined with insufficient post modification testing led to this CCF event.
14 [Design/ Design Driver  [Test [Breaker HPI 1980|Failure [Partial Upon testing the safety injection pumnps it was found that the 6900-v breakers would fock-
onstruction/ Start t preventing pump start if they were givea a close signal for >0.32 seconds when a trip
anufacture/ ition existed. There is no indication to operations when this locked-out condition
tallation ists, The breaker appears to be available for service when it actually is not. The only
Inadequacy means of clearing the condition is to remove and reinstall the fuses at the breaker or
ually change the state of the relays.
15 ign/ Design Pump  |Demand limpeller/Wear  |[ESW 1986Ll:ailute Partial four emergency service water pumps showed cavitation damage. Two of the pumps
truction/ Rings Run minor damage and were placed back in service. Recirculation cavitation occurs at
anufacture/ ’ ows significantly less than design.
tallation
uacy
16 {Design/ Design Pump  |Demand mpelle/Wear  [ESW | 1981[Failure IComplete |Both charging pump service water pumps failed. A carbon cap screw failed allowing the
ction/ ings 0 Run impelier of one pump to bind on the casing. The ensuing leakage shorted the motor
ufacture/ indings of the other pump.
tallation
uacy -
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Item§ Proximate Cause C;:gtl:g Segment th‘sioveﬂwdty Piece Part | System| Year !;;'::: D;fi’l::f Description
17 |Design/ Design [Pump [Demand ﬂ;nmpellethear ESW | 1996]Failure FPmial A Nuclear Service Water pump tripped on overcurrent after operating for approximately
onstruction/ ings 0 Run 20 minutes, Initial troubleshooting indicated that the pump was binding and disassembly
anufacture/ [was required to determine the cause. It was determined that the pump impeller thrust ring
nstallation ad become loose due to thrust ring retainer bolt failure, which allowed the impeller to slip
adequacy the shaft and resulted in pump binding and the overcurrent condition. The bolts failed
e to corrosion. Similar bolt degradation was discovered on other service water pumps.
¢ investigation results indicate the primary cause of the bolt failures was corrosion
induced by galvanic coupling of the retainer bolting and other pump components.
18 |Pesign/ Design |Pump Test Shaft AFW l988[:‘nilure Partial E‘he AFW pumps were susceptible to corrosion cracking of their bushings. A different
onstruction/ 0 Run aterial was needed for the bushings.
Manufacture/
[nstallation
Inadequacy
19 |Design/ Design Pump  [Test Coupling ESW | 1994[Failure |Partial Pump produced no flow when started. A shaft coupling failed. Material was determined to
onstruction/ to Start be brittle and have low impact properties. The coupling was replaced on all pumps with a
anufacture/ type of material more suitable for this application.
nstallation
Inadequacy
20 |Pesig/ Design Pump Test [Shaft AFW | 1988IFailure [Almost  |An auxiliary feedwater pump failed its performance test, Subsequent inspection of the
onstruction/ oRun [Complete [pump intemnals revealed significant damage, including a split in the center shafi sleeve,
Manufacture/ AFW pumps were susceptible to corrosion cracking of their bushings. A different
Installation aterial was needed for the bushings.
Inadequacy
21 [Design/ Design |Suction |Demand Piping ESW | 1982iFailure [Complete [The use of service water by the chillers can cause a loss of suction pressure to the charging
onstruction/ to Run [pump service water pumps.
Manufacture/
Installation
Inadequacy
2 sign/ Design Suction [Demand Piping [ESW | 1983[Failure |Almost  [Increased flow to chillers resulted in loss of NPSH to Charging Pump Service Water
onstruction/ oRun IComplete [pumps.
Manufacture/
[nstallation
nadequacy
23 |Design/ Design Suction |Demand [Piping ESW | 1982|Failure [Complete |Increased flow to chillers resulted in loss of NPSH to Charging Water Service Water
onstruction/ [to Run [pumps.
Manufacture/
Installation
adequacy
24 [Design/ Design Suction |[Demand Piping ESW | 1983[Failure |[Complete lll,ncreased flow to chillers resulted in loss of NPSH to Charging Water Service Water
‘onstruction/ Run umps.
anufacture/
Installation
Inadequacy
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25 |Design/ Design uction {Demand |Piping ESW | 1982|Failure [Almost flow to chillers resulted in loss of NPSH to Charging Water Service Water
anufacture/
tallation
Inadequacy
26 |Pesign/ Design Suction  |Demand T‘\ping ESW | 19811Failure |Complete eased flow to chiliers resulted in loss of NPSH to Charging Water Secvice Water
anufacture/
tallation
uacy
27 ign/ Design uction |Demand Piping ESW | 1982fFailure |Complete [The use of service water by the chillers can cause a loss of suction pressure to the charging
truction/ Run jpump service water pumps.
anufacture/
tallation
Inadequacy
ign/ Design [Suction  |[Demand Piping ESW | 1982Failure [Complete [The use of service water by the chillers can cause a Joss of suction pressure to the
nstruction/ fo Run Charging Water Service Water pumps.
anufacture/
tallation
uacy
29 [Design/- Design PSuction [Demand Piping ESW | 1996jFailure T’mial Freezing of dicsel generator service water piping in intake bay. Inadequate initial design.
nstruction/ Start
anufacture/
tallation
adequacy
30 [Design/ - Design {Suction [Demand Piping ESW | 1981/Failure [Complete flow to chillers robs NPSH from charging service water pumps.
onstruction/ Run
anufacture/
tallation
uacy
31 ign/ Design uction  |Inspection  |Piping HPI 19881Failure  [Partial Ultrasonic examination of the chemical and volume control system suction piping was
truction/ r Run Pufmmed. These examinations revealed voids in the suction piping.
anufacture/
tallation
adequacy
32 ign/ Design uction |Inspection  |[Piping HPI 1991|Failure {Partial Ulirasonic examination of the chemical and volume control system suction piping was
ction/ Start These examinations revealed voids in the alternate boration line and the gravity
anufacture/ line from the boric acid storage tank.
tallation
uacy
i Desi, uction ion ipi HPL 1988|Failure  [Partial t was detenmined that various pipes of the safety injection system and chemical volume
33 Wcﬁon/ & FS Flmm s Start control system collected or trapped gas which might affect the functions of these
anufacture/ ystems. There was & concer that the gas pockets may adversely effect pump operation,
tallation ‘oids were detected in some of the high head SI pump piping.
Uacy
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ftem| Proximate Cause C?“]:tl :g Segment D&m Piece Part  |System| Year l;a"‘l’:em D;sl? ':f Description
94 [Design/ Design [Suction  finspection iping HPI 1 ailure  [Partial quantity of gas was found in the centrifugal charging pump suction header that exceeded|
IConstruction/ r 0 Start maximum allowed gas volume. It was subsequently determined that hydrogen gas had
anufacture/ coming out of solution on both units and accumulating in the suction piping as a
tallation robable result of gas stripping by the CCP miniflow orifices. In addition, entrainment of
adequacy ydrogen bubbles from the volume control tank to the CCP suction pipe may be a
tributor as well,
35 [Design/ sign [Suction [Maintenance {Tank ESW | 1985Failure [Partial An engineering evaluation revealed that ESW had been inoperable several times due to
onstruction/ ko Run low NPSH. All three units were affected.
anufacture/
tallation
equacy
36 [Design/ [Design Fucﬁon lMaimanunce [Tank [ESW 11 silure {Partial An engineering evsluation revealed that ESW had been inoperable several times due to
onstruction/ Run [low NPSH. All three units were affected.
Manufacture/
tallation
adequacy
37 [Design/ Design uction [Maintenance [Tank ESW |1 silure  |Partial An engineering evaluation revealed that ESW had been inoperable several times due to
straction/ Run llow NPSH. All three units were affected. ‘
Manufacture/
nstallation
uacy
38 [Design/ Design Suction  [Maintenance [Tank [ESW | 1985|Failure |Partial An engineering evaluation revealed that ESW had been inoperable several times due to
onstruction/ [to Run low NPSH, All three units were affected.
anufacture/
tallation
adeguacy
39 ign/ Design RSuetion sintenance [Tank ESW lMp&aﬂum Partial An engineering evaluation revealed that ESW had been inoperable several times due to
onstruction/ Run ow NPSH. All three units were affected.
anufacture/
tallation
adequacy
40 [Design/ Design Suction [Maintenance [Tank ESW | 1985[Failure |Partial engineering evaluation revealed that ESW had been inoperable several times due to
onstruction/ Run r low NPSH. All three units were affected.
anufacture/
nstallation
Inadequacy
a1 sign/ Design [Suction  [Test Tank SLC | 1991[Failure [Complete |During the performance of a special test on the available NPSH of the SLC pumps, the
onstruction/ o Run began to cavitate unexpectedly. The SLC systems of both units were declared
anufacture/ inoperable, The causes of this event are inadequate modification testing and an error in the
Instaliation iginal design calculations, .
adequacy
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42 [Design/ [Design Suction {Test Tank IsL,c | 1991(Failure }Complete [During the performance of a special test on Unit 1 to determine the available NPSH of the
[Construction/ to Run SLC pumps, the pumps began to cavitate unexpectedly. The SLC systems of both units
. Manufacture/ were declared inoperable. The causcs of this event are inadequate modification testing and
Instaliation error in the original design calculations.
uacy [
43 |Design/ Design Suction  [Test Piping AFW | 1999{Failure  |Partial AFW trains declared inoperable due to inadequate suction flow capability from the
truction/ ‘ Fo Run uclear service water altemate source. Inadequate flow caused by corroded piping. Piping
anufacture/ is undersized so there is little margin for piping degradation. Since this is 1 of 4 suction
Installation urces, the safety significance is limited.
inadequacy
44 [Design/ Design Suction  {Test Valve ESW | 1983|Failure |Partial w discharge pressure was caused by insufficient suction pressure. Service water flow to
truction/ lfo Start aralle] components was adjusted.
ufacture/
tallation
Inadequacy
45 [Design/ Design [Suction  [Test Tank ESW | 1986|Failure |Complete |Loss of prime in the condenser circulating water siphon flow system caused loss of low
truction/ to Run pressure service water pumps. Pumps lost suction during a test due to poor design.
anufacture/
installation
uacy
46 ign/ Environmental |Driver [Inspection  [Piping HPI 2 ailure {Partial icrobiologically induced corrosion leak on service water lines to two charging/HPI pump
truction/ Run ube oil coolers.
anufacture/ '
tallation
uacy
47 [Desig/ [Environmental |Pump Demand Impeller/Wear [ESW |2 ailure |Almost  [Two of the River Water pumps tripped on overcurrent when they were attempted to be
truction/ LRm gs Start |[Complete Istarted. The trips were a result of physical contact between the impeller and the lower
anufacture/ liner of the pumps. This condition was due to differential thermal expansion
tallation een the pump shaft and the pump casing as a result of an clevated seal injection water
uacy mperature. The elevated temperature was due to an abnormal configuration of the
iltered Water System (the backup seal water supply).

48 [Pesign/ [Environmental rPump {inspection  {Lubrication HPI l995|:-‘°ailure Partial igh lube oil temperatures were cbserved during HPI pump operation. Zinc particles from
onstruction/ Run were discovered plugging the lube oil coolers. Accelerated corrosion was attributed
anufacture/ a corrosion inhibitor that was added to the system, which chemically interacted with the

tallation inc.
uacy

49 ign/ [Environmental ’hxmp [Test Coupling ESW | 1987|Failure ﬂPminl ‘est showed two ESW pumips failed. Pump shafts were corroded and found to be made of
onstruction/ jto Start i material,
anufacture/

tallation
nadequacy
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Item| Proximate Cause C;uaz‘l;\g Segment Dﬁx:dry Piece Part  |System|Year %’:: D;s:::f Description
5o [Design/ Environmental [Suction [Inspection trainer ESW |2 ailure  [Partial RSW Pumps Failed to Develop flow/pressure, Debtis in intake structure. Requires
IConstruction/ o Run ifications to the traveling Water Screen.
anufacture/
Esstallaﬁon
adequacy
51 [Design/ aintenance rPump [inspection  [Packing/Seals  [ESW | 1997|Failure [Partial Both ESW pumps leaking greater than 4 gpm because of inappropriate material for
onstruction/ o Run acking and sleeve (nitronic 60).
anufacture/
Installation
adequacy -
57 [Design/ aintenance T’nmp Test E:npelleerea ESW | 1988[Failure {Partial tial service water pumps were declared inoperable, due to low pump head valves.
onstruction/ ings o Start low pump heads were caused by excessive wear of pump impeller due to foreign
anufacture/ material in the service water,
Installation
nadequacy
53 [Design/ Maintenance  [Pump Test Casing ESW | 1997|Failure [Almost  [Both ESW pumps failed due to installation of wrong material for pump casing flanges by
onstruction/ Run  [Complete |vendor during pump overhaul. The vendor overhauled the pumps without changing
anufacture/ [material. The plant returned the pumps to the warehouse also without verifying material.
Installation
Inadequacy
54 {Design/ \Maimenance Suction |Demand 1&C HPI 1997{Failure |Complete [HPI pumps fail due to operation with inadequate suction head, Two pumps damaged due
onstruction/ Run operation with inadequate suction, but all three system pumps were unavailable due to
anufacture/ loss of the suction source. Suction source leve] instrumentation was the cause.
stallation
inadequacy
55 [Design/ Operational  |Discharge [Test ICheck Valve ESW | 1999|Failure (Pam’al ESW pumps had low flow due to interaction with the two other pumps when all four
onstruction/ Run mps were running,
Manufacture/
stallation
adequacy
s [Pesign/ Quality Driver  {Demand [&C AFW | 1989{Failure [Complete [Both motor driven auxiliary feedwater pumps failed to start when the operator tried to start
onstruction/ 0 Start em manually. While preparing a design change, the designer failed to review all the unit
Manufacture/ pecific documentation associated with the motor-driven AFW pump wiring and made the
Installation rroneous assumption that both units switchgear compartment internal wiring was
Iinadequacy identical. In fact, the wiring for each unit was different. Consequently, when the design
hange was installed, it was installed in accordance with the erroneous design. The wiring
iscrepancy was corrected and the motor-driven AFW pumps were tested and returned to
. rvice.
57 |Design/ IQuality Driver  |Demand Breaker ESW | 1996{Failure |Partial 'wo RHRSW pumps fail to start due to breaker failures. Wrong contacts were installed.
onstruction/ 0 Start ign called for contacts to have a minimum current interrupt rating of 6 amps; contacts
Manufacture/ installed (that subsequently failed) had current interrupt rating of only 2.2 amps.
tallation
cquacy

v xipuaddy




01-v

: Coupling Discovery ! Failure | Degree of -~
Item] Proximate Cause Factor Segment | 4 hod Piece Part | System| Year Mode F;‘i‘lure Description
Quality Driver Penund Wotot F_SW 1987|Failure  |Partial W pump motors tripped on overcurrent. The overcurrent trip was due to a ground and a
Fa Start on the pump motor,
Quality Driver  [Test Breaker LCS | 1980jFailure Fomplﬂe Pchy extra contacts left connected during construction, prevented Core Spray pump start
Start with etacrgency diesel generator breakers racked out.
ality Driver  [Test 1&C AFW | 1980(Failure {Complete [During surveillance testing, neither motor-driven AFW pump would start. The pump
to Start circuit was found with autostart defeat switches labeled backwards, causing all
tostarts except the low-low sicam generator level to be defeated. The labels were
and the links were closed. The original installation esror was the result of an
uate design change process that did not require sufficient verification and testing of
modification.
Quality mp  |Demand ear |[ESW |1988|Failure |Partial W pumps drawing excessive current. Carbon steel snap rings corroded allowing
Rings Run i to come in coutact with casing. The third pump, although not exhibiting abnormal
had similar corrasion
Quality Pump  |Demand [impellec/Wear  [ESW |1 ailure thid Nuclear Service Water pump tripped on overcurrent after operating for approximately
Rings Run minutes. Initial troubleshooting indicated that the pump was binding and disassembly
was required to determine the cause. It was determined that the pump impeller thrust ring
become loose due to thrust ring retainer bolt failure, which allowed the impeller to slip
the shaft and resulied in pump binding and the overcurrent condition. The bolts failed
uc to corrosion. Similar bolt degradation was discovered on other service water pumps.
investigation results indicate the primary cause of the boit failures was corrosion
ced by galvanic coupling of the retainer bolting and other pump components.
63 [Design/ ality Pump  [Inspection Fasinz IAFW 1983{Failure  |Partial AFW pumps thrust tolerance was out of specification. These events were caused by
truction/ o Run roperly installed balancing drum parts. One wrbine driven and one motor driven pump
anufacture/ a5 involved.
tallation
uacy
64 |Design/ Quality mp pection  |Casing HPI 1987|Failure  [Partial ing inspection of a centrifugal charging pump, a portion of the stainless steel cladding
ction/ Run the inside surface of the pump casing exhibited corrosion. Corrosion of the pump
anufacture/ ing was through the stainless steel cladding into the carbon steel base material.
Installation pection of the other CCP revealed similar cocrosion. The cause of this event was a
adequacy facturing deficiency. Corrosion observed at the pump casing discharge nozzle was
ibuted to a cladding breakthrough during final machining, Corrosion observed at the
ump casing inlet end was attributed to either over-machining of the cladding or
nadequate overlay of two adjacent weld beads.
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: Coupling Discovery . Failure | Degree of o
Item| Proximate Cause Factor Segment Method Piece Part  |System] Year Mode | Failure Description
65 [Desig . Quality rPump [Test Impeller/Wear [ESW |1 ailure  [Partial Testing of the service water system disclosed that the performance of the three service
IConstruction/ ’ ings 0 Start [water pumps was below requirements. The condition is the result of both an inadequate
anufacture/ tem design and the installation of replacement impellers, which were not modified by
Installation vendor to improve performance, as were the original impellers.
adequacy
66 [Design . Quality Suction [Demand Piping [ESW | 1984[Failure [Partial oth RHR service water pumps tripped as a result of inadequate venting of suction header
onstruction/ 0 Start lting from poor orientation of the vent line.
anufacture/
nstallation
adequacy
67 |Desien/ . Quality |Suction [Inspection  |Piping HPI 1988Failure [Partial ortex breakers had not been installed in the containment emergency sumps. Vortex
onstruction/ Run reakers are required to be instatled in the containment emergency sumps to prevent the
ln“f!‘_mll!/ lormation of vortices which could adversely affect performance of safety injection pumps
Installation uring the safety injection and containment spray systems were declared inopersble.
equacy :
68 thgmnl Design Discharge |Demand [Check Valve AFW | 1983[Failure |Almost  [Hot water in the AFW pump casings caused the pumps to become vapor bound. The hot
[Environment Start - [Complete [water was from leaking check valves upstream of the pumps. This event occurred once on
turbine driven pump and 5 times on the motor driven pump,
69 [External Design Discharge [Inspection  |Piping HPI 1994|Failure |Partial Due to a leaking socket weld in the common recirculation line, all three SI pumps were
Environment Run lared inoperable. The underlying cause of the leak was a crack in the socket weld in the
recirculation line, caused by pipe displacement from air entrainment and pump
isalignment.
70 [External Design Pump [nspection  |Bearing HPI 1991 Failure {Almost arging/safety pumps beyond operational limits, Damage was found to the thrust
Environment to Run  [Complete [bearings. Air was introduced into this train of chilled water during modifications and
ing being performed on the system. This air became trapped in high points of either, or
th of, the supply and return chilled water lines to the charging pump. At the reduced
flow rate, sufficient cooling was not available and oil temperature increased to the point
here bearing damage occurred.
71 [External Environmental [Discharge [Test Recirc HPI 1992Failure |Almost  |Safety Injection pumps were declared inoperable due to an observed declining trend in the
[Environment [toRun [Complete [pump's recirculation flow. The cause of the Safety Injection pump reduced recirculation
flow is attributed to foreign material blockage within the associated minimum flow
recirculation line flow orifice.
77 [External Environmental [Driver  [Demand otor ESW | 1985{Failure [Partial [Two service water motors failed on demand as a result of cement dust contamination,
Environment Run
73 [External Environmental [Driver  |Demand 1&C AFW | 1984IFailure [Complete [Both AFW pumps failed to start. The problem was traced to two relays (1 per pump).
[Environment : Start [Examination of the relays revealed open circuiting and severe degradation of the
finsulation.
74 |External Environmental [Driver  [Maintenance [Motor BESW | 1987|Failure |Partial During an extended service water bay flooding incident, one ESW pump was found
[Environment Start nded by testing, later two more pumps were found to be failed also.
75 {External Environmental [Driver  [Test Bearing "|RHR-B l”ll'iailure Partial Two LCI pumps were declared inoperable due to high motor vibration.
Environment Run
76 [External [Environmental {Pump pection  Coupling [ESW | 1993[Failure |Partial Entrained debris caused ESW pump shaft coupling to fail. Plant equipment did not prevent
[Environment 0 Run |this debris from entering pump.
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. Coupling Discovery - Failure | Degree of A~
Item] Proximate Cause | Factor - Segment _ Method Piece Part | System| Year Mode | Failure Description
77 |Extemnal 'Envimnmemal Fump Inspection  |Packing/Scals  [RHR-P | 1985|Failure chplete ’Followmg a trip, water was found spraying from both low head safety injection pump
Environment Start wedge contral rod seals. Both pumps were declared inoperable, Postulated failure on the
) Lseah was from a minor flow induced pressure transient.
78 [External Environmental Fucﬁon [Demand Piping HPI 1984|Failure [Complete |Boroa solidification in the suction and gas binding of pumps led to the failure of all three
Environment to Start ety injection pumps. Flushing procedures inadequate.
79 |Extemnal [Maintenance [Driver  |Demand Breaker AFW |1 ailure |Partial  [AFW pumps circuit breakers degraded.
[Environment Run
80 Extemal Operational  [Driver pection  [I&C HPI 1 ailure  [Complete |It was determined that the common minimum flow path retumn line for the safety injection
[Environment to Run umps to the refueling water storage tank was frozen. Previous actions to investigate
roblems with the freeze protection system were unsuccessful in preventing development
this condition. The two HPI pumps were declared inoperable with this return line
! frozen. A faulty ambient temperature switch for the RWST heat trace system prevented the|
heat trace from activating and was subsequently replaced. In addition, administrative
trols did not sufficiently recognize the safety significance of flow through this line and
the need to ensure flow capability.
g1 [mtemal to Design Driver  [Demand reaker ESW ailure  JAlmost ESW pumps failed to start due to their breakers failing to close. The breakers’ prop
omponent Start [Complete [spring bracket has slipped thus preventing proper interfacing between the prop and the
rop pin.
g2 [Internal to Design Driver pection  [I&C ESW | 1982]Failure qu Open circuit breaker resulted in loss of two RHR service water pumps.
omponent to Start ’
g3 [internal to Design Pump pection  {Lubrication HPI 198 lLl:ailum Partial ICorrosion of HPT pump cooler heads, Improper material led to corrosion
mponent Run
g4 |Intemnalto Environmental |Discharge [Demand Valve AFW | 1988|Failure |Partial After automatic start, motor driven AFW pump swapped suction automatically to the
omponent Run uclear service water system when a sustained low suction pressure condition was sensed,
raw water entered two steam gencrators. After the initial trip recovery, it was noted
that AFW flow to steam generators had degraded following the suction swap. Inspections
vealed that the cavitrol cages for these valves were clogged with shredded Asiatic clam
gs fintemal to [Environmental |Discharge [Demand Valve IAFW | 1988|Failure |Partial automatic start, motor driven AFW pump swapped suction automatically to the
IComponent Run uclear service water system when a sustained low suction pressure condition was sensed,
raw water entered two steam generators. After the initial trip recovery, it was noted
AFW flow to steam generators had degraded following the suction swap. Inspections
evealed that the cavitrol cages for these valves were clogged with shredded Asiatic clam
g6 [Intemalto Environmental |Discharge [Test Recirc HPI 1991|Failure |Partial omething in HPI pump recirculation line was restricting flow. The piece later dislodged
mponent Run no identification was made. Both SI pumps had inadequate recirculation flow.
g7 fintemalto [Environmental [Pump Demand car |ESW | 1994{Failure |Partial Raw water pamp currents stayed high after starting. The primary cause of these events was
‘omponent : ings Run ined to be elevated sand content in the river, resulting in excessive sand -
ion around the suction area of the pumps.
g [lntemnal to Environmental |Pump pection  [Impellee/Wear [ESW |1 silure |Partial IESW pumps had reduced flow and discharge pressure. Marine growth in suction.
omponent Rings Start
g9 |Interal to [Environmental [Pump pection  [Lubrication HP1 1983{Failure [Partial ters and miscellaneous mollusks plugged HPI oil coolers. Two pumps were required to
omponent Run shutdown due to rising lubricating oil temperatures.
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Item| Proximate Cause Factor Segment Method Piece Part  |System| Year Mode | Failure Description
gg (Intemal to [Environmental [Pump Inspection  [Packing/Seals [ESW | 1994|Failure [Partial Backup seal water regulators did not provide required flow during testing on two pumps.
omponent o Run [The third pump lost seal flow while operating. The cause was attributed to plugged lines.
9] Iléntemal to [Environmental [Pump sintenance |Packing/Seals |ESW l985|:,ailure Partial First pump developed seal leak due to sand. Second pump had high bearing temperatures
omponent Run due to trash clogging cooling water lines.
92 [gnemal to Environmental [Pump lMaimemmce Lubrication HPIL 1980{Failure [Partial HPI pump lube oil cooler with tube leak allowed water into oil reservoir.
omponent Run
93 Eﬂemal to Environmental [Pump IMaintcnnnce Lubrication HPL | 1986(Failure {Almost  [Clams/studge fouling of lube oil cooler caused high temperature alarms on two HPI
omponent o Run  [Complete “pumps.
94 |Intemalto Environmental |Pump aintenance [Lubrication HP1 1991|Failure |Partial HPI pump lube oil cooler leaks. Degraded tubes.
omponent Run
95 [Intemnal to Environmental [Pump  [Test [Bearing ESW l99‘2|:7ailure Partial Abrasive particles present in ocean water produced accelerated wear of shaft bearing
omponent 0 Run journals.
9¢ [Intemnal to [Environmental {Pump  [Test Impeller/Wear  [HPI 1984[Failure |Almost  One HPI pump seized, the second would have seized if operated.
omponent Rings to Run [Complete
97 [Intemnal to [Environmental [Pump [Test mpeller/Wear  |ESW | 1995|Faiture |Partial rMuine growth caused low flow and speed condition for two service water pumps
omponent ings Start
9g |Intemal to [Environmental {Pump  [Test mpeller/Wear  [ESW | 1985Failure |Partial ESW pumps failed to meet the minimum flow requirements of test. A rag was found in
omponent Rings to Run one impeller and a plastic bottle in the other.
99 [Internal to Environmental [Pump Test impeller/Wear  [ESW | 1982|Failure [Partial Essential service water pumps were declared inoperable, due to low pump head valves.
‘omponent Rings Start [The low pump heads were cansed by excessive wear of pump impeller due to foreign
{material in the service water.
100 [Intemal to [Environmental |Pump [Test mpeller/Wear |[ESW | 1982Failure [Partial w ESW pump head values were caused excessive wear of pump impeller due to foreign
omponent Rings Run terial in the service water.
10] [Intemal to vironmental [Pump [Test mpeller/Wear  |[ESW | 1993(Failure |Partial Essential service water pumps were declared inoperable, due to low pump head values.
‘'omponent ings Run low pump heads were caused by excessive wear of pump impeller due to sand in the
ice water.
102 [Internal to Environmental |Pump Test mpeller/Wear  |ESW | 1991{Failure |Partial ESW pumps failed to meet the minimum flow requirements of test. The cause of the
omponent Rings Run ilure is normal wearout of the pump impeller due to the high sand content of the water
ing pumped. Pump impeller lift was adjusted.
103 [Internal to Environmental |Pump Test IlmpellerIWear ESW 1995|f"nilure Partial Puptps failed performance test. Sand in water eroded pump internals. Pump lift was
omponent Rings 0 Start adjusted.
104 [Intemal to Environmental {Pump Test Impeller/Wear [ESW | 1992|Failure |Partial W pumps had reduced flow and discharge pressure. Womn impellers/wearing rings.
mponent Rings 0 Start Cause determined to be normal wear and high sand content of river water,
105 {Intemal to Environmental [Pump  [Test mpellet/Wear  [ESW | 1994|Failure [Partial Degraded performance identified during testing. Sand in water was causing accelerated
omponent ings o Start wear of the pump internals. Lift was adjusted for three pumps and one pump internals were
replaced.
106 [Intemal to Environmental [Pump  [Test IlmpellerIWear ESW |1 silure  [Partial [ESW pump impeller lift out of adjustment.
omponent Rings Run
107 [Intemal to Environmental [Suction [Demand Piping ESW | 1986(Failure [Partial RHR service water pumps failed flow testing due to blocked suctions and abnormal wear
omponent Start jof impellers.
108 [ntemal to Environmental [Suction [Demand Strainer ESW | 1980{Failure |Partial Foreign material was allowed to enter the suction of the charging pump service water
omponent Run |pumps resulting in low flow conditions. -
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109 fintemal to Environmeatal [Suction ion . [Strainer [ESW | 1984|Failure |Partial Two RHR service water pumps had blown seals and sparks and smoke between the
mponent Run bearing housing and shaft. A piece of hard rubber valve liner was found in the pumps.
110 [Intemal to Environmental {Suction [Test [Strainer ESW | 1990{Failure [Partial [Essential service water pumps were declared inoperable, due to low pump head valves.
mponent to Run [The low pump heads were caused by suction blockage due to foreign material in the
ice water.
111 Ig:;cmal to Environmental {Suction [Test Piping ESW |1 ailure rPaninl ESW pumps failed flow testing. Foreign material blocked the suction,
mponecnt Stant
112 |[Intemal to Environmental [Suction [Test Flmmcr IESW | 1982|Failure |Partial [Failures occurred on residual heat removal service water pumps. The pumps failed to meet
omponent Run flow and pressurc requirements. Failure was due to debris lodging in pump impellers.
of debris was maintenance activities, broken traveling water screens, and the
inadvertent opening of a RHR minimum flow line which washed materials into suction pit.
113 [Intemal to lMaintenance Discharge |inspection  JCheck Valve AFW | 1990(Failure |Almost ¢ past AFW check valves caused AFW pumps to become steam bound. Closed
mponent to Start [Complete operated valve in line. Scheduled check valves for replacement next outage.
114 |Intemal to IMaintcnnnce Discharge [Test Valve HPI 1984{Failure IPanial ICCP pump low flow rates due to inaccuracies in positioning the throttle valves.
mponent Start
115 [intemal to Maintenance  |[Driver Pcmd 1&C ESW | 1991}Failure |Partial [Two ESW pumps failed to start due to failed breakers. Inadequate maintenance.
omponent to Start
116 |Intemal to |Maintenance ~ [Driver  [Demand Breaker RHR-B | 1987|Failure [Partial RHR pump breakers failed to close when operated remotely from the control room. It was
mponent Start found that the laich roller bearings and the cam follower bearing (intemal piece parts of
breaker) were not operating correctly. This prevented the trip latch assembly from
ing and allowing the breaker to close.
117 to aintenance |Driver  Demand Lubrication HPI 1984]Failure  [Partial ging pump lube il cooler fan motor trips on thermal overload. Probable cause:
mponent to Run wear on motor resulting in increased friction replaced wom motor with spare.
During routine inservice testing found that another charging pump lube oil cooler fan
had a current imbalance, Probable cause: normal aging of motot insulation has
resulted in a current imbalance,
118 [Intemal to aintenance  [Driver Ilnspection Bearing ESW | 1981|Failure [Partial IESW motor to pump alignmeat problems. Bearings worn out.
mponent to Run
119 |[Intemal to aintenance |Driver pection earing [ESW | 1985{Failure [Partial One service water pump motor upper bearing oil resecvoir leaking from cover plate,
omponent - jto Run [Another service water pump motor upper oil cooler oil reservoir leaking.
120 jinternal to Maintenance [Driver ion  Breaker ESW |1 ailure [Patial  [ESW pump breakers fail due to misalignment of the breaker mechanism and internals
ompouent Start developed over the years of operation.
121 [Intemal to Maintenance |Driver pection  [Packing/Seals  |HPI 1988[Failure |[Almost  |Smoke was discovered coming from the speed increaser unit for a centrifugal charging
omponent toRun [Complete [pump. Investigation found the two gland seal retaining bolts inside the speed increaser
ube oil purmp backed out allowing the gland seal to loosen. The gland seal being loosened,
reduced oil flow to the speed increaser internals and ultimate damage. Other CCPs
ere inspected, and the same gland seal bolts as on the first pump were found loosened.
cause of the bolts backing out was determined to be lack of a periodic adjustment of
the gland seal bolts.
122 |Intemnal to intenance - \Driver i [Brnhx IESW | 1985|Failure |Partial 'wo raw waler pump breaker main wipes were out of adjustment.
mponent Start
123 to IMnnlmm:e Driver IMummnce IBrukr.r HPL | 1991]Failure lpmm HPI pump breakers failed due to a broken pawl, and a broken closing coil.
omponent Start
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124 |intemal to Maintenance [Driver  [Maintenance [Breaker AFW | 1992|Failure [Partial [With the unit in a refueling outage, following repairs to a motor driven auxiliary feedwater
IComponent Start pump local/remote switch of the circuit breaker, personnet found that the switch contacts
mld not close. This failure rendered one of three auxiliary feedwater pumps inoperable.
cause of the failure appears 10 be due to dirty/corroded contacts on the switch.
125 |Internal to Maintenance |Driver ﬂMuintenmce eraker HS[L‘ 1 ilure [Partial LC Pump Breakers Fail to pickup on degraded voltage test
'omponent Start
126 [intemal to IMumenlnee Driver  [Test Bearing ESW | 1985|Failure [Partial Service water pumps exhibited vibration. Attributed to normal wear.
omponent Run )
127 {Intemal to Maintenance [Driver  [Test Breaker RHR-B | 1997]Failore [Partial reaker latch check switch failed on both pumps. Lack of lubrication.
omponent . Start
128 [Internal to Maintenance [Driver  {Test Breaker ESW | 1998|Failure  |Partial Two RHR service water pump breakers would not close due to dirty contacts in breakers.
omponent Start
129 [Intemal to IMaimenance Driver  [Test |Breaker ESW | 1998]Failure [Partial ervice water pumps fail to start due to circuit breaker failures. Pump breakers failed to
omponent to Start lose due to failures of the charging spring/motor and closing spring motor.
130 [Intemal to |Maintenance [Driver  [Test Breaker AFW | 1997|Failure |Almost ¢ circuit breakers associated with the AFW Pumps failed to close as required. The root
omponent Ito Start lete icause of the failure was the binding in the operating mechanism. The plunger apparently
id not always complete its upward movement to close and latch the breaker, due to
- accumulated dirt and tubricants.
131 Igltemal to IMaintenance Driver  [Test Breaker RHR-B | 1986/Failure [Partial R pump circuit breakers failed during a start for testing, Bend switch and binding
omponent ito Start mechanism, Attributed to insdequate maintenance.
132 [Intermnal to Maintenance Pump Demand (Casing ESW 1998]Failm Partial 'wo ESW pump started and ran, but would not develop sufficient pressure or flow rate,
omponent o Start act cause not known for either failure, however, one pump was noted to have
icrobiological induced corrosion fouling on internal surfaces.
133 [Internaito aintenance mp [Demand [Bearing " JAFW | 1984|Failure |Partial [One ESW bearing failed and pump seized; second motor bearing failed.
omponent to Run
134 |Intemal to anintenmce |Pump  [Demand IPnckinngeals AFW | 1998fFailure [Partial ~ |AFW MDP and TDPs failed due to incorrect packing installed.
mponent Run
135 |Intemalto lMaintenance Pump ﬁspectim |Packing/Seals  [ESW | 1989|Failure [Partial [ESW pump excessive packing leakage.
omponent o Run
136 |Intemal to aintenance  [Pump pection  [Casing ESW | 1986]Fnilure |Partial  |Cracked seal water and vent lines,
[Component o Run
137 |Intemal to Maintenance [Pump nspection  |Bearing ESW | 1987|Failure [Partial ervice water pumps had high shaft vibration. The excessive vibrations caused by worn
IComponent o Run arings and shaft sleeves.
138 [Intemal to Maintenance ﬂPump nspection  |Packing/Seals |AFW {1 ailure  |Partial Both motor-driven aux. feedwater pumps had excessive packing leaks, due to worn
IComponem 0 Run acking.
139 hntemal to Maintenance  [Pump ion  [Lubrication RHR-B|1 ailure  |Partial oth pump motor oil coolers were leaking due to aging of components. The first case
IComponent . o Run involved through wall corrosion and the pump was immediately removed from service.
e second case was a packing leak,
140 [Intemal to [Maintenance  [Pump pection mungummer SLC | 1989(Faifure |Partial tandby Liquid Control pump seal was leaking excessively. The cause of this failure was
[Component to Run ormal wear of the plungers, packing, and head gaskets for the plungers (piece parts of the
ump).
14] |Intemal to aintenance |Pump Inspection  [Packing/Seals  [SLC | 1989{Failure |Partial tandby Liquid Control pumps were observed to be leaking profusely at the packing. The
omponent to Run ilure of the packing was attributed to normal wear,
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j42 [intemal to lMaintemnce Pump pection  |Packing/Seals |SLC | 1987|Failure |Partial tandby Liquid Coutrol pumps were observed to be leaking excessively at the packing.
Iglompmun fto Run [The failure of the packing was attributed to normal wear. Packing adjusted.
143 [Intemal to IMauwenance Pump. |lnspection {Packing/Seals  [ESW [ 1986{Failure [Partial  [Excessive packing leakage. Both events occurred after previous maintenance had been
mponent to Run performed for the same problems.
144 [Intemnal to Maintenance  [Pump pection  |Packing AFW | 1986]Failure [Partial  [The packing was worn on both the motor-driven and one turbine-driven aux. feedwater
omponent Run r)ump , causing high temperature on one packing gland, and excessive leaking on the other
145 |lcn;emal to lMaimenance |Pump Ilmpeaion {Bearing Wsu: l989|5ailure [Partial E:mw Liquid Coatrol pumps lost ol while running. Loose fittings and lack of thread
mponent Run
146 |Intemal to Maintenance ﬂPump Ilmpection Packing/Seals  [SLC | 1988|Failure [Partial  [Standby Liquid Control pumps were observed to be leaking excessively at the packing.
ponent Run [The failure of the packing was attributed to normal wear. Packing replaced.
147 |[Internal to IMamtenance Pump lln.spectinn Casing ESW | 1988{Failure [Partial  |RHR service waier pumps, Pump diffuser eroded oa first pump and a through wall casing
mponent to Run leak developed on the second,
148 |Internal to IMaintenance Ilnspection ecar |ESW | 1985/Failure [Partial ice watcr pumps were noted to have high vibrations and low discharge pressure. The
omponent Rings Run of the failure is suspected to be binding.
149 |Intemnal to |Maintenance Pump  [Maintenance IBemng ESW | 1985[Failure [Partial  |High ESW pump vibration was caused by wearing of the upper bearings.
mponent Run
150 [Internal to Maintenance . |[Pump  [Test car |ESW ailure |Partial ESW pump performance dectused 15% and 8% respectively since last test. Pumps were
mponent Rings Run freplaced.
151 [Intemnal to Maintenance {Pump  [Test ear [ESW [ 1994Failure |Partial l:: 0 ESW pumps had internal deterioration, one of which was indicated by high vibration
omponent Rings Run i
152 [Internal to aintenance [Pump Test peller/Wear |[ESW |1 ‘ailure {Partial ESW impeller gaps too wide. Gaps adjusted.
mponent ings Start .
153 [Internal to aintenance  |[Pump [Test lle/Wear  [HPI 1985|Failure |Partial [The CCPs were tested and had low flow rates. The most probable cause is attributed to
'omponent i to Start observed degradation of the pumps. The CCPs are subject to normal wear associated with
|their secondary duty of providing normal charging flow.
154 |intemal to |Mainwmnce Ihnmp Test wmw ESW | 1984|Failure |Pu1ul Containment spray raw waler pumps failed flow tests. Aging and normal wear.
poneat i {to Run
155 [intemal to aintenance mp  [Test pelles/Wear |ESW | 1988|Failure [Partial W pumps failed to meet the minimum flow requirements of test. The cause of the
mponent ings to Run ailure is normal wearout of the pump impeller due to brackish water corrosion.
156 [Intemal to aintenance |[Pump Test llet/Wear |[ESW | 1984{Failure [Partial iLoss of Service Water pump due to wearout at end of life.
omponent ings to Run
157 |Intemal to Maintenance mp Test [impeliec/Wear  |[ESW | 1987|Failure [Partial IESW pump low flow. Worn impellers.
omponent Rings Jto Run
158 jinternal to aintenance  |Pump Test iCoupling f_sw 1987{Failure |Almost  [Two ESW pumps had failed couplings. Cause attributed to abnormal stress.
. omponent Start JComplete
159 fintemal to IMainu:nance Pump  [Test r‘::fellerIWeu ESW | 1989(Failure [Partial [ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
omponent Start
160 mal to aintenance |[Pump Test car |[ESW 1985 ailure artial The charging pump service water pumps degraded. Caused by expected wear of pump due
mponent Rings Jto erosion and corrosion properties of the process fluid involved
161 [Intemal to IMaintenance Pump  [Test car |ESW 1986E,ailure an‘tul IESW pumps had wom impellers and one had a plugged strainer.
mponent ings
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162 [[ntemal to [Maintenance {Pump  [Test acking/Seals  JESW | 1981[Failure |[Partial R service water pumps failed to meet flow requirements due to seal water leakage and
omponent jo Start wearout.
163 [Intemal to aintenance  |Pump Test mpeller/Wear |[ESW | 1991[Failure [Partial ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
omponent ings to Start
164 [Intemal to IMaintennnce [Pump [Test mpeller/Wear  [ESW | 1992[Failure [Partial ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
‘omponent ings ho Start
165 JIntemnal to lMaimenance mp [Test mpeller/Wear W | 1982|Failure  [Partial of Service Water pump due to wearout at end of life.
omponent ings Run
166 [Intemal to IMaintenanoe rfnmp [Test mpellet/Wear [ESW | 1992/Failure [Partial [ESW pumps had reduced flow and discharge pressure, Wom impellers/wearing rings. One
omponent ings Start Jpump also exhibited high vibration.
167 [Intemal to IMaimenance Pump est mpeller/Wear  [ESW | 1994[Failure [Partial [l;:o ESW pumps had low discharge pressure during testing. Each pump had wom
omponent ings o Start intemals and both pump internals were replaced.
168 [Intemal to aintenance [Pump  Test peller/Wear  |ESW | 1985|Failure  [Partial [ESW pumps faited due to worn internals.
omponent Rings o Run
169 '::ntemal to aintenance  [Pump ‘est mpeller/Wear |[ESW | 1988|Failure [Partial sential service water pumps were declared inoperable, due to low pump head valves.
omponent ings Start e low pump heads were caused by wear and aging of internals,
{70 [Internal to aintenance [Pump  [Test Impeller/Wear |ESW | 1984]Failure eril.l [Essential service water pumps were declared inoperable, due to low pump head values,
mponent Rings Start The low pump heads were caused by wear and aging of internals,
171 [Intemal to Maintenance |[Pump  [Test Impeller/Wear  [ESW | 1990{Failure [Partial [ESW pumps had worn and cracked impellers. Aging and normal wear.
omponent Rings Run
172 {intemal to Maintenance |Pump  [Test mpeller/Wear |ESW | 1998|Failure ]Partial [Two ESW pumps failed to develop adequate flow/pressure - pumps degraded.
mponent ings 0 Start
173 |Intemal to Maintenance  [Pump [Test mpeller/Wear |ESW 1985[:=ailure Partial [ESW pumps had reduced flow and discharge pressure. Wormn impellers/wearing rings.
omponent s o Start
174 Ig:;emal to Maintenance [Pump  [Test lﬂeuing ESW I%Slfdll{‘:: Partial  [ESW pumps had reduced flow and discharge pressure, Worn impellers/wearing rings.
mponent o
175 [Internal to Maintenance [Pump  [Test Impeller/Wear |ESW |1 ailure  |Partial [ESW pumps had reduced flow and discharge pressure, Worn impellers/wearing rings.
ornponent Rings Start
176 |intemal to mintenance {Pump  [Test Shaft [ESW | 1993[Failure [Partial Service water pumps were noted to have high vibrations and low discharge pressure,
‘omponent ) Run Uneven wear caused pump to be out of balance,
177 [Intemal to Maintenance |Pump Test mpeller/Wear |ESW | 1985iFailure |Partial [Emergency service water pumps discharge pressure below allowable limits. Causes were
mponent Rings to Start loose impellers, dropped impeller, and worn internals.
178 |Intemal to Maintenance  |Pump [Test mpeller/Wear  [ESW | 1985[Failure |Partial ESW pumps failed to meet the minirm!m flow requiremems_ of test. The cause of the
omponent Rings Start ailure is normal wearout of the pump impeller due to the high sand content of the water
being pumped. Pump impeller lift was adjusted.
{79 [Intemnal to Maintenance  |[Pump [Test Ilmpelleerear [ESW | 1988|Failure [Partial [ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
omponent Rings Start
180 |[Intemal to Maintenance  |Pump [Test [mpeller/Wear |[ESW | 1988|Failure fnm'al ervice water pamps were noted to have high vibrations and low discharge pressure,
omponent ings 0 Start neven wear caused pump to be out of balance.
181 Ilcntemal to Maintenence [Pump  [Test mpellet/Wear  [ESW l983|failum Partial IRHR Service Water pumps failed flow tests due to wearout and had to be rebuilt.
omponent ings 0 Run
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182 llcl\;;l;::m aintenance |[Pump  [Test car |[RHR-B | 1985|Failure |[Partial first pump failed to meet required flow rate. The second was drawing excessive
) Rings to Start Jamperage. Both conditions were attributed to wom internals. :
183 {Intemnal to FMuntcmnce Pump  [Test np car  |HPI 1983Failure  |Partial 1 pumnp and both CCPs failed to meet the minimum head curve requirements. The cause
omponent F Start f pump head capacity degradation has been attributed to normal pump operation. The
inability to balance flows has been attributed to the lower head capacity of the pumps.
184 (Internal to Maintenance [Pump est ear JESW l985t5:ilm Partial Wear caused high ESW pump bearing temperatures, vibration, and low amperage/flow.
mponent Rings Run
185 [Internal to IMainten‘ance Pump  [Test Jtmpeller/Wear Issw 1981r;um Partial  |Loss of Service Water pump due to wearout at end of life.
t ) Rings Start :
186 (ntemal to Iliamn:mruz ‘est Lubrication IsLc 1 ailure  |Partial Standby Liquid Control pumps lost oil while running. The gasket between the crankcase
mponent ’ ‘ Run jframe cap and the gear housing cover was wom,
187 mal to lMainm M [Test Coupling ESW |1 ailure |Partial ESW pumps had reduced flow and discharge pressure, Wom impellers/wearing rings.
ponent ) Start Cause determined to be nornmal wear and high sand content of river watet.
188 ]Inxcmnl o KQuality |Pump iDemand llmpelleerear IAFW | 1988|Failure |Partial Following a plant trip, it was discovered that the auxiliary feedwater pumps had intemnal
[Component .Rnny Run damage. Some channel ring vanes had chips missing, and several parts were found in the
- ISG auxiliary feedwater piping.
189 o ional/ Human[Design Driver  [Demand [ESW ] 1980Failure |Partial llmtmment isolation valve closed causing a low suction trip signal to two RHRSW pumps.
or Start
19¢ [Operational/ Human Peaign Driver Flnspecticn prum ESW | 1984]Failure [Partial  |During an attempt to perform preventive maintenance for unit one's RHR service water
© [Error 0 Start umps, plant personnel mistakenly disconnected the motor leads for unit two's RHR
ice waler pump.
191 [Operational/ Human|Design Driver  [Test Pre;ker m 1985|Failure  [Complete AFW pumps failed to start when tested, due to the circuit breakers not being racked
Esror Start in properly. :
192 {Operational/ Human |Design r’ump IDemand impelle/Wear JAFW |1 silure  JAlmost € to a combination of management error and procedural deficiency, the turbine driven
[Error Rings Run Fomplete iliary feedwater pump was run deadieaded. The operation damaged the pump. When
pump was manually tripped, steam vented back into the suction line, caused another
AFW pump to also trip, on a low suction pressure signal.
193 [Operational/ Human|Design |Suction |Demand Piping RHR-P | 1980{Failure |Complete reactor vessel vent eductor was in service in preparation for refueling with RHR
Error ) Run ‘ ating. A low flow alarm was received and low flow and low motor current were
icated. A second pump was started and became air-bound. Putting the vessel vent
ctor system into service was the root cause of the incident.
194 [Operational/ Human|Design uction Pemand iping RHR-P | 1985|Failure |{Complete [Swap over of RHR pumps resulied in both trains becoming inoperable due to air injection
Error ‘ Run into the suction of the pumps. This required both pumps o be veated and required RCS
evel to be raised to prevent a possible recurrence of the vortex problem.
195 [Operational/ Human|Design uction  |Demand [Tank IAFW |1 ailure [Complete [Both emergency feedwater pumps lost feed pump suction, The emergency feedwater pump
Error Run uction flashed to stcam due to the feedwater train flashing and forcing hot water back
gh the startup and blowdown tanks and into the feedwater purap suction. To prevent
is recurrence, the operaling procedures have been changed to require isolating the startup
blowdown effluent as a source of emergency feedwater suction prior to increasing
er.
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196 [Operational/ Human[Design |Suction  [Demand Piping [RHR-P | 1982{Fsilure [Complete [Suction was lost to both RHR pumps. RHR flow was less than 3000 gpm and pump amps
[Error Run fluctuating prior to taking corrective action. Each of these events appear to have been
used by a slow decrease in RCS level in conjunction with the vortex action at the pump
uction.
197 [Operational/ Human|Design |Suction |Demand |Piping R-P| 1984{Fsilure [Almost  JOn two occasions, RHR pumps cavitated due to low RCS leve) while draining the RCS.
Error Run {Complete
198 [Operational/ Human Maintenance |Driver  [Demand Breaker ESW | 1988|Failure [Partial ervice water pump high dropout over current protection devices were less than running
Error o Run conditions and trip setpoints did not account for changing load conditions due to
ified impellers. Three pump trips had occurred.
199 [Operational/ Human IMaimennnce Driver ~ |Demand Breaker ESW | 1987|Failure [Partial breaker failed to linkage alignment and second from loose relay connections.
[Error Start nadequate maintenance. :
200 [Operational/ Humen [Maintenance [Driver  |Demand [Breaker [ESW | 1993(Failure [Partial ions personnel were attempting to swap the running service water pump with the
[Error 0 Start idle service water pump, Personnel placed the control switch to start arid the service water
mp did not start. Breaker malfunction. Later, another service water pump failed to start
use of the breaker.
201 [Operational/ Human Maintenance  [Driver |Inspection  |Bearing WRHR-P 1988|Failure [Partial Residual heat removal pump motor upper bearing housings were observed to be leaking
Error ‘ Run il. The cause of the failure was attributed to a lack of sealant being applied and gasket
: installed after the last maintenance was performed on the motor bearing housing.
202 [Operational/ Heman[Maintenance [Driver  |inspection  J1&C [RHR-P | 1992[Failure {Complete [Both trains of RHR were rendered inoperable for two minutes, while performing an
[Error 0 Start ional readiness test surveillance procedure, The surveillance procedure required that
one RHR train pump be placed in pull to lock and the other train heat exchanger flow
trol valve throttled to 30-40% open. The procedure directed the operators to perform
jons that resulted in both trains of RHR being inoperable
203 [Operational/ Human|Maintenance  [Driver Ilnspecﬂcn 1&C AFW | 1990(Failure [Complete |During testing one AFW pump was tested and other was tested without retuming first to
Error 0 Start uto. Both pumps were unavailable at the same time. The procedure was the cause.
204 [Operational/ Human anintenance Driver pection  |Breaker RHR-P | 1981]Failure [Complete RHR pumps de-energized to replace RHR Relief valve. T.S. allows this condition for |
Error Start our. Operated in the mode in excess of 5 hours.
205 [Operational/ Human|Maintenance [Driver  |Maintenance [Breaker |RHR-B| 1991Faiture [Partial While performing preventive maintenance calibration check on the protective relays for a
Error 0 Start residual heat removal pump motor 4kv breaker, it was found that all overcurrent relays for
two pumps were out of calibration
206 [Operational/ Human |Mnintenance Driver  [Maintenance Iﬂnaker RHR-B | 1990{Failure [Partial RHR pump breaker overcurrent trips out of calibration.
Error Start
207 [Operational/ Human Maintenance [Driver  [Test Motor [ESW | 1994|Failure |Partial Leak test of the containment cooling service water pump vault watertight door revealed
Error Run xcessive leakage, Flooding and leakage past this door would make inoperable two of four
tainment cooling service water pumps. Procedural inadequacy was cited as the cause
for the degraded door seals.
208 [Operational/ Human[Maintenance [Driver  [Test 1&C ESW | 1989[Failure [Partial rgency equipment service water pump relays were not reset following a load shedding
Error Start t 30 hours before.
209 Operational/ Human|[Maintenance Pump [Demand ICasing IAFW | 1983(Failure [Partial ing testing, the outboard bearing temperature was high on the turbine-driven AFW
Error Run urnp, due to improper balance drum clearances, caused by improper maintenance. The
will be modified and the balance drum clearance reset. While the unit was
ing up, the motor-driven AFW pump outboard bearing temperature was high.
cessive thrust bearing clearance caused the balance drum to unbalance, causing the
bearing to overheat.
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210 [Operational/ Human|Maintenance ’Pump aintenance |Lubrication HPI 1991|Failure |Partial Following an overhaul of the HPI pumps. Too much oil flow led to excessive oil leakage,
[Error to Run fwhich would have failed HPI pumps before end of mission.
911 [Operational/ Human]Maintenance [Pump  [Test Packing/Seals  [AFW | 1996Failure [Partial  |During the performance of Steam-Driven Emergency Feedwater Pump testing, sparks
Error to Run were observed emanating from the outboard mechanical seal arca. The sparks appeared to
duc to a mechanical interference within the mechanical seal assembly. The pump
mechanical seal was disassembled and determined to have been improperly installed
uring the last refueling outage. The evaluation identified a mechanical seal design
ficiency and inadequate corrective action for a previously identified event as the primary
for this event. A contributing cause for this event was found to be inadequate
predictive maintenance techniques. The electric AFW pump exhibited the same problem.
212 Operational/ Human|Maintenance  [Pump [Test ICasing RHR-F | 1989|Failure [Complete [Both loops of the residual heat removal system were declared inoperable due to gas
Error Start inding of both RHR pumps. The gas binding was caused by entry of nitrogen gas into the
coolant system from accumulator. The root cause of this event has been attributed
personnel error. Personnel did not comply with the specific requirements in the
mulator discharge check valve full flow test procedure due to inattention to detail,
213 |Operational/ Human|Maintenance  [Suction  [Demand Piping ESW | 1996{Failure [Complete |Both trains of both units charging pump service water pumps became air bound.
(Error Run nderwater diving maintenance activities on one units circulating water and service water
r was identified as the source of the air. The air entered the service water supply lines
when a valve was opened in preparation for a Safety Injection logic test.
214 Operational/ Human|Maintenance [Suction |Demand Piping ESW | 1996[Failure [Complete [Both trains of both units charging pump service water pumps became air bound.
Error Run Undeswater diving maintenance activities on one units circulating water and service water
ines was identified as the source of the air. The air entered the service water supply lines
when a valve was opened in preparation for a Safety Injection logic test.
215 [Operational/ Human|Maintenance  [Suction Ilnspection Valve SLC | 199]|Failure {Partial ISIE pumps were potentially inoperable during part of test due to valve lineup.
Error Start
216 [Operational/ Human|Maintenance  |Suction aintenance {Piping |RHR-P § 1982iFailure [Complete [Shutdown cooling was lost due to nitrogen intrusion because of backflushing a filter in the
r to Run purification system.
217 [Operational/ Human|Maintenance  [Suction  [Maintenance [Strainer HPI | 1985|Failure [Partial trainers found atill installed in the suction piping of the high-pressure injection pumps
[Error Run was a condition not considered in the operating design. The strainers were found during
maintenance to repair a slight flange leak. The strainers had been placed in the suction
iping during coastruction and were to be in place during system flushing to prevent any
ris from reaching the pumps. However, the strainers should have been removed after
system flushing prior to functional testing
218 [Operational/ Human(Operational  |Discharge [Inspection  |Valve IAFW | 1994]Failure [Complete owing a trip, the AFW Pumps were secured and the discharge flow control valves for
Error Start Motor Driven Pumps were closed. Later, an operator discovered during a routine
Board walkdown that the valves were closed. Subsequent investigation revealed
AFW system had not been placed in standby readiness per the operating procedure
) r the system was secured.
219 [Operational/ Human[Operational  |Discharge [Inspection  |Valve HPJ 1987|Failure  |Almost ile attempting to fill the safety injection accumulators, it was discovered that two of
Error Start [Complete SI pumps had been isolated from the high head injection flowpath.
220 Operational/ Human|Operational  |Discharge Flnspection [Valve HPI 1993|Failure |Partial AFW pump failed due to incocrect procedure which allowed pump to be run without
Brror Run ow, other AFW pump was allowed to run past max flow rate. It is unclear whether these
istakes were due to inadequate procedures or staff errors, but it was assumed to be a
ailure to follow procedure,

