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ABSTRACT

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

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

General Insights. The study identified 149 events occurring at U.S. nuclear power plant units
during the period from 1980 through 2000. Twenty-eight units each had one CCF event during the
period; 42 units did not experience a CCF event. About 64 percent of the units had zero or one CCF
event. Eleven percent of the units have experienced four or more MOV CCF events. Of the 149 events,
22 (15 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-open or fail-to-close. The failure
mode for the majority of the MOV CCF events is fail-to-open (60 percent). The fail-to-close failure mode
accounted for the other 40 percent of the events. Most of the fail-to-close CCF events were caused by
improper settings of the torque and limit switches that inhibited the full closure of the MOVs.

Trends. Figure ES-1 shows the trend for all MOV CCF events. The decreasing trend for all
MOV CCF events is statistically significant with a p-value of 0.0001. Based on the review of failure data
for this study, improved maintenance and operating procedures, as well as increased maintenance focus
and emphasis on equipment reliability from initiatives throughout the industry (NRC, utilities, INPO, and
EPRI), appear to be reasons for the observed reduction of the occurrence of CCF events over the 21 years
of experience included in this study. The failure mode trends were both decreasing. The trend for the
Complete events from 1980-2000 is decreasing and is statistically significant with a p-value = 0.0019.

Method of Discovery. When the method of discovery was investigated, Testing accounted for
61 events (41 percent), Demand for 57 events (38 percent), and 31 events (21 percent) were discovered
during Inspection or during Maintenance activities. The high percentage of events discovered by
demands appears to indicate weaknesses in the MOV testing programs. However, a review of MOV CCF
by event dates and method of discovery shows that prior to 1990, 35 percent of events were discovered by
Testing while 45 percent were discovered by Demands. Since 1990, 52 percent of events have been
discovered by Testing while only 24 percent have been discovered by Demands. Therefore, it appears
that industry MOV testing programs have increased the effectiveness of common-cause failure discovery
via testing.

Sub-Component. The highest number of events occurred in the actuator sub-component (127
events or 85 percent). However, the fraction of Complete CCF events is similar between the actuator and
valve sub-components. The torque switch piece part had the largest effect on the actuator. The limit
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switch piece part had the second largest effect on the actuator. About half of the actuator CCF events
were the result of problems with these two piece parts.
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Figure ES-1. Trend for all MOV CCF events. The decreasing trend is statistically significant with a p-
value = 0.0001.

Proximate Cause. As shown in Figure ES-2, the leading proximate cause groups are
Operational/Human Error, Design/Construction/Installation/Manufacture Inadequacy, and Internal to
Component. These three accounted for 27, 26, and 21 percent of the total events. The Operational/
Human Error cause group accounted contributed the largest number of Complete events (10 out of 22
Complete events, 45 percent).

The Operational/Human Error proximate cause group is the most likely for the MOV 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, cahbranon, and testing.
This proximate cause group may also include deficient training.

The Design/Construction/Installation /Manufacture Inadequacy proximate cause group is the next
most likely for the MOVs 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 Internal to Component proximate cause category is important for the MOVs 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.
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Figure ES-2. Proximate cause distribution for all MOV CCF events.

Coupling Factors. Maintenance is the leading coupling factor with 83 events (56 percent).
Maintenance coupling factors result from common maintenance procedures, practices, and personnel.
Design, with 42 events (28 percent), accounts for the majority of the remaining events. These two
coupling factors account for the top 84 percent of the events.

System. Figure ES-3 shows the distribution of MOV CCF events by affected system. There
were distinctly more events occurring in the BWR residual heat removal (RHR-B) system than any other
system (29 percent). The high-pressure safety injection (HPI), auxiliary feedwater (AFW), PWR residual
heat removal (RHR-P), and containment spray (CSS) systems have the bulk of the remaining events. The
review of the data does not suggest that there is any specific causal relationship, other than the installed
population of MOVs per system, between the systems and the number of observed CCFs.
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Figure ES-3. System distribution for all MOV CCF events.
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FOREWORD

This report provides common-cause failure (CCF) event insights for motor-operated
valves (MOVs). 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 MOV CCEF data, which are based on
1980-2000 operating experience, are presented in the Executive Summary. High-level insights of
all the MOV CCF data are presented in Section 3. Section 4 summarizes the events by sub-
component. Section 5 presents MOV CCF insights by the MOV system. Section 6 provides
information about how to obtain more detailed information for the MOV CCF events. The
information to support risk-informed regulatory activities related to the MOV 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 Motor-Operated Valve Common-Cause Failure Events.