v xrpuaddy




1TV

: Coupling Di . Failure | Degree of -
Item] Proximate Cause Factor Segment Method Piece Part  |System|Year Mode | Failure Description
21 Operational/ Human[Operational  [Driver  [Demand 1&C ESW | 1981[Failure  [Partial [Alarm circuit breaker was de-energized resulting in a loss of two RHR service water
[Exror ko Start umps.
222 Operational/ Human |Operational  [Driver  [Demand 1&C IAFW | 19831Failure [Complete operator incorrectly secured the diesel and steam driven AFW pumps, which prevented
[Error Start ir restart on tow SG level.
273 [Operational/ Human[Operational ~ [Driver  [Inspection  i&C HPI 1 ailure  |Partial Both safety injection pumps were in the pull-to-lock position. With the switches in pull-to-
Error 0 Start ock, the pumps would not have automatically started upon receipt of an initiating signal.
is event was caused by cognitive personnel error by a utility licensed operator in failure
o follow an approved procedure,
224 Operational/ Human[Operational  {Driver Ilnspection Breaker HPI l989[:’ailune Partial HPI Pump B not retested, then HPI Pump A removed from service.
Error o Start
225 [Operational/ Human[Operational  [Driver Ilnspection |Breaker HPI l990l‘l:ailure Complete |By opening incorrect breaker, HPI pump tripped while others were unavailable.
[Error Start )
226 [Operational/ Human{Operational  [Driver |lnspection 1&C HPI 1992|Failure |Almost  [Two charging pumps and one charging pump service water pump were removed from
[Ercor Start lete [service simultaneousty which is a condition not allowed by technical specifications.
277 [Operational/ Human[Operational  |Driver Ilnspecﬁon Breaker HPI l988|failure omplete |HPI pumps not restored before mode change due to procedural inadequacy.
Error 0 Start
228 lOperational/ Human [Operational  [Driver Ilnspeetion [Breaker ESW 1981Ifailum Almost  [Control breakers for two ESW pumps were open due to inadvertent operator action.
b;nm o Start  [Complete
279 [Operational/ Human|Operational  [Driver Ilnspectim &C HPI 1988]Failure [Complete [With altemate CCP pump out-of-service, the remaining operable pump was erroncously
[Brror Start [placed in pull-to-lock.
230 (Operational/ Human [Operational  |Driver Ilnspectim [Breaker ICSS 1991|Failure mplete ICSR control power de-energized prior to mode change. Technical Specification violation.
Error Start nadequate procedure review.
231 [Operational/ HumanOperational  |Driver Flnspection Breaker HPI 1982|Failure [Complete |During the draining of the reactor coolant system, both centrifugal charging pumps were
Error Start ndered inoperable. The initial conditions in the draining procedure contained a confusing
tatement, which led to an erroneous assemption that both OCP breakers had to be racked
out and tagged.
132 Operational/ Human [Operational F)nm lInspection  [I&C WRHR-P 1995[Failure [Complete [The switches for the containment spray and recirculation pumps were in a trip pullout
Error Start iwhen the Technical Specifications and plant procedures required the pumps to be operable.
233 Operationa/ Homan[Operational  |Driver  [Test 1&:C ESW |1 ailure {Complete |An emergency service water pump failed to start and was declared inoperable. Further
[Error 0 Start investigation determined that the failure of the pump to start was due to a tripped
cy engine shutdown device, Operations personnel performing the testing did not
ize the need to reset it prior to starting the pump. Examination of the other two
[ESW pumps revealed that their emergency shutdown devices were also in the tripped
ition.
234 rational/ Human{Operational  {Pump fon  (Lubrication HPI 1983(Failure [Complete {A routine preventive maintenance (ol change) was mistakenly performed on the north
Error to Start icharging pump instead of the south as scheduled. Since the south pump was previously
leared for this oil change, and the test pump was valved out, none of these three pumps
were in service as required by tech specs for the approximately 20 minutes it took to
ichange the oil in the north pump.
238 Operational/ Human|[Operational ~ [Pump FMaimenance [Lubrication ESW | 1993[Failure [Partial pressure RHR bearing oil level not maintained high enough when new smaller
Error Run ightglass installed. Second event the sightglass was broken when adding oil
23 [Operational/ Human[Operational  |Suction  [Demand Piping ESW |1 ailure [Complete [Failure to properly vent and fill a newly installed pipe introduced air into the charging
Error o Run ump service water system.,
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Item| Proximate Cause Cg:z u;rhn‘ Segment D;‘s:omy Picce Part System| Year l;:ld:: D;:'l:: f Description
237 Operational/ Human [Operational uction [Demand Piping RHR-P | 1984[Failure  |Complete [The control room operators started a second residual heat removal pump in preparation for
Error to Run moving the operating RHR pump from service. With both pumps running, flow became
ive for the half-loop condition causing cavitation and air binding of both pumps. To
revent recurrence the procedure which controls the operation of the RHR pumps has been
ed to include specific instructions to stop the operating pump prior to starting the
pump while at half-loop.
238 OperationaV Human|Operational  [Suction |Demand Booster Pump  [ESW | 1980|Failure |[Partial service water RHR booster pump was de-energized during maintenance. The attempt
Exror Start stant service water pumps failed due to Jow suction pressure.
239 Operational/ Human |Operational uction [Demand Piping RHR-P | 1980|Failure [Complete ile attempting to increase RHR flow, the plant experienced a total loss of flow due to
Error to Run pumps being air-bound. The pump was not veated when starting to increase flow,
: ating procedures have been changed to have an operator present while changing flow
in the RHR system. There have been losses of RHR flow in the past because the pumps
ere air-bound and methods are being investigated to improve the sysiem design,
240 Operational/ Human {Operational uction |Demand Piping ESW l988|£’ailure KComplete procedure failed to adequately caution the operator to slowly fill a drained line. Rapid
[Error Run ﬁllingmuuedinalossofNPSHlothechlrgngmvioewwpumps.
241 Operational/ Human [Operational ISuction aintenance |[Strainer ESW | 1986[Failure |Complete |A service water strainer was placed in service without being vented resulting in air binding
Eror Run ystem and loss of charging pump service water pumps.
24 [Opesational/ HumanOperational ISuction  [Test Fiping [ESW ] 1989|Failure |Partial Ilnamqm procedure led to air binding of operating ESW pumps.
Error Run
243 Operational/ Human [Quality Driver pection  |Breaker ESW |1 ailure {Partial fit between an ESW pump breaker primary disconnects and the associated breaker
Error to Start icle stabs was inadequate. The poor fit between the disconnects and the stabs led to
ing in the breaker cubicle when the pump was started, resulting in a fire. Shortly after
identifying the cause of the fire, the remaining ESW breakers, which had recently been
placed along with the failed breaker, as part of a design modification package, were
ound to be inadequate also.
24 Operational/ Human {Quality Driver  [Test 1&C W | 1982Failure Partial 'wo ESW pumps failed to start. One ESW pump failed to function as a result of loose
Error to Start wires on relay terminals in both pump logic schemes, a loose states link and an
i contact found out of adjustment on the other pump logic scheme,
245 fOther Design Driver  |Demand 1&C ESW | 1981{Failure {Partial tternpt was made (o place the a RHRSW subsystem into service for use in suppression
to Start cooling, the subsystems' pumps could not be started due to a pump suction header
low pressure lockout signal from the header pressure switch, The threaded plug in the
witch diaphragm housing became loose and allowed the diaphragm fluid to leak out and
the switch to sense a low pressure,
246 Other Design Driver  [Demand iping HCI 1999iFailure  [Complete [Water eatered the HCI and RCI steam supply lines, rendering both pumps inoperable,
‘ Start ‘ailed reactor vessel instrumentation allowed water to overflow and fill the HCY/RCI
team lines. Pumps were unavailable. ‘
247 Other Design Driver  |Demand 1&C [ESW | 1981|Failure |Partial t was made to place the a RHRSW subsystem into service for use in suppression
Start cooling, the subsystems' pumps could not be started due to a pump suction header
w pressure lockout signal from the header pressure switch. The threaded plug in the
witch diaphragm housing became loose and allowed the diaphragm fluid to leak out and
used the switch to sense a low pressure. This is a second event two months later.
245 [Other Design Driver rnspecﬁon &C AFW lmromm Imniu Iaom AFW pumps had to be rendered inoperable to allow repairs to actuation circuitry,
. Start
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: Coupling Discovery . Failure | Degree of -
Item| Proximate Cause Factor Segment Method Piece Part | System| Year Mode | Failure Description
249 T [Design Driver  [Test 1&C HRHR-B 1982{Failure |Partial functional test revealed a sliding link in control room panel open. Further investigation
o Start vealed a total of four links open. These links, left open, negated all autostart capability of|
2 of 4 RHR pumps. It could not be determined why these four links were open.
250 [Other Design Driver  [Test 1&C ESW | 1992|Failure |Partial  [Valve position contacts prevented ESW pump circuit breakers from closing. Poor design
Start resulted in water intrusion in the valve limit switch box,
251 er [Design Driver est Breaker SLC | 1986{Failure Complete |During a test, both Squib Valve Detonators shorted after firing and the Control Power
Start [Transformer fuse blew causing the pump motor trip. This was caused by improper fuse
ination between the Control Power Transformer fuse and the Squib Valve Detonator
fuses. The redundant system's Squib Valve was also fired during this test, without running
associated pump, and one of the Squib Valve Detonators shorted after firing. The same
e coordination problem existed for both systems,
257 [Other Design Suction  {Demand Valve RHR-P | 1984|Failure [Complete |Both RHR pumps were unable to operate due to the introduction of air into the RHR
o Run ystem. The incident occurred during the drain down of the RCS, when the level of the
CS was being monitored via a standpipe off the centerline of one of the RCS loops. The
isolation valve to which the standpipe was attached became clogged sometime during the
in down and falsely indicated above centerline when in fact the level was below the
R suction line (below centerline).
253 Other Design Suction [Demand Piping [ESW |1 ailure |Almost ir ingress exceeded the air removal capability of the constant vent valves. A design
o Run  [Complete ige was implemented to remove the air compressor cooling from the service water
ystem.
254 Other Design Suction  [Demand FP{ping RHR-P | 1982|Failure [Complete [With unit drained to centerline of the nozzles, suction to both RHR pumps was lost for 36
o Run inutes. Suction to the RHR pumps was lost because of ambiguous reactor coolant system
evel indication while drained to centerline of the nozzles. The actual RCS level was lower
han observed.
285 Other [Design Suction |Demand |Piping {RHR-P | 1987]Failure [Complete |RHR flow was interrupted when both RHR trains became inoperable due to air bound
Run RHR pumps. The loss of RCS inventory to the reactor coolant drain tank due to a leaking
alve caused a decrease in RCS water level, vortexing in the pumps’ suction line, and air
ntrainment in the RHR pumps.
256 Other [Design Suction |Demand Piping HPI 1982|Failure [Complete [Hydrogen from the suction dampener got into suction piping and failed both CCPs.
0 Start
257 Other Design Suction [Demand 1&C HP1 1997|Failure [Partial [Letdown storage tank reference leg not full, which gave erroneous indication of sufficient
Run fevel. One HPI pump severely damaged, other pump not as damaged, and could have
The root cause was a combination of a design weakness of a common reference leg
‘or the Letdown storage tank level instruments and a leaking instrument fitting due to an
inadequate work practice.
258 Other Design Suction  |Demand 1Piping RHR-P | 1982|Failure [Complete |[RHR Suction lost due to erroneous RCS level while draining the RCS.
{to Run
259 Other Design Suction [Test 1&C IAFW | 1985|Failure  |Almost esting of the turbine driven AFW pump resulted in a low suction trip of the motor driven
Run [Complete |pump. The turbine driven pump had a faulty govemor. It was during the post maintenance
of turbine driven pump that speed oscillations occurred causing pressure oscillations in
he suction of the motor driven pump that was in service. Foreign material in the suction
uge protectors resulted in the pressure sensors sensing only the low pressures and not thel
igh pressures of the oscillations, so the motor driven pump tripped on low pressure.
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. Coupling Discovery . Failure | Degree of -
Item Proximate Cause F. Segment Method Piece Part | System|Year Mode | Failure Description
260 Environmental [Driver pection otor ESW | 1981|Failure [Partial The float guide failed in a8 RHRSW pump air valve and caused the valve to fail open and
’ to Run flood pump room.
261 [Other [Environmental [Driver flnspectinn [Motor AFW | 1990fFailure [Partial  [Both motor driven AFW pumps were sprayed when a service water pipe developed a
to Start through wall leak.
262 [Other |Maintenance  [Discharge [Demand Valve ESW | 1980|Failure |Partial RHR service waler pumps were started to put torus cooling in service. When these pumps
to Start would not deliver required discharge pressure, they were declared inoperable. The seal in
an air release valve was bad, allowing a vent on the discharge line.
263 [Other |Maintenance [Driver  {Demand Breaker RHR-P | 1987|Failure |Complete [Two LPI pumps, when given a start signal, would not start. An ongoing investigation
to Start vealed the probable root cause of the event to be poor electrical coatact of the breaker
iliary stabs for the pumps.
264 Other IMaintenance |Driver  [Demand 1&C ESW | 1982lFailure  [Complete lowing a reactor scram, an sttempt to initiate suppression pool cooling revealed that
to Start RHRSW loops were inoperable as neither loop's pumps could be started. Low suction
pressure lockout signals in each loop prevented starting each loop’s pumps.
Plugging of the sensing line to each loop's suction header pressure switch prevented both
witches from sensing actual pressure, although a lack of operating fluid in one switch and
open power supply breaker to the other switch also would have prevented pumps from
tarting,
265 Other Maintenance  [Driver |Maimeumce Breaker ESW | 1984\Failure Ihnnl ESW pump breaker failurcs, broken screw, no lubrication, and a bent track
Start )
266 [Other lMaimenance Driver meumce Breaker ESW | 1982|Failure |mm‘u ESW pump circuit breakers found damaged. Defective arc chute and cracked secondary
to Start coupler.
267 [Other Maintenance [Driver  [Test Breaker ESW 1984|F:ilure [Partial  JESW pump breakers tripped duc to failed voltage control devices.
to Start
268 Other IMaintenance Driver  [Test IBreakzr ESW | 1984 Failure |Partial ESW pump breaker overcurrent trip devices tripping too low.
to Start
269 [Other Maintenance [Suction |{Demand ll’iping |RHR-P | 1986|Failure [Complete [SDC punps cavitated due to lowering RCS level. Level indication was in error.
|to Run
270 Other Maintenance [Suction [Demand [Piping RHR-P | 1981|Failure [Complete [Temporary coolant loop level indicator showed level slowly increasing over a period of
to Run days. The system was periodically drained to maintain 65 percent indicated level. A RHR
ump lost suction on reduction of actual level. The second pumnp was started, and lost
Iguction. Indication drift was due to evaporation of reference leg.
271 [Other Maintenance [Suction |Demand Piping RHR-P | 1980iFailure [Complete LAxcomplem loss of RHR flow occurred while plant operators were increasing RHR heat
| to Run changer flow by closing down on the heat exchanger bypass valve.
72 Other [Maintenance [Suction [Demand Piping RRHR—P 1983|Failure |Complete [The RHR pumps began to cavitate and eventually both pumps were stopped. The reactor
Run vessel level gauge being used to provide an indication that the level was approaching the
vessel flange level had been isolated (reactor coolant drain tank isolation valve had been
closed during an attempt to reduce leakage). Additionally, procedures did not require
visual monitoring of cavity level.
m Other Operational |Pt|mp |inspection  |Bearing ESW | 1991|Failure [Partial Lube oil cooling water isolated during a test. Pumps continued to run with no cooling.
to Run )
774 [Unknown [Design Fucﬁon iDemand Piping RHR-P 1983l5’ailure Complete [RHR pumps cavitated. Unable to repeat. Unknown cause.
‘ Run
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Table A-2. Pump CCF event summary, sorted by coupling factor.

Ttem Cg:g‘:r‘s Proximate Cause | Segment | VSOV | piece Part  |System|Year Pelure D;fi’l:‘m“ Description
Design [Design/ Discharge |Demand Valve IAFW | 1985[Failure ial Controller problems in the steam and diesel driven AFW pumps caused the pumps to trip
[Construction/ Start on low suction pressure. The pump discharge flow controller valves were also not set
| Manufacture/ [properly afier last maintenance. Low suction trips were due to design error.
Instaliation
[nadequacy
Design Design/ [Discharge [Demand Valve IAFW | 1986]Failure [Partial oth the turbine driven and motor driven AFW pumps could not produce full flow because|
‘ onstruction/ Start cages in their discharge valve trapped debris and plugged.
2 Manufacture/
Installation -
adequacy
Design Design/ Driver  |Demand 1&C IAFW 1 1981{Failure |Almost 'wo AFW pumps failed to autornatically start due to low suction pressure trips. A
onstruction/ Lto Start [Complete ification was installed to prevent this, This effect was discovered previously, but
3 Manufacture/ arently had not been corrected prior to an attempt to start the pumps three weeks later.
tallation
adequacy
Design Design/ Driver  |Demand Lubrication |RHR-P | 2 silure Complete [Both RHR/LPI pumps fail to ran due to improper oil in system. High bearing temperatures
truction/ o Run when the pumps were operated. This was due to the wrong lube oil being used,
4 Manufacture/ hich had too high a viscosity. Inadequate vender design information resulted in the
[nstallation igher viscosity oil being used and additional exacerbating problems such as insufficient
Inadequacy aring clearances.
Design Design/ Driver  [Demand 1&C AFW | 1997{Failure [Partial actual AFW pump failure due to spurious electronic overspeed trip. Determined that
onstruction/ Run three pumps were susceptible to spurious overspeed trips.
5 Manufacture/
Installation
[nadequacy
Design Design/ Driver [Demand &C AFW | 1981[Failure [Almost |A modification to the control instrumentation for two AFW pumps resulted in a backfeed
onstruction/ ko Start IComplete rsituution such that when called upon to start, both pumps would not start.
6 Manufacture/
[nstallation
Inadequacy
[Design Design/ Driver nspection  {Lubrication HPI 2000{Fzilure |Partial ICVC makeup oil pump motor too small for certain accidents.
onstruction/ Run
7 Manufacture/
Installation
Inadequacy
Design Design/ Driver  [Inspection [I&C AFW | 1994[Failure |Partial Single failure would prevent auto initistion of AFW, Circuit design did not provide
Construction/ Start aration required by standards and code. The single failure identified was & short circuit
8 Manufacture/ Isa:oss two conductors of the actuation relays associated with the initiation logic matrix.
[nstallation
[nadequacy
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ltem Cg:z(l;‘ng Proximate Cause | Segment Dszom:;y Piece Part  |System|Year l;:l'lo‘;? D;m f Description
Design Design/ Driver pection upports RHR-B | 1986{Failure [Partial RHR motor internal supports were cracked due to stress and vibration. Design .
[Construction/ Start [improvements were made,
9 Manufacture/
Installation
uacy
Design Design/ Driver  [Maintenance |I&C HPL 1 ailure  [Partial A lead was lificd in an emergency bus DC control circuit resulting in one charging pump
ction/ Run ipping while running on the alternate power supply. Further investigation into this event
10 Manufacture/ vealed an anomaly, which could result in having no operating charging pumps, The
[nstallation of the event has been determined to be an error in the original design of the charging
inadequacy ump interlock logic. The anomaly would occur upon a loss of the DC coatrol power to
e emergency bus if 'C' charging pump was powered from the other bus.
'Design Design/ Driver 1Mumenmce &C HPI 1996|Failure  |Partial lead was lifted in an emergency bus DC control circuit resulting in one charging pump
onstruction/ jto Run ipping while running on the altemate power supply. Further investigation into this event
" anufacture/ vealed an anomaly, which could result in having no operating charging pumps. The
Installation of the event has been determined to be an etror in the original design of the charging
acy ump interlock logic. The anomaly would occur upon a loss of the DC control power to
emergency bus if 'C' charging pump was powered from the other bus.
Design Design/ Driver  [Test 1&C IAFW | 1981|Failure {Almost 'wo low suction pressure trips for the AFW pumps were mis-calibrated, which prevented
truction/ |to Start  [Complete pumnps from starting.
12 [Manufacture/
Installation
Inadequacy
Design Design/ Driver  [Test 1&C AFW | 19920Failure [Complete |A modification design etror (in 1983-1984) removed a start permissive interlock contact.
ction/ Start cold shutdown this de-energized the auxiliary lube oil pump, consequently, when one
13 anufacture/ pump was started it ran for 2.5 seconds and tripped on low oil pressure. Further
Installation investigation showed that both units AFW pumps would be affected in the same way. The
uacy ign error combined with insufficient post modification testing led to this CCF event.
Design Design/ Driver  [Test Breaker HP1 19804Failure |Partial pon testing the safety injection pumps it was found that the 6900-v breakers would lock-
ction/ Start t preventing pump start if they were given a close signal for >0.32 seconds when a trip
ufacture/ ition existed. There is no indication to operations when this locked-out condition
14 Installation . The breaker appears to be available for service when it actually is not. The only
Inadequacy of clearing the condition is to remove and reinstall the fuses at the breaker or
ally change the state of the relays.
Design Design/ |Pump [Demand ear [ESW | 1981\Failure [Complete [Both charging pump service water pumps failed. A carbon cap screw failed allowing the
ion/ jto Run i of one pump to bind on the casing. The ensuing leakage shorted the motor
i5 anufacture/ : of the other pump.
Installation
uacy
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Item Cg:gl:g Proximate Cause | Segment Dmv:dry Piece Part | System|Year l;;‘::: D;mf Description
Design Design/ Pump  [Demand mpeller/Wear  [ESW | 1996[Failure  [Partial A Nuclear Service Water pump tripped on overcurrent after operating for approximately
onstruction/ ings {to Run 20 minutes. Initial troubleshooting indicated that the pump was binding and disassembly
Manufacture/ as required to determine the canse. It was determined that the pump impeller thrust ring
P Installation become loose due to thrust ring retainer bolt failure, which allowed the impeller to slip
Inadequacy the shaft and resulted in pump binding and the overcurrent condition. The bolts failed
to corrosion. Similar bolt degradation was discovered on other service water purps.
investigation results indicate the primary cause of the bolt failures was corrosion
induced by galvanic coupling of the retainer bolting and other pump components.
Design Design/ Pump Demand Impeller/Wear |ESW | 1986{Failure [Partial | four emergency service water pumps showed cavitation damage. Two of the pumps
truction/ Rings o Run ad minor damage and were placed back in service. Recirculation cavitation occurs at
17 Manufacture/ flows significantly less than design.
[nstallation
[nadequacy
Design Design/ iPump  [Test |Shaft’ IAFW l988|:-‘ailure Almost auxiliary feedwater pump failed its performance test. Subsequent inspection of the
Construction/ oRun  [Complete |pump internals revealed significant damage, including a split in the center shaft slecve.
18 Manufacture/ e AFW pumps were susceptible to corrosion cracking of their bushings. A different
[nstallation aterial was needed for the bushings.
Inadequacy
Design Design/ Pump  [Test oupling [ESW | 1994\Failure |Partial Pump produced no flow when started. A shaft coupling failed, Material was determined to
onstruction/ 0 Start brittle and have low impact properties. The coupling was replaced on all pumps with a
19 Manufacture/ of material more suitable for this application.
Installation
Inadequacy
Design Design/ Pump  [Test Shaft AFW | 1988iFailure [Partial Enhe AFW pumps were susceptible to corrosion cracking of their bushings. A different
Construction/ to Run aterial was needed for the bushings.
20 Manufacture/
Installation
Inadequacy
Design Design/ Suction |Demand iping [ESW | 1981[Failure [Complete [Increasing flow to chillers robs NPSH from charging service water pumps.
truction/ o Run
21 Manufacture/
Installation
Inadequacy
Design Design/ Suction |Demand iping [ESW | 1983[Failore }Complete Jincreased flow to chillers resulted in loss of NPSH to Charging Water Service Water
onstruction/ Run umps.
7 Manufactore/
Installation
Inadequacy
Design uction |Demand Piping [ESW | 1982{Failure [Complete e use of service water by the chillers can cause a loss of suction pressure to the charging
0 Run ump service water pumps.
23
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Coupling . Discovery . Failure | Degree of L
Item Factor Proximate Cause | Segment Method Picce Part  |System|Year Mode | Esilure Description
IDesign Design/ uction [Demand iping FESW 1982{Failure  [Complete [The use of service water by the chillers can cause a loss of suction pressure to the charging
ction/ Run ump service water pumps.
24 Manufacture/
Installation
Inadequacy
Design Design/ uction (Demand Piping ESW [ 1981{Failure  [Complete flow to chillers resulted in loss of NPSH to Charging Water Service Water
truction/ ito Run umps.
25 Manufacture/
tallation
uacy
Design Design/ Fuaion Pemmd Piping ESW lmpﬁlm Fomplae mad flow to chillers resulted in loss of NPSH to Charging Water Service Water
‘onstruction/ Run
26 Manufacture/
Installation
Inadequacy
[Design Design/ uction |Demand iping [ESW | 1983[Failure |Almost flow to chillers resulted in loss of NPSH to Charging Pump Service Water
27 'Manufacture/
Installation
Inadequacy
Design Design/ |Suction |Demand Piping ESW | 1982iFailure |[Complete {The use of service water by the chillers can cause a loss of suction pressure to the
ction/ Run ICharging Water Service Water pumps.
28 Manufacture/
tallation
Inadequacy
Design Design/ Suction |Demand Fiping ESW |1 ailure  |Partial Freezing of dicsel generator service water piping in intake bay. Inadequate initial design.
truction/ Start
29 anufacture/
Installation
Inadequacy
Design Design/ uction [Demand Piping ESW |1 ilure |Almost flow to chillers resulted in loss of NPSH to Charging Water Service Water
ction/ Run [Complete jpumps.
30 anufacture/
tallation
adequacy
Design Design/ [Suction [Inspection = |Piping HPI 1991{Failure  {Partial Ulirasonic examination of the chemical and volume coutrol system suction piping was
onstruction/ Start ormed. These examinations revealed voids in the alternate boration line and the gravity
31 anufacture/ eed line from the boric acid storage tank.
tallation
uacy
Design ign/ WSucﬁon Fmpection ﬂPiping HPI l988|:;ailure Partial [Ulitrasonic examination of the chemical and volume control system suction piping was
truction/ Run These examinations revealed voids in the suction piping.
32 anufacture/ i
tallation
uacy
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Item Cgaugtl;:g Proximate Cause | Segment th‘szgv’:;y Piece Part  |System|Year r;;'x D;sl:: f Description
[Design [Design/ |suction pection  |Piping HPI 1 ailure [Partial A quantity of gas was found in the centrifugal charging pump suction header that exceeded|
[Construction/ 0 Start maximum allowed gas volume, It was subsequently determined that hydrogen gas had
13 anufacture/ coming out of solution on both units and accumnlating in the suction piping as a
; Installation fe result of gas stripping by the CCP miniflow orifices. In addition, entrainment of
Inadequacy ydrogen bubbles from the volume control tank to the CCP suction pipe may be a
tributor as well.
Design Design/ ﬂSuaion Pnspection FPiping HPI 1988[Failure {Partial t was determined that various pipes of the safety injection system and chemical volume
onstruction/ 0 Start control system collected or trapped gas which might affect the functions of these
34 Manufacture/ . There was a concern that the gas pockets may adversely effect pump operation.
nstallation 'oids were detected in some of the high head SI pump piping.
adequacy
Design Design/ uction aintenance [Tank [ESW | 1985[Fsilure ]Partial engineering evaluation revealed that ESW had been inoperable several times due to
onstruction/ me low NPSH. All three units were affected.
35 Manufacture/
Installation
inadequacy
Design Design/ Suction aintenance [Tank [ESW {1 silore  [Partial An engineering evaluation revealed that ESW had been inoperable several times due to
onstruction/ » 1M Ron Jlow NPSH. All three units were affected.
36 Manufacture/
Installation
Inadequacy
Design Design/ uction |[Maintenance {Tank ESW |1 silure |Partial An engineering evaluation revealed thet ESW had been inoperable several times due to
nstruction/ Run ow NPSH. All three units were affected,
37 Manufacture/
Installation
Inadequacy
Design Design/ |Suction aintenance [Tank ESW | 1985|Failure [Partial engineering evaluation revealed that ESW had been inoperable several times due to
onstruction/ WM F. Run ow NPSH. All three units were affected.
38 Manufacture/
Installation
Inadequacy
Design Design/ Suction  [Maintenance [Tank ESW {1 ailure [Partial An engineering evaluation revealed that ESW had been inoperable several times due to
onstruction/ ”OF) Run Flow NPSH. Al three units were affected.
39 Manufacture/
Installation
Inadequacy
Design Design/ Fnction aintenance [Tank ESW | 1985[Failure [Partial  |An engineering evaluation revealed that ESW had been inopersble several times due to
onstruction/ Run low NPSH. All three units were affected.
40 Manufacture/
Installation
Inadequacy

v xgpueddv




0e-v

Coupling

Item Factor Proximate Cause | Segment D;Am Piece Part  |System|Year l;;ﬂwu:e D;m d Description
Design Design/ uction [Test [Tank SLC | 1991|Failure [Complete |During the performance of a special test on the available NPSH of the SLC pumps, the
Construction/ jto Run pumps began to cavitate unexpectedly. The SLC systems of both units were declared
41 Manufacture/ inoperable. The causes of this event are inadequate modification testing and an error in the
[nstallation iginal design calculations.
Inadequacy
Design Design/ uction |Test [Tank SLC | 1991|Failure [Complete |During the performance of a special test on Unit 1 to determine the available NPSH of the
Construction/ rm Run SLC pumps, the pumps began to cavitate unexpectedly. The SLC systems of both units
42 Manufacture/ ere declared inoperable. The causes of this event are inadequate modification testing and
Installation error in the original design calculations.
inadequacy
Design Design/ Suction  {Test Piping IAFW | 1999{Failure [Partial AFW trains declared inoperable due to inadequate suction flow capability from the
onstruction/ to Run uclear service water altemate source. Inadequate flow caused by corroded piping. Piping
43 Manufacture/ is undersized so there is litle margin for piping degradation. Since this is | of 4 suction
Installation the safety significance is limited.
Inadequacy
Design Design/ |Suction  [Test Tank ESW | 1986Failure [Complete of prime in the condenser circulating water siphon flow system caused foss of low
Construction/ Run ressure service water pumps. Pumps lost suction during a test due to poor design.
44 facture/
Installation
Inadequacy
Design Design/ Suction  [Test Valve ESW | 1983{Failure |Partial w discharge pressure was caused by insufficient suction pressure. Service water flow to
Construction/ to Start components was adjusted,
45 Manufacture/
Installation
Inadequacy
Design External Discharge |Demand ICheck Valve AFW | 1983|Failure |Almost ot water in the AFW pump casings caused the pumps to become vapor bound. The hot
46 Environment I; Start Fomplete water was from leaking check valves upstream of the pumps. This event occurred once on
: turbine driven pump and 5 times on the motor driven pump.,
Design External Discharge [Inspecti Piping |HPI 1994|Failure  [Partial to a leaking socket weld in the common recirculation line, all three SI pumps were
Environment 0 Run inoperable. The underlying cause of the leak was a crack in the socket weld in the
47 . recirculation line, caused by pipe displacement from air entrainment and pump
isalignment.
Design External Pump Hlnspeaion earing HP1 1991|Failure |Almost ging/safety pumps beyond operational limits. Damage was found to the thrust
Environment to Run  [Complete ings. Air was introduced into this train of chilled water during modifications and
ting being performed on the system. This air became trapped in high points of either, or
a8 of, the supply and retumn chilled water lines to the charging pump. At the reduced
w rate, sufficient cooling was not available and oil temperature increased to the point
- here bearing damage occurred.
Design Internal to Priver Demand [Breaker ESW ailure ﬁ}mﬁst 'wo ESW pumps failed to start due to their breakers failing to close. The breakers' prop
49 mponent Start mplete [spring bracket has slipped thus preventing proper interfacing between the prop and the
rop pin.
Design Internal to iver 1&C ESW | 19824Failure ’Pminl (Open circuit breaker resulted in loss of two RHR setvice water pumps.
50 mponent Start

[
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Coupling . Discovery Failure | Degree of :
Item Factor Proximate Cause | Segment Method Piece Part  |System| Year Mode | Failure Description
51 Design Internal to Pump  [Inspection  |Lubrication HPI 1981|Failure |Partial Corrosion of HPI pump cooler heads. Improper material led to corrosion
omponent Run
52 Design Operational/ Human|Driver  [Demand 1&C ESW | 1980{Failure |[Partial ilnstmment isolation valve closed causing a low suction trip signal to two RHRSW pumps.
5 Error 0 Start i :
Design rational/ Human{Driver nspection reaker ESW | 1984{Failure [Partial During an attempt to perform preventive maintenance for unit one's RHR service water
53 to Start umps, plant personnel mistakenly disconnected the motor leads for unit two's RHR
rvice water pump. )
s4 Design (Operational/ Human [Driver  [Test Breaker AFW | 1985(Failure [Complete [Both AFW pumps failed to start when tested, due to the circuit breakers not being racked
Error o Start in properly.
Design Operational/ Homan [Pump Demand Impeller/Wear  |AFW | 1990{Failure |Aimost  |Due to a combination of management error and procedural deficiency, the turbine driven
55 Ervor Rings oRun [Complete |auxiliary feedwater pump was run deadheaded. The operation damaged the pump. When
pump was manually tripped, steam vented back into the suction line, caused another
) pump to also trip, on a low suction pressure signal.
Design rational/ Human{Suction |Demand Piping RHR-P | 1982{Fsilure IComplete |Suction was lost to both RHR pumps. RHR flow was less than 3000 gpm and pump amps
56 Ervor . Run were fluctuating prior to taking corrective action. Each of these events appear to have been
aused by a slow decrease in RCS level in conjunction with the vortex action at the pump
P Design tional/ Human|Suction |Demand Piping RHR-P | 1984 Failure |Almost  [On two occasions, RHR pumps cavitated due to low RCS level while draining the RCS.
Error o Run  {Complete .
Design Operational/ Human Fucﬁon Demand Piping |RHR-P | 1980{Failure [Complete [The reactor vessel vent eductor was in service in preparation for refueling with RHR
58 Error 0 Run loperating. A low flow alarm was received end low flow and low motor current were
: indicated. A second pump was started and became air-bound. Putting the vessel vent
ctor system into service was the root cause of the incident.
Design Operational/ Human[Suction |Demand Tank AFW |1 tilore [Complete [Both emergency feedwater pumps lost feed pump suction, The emergency feedwater pump
Error Run uction flashed to steam due to the feedwater train flashing snd forcing hot water back
59 gh the startup and blowdown tanks and into the feedwater pump suction, To prevent
is recurrence, the operating procedures have been changed to require isolating the startup
and blowdown effluent as a source of emergency feedwater suction prior to increasing
Design iOperational/ Human|Suction  |Demand [Piping RHR-P | 1985[Failure [Complete [Swap over of RHR pumps resulted in both treins becoming inoperable due to air injection
60 Error Run into the suction of the pumps. This required both pumps to be vented and required RCS
evel to be raised to prevent a possible recurrence of the vortex problem.
Design r Driver  [Demand Piping HCT 1 ailure [Complete (Water entered the HCI and RCI steam supply lines, rendering both pumps inoperable.
61 Start siled reactor veasel instrumentation allowed water to overflow and fill the HCI/RCI
lines. Pumps were unavailable. .
Design Other Driver  [Demand [&C [ESW | 1981[Failure |Partial ttempt was made to place the a RHRSW subsystem into service for use in suppression
Start cooling, the subsystems' pumps could not be started due to a pump suction header
62 low pressure lockout signal from the header pressure switch. The threaded plug in‘the
witch diaphragm housing became loose and allowed the diaphragm fluid to leak out and
used the switch to senss a low pressure. This is a second event two months later,
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Coupling . Discovery . Failure | Degree of L
Item Factor Proximate Cause | Segment Method Piece Part | System|Year Mode | Failure Description
Design iOther Driver  |Demand 1&C |ESW | 1981[Failure [Partial Attempt was made to place the a RHRSW subsystem into service for use in suppression
. Jio Start cooling, the subsystems' pumps could not be started due to 8 pump suction header
63 low pressure lockout signal from the header pressure switch. The threaded plug in the
witch diaphragm housing became loose and allowed the diaphragm fluid to leak out and
caused the switch to sense a low pressure.
o4 Design Other iver  |Inspection [I&C IAFW 1983L|Zailure ’Plnu\l Both AFW pumps had to be rendered inoperable to allow repairs to actuation circuitry.
Design Other Driver  [Test |Breaker SLC | 1986Failure |Complete [During a test, both Squib Valve Detonators shorted after firing and the Control Power
Start Transformer fuse blew causing the pumnp motor trip. This was caused by improper fuse
65 coordination between the Control Power Transformer fuse and the Squib Valve Detoaator
The redundant system’s Squib Valve was also fired during this test, without running
associated pump, and one of the Squib Valve Detonators shorted after firing. The same
fuse coordination problem existed for both systems.
66 Design Other Driver  [Test 1&C ESW {1 ailure |Panul Valve position contacts prevented ESW pump circuit breakers from closing. Poor design
Start resulted in water intrusion in the valve limit switch box.
Design Other Driver  [Test 1&C RHR-B | 1982{Failure {Partial A functional test revealed a sliding link in conirol room panel open. Further investigation
67 Stast vealed a total of four links open. These links, left open, negated all autostart capability of|
of 4 RHR pumps. It could not be determined why these four links were open.
68 Design Other Suction |{Demand Piping |HPI lmlinilm Complete ’Hydmgen from the suction dampener got into suction piping and failed both CCPs.
Start
Design Other [Suction |Demand 1&C HPI . | 1997|Failure |[Partial Letdown storage tank reference leg not full, which gave erroneous indication of sufficient
Run level. One HPI pump severely damaged, other pump not as damaged, and could have
69 The root cause was a combination of a design weakness of a common reference leg
for the Letdown storage tank level instruments and a leaking instrument fitting due to an
i uate work practice.
Design fthcr [Suction |Demand thmg ESW | 1980{Failure |Almost ir ingress exceeded the air removal capability of the constant vent valves. A design
70 Run [Complete ¢ was implemented to remove the air compressor cooling from the sesvice water
ystem.
[Design jOther uction  |Demand Piping RHR-P | 1 ailure [Complete [With unit drained to centertine of the nozzles, suction to both RHR pumps was lost for 36
1 Run inutes. Suction to the RHR pumps was lost because of ambiguous reactor coolant system
vel indication while drained to centerline of the nozzles. The actual RCS level was lower
observed.
[Design Other [Suction  [Demand Valve F‘HR'P i ailure  |Complete RHR pumps were unable to operate due to the introduction of air into the RHR
Run tem. The incident occurred during the drain down of the RCS, when the level of the
7 CS was being monitored via a standpipe off the centerline of one of the RCS loops. The
solation valve to which the standpipe was attached became clogged sometime during the
in down and falsely indicated above centerline when in fact the level was below the
suction line (below centerline).
Design Other |Suction |[Demand |Piping RHR-P | 1987 Failure - |Complete flow was interrupted when both RHR trains became inoperable due to air bound
7 Run pumps. The loss of RCS inventory to the reactor coolant drain tank due to a leaking
TO alve caused a decrease in RCS water level, vortexing in the pumps' suction line, and air
trainment in the RHR pumps.
74 Design fOther |Suction Demand IPiping R-P l9&2r:nilure Complete IRHR Suction lost due to erroncous RCS level while draining the RCS.
Run )
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Coupling R Discovery . Failure | Degree of -
Item Factor Proximate Cause |} Segment Method Piece Part  |System| Year Mode | Failure Description
Design Other uction  |Test 1&C IAFW | 1985|Failure |Almost esting of the turbine driven AFW pump resulted in a low suction trip of the motor driven
ko Ron Complete fpump. The turbine driven pump had a faulty governor. It was during the post maintenance
75 t of turbine driven pump that speed oscillations occurred causing pressure oscillations in
. suction of the motor driven pump that was in service. Foreign material in the suction
uge protectors resulted in the pressure sensors sensing only the low pressures and not th
igh pressures of the oscillations, so the motor driven pump tripped on low pressure,
7% Design Unknown Suction |Demand Piping RHR-P l983l:=nailnre IComplete |RHR pumps cavitated. Unable to repeat. Unknown cause.
Run
Environmental |Design/ Driver  |Inspection  |Piping HPI 2 ailure  |Partial Microbiologically induced corrosion leak on service water lines to two charging/HPI pump
Construction/ o Run ube oil coolers.
7 Manufacture/ :
Installation
Inadequacy
Environmental |Design/ Pump Demand Impeller/Wear [ESW | 2000{Failure |Almost of the River Water pumps tripped on overcurrent when they were attempted to be
onstruction/ ings ’to Start [Complete The trips were a result of physical contact between the impeller and the lower
78 Manufacture/ ing finer of the pumps. This condition was due to differential thermal expansion
Installation the pump shaft and the pump casing as a result of an elevated seal injection water
inadequacy The elevated temperature was due to an abnormal configuration of the
Itered Water System (the backup seal water supply).
[Environmental |Design/ Pump ?nspection [Lubrication HPI 1995{Failure  [Partial High lube oil temperatures were observed during HPI pump operation. Zinc particles from
onstruction/ oRun |- node were discovered plugging the lube oil coolers. Accelerated corrosion was attributed
79 Manufacture/ a corrosion inhibitor that was added to the system, which chemically interacted with the
Installation inc.
Inadequacy ]
[Environmental i Pump  [Test ICoupling ESW | 1987[Failure [Partial est showed two ESW pumps failed. Pump shafis were corroded and found to be made of
Start incorrect material,
80
[Environmental Suction  [Inspection trainer ESW | 2000(Failure [Partial RHRSW Pumps Failed to Develop flow/pressure. Debris in intake structure. Requires
0 Run modifications to the traveling Water Screen.
81
Environmental [External Discharge [Test HPI 1992[Failure [Almost  |Safety Injection pumps were declared inopersble due to an observed declining trend in the
[Environment oRun  [Complete [pump's recirculation flow. The cause of the Safety Injection pump reduced recirculation
82 ow is attributed to foreign material blockage within the associated minimum flow
: recirculation line flow orifice.
[Environmental {External Driver  |Demand otor [ESW | 1985|Failure [Partial [Two service water motors failed on demand as a result of cement dust contamination.
83 [Environment Run
[Environmental |External [Driver  |Demand 1&C 1984/Failure [Complete |Both AFW pumps failed to start. The problem was traced to two relays (1 per pump).
84 Environment Start amination of the relays revealed open circuiting and severe degradation of the
. ’ insulation, L
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Item Cg:&l;ng Proximate Cause | Segment l;Aethod Piece Part  |System| Year l;‘{'::': D;m d Description
8s [Environmental |External Driver rMnmmnnoe olor [ESW 1987roailure During an extended service water bay flooding incident, one ESW pump was found
Environment ounded by testing, later two more pumps were found to be failed also,
%6 ’Environmcnml External Driver  [Test - Bearing ’RHR-B 1991 lilure artial  [Two LCI pumps weze declared inoperable due to high motor vibration..
Environment
87 anironmemal External Pump pection  |Coupling ESW lmt)ﬁlu:e IPartial debris caused ESW pump shaft coupling to fail. Plant equipment did not prevent
Environment Run is debris from entering pump.
Environmental External [Pump  |inspection  |Packing/Seals |RHR-P| 1985[Faiture Complete wing a trip, water was found spraying from both low head safety injection pump
88 Environment Start ge control rod seals. Both pumps were declared inoperable. Postulated failure on the
was from a minor flow induced pressure transient.
89 Environmental Eminml [Suction |Demand Piping HP] l984t’ailm Complete {Boron solidification in the suction and gas binding of pumps led to the failure of all three
Environment Start ety injection pumpa. Flushing procedures inadequale.
[Environmental [Intemal to Discharge |Demand [Valve IAFW | 1988[Failure |Partial automatic start, motor driven AFW pump swapped suction automatically to the
[Component Run uclear service water system when a sustained low suction pressure candition was sensed,
%0 raw waler entered two steam generators. After the initial trip recovery, it was noted
AFW flow to steam generators had degraded following the suction swap. Inspections
vealed that the cavitrol cages for these valves were clogged with shredded Asiatic clam
[Environmental |Intemal to Discharge |Demand [Valve IAFW |1 ailure  [Partial automalic start, motor driven AFW pump swapped suction automatically to the
IComponent Run uclear service waler system when a sustained low suction pressure condition was sensed,
91 raw water entered two steam generators. After the initial trip recovery, it was noted
AFW flow to steam generators had degraded following the suction swap. Inspections
vealed that the cavitrol cages for these valves were clogged with shredded Asiatic clam
hells.
92 [Environmental o Discharge {Test Recirc |HPI 1991|Failure  [Pastial omething in HPI pump recirculation line was restricting flow. The piece later dislodged
omponent Jto Run no identification was made. Both SI pumps had inadequate recirculation flow.
[Environmental |Intemal to jPump  [Demand ear [ESW ailure  [Partial w water pump cutrents stayed high after starting. The primary cause of these events was
93 mponent i Run termined to be elevaied sand content in the river, resulting in excessive sand
; ion around the suction area of the pumps.
Environmental {Intemal to ion ear [ESW |1} ailure i ESW pumps had reduced flow and discharge pressure. Marine growth in suction.
%4 mponent 28 Start |
Environmental [Internal to mp pection  [Packing/Seals [ESW | 1994Failure [Partial ackup seal water regulators did not provide required flow during testing on two pumps.
95 ponent third pump lost seal flow while operating. The cause was attributed to plugged lines.
[Environmental |Internal to mp pection - |Lubrication ' [HPI 1983E:ilure [Partial ters and miscellancous mollusks plugged HPI oil coolers. Two pumps were required to
96 mponent shutdown due to rising lubricating oil temperatures.
Environmental [Intemal to IMunwmnce Lubrication - [HPI 1 ailure {Partial  |HPI pump lube oil cooler with tube leak allowed water into oil reservoir.
9 mponent ‘ Run
Environmental [Internal to IPnnm IMnmtmam:e L ubrication Pl |1 ailure |Almost  [Clams/sludge fouling of lube oil cooler caused high temperature alarms on two HPI
98 mponent Run |Complete Jpumps.
g9 [Eavironmental 1o lMAlmuunce Lubrication [Pt 1991E’mm artial  [HPI pump lube oil cooler leaks. Degraded tubes.
omponent - jto Run - '
100 Environmental [Intemal to Pump anmAnnnce lPachng/Seals ESW l985ﬁailure Ihnill First pump developed seal leak due to sand. Second pump had high bearing temperatures
t - - : : Run Jdue to trash clopging cooling water lines.
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Coupling . Discovery . Failure | Degree of .
Item Factor Proximate Cause | Segment Method Piece Part  |System|Year Mode Failul'e Description
101 Environmental |Intemal to |Pump Test . impeller/Wear [ESW | 1995[Failure mpl failed performance test. Sand in water eroded pump internals. Pump lift was
omponent ings o Start
[Environmental |Internal to [Pump [Test peller/Wear W | 1982iFailure ml service water pumps were declared inoperable, due to low pump head valves,
102 omponent Rings o Start e low pump heads were caused by excessive wear of pump impeller due to foreign
. aterial in the service water.
103 F.nvironmental Internal to Pump  [Test Ilmpelleerear HP1 1984{Failure |Almost  [One HPI pump seized, the second would have seized if operated.
Component Rings Run  [Complete
104 [Environmental léntemal to mp Test mpeller/Wear [ESW silure  [Partial Low ESW pump head values were caused excessive wear of pump impeller due to foreign
omponent Rings o Run ial in the service water,
vironmental [Intemal to [Pump [Test Impeller/Wear |[ESW | 1993|Failure [Partial sential service water pumps were declared inoperable, due to low pump head values.
105 omponent ings Run low pump heads were caused by excessive wear of pump impeller due to sand in the
- ) ce water,
106 [ERvironmental Igemal to Pump  [Test IImpeIleerenr ESW l992|:7ailure Partial  [ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
mponent Rings 0 Start Cause determined to be normal wear and high sand content of river water.
107 [Environmental [Intemnal to Pump [Test Impeller/Wear [ESW | 1990|Fzilure [Partial ESW pump impeller lift out of adjustment,
mponent Rings o Run
108 [Environmental lﬁemal to Pump  [Test Bearing ESW | 1992|Failure [Partial  {Abrasive particles present in acean water produced accelerated wear of shaft bearing
[Component o Run |journals.
100 Environmental jintemal to Pump Test Impeller/Wear |ESW | 1995|Failure [Partial arine growth caused low flow and speed condition for two service water pumps
‘omponent ings Start
Environmental |Internal to Pump [Test mpeller/Wear |ESW | 1994[Failure [Partial Degraded performance identified during testing. Sand in water was causing accelerated
110 omponent Rin, Stant wear of the pump internals. Lift was adjusted for three pumps and one pump internals were
replaced.
n Environmental I::memal to Pump  [Test Impeller/Wear [ESW | 1985|Failure  [Partial [ESW pumps failed to meet the minimum flow requirements of test. A rag was found in
omponent I3 Run jone impeller and a plastic bottle in the other,
Environmental |Internal to Pump  [Test I::.pellerIWear ESW | 1991[Failure [Partial ESW pumps failed to meet the minimum flow requirements of test. The cause of the
112 (Component ings to Run ilure is normal wearout of the pump impeller due to the high sand content of the water
being pumped. Pump impeller lift was adjusted.
3 [Environmental {Internal to Suction [Demand Strainer ESW | 1980{Failure [Partial [Foreign material was allowed to enter the suction of the charging pump service water
1 omponent Run [pumps resulting in low flow conditions.
vironmental [Internal to Suction [Demand [Piping [ESW | 1986|Failure  [Partial RHR service water pumnps failed flow testing due to blocked suctions and abnormal wear
14 IComponent ) 0 Start lof impellers.
Environmental |Internal to uction _[Inspection  [Strainer ESW | 1984{Failure [Partial [Two RHR service water pumps had blown seals and sparks and smoke between the
115 Component o Run bearing housing and shaft. A piece of hard rubber valve liner was found in the pumps,
Environmental |Internal to Suction  {Test iping ESW | 1990|Failure [Partial ~ {ESW pumps failed flow testing. Foreign material blocked the suction.
116 Component Start
[Environmental |Intemal to Suction  [Test IStrainer ESW 11 ailure [Partial [Essential service water pumps were declared inoperable, due to low pump head valves.
117 omponent Run [The low pump heads were caused by suction blockage due to foreign material in the
ervice water,
[Environmental [Internal to Suction  [Test rsminer ESW | 1982|Failure [Partial ailures occurred on residual heat removal service water pumps. The pumps failed to meet
omponent Run w and pressure requirements, Failure was due to debris lodging in pump impellers.
18 ource of debris was maintenance activities, broken traveling water screens, and the
inadvertent opening of a RHR minimum flow line which washed materials into suction pit.
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Coupling . Discovery . Failure | Degree of -
Item Faclor Proximate Cause | Segment Method Piece Part | System|Year Mode | Failure Description
1o anironmental Pthcr Driver ion otor IAFW |1 ‘ailute |Partial mm driven AFW pumps were sprayed when a service water pipe developed a
to Start ough wall leak.
120 vironmental [Other Driver Ilmpection IMowr ESW | 1981 E:ilm Partial  [The float guide failed in a RHRSW pumyp air valve and caused the valve to fail open and
Run food pump room.
Maintenance  [Design/ lPump  |inspection [Packing/Seals [ESW [1997 Failure [Partial oth ESW pumps leaking greater than 4 gpm because of inappropriate material for
Construction/ io Run ing and sleeve (nitronic 60).
121 anufacture/
Installation
Inadequacy
nintenance  |Design/ ) Pump  [Test npellet/Wear  |ESW | 1988{Failure  |Partial ial service water pumps were declared inoperable, due to low pump head valves.
truction/ Rings Start low pump hesds were caused by excessive wear of pump impeller due to foreign
122 Manufacture/ ial in the service water.
Installation
uacy
rMaimenance Design/ . nPump [Test Casing [ESW | 1997|Faifure [Almost oth ESW pumps failed due to installation of wrong material for pump casing flanges by
ction/ to Run Fomplete endor during pump overhaul. The vendor overhauled the pumps without changing
123 Manufacture/ ial. The plant teturned the pumps to the warchouse also without verifying material.
Installation
Inadequacy
aintenance  {Design/ Suction {Demand 1&C HPI] 1997|Failure 1Complete JHPI pumps fail due to operation with inadequate suction head. Two pumps damaged due
Construction/ to Run operation with inadequate suction, but all three system pumps were unavailable due to
124 Manufacture/ loss of the suction source. Suction source level instrumentation was the cause.
Installation
Inadequacy
125 IMaimenance [External Driver  |Demand |Breaker AFW |1 ailure  |Partial rAFW pumps circuit breakers degraded.
Environment to Run
12 Maintenance |Intemal to Discharge [inspection  |Check Valve JAFW |1 ailure  |Almost . JLeakage past AFW check valves caused AFW pumps to become steam bound. Closed
IComponent Start {Complete operated valve in line. Scheduled check valves for replacement next outage.
7 aintenance  (Internal to Discharge {Test Valve HPI 1984]Failure  |Partial JCCP pump low flow rates due to inaccuracies in positioning the throttle valves.
12 . ponent to Start
aintenance [Intemal to Driver  [Demand 1&C ESW | 1991|Failure |Partial 'wo ESW pumps failed to start due to failed breakers. Inadequate maintenance.
128 omponent to Start
[Maintenance  {intemnat to Driver  |Demand f.nbriatiw HPI 1984{Failure |Partial ging pump lube oil cooler fan motor trips on thermal overload. Probable cause:
mponent Run wear on motor resulting in increased friction replaced wom motor with spare.
129 routine inservice testing found that another charging pump lube oil cooler fan
had a current imbalance. Probable cause: normal aging of motor insulation has
ulted in a current imbalance.
WMMmu [Internal to Driver  [Demand Breaker |RHR-B | 1987}Failure ial pump breakers failed to close when operated remotely from the control room. It was
'omponent Start that the latch roller bearings and the cam follower bearing (intemal piece parts of
130 breaker) were not operating correctly. This prevented the trip latch assembly from
ing and allowing the breaker to close.
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Coupling . Discovery " Failure | Degree of L
Item Factor Proximate Cause | Segment Method Piece Part  |System| Year Mode | Failure Description
FMaintenanoe [nternal to Driver pection  [Packing/Seals  |HPI 1988{Failure |Almost moke was discovered coming from the speed increaser unit for a centrifugal charging
(Component oRun  [Complete [pump. Investigation found the two gland seal retaining bolts inside the speed increaser
ube 0il pump backed out allowing the gland seal to loosen. The gland seal being loosened,
131 caused reduced oil flow to the speed increaser internals and ultimate damage. Other CCPs
were inspected, and the same gland seal bolts as on the first pump were found loosened.
The cause of the bolts backing out was determined to be lack of a periodic adjustment of
[the gland seal bolts.
172 |Maimcnancc Internal to Driver spection  [Bearing ESW | 1981|Failure [Partial ESW motor to pump alignment problems. Bearings worn out.
omponent Run
133 lMaintenance Internal to Driver Ilnspection [Breaker [ESW | 1996{Failure [Partial [ESW pump breakers fail due to misalignment of the breaker mechanism and internals
omponent Stant ideveloped over the years of operation,
134 Maintenance  |internal to Driver llnspeeu'on [Bearing ESW | 1985|Failure [Partial One service water pump motor upper bearing oil reservoir leaking from cover plate.
omponent Run Another service water pump motor upper oil cooler oil reservoir leaking.
135 IMaimemmce llcntemnl to Driver  |Maintenance [Breaker ESW | 1985Failure [Partial Two raw water pump breaker main wipes were out of adjustment.
omponent o Start
Maintenance Ii:n;emnl to Driver Tdaimemnce Breaker SLC l999l:’nilure Partial  |SLC Pump Breakers Fail to pickup on degraded voltage test
136
mponent 0 Start
137 |Maimenance [intemal to Driver aintenance [Breaker HPI 1991[Failure [Partial HPI pump breakers failed due to a broken pawl, and a broken closing coil.
(Component Start
Maintenance  [Internal to Driver [Maintenance [Breaker AFW | 1992|Failure [Partial  [With the unit in a refueling outage, following repairs to a motor driven auxiliary feedwater
138 (Component 0 Start #pump local/remote switch of the circuit breaker, personnel found that the switch contacts
would not close, This failure rendered one of three auxiliary feedwater pumps inoperable.
The cause of the failure appears to be due to dirty/corroded contacts on the switch.
Maintenance  |Internal to Driver  [Test Breaker ESW | 1998|Failure |Partial [Two RHR service water pump breakers would not close due to dirty contacts in breakers.
139 om
ponent 0 Start
Maintenance  [Intemal to Driver  [Test Breaker |RHR-B | 1997|Failure {Partial Breaker latch check switch failed on both pumps. Lack of lubrication.
140 (Component o Start
Maintenance |Intemal to Driver  [Test Bearing [ESW 1 1985[Failure fPanial Service water pumps exhibited vibration. Attributed to normal wear.
141 IComponent 0 Run
Maintenance  [Intemal to Driver  [Test [Breaker ESW | 1998[Failure |Partial rvice water pumps fail to start due to circuit breaker failures. Pump breakers failed to
142 (Component o Start lose due to failures of the charging spring/motor and closing spring motor.
Maintenance |Internal to Driver  [Test reaker AFW l99‘7|failure [Almost e circuit breakers associated with the AFW Pumps failed to close as required. The root
(Component 0 Start [Complete [cause of the failure was the binding in the operating mechanism. The plunger apparently
143 id not always complete its upward movement to close and latch the breaker, due to
accumulated dirt and lubricants.
Maintenance  |Internal to [Driver  [Test [Breaker |RHR-B | 1986}Failure [Partial RHR pump circuit breakers failed during a start for testing. Bend switch and binding
144 Component . to Start anism. Attributed to inadequate maintenance.
Maintenance  |Internal to Pump Demand |Bearing AFW | 1984IFailure |Partial IOne ESW bearing failed and pump seized; second motor bearing failed.
145 Component . Run
Maintenance  [Internal to Pump Demand ICasing ESW | 1998|Failure |Partial [Two ESW pump started and ran, but would not develop sufficient pressure or flow rate.
146 omponent o Start [Exact cause not known for either failure, however, one pump was noted to have
jmicrobiological induced corrosion fouling on internal surfaces.
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Item “Factor Proximate Cause | Segment Method Piece Pat  |System| Year Mode | Fail Description
Maintenance  [Intemal to Pump  [Demand Packing/Scals  |AFW | 1998[Failure |Partial ’AFW MDP and TDPs failed due to incorrect packing installed.
147 omponent Run
|Mnintenance Intemal to Pump pection  |Bearing ESW | 1987|Failure |Partial ice water pumps had high shafi vibration. The excessive vibrations caused by worn
148 'omponent . to Run ings and shaft sleeves.
149 Maintenance |Intemal to Pump jon acking/Seals JAFW 11 ‘ailuse ial motor-driven aux. feedwater pumps had excessive packing leaks, due to worn
‘omponent to Run packing.
150 IMaintemnce temal to Pump Ilmpectim |Bearing IsLC | 1989{Failure Ipuﬁu Enndby Liquid Control pumps lost oil while running. Loose fittings and lack of thread
ponent Run
st IMuntemnoe temal to Pump |lnspedion Casing ESW | 1986{Failure [Partial Pnked scal water and vent lines.
omponent Run
aintenance  |Intermal to {Pump pection  |Packing/Seals  |ESW | 1989{Failure [Partial ESW pump excessive packing leakage.
152 mponent Run
153 IMumumnu to Pump rmpecnon |Packing/Seals  [ESW | 1986[Failure Excessive packing leakage. Both events occurred afier previous maintenance had been
omponent Run performed for the same problems.
5 lMaintenance |1é°n:m1 ™ Pump [Inspection Casing ESW | 1988|Failure |Partial  |RHR service wates pumps. Pump diffuser eroded on first pump and a through wall casing
! ponent Run leak developed on the second.
[Maintenance  [Intemal to Pump pection  [Lubrication [RHR-B | 1 i Partial pump motor oil coolers were leaking due to aging of components. The first case
155 omponent : Run involved through wall corrosion and the pump was immedialely removed from service.
second case was a packing leak.
|Maintenance |Internal to Pump pection  |Packing AFW |1 ailure i packing was wom on both the motor-driven and one turbine-driven sux. feedwater
156 mponent Run ump, causing high temperature on one packing gland, and excessive leaking on the other
ump.
aintenance  |Intemal to mp pection  [Packing/Seals |SLC | 1987{Failure jﬂnnl tandby Liquid Control pumps were observed to be leaking excessively at the packing.
157 mponeat Run failure of the packing was attributed to normal wear. Packing adjusted.
[Maintenance  |Internal to Pump pection  |Plunger/Cylinder [SLC | 1989{Failure |Partial tandby Liquid Control pump seal was leaking excessively. The cause of this failure was
158 omponent Run wear of the plungers, packing, and head gaskets for the plungers (picce parts of the
uImp).
aintenance temal to [Pump pection acking/Seals [SLC | 1988|Failure |Partial ﬁ::dby Liquid Control pumps were observed to be leaking excessively at the packing.
159 IM mponent Run failure of the packing was attributed to nornal wear, Packing replaced.
aintenance  [Intemal to [Pump pection  [lmpelle/Wear  JESW l985|£nilnre artial ice water pumps were noied to have high vibrations and low discharge pressure. The
160 ompouent Rings Run of the failure is suspected to be binding.
aintenance ternal to mp ion  |Packing/Seals 1989{Failure ial tandby Liquid Control pumps were observed to be leaking profusely at the packing. The
161 t Run ailure of the packing was attributed to normal wear.
aintenance ternal to Pump i Beari ESW | 1985|Failure |Partial High ESW pump vibration was caused by wearing of the upper bearings.
162 omponent Run
aintenance ternal to Pump  [Test ‘ear FESW 1985|Failure |Partial  |[ESW pumps failed due to wom internals.
163 ponent ings Run
aintenance |Intemal to Pump  [Test lmpellec/Wear  |ESW |1 ailure [Partial  [Essential service water pumps were declared inoperable, due to low pump head values.
164 omponent Rings Start The low pump heads were caused by wear and aging of internals,
aintenance temal to mp  [Test Coupling ESW |1987|Failure |Almost  [Two ESW pumps had failed couplings. Cause attributed to abnormal stress.
165 mponent Start IComplete
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Item Cmg Proximate Cause | Segment DM": M" o1y Piece Part  |System| Year ';"';‘:": BFE ul!‘l :me of Description
166 iMaintenanee nternal to Pump Test mpeller/Wear |ESW I%Sg:ilure anrtial [Essential service water pumps were declared inopgnble. due to low pumnp head valves.
omponent gs Start The low pump heads were caused by wear and aging of intemals.
167 IMaimenmee Internal :;' . lh.mp Test Iz?np;leﬂWw ESW | 1982 aill;:: IPminl Loss of Service Water pump dus to wearout at end of life.
168 IMaintenanee :nmpite.;i ‘ [Pomp  fTest mmle ESW |1 Faislltl.mn {Partial  [ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings,
IMaintenance F.:emu to Pump  [Test F‘n“peuer/Weu [HPI 1 1985[Failure [Partial  [The CCPs were tested and had low flow rates. The most probable cause is attributed to
169 omponent ings Start observed degradation of the pumps. The CCPs sre subject to normal wear associated with
kheir secondary duty of providing normal charging flow.
170 IMaintenance temal to Pump Test Impeller/'Wear [ESW | 1994|Failure {Partial 0 ESW pumps had law discharge pressure during testing. Each pump had wom
ponent ngs Start ternals and both pump intemals were replaced.
n lMaintenmee fnternal to |Pum|) Test I{{rmup;llerIWeu |RHR-B| 1985[Failure [Partial E‘he first pump failed to meet required flow rate. The second was drawing excessive
ponent Start mperage. Both conditions were attributed to worn internals.
aintenance  {Internal to [Purp Test Impeller/fWear |ESW | 1984[Fpilure  |Partial IContainment spray raw water pumps failed flow tests. Aging and normal wear.
172 IM mponent ings . Run
73 IMaintenance Internal to Pump  [Test lsn.n ESW | 1993|Failure [Partial ice water putnps were noted to have high vibrations and low discharge pressure,
omponent 0o Run neven wear caused pump to be out of balance.
174 lMaintemmce Internal to |Pump  [Test npeller/Wear  [ESW l988|:’lilm Partial ervice water pumps were noted to have high vibrations and low discharge pressure.
omponent ngs Start heven wear caused pump to be out of balance.
IMaintenanoe llcntemnl to Pump  [Test Fn:elplerIWear HP1 | 1983[Failure [Partial E:‘:lmpudbodlmh failed to meet the minimom head curve requirements. The cause
175 omponent i Start pump head capacity degradation has been attributed to normal pump operation. The
inability to balance flows has been attributed to the lower head capacity of the pumps.
176 IMaintennnee ternal to {Pump  {Test ller/Wear [ESW |1 ailure |Partial ESW impeller gaps too wide. Gaps adjusted.
omponent g8 0 Start
7 anintenanoe Internal t:“ Pomp  [Test l}hmpn;ller/Wm ESW | 1998 aisl:::t Partial  [Two ESW pumps failed to develop adequate flow/pressure - pumps degraded.
Oompon .
178 IMaintenmoe temal to [Pump Test Lubrication ISLC | 1992|Feilure |Partial tandby Liquid Control pumps lost oil while running. The gasket between the crankcase
omponent Run me cap and the gear housing cover was wom.
Maintenance ternal to Pump  [Test Coupling ESW | 1990{Failure [Partial [ESW pumps had reduced flow and discharge pressure. Womn impellers/wearing rings.
179 rgomponent Start Cause determined to be normal wear and high sand content of river water.
aintenance {Internal to Pump [Test mpeller/Wear |ESW | 1981[Failure [Partial Loss of Service Water pump due to wearout at end of life.
180 'M ponent I g8 I‘FaSun
aintenance  |Internal to [Pomp  [Test ller/Wear [ESW | 1985|Failure |Partial [Wear caused high ESW pump bearing temperatures, vibration, and low amperage/flow,
181 IM omponent l:::: Run
aintenance  |Intemnal to Pump  [Test mpeller/Wear [ESW | 1986{Failure |Partial ESW pump performance decreased 15% and 8% respectively since last test. Pumps were
182 [M |Compcnem ings Run jreplaced.
aintenance  [Intemnal to Pump . [Test Impeller/Wear [ESW | 1986|Failure [Pertial  [ESW pumps had wom impellers and one had a plugged strainer.
183 IM ‘omponent ings 0 Run
aintenance |Intemnal to Pump Test ller/Wear [ESW l994|'l:ailure Partial [Two ESW pumps had internal deterioration, one of which was indicated by high vibration
'“lM omponent l Rings Ron readings.
Maintenance [Internal to mp [Test impeller/Wear [ESW | 1992|Failure ial [ESW pumps had reduced flow and discharge pressure. Worn impellers/wearing rings. One
'85| mponent lpu g Start r.m [pump also exhibited high vibration.
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Coupling . Discovery | - . - Failure | Degree of -
Item Factor Proximate Cause | Segment Method Picce Part | System|Year Failure Description
Internal to Pump [Test Impeller/Wear JESW | 1988Failure [Partial [ESW pumps failed to meet the minimum flow requirements of test. The cause of the
omponent Rings failure is normal wearout of the pump impeller due to brackish water corrosion.
intenance |Intemal to Pump  [Test impeller/Wear |ESW | 1987|Failure  |Partial EESW pump low flow. Worn impellers.
187 (Component Rings
188 Maintenance |Intemalto - Pump  [Test mpeller/Wear [ESW |1 ailure [Partial ESW pumps had wom and cracked impellers. Aging and normal wear.
Component Rings Run
189 IMmmemnce |intemal 1o [Pump ‘est [impellerWear  |[ESW | 1985|Failure  [Partial  [The charging pump service water pumps degraded. Caused by expected wear of pump due
iComponent Rings Run to erosion and corrosion properties of the process fluid involved
190 |Mmmcnancc Internal to Pump [Test Packing/Seals |[ESW | 1981[Failure - |Partial IRHR service water pumps failed to meet flow requirements due to seal water leakage and
. Component to Start pump wearout.
191 IMam!enance Intemal to Test pelle/Wear |ESW | 1991|Failure  [Partial ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
(Component Rings Start
192 Maintenance |Intemal to mp [Test ller/Wear |[ESW | 1992|Failure [Partial ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
[Component ) Rings Start
193 IMaintenance [ntemal to Pump Test lmpellerIWenr - [ESW | 1984[Failure Partiat Loss of Service Water pump due to wearout at end of life.
mponent Rings Run
194 Maintenance  |Intemnal to Pump  [Test peliet/Wear - [ESW | 1988{Failure |Partial fsw pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
(Component Rings Start
195 IMaintenance Intemal to fPump Test igl::dluIWcu ESW | 1985|Failure [Parial  [Emergency service water pumps discharge pressure below allowable limits. Causes were
omponent ings Start loose impellers, dropped impeller, and wom internals.
aintenance [Intemal to Pump Test Bearing [ESW | 1985|Failure [Partial EESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
196 IComponent . Run
97 aintenance  |Internal to Pump Test llet/Wear |ESW | 1983/Failure [Partial  |[RHR Service Water pumps failed flow tests duc to wearout and had to be rebuilt.
! omponent - ings to Run
aintenance  |Internal to Test car [ESW |1 ailure [Partial ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
198 poneat ings Start )
aintenance  [Intemnal to [Pump Test er/Wear |[ESW | 1985{Failure [Partial ESW pumps had reduced flow and discharge pressure. Worn impellers/wearing rings.
199 omponent ngs - Start
Maintenance [Internal to Pump  [Test [impelles/Wear |[ESW | 1985{Failure [Partial  |[ESW pumps failed to meet the minimum flow requirements of test. The cause of the
200 IComponent IRings Start ailure is normal wearout of the pump impeller due to the high sand content of the water
ing pumped. Pump impeller lift was adjusted.
|Mzintenance [Operational/ Human{Driver  |Demand Breaker ESW | 1993(Failure |Partial ralions personnel were allempting to swap the running service water pump with the
Error - Start idle service water pump. Personnel placed the control switch to start and the service water
201 ump did not start. Breaker malfunction. Later, another service water pump failed to start
of the breaker.
[Maintenance [Operational/ Human[Driver  {Demand reaker ESW | 1988|Failure [Partial ice water pump high dropout over cutrent protection devices were less than running
202 Error Run conditions and trip setpoints did not account for changing load conditions due to
- ified impellers. Three pump trips had occurred.
aintenance  |Operational/ Human|Driver  |Demand . reaker ESW | 1987|Failure [Partial breaker failed to linkage alignment and second from loose relay connections.
203 IErmor Start uate maintenance.
aintenance  [Operational/ Human|Driver pection RHR-P | 1981|Failure (Complete RHR pumps de-cnergized to replace RHR Relief valve. T.S. allows this condition for 1
204 [ErTor |l.nx Start our. Operated in the mode in excess of S hours.
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ltem Cg“a;';'g Proximate Cause | Segment D;A":;“’:d" Picce Part  [System| Year| Fiilure D;f“:m‘" Description
[Maintenance  [Operational/ Human|Driver  [inspection  JI&C RHR-P | 1992}Failure lete [Both trains of RHR were rendered inoperable for two minutes, while performing an
. Error Start operational readiness test surveillance procedure. The surveillance procedure required that
205 one RHR train pump be placed in pull to lock and the other train heat exchanger flow
trol valve throttled to 30-40% open. The procedure directed the operators to perform
: ions thst resulted in both trains of RHR being inoperable
[Maintenance  {Operational/ Human|Driver  [Inspection earing RHR-P | 1988{Failure [Partial esidual heat removal pump motor upper bearing housings were observed to be leaking
206 Error W Run il. The cause of the failure was attributed to a lack of sealant being applied and gasket
instalied after the last maintenance was performed on the motor bearing housing.
207 Maintenance  [Operational/ Human[Driver  [inspection  [I&C AFW |1 ailure  [Complete |During testing one AFW pump was tested and other was tested without returning first to
Ervor 0 Start auto. Both pumps were unavailable at the same time. The procedure was the cause.
208 lMaintenance Oﬁzeorrationnll Human|Driver IMlimenance Breaker |RHR-B 1 aislru-. [Partial IRHR pump breaker overcurrent trips out of calibration.
art . :
[Maintenance  [Operationall Human|Driver [Maintenance [Breaker [RHR-B| 1991[Failure [Partial  |While performing preventive maintenance calibration check on the protective relays for a
209 Error Stant idual heat removal pump motor 4kv breaker, it was found that all overcurrent relays for
two pumps were out of calibration
210 lMaintennnce IOperational/ Human|Driver  [Test 1&C ESW | 1989{Failure [Partial equipment service water pump relays were not reset following a load shedding
Error Start 30 hours before.
Maintenance  |Operational/ Human|Driver  [Test otor [ESW | 1994]Failure |Partial test of the containment cooling service water pump vault watertight door revealed
21 Error Run xcessive leakage. Flooding and leakage past this door would make inoperable two of four
tainment cooling service water pumps. Procedural inadequacy was cited as the cause
or the degraded door seals.
Maintenance |Operational/ Human |Pump Demand ICasing AFW | 1983|Failure |Partial During testing, the outboard bearing temperature was high on the turbine-driven AFW
Error Run mp, due to improper balance drum clearances, caused by improper maintenance. The
re will be modified and the balance drum clearance reset. While the unit was
22 rting up, the motor-driven AFW pump outboard bearing temperature was high.
Excessive thrust bearing clearance caused the balance drum to unbalance, causing the
- bearing to overheat.
Maintenance |Operational/ Human[Pump  [Maintenance Pbrication HP] 1991[Failure  [Partial [Following an overhaul of the HPI pumps. Too much oil flow led to excessive oil leakage,
213 Error ko Run which would have failed HPI pumps before end of mission.
]Maintenance Operational/ Human {Pump [Test Casing RHR-P | 1989(Failure |Complete [Both loops of the residual heat removal system were declared inoperable due to gas
Error Start nding of both RHR pumps. The gas binding was caused by entry of nitrogen gas into the
214 actor coolant system from accumulator. The root cause of this event has been attributed
personnel error. Personnel did not comply with the specific requirements in the
. . mulator discharge check valve full flow test procedure due to inattention to detail,
rMaintenance [Operational’ Human [Pump Test [Packing/Seals IAFW |1 ailure  |Partial During the performance of Steam-Driven Emergency Feedwater Pump testing, sparks
Error o Run observed emanating from the outboard mechanical sea) area. The sparks appeared to
due to & mechanical interference within the mechanical seal assembly, The pump
anical scal was disassembled and determined to have been improperly installed
25 uring the last refueling outage. The evaluation identified a mechanical seal design
eficiency and inadequate corrective action for a previously identified event as the primary
uses for this event. A contributing cause for this event was found to be inadequate
redictive maintenance techniques. The electric AFW pump exhibited the same problem.
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Coupling ; Discovery : Failure | Degree of .
Item Factor Proximate Cause | Segment Method Piece Part | System| Year Mode | Failure ‘ Description
|Maintenance |Operational/ Human|Suction  |Demand |Piping W |1 ailure [Complete [Both trains of boih units charging pump service water pumps became air bound.
216 Error : ’ Run Underwater diving maintenance activilies on one units circulating water and service water
ines was ideatified as the source of the air. The air entered the service water supply lines
. hen a valve was opened in preparation for a Safety Injection logic test.
aintenance [Operational/ Human|Suction |Demand |Piping ESW 11 ailure [Complete |Both trains of boih units charging pump service water pumps became air bound.
7 Error Run Underwater diving mainienance activilies on one units circulating water and service water
incs was identified as the source of the air. The air entered the service water supply lines
hea & valve was opetied in preparation for a Safety Injection logic test.
218 (Operational/ HumanISucﬁon pection  [Valve ISLC 1991]Failure  [Pastial lsuc pumps were poteatially inoperable during part of test due to valve lincup.
[Error Start
[Maintenance  [Operstional/ Human|Suction |Maintenance [Strainer FHPI 1985|Failure  [Partial
[Error Run
219
ystem flushing prior to functional testing
aintenance  [Operational/ Human *Suction [Maintenance {Piping |RHR-P | 1982iFailure [Complete [Shutdown cooling was lost due to nitrogen intrusion because of backflushing a filter in the
220 Error Run purification system.
[Maintenance  [Other Discharge [Demand [Valve ESW | 1980iFailure [Partial service water pumps were started to put torus cooling in service. When these pumps
221 Start ould not deliver required discharge pressure, they were declared inoperable. The seal in
Air release valve was bad, allowing a vent on the discharge line.
|Maintenance [Other Driver  |Demand 1&C ESW | 1982Failure |Complete ing a reactor scram, an attempt to initiate suppression pool cooling revealed that
Start RHRSW loops were inoperable as neither loop's pumps could be started. Low suction
pressure lockout signals in each loop prevented starting each loop'’s pumnps.
222 ugging of the sensing line to each loop's suction header pressure switch prevented both
wilches from sensing actual pressure, although a lack of operating fluid in one switch and
open power supply breaker to the other switch also would have prevented pumps from
: tarting, ) )
|Maintenance  [Other Driver  |Demand FBruker |[RHR-P | 1987Failure [Complete [Two LPI pumps, when given a stast signal, would not start. An ongoing investigation
23 Start vealed the probable root cause of the event to be poor electrical contact of the breaker
iliary stabs for the pumps.
224 rdamtemnce Other Driver IMunlmnnce Breaker ESW | 1984{Failure IPmnl ESW pump breaker failures, brokea screw, no lubrication, and a bent track
Start
225 |Mmmenance Other Driver  [Maintenance [Breakes ESW | 1982|Failure [Partial  [ESW pump circuit breakers found damaged. Defective arc chute and cracked secondary
: Start fcoupler.
226 IMunn:mmce Other Driver  [Test FBW lEsw | 1984[Failure rmm ESW pumyp breakers tripped due to failed voitage control devices.
Start
227 ‘Muntemnce Other Driver  [Test Breaker ESW | 1984{Failure |Partil  |ESW pump breaker overcurrent trip devices tripping too low.
) ' to Start
IMaimemnce Other uction - [Demand iping RHR-P | 1 silure [Complete A complete loss of RHR flow occurred while plant operators wete increasing RHR heat
228 ' Run Fxchnnguﬂowbydosingdownonthehenexchangerbypmvdve.
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Coupling . Discovery . Failure { Degree of -
Item Factor Proximate Cause | Segment Method Picce Part | System| Year Mode | Faiture Description
FMaimenance Other uction [Demand |Piping [RHR-P | 1981{Failure [Complete [Temporary coolant loop level indicator showed level slowly increasing over a period of
229 o Run days. The system was periodically drained to maintain 65 percent indicated level. A RHR
ump lost suction on reduction of actual level. The second pump was started, and lost
uction. Indication drift was due to evaporation of reference leg.
230 anintenance Other uction |Demand IPiping RHR-P | 1986]Failere [Complete FSDC pumps cavitated due to lowering RCS level. Level indication was in error,
Run
aintenance  [Other uction |Demand iping RHR-P 19831:7ailure Complete [The RHR pumps began to cavitate end eventually both pumps were stopped. The reactor
o Run vessel level gauge being used to provide an indication that the level was approaching the
231 vessel flange level had been isolated (reactor coolant drain tank isolation valve had been
closed during an attempt to reduce feakage). Additionally, procedures did not require
[visual monitoring of cavity level,
Operational  [Design/ Discharge [Test ICheck Valve ESW | 1999{Failure |Partial ESW pumps had low flow due to interaction with the two other pumps when all four
Construction/ Run umps were running.
232 Manufacture/
Installation
Inadequacy
(Operational Exte_mnl Driver  |Inspection [I&C HPI 1990{Failure [Complete [1t was determined that the common minimum flow path return line for the safety injection
Environment Run umps to the refueling water storage tank was frozen. Previous actions to investigate
lems with the frecze protection system were unsuccessful in preventing development
233 f this condition. The two HPI pumps were declared inoperable with this return line
A faulty ambient temperature switch for the RWST heat trace system prevented the
eat trace from activating and was subsequently replaced. In addition, administrative
trols did not sufficiently recognize the safety significance of flow through this line and
he need to ensure flow capability.
274 Operational  [Operational/ Human |Discharge Ilnspection Valve HPI 1987[Failure |Almost  [While attempting to fill the safety injection accumulators, it was discovered that two of
Error fto Start [Complete SI pumps had been isolated from the high head injection flowpath,
Operational  [Operational/ Human|Discharge |Inspection  {Valve HP1 1993|Failure |Partial AFW pump failed due to incorrect procedure which allowed pump to be run without
2 Error : Run flow, other AFW pump was allowed to run past max flow rate. It is unclear whether these
35 istakes were due to inadequate procedures or staff ervors, but it was assumed to be a
ilare to follow procedure.
Operational  |Operational/ Human|Discharge Inspection  [Valve AFW | 1994|Failure  [Complete [Following a trip, the AFW Pumps were secured and the discharge flow control valves for
Error o Start Motor Driven Pumps were closed. Later, an operator discovered during a routine
236 trol Board walkdown that the valves were closed. Subsequent investigation revealed
AFW system had not been placed in standby readiness per the operating procedure
er the system was secured.
Operational  [Operational/ Human|Driver  |Demand 1&C [ESW | 1981[Failure ial arm circuit breaker was de-energized resulting in a loss of two RHR service water
237 Error to Start umps.
Operational  [Operational/ Homan|Driver  |Demand 1&C IAFW | 1983[Failure |Complete operator incorrectly secured the diesel and steam driven AFW pumps, which prevented
238 Error 0 Start ir restart on low SG level.
Operational  [Operational/ Human |Driver Ilnspeaion 1&C HPI1 1988[Failure [Complete |With altemate CCP pump out-of-service, the remaining operable pump was erroneously
239 Error Start laced in pull-to-lock.
Operational ~ [Operational/ Human [Driver pection  [1&C RHR-P | 1995[Failure [Complete [The switches for the containment spray and recirculation pumps were in a trip pullout
240 Error Start when the Technical Specifications and plant procedures required the pumps to be operable.
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Coupling . Discovery " Failure | Degree of -
Item Factor Proximate Cause | Segment Method Piece Part  {System| Year Mode | Failure Description
Operational  [Operational/ Human|Driver pection Preaker ESW | 1981(Failure |Almost  [Coatrol breakers for two ESW pumps were open due to inadvertent operator action.
241 Error jto Start [Complete -
242 Operational  |Operational/ Human|Driver llnsped.ion Breaker HPI 1988{Failure [Complete |HPI pumps not restored before mode change due to procedural inadequacy.
Error B Start
243 Operational  |Operational/ Human|Driver Ilmpeaion 1&C HPI 1992[Failure |Almost  [Two charging pumps and one charging pump service water pump were removed from
) Error Start  [Complete ice simultaneously which is a condition not allowed by technical specifications.
Operational ~ [Operational/ Human|Driver  |lnspection  [I&C HPI 1 ailure |Partial Both safety injection pumps were in the pull-to-lock position. With the switches in pull-to-
244 Error Start lock, the pumps would not have automatically started upon receipt of an initiating signal.
[This event was caused by cognitive personnel error by a utility licensed operator in failure
to follow an approved procedure.
Operational  [Operational/ Human|Driver ~ |Inspection reaker HPI 1982}Failure {Complete [During the draining of the reactor coolant system, both centrifugal charging pumps were
245 Error Stast. red inoperabie. The initial conditions in the draining procedure contained a confusing
tatement, which led to an erroncous assumption that both CCP breakers had to be racked
tand tagged.
26 Operational  [Operational/ Human |Driver rnspection Breaker HPI 1989jFailure |Partial IHP] Pump B not retested, then HPI Pump A removed from service.
Exror Start
247 Operational  |Operational/ Human [Driver Ilnspecﬁm reaker HP{ 1 ailure |Complete [By opening incorrect breaker, HPI pump tripped while others were unavailable.
Error to Start
248 Operational  [Operational/ Human [Driver Fmpﬂm Breaker CSS | 1991{Failure |Complete ICSR coatrol power de-energized prior to mode change. Technical Specxﬁcauon violation,
Error to Start fInadequate procedure review.
Operational  [Operational/ Human |Driver  [Test 1&C ESW | 1990(Failure |[Complete emergency service water pump failed to start and was declared inoperable. Further
[Ecror Start investigation determined that the failure of the pump to start was due toa tnpped
mergency engine shutdown device. Operations personnel performing the testing did not
249 the need to reset it prior to starting the pump. Examination of the other two
W pumps revealed that their emergency shutdown devices were also in the tripped
ition.
Operational  [Operational/ Human [Pump pection  |[Lubrication HPI 1983|Failure [Complete 1A routine preventive maintenance (oil change) was mistakenly performed on the north
[Estor Start ing pump instead of the south as scheduled. Since the south pump was previously
250 for this oil change, and the test pump was valved out, none of these three pumps
ere in service as required by tech specs for the approximately 20 minutes it took to
ge the oil in the notth pump.
Operational  [Operational/ Human [Pump aintenance [Lubrication ESW | 1993[Failure [Partial w pressure RHR bearing oil level not maintained high enough when new smaller
251 [Error Run ightglass installed. Second event the sightglass was broken when adding oil.
Operational  [Operational/ Human|Suction  |Demand Piping RHR-P | 1980\Failure |Complete ile attempting to increase RHR flow, the plant expetienced a total loss of flow due to
Error . Run pumps being air-bound. The pump was not vented when starting to increase flow.
252 procedures have been changed to have an operator present while changing flow
in the RHR system. There have been losses of RHR flow in the past because the pumps
ere air-bound and methods are being investigated to improve the system design.
Operational  [Operational/ Human|Suction |Demand iping ESW | 1986{Failure |Complete [Failure to properly vent and fill a newly installed pipe introduced air into the charging
253 Error to Run UInp Service water system.
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Coupling . Discovery . Failure | Degree of .
Item Factor Proximate Cause | Segment Method Piece Part  |System|Year Mode | Failure Description
Operational pperationall Human|Suction |[Demand Fiping RHR-P | 1984[Failure [Complete [The control room operators started a second residual heat removal pump in preparation for
Error Run iemovingdleopemﬁngRHRpumpﬁomservice.Wiﬂ:bodnpumpsmmﬁng,ﬂowbwm
254 xcessive for the half-loop condition causing cavitation and air binding of both pumps, To
revent recurrence the procedure which controls the operation of the RHR pumps has been
hanged to include specific instructions to stop the operating pump prior to starting the
d pump while at half-loop.
285 Operational  [Operational/ Human[Suction Pemm ooster Punp  [ESW | 1980{Failure  [Partial service water RHR booster pump was de-energized during maintenance. The artempt
Error Start start service water pumps failed due to low suction pressure.
256 Operational  |Operational/ Human|Suction |Demand l?iping ESW | 1988|Failure [Complete procedure failed to adequately caution the operator to slowly fill a drained line. Rapid
Error Run lling resulted in a loss of NPSH to the charging service water pumps.
Operational  [Operational/ HumanSuction  |Maintenance [Strainer BESW | 1986|Failure JComplete JA service water strainer was placed in service withoat being vented resulting in air binding
251 Error Run ystem and loss of charging pump service water pumps.
258 Operational  |{Operational/ Human(Suction [Test Piping ESW | 1989]Failure [Partia!  |insdequate procedure led to air binding of operating BSW pumps.
Error Run ;
259 Operational  [Other Purnp [nspection  [Bearing ESW | 1991(Failure ([Partial Lube oil cooling water isolated during a test. Pumps continued to run with no cooling.
Run
[Quality Design/ Driver  [Demand rMotot ESW | 1987(Faiture [Partial [ESW pump motors tripped on overcurrent. The overcurrent trip was due to a ground and a
Construction/ Start [short on the pump motor.
260 Manufacture/
Installation
Inadequacy
[Quality Design/ Driver  |Demand Breaker [ESW | 1996|Failure [Partial [Two RHRSW pumps fail to start due to breaker failures. Wrong contacts were installed.
IConstruction/ rlo Start [Design catled for contacts to have a minimum current interrupt rating of 6 amps; contacts
261 Manufacture/ linstalled (that subsequently failed) had current interrupt rating of only 2.2 amps.
Installation
Inadequacy
Quality Design/ Driver  |Demand 1&C AFW | 1989]Fsilure Complete |Both motor driven auxiliary feedwater pumps failed to start when the operator tried to start
onstruction/ Start manually, While preparing a design change, the designer failed to review all the unit
Manufacture/ ific documentation associated with the motor-driven AFW pump wiring and made the
Installation s assumption that both units switchgear compartment internal wiring was
262 Inadequacy identical. In fact, the wiring for each unit was different. Consequently, when the design
ange was installed, it was installed in accordance with the erroneous design, The wiring
iscrepancy was corrected and the motor-driven AFW pumps were tested and retumed to
ice.
Quality Design/ Driver  [Test [Breaker LCS | silure [Complete [Relay extra contacts left connected during construction, prevented Core Spray pump start
onstruction/ Start ith emergency diesel generator breakers racked out.
263 Manufacture/
Installation
Inadequacy
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Item CouphnF 2 Proximate Cause | Segment D; wl " e.ryl Piece Part  |System|Year l;:;lo:': D;m of Description
Quality Design/ Driver  [Test 1&C AFW | 1980\Failure [Complete |During surveillance testing, neither motor-driven AFW pump would start. The pump
[Construction/ QOI‘I;SM jcontrol circuit was found with autostart defeat switches labeled backwards, causing all
Manufacture/ except the low-low steam generator level to be defeated. The labels were
264 tallation and the links were closed. The original installation error was the result of an
inadequacy uate design change process that did not require sufficient verification and testing of
the modlﬁuum.
Quality Design/ [Pump Demand car |[ESW | 1988|Failure |Partial pumps drawing excessive current. Carbon steel snap rings corroded allowing
Construction/ Rings to Run mpellerwoomemeonnctmlhmng,mthndpnmp dmoughnotexhnbmngubnom\al
265 Manufacture/ had similar corrosion
Installation
uacy
Quality Design/ [Pump Demand mkﬂww ESW 1996I‘l-;lilute Partial Nuclear Service Water pump tripped on overcurrent after operating for approximately
truction/ i Run minytes. Initial troubleshooting indicated that the pump was binding and disassembly
Manufacture/ a$ required to determine the cause. It was deicrmined that the pump impeller thrust ring
266 Installation become loose due to thrust ring retaincr bolt failure, which allowed the impeller to slip
inadequacy the shaft and resulted in pump binding and the overcumrent condition. The bolts failed
to corrosion. Similar bolt degradation was discovered on other service waler pumps.
investigation results indicate the primary cause of the bolt failures was corrosion
uced by galvanic coupling of the retainer bolting and other pump components.
uality Design/ Pump  [Inspection  [Casing IAFW | 1983(Failure |Partial 'wo AFW pumps thrust tolerance was out of specificalion. These events were caused by
truction/ to Run i mpalyumhﬂedbnhnungdmmpaﬂaOncwxbmednvenmdoncmomdnvenpump
267 Manufacture/ as involved.
Installation
Inadequacy
Quality Design/ mp  [Inspection  |Casing HP] 1987{Failure |Partial During inspection of a centrifugal charging pump, a portion of the stainless steel cladding
onstruction/ ’N to Run the inside surface of the pump casing exhibited corrosion. Corrosion of the pump
Manufacture/ ing was through the stainless sicel cladding into the carbon steel base material.
[nstallation pection of the other CCP revealed similar corrosion. The cause of this event was a
268 Inadequacy ufacturing deficiency. Corrosion observed at the pump casing discharge nozzle was
uted to a cladding breakthrough during final machining. Cocrosion observed at the
ump casing inlet end was aiiributed to either over-machining of the cladding or
uate overlay of two adjacent weld beads.
Quality Design/ Pump Test {impeller/Wear |[ESW | 1986{Failure [Partial ‘esting of the service waler systemn disclosed that the performance of the three service
truction/ Rings Start waler pumps was below requirements. The coadition is the result of both an inadequate
269 Manufacture/ ystem design and the installation of replacement impellers, which were not modified by
Installation vendor to improve performance, as were the original impellers.
Inadequacy
Quality Design/ - [Suction  {Demand iping ESW | 1984[Failure {Partial oth RHR service water pumps tripped as a result of inadequate venting of suction header
jon/ Start ulting from poor orientation of the vent line,
270 anufacture/
. tallation