Item Description Text Reference Page(s) Data

1. CCF trends overview Section 3.2 12 Figure 3-1 —Figure 34

2. CCF sub-component overview Section 3.3 14 Figure 3-5

3. CCF proximate cause overview  Section 3.4 15 Figure 3-6

4. CCF coupling factor overview Section 3.5 18 Figure 3-7

5. CCF discovery method overview  Section 3.6 20 Figure 3-8 — Figure 3-9

6. CCF system overview Section 3.7 22 Figure 3-10

7. Engineering Insights - Actuators  Section 4.2 27 Figure 4-1 — Figure 4-3

8. Engineering Insights - Valves Section 4.3 33 Figure 4-4 - Figure 4-6

9. Engineering Insights - RHR Section 5.2 37 Figure 5-1 — Figure 54
(BWR) system

10.  Engineering Insights - HPI Section 5.3 40  Figure 5-5 - Figure 5-8
system

11.  Engineering Insights - AFW Section 54 42 Figure 5-9 — Figure 5-12
system

12.  Engineering Insights - RHR Section 5.5 44 Figure 5-13 - Figure 5-16
(PWR) system

13.  Engineering Insights - Cont. Section 5.6 47 Figure 5-17 - Figure 5-20
Spray system

14.  Complete Events - Actuators; Sections 4.2; 4.3 27;33 Table 4-4; Table 4-6
Valves

15.  Piece Parts - Actuators; Valves  Section 4 25 Figure 4-3 and Figure 4-6

16.  Piece Parts - Systems Section 5 37 Figure 5-3; Figure 5-7,

Figure 5-11; Figure 5-15;
Figure 5-19

17.  Data Summaries Appendix A, B, and C
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The application of results to plant-specific applications may require a more detailed
review of the relevant Licensee Event Report (LER) and Nuclear Plant Reliability Data System
(NPRDS) or Equipment Performance Information and Exchange System (EPIX) data cited in this
report. This review is needed to determine if generic experiences described in this report and
specific aspects of the MOV 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 MOV 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 (through 1996) and EPIX failure data are proprietary information that can be
obtained from the EPIX database through the Institute of Nuclear Power Operations (INPO). NRC
staff and contractors can access that information through the EPIX database.

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

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

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

Apphcatton——-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 dlfferent 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.

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

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

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

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

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

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

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

Coupling Factor/Mechanism—A set of causes and factors characterizing why and how a
failure is systematically induced in several components.
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Date—The date of the failure event, or date the failure was discovered.

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 faxhn'e in which all redundant components are faﬂed .
simultaneously as a direct result of a shared cause; i.e., the component degradation
value equals 1.0 for all components, and both the tumng 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 mspectlon interval.

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

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

P[An B]= P[BI A]P[A] = P[A1 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 operatlon according to
a success criterion.

Failure Mechanism—The history describing the events and influences leading to a given
failure. c : : ' '

Failure Mode—A description of component failure in terms of the component functlon
that was actually or potentially unavaxlable '

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

Functionally Unavailable—The component is capable of operation, but the function
normally provided by the component is unavailable due to lack of proper input, lack of support
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function from a source outside the component (i.e., motive power, actuation signal), maintenance,
testing, the improper interference of a person, etc.

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 mdependent if,
and only if, _

P[A~ B)=P[A]P[B],
where P[X] denotes the probability of event X.

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

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

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

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

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

Incipieht—-'lhe 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 léading
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 dependmg 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-coupling in synchronizing failure times.
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Common-Cause Failure Event Insights for Motor-
Operated Valves

1. INTRODUCTION

This report presents insights about the common-cause events that have occurred in the motor-
operated valve (MOV) 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 MOV CCF events. Utilities can also use the information to help focus
maintenance and test programs such that MOV 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:

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

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

¢ 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
(LERs) submitted to the NRC and equipment performance reports submitted to the INPO.
Accompanying the development of the CCF database was the development of CCF analysis software for
investigating the CCF aspect of system reliability analyses and related risk-informed applications.

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



documentation and the analysis software are available from the NRC on CD-ROM 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 probabilities 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 ¢auses, mechanisms of propagation of failure to multiple components, and 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 3of NUREGICR-6268 (Refercnce 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 MOV
systems were analyzed to provide a better understanding of MOV 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. Bach 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 dxsagreement 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 independént 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 detaxl in NUREGICR-6268 Volumes 1 and 3
(References 2 and 4).

1.2 Common-Cause Failure Event Concepts

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

An example is a case where two relief valves fall-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 commonalues are the couphng 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 operatlonal data and quantxtatlve analysis of CCF

frequencies. |



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

The proximate cause of a failure event is the condition that is readily identifiable as leading to the
failure. The proximate cause can be regarded as a symptom of the failure cause, and it does not in itself
necessarily provide a full understanding of what led to that condition. As such, it may not be the most
useful characterization of failure events for the purposes of identifying appropriate corrective actxons
The proxlmate cause classification consists of s1x major categones :

¢ Design, construction, installation, and manufacture inadequacy causés,
o Operational and human-related causes (e.g. procedural errors, maintenance errors),
¢ Internal to the component, including hardware-related causes and internal environmental causeé,
¢ External environmental causes,
e State of other compbnent, 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: ,
o Hardware Q‘h:_«llity,' . )
e Hardware Deéign, -
¢ Maintenance,
e Operations, and
¢ Environment. .
Note that proximate causes of CCF events are no dlfferent from the proxlmate causes of smgle 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. Asan
example, consider two redundant components in the same room as a steam line. A barrier that separates
the steam line from the components is an example of defending against the proximate cause. A barrier
that separates the two components is an example of defending against the coupling factor (same location).
Installing barriers around each component is an example of defending against both the cause and the
coupling factor.

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

Defenses against causes result in improving the reliability of each component but do not
necessarily reduce the fraction of failures that occur due to common-cause. They typically include design
control, use of qualified equipment, testing and preventive maintenance programs, procedure review,
personnel training, quality control, redundancy, diversity, and barriers. It is important to remember that
the susceptibility of a system of redundant components to dependent failures as opposed to mdependent
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 phllosophy can prowde a systemanc approach to screening for potential CCF
mechanisms.



1.3 Report Structure

This report presents an overview of the MOV CCF data and insights into the characteristics of
that data. This report is organized as follows: Section 2 presents a description of the MOV, a short
description of the associated sub-components, and a definition of the MOV failure modes. High level
insights of all the MOV CCF data are presented in Section 3. Section 4 summarizes the events by sub-
component. Section 5 presents MOV CCF insights by the MOV system. Section 6 provides information
about how to obtain more detailed information for the MOV events. A glossary of terms used in this
report is included in the front matter. Appendix A contains three listings of the MOV CCF events sorted
by proximate cause, coupling factor, and discovery method. Appendix B contains a listing of the MOV
CCF events sorted by the sub-component. Appendix C contains a listing of the MOV CCF events sorted
by the system.



2. MOTOR-OPERATED VALVE COMPONENT DESCRIPTION

2.1 Introduction

MOVs are used in many safety-related systems at commercial nuclear utilities. MOVs provide
the means to direct water flow to provide makeup for lost inventory, to provide cooling, to align suction
sources to various pumps, and to bypass certain functions as conditions dxctate The systems with MOVs
included in this insights study include:

e AFW Auxiliary Feedwater System (PWR)

e CSS Containment Spray (PWR)

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

e ISO Isolation Condenser (BWR)

¢ RHR-B Residual Heat Removal (BWR)

¢ RHR-P Residual Heat Removal (PWR)

e RCS Reactor Coolant System (PWR)

®

RCI Reactor Core Isolation Cooling (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 coohng (including loss of off-site power and station blackout), and loss
of coolant accidents (LOCAs).® While it is generally true that the motor-driven and turbine-driven pumps
are the dominant risk contributors for the ECCS systems, MOV's must operate properly to initiate
injection flow and shift from the injection to recirculation phase. In PWRs, MOVs are typically part of
the design to separate and isolate low-pressure portions of ECCS systems from RCS pressure, mitigating
interfacing system LOCAs (ISLOCAs). ISLOCA' typically do not contribute much to the core damage
frequency, but are of interest because they bypass the containment and can be significant contributors to
risk (Reference 8).

- The AFW System 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. Proper AFW actuation often requires operation of several dc-
powered MOV to direct flow to the steam generators. In cases where the condensate storage tanks are of
insufficient capacity, alternate suction sources must be aligned using MOVs. Due to the level of
redundancy, individual MOV rarely (if ever) dominate AFW failure, but CCF of steam generator
isolation valves is routinely one of the major contributors to AFW failure.” ‘

2.3 Component Description and Boundary

The MOV component boundary is defined as the valve and motor actuator (including internal
piece parts), motive and control power supplies (including the circuit breakers), and necessary control
devices. Only sensors unique to the operation of the individual valve are included with the valve for CCF
analysis. All MOVs have handwheels, which allow them to be manually operated. Failures involving the



handwheels are included. Figure 2-1 shows a cross-sectional view of a typical gate valve and motor
actuator.

2.4 Sub-Component Description

The MOVs in this insights study operate under varying pressures, temperatures, and working
fluids and may have different valve types. However, all the MOV in this study share common
generalized sub-components. This section contains a brief description of both sub-components that
comprise the MOV.

2.4.1 Actuator

The MOV actuator provides motive power to move the valve disk in the open and closed
directions. The actuator includes the motor, handwheel, gearbox (gears, clutch, bearings, torque switch,
etc.), control devices and circuitry (limit switches, contactors, relays, fuses, etc.), power cables and circuit
breaker.

242 Valve

The valve performs the function of allowing fluid to flow through the valve, throttling flow, or
shutting off all flow. The valve includes the valve body, seating surface, disk or plug, yoke, stem, and
packing.