uacy
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Coupling . Discovery . Failure | Degree of
Item Fi Proximate Cause | Segment Method Piece Part | System| Year Mode | Failure Description
Quality Design/ Suction f!nspection Piping HPI 19881Failure rhrtill Vortex breakers had not been installed in the containment emergency sumps, Vortex
Construction/ _ : Run breakers are required to be installed in the containment emergency sumps to prevent the
271 anufacture/ ation of vortices which could adversely affect performance of safety injection pumps
nstallation = ing the safety injection and containment spray systems were declared inoperable.
adequacy
Quality {intemal to Pump Demand mpellet/Wear [AFW | 1988[Failure |Partial ollowing a plant trip, it was discovered that the auxiliary feedwater pumps had internal
m iComponent ings 0 Run age. Some channel ring vanes had chips missing, and several parts were found in the
G auxiliary feedwater piping.
Quality (Operational/ Human |Driver ion  [Breaker ESW | 1992]Failure meinl fit between an ESW pump breaker primary disconnects and the associated breaker
Error Start icle stabs was inadequate. The poor fit between the disconnects and the stabs led to
m ing in the breaker cubicle when the pump was started, resulting in a fire. Shortly after
dentifying the cause of the fire, the remaining ESW breakers, which had recently been
laced along with the failed breaker, as part of a design modification package, were
‘ound to be inadequate also, .
IQuality iOperational/ Human|Driver  [Test 1&C ESW | 1982|Failure {Partial ESW pumps failed to start. One ESW pump failed to function as a result of loose
274 [Error Start ires on relay terminals in both pump logic schemes, a loose states link and an
instantaneous contact found out of adjustment on the other pump logic scheme.,
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Table A-3. Pump CCF events, sorted by the method of discovery.

Discovery Coupling : . Failure | Degree of .
Item Method Factor Proximate Cause | Segment Piece Part  |System| Year Mode | Failure Description
| [Pemand Design Design/ Discharge [Valve AFW | 1985Failure |Partial  [Controller problems in the sieam and diesel driven AFW pumps caused the pumps to trip
onstruction/ Start low suction pressure. The pump discharge flow controller valves were also not set
roperly after last maintenance. Low suction trips were due to design error,
2 |Demand Design IDischarge [Valve 1986jFailure |Partial the turbine driven and motor driven AFW pumps could not produce full flow because
Start cages in their discharge valve trapped debris and plugged.
3 Demand [Design Driver J&C W 1981|Failure WMl A modification to the control instrumentation for two AFW pumps resulted in a backfeed
Start (Complete rsimnion such that when called upon to start, both pumps would not start.
4 |Demand Design Driver J&C IAFW | 1981[Failure |Almost  [Two AFW pumps failed to avtomatically start due 10 low suction pressure trips. A
Start Complete ificalion was installed to prevent this. This effect was discovered previously, but
arently had not been corrected prior to an attempt to start the pumps three weeks later.
5 [Demand Design Driver [1&C IAFW | 1997\Failure  |Partial actual AFW pump failure due to spurious electronic overspeed trip. Determined
To Run - three puinps were susceptible to spurious overspeed trips, o
mand Design Driver  |Lubrication IRHR-P ailure 1Complete [Both RHR/LPI pumps fail to run due to improper oil in system. High bearing temperatures
6 ..
Run ed when the pumps were operated. This was due to the wrong lube oil being used,
ich had too high a viscosity. Inadequate vender design information resulted in the
igher viscosity oil being used and additional exacerbating problems such as insufficient
ing clearances. .
7 |Demand = |Design M ‘ear psw 1981|Failure [Complete charging pump service water pumps failed. A carbon cap screw failed aliowing the
Run i of one pump to bind on the casing. The ensuing leakage shorted the motor
of the other pump.
8 [Demnnd ign mp ﬁlmpelleerear ESW | 1986{Failure |Partial four emergency service water pumps showed cavitation damage. Two of the pumps
: Rings Run minor damage and were placed back in service. Recirculation cavitation occurs at
ows significantly less than design.
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Dit li . . Fail f .
Item h;:;‘::y Cgup ng Proximate Cause | Segment Piece Part | System|Year ‘ Molcli: D;m ' Description
9 [Demand Design Design/ Pump Ill{::npellerIWear ESW |1 ailure [Partial A Nuclear Service Water pump tripped on overcurrent afier operating for approximately
IConstruction/ ings o Run 20 minutes, Initial troubleshooting indicated that the pump was binding and disassembly
anufacture/ [was required to determine the cause. It was determined that the pump impeller thrust ring
tallation ad become loose due to thrust ring retainer bolt failure, which allowed the impeller to slip
Inadequacy the shaft and resulted in pump binding and the overcurrent condition. The bolts failed
ue to corrosion. Similer bolt degradstion was discovered on other service water pumnps.
investigation results indicate the primary cause of the bolt failures was corrosion
by galvanic coupling of the retainer bolting and other pump components,
1o |Pemand Design Design/ uction  |Piping [ESW | 1983[Failure |Almost ncreased flow to chillers resulted in loss of NPSH to Charging Pump Service Water
[Construction/ 0 Run  [Complete [pumps.
anufacture/
nstallation
adequacy
11 |Pemand Design ign/ uction [Piping ESW 1982E7ailum Almost  [Increased flow to chillers resulted in loss of NPSH to Charging Water Service Water
onstruction/ 0 Run  [Complete Ipumps.'
anufacture/
tallation
adequacy
12 |Demand Design Design/ Suction  |Piping [ESW | 1983Failure  [Complete [‘l’ncreased flow to chillers resulted in loss of NPSH to Charging Water Service Water
Run ‘ umps. ‘
{3 |Demand Design uction [Piping ESW | 1982|Failure [Complete [The use of service water by the chillers can cause a loss of suction pressure to the charging
: lro Run ump service water pumps.
14 {Demand Design Suction  [Piping ESW | 1982|Failure [Complete use of service water by the chillers can cause a loss of suction pressure to the charging
[to Run ump service water pumps.
15 |Demand Design uction [Piping ESW | 1981/Failure [Complete l:lclnsed flow to chillers resulted in loss of NPSH to Charging Water Service Water
}to Run mps.
16 [Demand Design Suction fPiping ESW | 1981[Failure [Complete [Increasing flow to chillers robs NPSH from charging service water pumps.
Jto Run
nstallation
acy

v xrpuaddyy




0s-v

Discovery : Failure | Degree of L
Item Method Segment Piece Part  |System|Year Mode F:tl:e Description
17 |Demand Buction Pﬁpmg ESW | 1982Failure  [Complete [The use of service water by the chillers can cause & loss of suction pressure to the
Run Charging Water Service Water pumps.
j§ |[Demand mmww : st 1 u'll:: IComplete mdﬂwwdxﬂmmwdinhuofNPSmemeSaﬁme
to
19 |Demand uction  (Piping IESW 11 agﬁ |Partial Freezing of diesel gencrator service waier piping in intake bay. Inadequate initial design.
90 |Demand Discharge |Check Valve 1983(Failure Hot water in the AFW pump casings caused the pumps to become vapor bound. The hot
Start [Complete |water was from leaking check valves upstream of the pumps. This event occurred once on
jthe turbine driven pump and 5 times on the motor driven pump.
21 |Demand Driver  1Breaker IESW ‘silure ESW pumps failed to start due to their breakers failing to close. The breakers' prop
. Start  |Complete pmgbrmkﬂhu:hppedd:mpmenungpropamrfmngbetwemlhepmpmdthe
pin.
92 |[Demand Driver  {I&C ESW {1 aifure  (Partial rmwmmtisohﬁonvdveclosedcausingalowsucdontﬁpsipulmtwoRHRSWpumps.
to Start
73 [Demand Pump ; ear JAFW |1 ailure JAlmost to a combination of management error and procedural deficiency, the turbine driven
Rings ‘ Run  jComplete iliary feedwater pump was run deadheaded. The operation damaged the pump. When
pump was manually tripped, steam veated back into the suction line, caused another
)umpmdsotrjg,onnlowswﬁonpmsmggnd
24 [Demand Design Operational/ Human|Suction  [Tank JAFW | 1 ailure  [Complete emergency feedwater pumps lost feed pump suction. The emergency feedwater pump
Run uction flashed to steam due to the feedwater train flashing and forcing hot water back
gh the startup and blowdown tanks and into the feedwater pump suction. To prevent
ig recurrence, the operating procedures hiave been changed to require isolating the startup
blowdown effluent as a source of emergency feedwater suction prior to increasing
wer,
25 |Demand Design Operational/ Human|Suction  [Piping IRHR-P | 1 ailure [Complete [Suction was Jost to both RHR pumps. RHR flow was less than 3000 gpm and pump amps
Error Run fluctuating prior to taking corrective action. Each of these events appear to have been
by a slow decrease in RCS level in conjunction with the vortex action at the pump
26 |Demand Puign Operational/ HumFSucﬁon Piping IRHR-P lWﬂlﬂm Almost  On two occasions, RHR puinps cavitated due to low RCS level while draining the RCS.
Error lete
77 [Pemand Design [Operational/ Human|Suction  |[Piping {|RHR-P | 1980{Failure [Complete [The reactor vessel vent eductor was in service in preparation for refueling with RHR
Fa'ror Run ing. A low flow alarm was received and low flow and low motor current were
A second pump was staried and became air-bound. Putting the vessel vent
system into service was the root cause of the incident.
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Item D;;:&":d'y Cg:g::s Proximate Cause | Segment | PiecePart  [System] Year ‘;ldl«l:: D;mf Description
28 [Pemand Design Operational/ Human Suction  [Piping [RHR-P [ 1985[Failure [Complete [Swap over of RHR puraps resulted in both trains becoming inoperable due to air injection
Error Run into the suction of the pumps. This required both pumps to be vented and required RCS
evel to be raised to prevent a possible recurrence of the vortex problem.
29 [Demand Design Other Driver [I&C ESW | 1981{Failure  [Partial ttempt was made to place the a RHRSW subsystem into service for use in suppression
Start cooling, the subsystems' pumps could niot be started due to a pump suction header
low pressure lockout signal from the header pressure switch. The threaded plug in the
witch diaphragm housing became loose and allowed the diaphragm fluid to leak out and
the switch to sense a low pressure.
30 [Demand Design Other Driver  [Piping HC1 1 ilure [Complete {Water entered the HCI and RCI steam supply lines, rendering both pumps inoperable.
0 Start ailed reactor vessel instrumentation allowed water to overflow and fill the HCI/RCI
) team lines. Pumps were unavailable.
3) [Pemand Design Other Driver [1&C ESW | 1981[Failure FPmial ttempt was made to place the 8 RHRSW subsystem into service for use in suppression
0 Start 1 cooling, the subsystems’ pumps could not be started due to a pump suction header
ow pressure lockout signal from the header pressure switch. The threaded plug in the
witch diaphragm housing became loose and allowed the diaphragm fluid to leak out and
used the switch to sense a low pressure. This is a second event two months later.
32 [Demand Design Other [Suction  [Valve |RHR-P | 1984[Failure [Complete RHR pumps were unable to operate due to the introduction of sir into the RHR
: Run The incident occurred during the drain down of the RCS, when the level of the
RCS was being monitored via a standpipe off the centertine of one of the RCS loops. The
isolation valve to which the standpipe was attached became clogged sometime during the
in down and falsely indicated above centerline when in fact the level was below the
HR suction line (below centerline).
33 [Demand Design her Suction |Piping [RHR-P | 1987[Failure [Complete |RHR flow was interrupted when both RHR trains became inoperable due to air bound
Run pumps. The loss of RCS inventory to the reactor coolant drain tank due to a leaking
slve caused a decrease in RCS water level, vortexing in the pumps’ suction line, and air
trainment in the RHR pumps.
34 [Demand ign Other Suction  |Piping RHR-P| 1 ailure  [Complete [With vnit drained to centerline of the nozzles, suction to both RHR pumps was lost for 36
Run i Suction to the RHR pumps was lost because of ambiguous reactor coolant system
evel indication while drained to centerline of the nozzles. The actual RCS level was lower
observed.
35 |Demand Design r uction |Piping RHR-P | 1982|Faiture [Complete IRHR Suction lost due to erroneous RCS level while draining the RCS.
Run
36 [Demand Design Other Suction  |Piping ESW |1 ailure  [Almost ir ingress exceeded the air removal capability of the constant vent valves, A design
’ Run  [Complete [change was implemented to remove the air compressor cooling from the service water
37 |Demand Design Other uction [I&C HP1 1997[Failure  {Partial storage tank reference leg not full, which gave erroneous indication of sufficient
0 Run k level. One HPI pump severely damaged, other pump not as damaged, and could have
‘The root cause was a combination of a design weakness of a common reference leg
the Letdown storage tank level instruments and a leaking instrument fitting due to an
nadequate work practice.
3g [Demand Design Other Suction  |Piping HPI 1982{Failure [Complete [Hydrogen from the suction dampener got into suction piping and failed both CCPs.
Start
39 [Demand [Design [Unknown ISnaion - IPiping RHR-P | 1983[Failure [Complete [RHR pumps cavitated. Unsble to repeat. Unknown cause.
Run
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Discovery Coupling . . Failure | Degree of L
Item Method Factor Proximate Cause | Segment Piece Part  |System| Year Mode | Failure Description
40 |Demand Environmental |Design/ Pump car |ESW ailure |Almost  [Two of the River Water pumps tripped on overcurrent when they were attempted to be
onstruction/ ings to Start [Complete The trips were a result of physical contact between the impeller and the lower
anufacture/ liner of the pumps. This condition was due to differential thermal expansion
tallation ween the pump shaft and the pump casing as a result of an elevated seal injection water
nadequacy temperature. The elevated temperature was due to an abnormal configuration of the
Filtered Water System (the backup scal water supply).
4] [Demand Environmental [External Driver otor ESW | 1985(Failure |Partial Two service water motors failed on demand as a result of cement dust contamination.
[Environment to Run
42 |Demand Environmental [External Driver [I&C AFW | 1984|Failure [Complete |Both AFW pumps failed to start. The problem was traced to two relays (1 per pump).
Environment to Start Examination of the relays revealed open circuiting and severe degradation of the
finsulation.
43 [Demand Environmental {External Suction |Piping HPI 1984{Failure [Complete [Boron solidification in the suction and gas binding of pumps led to the failure of all three
[Environment to Start ety injection pumnps. Flushing procedures inadequate.
44 |Pemand [Environmental [Intemal to Discharge [Valve AFW | 1988|Failure |Partial sutornatic start, motor driven AFW pump swapped suction automatically to the
IComponent Run uclear service water system when a sustained low suction pressure condition was sensed,
raw waler entered two stcam After the initial trip recovery, it was noted
AFW flow 0 stcam generators had degraded following the suction swap. Inspections
vealed that the cavitrol cages for these valves were clogged with shredded Asiatic clam
Ils.
45 |[Pemand Environmental [Intemal to Discharge [Valve IAFW | 1988|Failure  [Partial ter sutomatic start, motor driven AFW pump swapped suction automatically to the
Component Run uclear service water system when a sustained low suction pressure condition was sensed,
raw water entered two steam generators. After the initial trip recovery, it was noted
AFW flow to steam generators had degraded following the suction swap. Inspections
vealed that the cavitrol cages for these valves were clogged with shredded Asiatic clam
hells.
46 |Pemand Environmental |Intemnal to Pump lle/Wear |[ESW | 1994 failure Partial w water pump currents stayed high after starting. The primary cause of these events was
mponent Rings Run ined to be elevated sand content in the river, resulting in excessive sand
mulation around the suction area of the pumps.
47 |Pemand Environmental |intemnal to uction Fum ESW | 1980|Failure |[Partial ‘oreign material was allowed to enter the suction of the charging pump service water
mponent to Run pumps resulting in low flow conditions.
48 |Pemand [Environmental {Intemal to Suction |Piping ESW | 1986jFailure fPanial RHR service water pumps failed flow testing due to blocked suctions and abnormal wear
ponent to Start jof impellers.
49 |Pemand aintenance [Design/ Suction [I&C HPI 1997|Failure Fompletz HPI pumps fail due to operation with inadequate suction head. Two pumps damaged due
truction/ to Run : meopmﬁon with inadequate suction, but all three system pumps were unavailable due to
Manufacture/ loss of the suction source. Suction source level instrumentation was the cause.
Installation :
uacy
5o |[Pemand aintenance |External Driver  {Breaker AFW |1 ailure [Partial  |AFW pumps circuit breakers degraded.
vironment Run
51 [Demand IMaintenance temal to Driver  [Breaker RHR-B { 1987Failure [Partial R pump breakers failed to close when operated remotely from the comml room. It was
ponent Start ‘ound that the latch roller bearings and the cam follower bearing (internal piece parts of
breaker) were not operating coerectly. This prevented the trip latch assembly from
tting and allowing the breaker to close.
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Discovery Coupling . . Failure | Degree of i
Item Method Factor Proximate Cause | Segment Piece Part System| Year Mode | Failure Description
52 |[Demand IMninwnanee ternal to iver J1&C ESW | 1991|Failure [Partial  {Two ESW pumps failed to start due to failed breakers. Inadequate maintenance.
ponent |to Start
53 |Demand Maintenance  Jinternal to Driver r..ubrlmion HP1 1984{Failure |Partial ICharging pump lube oil cooler fan motor trips on thermal overload. Probable cause:
IComponent Run wear on motor resulting in increased friction replaced wom motor with spare.
During routine inservice testing found that another charging pump lube oil cooler fan
had a current imbalance. Probable cause: normal aging of motor insulation has
lted in a current imbalance.
54 [Demand aintenance ternal to [Pump  [Casing ESW | 1998|Failure [Partial ESW pump started and ran, but would not develop sufficient pressure or flow rate.
omponent Start 2ct cause not known for cither failure, however, one pump was noted to have
microbiological induced corrosion fouling on intemal surfaces.
s |Demand Maintenance Igltemal to Pump Bearing JAFW lmlfolilum |Partial [One ESW bearing failed and pump seized; second motor bearing failed,
omponent Run
56 |Demand lMaimcnance Jinternal to [Pump  [Packing/Seals  JAFW | 1998[Failure [Partisl  |AFW MDP and TDPs failed due to incorrect packing installed.
IComponent Run
§7 |Demand Maintenance  [Operational/ Human|Driver  [Breaker ESW | 1993|Failure |Partial Operations personnel were attempting to swap the running service water pump with the
Error o Start idle service water pump, Personnel placed the control switch to start and the service water
ump did not start. Breaker malfunction. Later, another service water pump failed to start
use of the breaker.
sg |Demand Maintenance  [Operational/ Human|Driver  |Breaker ESW | 1987|Failure |Partial breaker failed to linkage alignment and second from loose relay connections.
’ Error 0 Start ate maintenance.
59 |Demand aintenance  [Operational/ Human|Driver  [Breaker ESW | 1988|Failure |Partial ervice water pump high dropout over current protection devices were less than running
Error Run conditions and trip setpoints did not account for changing load conditions due to
modified impellers. Three pump trips had occurred.
60 |Pemand Maintenance  [Operational/ Human Pump ICasing IAFW | 1983[Failure [Partial During testing, the outboard bearing temperature was high on the turbine-driven AFW
Error Run ump, due to improper balance drum clearances, caused by improper maintenance. The
will be modified and the balance drum clearance reset. While the unit was
ing up, the motor-driven AFW pump outboard bearing temperature was high.
cessive thrust bearing clearance caused the balance drum to unbalance, causing the
bearing to ovetheat.
61 [Pemand |Maintenance  |Operational/ Human{Suction  [Piping ESW | 1996|Failure [Complete [Both trains of both units charging pump service water pumps became air bound.
Error 0 Run nderwater diving maintenance activities on one units circulating water and service water
was identified as the source of the air. The air entered the service water supply lines
a valve was opened in preparation for a Safety Injection logic test.
62 |Demand [Maintenance  [Operational/ Human|Suction  [Piping ESW | 1996Failure [Complete [Both trains of both units charging pump service water pumps became air bound.
Error Run nderwater diving maintenance activities on one units circulating water and service water
ines was identified as the source of the air, The air entered the service water supply lines
a valve was opened in preparation for a Safety Injection logic test.
63 [Demand aintenance  1Other Discharge [Valve ESW |19 ilure [Partial RHR service water pumps were started to put torus cooling in service. When these pumps
o Start Id not deliver required discharge pressure, they were declared inoperable. The sealin
3ir release valve was bad, sllowing a vent on the discharge line.
64 [Pemand nintenance r Driver FBreaker RHR-P { 1987[Failure lete LPI pumps, when given a start signal, would not start. An ongoing investigation
Stant vealed the probable root cause of the event to be poor electrical contact of the breaker
auxiliary stabs for the pumps.
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Discovery Coupling . . Failure | Degree of : -
lem | - Method Factor Proximate Cause } Segment Piece Pat  {System|Year Mode | Failure Description
65 [Pemand mentenmne Other Driver  [[&C ESW | 1982|Failure ' [Complete Following a reactor scram, aa attempt to initiate suppression pool cooling revealed that
. ho Start RHRSW loops wese inoperable as neither loop's pumps could be started, Low suction
pressure lockout signals in each loop prevented stanting each loop's pumps.
ugging of the sensing line to each loop's suction header pressure switch prevented both
witches from sensing actual pressure, although a lack of operating fluid in one switch and
open power supply breaker to the other switch also would have prevented pumps from
. 2.
66 [Pemand aintenance  [Other Suction  [Piping RHR-P | 1981(Failure {Complete [Temporary coolant loop level indicator showed level slowly increasing over a period of
Run ys. The sysiem was periodically drained to maintain 65 percent indicated level. A RHR
r ump lost suction on reduction of actual level. The second pump was started, and lost
uction. Indication drift was due to evaporation of reference leg.
67 |Demand IMumemnce Other 'Suction |Piping TRHR_P 198(12&1“ Complete |A complete loss of RHR flow occurred while plant operators were increasing RHR beat
. Run LAxchnnger flow by closing down on the heat exchanger bypass valve. .
68 [Pemand [Maintenance  jOther Fuuion Piping RHR-P | 1983(Failure [Complete RHR puinps began to cavitate and eventually both pumps were stopped. The reactor
Run essel level gauge being used to provide an indication that the level was approaching the
essel flange level had been isolated (teactor coolant drain tank isolation valve had been
during an atiempt to reduce leakage). Additionally, procedures did not require
visual moanitoring of cavity level.
69 |Demand Maintenance  |Other uction [Piping RHR-P 1986I:':ilutc Complete |SDC pumps cavitated due to lowering RCS level. Level indication was in error. -
Run )
70 [Demand Operational  [Operational/ Human|Driver  {I&C AFW | 1983(Failure [Complete [An operator incorrectly secured the diesel and steam driven AFW pumps, which prevented
to Stast Jiheir restart on low SG level.
71 |Pemand Operational  [Operational/ Human|Driver  [I&C ESW | 1981{Failure [Partial circuit breaker was de-energized resulting in a loss of two RHR service water
Exror o Stast umps. -
77 |Demand Operational  YOperational/ Human|Suction  [Piping ESW ) 1988Failure [Complete [The procedure failed to adequately caution the operator to slowly fill a drained line. Rapid
Error to Run ﬁllingresnhedinalossofNPSH(o!hcchugingfservicewaxe:pumps.
73 |Demand Operational  [Operational/ Human|Suction  |Piping RHR-P | 1 ailure |Complete |While altempting to increase RHR flow, the plant experienced a total loss of flow due to
Erroc : Run pumps being air-bound. The pump was not veated when starting to increase flow.
peraling procedures have been changed to have an operstor present while changing flow
. in the RHR system. There have beea losses of RHR flow in the past because the pumps
i were air-bound and methods are being investigated to improve the system design.
74 |Demand Operational  Operational/ Human|Suction  |Piping ESW |1 ailure |Complete [Failure to properly vent and fill a newly installed pipe introduced air into the charging
Error Run [pump service water system.
75 [Demand Operational  [Operational/ Human[Suction  |[Booster Pump W | 1980{Failure [Partial The service water RHR booster pump was de-energized during maintenance. The attempt
Error . Jto Stast to start service water pumps failed due to low suction pressure, -
76 [Pemand Operational  * [Operational/ Human[Suction  [Piping |RHR-P | 1984/Failure [Complete control room operators started a second residual heat reimoval pump in preparation for
Error ' Run moving the operating RHR pump from service. With boih pumps running, flow became
cessive for the half-loop condition causing cavitation and air binding of both pumps. To
revent recurrence the procedure which controls the operation of the RHR pumps has been
ed to include specific instructions to stop the operating pump prior to starting the -

pump while at half-loop.
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Discor Couplin . g il I
lem( " Faor. | Proximate Couse |Segment| PiecePart  |System|Year P’l, ode D;:;]:e':f Description
77 |Demand Quality [Design/ Driver {I&C IAFW |1 ilure IComplete [Both motor driven suxiliary feedwater pumps failed to start when the operator tried to start
onstruction/ Start manaally. While preparing & design change, the designer failed to review all the unit
anufacture/ ific documentation associsted with the motor-driven AFW pump wiring and made the
ion assumption that both bnits switchgear compartment internal wiring was
nadequacy identical. In fact, the wiring for each unit was different. Consequently, when the design
ange was instatled, it was installed in sccordance with the erroncous design, The wiring
‘taepmywucomaedmdd\em-dﬁmAFmepswmmmdmdmmedm
ce.
78 |Demand Quality Driver  [Breaker ESW | 1996[Failure [Partial RHRSW pumps fail to start due to breaker failures, Wrong contacts were installed.
Start ign called for contacts to have a minimum current interrupt rating of 6 amps; contacts
: instalied (that subsequently failed) had cutrent interrupt rating of only 2.2 amps.
79 [Demand Quality Driver  [Motor ESW | 1987{Failure |Partial W pump motors tripped on overcurrent. The overcurrent trip was due to a ground and a
1 Start hort on the pump motor.
g0 [Pemand Quality FPump I:lnlnnpeller/Wear ESW |1 silure [Partial Nuclear Service Water pump tripped on overcurrent after operating for approximately
ings Run minutes. Initial troubleshooting indicated that the pump was binding and disassembly
required to determine the cause. It was determined that the pump impeller thrust ring
become loose due to thrust ring retsiner bolt failure, which allowed the impeller to slip
the shaft and resulted in pump binding and the overcurrent condition. The bolts failed
ue to corrosion. Similar bolt degradation was discovered on other service water pumps.
investigation results indicate the primary cause of the bolt failures was corrosion
induced by galvanic coupling of the retainer bolting and other pump components.
gj [Demand Quality Pump Impeller/Wear  |[ESW 1988F:ilun [Partial W pumps drawing excessive current. Carbon steel snap rings corroded allowing
] Run impeller to come in contact with casing. The third pump, although not exhibiting abnormal
had similar corrosion
g2 |Demand Quality Design/ Suction  [Piping ESW | 1984(Failure [Partial oth RHR service water pumps tripped as a result of insdequate venting of suction header
ction/ Start Iting from poor orientation of the vent line,
anufacture/
nstallation
nadequacy .
g3 [Demand Quality tenal to Pump mpeller/Wear |AFW | 1988Failure [Partial lowing a plant trip, it was discovered that the auxiliary feedwater pumps had internal
‘omponent ings Run amage, Some channel ring vanes had chips missing, and several parts were found in the
ISG auxiliary feedwater piping.
g4 [Inspection  [Design ig/ Driver  [Lubrication HPT |2 silure ial CVC makeup oil pump motor too small for certain accidents.
onstruction/ Run
snufacture/
nstallation
Inadequacy
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Discovery Coupling . . Failure | Degree of -
ftem Method Factor Proximate Cause | Segment Piece Part  |System|Year Mode | Failure Description
gs |Inspection  |Design Design/ Driver [I&C IAFW | 1994{Failure |Partial Emgl: failure would prevent auto initiation of AFW. Circuit design did not provide
IConstruction/ Start aration required by standards and code. The single failure identified was a short circuit
Manufacture/ two conductors of the actuation relays associated with the initiation logic matrix.
installation
uacy
86 [nspection  [Design Design/ Driver  [Supposts RHR-B | 1986{Failure [Partial RHR motor intemal supports were cracked due to stress and vibration. Design
truction/ to Start merovemenn were made.
anufacture/
tallation
uacy
87 pection  |Design Design/ Fucﬁon Piping HPI 1990{Failure [Partial A quantity of gas was found in the ceatrifugal charging pump suction header that exceeded|
truction/ o Start mnmumaﬂowedgnvdmhwusubsequmdydemmmedlhuhydmgenguhd
anufacture/ commgoulofsoluumonbo‘humtundmnmlmngmﬂwsmonplpmgnl
Installation robable result of gas stripping by the CCP miniflow orifices. In addition, entrainment of
nadequacy ydrogen bubbles from the volume control tank to the CCP suction pipe may be a
tributos as well.
g [Inspection  [Design Design/ |Suction  [Piping HPI 1988{Failure |Partial IpUcl:mm examination of the chemical and volume control system suction piping was
: ction/ Run formed. These examinations revealed voids in the suction piping.
anufacture/
tallation
uacy
g9 [Inspection  [Design ign/ Suction  [Piping HPI 1988{Failure |Partial t was determined that various pipes of the safety injection system and chemical volume
ction/ Start control system collected or trapped gas which might affect the functions of these
anufacture/ ystems. There was a concern that the gas pockets may adversely effect pump operation.
tallation Voids were detected in some of the high head SI pump piping.
uacy :
90 pection  |Design ign/ [Suction  [Piping HP1 1991]Failure |Partial Ultrasonic examination of the chemical and volume coutrol system suction piping was
ion/ to Start ‘These examinations revealed voids in the alternate boration line and the gravity|
anufacture/ eed line from the boric acid storage tank.
tallation .
S uacy
91 wlnspection Design [External Discharge |Piping |HPI 1994iFailure {Partial Due to a leaking socket weld in the common recirculation line, all three SI pumps were
[Environment Run inoperable. The underlying cause of the leak was a crack in the socket weld in the
recirculation line, caused by pipe displacement from air entrainment and pump
misalignment.
92 pection  |Design External mp  [Bearing HPI 1991{Failure JAlmost ing/safety pumps beyond operational limits. Darmnage was found to the thrust
[Environment io Run [Complete Air was introduced into this train of chilled water during modifications and
being performed on the sysiem. This air became trapped in high points of either, or
of, the supply and retum chilled water lines to the charging pump. At the reduced
W rale, sufficient cooling was not available and il temperature increased to the point
here bearing damage occurred.
93 Ilnspectinn rDexign ternal to Driver J&C ESW | 1982Failure |Partial  [Open circuit breaker resulted in loss of two RHR service water pumps.
: Ig‘ompmmt Start
9% Ilnspectim Design temnal to Ihunp ~ JLubrication JHPI l98||‘l:nilure Partial Corrosion of HPI pump cooler heads. Improper material led to corrosion
Ilgompmt Run
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Discovery