25 Faihjre Modes

The functions of MOV are to promote, restrict, or regulate flow. Depending on the system the
MOV is installed in and the required function of the MOV, the MOV may be either normally open or
closed. In either case, the direction of movement demanded of the valve at the time of failure was
recorded. In some cases, the failure mechanism could cause the valve to fail in either direction. In those
cases, the same event may be mcluded twice, once for each possible failure mode. The faﬂure modes
used in evaluating the MOV data are:

Fail-to-Open (FTO) The valve must fully open upon receipt of an open signal. Any position less
than full open is considered a failure to open. :

Fail-to-Close (FTC) The valve must fully close on receipt of a close signal, or it is considered a
failure to close. Minor leakage is not included in this failure mode, but gross
leakage is.

Actuator sub-component failures are evaluated to determine the effect on MOV operability.
Actuator failures include those failures that are cansed by the motor actuator internals such as the motor,
torque limiter, lubrication, handwheel, etc. The actuator also includes the power supply and controls.
Typical failures of these include the circuit breaker, pressure switches, logic, etc. In addition, inadequate
sizing or setting of piece parts in the actuator can result in the inability of the MOV to perform under
design conditions. Failed position indication is included in the actnator sub-component events.

Valve sub-component failures are evaluated to determine the effect on MOV operability. Failures
of the valve pieces include inadequate seating (gross leakage), packing leakage or binding, structural
defects in the body, etc. In some cases, the design of the valve was inadequate or incorrect.” If the des1gn
‘flaw was in the valve, then the failure was recorded under the valve sub-component.
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Figure 2-1. Cross-sectional view of a typical MOV.



3. HIGH LEVEL OVERVIEW OF MOTOR-OPERATED VALVE
INSIGHTS

3.1 Introduction

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

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

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

Table 3-1 summarizes, by failure mode and degree of failure, the MOV CCF events contained in
this study. The majority of the MOV CCF events were fail-to-open (60 percent). Forty percent of the
MOV CCF events involved fail-to-close. Of the 149 MOV CCF events identified from the database, 15
percent were Complete events. These events result in the loss of safety system function. Therefore, they
are important because they circumvent the "defense-in-depth” strategy for reactor safety: the use of
redundant and diverse components and systems to assure prevention or mitigation of reactor accidents.
Complete events also dominate the parameter estimates used to calculate the CCF probability and impact
the results of probabilistic risk analysis.

Table 3-1. Summary statistics of MOV data.

Failure Mode Degree of Failure Total
Partial Almost Complete
Complete
Fail-to-Close 55 2 3 60
(FTC)
Fail-to-Open (FTO) 69 1 19 89

Total 124 3 22 149
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Most of the fail-to-close events (92 percent) were Partial CCF events caused by improper settings
or failures of the torque and limit switches that prevented the subject MOV's from fully closing. In fact,
regardless of the affected sub-component, the fail-to-close failure mode was dominated by events in
which the valves failed to fully close. Specific events are listed in more detail in Appendix A of this
report. The majority of the Complete events (86 percent) involved fail-to-open, likely because the
majority of the subject MOVs are normally closed.

3.2 CCF Trends Overview

Figure 3-1 shows the yearly occurrence rate, the fitted trend, and its 90 percent uncertainty
bounds for all MOV CCF events over the time span of this study. The decreasing trend is statistically
significant® with a p-value® of 0.0001. Generic Letter (GL) 89-10, Safety-Related Motor-Operated Valve
Testing And Surveillance'® identified widespread problems with MOV operability and testing. This GL
required design basis reviews by all licensees and extensive testing to verify MOV operability. GL 96-05,
Periodic Verification of Design-Basis Capability of Safety-Related Power-Operated Valves" required
continuing MOV surveillance programs along the line of GL 89-10 requirements. Additionally, GL 95-
07, Pressure Locking and Thermal Binding of Safety-Related Power-Operated Gate Valves' identified
several instances of MOV failures to open upon demand due to pressure locking and thermal binding. GL
95-07 required licensees to identify valves susceptible to these phenomena and to implement design
changes to prevent failures. Since the mid-1990s, the industry experience regarding design basis
requirements, surveillance and testing obtained from these regulatory requirements have been ‘
incorporated into the ASME Code Operation and Maintenance (OM) of Nuclear Power Plants. The OM
Code contains testing and examination requirements for all safety-related MOV, as mandated by
10CFR50.55a. Based on the review of failure data for this study, the improved maintenance and
operating procedures as well as the improved testing and inspection requirements have facilitated the
observed reduction of the occurrence of CCF events over the 21 years of experience included in this
study.