Item Method C::sz Proximate Canse | Segment Piece Part  |System] Year m’: D;mof Description
95 Pnspection Design Operational/ Human{Driver  [Breaker ESW | 1984/Fsilure [Partisl  [During an attempt to perform preventive maintenance for unit one's RHR service water
) Error Start urmps, plant personnel mistakenly disconnected the motor leads for unit two's RHR
Eerviee water pump.
96 |[Inspection  |Design Driver [I&C AFW | 1983|Failore [Partial Both AFW pumps had to be rendered inoperable to allow repairs to actuation circuitry.
Start
97 [inspection  [Environmental [Design/ Driver  [Piping HPI 20001Failure [Partial icrobiologically induced corrosion leak on service water lines to two charging/HPI pump
IConstruction/ 0 Run ube oil coolers. .
anufacture/
ation
nadequacy
og [lnspection  |Environmental ign/ |Pump Lubrication Ly 1995|Failure  |Partial [High lube oil temperatures were observed during HPI pump operation. Zinc particles from
’ ction/ Run ode were discovered plugging the lube oil coolers. Accelerated corrosion was attributed
anufacture/ 0 & corrosion inhibitor that was added to the system, which chemically interacted with the
tallation inc,
nadequacy
99 [Inspection  [Environmental ign/ [Suction  [Strainer PESW 2000{Failure |Partial RHRSW Pumps Failed to Develop flow/pressure. Debris in intake structure. Requires
ction/ Run ifications to the traveling Water Screen.
anufacture/
tallation
acy
100 Ilnspcction Environmental [External |Pump ICoupling ESW | 1993{Failure |Partial Entrained debris caused ESW pump shaft coupling to fail. Plant equipment did not prevent
vironment 0 Run is debris from entering pump,
101 [Inspection  [Environmental [External {Pump  [Packing/Seals [RHR-P [ 198S[Failurc [Complete [Following & trip, water was found spraying from both low head safety injection pump
Environment o Start ge control rod seals. Both pumps were declared inoperable, Postulated failure on the
was from a minor flow induced pressure transient.
102 [Inspection  [Environmental |Intemal to Pump  [Packing/Seals [ESW | 1994|Failure |[Partial ackup seal water regulators did not provide required flow during testing on two pumps.
ent . Run third pump lost seal flow while operating. The cause was attributed to plugged lines.
103 [Inspection  [Environmental [intemal to [Pump Lubrication HPI 1983|Failure [Partial Bynen and miscellaneous mollusks plugged HPI oil coolers. Two pumps were required to
ponent Run shutdown due to rising lubricating oil temperatures. .
104 Ilnspecﬁon Environmental Jinternal to IPump (mpellec/Wear  [ESW morailm Partial  |ESW pumps had reduced flow and discharge pressure, Marine growth in suction.
ent ings 0 Start
105 |Inspection  [Environmental lintemal to |Suction  [Strainer [ESW 1 1984|Failore [Partial [Two RHR service water pumps had blown seals and spar\:s and smoke between the
IComponent Run bearing housing and shaft. A piece of hard rubber valve liner was found in the pumps.
106 [Inspection  [Environmental [Other Driver otor ESW | 1981|Failure [Partial The float guide failed in a RHRSW pump air valve and caused the valve to fail open and
Run flood pump room.
107 |Inspection  [Environmental [Other Driver otor IAFW | 1990|Failure [Partial Both motor driven AFW pumps were sprayed when a service water pipe developed a
Start jthrongh wall jeak.
108 |Inspection  [Maintenance [Design/ |Pump acking/Seals  [ESW | 1997|Failure [Partial Eoth ESW pumps leaking greater than 4 gpm because of inappropriate material for
Construction/ Run acking and sleeve (nitronic 60).
anufactare/
tallation
equacy
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Discovery Coupling . . Failure | Degree of -
Item Method Factor Proximate Cause | Segment Piece Part | System | Year Mode | Failure Description
109 [Inspection aintenance  |Intemnal to Discharge [Check Valve AFW |1 ailure JAlmost  |Leakage past AFW check valves caused AFW pumps to become steam bound. Closed
mponent to Start plete Jmotuopemedvnlvemhne.Scheduledcheckvdves for replacement next outage.
110 l!nspecuon |Maintenu1ce |lntemalto Driver  {Breaker ESW ailure FPmnl ESmenpbmkusfulduclonuuhgnmemoﬁhebnakcrmechmummdmwmak
ponent to Start developed over the years of operation.
M |lnspection lMamtcmncc Intemal to Driver  |Bearing ESW | 1985]Failure  [Partial Onemvmewuupumpmomrupperbeanngalmewouluhngﬁomeoverpm
omponent to Run Another service water pump molor upper oil cooler oil reservoir leaking.
12 jon  [Maintenance temal to Driver  |Packing/Seals  |HPI 1988[Failure {Almost Funkawuducovuedmngﬁwmhespeedmwumtfauenmﬁlgﬂ charging
Run |[Complete [pump. Investigation found the two gland seal retaining bolts inside the specd increaser
ubeulpumpbackadwuﬂowmgmeglmdscdmloosea.mglmdualbemzbouned,
reduced oil flow to the speed increaser intemals and uliimate damage. Other CCPs
. were i and the same gland seal bolts as on the first pump were found loosened,
[The cause of the bolts backing out was determined to be lack of a periodic adjustment of
the gland seal bolts.
113 llnspecﬁon lMalmenance m Driver  |Bearing ESW l981|l;ailure IPamal W motor to pump alignment problems. Bunngnvom out.
t .
114 Ilmpeetion lMamtcmnce temal to IPump Bearing ESW | 1987[Failure T’mnl [service water pumps had high shaft vibration. The excessive vibrations caused by worn
. ponent to Run bearings and shaft sleeves.
is Ilnspecuon IMaintenam:e Ilntemalto IPump Casing ESW 1966[5)&1“ Partial  [Cracked seal water and vent lines.
ponent Run ’ )
16 lhspection IMainumnce, Ilnummo IPump - |Packing/Scals  [ESW [ 1989|Failure [Partial  |ESW pump excessive packing leakage.
ymponent Run )
117 [Inspection  |Maintenance temal to rlmpelleerw [ESW | 1985[Failure [Pastial Service waler pumps were noted to have high vibrations and low discharge pressure. The
t Rings to Run of the failure is suspected to be binding.
118 [Inspection aintenance ternal to Pump  |Packing/Seals [SLC ] 1988|Failure |Partial tandby Liquid Control pumps were observed to be leaking excessively at the packing.
t | Run [The failure of the packing was attributed to normal wear. Packing replaced.
”9|]nspection |Mamtcnance temal to M Bearing |su: 19s9li.nm Ihnul tandby Liquid Control pumps lost oil while running. Loose fittings and lack of thread
mpoient : : Run ) )
120 |inspection aintenance to Pump  |[Lubrication RHR-B| 1 ‘ailure [Partial pump motor oil coolers were leaking due to aging of componeats. The first case
Run involved through wall corrosion and the pump was immediately removed from service.
The second case was a packing leak.
12} [Inspection intenance to mp  |Casing W1 ailure |Partial  |RHR service water pumps. Pump diffuser eroded on first pump and a through wall casing
) B mponent r’“ o A Run leak developed on the second.
122 ion aintenance [ mp  |Packing/Seals [SLC | 1987[Failure |Partial tandby Liquid Conirol pumps were observed to be leaking excessively at the packing.
ponent Run failure of the packing was attributed to nocinal wear. Packing adjusted.
pection aintenance ternal to Ihunp Plunger/Cylinder [SLC | 198! ure {Partial tandby Liquid Control pump seal wes leaking excessively. The cause of this failure was
|23|‘“‘ IM . . ponent ' ‘ . Run wear of the plungers, packing, and head gaskets for the plungers (piece parts of the
pump).
124 jinspection aintenance Jinternal to . |Pump rachnglsm |SLC | 1989jFailuze . {Partial tandby Liquid Control pumps were observed to be leaking profusely at the packing. The
' Run ailure of the packing was attributed to normal wear.
125 [Inspection aintenance temnal to Pump  |[Packing AFW | 19: ilure |Partial pwkinxwaswunmbo(hthemmor—dﬁvmmdouemrbine-dﬁvmugx.feedww
A . ‘ompodent o Run ump, causing high temperature on one packing gland, and excessive leaking on the other
ump,
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Item D;:::'v:;y C;:E::g Proximate Cause | Segment Piece Part | System| Year l;'di",:': D;mof ~ Description
126 Ilnspection |Maintcnance I:ntemal to IPump |Packing/Seals  |ESW | 1986lFailure ial  [Excessive packing leakage. Both events occurred after previous maintenance had been
: : Run ipe:fonned for the same problems. -
,szpection iMaimemnce teral to rhmp Packing/Seals  [AFW |1 silure [Partial motor-dtiven sux, feedwater pumps had excessive packing leaks, due to worn
IComponent : Run ing.
128 Ilnspection IMaintenance Operational/ Human|[Driver  [I&C AFW | 1990fFailure [Complete ing testing one AFW pump was tested and other was tested without returning first to
[Error : Start uto. Both pumps were unavailable at the same time. The procedure was the cause.
lzﬂnspecﬁon Maintenance  [Operational/ Human[Driver  [Breaker lRHR-P 1981Failure [Complete |AH RHR pumps de-energized to replace RHR Relief valve. T.S. allows this condition for |
. 0 Start our. Operated in the mode in excess of 5 hours.
130 [Inspection aintenance [Operational/ Human|[Driver I&C RHR-P | 1 ailure [Complete [Both trains of RHR were rendered inoperable for two minutes, while performing an
Error Start ional readiness test surveillance procedure. The surveillance procedure required that
one RHR train pump be placed in pull to lock and the other train heat exchanger flow
: trol valve throttled to 30-40% open. The procedure directed the operators to perform
: ons that resulted in both trains of RHR being inopersble
131 [Inspection Wﬁnlmmu Operational/ Human|Driver  [Bearing |RHR-P | 1988|Failure [Partial Residual heat removal pump motor upper bearing housings were observed to be leaking
‘ Error Run il. The cause of the failure was attributed o a lack of sealant being applied and gasket
. . installed after the last maintenance was performed on the motor bearing housing.
132 [Inspection  [Maintenance  (Operational/ Human{Suction [Valve SLC  { 1991{Failure Wl’uﬁal Isuc pumps were potentially inoperable during part of test due to valve lineup.
.' L!-:rml' 0 Start -
133 Flnspection Opcrational  |External Driver |I&C HPI 1 silure {Complete [it was determined that the common minimum flow path retum line for the safety injection
[Environment Run mps to the refueling water storage tank was frozen. Previous actions to investigate
lems with the freeze protection system were unsuccessful in preventing development
this condition, The two HPI pumps were declared inoperable with this return line
A faulty ambient temperature switch for the RWST heat trace system prevented the
trace from sctivating and was subsequently replaced. In addition, administrative
trols did not sufficiently recognize the safety significance of flow through this line and
he need to ensure flow capability.
134 ction  [Operational  [Operational/ Human [Discharge [Valve HPIL 1987(Failure {Almost ile attempting to fill the safety injection accumutators, it was discovered that two of
Error 0 Start [Complete SI pumps had been isolated from the high head injection flowpath.
135 Rlnspection Operational  [Operational/ Human|Discharge [Valve HPI 1993|Failure [Partial AFW pump failed due to incorrect procedure which allowed pump to be run without
[Error Run low, other AFW pump was allowed to run past max flow rate. It is unclesr whether these
istakes were due to inadequate procedures or staff errors, but it was assumed tobe a
ailure to follow procedure,
136 |Inspection  [Operationsl  [Operational/ Human [Discharge [Valve AFW | 1994]Failure [Complete |Following a trip, the AFW Pumps were secured and the discharge flow control valves for
Error - 0 Start Motor Driven Pumps were closed. Later, an operator discovered during a routine
trol Board walkdown that the valves were closed. Subsequent investigation revealed
the AFW system had not been placed in standby readiness per the operating procedure
fier the system was secured.
137 [Inspection  [Operational  [Operational/ Human|Driver  JI&C HPI 1 ailure [Partial oth safety injection pumps were in the pull-to-lock position. With the switches in pull-to-
Error ’ Start lock, the pumps would not have automatically started upon receipt of an initiating signal.
is event was caused by cognitive personnel error by a utility licensed operator in failure
follow an approved procedure,
138 ion  [Operational [Operational Homan|[Driver  [Breaker ICSS | 1991[Failure [Complete R control power de-energized prior to mode change. Technical Specification violation.
Error Start nadequate procedure review.
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Discovery Coupling . . Failure | Degree of -
Item Method F Proximate Cause | Segment Piece Pt |System|Year Mode | Failure Description
139 Ilnspection Operational  [Operational/ Human|[Driver  [Breaker ’HPI 1 ailure |Complete |HPI pumps not restored before mode change due to procedural inadequacy.
Error Start
140 Ilnspeetion Operational  [Operational/ Human]Driver  |Breaker HPI 1989{Failure Fm HPI Pump B not retested, then HPI Pump A removed from service.
Error Stast
141 Il.nspectim Operational OpemiomllHumn’Driver f&c -P | 1995{Failure  |Complete [The switches for the containment spray and recirculation pumps were in a trip pullout
Error Start when the Technical Specifications and plant procedures required the pumps to be operable.
142 llnspecuon Operational  [Operational/ Human ’Driver |Breaker ESW | 1981|Failure |Almost  [Coairol breakers for two ESW pumps were open duc to inadvertent operator action.
Error Start [Complete
143 Ilnspection Operational  [Operational/ Human|Driver  [I&C [HPI 1 ailure JAlmost  [Two charging pumps and one charging pump service water pump were removed from
Error Start jComplete ice simultaneously which is a condition not allowed by technical specifications.
144 llnspection Operational  [Operational/ Human Priver Breaker |H.Pl nislure Complete Py opening incorrect breaker, HPI pump tripped while others were unavailable.
Ervor tart
145 Il.nspection Operational  |Operational/ Human|Driver  JI&C FHPI 1 ailure Fomplete With altemate CCP pump out-of-service, the remaining operable pump was erroneously
Esror Start placed in pull-to-lock.
146 flmpecuon Operational  [Operational/ Human[Driver  |Breaker HPI 1 ailure {Complete |During the draining of the reactor coolant system, both centrifugal charging pumps were
Error Start inoperable. The initial conditions in the draining procedure contained a confusing
tatement, which led to an erroneous assumption that both CCP breakers had to be racked
t and tagged.
147 [Inspection  [Operational  [Operational/ Human Lubrication |HPI 1983(Failure [Complete [A routine prevealive maintenance (oil change) was mistakenly performed on the north
Error Start ging pump instead of the south as scheduled. Since the south pump was previously
for this oil change, and the test pump was valved out, none of these three pumps
ere in service as required by tech specs for the approximately 20 minutes it took to
change the oil in the north pump.
148 Ilnspection Operational  |Other Pump earing [ESW l”lt:ilnre Partial Lube oil cooling water isolated during a test. Pumps continued to run with no cooling.
149 [inspection  |Quality Design/ |Pump  [Casing AFW | 1983(Failure [Partial Two AFW pumps thrust tolerance was out of specification. These events were caused by
Construction/ Run y installed balancing drum parts. One turbine driven and one motor driven pump
mmml as involved.
150 fInspection  KQuality [Pump ICasing HPI 1987|Failure |Partial ing inspection of a centrifugal charging pump, a portion of the stainless steel cladding
enon/ Run the inside surface of the pump casing exhibited comosion. Corrosion of the pump
anufacture/ ing was through the stainless steel cladding into the carbon steel base material.
ion pection of the other CCP revealed similar corrosion. The cause of this event was a
uacy ing deficiency. Comrosion observed at the pump casing discharge nozzle was
ibuted to a cladding breakthrough during final machining. Corrosion observed at the
ump casing inlet end was attributed to cither over-machining of the cladding or
uate overlay of two adjacent weld beads.
151 |[nspection  1Quality . Pucﬁon |Piping 1 ‘ailure [Partial ‘ortex breakers had not been installed in the containment emergency sumps. Vortex
Run are required to be installed in the containment emergency sumps to prevent the
of vastices which could adversely affect performance of safety injection pumps
uring the safety injection and containment spray systems were declared inoperable.
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Item Dhl‘s:::dry C;:g:g Proximate Cause | Segment Piece Part  |System] Year ';';l':: D;sl:e of Description
152 Pmpection Quality Operational/ Homan[Driver  [Breaker ESW | 1992{Failure {Partial The fit between an ESW pump bresker primary disconnects and the associated breaker
[Error Start cubicle stabs was inadequate, The poor fit between the disconnects and the stabs led to
g in the bresker cubicle when the pump was started, resulting in a fire. Shortly after
dentifying the cause of the fire, the remaining ESW breakers, which had recently been
laced along with the failed breaker, as part of a design modification package, were
to be inadequate also,
153 [Maintenance |Design Design/ iver [lI&C Pl 1 ailure ial lead was lifted in an emergency bus DC control circuit resulting in one charging pump
IConstruction/ Run - ipping while running on the alternate power supply. Further investigation into this event
anufacture/ aled an snomaly, which could result in having no opersting charging pumps. The
stallation use of the event has been determined to be an error in the original design of the charging
adequacy mp interlock logic, The anomaly would occur upon a loss of the DC control power to
emergency bus if 'C’ charging pump was powered from the other bus.
154 FMaintenance Design sign/ Drives [I&C HPI 1996]Failure [Partial lead was lifted in an emergency bus DC control circuit resulting in one charging pump
truction/ Hlo Run ipping while running on the alternate power supply. Further investigation into this event
anufacture/ an anomaly, which could result in having no operating charging pumps. The
nstatlation useofﬂwevmhubeendetemimdtobeanemintheoriginaldesignofﬂlecharging
interlock logic. The anomaly would occur upon a loss of the DC control power to
emergency bus if 'C’ charging pump was powered from the other bus.
155 [Maintenance |Design uction [Tank [ESW | 1985[Failure [Partial engineering evaluation revealed that ESW had been inoperable several times due to
Run ow NPSH. All three units were affected.
156 [Maintenance [Design Desigry/ [Suction [Tank ESW | 1990{Failure |Partial An engineering evaluation revealed that ESW had been inoperable several times due to
ction/ Run flow NPSH. All three units were affected.
anufacture/ ' '
lation
equacy
157 [Maintenance [Design Design/ uction [Tank ESW l”o,tl:ailure |Partisl An engincering evaluation revealed that ESW had been inoperable several times due to
onstruction/ Run low NPSH. All three units were affected,
anufacture/
Installation
acy
158 [Maintenance |Design Design/ Fueﬂon [Tank ESW | 1985|Failure [Partial An engineering evaluation revealed that ESW had been inoperable several times due to
onstruction/ o Run Jlow NPSH. All three units were affected.
Manufacture/ , ‘
ion
acy
159 [Maintenance |Design Design/ {Suction [Tank ESW | 1985/Failure |Partial ﬁ“ engincering evaluation revealed that ESW had been inoperable several times due to
onstruction/ Run low NPSH. All three units were affected.
anufacture/
tallation
acy
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Discovery Coupling . . Failure | Degree of .
Item Method Factor Proximate Cause | Segment Piece Part  |System| Year Mode | Failure ' Description
160 [Maintenance 1Design ~ ~ |Design/ Suction  [Tank - ESW |1 ailure |Partial  [An engineering evaluation revealed that ESW had been inoperable several times due to
Consiruction/ to Run low NPSH. All three units were affected.
anufacture/
tallation
161 IMmmennnce [Environmental External Driver IMowr " IESW | 1987|Failure [Partial During an extended service water bay flooding incident, one ESW pump was found
[Environment to Start by testing, later two more pumnps were found to be failed also.
162 lentr.nance Environmental Jinternal to - Pump ’Pukinysws ESW | 1985{Failure [Partial pump developed scal leak due to sand. Second pump had high bearing temperatures
mponent : to Run ue 1o rash clogging cooling water lines.
163 lMumemce Environmental m Ianp |Lubrication  |HPI ailure  |Almoat sludge fouling of lube oil cooler caused high temperature alarms on two HPI
) t to Run [Complete |pumps.
164 IMainlenance [Environmental llontemal to |Pump [Lubrication HPI 1991|Failure |Partial [HPI pump lube oil cooler leaks. Degraded tubes.
t - to Run
165 IMauucnmce Environmental llcnolcmal o - Pump Lubnuuon HP] 1980|Failure |Partial HPI pump lube oil cooler with tube leak allowed water into oil reservoir.
. : . mpoaent . | . " lto Run . - -
166 IMaimenance IMaintenance temnal to Driver reaker ESW | 1985|Failure |Partial  [Two raw water pump breaker main wipes were out of adjustment.
ponent to Start
167 IMunlcmnce anintcnance temalto Privet reaker HPI 1991|Failure |Partial HPI pump breakers failed due to a broken pawl, and a broken closing coil.
nponent Start :
168 |Mumennnce IMumemnce to “|Driver IBreaku- SLC | 1999|Failure il LC Pump Breakers Fail to pickup on degraded voltage test
Start
169 [Maintenance |Maintenance . Driver reaker AFW |1 ailure [Pmul ith the unit in a refucling outage, following repairs to a motor driven auxiliary feedwater
Start ump local/remote switch of the circuit breaker, personnel found that the switch contacts
’ ould not close. This failure rendered one of three auxiliary feedwater pumps inoperable.
- cause of the failure appears to be due to dirty/corroded contacts on the switch.
170 h‘laimenance lMuntenance linternal 1o Pump iBemng W lmliﬁlm Ihnnl |Hw| ESW pump vibration was caused by wearing of the uppes bearings.
IComponent
171 lMaintenance lMamtemnce Operational/ Human [Driver IBruker ‘RHR-B 1990{Failure Famal IRHR pump breaker overcusrent trips out of calibration.
Error ' Start
172 [Maintenance [Maintenance |Operational/ Human|Driver  |Breaker = - - FRHR-B 1991 Failure - |Partial - - [While performing preventive maintenance cahbnnon check ou the protective relays fora
Error Start hcnremovnlpnmpmotoﬂkvbreaker it was found that all overcurrent relays for
itwo pumps weze out of calibration
173 [Maintenance [Maintenance |Operational/ Human|Pump  [Lubrication 1 1991[Failure  |Partial Following an overhaul of the HPI pumps. Too much oil flow led to excessive oil leakage,
Error " Run [which would have failed HPI puinps befose end of mission.
174 twaimemmce aintenance  |Operational/ Human[Suction |Piping RHR-P | 19! ailure IComplete tdown cooling was lost due to nitrogen intrusion because of bu:kﬂushmg a filter in the
5 JBroe - ] S - ification system.
175 [Maintenance |Maintenance [Operational/ Human[Suction [Strainer [HPI 1985 ailure {Partial trainers found still installed in the suction piping of the high-pressure injection pumps
Error Run a8 a condition not considered in the operating design. The strainers were found during
to repair a slight flange leak. The strainers had been placed in the suction
iping during construction and were to be in place during system flushing to prevent any
is from reaching the pumps. However, the straincrs should have been removed after
- ystem flushing prior to functional testing
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hem| e od C;:;‘:’ Proximate Cause | Segment| Piece Part  |System|Year ';'":‘;': Dng_nel of Description
176 anintemnce ‘Mnmemnce Other Driver  [Breaker ESW | 1982Failure [Partial ESW pump circuit breakers found dameged. Defective arc chute and cracked secondary
Start Jooupler.
77 |Maintemnce [Maintenance . [Other Driver  [Breaker ESW | 1984[Failure  [Partial Iesw pamp breaket failures, broken sctew,nolnbnmm. and a bent track
178 |Maimemnce Operational  [Operational/ Human [Pump  [Lubrication ESW lml:':ilm Partial tmv pressure RHR bearing oit level not mnnmned Ingh mough when new smallet
[Error ) Run ightglass installed. Second event the sightglass was broken when adding oil. :
179 [Maintenance !Operational  [Operstionsl/ Human[Suction  [Strainer ESW l986|iailm IComplete semee water strainer was placed in service without being vented luultm; in air binding|
Rim and loss of charging pump service water pumps. :
180 [Test Design Desig/ ~  [Driver  [Breaker HPL | 1980|Failure [Partial  [Upon testing the safety injection pumps it was found that the 6900-v breakers would lock-
on/ Start lmmungpumpmmfﬂnywmgwenlclmesigndfor>0.323ecmdswhenltrip
Mamxfu;tuml ition existed. There is no indication to operations when this locked-out condition
nstallation sts. The bresker appears to be available for service when it actuslly is not. The only
nadequacy of clearing the condition is to remove and reinstall the fuses st the breaker o
y change the state of the relays.
181 [Test Design Design/ . Driver [I&C IAFW | 1981|Failore E‘:n low suction pressure trips for the AFW pumps were mis-calibrated, which prevented
ction/ Start Complete pnmps from starting. -
anufacture/
nstallation -
nadequacy .
182 (Test Design Design/ Driver |I&C IAFW |1 ailure Complete |A rwd)ﬁcmm demgn error (in 19834984) removed a start permissive interlock contact.
Co : struction/ ce Start - At cold shutdown this de-energized the auxiliary lube oit pump, consequently, when one
anufacture/ AFWpunmwunmednnnfotz.Ssecmdsmdmppedonlawmlpressum.Furﬂ\er
nstallation investigation showed that both units AFW pumps would be affected in the same way. The
adequlcy ign error combined with insufficient post modification testing led to this CCF event.
183 [Test Design Pump  [Shaft IAFW | 1988[Failure  [Partial [m AFW pumps were susceptibie to corrosion cnddng of their bushings. A different
Run al was needed for the bushings. _
184 [Test Design Pomp  [Coupling [ESW | 1994{Failure [Partial Pump produced no flow when started. A shaft coupling failed. Material was determined to
0 Start brittle and have low impact properties. The coupling was replaced on all pumps with a
of material more suitable for this application.
185 [Test Design [Pump  [Shaft IAFW | 1988{Failure [Almost suxiliary foedwater pomy failed its performance test. Subsequent inspection of the
: Run  }Complete intemals revealed significant damage, including a split in the center shaft sleeve,
. AFWpompsmnswpublelomMonenchngofdmrbushings A different
terial was needed for the bushings. .
186 JTest Design Suction  |Piping IAFW l999&ihm Partial AFW trains declared inoperable due to inadequate suction flow etplbllny fmm lhe.
Run service water alternate source. Inadequate flow caused by corroded piping. Piping
. is undersized so there is little margin for piping degradation. Since this is 1 of 4 suction
e the safety significance is limited.
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Discovery | Coupling . Failuse | Degree of . . -
Item Method Factor . | Froximate Cause |Segment |  Piece Part  [System|Year Mode | Failure Description
187 [Test Design Desigi/ uction [Valve [ESW | 1983|Failure [Pastial w discharge pressure was caused by insufficient suction pressure. Service water flow to
Construction/ Start udlelcompmuwuﬂmted.
facture/
tallation - - -
uacy .
188 [Test Design Suction  [Tank LC | 199)[Failuse [Complete ing the performance of a special test on the available NPSH of the SLC pumps, the
Run umps began o cavilate unexpectedly. The SLC systems of both units were declared
hmmmofmuevwlmmadqmm&mmmnngmdmmmdw
design calculations.
189 [Test Design §Mm [Tank ISLC | 1991}Failure [Complete ing the performance of a special test on Unit | to determine the available NPSH of the
Run LC pumps, the pumps began to cavilale uncxpectedly. The SLC systems of both units
dedueduwpenble.mmmohhuevuummadeqmmodxﬁuummnngand
exror in the original design calculations..
190 [Test Design uction  [Tank [ESW ailure [Complete [Loss of prime in the condenser circulating water siphon flow system caused loss of low
Run pressure service water pumps. Pumps lost suction during a test due 1o poor design.
191 [Test Design Operational/ Human|Driver PBreaku 1985{Failure jComplete AFW pumps failed to start when tested, due to the circuit breakers not being racked
Error o Start n properly.
192 [Test Design Other Driver  [I&C RHR-B | 1982{Failure [Partial ﬁmdwrw«bdndﬂnnshnkmmdmmpuwlmmmvewwm
: ) i - Start evealed a total of four links open. These links, left open, negated all autostart capability of|
of 4 RHR pumps. It could not be determined why these four links were open.
193 [Test Design Other Driver  [I&C st l”?ﬁulm HPmnl alve position contacts prevented ESW pump circuit breakers from closing. Poor design
esulied in water intrusion in the valve limit switch box.
194 [Test Design Other Driver  |Breaker LC |1 ailure  |Comnplete ing a test, both Squib Valve Detonators shoricd after firing and the Coatrol Power
Start ramfmﬁnebkwuuﬂnglhepumpmormp This was caused by improper fuse
ion betweea the Conirol Power Transformer fuse and the Squib Valve Detonator
The redundant system’s Squib Valve was also fired during this test, without running
luouncdpump.mdmeoﬂbeSqmeﬂveDﬂonumshaledaﬂctfmng.mm
coordination problem existed for both systems.
195 [Test Design Other Suction  [I&C AFW 1985Ll:nilure Almost ‘esting of the turbine driven AFW pump resulied in a low suction trip of the motor driven
: ’ Run [Complete . The turbine driven pump had a faulty governor. It was during the post mainicnance
of turbine driven pump that speed oscillations occurred causing pressure oscillations in
suction of the motor driven pump that was in service. Foreign maierial in the suction -
ge proiectors resulted in the pressure sensors sensing only the low pressures and not
- : . igh pressures of the oscillations, so the motor driven pump Uipped on low pressure.
196 [Test Environmental [Design/ jPump  [Coupling ESW | 1987(Failure i ‘est showed two ESW pumps failed. Pump shafis were corraded and found to be made of
- u‘cy.
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Discovery Coupling . . Failure | Degree of - .
Item Method Factor Proximate Cause | Segment Picce Part | System| Year Mode | Failure Description
197 [Test [Environmental {External Discharge [Recirc [HP1 1992{Failure |Almost  [Safety Injection pumps were declared inopersble due to an observed declining trend in the
’ [Environment 0 Run  |[Complete lpump'’s recirculstion flow, The cause of the Safety Injection pump reduced recirculation
Eow is attributed to foreign material blockage within the associated minimum flow
irculation line flow orifice.
198 fTest Environmental JExternal Driver  [Bearing RHR-B | 1991[Failure ial Two LCI pumps were declared inoperable due to high motor vibration.
Environment Run .
199 [Test [Environmental pgtcmnl to Discharge |Reclrc [HPT | 1991[Failure  [Partial Ii:nedxing in HP1 pump recirculstion line was restricting flow. The piece later dislodged
Run no identification was made. Both SI pumps had inadequste recirculation flow.
200 [Test [Environmental |intemal to |Pump k:ullzthear ESW | 1982fFailure [Partial ESW pump head vatues were cansed excessive wear of pump impeller due to foreign
lCanponmt ings ’ 0 Run terial in the service water.
20 [Test Environmental [internal to [Pump mpelles/Wear  [ESW | 1991[Failure [Partial EW pumps failed to meet the minimum flow requirements of test. The cause of the
omponent ngs oRun | ilure is normal wearout of the pump impeller due to the high sand content of the water
being pumped. Pump impeller lift was adjusted.
2072 [Test Environmenta! |intemal to Pump |§1I|pellerIWur ESW |1 ailure  |Partial ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
ponent ings 0 Start [Cause determined to be normal wear and high sand content of river water,
203 {Test Environmentsl [Internal to Pump lll{lnpelleerw [ESW | 1995{Failure Ihninl IMuine growth caused low flow and speed condition for two service water pumps
mponent ings Start L
204 [Test Environmental [Intemal to Pump Impeller/Wear  [ESW | 1993|Failure [Partial ial service water pumps were declared inoperable, due to low pump head values.
omponent ngs Run low purnp heads were caused by excessive wear of pump impeller due to sand in the
. - - ce water, ; B ‘
205 [Test Environmental {Intemnal to |Pump  [impeller/Wear [ESW | 1985|Failure |Partial [ESW pumps failed to meet the minimum flow requirements of test. A rag was found in
mponent Rings to Romy one impeller and a plastic bottle in the other. -
206 [Test [Environmental [Intemal to Pump ller/Wear |[ESW | 1982|Failure [Partial Essential service water pumps were declared inoperable, due to low pump head valves.
b - - . ‘ ings to Start The low pump heads were caused by excessive wear of pump impeller due to foreign
. . |material in the service water. . -
207 {Test Environmental kntemal to Pump I}mpellerIWeu ESW | 1995|Failore [Partial Pumps failed performance test. Sand in water eroded pump internals. Pump lift was
- t 0 Start ; < .
208 [Test Environmental ﬂgtemnl to Pump ler/Wear [HPI |984|‘Fnlilm Almost  10ne HPI pump seized, the second would have seized if operated.
t ings Ron  JComplete
209 Test [Environmental {Intemal to Pump llmpelleereu [ESW | 1994]Failure {Partial Degraded performance identified during testing. Sand in water was causing accelerated
t Rings Start [wear of the pump internals, Lift was adjusted for three pumps and one pump internals
310 [Test Environmental Ilcl:temll to Pump Bearing ESW | 1992jFailure IPnninl Abrasive particles present in ocean water produced accelerated wear of shaft bearing
o Run journals.
211 [Test Environmental [Internal to’ |Pump  [impeller/Wear  [ESW l”OIfonilure [Partial  [ESW pump impeller lift out of adjustment.
ent IRinga Run
212 Test [Environmental [Internal to Suction FStmnet ESW | 1990iFailure |Partial [Essential service water pumps were declared inoperable, due to loyv pump hud valves.
t Run low pump heads were caused by suction blockage due to foreign material in the
ice water.
913 [Test [Environmental {intemnal to Suction  [Piping Iasw lml‘l:ﬁlm Partiall  [ESW pumps failed flow testing. Foreign msterial blocked the suction.
) Start
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Discovery Coupling . . Failure | Degree of -
fem pfenod Factor | Proximate Cousc | Scgment | - Picce Part | System | Year| o' | "p . ... Description . A .
214 Test Environmental {Intemal to uction  [Strainer IESW |1 j Partial ‘ailures occurted on residual heat removal service water pumps. The pumps failed to meet
2 ‘ iComponent .. . P - . Run- - and pressure requirements. Failure was due to debris lodging in pump impellers,
of debris was maintenance activities, broken traveling waler screeus, and the
il - - vertent opening of a RHR minimum flow line which washed materials into suction pit.
215 [Test [Pump . . [Casing W. | 1997\Failure ESW puimps failed due to installation of wrong material for pump casing flanges by -
Run Complete ¥ during pump overhaul. The vendor overhauled the pumps without changing
. The plant returmed the pumps 10 the warehouse also without verifying matesial. -
216 [Test Pump  [Impelle/Wear {ESW | 1988[Failure {Partial i mwﬁetpumptwmdech:edlmpenble.dumlowpumphadvﬂvu.‘
Rings Start lowpumplm‘hwaecmsedbyexeesnvcwwofpummmpeuerduewfmxgn
_ inthe service water. "¢ e
m [Test - Discharge [Valve - HPL "~ | 1984[Failure ’Pmul mPpumplowﬂowmudnetommmuumpoauaungmeﬂmnlevdvu.
Start
218 Test - Driver reaker RHR-B l997|Paihu'e ’Panul lﬂmhlnhchwkswuchfuledonbdhpumhckoﬂubnmm
Ro Siant
219 Test Driver  [Breaker AFW | 1997[Failure [Almost «circuit breakers associated with the AFW Pumps failed to close as requited. The oot .
: . o ) o Start  {Complete of the failure was the binding in the operating mechanism. The plunger apparently
P nonlmyscnmplebmupwwmvememwdoumwdnhebruhr due to
L g dist and lubricants, ’
220 [Fest IMainlcnuwe &u:nuw Driver fmm W | 1998{Failure  [Patial ice waies pumps fail to start due 1o circuit beeaker failures. Pump breakers failed o
ponent Start dumfnimmdlhechugingspﬁnymowranddodngspﬁngmu
Test i : o - iver - -B | 1986{Failure ial ~ pumpammh:ukmfnleddmnguunfwwﬂmg,wsmwhmdbmdmz
C2 N el il o s i )l =1
m [Test - IMnmlmmee ternal to Driver reaker ESW lmmm Partial TwoRHmeuerpumpbreakﬂswuﬂdnotchseduemdmymmmbmkm
Ennpmcm ko Start
.223 Test - aintenance to - Driver i FSW' 1985Fnlm mwuerpumpummedwbtmmwwdmmnlww
mponent ko Run
224 [Test aintenance termal to M Ep‘;kdw«r ESW |1 ailure ll{ugd ) FwoF.SWpumpsfnledtodevelop adequate flow/pressure - pumps degraded.
225 [Test aintenance to Pump  {Lubrication S l%ﬁnlum IP«\N tandby Liquid Control pumps lost oil while running. The gasket between the crankcase
- i ' ko Run cap and the gear housiing cover was woin.
2% Test aintenance to Pump ear [ESW 1985Eihm= ﬁhnul gencymvicewmwmpsduchugepmsuubelowaﬂomblehmu.&umwm
27 Test i to anp car FSW l”zt:ﬂun Partial Wpumpchudledueedﬂowmddlsdwseprmure. Wom impellers/wearing rings. One
- ponent Rings ' Start also exhibited high vibration.
228 Test i o Pump  [Coupling ESW l987Eailule Almost  [Two ESW pumpsz had failed couplings. Cause aitributed to abnormal stress.
ponent Start {Complete : )
229 Test aintenance .m lhnnp Coupling ESW 11 ailure [Partial’  [ESW pumps had reduced flow and discharge pressure. Worn impellers/wearing rings,

determnined to be normal wear and high sand content of river water.
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Discovery Coupling . : Failure | Degree of ‘e
Item Method Factor Proximate Cause | Segment Piece Part  ]System|Year Mode | Failure Description
230 [Test sintenance [Intemal to Impeller/Wear ESW |1 silure Il’mial Loss of Service Water pump due to wearout at end of life,
rcnmnpmmt ings Run
31 Test IMaimenance ternal to Pump ller/Wear R-B | 1985|Failure ial The first pump failed to meet required flow rate. The second was drawing excessive
t ings jamperage. Both conditions were attributed to wom internals.
237 [Test lMaintenanoe ternal to Pump  [Impeller/Wear [ESW | 1983|Failure {Partial IRHR Service Water pumps failed flow tests due to wearout and had to be rebuilt.
t ings 0 Run
233 [Test IMaintenanoe ternal to llmpellef/Weu ESW | 1988{Failure |Partial ervice water pumps were noted to have high vibrations and low discharge pressure,
omponent Rings Start neven wear caused pump to be out of balance.
234 Test Maintenance temal to Pump mpelleerear - |[ESW lmtﬁl\m Partial ESW pumps had low discharge pressure during testing. Each pump had wom
E‘ompmmt intemals and both pump internals were replaced.
235 [Test mintenance  |Intemal to [Pump llerIWeu ESW | 1985|Failure [Partial W pumps failed to meet the minimum flow requirements of test. The cause of the
t Start m’eisnormalmmofthepnmpimpellerdnetodwhlghsandeontemofﬂwwam
i - - : g pumped. Pump impeller lift was adjosted,
236 [Test Maintenance |Internal to |Pump lmpelleerear ESW | 1992|Failure lhmal [ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
- omponent - - Stant -
7 Test IMaintenanee I:ntemnl to Pump mpelledWeu ESW | 1985]Failure IPmnl ESW pumps failed due to womn internals.
. g3 Run
238 [Test Maintenance llmemal to IPump Impeller/Wear |[ESW |1 ailure  |Partial [ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
ings Start -
239 Test IMnintenanee Internal to |Pump Bearing ESW | 1985|Failure |Partial ESW pumps had reduced flow and discharge pressure. Womn impellers/wearing rings.
240 F‘est lMaintcmnee ternal to [Pump impeller/Wear |ESW | 1985{Failure [Partial [ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
omponent lRings Start ‘ : :
241 [Test aintenance  |Internal to Pump  [Shaft ESW | 1993(Failure  [Partial ice water pumps were noted to have high vibrations and low discharge pressure.
[Uneven wear caused pump to be out of balance,
242 Test aintenance temal to Pump impeller/Wear |[ESW | 1988]Failure [Partial Essential service water pumps were declared inoperable, due to low pump head valves.
i Start [The low pump heads were caused by wear and aging of internals.
243 Test aintenance  {intemal to Pump edWear [ESW | 1984|Failure [Partial Essential service water pumps were declared inoperable, due to low pump head values.
- t : i [The low pump heads were cansed by wear and aging of internals.
244 Test lMaimenance Intemal to Pump lmpeller/Wear ESW l988l;ailm [Partial [ESW pumps had reduced flow and discharge pressure. Worn impellers/wearing rings.
245 [Test IMaimenanee Ilonwrnd to Pump  [Impelle/Wear [ESW I%Oﬁ:ihm ial  [ESW impeller gaps too wide. Gaps adjusted.
: t 73 Start - )
246 [Test lMaintenance |:;temelto Pump IlmpenedWm ESW l%lk:nilm |Partial  |Loss of Service Water pump due to wearout at end of life.
Rings Start | - - ,
247 Test animemnce nternal to IPump mpeller/Wear  |ESW l985|:7ailm [Partial [Wear caused high ESW pump bearing temperatures, vibration, and low amperage/flow.
ings o Run -
248 [Test lMaintenanee ntemal to lPump IImpelleerelr ESW 1986Ll::ilum Ipmm [ESW pump performance decreased 15% and 8% respectively since last test. Pumps were
omponent Rings Run .
249 [Test aintenance  [Internal to mp ear |ESW l984|lF:ilum IPminl Loss of Service Water putap due to wearout at end of life.
] mponent " |Rings Run
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Discovery Coupling N . Failure | Degree of -
Item Method Factor Proximate Cause | Segment] Piece Part  |System{ Year Mode | Failure Description
250 [Test ternal to Pump ear |HPI 1985|Failure |Partial  [The CCPs were tested and had low flow rates. The most probable cause is attributed to
mponent i to Stast ed degradation of the pumps, The CCPs are subject to normal wear associated with
l their secondary duty of providing normal charging flow.
25) [Test aintenance  |Internal to Pump car |HPI 1983|Failure  [Pastial I pump and both CCPs failed to meet the minimum head curve requirements. The cause
t Rings to Start pump head capacity degradation has been atiributed to normal purnp operation. The
ility to balance flows has been atisibuted to the lower head capacity of the pumps.
Test aintenance to Pump ear [ESW | 1991|Failure [Partial ESW pumps had reduced flow and di pressure. Wom impellers/wearing rings.
252 ponent Rings Start
253 [Test IM_aimenanoe lgo::nuw Pump ' ear |ESW |1984fFailure [Partial  [Containment spray raw waler pumps failed flow tests. Aging and normal wear.
ponent RL“EL : to Run
254 [Test |Maintcnance ternal to mpellet/Wear st 1988|Failure i W pumps failed to meet the minimum flow requirements of test. The cause of the
: omponent Rings to Run failure is normal wearout of the pump impelier due to brackish waler coerosion.
255 |Test IMnnmmnce to rPump car PW 1989}Failure |Partial FSW pumps had reduced flow and discharge pressure. Wom impellers/wearing tings,
omponent Rings .
256 [Test ,Maintcnmcc m‘: Pump ear  [ESW 1987|inluu IPmul ESW pump low flow. Woen impellers.
t ings Run -
257 [Test IMamtemnce to Punp ear |ESW | 1990]Failure me ESW pumps had wom and cracked impellers. Aging and normal wear.
258 [Test IMunwunnce ternal to Pump car fsw |9sslrw-uu:e f‘mul [The charging pump service water pumps degeaded. Caused by expected wear of pump due
t i Jio erosion and corrosion properties of the process fluid involved
259 Test aintenance ternal to Pump car |ESW. | 1986Failure |Partial ESW pumps had wom impellers and one had a plugged strainer.
mponent Rings to Run :
260 Test aintenance ternal to Pump Packing/Seals  [ESW | 1981|Failure [Partial service water pumps failed to meet flow requu'emenu due to seal water leakage and
t Start ump wearout.
261 [Test aintenance |Intemal to Pump  |lmpellet/Wear JESW | 1994[Failure |Partial o ESW pumps had internal deterioration, one of which was indicated by high vibration
- Component Rings Run i
262 Test aintenance  [Operational/ Human|Driver  JI&C ESW | 1989|Failure |Partial nguny equipment service waler pump relays were not reset following a load shedding
Error to Start test 30 hours before.
263 Test aintenance  [Opcrational/ Human|Driver  [Motor ESW {1 ailure  |Partial test of the containment cooling service waler pump vault watettight door revealed
Run vekahge.ﬁoodmzmdleahgepastthudoorwouldmkemopenbletwooffour
cooling service waler pumps. Procedural inadequacy was cited as the cause
the degnded door seals.
264 Test sintcnance  [Operational/ HumaniPump  |Casing -P | 1989}Failure |Complete loops of the residual heat removal systemwemdecluedimpenbl_eduetogn'
Error Start inding of both RHR pumps. The gas binding was caused by entry of nitrogen gas into the
coolant system from accumulator. The root cause of this event has been attributed
personnel error. Persoanel did not comply with the specific requirements in the
discharge check valve full flow test procedure due to inattention to detail,
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Item D;:::::dry C;:g:“ Proximate Canse | Segment Piece Part  |System| Year ';'l':: D;gl?r:f Description
265 [Test rMaintenance [Operational/ Human [Pump Packing/Seals  |AFW | 1996{Failure [Partial [During the performance of Steam-Driven Emergency Feedwater Pump testing, sparks
Error [to Run observed emanating from the outboard mechenical seal area. The sparks appeared to
dve to a mechanical interference within the mechanical seal assembly, The pump
ical seal was disassembled and determined to have been improperly installed
ng the Iast refueling outage. The evaluation identified a mechanical seal design
ficiency and inadequate corrective action for a previously identified event as the primary
for this event. A contributing cause for this event was found to be inadequate
ictive maintenance techniques, The electric AFW pump exhibited the same problem,
266 [Test lMaintenance Other ver  [Breaker ESW l984{::g::; lPardnl ESW pump breakers tripped due to failed voltage control devices.
267 Test [Maintenance Other Driver  [Breaker [ESW | 1984 Fu;nm |Partial [ESW pump breaker overcurrent trip devices tripping too low.
m 0
268 |Test Operational  [Design/ Discherge ICheck Valve ESW |1 ailure  [Partial Two ESW pumps had low flow due to interaction with the two other pumps when all four
[Construction/ Run [pumps were running.
anufacture/
nstallation
acy
269 [Test Operational  [Operational/ Human|Driver  [1&C ESW | 1990{Failure |Complete ]An emergency service water pump failed to start and was declared inopersble. Purther
[Error ito Start nvestigation determined that the failure of the pump to start was due to & tripped
mergency engine shutdown device. Operations personnel performing the testing did not
ize the need to reset it prior to starting the pump. Examination of the other two
W pumps revealed that their emergency shutdown devices were also in the tripped
ition.
270 Test Operational gewmionall HumanPSuction [Piping ESW ) 198 nilllum Partial Inadequate procedure led to air binding of operating ESW pumps.
un
el [Test Quality Design/ Driver  |Breaker ILCS 1980iFailure [Complete [Refay extra contacts left connected during construction, prevented Core Spray pump starn
KConstruction/ Stan ith emergency diesel generator breakers racked out.
anufacture/
Installation
adequacy
272 [Test Quality Design/ Driver [1&C IAFW |1 ailure JComplete [During surveillance testing, neither motor-driven AFW pump would start. The pump
onstruction/ 0 Start trol circuit was found with autostart defeat switches labeled backwards, causing all
anufacture/ utostarts except the low-low steam generator level to be defeated. The labels were
stallation and the links were closed. The original installation error was the result of an
adequacy inadequate design change process that did not require sufficient verification and testing of
he modification,
273 [Test Quality Design/ Pump mpeller/Wear |ESW | 1986{Failure ial esting of the service water system disclosed that the performance of the three service
onstruction/ Rings Start ter pumps was below requirements. The condition is the result of both an inadequate
anufacture/ ystem design and the installation of replacement impeliers, which were not modified by
ation vendor to improve performance, as were the original impellers.
acy
274 [Test Quality Operational/ Human|Driver [I&C ESW | 1982Failure [Partial ESW pumps failed to start. One ESW pump failed to function as a result of loose
Error Start ires on relay terminals in both pump logic schemes, a loose states link and an
i taneous contact found out of adjustment on the other pump logic scheme.
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Appendix B
Pump Data Summary by Segment

This appendix is a summary of the data evaluated in the common-cause failure (CCF) data
collection effort for pumps. This appendix supports the charts in Chapter 4. The table is sorted
alphabetically, by the first four columns.
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Table B-1. Pump CCF event summary, sorted by segment.

. Discovery . Coupling Failure | Degree of L
Item| Segment | Proximate Cause Method Piece Part Factor System ) Year Mode | Failure Description
Discharge gaign/ oo/ [Valve Design IAFW | 1986{Failure [Partial the turbine driven and motor driven AFW pumps could not produce full flow because
onstructi Start cages in their discharge valve trapped debris and pl .
] Manufacture/ Bes . Plugged
nstafiation
dequacy
Discharge ign/ . Demand [Valve Design IAFW | 1985[Failure [Partial Controller problems in the steam and dicsel driven AFW pumps caused the pumps to trip
onstruction/ Start jon low suction pressure. The pump discharge flow controller valves were also not set
2 n:;‘ll“m"?‘w properly after last maintenance. Low suction trips were due to design error,
on
nadequacy
[Discharge |[Design/ . [Test ICheck Valve Operational |[ESW |1 ailure |Partial Two ESW pumps had low flow due to interaction with the two other pumps when all four
onstruction/ Run pumps were running, .
3 anufacture/
stallation
Inadequacy
Discharge Extqml [Demand ICheck Valve Design AFW | 1983(Failure [Almost  [Hot water in the AFW pump casings caused the pumps to become vapor bound. The hot
4 Environment o Start  [Complete [water was from leaking check valves upstream of the pumps, This event occurred once on
turbine driven pump and 5 times on the motor driven pump.
_ [Discharge Extemal [Inspection  |Piping [Design HP1 1994|Failure isl - |Due to & leaking socket weld in the common recirculation line, all three S pumps were
5 Environment Run lared inoperable. The underlying cause of the leak was a crack in the socket weld in the
recirculation line, caused by pipe displacement from air entrainment and pump
isalignment.
Discharge Extanal [Test [Recirc [Environmental [HPI 1992Failure [Almost  [Safety Injection pumps were declared inoperable due to an observed declining trend in the
6 [Environment Run [Complete 1p's recirculation flow. The cause of the Safety Injection pump reduced recirculation
ow is attributed to foreign material blockage within the associated minimum flow
irculation line flow orifice.
Discharge [Intemal to Demand Valve . Environmental [AFW | 1988]Faiture [Pactial automatic start, motor driven AFW pump swapped suction automatically to the
IComponent Run uclear service water system when a sustained low suction pressure condition was sensed,
7 raw water entered two steam generators. After the initial trip recovery, it was noted
AFW flow to steam generators had degraded following the suction swap. Inspections
ed that the cavitrol cages for these valves were clogged with shredded Asistic clam
. - . . |shells, -
Discharge |Internal to [Demand Valve [Environmental |AFW | 1988[Failure jal fler automatic start, motor driven AFW pump swapped suction sutomatically to the
IComponent o Run uclear service water system when a sustained low suction pressure condition was sensed,
raw water entered two steam After the initial trip recovery, it was noted
8 AFW flow to steam generators had degraded following the suction swap. Inspections
led that the cavitrol cages for these valves were clogged with shredded Asiatic clam
hells. )
Discharge |Internal to ion  |Check Valve |Maintenance |AFW | 1990{Failure |[Almost past AFW check valves caused AFW pumps to become steam bound. Closed
9 t Start [Complete operated valve in line. Scheduled check valves for replacement next outage.
Discharge |internal to Test Recirc [Environmental [HP1 1991|Failure  |Partial Something in HPI pump recirculation line was restricting flow. The piece later dislodged
10 ponent . Run jand no identification was made. Both SI pumps had inadequate recirculation flow.
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liem | Segment | Proximate Cause | OO | pieceput | COUINS oyyiem | yeor| Failute e | Degsee of Description
" Discharge to [Test Valve |Maintenance |HPI l9€4r‘:llwe i ICCP pump low flow rates due to inaccuracies in positioning the throitle valves.
ompanent : ' : '
12 ischarge [Operational/ Human{Inspection  [Valve [Operational  [HPI 1987|Failure ile attempting to fill the safety injection accumutators, it was discovered that two of
Error mplete fthree SI pumps had been isolated from the high head injection flowpath,
Discharge [Operational/ Human|Inspection  [Valve Operational  |HPI 1993Ll-;nilme Partial AFW pump failed due to incorrect procedure which allowed pump © be run without
13 [Error Run ow, other AFW pump was allowed to run past max flow rate, It is unclear whether these
i wefeduewmadequmpmcedumormffcmrs.bumwasmmwdtohea
. failuse to follow procedure. .
Discharge lOperational/ Human|inspection  [Valve Operational |[AFW |1 ailure [Complete [Following a trip, the AFW Pumps were secured and the discharge flow control valves for
Error Start Motor Driven Pumps were closed. Later, mopemordlseovercddurmglmuum
14 nirol Board walkdown that the valves were closed. Subsequent investigation revealed
AFW system had not been placed in standby readiness per the operating procedure
. the sysiem was secured.
) Discharge [Other Demand Valve W | 1980(Failure service water pumps were started to put torus cooling in service. When these pumps
5 Start uld not deliver sequired discharge pressure, they were declared inoperable, The seal in
air release valve was bad, allowing a vent on the discharge line.
Driver  [Design/ IDemand [Breaker Puality PW 1 ailure  |Partial 'wo RHRSW pumps fail to start due 10 breaker failures. Wrong coitacts were installed,
IConstruction/ Start ign called for contacts 1o have a minimum aurrent interrupt rating of 6 amps; contacts
16 Manulfacmrd installed (that subsequently failed) had cusrent interrupt rating of only 2.2 amps.
ation -
uacy
Driver ign/ Demand 1&C Design IAFW | 1997|Failure W One actual AFW pump failure due to spurious electronic overspeed trip. Determined that
onstruction/ Run Jall three pumps were susceptible to spurious overspeed trips.
17 ufacture/
tallation
uacy
Driver ign/ : 1&C Design AFW | 198][Failure [Almost  |A modification to the control instrumentation for two AFW pumps resulted in a backfeed
ion/ Ifoswt [Complete |situation such that when called upon to start, both pumps would not start.
18 ufacture/
lation
uacy :
Driver ign/ [Demand 1&C ign IAFW | 1981[Failure |Almost [Two AFW pumps failed to automatically start due to low suction pressure trips. A
truction/ fa Start |Complete ification was installed to prevent this. This effect was discovered previously, but
19 ufacture/ enily had not been corrected prior to an atiempt to stast the pumps three weeks later.
lation : :
equacy -
Driver ign/ Demand 1&C Quality 1989 Failure [Complete motor driven auxiliary feedwater pumps failed to start when the operator tried to start
nstruction/ rFW Start manually. While preparing a design change, the designer failed to review all the unit
ufacture/ pecific documentation associated with the motor-driven AFW pump wiring and made the
lation oncous assumption that both units switchgear compastment intemal wiring was
2 uacy identical. In fact, the wiring for each unit was different. Consequently, when the design
¢ was installed, it was installed in accordance with the erroneous design. The wiring
iscrepancy was corrected and the motor-driven AFW pumps were tested and retumed to
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y . Discovery : Coupling Failure | Degree of .
Item| Segment | Proximate Cause Method Piece Part Foctor | SYstem| Year Mode | Failure Description
Driver  [Design/ Demand [Lubrication Design |RHR-P | 2 silure [Complete RHR/LPI pumps fail to run due to improper oil in system, High bearing temperatures
IConstruction/ Run when the pumps were operated. This was due to the wrong lube oil being used,
21 anufacture/ ich had too high a viscosity. Inadequate vender design information resulted in the
E::?:; igher viscosity oil being used and additional exacerbating problems such as insufficient
. ing clearances.
Driver  [Design/ [Demand Motor Quality ESW | 1987|Failure [Partial LFSWpumpmmuippedmwmmmtTheovmmntuipwudeamwndanda
nstruction/ Start hort on the pump motor.
22 Manufacture/
nstallation
Inadequacy
Driver ign/ |Inspection  {I&C [Design AFW | 1994]Failure  [Partial Single failure would prevent auto initiation of AFW., Circuit design did not provide
onstruction/ Start ion required by standards and code. The single failure identified was a short circuit
23 Manufacture/ two conductors of the actuation relays associated with the initiation logic matrix.
Installation
nadequacy
Driver  [Desig/ [Inspection  [Lubrication Design [HPI ZOOOLl:)aihm |Partial ICVC makeup oil pump motor too small for certain accidents.
onstruction/ Run
24 anufacture/
nstaliation
nadequacy .
[Driver ign/ nspection  |Piping [Environmental [HP] 2000I:=:ilute Partial icrobiologically induced corrosion leak on service water lines to two charging/HPI pump|
onstruction/ Run lube oil coolers.
25 anufacture/
Installation
Driver nspection  |Supports [Design [RHR-B | 1986{Failure [Partial motor internal supports were cracked due to stress and vibration. Design
6Wm Start improvements were made.
26
[Driver [Maintenance [I&C Design HPI 1996[Failure |Partial A lead was lifted in an emergency bus DC control circuit resulting in one charging pump
Run ipping while nunning on the alternate power supply. Further investigation into this event
led an anomaly, which could result in having no operating charging pumps. The
n Installation use of the event has been determined to be an error in the original design of the charging
Inadequacy interfock logic. The anomaly would occur upon a loss of the DC control power to
emergency bus if 'C' charging pump was powered from the other bus.
Driver  [Design/ aintenance [[&C [Design HPI 1996{Failure [Partial lead was lifted in an emergency bus DC control circuit resulting in one clgarging. pump
onstruction/ Tw Run ipping while running on the alternate power supply. Further investigation into this event
anufacture/ led an anomaly, which could result in having no operating charging pumps, The
28 Installation of the event has been determined to be an error in the original design of the charging
Inadequacy interlock logic. The anomaly would occur upon a loss of the DC control power to