Figure 3-2 through Figure 34 show trends for subsets of the MOV CCF events contained in
Figure 3-1. Figure 3-2 shows the trend for Complete MOV CCF events. The overall trend from 1980 to
2000 is also statistically significant with a p-value of 0.0001. This indicates a dramatic decrease of
Complete MOV CCF events, especially since the early-1990's. Figure 3-3 and Figure 3-4 show similar
statistically significant decreasing trends for both the fail-to-close (p-value 0.0133) and the fail-to-open
failure (p-value 0.0001) modes for all MOV CCF events. In Figure 3-2, the bars at approximately 0.01
events per calendar-reactor year correspond to a single Complete MOV CCF event in the year and the
bars at approximately 0.02 correspond to two Complete MOV CCF events in the year.

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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Figure 3-1. Trend for all MOV CCF events. The decreasing trend is statistically significant with a p-
value = 0.0001. ' '
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Figure 3-2. Trend for Complete MOV CCF events. The decreasing trend is statistically significant with a
p-value = 0.0019. :
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Figure 3-3. Trend for all MOV CCF events for the fail-to-close failure mode. The decreasing trend is
statistically significant with a p-value = 0.0133
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Figure 3-4. Trend for all MOV CCEF events for the fail-to-open failure mode. The decreasmg trendis <
statistically significant with a p-value = 0.0001.

3.3 CCF Sub-Compenent Overview

MOVs can easily be thought of as two sub-components, each with many piece parts. The MOV
CCF data were reviewed to determine the affected sub-component and the affected piece part in that sub-

14



component. This was done to provide insights on which are the most vulnerable MOV sub-components
for common-cause failure events. Section 2.4 describes these sub-components.

Figure 3-5 shows the distribution of the CCF events by MOV sub-component. The highest
number of events occurred in the actuator sub-component (127 events or 85 percent). The torque switch
was the failed component in 31 percent of the actuator events.

Section 4 of this report provides an in-depth analysis of the CCF events assigned to these two
sub-components. '

BComplete
BAmost Complete
SPartal

Figure 3-5. Sub-component distribution for all MOV 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 "canse" is often too
simplistic. The sequence of events that constitute a particular failure mechanism is not necessarily
simple. Many different paths by which this ultimate reason for failure could be reached exist. This chain
can be characterized by two useful concepts— proximate cause and root cause.

A proximate cause of a failure event is the condition that is readily identifiable as leading to the
failure. The proximate cause can be regarded as a symptom of the failure cause, and it does not in itself
necessarily provide 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 |
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e Internal to the component, including hardware-related causes and internal environmental causes
¢ External environmental causes '
e Other causes

¢ Unknown causes.

The causal chain can be long and, without applying a criterion, identifying a condition 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. (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 two leading proximate
causes were Human error and Design/Construction/Installation/Manufacture Inadequacy. Each accounted
for about 27 percent of the total events. Internal to Component faults accounted for 21 percent of the
total. To a lesser degree, External Environment and the Other proximate cause categories were assigned
to the MOV component. The Other proximate cause category includes setpoint drift in the setting of the
torque switches, limit switches, or overcurrent trip devices. There were many MOV CCF events caused
by setpoint drift, which generally does not disable the component.

40+
354
304
25
2 %
[
2 1" S Complete
k] 0 AmostCompiste| .
S 10- B Partal

Figure 3-6. Proximate cause distribution for all MOV CCF events.

' Tabie A-1in Appendix A presents thé entire data set of the MOV compongaﬁt, sorted by the _
proximate cause. This table can be referred to when reading the following discussions to see individuat
events described.

Design/Construction/Installation/Manufacture Ihadequacy errors resultéd in 39 events. The
failure mode for 20 of these events is fail-to-open, and the remaining 19 events have fail-to-close as the
failure mode. There were six Complete CCF events in this proximate cause group; four Complete events
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-were fail-to-open and two were fail-to-close. Five of the six Complete events were in the actuator sub- .
component.

The OperatlonalIHuman Error proxnmate cause group is the most likely for MOV's and
represents causes related to errors of omission or commission on the part of plant staff or contractor staff.
Included in this category are accidental actions, failures to follow the correct procedures or following
inadequate procedures for construction, modification, operation, maintenance, calibration, and testing.
This proximate cause group also includes deficient training. Operational/Human Error resulted in 40
MOV CCF events. The failure mode for 17 events was fail-to-close and 23 events had fail-to-open as the
failure mode. There were ten Complete CCF events all fail-to-open; nine involved the actuator sub-
component and one involved the valve sub-component. There are disproportionately more Complete
events in this proxunate cause category than in any other. This observation hxghhghts the mxportance of
maintenance and operations in the availability of MOVs.

These Human Actions include incorrect setting of the torque switches, contactors, and limit
switches; installation of the wrong coupling pm in multiple breakers; MOV circuit breaker mis-
positionings (breakers left tagged open, opening the wrong breakers, etc.); pulling the wrong control
power fuse; and incorrect design calculations that led to installation of the wrong spring pack.

The Design/Construction/Installation/Manufacture Inadequacy proximate cause group is also
one of the most likely for MOV 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 Internal to Component proximate cause category is important for MOVs and encompasses
the malfunctioning of hardware internal to the component. 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 faults resulted in 32 events. Of these, 23 were classified as fail-to-
open and nine were fail-to-close. There were four Complete failure events, all associated with the

actuator sub-component.

The External Environment proximate cause category represents causes related to a harsh
environment that is not within the component design specifications. Specific mechanisms include
chemical reactions, electromagnetic interference, fire or smoke, impact loads, moisture (sprays, floods,
etc.), radiation, abnormally high or low température, vibration load, and acts of nature (high wind, snow,
etc.). This proximate cause had 10 events assigned to it. The failure mode for six events is fail-to-open,
and four events have fail-to-close as the failure mode. There was one Complete CCF event, resulting in
fail-to-open. The one complete event was due to excessive _condensation shorting out the MOV actuators.

The' Other proxxmate cause group is comprised of events that indicated setpomt drift and the state
of other components as the basic causes. Twenty-31x events were assigned to this category. The failure
mode for seventeen events is fall-to-open and nine events have fail-to-close as the failure mode. There
were no Complete CCF events in this category, and all of the events in this category are weak (i.e., small
degradation values, weak coupling factors, and long time intervals among events).

Setpoint drift includes cases were the actuator output is found to be outside the specified output
requirements. This occurrence is not limited to cases where the torque switch setting physically changes.
Actuator output can change for a variety of reasons without any physical adjustment of the torque switch
setting. For example, changes in the stem friction coefficient (caused by aging of the stem lubricant) can
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result in a reduction in actuator output. The stem friction coefficient may also increase under design-basis
conditions due to the high stem loads needed to operate the valve. This increase also results in a
reduction in actuator output and can result in a demand failure, especially in the close direction. This
variation in MOV output due to load is commonly known as "load sensitive behavior."

3.5 CCF Coupling Factor *

Closely connected to the proxlmate 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 codpling_factor classification consists of five major classes:

R

o Hardware Quality based coupling factors,
» Design-based coupling factors, 4

® Maintenance coupling factors,

o Operational coupling factors, and

s Environmental couplin g factors.

Figure 3-7 shows the coupling factor distribution for the events. Maintenance is the leading
coupling factor with 83 events (56 percent). Maintenance coupling factors result from common
maintenance personnel, procedures, and equipment. Design with 42 events (28 percent) accounts for the’
majority of the remaining events. These two coupling factors account for the top 84 percent of the events.
Operational, although a small part of the overall coupling factor distribution, has the highest percentage of
Complete events. Again, highlighting the im'ponance of operations in the MOV CCFs.

Tab!e A-2in Appendix A presents the entire MOV data set sorted | by the coupling factor. Thls _
table can be referred to when reading the following discussions to see individual events described.

The dominance of the Maintenance coupling factor‘ indicates that the maintenance frequency,
procedures, or personnel provided the linkage between the component failures for the majority of the
MOV CCF events. Five of the eighty-three MOV CCF events coupled by Maintenance were Complete
events. Events with the proximate causes of Internal to Component, Human Action, and Other were

predormnamly coupled by Maintenance. Examples of the Internal to Component caused events coupled
by Maintenance are: ,

s valve failures due to dirty contacts,
o afailed contactor due to the use of improper lubricant, and .

e valve failures due to worn control switches.

Bxamples of events with the Human Action proximate cause coupled by Maintenance include:
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e valve failures due to improper setting of limit switches, torque switches, and contactors; and

° faxlures due to the use of the wrong shaft couphng pins.

The events with the Other proximate cause coupled by Mamtenanoe pnmanly involve setpoint
drift (mostly limit and torque switches) where the failure coupling was maintenance frequency.
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Figure 3-7. Coupling factor distribution for all MOV CCF events.

The Design coupling factor is most prevalent in the Design/Construction/Installation/
Manufacture Inadequacy proximate cause category. This means that the design was inadequate and was
the link between the events. In most of the events in this proximate cause/coupling factor pair, the
failures were coupled by the design of the component internal parts. In other words, common-cause
failures occurred because of a design flaw or error involving the same mternal piece part or sub- -
component for multiple MOVs. Examples of these events include:

e design calculations resulting in incorrect torque switch settings,

e valve pressure locking due to improper valve application (operatmg dlp greater than valve
specifications), ,

e improper valve control circuit wiring due to errors in the valve logic diagrams, and
e  wiring errors resulting in insufficient limit switch bypass duration.

The Environment coupling factors propagate a failure mechanism via identical external or
internal environmental characteristics. Examples of observed environmental coupling factors are:

¢ steam condensation,
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o flooding or water intrusion.