emergency bus if 'C’ charging pump was powered from the other bus.
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ttem | Segment | Proximate Cause | DuscoVelY | pigcepart | OB gy yeor| FeiluTe | Degee of Description
Driver  |Design/ . Test Breaker Quality. . . .. |LCS | 1980(Fsilure |[Complete [Relay extra coutacts left connected during construction, prevented Core Spray pump start
nstruction/ Start with emergency diesel gencrator breakers racked out.
29 ufacture/
lation
uacy .
Driver ign/ [Test Breaker Design |HPI 1980\Failure  [Partial pon testing the safety injection pumps it was found that the 6900-v breakers would lock-
nstruction/ . . Start . preventing pump start if they were given a close signal for >0.32 scconds when a trip
30 Manufacture/ ition existed. Thete is no indication to operations when this locked-out condition
Installation The breaker appears to be available for service when it actually is not, The only
inadequacy of clearing the condition is to remove and reinstall the fuses at the breaker or
‘ ually change the state of the relays. '
Driver  [Design/ . Test 1&C Quality IAFW l980ﬂailure Complete ing surveillance testing, neither motor-drivea AFW pump would start. The pump
) nstruction/ e Start | circuit was found with autostart defeat switches labeled backwasds, causing all
3 uhcmm/ except the low-low sicam generator level to be defeated. The labels were
tallation ' and the links were closed. The original installation error was the result of an
uacy uate design change process that did not require sufficient verification and testing of
Driver  [Design/ Test 1&C Design AFW . |1 ailure [Complete |A modification design ervor (in 1983-1984) removed a start permissive interlock contact.
nsiruction/ to Start cold shudown this de-energized the auxiliary lube oil pump, consequently, when one
32 Manufacture/ pump was started it ran for 2.5 seconds and tripped on low od pressure. Further
Installation investigation showed that both units AFW pumps would be affected in the same way. The
[nadequacy ign etror combined with insufficient post modification testing led to this CCF event
Driver  [Design/ Test 1&C Design. AFW | 1981]Failure ]Almost low suction pressure trips for the AFW pumps were mis-calibrated, which prevenicd
truction/ to Start [Complete pumps from starting.
33
Installation
Inadequacy
Driver  |External [Demand Breaker . rMumenanee IAFW |1 ailure Pm IAFW pumps circuit breakers degraded.
3 [Environment Run
Driver  |External Pumnd 1&C [Environmental [AFW | 1984]Failure [Complete |Both AFW pumps failed to start. The problem was traced to two relays (1 per pump).
35 Environment Start [Examination of the relays revealed open circuiting and severe degradation of the
) |insulation.
36 [Priver [Extemal Demand - [Motor Environmental rBW l985|aailure [Partial  [Two service waier motors failed on demand as a result of cement dust contamination.
IEnvironment Run
Driver  [External |Inspection  |i&C iOperational  [HPI 1 silure [Complete [It was determined that the common minimum flow path retumn linc for the safety injection
Environment Run to the refueling water storage tank was frozen. Previous actions to investigate
ems with the freaze protection system were unsuccessful in preventing development
37 f this condition. The two HPI pumps were declared inoperable with this return line -
A faulty ambient temperature switch for the RWST heat trace system prevenied the
trace from activating and was subsequently replaced. In addition, administrative
ntrols did not sufficienty recognize the safty significance of flow through this line and
. need to ensure flow capability.
Driver : IMnmlenanee IMomr IEnvmm:nhllﬂsw 1987|Failure |P|mal : ing an extended service waler bay flooding incident, one ESW pump was found
38 vironment ' Start by testing, later two more pumps were found to be failed also.
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. . Discovery . ~ Coupling Failure | Degree of .
Item| Segment | Proximate Cause Method Piece Part Factor System Year Mode | Failure Description
Driver i Test ing |Environmental |[RHR-B | 1991|Failure [Partial Two LCI pumps were declared inoperable due to high motor vibration.
39 vironment Run
[Driver  [Intemal to [Demand FBmker Design FESW 2 ailure [Almost ‘l‘wo ESW pumps failed to start due to their breakers failing to close. The breakers' prop
40 ‘omponent o " [to Start . [Complete gbnckethushppedﬂlusptwenhngpmpumtufacmghﬁwemd\epmpmdﬂn
: : : ) . pm.
Driver {intemal to and Breaker i ce |RHR-B| 1987|Failure [Partial pump breakers failed to close when operated remotely from the control room. It was
41 Component ‘ Start ﬂm&nhﬁd:mllabmmgumﬂﬂwumfollmbenmg(mmﬂmp&mof
_, bmulm)mnotopentmgeomeﬂy This prevented the trip Iatch assembly from
) resetting and allowing the breaker to close.
2 Dnver mﬂ to Demand I&C IMamtename 'ESW 1991|Failure [Partial  [Two ESW pumps failed to start due to failed breakers, lmdequate maintenance.
Driver  |Intemnal to [Demand Lubrication lMamwmnee HPI lm[r:ilute Partial Charging pump lube oil cooler fan motor trips on thermal overload Probable cause:
(Component ‘ : Run lwuxonmmmulmgmnmmedﬁmw:eplwedmmotorwnhspam
43 ) ing routine inservice testing found that another chxgmg pump lube oil cooler fan
had a current imbalance. Probable cause: normal agmg of motor insulation has
. ) N resulted in a current imbalance,
“ " [Driver I[memal to Ilnspection [Bearing IMainmmee ESW | 1985{Failure [Partial One service water pump motor upper bearing oil reservoir leaking ﬂ'om cover plate.
. : - Run Another service water pump motor upper oil cooler oil reservoir leaking.
. Driver  [Internal to llmpectim |Bearing IMaimnance fESW 1981[Failure [Partial  [ESW motor to pump alignment problems. Bearings womn out.
% iver Ilmerml to Ilnspection Breaker [Maintenance [ESW | 1996{Failure |Partial [ESW pump breakery fail due to misalignment of the breaker mechanism and internals
‘ i ; Start : developed over the years of operation,
4 Driver  |Internal to llnsmion 1&C Design ESW | 1982[Failure [Partial Open circuit breaker resulted in loss of two RHR service m pumps,
: IC«npmem , 0 Start | '
[Driver  |Intemal to ‘|Inspection  [Packing/Seals  [Maintenance |HPI 1988[Failure |Almost  [Smoke was discovered coming from the speed increaser unit for a centrifugal charging
omponent o Run  [Complete . Investigation found the two gland seal retaining bolts inside the speed increaser ‘
. ’ ube oil pump backed out allowing the gland seal to loosen. The gland seal being loosened,|
48 medredneedollﬂowtoﬂwspeedmusermmmlsmdulnmdamage Other CCPs
inspected, and the same gland seal bolts as on the first pump were found loosened.
cause of the bolts backing out was determined to be lack of a periodic adjustment of
gland seaf bolts.-
9 Driver IMai:mnmce Breaker IMnmtenanee |HP1 1991|Failure  |Partial HP] pump breakers failed due to a broken pawi, and a broken closing coil,
0 Driver IMaimmauce Breaker IMaintmm SLC Failure [Partiat  |SLC Pump Breakers Fail to pickup on degraded voltage test
. K Start .
5y [Driver |Manmmwe‘ Breaker IMlmtemmce {ESW | 1985[Failure [Partial 'l‘wonwwnta'pmlpbtuka main wipes were out of adjustment.
: ) . co- : ' Start
Driver [Maintenance [Breaker intenance [AFW | 1992iFailure [Partial [With the unit in a refuelmg outage, followmg repairs to a motor driven amulmry feedwater
' i ' Start local/remote switch of the circuit breaker, personnel found that the switch contacts
52 | : d not close, This failure rendered one of three muxiliary feedwater pumps inoperable.
. L . cause of the failure appears to be due to dirty/corroded contacts on the switch.
53 Driver Test IBenring lMamwnmee ESW | 1985|Failure [Partial IService water pumps exhibited vibration. Attributed to normal wear.
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ttem | Segment | Proximate Cause | DRacOVe®y | piecopar | COUPIG oy, | yeor| Fallure | Deptoe of Description
s4 Driver temal to ITest IBmket intenance M-B 1986I‘l:ulure [Partial pump circuit breakers failed during a start for testing. Bend switch and binding
mponent ism. Attributed to inadequate maintenance.
55 [Driver ™ *[Test 'Bmka |mmmme ESW |998k=:ume Partial  [Two RHR sesvice water pump breakers would not close due to dirty contacts in breakers,
ponent
56 [Priver © [Test Iﬂm\ker IM....m [RHR-B wl‘r;mm [Partial I&mkelmhchechwitch failed on both pumps. Lack of lubrication.
omponent : _ v
Driver [ Test [Mainienance JAFW ailure |Almost circuit breakers associated with the AFW Pumps failed 10 close as required. The root
57 omponent Stait [Complete of the failure was the binding in the operating mechanism. The plunger apparently
id not always complete its upward movement to close and latch the breaker, due to
dist and lubricants.
58 Driver - Flnlemalto Test IBleaker IMunhnawe FW 1998{Failure  [Pastial ice water pumps fail to start due to circuit breaker failures. Pump breakers failed to
Component Start lose due 10 failuses of the charging spring/motor and closing spring motor.
Driver  }Operational/ Human [Demand |Breakes [Maintenance |[ESW | 1993|Failure [Partial personne] were atiempting 10 swap the running service water pump with the
59 Error Start idle service water pump. Personnel placed the coatrol switch to start and the service water
did not start. Breaker malfunction. Later, another service water pump failed to start
of the breaker.
Driver  |Operational/ Human|Demand |Breaker {Maintenance |ESW | 1988Failure i ice water pump high dropout over current protection devices were less than running
60 | - {Exror Run t conditions and teip setpoints did not account for changing load conditions due to
impeliers. Three pump trips had occurred, -
61 Driver  [Operational/ Human |[Demand IBrenku Maintenance FESW 1907I‘F:ilute Partial bteaketmledtohnkagnhmmtmdswmdfmm loose relay connections.
Error Start ' uate maintenance.
62 [Priver  [Operational/ Human|Demand Ix&c Operational  JAFW I9BLF:ilue Complete |An operator incorrectly secured the diesel and steam driven AFW pumps, which prevented
Ertor ’ Start ir restart on low SG level.
| ¢ [Priver  |Operational/ Human|Demand Imc Operational Irsw 1981[:',&11!: Imm mmmmmﬁudtmmh:lmofmm;avium
o4 Driver  |[Operational/ Human|Demand |wc Pulgn IESW ailure {Partial Ilmwm\anisolnionvdveclowduusingalowsmimﬁip signal to two RHRSW pumps.
[Error Start : )
Driver  [Operational/ Humanrlnspewm Bearing i FRHR-P ailure [Partial heat removal pump motor upper bearing housings were observed to be leaking -
65 FEUOI‘ Run il, The cause of the failure was attributed to a lack of sealant being applied and gasket
- installed afies the last maintenance was performed on the motor bearing housing.
Driver _ [Operational/ Human{inspection | [Breaker Operational  |HPI 1982Failure  [Compleie the draining of the reactor coolant system, both centrifugal charging pumps were
Error ) Start inoperable. The initial conditions in the draining procedure contained a confusing
66 ' which led %0 an erTonsous assumption that both CCP breakers had to be racked
ut and tagged
Driver * {Operational/ Human|Inspection P«W Design W | 1984(Failure i an attempt to perform preventive maintenance for unit one's RHR service water
167 jEmor ) , Stast : plantpasonnclmishkuﬂydimnemdﬂwnmludaforun’nm'sm
 |priver  [Operational/ Human|Inspection  |Breaker Quality IESW |1 ailure 'Pamal it between anESWpumpbtenkerpnmryducmnectundﬁxeassocwedbmaker
: Error ‘ Start stabs was inadequate. The poor fit between the disconnects and the stabs led to
A in the breaker cubicle when the pump was started, resulting in a fire. Shorily after
68 idenufyingﬁ:ewmofﬂwﬁre,ﬂnrmmliswueakm which had recently been
- along with the failed breaker, as part of a design modification package, were
und to be inadequate also.
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. Discovery . Coupling Failure | Degree of .
Item| Segment | Proximate Cause Method Piece Part Factor | System| Year Mode | Failure Description
69 Driver  [Operational/ Human Iimk« Operational  /CSS | 1991(Failure [Complete [CSR control power de-energized prior to mode change. Technical Specification violation.
Error - - : 0 Start procedure review,
g0 [Priver  [Operational Hummllnspeaim [Breaker Operational  [ESW | 1981{Failure |Almost  [Control breakers for two ESW pumps were open duc to inadvertent operator action,
- - Esror Start [Complete
7 Driver  [Operational/ Human|Inspection  [Breaker aintenance IRHR-P 198][Failure [Complete [Alt RHR punvyys de-energized to replace RHR Relief valve. T.S. allows this condition for 1
(Error . Start out. Opernted in the mode in excess of 5 hours,
2 Driver  [Operational/ Hmnmllnspeoﬁon Breaker Operational |HPI 1988Failure |Complcte T pumps not restored before mode change due to procedural inadequacy.
Error Stant
73 Driver ional/ Hmnmrnspeetion Breaker Operational  [HPI 1990jFeilure [Complete |By opening incorrect breaker, HPI pump tripped while others were unavailable.
7 Driver  Operational/ Hummllnspeaion Breaker Operational  |HP1 1 gilure  |Partial HP1 Putp B not retested, then HPI Pump A removed from service.
Error Start : e
Driver  [Operational/ Human|fnspection - [1&C Maintenance [RHR-P | 1992Failure [Complete |Both trains of RHR were rendered inopersble for two minutes, while performing an
Error : Start ional readiness test surveillance procedure. The surveillance procedure required that
75 one RHR train pump be placed in pull to lock and the other train heat exchanger flow
valve throttied to 30-40% opén. The procedure directed the operators to perform
. : that resulted in both trains of RHR being inoperable
7% [Driver  [Operational/ Human|Inspection pl&.C Operational  |HPI 1988]Failure [Complete [With alternate CCP pump out-of-setvice, the remaining operable pump was erroneously
Error . Start in pull-to-lock,
7 Driver  |Operational/ Human[lnspection [&C Operational  |HPI 1992{Failure [Almost  [Two charging pumps and one charging pump service water pump were removed from
Error Start [Complete me simultancously which is a condition not allowed by technical specifications.
28 Driver ionsl/ Human|Inspection  [I&C Operztional  [RHR-P | 1995]Failure {Complete [The switches for the containment spray and recirculation pumps were in a trip putiout
|Exvor Start when the Technical Specifications and plant procedures required the pumps to be operable.
Driver ional/ Human|Inspection  [I&C Operational  [HPI 1 ailure i Both safety injection pumps were in the pull-to-lock position, With the switches in pull-to-
79 Error Start lock, the pumps would not have automatically started upon receipt of an initisting signal.
is event was caused by cognitive personnel error by a utility licensed operator in failure
follow an approved procedure.
%0 Driver  [Operational/ Hummllnspeaim 1&C sintenance |[AFW |1 silure [Complete [During testing one AFW pump was tested and other was tested without returning first to
Error : Start . Both pumps were unavailable at the same time. The procedure was the cause.
Driver  [Operational/ Human|[Maintenance |Breaker [Maintenance rm-n 1991{Failure [Partial ile performing preventive maintenance calibration check on the protective relays for a
81 Error Start idual hest removal pump motor 4kv breaker, it was found that all overcurrent relays for
‘ . - pumps were out of calibration )
82 Driver  [Operational/ Human[Maintenance leker intenance  [RHR-B | 1990{Failure [Partial lRHR pump breaker overcurrent trips out of calibration.
Error Start '
Driver  [Operational/ Human|Test Breaker Design IAFW | 1985|Failure [Complete |Both AFW pumps failed to start when tested, due to the circuit breakers not being racked
83 Error : o Start in properly,
Driver  [Operationsl/ Human|Test 1&C [Maintenence |ESW [ 1989{Failure [Partial Emergency equipment service water pump relays were not reset following a load shedding
84 Error Start 30 hours before.
Driver  |Operational/ Human [Test 1&C Quality ESW ] 1982[Failure [Partial ESW pumps failed to start. One ESW pump failed to function as a result of loose
85 Error Start ires on relay terminals in both pump logic schemes, a loose states link and an
instantaneous contact found out of adjustment on the other pump logic scheme.
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. Discovery . Coupling Failure | Degree of -~
Item | Segment | Proximate Cause Method Piece Part Factor System| Year Mod Failue 7 v Daalpt_lon o »
Driver  |Operational/ Human|Test 1&C (Operational 1 ailure {Complete emergency service water pump failed to start and was declared inoperable. Further
. Start investigation determined that the failure of the pump to start was due to a tripped
86 . . . N N gency engine shutdown device. Operations personnel performing the testing did not
- o ' : ecognize the need to reset it prior 10 starting the pump. Examination of tho other two
o, - W pumps revealed that their emergency shutdown devices were also in the tripped
Driver  |Operational/ Human|Test Moior |[ESw lWﬁailure test of the containment cooling service water pump vault watestight door revealed
87 + [Emor - : - B Run welenkagnﬂwdmgmdleakagcpmﬂmdoorwolﬂdmkeinowabletwooﬁou
. eoolmngwemnw.?meedwalmadeqmywnmwdumem
‘ L - or the degraded door seals.
Driver  [Other [Demand |Maintenance [RHR-P | 1987|Failure LPI pumps, when given a start signal, would not start. An ongoing investigation
88 , o to Start eveeledﬂzepmbablemotcauseofﬂwcveulobepoorelewialemuaofﬂwhtaker
Driver  [Other Demand  [I&C tenance 19820Failwie [Complete ouowmgawuﬂm.mmmtmmmmpprwmpool cooling revealed that
: . - - Jio Start both RHRSW loops were inoperable as neither loop's pumps could be started. Low suction
pressure lockout signals in each Joop prevented starting each loop's pumps.
89 lugging of the sensing line to each Joop's suction header pressure switch prevented both
witches from sensing actual peessure, although a lack of operating fluid in one switch and
openpowwpplybreakerwuaemhermwhahowwldhavepmenbdpumpsﬁom
Driver  [Other Demand  [I&C i Peoign, . |[ESW | 1981|Failure anal wumademplmﬂuaRHRSWmhsymmmomncforusemsupprmm
Start . cooling, the subsystems' pumps could not be started due to a pump suction header
90 ‘ " Jlow pressure lockout signal from the header pressure switch. The threaded plug in the -
- wilch diaphragm housing became loose and allowed the diaphragm fluid to leak out and
. ed the switch to sense a Jow pressure. This is & second event two months later.
Driver  |Other - Demand I&C Design [ESW | 1981|Failwe |Partial was made to place the a RHRSW subsystem into service for use in suppression
Start cooling, the subsystems’ pumps could not be sitarted due to a pump suction header
9} wptmchcknuuandﬁomthcheaduprmweswmh.mmnadedpluginthe
’ duphngmhmnhubmnloosemdaﬂowedﬂwdmphngmﬂmdtoleakou:md
. L the switch 1o sense a low pressure.
Dsiver - jOther [Demand ping [Design JHCT " |1 Failue  [Complete |Water entered the HCI and RCI stcam supply lines, rendering both pumps inoperable.
92 ' : : oS | - ailed reactor vessel ingtrumentation allowed waker to overfiow and fill the HCVRCI
: N R team lines. Pumps were unavailable.
g3 [Driver  [Other , ecti 1&C Design 19&3Eanue Patial . |Both AFW pumps had 10 be rendered inoperabie to allow repairs to actuation circuitry.
94 Driver  jOther i IMowr fnvimnmmtal ESW l98ll‘l:)nﬂm |Pastial TbeﬁoatgmdefaﬂedlnaRHRSWp\mpmvdvemdmudthevdvetofmlopenand
- : o : ) Run " |lood pump room.
Driver  1Other ioi ¢ Envitonmental |AFW 19_90E:ﬂwe Partial - ﬂ:nmdtwmAFWp\mpsweteupmyedwhmuemee water pipe developeda
< I ' 2 IR - o Start . ugh wall leak.
% Driver  [Other ' lemenance FBteaker ‘ JMamuunoe ESW 1936?:151‘:; lhn.ul ESW pump breaker ailurcs, broken screw, no lubrication, and a bent track
Driver Pﬂm ’Bteaku‘ FSW FSmedmmswdmmpeﬁﬁvemﬁmmmmm

i
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. Discovery . Couplin Failure | Degree of "
Item| Segment | Proximate Cause Method Piece Part Factorg System| Year| '\ . ode | Faiture Description
Driver  [Other est [Breaker ign SLC | 1986{Failure {Complete ing a test, both Squib Valve Detonators shorted after firing and the Control Power
Start Transformer fuse blew causing the pump motor trip, This was caused by improper fuse
o8 ination between the Control Power Transformer fuse and the Squib Valve Detonator
. The redundant system's Squib Valve was also fired during this test, without running
associated pump, and one of the Squib Valve Detonators shorted after firing. The same
fuse coordination problem existed for both systems.
09 Driver  [Other Test Breaker Eimmmce TBW 1984 agm [Partial [ESW pump breaker overcurrent trip devices tripping too low.
tart
100 Driver Phet Test |Breaker [Maintenance [ESW | 1984 agure isl  [ESW pump breakers tripped due to failed voitage control devices.
tart
Driver  JOther [Test 1&C [Design RHR-B| 1982]Failure [Partial A functional test revealed a sliding link in contro! room panel open. Further investigation
101 Start revealed a total of four links open. These links, feft open, negated all autostart capability o
2 of 4 RHR pumps. It could not be determined why these four links were open.
102 Driver  [Other Test l&C Design ESW | 1992|Failure |Partial Valve position contacts prevented ESW pump circuit breakers from closing. Poor design
Start resulted in water intrusion in the valve limit switch box.
Pump ign/ [Demand  |fmpeller/Wear  [Environmental [ESW ZOOOLI:ilm Almost  [Twe of the River Water pumps tripped on overcurrent when they were attempted to be
[Construction/ - [Rings Start [Complete The trips were a result of physical contact between the impelier and the lower
103 Manufacture/ ing liner of the pumps. This condition was due to differential thermal expansion
Installation the pump shaft and the pump casing as a result of an elevated seal injection water
Inadequacy . The elevated temperature was due to an abnormal configuration of the
iltored Water System (the backup seal water supply),
p ign/ d Impeller/Wear  [Design ESW | 1981{Failure [Complete |Both charging pump service water pumps failed. A carbon cap screw failed allowing the
struction/ Rings Ito Run impeller of one pump to bind on the casing. The ensuing leakage shorted the motor
104 snufacture/ indings of the other pump. ) ‘
Installation
nadequacy
'Pump Design/ Demand Impeller/Wear  [Quality ESW | 1988|Failure |Partial pumps drawing excessive current. Carbon steel snap rings corroded atlowing
onstruction/ Rings 0 Run impeller to come in contact with casing. The third pump, although not exhibiting abnormal|.
105 anufacture/ had similar corrosion
lation .
Inadequacy
[Pump Design/ IDemand Impeller/Wear ign ESW {1 ailure [Partial Nuclear Service Water pump tripped on overcurrent after operating for approximately
onstruction/ 0 Run minutes. Initial troubleshooting indicated that the pump was binding and disassembly
Manufacture/ required to determine the cause. It was determined that the pump impeller thrust ring
Installation become loose due to thrust ring retainer bolt faiture, which allowed the impelter to slip
106 Inadequacy the shaft and resulted in pump binding and the overcurrent condition. The bolts failed
to corrosion. Similar bolt degradation was discovered on other service water pumps.
investigation results indicate the primary cause of the bolt failures was corrosion

induced by galvanic coupling of the retainer bolting and other pump components.
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. Discovery . Coupling Failure | Degree of .
ltem} Segment | Proximate Cause Method Picce Part Factor System | Year Mode | Failure Description
Pump Design/ [Demand Impeller/Wear  {Quality ESW |1 ailure  |Partial A Nuclear Service Water pump tripped on overcurrent after operating for approximately
iConstruction/ i Run 20 minutes, Initial troubleshooting indicated that the pump was binding and disassembly
Manufacture/ wastequndtodetcnnuwthcwxse nwasdetammedum&wpumpxmpdlermnnng
107 Installation become loose due to thrust ring retainer bolt failure, which allowed the impeller to slip
Inadequacy the shaft and resulted in pump binding and the overcurrent condition. The bolts failed
ue to corrosion. Similar bolt degradation was discovered on other service water pumps.
investigation results indicate the primary cause of the bolt failures was corrosion
induced by galvanic coupling of the retainer bolting and other pump componeats.
Pump Design/ [Demand Impelics/Wear  [Design ESW | 1986Failure 1Partial ] four emergency service waier pumps showed cavitation damage. Two of the pumps
Construction/ Rings to Run minor damage and were placed back in service, Recirculation cavitation occurs at
108 Manufacture/ flows significantly less than design.
Installation ’
Inadequacy
Pump  [Design/ |iInspection  {Casing Quality HP] | 1987|Failure [Pastial ing inspection of a cenisifugal charging pump, a portion of the stainless stecl cladding
IConstruction/ Run n the inside surface of the pump casing exhibited comosion. Corrosion of the pump
Manufacture/ uuwnthmughduslalnlmsteelcladdmgmwﬂwwbonswelbasemwnﬂ
109 tallation of the other CCP revealed similar corrosion. The cause of this event was a
Inadequacy ufacturing deficiency. Corrosion observed at the pump casing discharge nozzle was
'butedtoacladdmg during final machining. Corrosion observed at the
casing inlet end was attributed to either oversnachining of the cladding or
inadequate ovezlay of two adjacent weld beads.
Pump ign/ iICasing Quality AFW | 1983|Failure |Partial 'wo AFW pumps thrust tolerance was out of specification. These events were caused by
nstruction/ to Run improperly installed balancmg drum parts. One turbine driven and ane motor dnven pump
110 ufacture/ [was involved
tallation
Inadequacy
Pump  |Design/ {Inspection  |Lubrication Environmental [HPI 1995Failure [Partial  |High lube oil temperatures were observed during HPI pump operation. Zinc pasticles from
nstruction/ : to Run were discovered plugging the lube ol cooles. Accelerated corrosion was astribused
m ufacture/ a comosion inhibitor that was added to the system, which chemically interacted with the
installation i
Inadequacy
Pump  [Design/ Inspection  [Packing/Scals  |Maintenance |ESW lmﬁnﬂm Partial Both ESW pumps leaking greater than 4 gpm because of inappropriate mateml for
‘onstruction/ Run ing and sleeve (nitronic 60).
112 Manufacture/
tallation
uacy
iPump Design/ Test ICasing rantenanee [ESW |1 allure |Almost th ESW pumps failed due to installation of wrong material for pump casing ﬂ.anges‘by
: truction/ ' ' Run [Complete |vendor during pump overhaul, The veador overkauled the pumps without changing
13 ufacture/ , The plant returned the pumps to the warehouse also without verifying material,
Instaffation :
uacy
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. Discovery | . Coupling Failure | Degree of ..
Item| Segment | Proximate Cause Method Piece Part Fact System| Year| '\ o Failure - .. Description .
Design/ [Test Coupling EnvnumcmlPEsw 1987[Faiture  [Partial ‘est showed two ESW pumps failed. Pump shafis were corroded and found to be made of
114 anufacture/
nstallation
nadequacy
Pump  [Desigw/ . Test Coupling Design [ESW | 1994{Failure [Partial Pump produced no flow when started, A shaft coupling failed. Material was determined to
onstruction/ Stant brittle and have low impact properties. The coupling was replaced on all pumps with a
115 Manufacture/ of material more suitable for this application.
nstafiation
Inadequacy - . :
Pump _ |Design/ . [Test IgnmpelledWm [Maintenance  |ESW | 1988]|Failure |Partis) Essential service water pumps were declared inoperable, due to low pump head valves.
ings Start low pump heads were caused by excessive wear of pump impeller due to foreign
116 Manufacture/ jal in the service water. :
nstaflation
nadequacy
Pump Design/ . Test Impeller/Wear  [Quality ESW l%ﬁ‘;&im Partial esting of the service water system disclosed that the performance of the three service
struction/ Ikmg Start pumps was befow requirements, The condition is the result of both an in
17 Manufacture/ design and the installation of replacement impellers, which were not modified by
[nstaliation vendor to improve performance, as were the original impellers.
[nadequacy
Pump Design/ Test Shaft Design IAFW l988l::ilme IAlmost auxiliary feedwater pump failed its performance test. Subsequent inspection of the
‘onstruction/ . Run  [Complete intemnals revealed significant damage, including » split in the conter shaft sleeve,
18 Manufacture/ AFW pumps were susceptible to corrosion cracking of their bushings. A different
nstaflation was needed for the bushings,
nadequacy ) ‘ )
Pump  [Design/ Test Shaft [Design IAFW I988Ll’:ilm'e Partial AFW pumps were susceptible to corrosion cracking of their bushings. A different
onstruction/ o Run ial was needed for the bushings.
119 anufacture/
nstallation
Inadequacy
IPump  [Extemnal [inspection g Design HPT 1991|Faiture  |Almost ing/safety pumps beyond operational limits. Damage was found to the thrust
Environment Run es. Air was introduced into this train of chilled water during modifications and
being performed on the system. This air became trepped in high points of either, or
120 of, the supply and retum chilled weter lines o the charging pump. At the reduced
flow rate, sufTicient cooling was not available end oil temperature increased to the point
) bearing damage occurred.
2 [Pump External Inspection  {Coupling Environmental [ESW | 1993[Failure [Partial Entrained debris caused ESW pump shaft coupling to fail, Plant equipment did not prevent
l |[Environment Rim is debris from entering pump.
Pump  [External [inspection  |Packing/Seals i RHR-P | 1985[Failure [Complete [Following a trip, water was found spraying from both low head safety injection pump
122 Environment Start control rod seals, Both pumps were declared inoperable. Postulated failure on the
Is was from a minor flow induced pressure transient.
Intemal to Demand Dearing nintenance  |AFW | 1984(Failure [Partial One ESW bearing failed and pump seized; second motor bearing failed,
123 omponent o . Run .
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! . Discovery < Coupling Failure | Degree of -
liem | Segment | Proximate Cause | =)\ .0 0" | Piece Part Factor  |System|Year| \\oie | Failure , Description 3
* [Pump o [Demand Casing |Maintenance |ESW | 1998IFailure [Partial [Two ESW pump started and ran, but would not develop sulicient pressure or flow rate.
124 mponent : : g : Start Exact cause not known for either failure, however, one pump was noted 0 have
jmicrobiological induced comrosion fouling on inwmal surfaces.
[Pump Intemal to IDemand Impeller/Wear  |Environmental JESW ailure W aler pump curtents stayed high after starting. The primary cause of these events was
125 - omponent : i - - Run to be elevated sand conient in the river, resulling in excessive sand
ulation around the suction area of the pumps,
- JPump intemal to - |Demand I iWear  Quality 1988 Failure |Partial - |[Following a plant trip, it was discovered that the auxiliary feedwater pumps had internal
126 omponent Rings to Run . Some channel ring vanes had chips missing, and several parts were found in the
SG auxiliary feedwater piping.
127 Pump  |Intemal to Demand |Packing/Seals IMnnwmnee AFW l”&ﬁnﬂm Partial MDP and TDPs failed due to incorvect packing installed.
mponeit Run .
128 Pump  |Intemal to Inspection Pearing IMummm ISLC l989t:ilme [Partial tandby Liquid Control pumps lost oil while running. Loose fittings and lack of thread
ponent Eﬂ"m ’ - v
129 [Pump  fintemal to Ilnspection Bearing |Mnmenmce |ESW l987l§°ulure Partial jce water pumps had high shaft vibration. The excessive vibrations caused by worn
mponent bearings and shaft sleeves.
130 lrump Internal to llmpection Casing lMamtenance Issw l98 Partial setvwewaterpumps.hmpdlﬂ'useremdedonﬁrst pump ad a through vall casing
omponent ‘ leak developed on the second.
Pump temal to pection ing FMuntename |IEsw |19 nlm Partial  |Cracked scal waler and vent lines,
131 omponent 0
132 Pump ternal to Ilmpection ) lmpeller/Weer anironmemal ESW ulure M IESW pumps had reduced flow and discharge pressure. Marine growth in suction.
mponent to Start B o '
133 fPump llcnmnalto pection mmw“r rManlem\me ESW - | 1985{Failure - [Partial  [Service water pumps were noted 10 have high vibrations and low discharge pressure. The
omponent Run of the failure is suspected to be binding.
134 Pump Intemal to Ilnspeaim Lubrication Environmental [HPI ailure and miscellancous mollusks plugged HPI oil coolers. Two pumps were  required to
omponent to Run be shutdown due to rismg lummmg_tempennne:
Intemal to jon  |[Lubrication Design 1 1981|Failure |[Partial Corrosion of HPI pump cooler heads. Improper material led to corrosion
135 mponeat ' T ) ) Run o - ) ' o ‘
Pump to ‘lnapeaion [Lubrication intenance -B|1 ailure Pmnl th pump mekor oil coolers were leaking due to aging of components. The first case
136 ponent Run involved through wall corrosion and the pump was immediately removed ﬁ'om service,
. [The second case was a packing leak.
Pump Internal to . . |inspection ?ﬂm intenance |AFW | 1986Failure [Partial packmg was woin on both the motot-driven and one nubmednven aux. feedwater
137 omponent Run causing high temperature on one packing gland, and excessive leaking on the other
Li3s Pump ternal to pection i s i SLC | 1989 Failure umdby Liquid Control pumps were observed 1o be leaking profusely at the packing. The
! mponent uteom]epackmgwnumbuwdtonomalww ‘
139 Whmp temal to , I!nnpeﬁmn i ‘Munmnm IsLC | 1987(Failure [Partial qudConwlpunpcwaobsuvedhbeleakmgmwelyatﬂxepackm;
. omponent Run failure of the packing was attributed to normal wear, Packing adjusied.
140 [Pump fintemal to |ll\speeuon —[hdﬂnnguh Iummnee JAFW 199(1‘l:)ailure Partial  |Both motor-driven sux. feedwaler pumps had excessive packing leaks, due to wom
T Eﬂmﬂlm 'Inspeeum ]m.unysm {Eavi ESW 1994E)mm Partial  [Backup seal waler regulators did not provide required fow during testing on two pumps. -
! mponeat i R B Run [The third pump lost seat flow while operating. The cause was attributed 10 plugged lines.
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. Discovery - "] Coupling Failure | Degree of .
Item| Segment | Proximate Cause Method Piece Part Factor System| Year Mode | Faiture Description
142 Pump Internal to llnspection Packing/Seals  [Maintenance 1986{Failure [Partial cessive packing leaknge. Both events occurred after previous maintenance had been
143 [Pemp  lintemal o rnspechon Packing/Seels IMmmaumee ESW | 1989iFailure [Partis} IESanmpexcmiwpacking leakage.
omponent i ] Run
144 Pump  |Intemal to 'ln:vection Packmg/Seals letumee FUC 1938{Failure W tandby Liquid Control pumps were observed to be leaking excessively at the packing,
omponent Run failure of the packing was attributed to normal wear, Packing replaced
Pump temnal to linspection Plunger/Cylinder [Maintenance FLC ailure  [Partial tandby Liquid Control pump seal was leaking excessively. The cause of thls failure was
145 omponent Run | wear of the plungers, packing, and head gaskets for the plungers (piece parts of the
).
146 Pump Intemal tot IMnimmm Bea_ring lMane [ESW | 1985 Fagl;'e [Partial HighBSWmnpw’hﬁonmwnedbymﬁng of the upper bearings.
147 [Pump I::memal to Maintenance [Lubrication [Environments] |HPI 1991|Failure |Partial HPI pump lube oil cooler leaks. Degraded tubes,
omponent : Rin .
148 [Pump temal to lMaimenmee Lubrication Environmental {HP] 1 ailure [Almost ams/shudge fouling of lube oil cooler caused high temperature alarms on two HPI
omponent Run [Complete Ipumps.
Pump  linternal to aintenance [Lubrication [Environmental [HP] milure |Partial HP'1 pump tube oil cooler with tube leak allowed water into oil reservoir,
149 ) omponent Run
150 [Pump nternal to [Maintenance lPacking/Seals [Environmental 1985|Failure  [Partial lduc mnpdmhpedmlleakduetomdSewﬂwmphadhughbamgtempemnm
omponent Rin to trash clogging ogging cooling water lines.
‘l st Ihmvp Internat to Test Bearing [Environmental [ESW | 1992/Failure [Partial |Abraswe panwles present in ocean water produced accelerated wear of shaft bearing
omponent : Run journals,
152 rPump Intemnal to est Bearing lMamm:me ESW | 1985{Failure (Partial ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
. omponent Run
153 Pump  |intemal to [Test iCoupling IMnimmme [ESW | 1987{Failure |Almost [fwo ESW pumps had failed couplings. Cause attributed to abnormal stress.
omponent Start [Complete
rPump to [Test ICoupling aintenance  [ESW Failure i pumps had redyced flow and discharge pressure. Womn impellers/wearing rings.
154 omponent Start k:amedmminedtobenomalwmmdhighsmdcmmmofﬂverm.
Pump nternal to [Test impeller/Wear i [ESW | 1992|Failure [Partial ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
155 omponent ings Start
156 Pump  {Internalto Test 'E‘penerAVm IMaintemnee IESW 1991[Failure ial pumps had reduced flow and discharge pressure. Wom impellers/wesring rings.
ponent ings Start
157 Ihmp E;temal to est Impeller/Wear lMai:nenmoe [Esw silure [Partial  [ESW pumps had wom impellers and one had a plugged strainer.
Rings Rum
Pump  |Internalto [Test Impeller/Wear sintenance [ESW | 198S[Failure [Partial d\argmg pump service water pumps degraded, Caused by expected wear of pump due
158 omponent Rings Run erosion and corrosion properties of the process fluid involved
Pump nternal to [Test Impeller/Wear sintenance [ESW | 1985{Failure al FEmergency service water pumps discharge pressure below allowable limits. Causes were
159 omponent Rings 0 Start lloose impellers, dropped impeller, and worn internals,
160 [FemP nternal to Test Impeller/Wear iMaintemmoe ESW | 1984|Failure  [Partial inment spray raw water pumps failed flow tests. Aging and normal wear,
t Rings Run
[Pump nternal to [Test mpeller/Wear sintenance ailure i pumps had wom and cracked impellers. Aging and normal wear.
161 ponent ings Run
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. Discovery . ‘ Coupling Failure | Degree of i
ltun Segment Proximate Cause Method Piece Part Factor System | Year Mode | Failure Desctiption
' r’ump~ temal to [Test: Wear tenance |ESW | 1987|Failure ial:  |[ESW pump Iow flow. Wom impellers.
162 Rings Run 1
163 [Pump |intemal to [Test I@th IMamtenm ESW | 1988[Failure Fhmal IESW pumps fuled to meet the rinimum flow requirements of test. The cause of the
omponcnt Rings Run failure is normal wearout of the pump impeller due to brackish water cotrosion.
164 Pump  |Intemal to Test peller/Wear tenance |ESW | 1990(Failure [Partial  |ESW impeller gaps too wids. Gaps adjusted. .
ponent R_m_gs to Start
165 Pump  |[Intemal to Test IImpellerIWear , anlntuuncc [Esw |1 ailure  |Partial MESWp\mpshadmtanddchmmmn.oneofwhwhwmdawdbyhlghwhumn
) mponent to Run readings.
’l 66 Pump  [Internal to Test ugpelletIWear rMamtenance ESW Failure |Partial  JESW pumps had reduced flow and discharge pressure. Wom impelless/wearing rings. One
ponent Rings Start pump also exhibited high vibration.
_ |Pump Intemal to [Test Impeller/Wear  [Environmental [ESW | 1991|Failure |[Partial W pumps failed to meet the minimum flow requirements of test. The cause of the
167 omponent Rings to Run failure is normal wearout of the pump impeller due to the high sand content of the water
» being punped. Pump impeller ift was adjusted.
Pump Internal to Test Impelles/Wear  |Environmental [ESW | 1982|Failure |[Partial service water pumps were declared inoperable, due to low pump head valves.
168 mponent . Rings : to Start lowpumphendswetecu&edbymmweuofpumplmpeﬂerduetofomp\
‘ inthe service water,
139 Pump to [Test IlmpellerIWear ESW | 1984iFailure |Pastial Loas of Service Water puinp due to wearout at end of life,
_[Component - = Rings ' Run o . - :
170 [Pump Ilntemal to Test Ilmpeueerw IMnmmnu ESW l936i'l:ailwe Partial  {ESW pump performance decreased 15% and 8% respectively since last test. Pumps were
171 [Puee temal to Test lx;:;la/Ww 'Munlﬂnnee ESW l985|l-‘mailure Partial  [Wear caused high ESW pump bearing temperatures, vibration, and low amperage/flow.
i - ¢ B s pmenian y ) Run B , - .
l7i Pump  |lnternal to [Test - \lmpeller/Wear i W | 1981Failure |Partial Loss of Service Water pump due to wearout at end of life.
- - (Component i ’ Stait - :
3 Pump ternal to Test Ww i IESW 1 ‘ailure |Partial IFSW pumpthad rednced ﬂowmd discharge pressure. Wom impelless/wearing rings.
74 [PUP temal to Test Imwwﬂr Environmental Iasw 1990(Failure [Pactial  [ESW pucmp impeller lft out of adjusiment.
! mponent i ) - Run L
175 Pump temnl(ot  [Teat mleﬂ“mr lMunmm ‘|ESW 198_5!‘1::181:1:‘ Pastial ESWpumpchadtedwedﬂowandduchargepmsm Womunpellaslwnnngnngs
Pump to [Teat ‘ear i W | 1998{Failure {Partial Two ESW pumps failed to develop adequate ﬂowlpreasure pumps degraded.
176 ponent PR s Start .
Pump 0 [Test peller/Wear WEnvironmtal /! 1984{Failure Almost Pne HPI pump seized, the second would have seized if operated,
1 ponent -__|Rings : Run _JComplete : I
iermal to " [Test - les/Wear  |Eavironmental JESW ~ | 1993!Fai Pastial ial service water pumps were declared inoperable, due to low pump head values.
178 1 t : i . Run hwpumpbeadawaemnedbyexeeuwewwofpumpimpelladuetosmdmlhe
0 est ear i W ‘ailure anmpnfaﬂedlomenhemmmmnﬂowrequuunemsoﬂestmauuofﬂle
179 ) mponent ings - Start ilure is normal wearout of the pump impeller due (o the high sand conient of the water
: ing pumped. Pump impeller lift was adjusted.
I — et -

19&2‘5:&1“
Run
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: jsco . Coupling Failure | Degroe of ..
Item| Segment | Proximate Cause Method Piece Part Factor  |SYstem|Year Mode | Failure Description
181 [Purap nternal to Test I:nh::dquWeu |Maimmnee [ESW | 1988[Failure ial  [Service water pumps were noted to have high vibrations and low discharge pressure, -
Lmvponem ‘ ) Start (Uneven wear caused pump to be out of balance,
182 [PUmP I::Memal to Test |ImpellerNVear |Mninwrmee ESW | 1988[Failurc [Partial  |ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
omponent ings Start .
| to Test er/Wear  [Maintenance [HPI 1983[Faiture [Partial - 1 pump and both CCPs failed to meet the minimum head curve requirements. The cause
183 omponent ings . Start T pump head capacity degradation has been attributed to normal pump operation. The
*[inability to balance flows has been attributed to the lower head capacity of the pumps.
184 'Pump |=memal to Test Impeller/Wesr  {Maintenance IRHR-B 1985{Failure  [Partial E‘he first pump failed to meet required flow rate. The second was drawing excessive
omponent ings Start amperage. Both conditions were attributed to wom internals.
185 p ntemal to Test impeller/Wear  [Environmental [ESW | 1995[Failure Partial failed performance test. Sand in water eroded pump internals. Pump lift was
omponent Rings Start ljusted, :
‘ 136 Pump |:ntemal to [Test Impeller/Wear  [Maintenance [ESW | 1983|Failure  [Partial WRHR Service Water pumps failed flow tests due to wearout and had to be rebuilt.
t ings Run »
[Pump ternal to Test Impeller/Wear  |Environmental [ESW | 1994Failure [Partial performance identified during testing. Sand in water was causing accelerated
187 omponent ings Start of the pump internals. Lift was adjusted for three pumps and one pump internals were|
- laced.
188 [Pump nternal to est mpeller/Wear mintenance [ESW |1 ailure  |Partial ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
omponent Rings Start ) )
189 Pump  [intemal to Test Tmpeller/Wear iMaimmm ESW | 1994|Faiture [Partial ESW pumps had low discharge pressure during testing. Each pump had wom
ponent Rings Start . internals and both pump internals were replaced. .
Pump temal to [Test Impeller/Wear HP1 1985iFailure |Partial CCPs were tested and had low flow rates. The most probable cause is attributed to
190 omponent ings ) ) Start degradation of the pumps. The CCPs sre subject to normal wear associated with
: ' ir secondary duty of providing normal charging flow.
Internal to [Test - Impeller/Wear  [Environmental [ESW | 1985[Failure [Partial pumps failed to meet the minimum flow requirements of test. A rag was found in
191 Rings Run ¢ impeller and a plastic bottle in the other.
|Pump temal to Test mpeller/Wear [Maintenance [ESW [ 1985(Failure ial lESWp\mvpsﬁileddmtommm
192 ‘omponent ings Run :
[Pump nternal to Test Impeller/Wear  |Environmental [ESW | 1982[Failure [Partial Low ESW pump head values were caused excessive wear of pump impeller due to foreign
193 omponent Rings Run ial in the service water.
Pump temal to Test mpelier/Wear aintenance |ESW | 1988Failure [Partial Essential service water pumps were declared inoperable, due to low pump head valves.
194 ponent Rings Start [The low purnp heads were caused by wear and aging of intemnals,
[Pump nternal to Test Impeller/Wear nintenance  [ESW | 1984|Faiture  [Partial [Essential service water pumps were declared inoperable, due to low pump head values.
195 omponent . ings Start The low pump heads were caused bty wear and aging of intemals,
Pump to Test mpeller/Wear  [Environmental [ESW | 1995[Failure [Partial arine growth caused low flow and speed condition for two service water pumps
196 ‘omponent ings Start
Pump  [Internal to [Test mpeller/Wear  [Environmental rESW 1992|Faiture [Partial  [ESW pumps had reduced flow and discharpe pressure. Wom in}pellelslwenring rings.
197 Rings Start [Cause determined to be normal wesr and high sand content of river water, ..
[Pump  [Intemnal to [Test [Lubrication aintenance ISLC | 1992|Failure [Partisl  [Standby Liquid Control pumps lost oil while umning. The gasket between the crankcase
198 t IM Run iframe cap and the gear housing cover was womn.
[Pump ntemal to Test Packing/Seals nintenance [ESW | 1981{Failure [Partial RHR service water pumps failed to meet flow requirements due to seal water leakage and
199 - omponent | Start wearout.
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Item | Segment

Proximate Cause

Discovery

Factor

System

Degree of . -
Failure Descriplion

Test

E¥

ice waler pumps were noled to have high vibeations and low discharge pressure.
Uneven wear caused pump 1o be out of balance.

201

[Maintenance

Partial testing, the outboard bearing temperature was high on the turbine-driven AFW
, due 10 improper balance drum clearances, caused by improper maintenance. The
¢ will be modified and the balance drum clearance reset. While the unit was

i up, the motor-driven AFW pump outboard bearing temperature was high.

ive thrust bearing clearance caused the balance drum to unbalance, causing the

thiust bearing to overheat.

[Pump
202

[Ervor

to a combination of management error and procedural deficiency, the turbine driven
iliary feedwater pump was run deadheaded. The operation damaged the pump. When
pump was manually tripped, steam vented back ialo the suction line, caused another
pump to also trip, on a Jow suction presswe signal.

Compiee

203

[Operational/ Humaniinspection

|Lubrication

Operational

HPI

l983‘f:1l'szlot

routine preventive mainienance (0il change) was mistakenly performed on the north
ng pump instiead of the south as scheduled. Since the south pump was previously
eared for this oil change, and the test pump was valved out, none of these three pumps
wete in service as required by tech specs for the approximately 20 minutes it took to

nge the oil in the nosth pump,

204 fFUP

FMdntename

1991|Failure
Run

ollowing an overhaul of the HPI pumps. Too much oil flow led to excessive oil leakage,
would have filed HPI pumps before end of mission.

205 FumP

Operational/ Human|Maintenance [Lubrication
Error . .

1993{Failure |Pamal

Run

w pressure RHR beasing oil level not maintained high enough when new smaller
ightglass installed. Second event the sightglass was broken when adding oil.

Error

Operational/ Human|Test

[Maintenance

1989 Failure

Complete [Both loops of the residual heat ranoval system were declased inoperable due 10 gas
inding ofboth RHR pumps. The gas binding was caused by entry of nitrogen gas into the
coolantsystem from accumulator. The root cause of this cvent has been attributed
personnel error. Personnel did not comply with the specific requirements in the
discharge check valve full flow test procedure due to inaticntion to detail.

207

[Operational/ Human|Test
Ertor

ing the performance of Stecam-Driven Emergency Feedwater Pump testing, sparks
. . jwese observed emanating from the outboard mechanical seal azea. The sparks appeared to
be due to a mechanical interference within the mechanical seal assembly. The pump
ical seal was disassembled and determined to have been improperly installed
uring the last refueling outage. The evaluation identified a mechanical seal design
and inadequate corrective action for a previously identified event as the primary|
causes for this event. A contributing cause for this event was found W be inadequate
predictive maintenance techniques. The electric AFW pump exhibited the same problem.

ESW

lWllzuilm

Lubeoﬂeoolhgmisohudduﬁngummmpsmh\wdwnmwhhmmlha.