Quality based coupling factors propagate a failure mechanism among several components due to
manufacturing and installation faults. An example of a Quality based coupling factor is the failure of
several RHR pumps, because of the failure of identical pump air deflectors due to improper installation.

The Operational based coupling factors propagate a failure mechanism because of identical
operational characteristics among several components. For example, failure of three redundant HPI
pumps to start because the breakers for all three pumps were racked-out because of operator error. The
Operational based coupling factors have the highest percentage of Complete events.

3.6 CCF Discovery Method Overview

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

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

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

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

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
accounts for 61 events, (41 percent), Demand accounted for 57 events, (38 percent), and 16 events (11
percent) were discovered during Maintenance activities. Another 15 events (10 percent) were detected by
inspection. Unlike a standby safety system such as the emergency diesel generators, MOV have been
shown to have more CCFs discovered during demand situations.

Table A-3 in Appendix A presents the entire MOV 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 MOV CCF events.

The high percentage of events discovered by demands appears to indicate weaknesses in the
MOV testing programs. However, a review of MOV CCF by event dates and method of discovery shows
that prior to 1990, 335 percent of events were discovered by Testing while 45 percent were discovered by
Demands (Figure 3-9). Since 1990, 52 percent of events have been discovered by Testing while only 24
percent have been discovered by Demands. Therefore, it appears that industry MOV testing programs
(instituted as a result of GL. 89-10, Reference 10) have increased the effectiveness of failure discovery via
testing.
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Figure 3-9. Method of discovery before and after 1990.
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3.7 MOV CCF System Observations

Figure 3-10 displays the distribution of MOV CCEF events by the system and failure degree.
There were distinctly more events occurring in the RHR-B system than any other system (29 percent).
The RHR-B, HPI, AFW, RHR-P, and CSS systems have the bulk of the events. It is not known if this is
due to reporting, use, numbers of MOV, or a combination of these factors. The review of the data does
not suggest that there is any specific causal relationship, other than the installed population of MOVs per
system, between the systems and the number of observed CCFs. Section 5 provides a more detailed look
at the CCFs in these systems.
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Figure 3-10. Distribution of MOV CCF events by system.

3.8 Other MOV CCF Observations

Figure 3-11 shows the distribution of MOV CCF events among the NPP units. The data are
based on 109 NPP units represented in the insights CCF studies. The largest contribution (64 percent)
consists of NPP units with either zero or one CCF event. This may indicate that the majority of the plants
have maintenance and testing programs to identify possible MOV CCF events and work towards
preventing either the first event or any repeat events. Eleven percent of the NPP units have experienced
four or more MOV CCF events. Note that 36 percent of the NPP unit population accounts for 81 percent
of the MOV CCF events.
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Figure 3-11. Distribution of NPP units experiencing a multiplicity of CCFs for all MOV CCF events.
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4, ENGINEERING INSIGHTS BY MOTOR-OPERATED VALVE SUB-
COMPONENT

4.1 Introduction

This section presents an overview of the CCF data for the MOV component that have been
collected from the NRC CCF database, grouped by the affected sub-component. MOVs can easily be
thought of as two sub-components, each with many piece parts. The MOV CCF data were reviewed to
determine the affected sub-component and the affected piece part in that sub-component. This was done
to provide insights into the most vulnerable areas of the MOV component to common-cause failure
events. For the descriptions of the MOV and its sub-components, see Section 2.4.

Table 4-1 summarizes the CCF events by sub-component. Each discussion of an MOV sub-
component summarizes selected attributes of that sub-component. A list of the MOV CCF Complete
events follows; displaying the proximate cause, failure mode, and a short description of the event. For a
listing of all MOV CCEF events by sub-component, see Appendix B.

Table 4-1. Summary of sub-components.

Sub-Component Sub-Section  Partial Almost Complete Complete  Total  Percent
Actuator 4.2 105 2 20 127 85.2%
Valve ' 43 19 1 2 22 148%
Total 124 3 22 149  100.0%

The majority of the MOV CCF events originated in the actuator sub-component. The torque
switch is the most likely piece part to lead to a MOV CCF.

‘ In this study, the proximate causes of the MOV 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 MOV 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

— Design/Const/Install/Manufacture (Design)

— Design Error

e Manufacturing Error

— |nstallation/Construction Error
= Design Modification Emor

= Operational/Human Error (Human)

== Accidental Action

== nadequate/incorrect Procedurs
= Failure to Follow Procedure
—nadquate Training

== nadequate Maintenance

== Extemnal Environment (Ext Env)

== Fire/Smoke

= Humidity/Moisture
—HighA ow Temperature
— Electromagnetic Field
— Radiation
—=Bio-organisms
—Contamination/Dust/Dirt
L—Acts of Nature

- Wind
- Flood

- Lightning
- Snow'lce

= Intemal to Component (Component)
eE State 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
commission on the part of plant staff. An example isa
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, abnormaily
high or low temperature, and acts of nature.