1997 Failure

jComplete lpumpsﬁﬂduewopemmmthimdeqmsmnhud.Mp!mpsdmngeddue
- opemionvnmlmdequueumn.hnﬂlﬂreesymmpmwmumvaﬂabkduew
lthelouofthemmonsoume.smwwcelevel instrumentation wag the cause.
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. Discovery . Coupling Failure | Degree of e

Item | Segment | Proximate Cause Method Piece Part F System| Year Mode | Failure Description

[Suction  [Desigrv [Demand Piping [Design 1996]Failure [Partial  [Freezing of diesel generator service water piping in intake bay. Inadequate initial design.

. IConstruction/ . [to Start . .
210 amufacture/
nstaliation
nadequacy
Suction  |Design/ and Piping ign [ESW | 1981Failure |Complete d flow to chillers resulted in loss of NPSH to Charging Water Service Water
onstruction/ Run

2 Manufagmre/

Suction Demand WPiping Design ESW | 1981{Failure {Complete ing flow to chillers robs NPSH from charging service water pumps.

, o Run ) ,

212 .

Suction Demand Piping [Design [ESW | 1983[Failure [Complete flow to chillers resulted in loss of NPSH to Charging Water Service Water

0 Run pumps, _
213
uction Demand iping Design ESW | 1982Failure |Complete [The use of service water by the chillers can cause a loss of suction pressure to the
oRun | Charging Water Service Water pumps.

214 . . o

Suction Demand Piping Design ESW | 1982[Failure |Complete [The use of service water by the chillers can cause a loss of suction pressure to the charging
215

Suction Demand Piping [Design [ESW | 1982[Failure [Almost  |Increased flow to chillers resulted in Joss of NPSH to Charging Water Service Water

Run bomplete ps.

216 Manufacture/

Suction FPiping [Design ESW | 1982[Failure [Complete mened flow to chillers resulted in loss of NPSH to Charging Water Service Water
217 ) ..

Suction Demand iping Design ESW | 1982(Failure [Complete [The use of service water by the chillers can cause a loss of suction pressure to the charging
218 .
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ltem| Scgment | Proximate Cause | DRSOV | pioceput | COUPIE | gyyyemy | yeor| Fbilus | Dagron of Description
uction ign/ [Demand iping ign W | 1983[Failure  |Almost eased flow 1o chillers resulted in loss of NPSH to Charging Puinp Service Water
219 ufacture/ )
lation
inadequacy '
uction ign/ Demand [Piping Quality [ESW | 1984{Failure |Partial th RHR scrvice water pumps tripped as a result of inadequate venting of suction header
onstruction/ Start esulting from poor orientation of the vent line.
220 ufacture/ o :
lation
[nadequacy.
uction ign/ ] pection ngn lFHPl 1991{Faiture P’uual Ultrasonic examination of the chemical and voluine control gystem suction piping was
0/ Start ) Tbscmmmuommeabdvotdsmthemumlabonnonhmmnwgnvny
221 ufacture/ : line from the bovic acid siorage tank. .
lation
uacy
uction ign/ ) Pam JHPI 1988(Failure [Partial trasonic examination of the chemical and volume control system suction piping was
nstruction/ Run oned. These examinations revealed voids in the suction piping.
{nadequacy
Suction ign/ {Inspection WPiplng Design HPI 1988{Failure (Partial t was determined that various pipes of the safety injection system and chemical volume
k Start control system colleciod of trapped gas which might affect the functions of these
223 Manufacture/ There was a concern that the gas pockets may adversely effect pump operation.
iof '0ids were detected in some of the high head SI pump piping.
Quality I 1988{Failure {Partial ‘ortex breakers had not been installed in the containment emergency sumps. Vortex
Run are required to be installed in the containment emergency sumps to prevent the
formation of vortices which could adversely afect performance of safety injection pumps
ing the safety injection and containment spray systems were declared inoperable.
Design HPt |1 ‘aifure  |Pastial quantity of gas was found in the centrifugal chasging pump suction header that exceeded
Start maximum allowed gas volume. It was subsequently determined that hydrogen gas had
coming out of sojution on both units and accumulating in the suction piping as a
resuit of gas suripping by the CCP miniflow orifices. In addition, entrainment of
ogen bubbles from the volume control tank to the CCP suction pipe may be &
ibutor as well.
'vimnmtalhmw zonmm WPumpaFadedtoDevdopﬂow/pmuule.DebmmmukemReqwes
Run i

hthamvelmngSuem.
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. Discovery " Coupling Failure | Degree of . .
hem}| Segment | Proximate Cause Method Piece Part P System| Yesr Mod Failure Description
[Suction  [Design/ [Maintenance [Tank Design {ESW |1 silure {Partial An enginezring evaluation revealed that ESW hed been inoperable several times dve to
Construction/ Run [low NPSH. All three units were affected.
Emﬂaﬁm
[Suction i/ . [Maintenance [Tank Design ESW | 1985[Failure [Partial An engineering evaluation revealed that ESW had been inoperable several times due to
Run [low NPSH. All three units were affected.
28 anufacture/ .
nstatiation
[Suction g/ . [Maintenance [Tank [Design IESW |1 aiture  [Partial An enginecring evaluation revesled that ESW had been inoperable several times due to
onstruction/ Run NPSH. All three units were affected,
279 i
nstalfation
nadequacy
[Suction ign/ [Maintenance [Tank [Design ESW |1 siture  [Partial An engineering evaluation revealed thet ESW had been inoperable several times due to
d Run [low NPSH. All three units wers affected.
230 .
{lation
[Suction  {Design/ memmee Teank Design [ESW l%s,::ilm Partisl  [An engineering evaluation revealed that ESW had been inoperable several times due to
onstruction/ Rum NPSH. All three imits were affected,
231
Hation
nadequacy .
Suction ign/ {Maintenance [Tank Design IEsw |1 ailure [Partial n engineering evaluation revealed that ESW had been inoperable several times due to
i Rim NPSH. All three units were affected.
232 anufacture/
nstaliation
nadequacy
Suction ign/ Test Piping Design IAFW I999E‘°|ilnm |Partial | AFW trains declared inoperable due to inadequste suction flow capability from the
i Run service water aitemate source. Inadequate flow caused by corroded piping. Piping
233 is ymdersized so there is fittle mergin for piping degradation, Since this is 1 of 4 suction
nstallation the safety significance is limited.
[Suction  |Design/ Test Tank Design [ESW | 1986(Failure [Complete [Loss of prime in the condenser circulating water siphon flow system caused loss of low
i Ron service water pumps. Pumps lost suction during a test due to poor design.
234 anufhcture/ .
llation
nadequacy
{Suction  |Design/ Test Tank [Design SLC | 1991[Failure [Complete |During the performance of a special test on Unit 1 to determine the availeble NPSH of the
i Run LC pumps, the pumps began to cavitate unexpectedly. The SLC systems of both umits
235 anufacture/ declared inoperable. The causes of this event are inadequate modification testing and
flation error in the original design calculations.
nadequacy
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Item Segmul‘ t Ploxmate Cwse D!iswvl } el'yl Plece" Part . C;"‘ ing Sysiem Yeﬁr il‘l“ul” EBEg.l e of Description
uction {Desiga/ o Fut [Tank Design ISLC | 1991|Failure fomphe Duriag the pesfonuance of a special teston the available NPSH of the SLC pumgps, the
IConstruction/ Run begai © cavitate unexpectedly, The SLC systemns of both unils were declared
236 Fmﬁdﬂﬂ/ : inopanbhﬁemoﬂhnevmtucuudeqm&em«hﬂcummudmumrmlhe
lation iginal design calculations.
lnadequacy
uction i . Test [Valve Pengn ﬂFSW 19. i dmmmmwudbymﬂicmmmwwcmﬂowh
Seart mpmuwmq,m L
237 : S ,
lation : . e ST . -
Inadequacy .
238 uction Emmal_ Pemand |Piping vironmental [HPI 1984{Failuce jComplete onsohdlﬁcnmninﬂnsmmdgabmdmgofpumpﬂedbdwﬁdmofﬂnhm
Environment Start . injection pumps. Flushing procedures inadequate.
239 ISucuon ternal to ) Pcmand Piping . rEnvironmmtal ESW | 1986{Failure [Partial servwewatetpumpsfadedﬂowtesﬁngduewblockedswumsmdlbmmulww
ponent Start impelless.
24OISm:‘-.ion internal to Demand Strainer Eavironmental [ESW l980'i|ilure Ileal lFmignmidwuﬂlowedmmﬁwnmhnofﬂnchugingwnpmicem
‘omponent Run pumps resulting in low flow conditions.
241 Suction llntzmaho Inspection  [Strainer vironmental [ESW l984i£ﬁlure |hn.ul RHR service water pumps had blown seals and sparks and smoke between the
|- Run ing housing and shaft. A piece of hard rubber valve liner was found in the pumps.
242 ISuction Internal to Test iping Environmental [ESW |1 ailure i ESW pumps failed flow tcsting. Foreign material blocked the suction.
omponent Start
[Suction [Intemal to . Test Strainer Environmental (ESW | 1990IFailure [Partial  [Esseatial service water pumps were doclared inoperable, due to low pump head valves.
243 omponent : ; Run | ... [::lowpumpbads were caused by suction blockage due to foreign material in the
. - - ce e e - . PR I - FEEY e n 3 m [ . . . e e e ae . ~ - .
1Suction lintemal to P‘est |Strainer Environmental [ESW | 1982{Failure [Pmml ‘ailures occurred on residual heat removal service water pumps. The pumps failed to meet
244 iComponent Run flow and pressure requirements. Failure was due to debris lodging in pump impellers.
L : of debris was mainienance activitics, brokea traveling waier screens, and the
- S - . . inadverient opening of a RHR minimuim flow line which washed materials into suction pit.
" |Suction ~ |Operational/ Human|{Demand ~~~ |Booster Pump = [Operational IESW 1980iFailure service water RHR booster pump was de-energized during maintenance. The attempt
245 Emor Start to start service water pumps failed due to low suction pressuse.
246 lSuction Operational/ Human [Demand iping Design lmm-r 1984|Failure [Almost  [On two occasions, RHR pumps cavitated due to low RCS level while draining the RCS.
r to Run mpleie ’ ) o - :
. [Suction |Operational/ Human|Demand . |Piping . [Pesign .. |RHR-P|1985|Failure [Compicte |[Swap over of RHR pumps resulied in both trains becoming inoperable du to air injection
247 [Eﬂ‘ﬂ‘ to Run ingo the suction of the pumps. This required both pumps 1o be vented and required RCS
Lo evel 10 be raised to prevent a possible recusrence of the vortex problem.
|Suction Operauonalll-lmnan iping Operational |[RHR-P{ 1980iFailure [Complete ile attempting to increase RHR flow, the plant experienced a total loss of flow due to
[Errot Run p\unpabeingw-bomd.ﬂlepumpwasnotvmwdwiwnstamngmmeaseﬂow
248 1. -1 ‘ — procedures have been changed to have an operator present while changing flow
in the RHR system, There have beea losses of RHR flow in the past because the pumps
e air-bound and methods are being investigated to improve the system design.
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Discovery . Coupling Failure | Degree of o
Item| Segment | Proximate Cause Method Piece Part Factor System| Year Mode | Failure Description
uction  {Operational/ Human g - - [Operational.  [RHR-P | 1984]Failure  JComplete Themﬂmopammmdumdmldu&lhatmmnlmphmnﬁonfa
Error Rim removing the operating RHR pump from service. With both pumps ranning, flow became
249 for the half-loop condition causing cavitstion and air binding of both pumps. To
‘ recurrence the procedure which controls the operation of the RHR pumps has been
. mh&d\ﬂemedﬁcm“eﬁmbmmemﬁngp\mpmmmingﬂ\e
. pump while 2t half-loop,
Suction  [Operational/ HumaniDemand .  [Piping [Maintenance [ESW l996LF:ilme IComplete trains of both units charging pump service water pumps became air bound.
250 Rim diving maintenance activities on one units circulating water and service water
inuwuidmﬁﬁeduﬂnmofﬂunit.mmﬂwnnmicemsnppwlim
) ) hien a valve was opened in preparation for a Safety Injection logic test. :
55 [Suction IgznﬁmVHmananmd‘ Piping - - - - |Operstional [ESW | 1988|Failure [Complete [The procedure failed to adequately caution the operator to slowly fill & drained line. Rapid
Rum | . . filling resulted in & loss of NPSH to the cherging service water pumps, S
. [Suction Humean]Demand . [Piping- [Maimenance  [ESW | 1996{Failure }Complete Both trains of both units charging pump service water pumps became air bound.
252 Run diving maintenance activities on one units circulating water and service water
ines was identified as the source of the air. The air entered the service water supply lines
. . 4 valve was opened in preparstion for a Safety Injection logic test, .
253 [Suction _ g:mmllﬂumlbmmd - |Piping Operntional  [ESW |1 ailure - [Complete ‘ailure to properly vent and fill a newly installed pipe introduced air into the charging
[Suction mmom VHmmn!Demmd Piping [Design IRHR-P| 1 silure  [Complete reactor vessel vent eductor was in service in preparation for refueling with RHR
254 S Run . ing. A low flow alarm was received and low flow and low motor current were
N - - " [indicated. A secorid pump was started and bécame air-botind. Putting the vessel vent
. ‘ ) ) system into service wes the root cause of the incident.
.~ |Suction |Operational/ Human|Demand Piping - -. - [Design FRHK-P 1982|Failure [Complete uction was lost to both RHR pumps. RHR flow was less than 3000 gpm and pump amps
5 [Error Run fluctuating prior to taking corrective action. Each of these events appear to have been
255 by & slow decrease in RCS level in conjunction with the vortex action at the pump
[Suction  jOperational/ Human|Demand Tank [Design AFW |1 ailure  [Complete th emergency feedwater pumps lost feed pump suction. The emerpency feedwater pump]
© [Bmor . . . -1 - - Rim uction flashed to steam due to the foedwater train flashing and forcing hot water back
256 the startun and blowdown tanks and into the feedwater pump suction. To prevent
mmmmmmwmmmmm
Mﬂm”amdmmmmmm
287 [Suction Operatlomv}hmllmpeam Valve IMalmnmce SLC l”ltlihn {Partial S&Wmmﬁdtth&ubb&whgmofmmmwlwlm. :
iEmw . i Start ‘ ‘
258 Suction Iglxmom V/ Human[Maintenance {Pfping aintenance  |RHR-P| 1 ifure mmm was fost due to nitrogen intrusion because of backflushing & filter in the
Rin system, .
Suction  [Operstional/ Homan{Maintenance [Strainer Operatiome!  [ESW {1 iComplete A service water strainer was placed in service without being vented resulting in air binding
259 Error Rin hﬂnﬂl@ﬁmmmmm -
pm IOperational/ Humean|[Maintenance [Strainer [Mairtenance  [HP1 1 [Partial m:ﬁlmmuhmmmumhwmmm
o fEmer . ] . ' : : : Ron- a condition not considéred in the design, The strainers were found during
0 repair a stight flange leak. The strainers had been placed in the suction
2§°_ _ . during constraction and were to be in piace during system flushing to prevent any
from reaching the pumpa. However, the strainers should have been removed after
flushing prior to fimctional testing - L
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] segme | prsicscuse | P | Pt | ot [spe v e | et Dol
261 i ng:Ml-hmn’l‘eu Operational 198 mll:: IPnnhI piocedure led 1o air binding of operating ESW pumps, »
uction  |Other Demand = [L&C [Design Pm 1997IFailwe [Pastial storage tank reference log not full, which gave efroncous indication of sufficieat
- : - C 0 Run level. Oue HPI pump sevesely damaged, other pump not as damaged, and could have
262 \ The root cause was & combination ofa design weakness of 3 common reference leg
i the Lotdown storage tank level instrumenis and a leaking instrument fiiting due to an
inadequate work practice.
263 lSoeuon Other Demand IPlpmg Il)d@ IHH 1} aihn Complete l}ly&owmwmmmmuwmm-ﬂpmmmumm
zuls“"“"“ cion [Other Demand 'Plpuu ?nm 'xmw mtmgm Complets ISDCWWMMbMRCSMWMmmhm
[Suction  [Ocher Demand ipi Design W | 1980iFailure it ingress excesdod the sir removal capability of the constant vent valves. A design
265 Run ponpleu mmﬂmﬁdmmhwwwﬂmfmmhmmm
Other Demand  [Piping [RHR-P | 1983]Failuse mpmhmbmvmam“muwmmwmm
.. - . o - - Ruan Sevel gavge being used to provide an indication that the level was spproaching the
266 wmdwmmmommmwmummm
) dring an attempt 10 reduce leakage). Additionally, ptoeedwadndnoueqmm
uualmton_ngofmvitylevd.
267 ISumon Other - |Demand Design -p !982&?:: iCompleie Inmmmwwmmmammmmm e
[suction JOther Demand pnpmg FDngn M-P 1 ailure Completc umem“mmmbmmWWMfNM
268 S Run Suctioa to the RHR pumps was lost because of ambiguous reactor coolant sysiem
g -1 el indication while drained to cenierline of the nozzies. The uctual RCS level was lower
« observed.
uction .. \Other =P | 1981[Failure - [Complete - anpomyeodmlooplevclindmshowdkvddowlywmngovuap«wdor
269 Rua ys. The system was pesiodically dsained to maintain 6 percent indicated level A RHR
: lost suction on reduction of actual level. The second pump was staried, and lost . .
ion. Indication drift was dus to evaporation of reference leg. .
2 Other . |Demand : FHRoP 1980Failure Fompleg completo Joss of RHR flow occurred while plant operators were increasing RHR heat
0 Run ger flow by closing down on the heat exchanger bypass valve. :
[Suction  |Other [Pipiag- [Design - 1987{Failure |Complete flow was interrupiod whea both RHR tralns became inoperable due 10 sif bound
) Rua pumps. The loss of RCS inventory to the reactor coolant drain tank due 0 & leaking
m ) alve caused a decrease in RCS waser level, voraxing in the pumps’ suction line, aad air
) i in the RHR pumps.
uction Pther ) Valve .. . -Pl1 ailure - Fompktc RHR pumps were unable 1o opetate due to the introduction of air into the RHR
Run The incideat occusred during the drain down of the RCS, whea the level of the
m was being monitored via a standpipe off the centerline of one of the RCS loops. The
valve to which the standpipe was attached became clogged sometime during the
down and falsely indicased above centerline when in fact the level was below the
sucnonlim(behwcenuhne)
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. Discovery . Coupling Failure | Degree of ‘.
Item| Segment | Proximate Cause Method Piece Part Factor Sysm\’ear Mode | Failore Description
Suction  [Other Test P&C rDecig: IAFW l985‘l;ailm Almost Testing of the turbine driven AFW pump resutted in & low suction trip of the motor driven
Run  [Complete . The turbine driven pump had a faulty povernor. It was during the post maintenance
27 ofﬁubhedﬂvmmdmnpeoducﬂlaﬁmmumdmwingmmmciﬂﬂi«uh
3 suction of the motor driven pump thet was in service. Foreign material in the suction
protectors resulted in the pressure sensors sensing onty the low pressures and not
‘Qammdmmdllm»memdﬁmmpﬁppedmlwmm
27 lSuemn Unknown Demand Piping [Design IRH'R-P 1983|Failure  [Complete RHR pumps caviteted. Unable to repeat. Unknown cause.
Run
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Appendix C
Pump CCF Data Summary by System

This appendix is a summary of the data evaluated in the common-cause failure (CCF) data
collection effort for pumps. This appendix supports the charts in Chapter 5. The table is sorted
alphabetically, by the first four columns.
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Table C-1. Pump CCF event summary, by system.

. i Coupling . Failure | Degree of -
Item|System| Segment Piece Part Method Factor Proximate Cause | Year Mode | Faiture Description _
1 - JAFW _ [Discharge Valve Demand Design External 1983{Failure Elrnm Hot water in the AFW pump casings caused the pumps to become vapor bound, The hot
Environment Start [Complete |wa Lhemwasﬁmlukmgcheckvﬂmupsmofmep\mp&muwmtowmudmm
- tmbmodnvmwmpandsumuonﬂlemotordnmpump
2 |AFW |Discharge [Check Valve Inspection  [Maintenance |Internal to 1 ailure |Almost Elmknge past AFW check valves caused AFW pumps to become steam bound. Closed
Component Start_[Complete [motor operated valve in line. Scheduled check valves for replacement next outage.
3 }AFW Discharge |Valve [Demand Design i 1985|Failure |Partial Controller problems in the steam and diesel driven AFW pumps caused the pumps to trip
Start jon low suction pressure. The pump discharge flow controller valves were also not set
pmpeﬂy after last maintenance. Low suction trips were due to dalgn error.
4 [AFW |Discharge|[Valve Demand Design ign/ 1986Failure |Partial Both the turbine driven and motor driven AFW pumps could not pmduce full flow because
Construction/ Start the cages in their discharge valve tnpped debris and plugged.
Manufacture/
Installation
- Inadequacy . . ‘
s JAFW Discharge [Valve Demand Environmental [Intemal to 1988|Failure |Partial After automatic start, motor driven AFW pump swapped suction automatically to the
Component Run uclear service water system when a sustained low suction pressure condition was sensed,
o ind raw water entered two steam generators. After the initial trip recovery, it was noted
t AFW flow to stcam generators had degraded following the suction swap. Inspections
led that the cavitrol cages for these valves were clogged with shredded Asiatic clam
6 |AFW |Discharge [Valve Demand Environmental [Intemal to 1988{Failure [Partial automatic start, motor driven AFW pump swapped suction automatically to the
[Component Run uclear service water system when a sustained low suction pressure condition was sensed,
and raw water entered two steam generators. Aﬂerthemmalmpmvery, it was noted
AFW flow to steam generators had degraded following the suction swap. Inspections
ed that the cavitrol cages for these valves were clogged with shredded Asiatic clam
shells,
7 r\nv [Discharge {Valve |Inspection __ |Operational ’Opermonall Human} 1994|Failure plete (Following a trip, the AFW Pumps were secuted and the discharge flow control valm for
Error Start Motor Driven Pumps were closed. Later, an operator discovered during a routine
ontrol Board walkdown that the valves were closed. Subsequent investigation revealed
AFW system had not been placed in standby readiness per the operating procedure
fter the system was secured,
g [AFW iver reaker [Demand aintenance  [External 1990}Failure {Partial  [AFW pumps circuit breakers degraded,
Environment Run
o |AFW |Driver  [Breaker |Maintenance [Maintenance [Intemal to 1992(Failure [Partial With the unit in a refueling outage, following repairs to a motor driven auxiliary feedwater
omponent Start pump Jocal/remote switch of the circuit breaker, personnel found that the switch contacts
'would not close. This failure rendered one of three auxiliary feedwater pumps inoperable.
e - |The cause of the failure appears to be due to dirty/corroded contacts on the switch. -
10 |AFW iver  [Breaker Test [Maintenance ternal to 1997|Failure {Almost mmmkmmommdwm\meAFWPumpsfaﬂedtoclmureqmmmm
IComponent Start [Complete [cause of the failure was the binding in the operating mechanism. The plunger apparently

dldnotnlwaysemnplmmupwnrdmomnmmclosemdlmmebmaker due to
lated dirt and lubricants. .
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. Discovery Coupling : Failure | Degree of L .

Item | Systemn | Segment Piece Part Method Factor Proximaie Cause | Year Mod Failure Description

11 Driver reaker [Test Design [Operational/ Human| 1985|Failure pompletc PolhAFWpumpsfaﬂedmsmwhmtswd.ducwﬂwdmitbmmtbeingrwked

|Error Start Jin propesly.

12 JAFW  [Driver |Demand Design ign/ 1981|Failure |Almost AFW pumps failed to automatically start due to low suction pressure trips. A
nstruction/ Start |Compleie ification was installed 1o prevent this. This cffect was discovered previously, but
ufagturel y had not been corrected prior to an atiempt to start the pumps three weeks later.

Inadequacy
13 |AFW  (Driver  JI&C Demand ign Design/ 1997|Failure i actual AFW pump failure due to spurious electronic overspeed trip. Determined that
i Run | three pumps wese susceptible to spurious overspeed trips.
14 AFW [Driver |l&C 1989E’ailute iComplete motor driven auxiliary feedwaier pumps failed to start when the operator tried to start
Start manually. While preparing a design change, the designer failed to review all the unit
pecific documentation associated with the motor-driven AFW pump wiring and made the
assumption that both units switchgear compartment internal wiring was

identical. In fact, the wiring for each unit was different. Consequently, when the design
was installed, it was installed in accordance with the erroneous design. The wiring

iw:epuwywuconeudmdﬂwwor-dﬂvenwmupswewswdmdmmdm

15 |AFW  |Driver [I&C 1981|Failure [Almost modification to the control instrumentation for two AFW pumps resulted in a backfeed

Start [Complete imﬁmawhmmwlwuwnwsmthpmmwmudmsm
16 JAFW  |Driver 1983I2ilm Complete jAn operator incorrectly secured the diesel and steam driven AFW pumps, which prevented
Start ir restart on low SG level.
17 |AFW iver JI&C 1984\ Failwre  [Complete [Both AFW puinps failed to start. The problem was traced to two relays (1 per pump).
Start ination of the relays revealed opea circuiting and severs degradation of the
o
18 |AFW  [Driver C 1983|Failure [Partial IBothAPWpumpshidwberenduedinopenblewallowmaimwmmdondminy.
Start
19 JAFW  Driver F&C 1994{Failure [Partial ingle failure would prevent auto initiation of AFW. Circuit design did not provide
o Start ation required by standards and code, The single failure identified was a short circuit
two coaductors of the actuation relays associated with the initiation logic matrix.
20 AFW  IDriver  [I&C onal/ Human| 1 ailure [Complete ing testing one AFW pump was tesied and other was tested without retuming first to
Start to. Both pumps were unavailable at the same time. The procedure was the cause.
21 |AFW iver {IRC 1981|Failure [Almost low suction pressure trips for the AFW pumps were mis-calibrated, which prevented
Start [Complete pumps from starting.
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. Discovery Coupling . Failure | Degree of e
Item|System| Segment Piece Part Method Factor Proximate Cause |Year Mode | Failure Description
22 |AFW  [Driver [I&C [Test [Design [Design/ 1992{Failure [Complete A modification design ervor (in 1983-1984) removed  start permissive interlock contact,
on/ Start At cold shutdown this de-energized the suxiliary lube oil pump, consequently, when one
AFW pump was started it ran for 2.5 seconds and tripped on low oil pressure. Further
investigation showed that both units AFW pumps would be affected in the same way, The
ign error combined with insufficient post modification testing led to this CCF event.
23 AFW  [Driver lI&C Test 1 silure [Complete surveillance testing, neither motor-driven AFW pump would start. The pump
Start circuit was found with autostart defeat switches labeled backwards, causing all
utostarts except the low-low steam generator level to be defeated. The labels were
and the links were closed. The original installation emor was the result of an
inadequate design change process that did not require sufficient verification and testing of
24 |AFW  [Driver WMotor 1 silure [Partial  [Both motor driven AFW pumps were sprayed when a service water pipe developed a
Start through wall leak.
25 JAFW Pump  [Bearing [Demand ]Mairmame Internal to 1984/Failure [Partial ESW bearing failed and pump seized; second motor bearing failed.
iComponent Run
26 |AFW [Pump  [Casing Demand [Maintenance [Operational/ Human| 1983|Failare {Partial During testing, the outboard bearing temperature was high on the turbine-driven AFW
[Error Run pump, due to improper balance drum clearances, caused by improper maintenance. The
[procedure will be modified and the balance drum clearance reset. While the unit was
ing up, the motor-driven AFW pump outboard bearing temperature was high.
ive thrust bearing clearance caused the balance drum to unbalance, causing the
bearing to overheat.
27 [AFW Pump  [Casing inspection  [Quality Design/ l983|3ilme [Partial AFW pumps thrust tolerance was out of specification. These events were caused by
Construction/ Run impropetly installed batancing drum parts. One turbine driven and one motor driven pump
Manufacture/ involved.
nstallation L
Inadequacy
28 |AFW  [Pump Impeller/Wear  |Demand Quality [intemnal to 1988Failure [Partial ollowing a plant trip, it was discovered that the auxiliary feedwater pumps had internal
ings IComponent Run pe, Some channel ring vanes had chips missing, and several parts were found in the
SG auxiliary feedwater piping.
29 (AFW  [Pump Ilmpelleerur Demand  [Design Operational/ Human 1990Ll:ailm Almost to a combination of management error and procedural deficiency, the turbine driven
Rings Error Run [Complete auxiliary feedwater pump was num deadheaded. The operation damaged the pump. When
pump was manually tripped, steam vented back into the suction line, caused another
IAFW pump to also trip, on & low suction pressure signal.
30 r\FW Pump Packing jInspection  [Maintenance |Intemal to 1986{Failure [The packing was worn on both the motor-driven and one turbine-driven aux. feedwater
: Run pump, causing high temperature on one packing gland, and excessive leaking on the other
pump.
31 |AFW lPump  [Packing/Seals [Demand Jhiaimenmee mn 1998(Failure (Partinl  |AFW MDP and TDPs failed due to incorrect packing installed.
Run
32 |AFW IPuking/Sea]s Inspection lMamenm Internal to 1 ailure [Partial Both motor-driven aux. feedwater pumps had excessive packing leaks, due to worn
ponent Run |packing.
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ltem | System| Segment |  PioccPart | Dytcvety | CoWAS | proyimure cause [vear| P8 i | Pegree of Description
33 [AFW  [Pump Packing/Seals ‘est {Maintenance  [Operational/ Human} 1996Failure [Partial [During the performance of Steam-Driven Emergency Feedwater Pump testing, sparks
. ) _|Esror Run observed cmanating from the outboard mechanical seal area. The sparks appeared to
be due to a mechanical interference within the mechanical seal assembly. The pump ™~
ical seal was disassembled and detennined to have been improperly installed
ing the last refueling outage. The evaluation identified a mechanical seal design
ficiency and inadequate corrective action for a peeviously identificd event as the primary
- . fonhnevmt.Aconmbunngcumefonhuevmwufoundtobemadequate o
predictive maintenance techniques. The electric AFW pump exhibited the same problem.
34 AFW  (Pump  |Shafi [Test Design Design/ 1988Failure |Almost auxiliary feedwater pump failed its performance test. Subsequent inspection of the
. IConstruction/ - - - ‘fio Run {Complets- mtermkrevealedngnmmmdmnge,includmguplumuwcemeuhanﬂeeve.
Manufacture/ AFW pumps were susceptible to corrosion cmckmg of their bushings. A different
Installation ial was needed for the bushings.
uacy
3¢ (AFW . JPump  [Shaft . est Design i 1988{Failure [Partial -- AFW pumps were susceplible to corrosion cracking of their bushings. A different -
nstruction/ Run | was needed for the bushings.
ufacture/ ‘ ,
tallation - ’
uacy
36 (AFW [Suction JI&C Test [Design Other 1985|Failure |Almost esting of the twbine driven AFW pump resuited in a low suction trip of the motor driven
Run Fomplete . The turbine driven pump had a faulty govemor. It was during the post maintenance
t of turbine driven pump that speed oscillations occurred causing pressure oscillations in
. suction of the motor driven pump that was in service. Foreign material in the suction
ge protectors resuited in the pressure sensors sensing only the low pressures and not the
gh pressures of the oscillations, 8o the motor driven pump tripped on low pressure.
37 ’AFW uction [Piping est Design Design/ ] ‘ailure AFW trains declared inoperable due to inadequate suction flow capability from the
IConstruction/ Run ucleer service water alternate sousce. Inadequate flow caused by corroded piping. Piping
ufacture/ o lmdemzedsothereumdemgmforplpmgdegtadauon Sineethmsloﬂswmn
F:s‘t:naﬁon urces, the safety significance is limited, - o
Inadequacy
3g [AFW FSuction ‘ank rDemand Design _ [Operational/ Human| 1980(Failure  [Complete Both emergency fecdwater pumps lost feed pump suction. The emergency feedwater pump
to Run flashed (o steam due to the feedwater train flashing and forcing hot water back
ﬂhemtwpmdblowdownmdmandmtothefeedwuerpmnpsumon To prevent
is recurtence, the operating procedures have been changed to reqmre lsolanngthem
wl blowdown effluent as a source of emergency feedwater suction pnor to maeesmg
power,
39 [CSS [Driver (Breaker Inspection  Operational  |Operational Human| 1991]Failure }Complete JCSR control powerde-enetgmed pnorto mode change Techmcnl Speclﬁcanon violation.
Error to Start Inadequaie procedure review. - -
40 |ESW |Discharge|Check Valve  |Test [Operational  [Design/ 1999|Failure [Partial ~ [Two ESW pumps had low flow due to interaction with the two other pumps when all four
iConstruction/ Run were running.
ufacture/
tallation
UACY -
| 41 |ESW_ [DischargeValve Demand intenance  [Other 198Q\Failure [Partial sewiewﬂerpumpeweremnedmpmmmcoolmgmservm Whentheeepumps
: Start uldnotdclwer required discharge pressure, they were declared inoperabie. The seal in
air release valve was bad, allowing & vent on the discharge line.
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Piece Part

Failure

Discovery Coupling . Degree of ..
Item | System | Segment Method Factor Proximate Cause | Year Mode | Failure ' Description ‘ ]
42 |ESW |Driver [Bearing . [lnspenion ance - {Intemal to 1985[Failure |Partial service water pump motor upper bearing oil reservoir leaking from cover plate.
omponent Run Another service water pump motor upper oil cooler oil reservoir leaking.
43 |ESW |Driver  |Bearing Inspection nintenance  {Intemnal to . 1981 m‘ll‘x:: artial [ESW motor to pump alignment problems. Bearings wom out.
44 |[ESW [Driver |Bearing Test IMnnmmnce [internat to 1985[Failure  |Partial ice water pumps exhibited vibration. Attributed to normat wear.
[Component Run ‘
45 |[ESW [Driver [Breaker Demand  [Maintenance  |Operational/ Human| 1993(Failure [Partial ions personne! were attempting to swap the running service water pump with the
[Error Start idles«vicewnuwmp.Pmmndplwedmeommlswitchmstananddxesayicewam
: did not start. Breaker malfunction. Later, another service water pump failed to start
of the breaker, -
46 [ESW [Driver [Breaker Demand Design - to Failure  |Almost 'wo ESW pumps failed to start due to their breakers failing to close. The breakers' prop
. ponent Start :Complete 'ghncketlmslippedﬂmprwmﬁngpmperimerfachgbetwunﬂ\epmpmdme
47 [ESW [Driver [Breaker [Demand aintenance  |Operational/ Human| 1987|Failure breaker failed to linkage alignment and second from loose relay connections.
. . . . - [Emor Start maintenance.
48 [ESW [Driver  [Breaker Demand [Maintenance [Operational/ Humen| 1988|Failure [Partial Service water pump high dropout over current protection devices were less than numning
Run conditions and trip setpoints did not account for changing load conditions due to
ified impellers. Three pump trips had occurred. :
49 FSW Driver  |Breaker Demand Quality Design/ 1996|Failure |Partial [Two RHRSW pumps fail to start due to breaker failures. Wrong contacts were installed.
* IConstruction/ Start ) [Design called for contacts to have a minimum current interrupt rating of 6 amps; contacts
anufacture/ installed (that subsequently failed) had current interrupt rating of only 2.2 amps,
Installation : :
equacy :
50 [ESW [Driver [Breaker Inspection  [Quality Operational/ Human| 1992|Failure [Partial The fit between an ESW pump breaker primary disconnects and the associated breaker
Error [to Start cubicle stabs was inadequate. The poor fit between the disconnects and the stabs led to
ing in the breaker cubicle when the pump was started, resulting in a fire. Shortly after
identifying the cause of the fire, the remaining ESW breakers, which had recently been
replaced along with the failed breaker, as part of a design modification package, were
- found to be inadequate also. ) a
s1 [ESW Priver Breaker spection  [Operational mnomll Human| 1981|Failurc |Almost  [Control breakers for two ESW pumps were open due to inadvertent operator action.
Start {Complete ' )
52 [ESW [Driver  [Breaker nspection  [Maintenance |Internal to 1996|Failure  [Partial W pump breakers fail due to misaligriment of the breaker mechanism and internals
- Component -~ joStart | eloped over the years of operation, - - i .
53 [ESW iver  {Breaker - nspection - ign Operational/ Human| 1984|Failure [Partial During an attempt to perform preventive maintenance for unit one's RHR service water
. Error. Start : plant personnel mistakenly disconnected the motor leads for unit two's RHR
Z S - R ice water pump.
54 [ESW [Driver [Breaker lMamtenance Other 1984 Failure [Partial pump breaker faifures, broken screw, no lubrication, and a bent track
55 |ESW |Driver  [Breaker intenance [Maintenance [Intemnal to 1985|Failure [Partial Two raw water pump breaker main wipes were out of adjustment. L
- - S : Component - 0 Start
56 |ESW |[Driver  [Breaker . IMnnmenance I'Mnummme Other 1982(Failure ial ESW pump circuit breakers found damaged. Defective arc chute and cracked secondary
. : - : : ’ Start icoupler. )
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. Discovery Coupling . Failure | Degree of
Item|System| Segment |  Piece Part Method Factor - | Proximate Causc |Year Mode | Failure Description
s7 [ESW [Driver  |Breaker [Test Intemal to l%&t&nﬂsx i [Two RHR service water pump breakers would not close due to dirty contacts in breakers,
ponent :
sg [ESW [Driver Ptuker Test IMunm |intemal to l%ﬁ‘aaﬂm Pastial  [Service water pumps fail to stast due to circuit breaker failures. Pump breakers failed to
- poncnt Start lose duc to failures of the charging sptinﬂnotormdclosinﬁspﬁngmolor.
s9 |ESW |Driver Test IMummm e  (Other l9ulf:ils:; Partial W pump breaker overmcurrent trip devices tripping too low.
60 IESW |[Driver |Breaker Test lMumﬂnnce Other 19R4Eaﬂs$ FWmhukmuippeddmmﬁiledvoImeonuoldwm
6l W |Driver {I&C Demand Pum Other l981l::ilnxe Partial was made to place the « RHRSW subsysiem into service for use in suppression
Stat cooling, the subsystems’ pumps could not be started due to 8 pump suction header
low pressure lockout signal from the header pressure switch. The threaded plug in the
witch diaphragm bhousing became loose and allowed the diaphragm fluid to leak out and
the switch to sense & low pressure. This is a second event two months later.
62 W  [Driver JI&C Demand iOther 1982Failure 1Complete IFollowing a reactor scram, an attempt 1 initiate suppression pool cooling revealed that
Start RHRSW were inoperable as neither loop's pumps could be startesd. Low suction
pressure lockout signals in each loop preveated starting each loop's pumps.
ugging of the sensing line to each loop's suction header pressiire switch prevented both
itches from scasing actual pressure, although a lack of operating fluid in one switch and
openpowuwpplybrenkerwﬁwodwrswiuuhomuldhweprwmwdpumpsﬁom
63 |ESW [Driver [l&C Demand Operational  {Operational’ Human l981|‘l:nilure Partial Alarm circuit breaker was de-encrgized resulting in a loss of two RHR service water
Emor Start PUmpS.
64 |[ESW  |Driver |Demand Other 1981{Failure Attempt was made (o place the 8 RHRSW subsystem into service for use in suppression
Start cooling, the subsystems' pumps couldnot be started due to a pump suction header
low pressure lockout signal from the beader pressure switch. The threaded plug in the
itch diaphragm housing became loose and allowed the diaphragm fluid to leak out and
- the switch to sense & low pressure.
65 |[ESW  |Driver F&C Demand IDesign [Opesational/ Human| 1980|Failure fannl hmuumisohmnvalvedosdminguhwmionuipsigndtotwRHRSmexps.
’ - |Esror to Start i
ESW [Driver [I&C Demand i (7] 1991{Failure i [Two ESW pumps failed to start due to failed breakers. Inadequate maintenance.
“ i~
67 Iﬁw Driver {I&C linspection ’Dﬂlﬁn Ilmunalto 1982Failure |[Partial Open circuit breaker resulted in loss of two RHR service water pumps.
iComponent Start
68 [ESW |Driver  J1&C [Test Paign Pthef 1 ailure ’Pamal Valve position contacts prevented ESW pump circuit breakers from closing. Poor design
Start Jresulted in water intrusion in the valve limitswitch box.
69 |ESW [Driver ’l&C [Test Operational i Human} 1 ailure Fomplete emergency service water pump failed to start and was declared inoperable. Further
[Error Start f igation determined that the failure of the pump to start was due to a tripped
ency engine shutdown device, Operations personnel performing the testing did not
ecognize the need 1o reset it prior to starting the pump. Examination of the other two
W pumps revealed that their emergency shutdown devices were also in the tripped
ndition.
70 [ESW |[Driver JI&C Test IQuality Operational/ Human) 1982{Failwre - 'wo ESW pumps failed to start. One ESW pump failed to function as a result of loose
' Start ires on relay terminals in both pump logic schemes, a loose states link and an
instantaneous contact found out of adjustment on the other pump logic schesme.
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Item | System | Segment Piece Part Dhi‘wl i C::gg'g Proximate Cause |Year l;'"ld"': D;E'“::f Description
71 [ESW [Driver [i&C est [Maintenance  {Operational/ Human| 1 ailure [Partial Emergency equipment setvice water pump relays were not reset following a load shedding
[Error 0 Start ftest 30 hours before.
72 |[ESW  |Driver rMotor [Demand Quality [Design/ 1987|Failure [Pertial LEmenpmotmuippedmommmLTheommmipmduetoagmmdmda
v struction/ Start hott on the pump motor,
ation
73 {ESW |Driver IMotor IDemmd |Environmenta} [External IWSE‘ailm [Partial [Two service water motors failed on demand as a result of cement dust contamination.
[Environment Run
74 |[ESW [Driver JMowr llnspectm [Environmental [Other 1981|Failure [Partial ﬂoatguidefailedinnkﬂRSanmairwlvemdwedﬂsevﬂvemfnilopenand
Run flood pump room.
95 [ESW  Driver lMotor Maintenance [Environmental [External 1 ailure  [Partial ing an extended service water bay flooding incident, one ESW pump was found
: - [Environment Start grounded by testing, later two more pumps were found to be failed also.
7¢ {ESW [Driver ﬂMowr Test mintenance  [Operational/ Human| 1994|Failure 1?::1111 test of the containment cooling service water pump vault watertight door revealed
Error Run ive leskage, Flooding and leakage past this door would make inoperable two of four
i cooling service water pumps. Procedural inadequacy was cited as the cause
for the degraded door seals,
77 [ESW [Pump Bearing Ilnspectim Operational Pﬂm 1991|Failure [Partial Lube oil cooling water isolated during a test. Pumps continued to run with no cooling.
Run
78 [ESW |Pump  [Bearing Inspection nintenance |Internal to 1987|Failure [Partial Service water pumps had high shaft vibration. The excessive vibrations caused by worn
: ponent Run bearings and shaft sleeves.
79 |ESW  (Pump Bearing Maintenance {Maintenance al to 1985 m;il:ne Partial High ESW pump vibration was caused by wearing of the upper bearings.
t
g0 [ESW [Pump [Bearing Test WMn'mtemnoe llnmml to 1985 Fagu;le Partial ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
t
a1 [ESW [Pump  [Bearing Test [Environmental [Internal to 1992 m;::: sl _Abnsive particles present in ocean water produced accelersted wear of shaft bearing
Empman journals,
3 [ESW p Fasmg Demand i 1998|Failure il [Two ESW pump started and ran, but would not develop sufficient pressure or flow rate.
Start cause not known for either failure, however, one pump was noted to have
icrobiological induced corrosion fouling on internal surfaces. .
83 [ESW p asing Inspection 1988{Failure ial Immieewnerp\mps.Pumpdifﬁxmemdedmﬂmnmpmdamwghwallming
) . Run leak developed on the second.
34 [ESW [Pump  [Casing [inspection 1 Fa;l‘t:: ial  [Cracked scal water and vent lines.
0
g5 [ESW |[Pump  [Casing Test 1997{Failure |Almost  [Both ESW pumps failed due to installation of wrong material for pump casing flanges by
Run [Complete fvendor during pump overhaul. The vendor overhauled the pumps without changing
fmmrial. The plant retumed the pumps to the warchouse also without verifying material.
[ESW [Pump Coupling Inspection [F.lmmmem ! {External 1993iFailure [Partial Entrained debris caused ESW pump shaft coupling to fail, Plant equipment did not prevent
8 I i Run [this debris from entering pump.
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ltem System| Segment | Pisce Part | DSOSy | CONS | proyimprs Cause | ear| Fillure Deges of Description
g7 [ESW (Pump ICoupling Test 1987|Failure |Partial Test showed two ESW pumps failed. Pump shafis were wlroded and found to be made of
Start moonee(
gg {ESW [Pump  [Coupling Test l994lFmailm Partial  [Pump pmdueed no flow when started. A shaft coupling failed. Material was detcnnmed of
Start . be brittle and have low impact properties. The coupling was replaced on all pumps with a
itype of material more suitable for this application.
g9 |ESW  [Pump iCoupling est 1 ndu:e Partial ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings.
- - Causedctmmmdmbenormalwearandl@andcmtmtofnvcrwmr
90 [ESW [Pump  iCoupling Test 1987':’ulme Nmoslt Two ESWpumpshadfuledewplmgs.Causeaunbutedw abnormal stress,
mplete
91 [ESW [Pump ; ler/Wear |Demand ailure [Pamnl Nuclenr Service Water pump tripped on overcurrent after operating for approxnmately
ngs Run mmutes Initial troubleshooting indicated that the pump was binding and disassembly
: wurequnedtodetemmeﬂwcwse nwnsdetermmedd\at(hcpmnpmpellerthmstnng
become loose due to thrust ring retainer bolt failure, which allowed the impeiler to slip
the shaft and resuited in pump binding and the overcurrent condition. The boits failed -
ue to corrosion, Similar bolt degmdauon was discovered on other service water pumps.
investigation results indicate the primary cause of the bolt failures was corrosion
induced by galvanic coupling of the retainer boiting and other pump components.
93 [ESW [Pump ugpelluMeu Demand IQuality Design/ 1988 Failure W pumps drawing excessive current. Carbon steel snap rings covoded allowing
ings i Run impeller to come in contact with casing. The third pump, although not exhlbmng ahnormal
Manufacture/ : it, had similar corrosion
Installation
Inadequacy
93 {ESW |Pump peller/Wear  |Demand Environmenta) {Intemal to ] ailure |Partial Raw water pump cutrents stayed high nﬁer starting. The primary cause of ﬂuse events was
] ings mponent Run tobeelevatcdwndcomemmmenvcr.multmgmexcuswesmd o
Ll - ’ ulation around the suction area of the pumps. -
94 |ESW [Pump Impeller/Wear [Demand . [Quality ig/ 1 ailure {Partial Nuclear Service Water pump tripped on overcurrent after operating for approximately
. ings - mstruction/ - Run 0 minutes. Initial troubleshooting indicated that the pump was binding and disassembly
Manufacture/ required to determine the cause. It was. determined that the pump impeller thrust ring
lation become loase duc to thrust ring retainer bolt failure, which allowed the impelier to slip
Inadequacy n the shaft and resulted in pump binding and the overcurrent condition. The bolts failed
. to corrosion. Similar bolt degradation was discovered on other service water pumps.
investigation results indicate the primary cause of the bolt failures was corrosion
induced by galvanic coupling of the retainer bolting and other pump components.
95 [ESW peller/Wear  [Demand Glmost of the River Water pumps tripped on overcurrent when they were attempted to be
ings omplete [started. The trips were a result of physical contact between the impeller and the Jower

2 ailure
Start

ing liner of the pumps. This condition was due to differential thermal expansion
the pump shaft and the pump casing as a result of an elevated seal injection water
. The elevated temperature was due to an abnormal configuration of the .

iltered Water System (the backup seal water supply).

9) x;puaddy_ o




-0

. i Coupling Failure | Degves of .
Item { System| Segment Piece Pant Method Factor Proximate Cause | Year Mode | Failure Description
96 [ESW [Pump npeller/Wear [Design Design/ 1981|Failure  [Complete charging pump service water purmps failed. A carbon cap screw failed allowing the
ings IConstruction/ Run impeller of one pump to bind on the casing. The ensuing leakage shorted the motor
i anufecture/ ings of the other pump.
nadequacy
o7 [ESW [Pump I;grrﬂume Demand Desipn ign/ 1986{Failure [Partial four emesgency service water pumps showed cavitation damage. Two of the pumps
gs ion/ Run minor damage and were placed back in service. Recirculation cavitation occurs at
anufacture/ significantly less than design.
Tation -
nadequacy :
9g [ESW. [Pump mpeller/Wear llmpection Environments| to 1 ailure ial ~ [ESW pumps had reduced flow and discharge pressure, Marine growth in suction.
ngs Start
9 l;mh?eller/Weu [nspection aintenance  [Intemnal to 1985|Failure [Partial ice water pumps were noted to have high vibrations and low discharge pressure. The
[ ‘ I‘liompaun Run of the failure is suspected to be binding.
100 [ESW  [Pump igninpeller/Weur [Test 'Mammmee‘ Internal to 1994{Failure  |Partial ESW pumps had low discharge pressure during testing. Each pump had wom
ings Start internals and both pump intemnals were replaced.
161 [ESW [Pump I]‘.{nirllet/Weur Test lmimemee [Immal to 1987|Failore [Partial  [ESW pump low flow. Wom impellers.
102 ESW l:‘t;'peller/Wear [Test lMli!mnance Internal to 1 ailure [Partial [ESW pumps had reduced flow and discharge pressure. Worn impellers/wearing rings.
: g8 Start )
103 [ESW [Pump mpeller/Wear  [Test ‘Maimemme Internal to 19891 Failure  |Pastial ESW pumps had reduced flow and discharge pressure, Wom impellers/wearing rings.
ings Start
104 [ESW : E{nhpeller/Wm [Test IMmmmce Intemal to | 1988|Failure [Partial Service water pumps were noted to have high vibrations and low discharge pressure.
: i . . ICampmem : Start (Uneven wear caused pump to be out of balance, ,
105 [ESW  [Pump lrppellerMeu' Test aintenance  (Internal to 1988[Failure [Partial [ESW pumps failed to meet the minimum flow requirements of test. The cause of the
. g3 - Rim [failure is normal wearout of the pump impeller due to brackish water corrosion.
06 [ESW [Pump - [Impeller/Wear [Test [Environmentsl to 1991|Failure {Partial IBSW pumps failed to meet the minimum flow requirements of test. The cause of the
g3 Run failure is normal wearout of the pump impeller due to the high sand content of the water
being pumped. Pump impeller lift was adjusted.
107 [ESW  [Pump peller/Wear  [Test Maintenence |Internal to 1988/Failure {Partial  [Essential service water pumps were declared inoperable, due to low pump head valves.
, i Start Thelwmmpbeadswaaemmdbymuﬂugiggﬁofhmb.
108 |ESW  [Pump Impeller/Wear  [Test lMlilmnmee memnal to 1990|Failure {Partial {ESW pumps had worn and cracked impellers. Aging and normal wear.
ings " |Component Run , :
109 [ESW [Pump mpeller/Wear  [Test IMaimemnce Iimemal to 1991|Failure [Partial ESW pumps had reduced flow and discharge pressure. Worn impellers/wearing rings.
: ings ) ) : Start . .
110 {ESW  [Pump Impetler/Wear  [Test IMlimzenm Intermnal to 1 ailure JBW impeller gaps too wide. Gaps adjusted.
Rings : ’ Start .
11 [ESW  [Pump  [Impellet/Wear  [Test aintenance I:mcmal to 1985[Failure rhm'al |ESW pumps fuiled due to wom internals,
: ings - . ) Rim
112 [ESW  [Pump Impeller/Wear  [Test ironmentsl [Intemnal to 19%2iFailure [Partial [Essential service water pumps were declared inoperable, due to low pump head valves.
ings : o * }to Start - [The low pump heads were caused by excessive wear of pump impeller due to foreign
’ : Jmaterial in the service water,
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Discovery Coupling . Failure | Degree of | . . e
ltem | System “Method Factor Proximate Cause |Year Mode | Failure Description
113 [ESW est 'Mnlntemnce \ntemal to 1988Failure  |Partial pumpshadredwedﬂowuﬂdnschargepmsm Won impellers/wearing rings.,
114 [ESW [Test |Envnnnmemal ntemal to l9ﬁ$|‘l;ailm Partial WpumpsfadedmnmﬂnnununumﬂowmqumtsofmAmgwasfoundm
. mponent . lone impeller and a plastic bottle in the other. . -
115 |ESW Test lMAmlﬂnnce Intemal to 19 lulure [Partial  |ESW pumps had reduced ﬂowanddlsdwgeprasure Wom lmpellexslweanngnng
' - . o ) s mponent o
116 [ESW est !Mmmannce Intemal to - i ulure Partial ESWpumpshadredmdﬂowanddnsdwgcpmsuu Womnmpellemlwearmgnngs One
) : R to Start ) . {pump also exhibited high vibration. .. . ——
117 [ESW Test 1990(Failure  [Partial [ESW pump impeller lift out of adjustment.
118 [ESW est 1986Failure (Partial  [Testing of the service water system disclosed that the performance of the three service
. . o Start | - . [water pumps was below requirements. The condition is the result of both an inadequate -- -
I deammdﬂwmsmlhtnnoﬁeplmmumpellm,mlchwmnotmdfedby
‘ the vendor to improve perﬁmmme. as were lhc ongnnl impellm
119 [ESW - [Pump - {ImpellerWear - [Test Maintenance 0 1985{Failure [Partial mchwgmgpnmpsavicewaerpumpsdegndei&usedbyexpecwdwwofpmnpdue
| ings . Component Run fto erosion and corrosion properties of the process fluid involved ' )
120 [ESW~ IPum;r llmpellethear Test Environmental |Intemal to 1995|Failure |Partial Pumpsfuledpetformaneetest.Sandmwﬂuemded pump mwmals Pumphﬁwu
. Component - |to Start ljusied.
121 [ESW - [Pump - “IImpelIerIWeal”"‘ Test *~* ~ Maintenance [intemalto I”Bﬁailwc Partial [Two ESW purnps failed o develop adequate flow/pressure - pumps degraded.
- [Component Start
122 [ESW - [Pump - |Impeller/Wear ~ [Test - Environmental [Intemal to 1 i [Partial Degraded performance identified during testing. Sand in water was causing accelerated
L ngs Start |- wwofﬁwpumpmlemﬂxhﬁwasad;ustedfmmmp\nnpsmdmpumpmmmwerj
4,‘,... P, - - ‘- P 'replm
123 [ESW  JPump ImpellulWear Test Enviroamental [Intemal to 1993\Failure  |Partial [Essential service water pumps were declared inoperable, due to low pump head values.
B e ng@ SN E - - |Component " [eRun |77 7 Thelowpmnpheashwaeausedbymwewearofpmnpunpellerdmmwxdmﬂc
. . service walef. -
124 [ESW - hnpeller/Weu‘«~-- Test - - - - |Environmental |[ntemal to 1 ailure " [Partial 'F.S\Vpumpshadreducedﬂowmidmbargepressme Wom lmpellemlweanngnngs
) Rings ponent to Start iCause determined to be normal wear and high sand content of river water. -
125 |ESW lPump. .- [impeller/Wear -- [Test - 'Mummm intermal to ~~ | 1985|Failure |Partial  [Wear caused high ESW pump bearing temperatures, vibration, and low amperage/flow.
Rings ponent oo C . S .
126 |[ESW- |Pump l}zl:;:Wﬁr Test -~ |Mnlntenm |lcn:amalto’ 199.1311\“ Partial ~ [Loss of Service Water pump due to wearout at end of life.
i mponent Run
127 [ESW IPump pellethear Test intenance Ilén‘:mlm ) 1985|Failure [Emergency service waler pumps discharge pressure bclowallowaue limits. Causawem
ponent Stant loose impellers, dropped impeller, and worn internals. .
128 [ESW  [Pump IerIWear Test lenance [Intemalto l?%ll.l:"qilwe [Partial  [Loss of Service Water pump due to wearout atend of life. - - - -
129 [ESW ller/Wear  |Test inknance |internal to 1985(Failure [Partial ESW pumps failed to meet the minimum flow requirements of test. The cause of the
Start failure is normal wearout of the pump impeller due to the high sand content of the water
o being pumped. Pump impeller lift was adjusted,
130 BWINH\P_ peller/Wear  [Test. iniepance (Intemalto . . l9&2‘F‘:ilute IPamal - |Loss of Service Water pump due to wearout at end of life. -
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. Discovery Coupling Failure | Degree of ..
Item | System Segmem__ ‘ Pneeer Method Factor Proximate Cause | Year Mode |- Failure Mmmm
131 [ESW  [Pump mfellwlvvﬂ Test IEnvmmenml Internal to 1982{Failure [Partial Bmepheadwhmmmedemessinmofpmimpdlerduemfmﬁgn
£ ponent Run al in.the service water. .
132 [ESW  [Pump mpeller/Wear  [Test iMaimenmce Internal to - lm‘fn-ilme Partial Containment spray raw water pumps failed flow tests. Aging and normal wear.
. IConpuut" Run YV n
133 [ESW p mpeller/Wear  [Test WMamtemme Design/ 1988[Failure  |Partial [Essential service water pumps were declared inoperable, due to low pump head valves.
ngs on/ Start [The low pump heads were caused by excessive wear of pump impeller due to foreign
Manufscture/ |material in the service water,
Instatiation
: Inadequacy
134 [ESW [anp Impeller/Wear  [Test lMaimmmee Internal to 1986{Failure  [Partial ESW pump performance decreased 15% and 8% respectively since last test. Pumps were
ings Run replaced,
135 [ESW [Pump ln‘npeller/Wm [Test [Maintenance  [internal to 1986{Failure |Partial ESW pumps had worn impellers and one had a plugged strainer.
g9 ponent Rim .
136 Pump Impeller/Wear  [Test [Environmental | to 1995|Failure  [Partial arine growth caused low flow and speed condition for two service water pumps
23 ponent Start :
137 [ESW  [Pump Tmpeller/Wear  [Test |Maimunmoe Internal to 1992{Failure ial  [ESW pumps had reduced flow and discharge pressure. Wom impellers/wearing rings,
s ings Start
138 [ESW  [Pump l:!i:‘pelleerear Test IMaimmme m 1994 u‘m Partisl  [Two ESW pumps had intemal deterioration, one of which was indicated by high vibration
gs t readings.
139 [ESW [Pump  limpeller/Wear [Test IMuntemme [nternal to l984l:’ailum Partial  |Essential service water pumps were declared inoperable, due to low pump head values,
Rings ponent 0 Start The low pump heads were caused by wear and aging of internals.
140 [ESW [Pump  [Impeller/Wear [Test [Maintenance  [Internal to 1983(Failure [Partial Service Water pumps failed flow tests due to wearout and had to be rebuilt
Rings bompumt Ruon
141 [ESW [Pump  [Lubrication Maintenance [Operstional  [Operational/ Human} 1993(Failure [Partial l:aw pressure RHR bearing oil level not maintained high enough when new smaller
[Eror - Run ightglass installed. Second event the sightglass was broken when adding oil.
142 [ESW  [Pump Packing/Seals  [Inspection |Mnmamee Internal to 1986{Failure [Partial ive packing leakage. Both events occurred after previous maintenance had been
[Component Run for the same problems.
143 [ESW [Pump  [Packing/Seals  [inspection thmmce Design/ 1997|Failure [Partial Both ESW pumps leaking greater than 4 gpm because of inappropriate material for
(Construction/ Run ing and sleeve (nitronic 60). . .
) Manufacture/
Instaliation
144 [ESW |Pump  [Packing/Seals |lnspection Environmental [Intemal to 1994\Failure  [Partial Backup seal water regulators did not provide required flow during testing on two pumps.
. ponent  Run _|The third pump lost seal flow while operating. The cause was attributed to plugged lines.
145 [ESW [Pump  [Packing/Seals llmpecu’on Maintenance llnwmal to 1989{Faifure ([Partial ESW pump excessive packing leakage.
Run
146 [ESW [Pump  [Packing/Seals  [Maintenance [Environmenta! [Internalto 1985[Failure [Partial irst pump developed seal leak due to sand. Second pump had high bearing temperatures
t o Rim to trash clogging cooling water lines,
147 [ESW {Pump _ [Packing/Seals  [Test IMaImeunoe nternalto - - 1981|Failure - [Partial service water pumps fhiled to meet flow requirements due to seal water leakage and
ponent Start Wwearout, .
148 lESW [Pump Shaft Test iMaimenanoe ternal to 1993[Failure ial - Service water pumps were noted to have high vibrations and low discharge pressure.
ra:mm ‘ Run neven wear caused pump to be out of balance,
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. - Discovery Coupling A Failure | Degree of -
ltem |System| Segment |  Piece Part Method Factor Proximate Cause | Year Mode | Failure Description
149 |ESW lSucuon |Booster Pump  {Demand Operational  [Operational/ Human| 1980Failure  [Pastial [The service water RHR booster pump was de-energized during maintenance. The attempt
|Ervor Start [to start service water pumps failed due to low suction pressuce,
150 [ESW  [Suction [Piping FDemnnd Design ign/ By 1991!.;'&5!:; Partial  [Freezing of diesel genesator scrvice waler piping in intake bay. Inadequate initial design.
ufacture/ '
lation
i Inadequacy
15] [ESW [Suction |Piping W Design Design/ 1982Failure [Complete flow to chillers resulted in 1oss of NPSH to Charging Water Service Water
152 [ESW  [Suction [Piping IDemand Design I98|Filu:e IComplete eased flow to chillers resulted in loss of NPSH to Charging Water Service Water
153 [ESW [Suction [Piping Demand Design 1982iFailure jAlmost euedﬂowbdﬁllusmultedinlouol'NPSHwChugingWuerServiceWater
0/ Run |Complete ,
[nadequacy
154 |ESW [Suction |Piping ational/ Human| 1 ailure [Complete [Both trains of both units charging pump service water pumps became air bound.
Run Underwaier diving mainienance activities on one units circulating witer and service water
} ines was ideatified as the source of the air. The air entered the service water supply lines
a valve was opened inpreparation for a Safety Injection logic test.
155 [ESW  [Suction [Piping Design Other 198((Failwre |Almost ingress exceeded the air removal capability of the constant vent valves. A design
Run Complete was implemented to remove the air compressor cooling from the service water
ystent, ) _
156 [ESW  [Suction [Piping Demand Design Design/ l983l;lillll'e Almost creased flow to chillers resulted in loss of NPSH to Charging Pump Service Water
IConstruction/ _foRun [Complete , S
.
157 |ESW Fuction Piping |Demand Quality ign/ l9&4§lﬂure Partial RHR service water pumps tripped as a result of inadequate venting of suction header
i Start ﬁngﬁompootoﬁenmionofﬂlevent'line.
Inadequacy
158 [ESW [Suction |Piping Demand [Maintenance i Human| 1 ailure [Compleie trains of both units charging pump service water pumps became air bound. ]
- i Run nderwaler diving maintenance activities on one units circulating water and service water
) ines was identified as the source of the air. The air entered the service water supply lines
- a valve was opened inpreparation for a Safety Injection logic test.
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. . Discovery Coupling Failure | Degree of . .
Item | System | Segment Piece Pait Method Factor Proximate Cause | Year Mod Failure Description
159 [ESW [Suction [Piping [Demand Design ign/ lmE:ilum Complete m:deminmmﬂMhhuofﬂPSHmChmginngSﬂviqu
i Ron
nstallation
60 [ESW [Suction ing [Demand Design ign/ 1 silure  [Complete Ihemeofmmwmbyﬂnchmmmmnhssofsucnmpmsmtome
onstruction/ Run ICharging Water Service Water pumps.
anufacture/
ation
161 [ESW ISuetion Piping [Demand Operstional  [Operational/ Human| 1988{Failure [Complete Tlnpmeednmfaﬂedmndeqmelyemﬂmmewormslowlyﬁlhdmmdhm Rapid
Error Run ﬁllmgmuhedinnlossofNPSHtothechsgmgmmme
162 ESW—Fuuion ing Demand 'Envimmqmlm:n lmﬁﬁm [Partial ﬁmmmmmndﬂwmungdmmblockedmmmdm«mdmt
Start
163 [ESW [Suction [Piping Demand  [Design Design/ 1981(Failure [Complete [increasing flow to chillers robs NPSH from charging service water pumps.
i Run
anufacture/
flation
164 [ESW [Suction [Piping Demand Operational g:mlomllﬂumm 1986{Failure [Complete topmpedyventmdﬁnanewlyhmlledp'pemmduoedmmomedmmng
Run service water system.
165 [ESW [Suction [Piping |Demend Design ign/ 1982iFailure [Complete mmofservieewmerbymmnmanmﬂossofmonpmsmtolhedmgmg
j Run PUMP service water pumps,
anufacture/
166 [ESW [Suction [Piping 1982|Failure lete 'lhemeofmcewmbylhechiﬂmmmalossofsuctnonpmmtothechargmg
Run [pump service water pumps.
167 [ESW [Suction [Piping 1 ailure [Partial I!mdewatepmcedmledtoairbindingofopemﬁngESWp\unps.
Run
168 {ESW [Suction |Piping ailure [Partial IESWpumpsfailed flow testing. Forcign material blocked the suction.
Start
169 [ESW [Suction [Strainer 1980(Failure  [Partial ‘ofeign material was allowed to enter the suction of the charging pump service water
Run resulting in low flow conditions.
170 [ESW  [Suction [Strainer 1984{Failore  [Partial [Two RHR service water pumps had blown seals and sparks and smoke between the
Run bearing housing and shaft. A piece of hard rubber valve liner was found in the pumps.
m uction  [Strainer ailure [Partial RHRSW Pumps Failed to Develop flow/pressure, Debris in intake structure. Requires
Run ifications to the traveling Water Screen,
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. Discovery Coupling . : Failure | Degice of .
Item | System | Segment Piece Part " Method Faclor Proximate Cause |Year Mode | Failure Description
172 [ESW [Suction [Strainer |Maintenance [Operational  |Operational/ Human| 1986{Failure [Complete [A service water strainer was placed in service without being vented resulting in air binding
ErTor : Run |. szstemmdlouorchargmpumpmuwawrpumps.
173 (ESW . jon |Strainer Test [Environmental Jintemnal to. - 1982Failure |Partial mlwmmrmmtmwmwmpmmmpmfaﬂedwm
: Component ; Run flow and pressure requirements. Failure was due to debris lodging in pump impellers.
- : Source of debris was maintenance activitics, broken traveling water screens, and the
: inadvutmtopeningofaRHRminhmmﬂowlim which washed materials into suction pit.
174 [ESW _ [Suction’ [Strainer est Environmental {Internal to ailure [Partial service water pumps were declared inoperable, due to low pump head valves. ’
) Run lowpumphendswerecausedbysummblockageductnforemnnmmdmﬂw
: water,
175 |ESW [Suction [Tank Maintenance ign 1985Failure [Partial engineering evaluation revealed that ESW had been mopenble sevenl times duc to
: Run - -t [lowNPSH. All three units were affected.
176 [ESW  [Suction [Tank {Maintenance [Design 1 ailure  |Partial engineering evaluation revealed that ESW had been moperable several times due to
:  Run lowNPSH.Allﬂneeunmmnﬁ‘eaed.
177 [ESW  [Suction [Tank Maintenance [Design 1985{Failure [Pamal An engineering evaluation revealed that ESW had been inoperable several times due to
. to Run N lqu@}LAllﬁu_eeuni'timM
178 [ESW  [Suction [Tank |Maintenance |Design 1 ailure [Partial An engineering evaluation revealed that ESW had been inoperable several times due to
Run low NPSH. All three units were affected.
179 [ESW iSuction [Tank- Maintenance |Design - ] ailure [Pastial  JAn engineering evaluation revealed that ESW had been lnopenble scvemltuna due to
: - SR - - : Rug- | ~--- lowNPSllAll&:eeumtswercaffemd
180 [ESW [Suction [Tank Maintenance |Design 1985{Failure  |Partial engineering evaluation revealed that ESW had been inoperable several times due to
to Run low NPSH, All three units were affected.
181 JESW [Suction [Tank est |Design 1986Failure [Complete of prime in the condenser circulaling water siphon flow system caused loss oflow
Run essure service water pumps. Pumps lost suction during a test due to poor design.
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, Discovery | Coupiing | e Failure | Degros of |
Item [ System| Segment Piece Part Method Factor Proximate Cause |Year Mode | Faiture |- - Description
182 [ESW [Suction [Valve Test Desipgn Design/ 1983Failure [Pastial Low discharge pressure was caused by insufficient suction pressure. Service water flow to
ion/ Start paraliel components was adjusted,
anufacture/
flation
. Yy !W
183 [HCI  |Driver ping Design Other 1 silure [Complete [Water entered the HCI and RCI steam supply lines, rendering both pumps inoperable.
Start :uled reactor vessel instrumentation allowed water to overflow and fill the HCURCI
) lmes Pumps were unavailable,
184 |HPl  [Discharge [Piping Inspection  |Design [External 1994|Failure to a leaking socket weld in the common recirculation line, all three SI pumps were
. [Environment Run mopuabhmunduiymgcumofmeleakwasncmckmunmketweldmme
mon recirculation fine, caused by pipe displacement from air entrainment and pump
mhgmnem.
185 |HP1  [Discharge [Recirc [Test [Environmental |Intemal to 1991|Failure g in HPI pump recirculation line was restricting flow. The piece later dislodged
: Component Run noldumﬁemonwasmadc Both SI pumps had inadequate recirculation flow.
186 {HPI ischarge [Recirc ‘est Environmental [External .{ 1992{Failure afety Injection pumps were declared inoperable due to an observed declining trend in the
, [Environment Run Cmnplete 's recirculation flow. The cause of the Safety Injection pump reduced recirculation
5 ﬂow is sttributed to foreign material blockage within the associated minimum flow
. lation line flow orifice.
187 [HP1  [Discharge [Valve Inspection ional ational/ Human| 1987[Failure ile attempting to fill the safety injection accumulators, it was discovered that two of
. : : Error Start k:mpleu S1 pumps had been isolated from the high head injection flowpath,
188 [HP1  [Discharge [Valve [Inspection  [Operational (Operational/ Human| 1993{Failure rmial AFW pump failed due to incorrect procedure which allowed pump to be run without
Error - Run ow, other AFW pump was allowed to run past max flow rate. It is unclear whether these
istakes were due to inadequate procedures or staff errors, but it was assumed to be a
: iture to follow procedure,”
189 [HPI  [Discharge [Valve Test aintenance  {Intemnal to 1984iFailure  [Partial ICCP pump low ﬂow rates due to inaccuracies in positioning the throttle valves.
i Start : Hlow
190 [HPI  [Driver - [Breaker Inspection |, Operational  }Operational/ Human| 1982/Failure [Complete ing the draining of the reactor coolant system, both centrifugal charging pumps were
[ermor Start inoperable. The initial conditions in the draining procedure contained a confusing
“which led to an erroneous assumption that both CCP breakers had to be racked:
and tagged.
191 |HP1 ° [Driver ° Breaker Ilnspecﬁm - |Operational  [Operational/ Human| 1989]Failure [Partial 1 Pump B not retested, then HPI Pump A removed from service,
: " {Esror Start o
192 [HPl  [Driver  IBreaker llnspection ional  [Operational/ Human| 1988{Failure plete [HPI pumps not restored before mode change due to procedural inadequacy.
Error : Start )
193 [APl  [Driver  [Breaker llnspection jonal - [Operational/ Human| 1 silure |[Complete [By opening incorrect breaker, HPI pump tripped while others were unavailable.
- [Error Start : '
194 [HPI  [Driver  |Breaker . [Maintetance [Maintenance : [Intemnal to 1991|Failure . [Partial - [HPI pump breakers failed due to a broken pawl, and a broken closing coil.
- jComponent Start.
195 [HP1  [Driver  [Breaker est Design [Design/ 1980{Failure - [Partial Upon testing the safety injection pumps it was found that the 6900-v breakers would lock-
‘ i Start preventing pump start if they were given a close signal for >0.32 seconds when a trip
anufacture/ . ition existed. There is no indication to operations when this locked-out condition
- |Installation ists. The breaker appears to be available for service when it actually is not. The only
nadequacy of clearing the condition is to remove and reinstall the fuses at the breaker or
change the state of the relays.
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Descriot;

196

HPI

IDriver

Jinspection

1990(Failure

IComplets

was determined that the comman minimum flow path retum line for the safety injection
ta the refueling water slorage tank was frozen. Previous actions 10 investigate
oblems with the freeze protection system were unsuccessful in preventing development
this condition. The two HPI pumps were declared inoperable with this retum line
AﬁultyambiemtunpemmremwhfordwRWSThwmsymmptwmwdmr
trace from activating and was subsequently replaced. In addition, administrative
ntrols did not sufficiently recognize the safety significance of flow through this line and
need to ensure flow capability.

197

HPI

Driver

1

ailure
Start

M

Both safety injection pumps were in the pull-to-lock position. With the switches in pull-to-
lock, the pumps would not have automatically started upon receipt of an initiating signal,

is event was caused by cognitive personnel error by a utility licensed operator in failure | .

follow an approved procedure.

198

Driver -

ailure

Almost
Complete

charging pumps and one charging pump service water pump wete removed from
ice simultancously which is a condition not allowed by technical specifications.

199

Driver

Start
l988'::ilure
Start

Complete

ith alternate CCP pump out-of-service, the remaining operable pump was etroncously
placed in pull-to-lock.

] ailure

Run

FM

A lead was lifled in an emergency bus DC conirol circuit resulting in one charging punp
ipping while running on the altesnate power supply. Further investigation into this event
caled an anomaly, which could result in having no operating charging pumps, The

use of the event has been determined to be an emror in the original design of the charging
np interlock logic. The anomaly would occur upon & loss of the DC control power to
emecgency bus if C' charging pump was poweted from the other bus.

200

Driver

|Mainicnance

ailure
Run

lead was lifted in an emergency bus DC control circuit resulting in one charging punp
ipping while running on the alternate power supply. Further investigation into this event
an anomaly, which could result in having no operating charging pumps. The

of the event has been determined to be an estor in the original design of the charging
interlock logic. The anomaly would occur upoa a less of the DC control power 10

8 emerpency bus if 'C' charging pump was powered from the other bus,

HPI

Cubricats

1 984ﬁml£>

ging pump lube oil cooler fan motor trips on thermal overload. Probable cause:
wear on motor tesulting in increased friction replaced wom motor with spare.
routine inservice testing found that another charging pump lube oil cooler fan
had a current imbalaace. Probable cause: noimal aging of motor insulation has
ted in @ current imbalance.

Labricati

{inspection

ailure
Run

ICVC makeup oil pump mator t0o small for certain accideats.

204

iver

19%521::

Almost
Complete

was discovered coming from the speed increaser uait for & ceatrifugal charging

. investigation found the two gland scal retaining bolts inside the speed increaser

ube oil pump backed out allowing the gland seal to loosen. The gland seal being loosened,

reduced oil flow o the speed increaser intemals and ultimale damage. Other CCPs
inspocted, and the same gland seal bolts as on the first pump wete fouad loosencd.
cause of the bolis backing out was determined to be lack ofa periodic adjustment of

gland seal bolts.
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. Discovery Coupling . Failure | Degree of e
Item | System| Segment Piece Part Method Factor Proximate Cause | Year Mode | Failure Description
205 {HPL  [Driver  [Piping {Inspection  [Environmental [Design/ ZwOI::ilme [Partial icrobiologically induced corrosion leak on service water lines to two charging/HPI pump!
IConstruction/ Run ube oil coolers,
amufhcture/
ation
206 [HPI  [Pump  [Besring [Inspection  [Design [External 1991|Failure |Almost  [Charging/safety pumps beyond operational limits. Damage was found to the thrust
[Environment Run [Complete Ibearings. Air was introduced into this train of chilled water during modifications and
ing being performed on the system. This air became trapped in high points of either, or
of, the supply and retum chilled water lines to the charging pump. At the reduced
low rate, sufficient cooling was not available and oil temperature increased to the point
207 WHPI [Pump  [Casing {Inspection  [Quality [Design/ 1987[Failure [Partial During inspection of a centrifugal charging pump, a portion of the stainless steel cladding
Construction/ Run the inside surface of the pump casing exhibited corrosion. Corrosion of the pump
anufacture/ ing was through the stainless steel cladding into the carbon steel base material.
nstallation pection of the other CCP revealed similar corrosion. The cause of this event was &
nadequacy g deficiency. Corrosion observed at the pump casing discharge nozzle was
ibuted to a cladding breakthrough during final machining. Corrosion observed at the
casing inlet end was attributed to either over-machining of the cladding or
inadequate overiay of two adjacent weld beads.
208 HPI  [Pump Impeller/Wear  [Test [Environmental I:mmal to 1984[Failure [Almost  [One HPI pump seized, the second would have seized if operated.
ings Run  [Complete .
209 [HP1  [Pump mpeller/Wear  [Test [Maintenance  {Internal to 1983Failure  [Partial I pump and both CCPs failed to meet the minimum head curve requirements. The cause
ings nt Start f pump head capacity degradation has been attributed to normal pump operation. The
inability to batance flows has been attributed to the lower head capacity of the pumps.
210 HPl  |Pump Ilmpeller/Wear Test [Maintenance  [intemnal to 1985[Failure [Partial CCPs were tested and had low flow rates, The most probable cause is attributed to
Rings Start degradation of the pumps. The CCPs are subject to normal wear associated with
: ’ their secondary duty of providing normal charging flow.
211 HPI  [Pump [Lubrication |Inspeetion [Design Jinternal to 1981|Failure ial ICorrosion of HPI pump cooler heads. Improper material led to corrosion
iComponent Run )
212 [HP1  [Pump  [Lubrication Flnspection Operational  [Operational/ Human| l983|2ilute Complete |A routine preventive maintenance (oil change) was mistakenly performed on the north
Error ] Start icharging pump instead of the south as scheduled. Since the south pump was previously
for this oil change, and the test pump was valved out, none of these three pumps
in service as required by tech specs for the approximately 20 minutes it took to
ge the oil in the north pump.
213 (P!  [Pump  [Lubrication [Inspection  [Environmental [Design/ 1995{Failure [Partial igh lube oil temperatures were observed during HPT pump operation. Zinc particles from
IConstruction/ Rum were discovered plugging the lube oil coolers. Accelerated corrosion was attributed
anufacture/ a corrosion inhibitor that was added to the system, which chemically interacted with the
nstallation inc.
nadequacy
24 [HPI Lubrication Inspection  [Environmental |Internal to 1983[Failure  |Partial Oysters and miscellaneous motlusks plugged HPI oil coolers. Two pumps were required to
ponent ) Run be shutdown due to rising lubricating oil temperatures.
215 HPl [Pump  [Lubrication IMaintenmee [Environmental [Internal to 1991]Faiture [Partial HPI pump lube oil cooler leaks, Degraded tubes.
) ponent Run
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. Discovery Coupling oo Failure | Degree of ‘e
Item | System | Segment Piece Pant Metbod Facior Proximate Cause | Year Mode | Failure Description
216 |BPI IPjp [Lubrication |Ma|nemnce i iOperational/ Human| 1991[Failure  {Pastial Followmganovemadoﬁhemlpumps.'l'oomwhoﬂﬂowledtoexcessweolllukage,
) i Error ' which would have failed HPf puinps before end of mission.
M7 HP1 lelenance ironmental w0 l93(1;lﬂiﬁ‘8 Partial  [HPI pump lube oil cooler with tube leak allowed water into oil reservoir,
— .. ) - Run )
218 [HPL  [Pump |Lubrication [Maintenance Pmmmmléo;h“?dmt 19 u%uur: G::x?ltetc Ehmslsludgefoﬂingoflubcoilcoolercsusedhighlempmmalmontwol-u'l
219 HPI uction [I&C Demand ; ign/ 1 ailure |Complete I pumps fail due to operation with inadequate suction head. Two pumps damaged due -
. g ion/ Run operation with inadequate suction, but all three system pumps were unavailable due to
2 uﬂcmrd lonofﬂwsncﬁonmu.&nionwumelevel instrumentation was the cause.
oquacy
20 HPI  [Suction [I&C Demand Design Other 1997|Failure wnswmgemktefbrmhgmtﬁuLwhnhgavemoneousmdlmwofwﬂ'm
to Run level. One HPI pump severely damaged, other pump not as damaged, and could have
- The root cause was a combination of a design weakness of a common reference leg
fawlcwownwunklevelmumumdlleakmgmwmﬁmngdwwm
. inadequate work practice.
21 HP] ISucuon Piping [Demand Envmmenhl'&uml l934|‘?uwe Fompletc solidification in the suction and gas binding of pumps led w0 the failure of al} three
[Enviroament injection pumps. Flushing procedures inadequate.
m HPI |Sucuon Piping Design jOther ailure [Compiete |[Hydrogen from the suction dampenar got into suction piping and failed both CCPs,
Start ‘
m HPI uction Fiping pection  {Design Design/ 1991|Failure [Partial  |[Ultrasonic examination of the chemical and volume control system suction piping was
| ' [Construction/ Start ed. These examinations revealed voids in the altemnate boration line and the gravity
[nadequacy
mml [Suction  [Piping |inspection  [Quality ign/ 1988{Failure M Vomxb:eakenhadnotbemxnmlldmthemtammenemergencylumpanex
uacture/
Inadequacy
225 [HEI uction  |Piping linspection  |Design 1988Failure [Partia t was determined that various pipes of the safety injection system and chemical volume
Stast control system colledied oc trapped gas which might affect the functions of these
ystems. There was a concern that the gas pockets may adversely effect pump operation.
'okds were detected in some of the high head SI pump piping. .
226F}-ll’l' [Buction  |Piping pection  |Design Partial quantity of gas was found in the centrifugal charging pump suction header that exceeded]
i maximum aliowed gas volume. It was subsequently determined that hydrogen gas had
coming out of solution on both units and accumulating in the suction piping as a
result of gas stripping by the CCP miniflow osifices. In addition, eatrainment of
ogen bubbles from the volusne control tank to the CCP suction pipe may be a
i as well.
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. Discovery Coupling . Failure | Degree of .
Item {System | Segment Piece Part Method Factor Proximate Cause ] Year Mode | Failure Description
277 [HPL  [Suction  |Piping Inspection  [Design Design/ 1988[Failure [Partial Ultrasonic examination of the chemical and volume control system suction piping was
j Run Iperformed. These examinations revealed voids in the suction piping.
78 HP] uction  [Strainer 1985(Failure  {Partial trainers found still installed in the suction piping of the high-pressure injection pumps
Run & condition not considered in the operating design. The strainers were found during
intenance to repeir a slight flange leak. The strainers had been placed in the suction
iping during construction and were to be in place during system flushing to prevent any
is from reaching the pumps. However, the strainers should have been removed after
flushing prior to functional testing ;
279 LCS  [Driver  [Breaker 1980Failure [Complete [Relay extra contacts left connected during construction, prevertted Core Spray pump start
Start with emergency diesel generstor breakers racked out.
230 IKHR-BDriver Bearing Test &vmmlmm 1991|Failure [Partial Two LCI pumps were declared inoperable due to high motor vibration.
i Run
23 [RHR-B[Driver  [Breaker {Demend [Maintenance hntamano 1987Failure  [Partial pump breakers failed to close when operated remotely from the contro! room, It was
IComponent Start ound that the latch roller bearings and the cam follower bearing (intemal piece parts of
breaker) were not operating correctly. This prevented the trip latch assembly from
g and allowing the breaker to close.
72 IRH'R-B [Driver  [Breaker lMaimenanee lMaimmmee Opemﬁomv}hnmnrl nilure  {Partial FRl-m;mnpbrenkerovmuwips out of calibration.
Error Start
233 |IRHR-BDriver  [Breaker [Maintenance [Maintenance [Operational/ Human| 1991[Failure [Partial (While performing preventive maintenance calibration check on the protective relays fora
Ime Start residual heat re 1 pump motor 4kv breaker, it weas found that all overcurrent relays for
two pumps were out of calibration
74 -B [Driver  [Breaker [Test lMaimenmoe l:memalm 1997|Failure  [Partial Breaker latch check switch failed on both pumps. Lack of lubrication.
Start
235 -B [Driver  [Breaker Test [Maintenance to 1 silure  {Partial RHR pump circuit breakers failed during a start for testing. Bend switch snd binding
IComponent Start ism. Attributed to inadequate maintenance.
236 -B|Driver [I&C Test Design Other 1982[Failure [Partial fimetional test revealed a sliding link in control room penel open. anherinvutigxﬁon‘l
Stert a total of four links open. These links, left open, negated all autostart capability of
of 4 RHR pumps. It could not be determined why these four links were open,
237 -B |Driver  |Supports Inspection  [Design Design/ ] ailure  [Partial RHR motor internal supports were cracked due to stress and vibration, Design
IConstruction/ Start improvements were made,
anufacture/
flation
238 -B mwme Test aintenance ito 1985]Failure [Partial first pump failed to meet required flow rate, The second was drawing excessive
ings IM Start ge. Both conditions were attributed to wom internals.
239 -B[Pump  [Lubrication nspection aintenance o 1 aiture  |Partial pump motor oil coolers were leaking due to aging of components. The first case
Run involved through wall cormosion and the pump was immediately removed from service.
. second case was a packing leak.
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Item | System | Segment Piece Part - Method Factor Proximate Cause | Year Mod Failure Description )
20 -P {Driver  |Bearing i i jOperational/ Human| 1 ailure (Pastial idual heat removal pump motor upper bearing housings were observed to be leaking
S o - " |Emor ; Run il. The cause of the failure was attributed to & lack of sealant being appliod and gasket
’ instalied afier the last maintenance was performed on the motor bearing housing.
241 HRHR-PDﬁver Breaker |Demand Wﬂnmnee Other - | 1987Failure |Compictc [Two LPI pumps, when given a start signal, would not start. An angoing investigation
. Stazt ealed the probable root cause of the event to be poor clectrical contact of the breaker
, : : iliary stabs for the pumps.
242 RHR-P |Driver  |Breaker Inspection iOperational/ Human l98|l::ilwe iComplete RHR pumps de-encrgized to replace RHR Relief valve. T.S. allows this condition for 1
Exror Start our. Operated in the mode in excess of $ hours.
243 [RHR-P [Driver  [IZC |inspection Mmmame iOperational/ Human| 1 ailure |Complete trains of RHR were rendesed inoperable for two miautes, while perfoning an
Esror Start . ional readiness test surveillance procedure. The surveillance procedure required that
one RHR train pump be placed in pull @ lock and the other train heat exchanger fiow
pomolvdveﬂmnledtomopen.lhepmadwedhw\edﬂnommpafom
opmlionlthatmultédinbothtnimofmbeingimpaable
244 -P {Driver 1&:C . |Inspection  [Operational [Operational/ Human| 1995(Failure  {Complete [The switches for the containment spray and recirculation pumps were in a trip pullout
.. {Esor : to Start when the Techaical Specifications and plant procedures required the pumps to be operable.
245 [RHR-P [Driver [Lubrication |Demand Design ign/ ailure [Complete RHR/LPI pumps fail o rua due to improper oil in sysiem. High bearing temperaturcs
i to Run ed when the pumps wese operated. This was duc to the wrong lube oil being used,
ich had 00 high a viscasity. Inadequate vender design information resulted in the
Installation viscosity oil being used and additional exacerbating problems such as insufficient
246 [RER-P [Pump  [Casing [Test [Maintenance  |Operational/ Human| 1989Failure [Compiete |Both loops of the residual heat ranoval sysiem were declared inoperable due to gas
Exror Start inding of both RHR pumps. The gas binding was caused by entry of nitrogen gas into the
coolant system from accumulator. The root cause of this event has been attributed
personinel error. Pessonnel did not comply with the specific requirements in the
discharge check valve fill flow test procedure due 10 inatiention to detail.
247 -P (Pump  |Packing/Seals [Inspection [Enviroamental |External 1985{Failure . [Compicte [Following a trip, water wag found spraying from both low head safety injection pump
’ . Environment Start control rod seals. Bath pumps were declared inoperable. Postulated failure on the
: - was from a minor flow induced pressure transient.
248 rRHR-P uction  [Piping Demand  |Design Other 1982iFailure [Complete IRHRSuaionlostdmtouroncouRCSlevel while draining the RCS.
) 0 Run
249 RHR-P [Suction |Piping [Demand Opcrational  |Operational/ Human{ 1984|Failure [Complete coatrol room operitors started a second residual heat removal pump in preparation for
N : Estor ) Run ving the operating RHR pump from service. With both pumps running, flow became
ive for the half-loop condition causing cavitation and air binding of both pumps. To
event recummence the procedure which controls the operation of the RHR pumps has been
10 include specific instnictions 10 stop the operating pump prior to starting the
pump while at half-loop. .
“12s0 -P [Suction  [Piping Demand i . {Unknown lQBE'nilure Complete Flmwmpuviﬁud. Unable to fepeat. Unknown cause.
251 {RHR-P [Suction _ [Piping IDemand intenance  [Other,. gilure ' IComplete ISDCpumpsmvimeddutoloweﬁmRCS level. Level indication was in error.
Run
252 -P [Suction {Piping |Demand Design jOther .| 1987jFailure  [Complete ﬂowwninwmptedwhenbothkﬂkuﬁnsbewmimpeﬁbleduewairbound.
. Rua |* . pumps. The loss of RCS inventory to the reactor coolant drain tank due to a leaking
' ' ' ve caused a decrease in RCS water level, voriexing in the pumps' suction line, and air
i in the RHR pumps.
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" Discovery Coupling . Failure | Degree of .
Item|System] Segment |  Piece Part Method " Factor Proximate Cause {Year Mode | Failure Description
IRHR-P uction [Piping Demnand Design Operationsl/ Human| 1924{Pailure |Almost mmmmquﬁm&anRCSMdMﬁlednhhgﬂnkcs.
253
mhﬂk-ﬂswion [Piping |Demand Design ional/ Human| 1985{Fsiture [Complete over of RHR pumps resulted in both trains becoming inoperable due to air injection
Run into the suction of the pumps. This required both pumps to be vented and required RCS
10 be raised to prevent & possible recurrence of the vortex problem.
255 IRHR-P [Suction ing aintenance  [Other 1983[Failure  [Complete RHR pumps began to cavitate and eventualty both pumps were stopped. The reactor
Run level gauge being used to provide an indication that the level was approaching the
flange level had boen isolated (reactor coolant drain tank isolation valve had been
d\ningmmemptmmleahge).mmny.pmeedtmdidmmﬁn
monitoring of cavity level.
256 -P [Suction _|Piping Demand Design Opemiona!lﬂmmWI ailure [Complete was lost to both RHR pumps, RHR flow was less than 3000 gpm and pump amps
[Ermor Run fluctusting prior to taking comective action. Each of these events appear to have been
) . by & slow decroase in RCS level in conjumction with the vortex action gt the pump
257 [RHR-P [Suction  [Piping |Demand [Maintenance  [Other 1981|Failure  [Complete emporary coofant loop level indicator showed level slowly increasing over a period of
' Run 3. The system was periodically drained to maintain 65 percent indicated Jevel. A RHR
fost suction on reduction of actual Jevel. The second pump was started, and lost
. . ‘ Menﬁmdﬁﬁwudmtow@ionofnfami&_
258 IRHR-I'Suaim Piping [Dmd aintenance  |Other l%!’l::&h«e cmmtwmmummmmhmmmmmmmm
Rum flow by closing down on the heat exchanger bypass valve, :
mlRHR-PSuetion Piping |Demand [Design (Operationsl/ Human| 1980{Failure  [Complete feactor vesse] vent eductor was in service in preparation for refueling with RHR
Error Run ing. A Jow flow alarm was received and fow flow and low motor current were
. A second pump was started and became air-bound. Pintting the vessel vert
system into service was the root cause of the incident.
250 |RHR-P [Suction  [Piping [Demand Operstional  [Operations)/ Homen| 1 flure |Complete ile attempting to increase RHR flow, the plant experienced a total foss of flow due to
kPm!r Run pumps being air-bound. The pump was not vented when starting to increase flow,
procedures have been changed to have an operator present while changing flow
in the RHR system. Therc have been lossea of RHR flow in the past because the pumps
ak-bouﬂuﬂmeﬂnodsmﬂhmﬁgaumhmmmdeﬁm
261 [RHR-P [Suction [Piping Demand Design [Other 1 siture  [Complets [With unit drained to centerline of the nozxies, suction to both RHR pumps was fost for 36
. Run inutes, Suction o the RHR pumps wes Jost because of ambiguous reactor coolant system
_ indication while drained to centertine of the nozzles. The actial RCS level was jower
262 RHR-P [Suction [Piping [Maintensace qul% Complete [Shutdown cooling was lost due to nitrogen intrusion becawse of backflushing a filter in the
263|RHR-PSucﬁm [Valve {Demand Dexign Other 1 Complete RHR pumps were unable to operste due to the introduction of air into the RHR
' Rem ‘The incident occterred during the drain down of the RCS, when the level of the
‘was being monitored via a standpipe off ths cemerfine of one of the RCS loops. The
ion vatve to which the standpipe was attached became clogged sometime during the
down and falsely indicated above centertine when in fact the level was betow the
guction line (below centerfine),
264 SLC  [Driver [Breaker |Mlhmlum m lm |hﬂhl Ismrupmm»mmwmm
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liern System | Segment [ Piocs Part | DiscOvery | Coupling 1 pyg,ipip Couse | year Failore | Degtoe of - Description
265 FSDC Driver  |Breaker Test - |Design Other 1986{Failure [Complete |During a test, both Squib Valve Detonators shorted after firing and the Control Power
: T : 1 ’ Start Transformer fuse blew causing the pump motor trip. This was caused by improper fuse
icoordination between the Conirol Power Transformer fuse and the Squib Valve Detonator
The redundant system's Squib Valve was also fired during this test, without running
mmﬁmﬂmofm&umvuvemmmfmmm
- coordination problem exisied for both sysiems. -
266 Pump = |Bearing i i Ilg':mlto B 989|Fmailure Partial mvmmmmwlmouwhuemmmmﬁwmmumm
267 BLC [Lubrication Test IMmlenawa ] 0. I_992L!;ailut;k Liquid Conirol pumps lost oil while running. The gasket between the crankcase
: N ponent Run frame cap and the gear housing cover was wom.
268 [SLC  [Pump  [Packing/Seals i 1988Eailute lPamnl tandby Liquid Conirol pumps were observed 10 be leaking excessively at the packing.
Run failure of the packing was atiributed to normal wear. Packing replaced.
269 SLC  [Pump IPUkuWScal Ihsgea.ion 199‘1;311»:: ’fnﬂﬂl . »Prlba‘ndbthdeontolplmplwueobsuvedhbclenkmgexeessmlyuﬁwpgckmg. :
Run failure of the packing was atiributed to normal wear. Packing adjusted
270 lsw Pump tukmgISeds llmpecum 1989LI:’ailuc Partial E:;ndhyﬂqdeonkolp\mpswaeobwvedhbeleakmpmﬁmlynunpuhn;m
Run ure of the packing was attribuled 10 narmal wear.
271 PLC  [Pump  [Plunger/Cylinder [inspection 1989(Failwe [Partial  [Standby Liquid Control pump scal was leaking excessively. The cause of this failure was
L I ) Run- - malwmofﬂnplunmpackmg.mdhadwketsto:ﬂwplungm(pwwﬂofﬂw
p):
72 ISLC uction [Tank Test 1991|Failure [Complete i ﬂuw&mdlwmmmUmtlwdﬂmmﬂwaWeNPSHoﬂhe
5. Run pumps, the pumps began to cavitate unexpectedly. The SLC systems of both units
- Mmmmmmofwhwmtuewqmmfmmmmd
L enorlnﬂnongmaldu@ . ‘
273 SLC  [Suction  [Tank Test l99lﬁailure iComplete htg(hepetfmmanceofnpemltestonﬂwsvuhbleNPSHofﬁxeSlﬂWﬂw
began (0 cavitate unexpectedly. The SLC systems of both units were declared
e.Theuusesofthuevmmemdequawmdxﬁmﬂonmmdmmrmm
inal design calculations. :
271fl.C uction [Valve 1991[Failure ISLC pumps wete potentially inoperable during part of test due to valve lincup.
Start G
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