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

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

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

One hundred and twenty-seven CCF events affected the actuator sub-component (see Table B-1
in Appendix B, items 1-127). Of these 127 events, 76 were fail-to-open and 51 were fail-to-close.
Table 4-3 contains a summary of these events by proximate cause group and failure. Figure 4-1 shows
that the most likely proximate cause groups are Design, Construction and Manufacture Inadequacies,
Operational/Human Actions, and Internal to the Component. Twenty actuator MOV CCF events were
Complete CCF events (see Table 4-4).

Most Actuator CCF events (50 percent) were the result of problems with the torque switch/spring
pack or the valve limit switches. The remaining events were essentially evenly distributed among the
remaining piece parts (breaker, circuit, motor, or transmission).

Table 4-3. CCF events in the actuator sub-component by cause group and degree of failure.

Proximate Cause Group Complete Cﬁ:rl:lp(l):tte Partial Total  Percent
m;if;/u(::;suuctionllnstallationl Manufacture 5 27 32 25.2%
Internal to Component 4 1 23 28 22.0%
Operational/Human 9 1 23 33 26.0%
External Environment 1 5 6 4.7%
Other 26 26 20.5%
Unknown 1 1 2 1.6%
Total 20 2 105 127  100.0%

The Design/Construction/Installation/Manufacture Inadequacy proximate cause group had 32
events (25 percent) of which five were Complete (see Table B-1 in Appendix B, items 1 -32). Affected
piece parts included therma! overloads and logic and circuitry design. The main causes for this group
included installing the wrong equipment, not installing the equipment correctly, and poor design of
equipment. Several events involving inadequate thrust under design basis conditions due to under-sized
motors, under gearing, incorrect spring packs, and improper torque switch settings were likely identified
due to design reviews and testing as a result of GL 89-10, Reference 10. One would expect to see a
reduction in these events, since all the reactor plants in the United States have now achieved closure from
the NRC of their GL 89-10 programs and have implemented a continuing diagnostic testing program per
GL 96-05, Reference 11. :

The Internal to Component proximate cause group had 28 events (22 percent) of which four were
Complete and one was Almost Complete (see Table B-1 in Appendix B, items 39 —66). Affected piece
parts included the torque switch, circuits, limit switches, motors, and transmission. Most of these events
were coupled by maintenance.

The Operational/Human Error proximate cause group contains 33 events (26 percent) of which
nine were Complete and one was Almost Complete (see Table B-1 in Appendix B, items 67 -99).
Affected piece parts included the torque switches, breakers, limit switches, transmission, and motor. Four
Complete events were attributed to the breakers. In all these events, the breakers were open due to
operator error. Most of these events were coupled by maintenance of equipment, poor maintenance,
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performing testing incorrectly, and inattentive operators. This proximate cause group has the highest
observed fraction (half) of Complete CCF events in the actuator sub-component. It is the combination of
the susceptibility of the actuator sub-component to small errors and the ability of the human element to
fail multiple components in a group that led to this result.

%
%’

[ 8 Failure to Open D Faiture to Close |

Figure 4-1. Distribution of proximate causes for the actuator sub-component.

: The External Environment proximate cause group contains six events (5 percent) of which one
was Complete (see Table B-1 in Appendix B, items 33 —38). Affected piece parts included the motor,
torque switches, and transmission. External Environment was not a significant contributor to MOV CCF
events. This is expected due to significant design and regulatory emphasis regarding component
environmental qualification. The Complete event, which occurred in 1980, was due to excessive
condensation shortmg out the motor.

The Other proximate cause group contains 26 events (21 percent) of which none were Complete
(see Table B-1 in Appendix B, items 100 —125). Affected piece parts included the torque switches, limit
switches, circuit breakers, and various circuits. Most of these events were coupled by maintenance.

The Unknown proximate cause group has two events (see Table B-1 in Appendix B, items 126 -
127). One was a Complete event, in which the motor burned up, which was attributed to inadequate
maintenance.

" Testing and Demand were the most likely methods of discovery for actuator MOV events (101
out of the 127 actuator events) as shown in Figure 4-2. The most likely piece parts involved in CCF
events were the torque switches and limit switches as shown in Figure 4-3. Four Complete events were
attributed to the breakers. In all these events, the breakers were open due to operator error.

Table 4-4 lists the short descriptions by proximate cause for the Complete evehts, the events that
failed all the MOVs in the group. The descriptions of all MOV CCF events can be found in Appendix B.
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Figure 4-2. Distribution of the method of discovery for the actuator sub-component.
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Figure 4-3. Distribution of the affected piece part for the actuator sub-component.
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Table 4-4. Actuator sub-component event short descriptions for Complete events.

Proximate  Failure

System Cause Group Mode

Description

HPI Operational/ Failure

Human Error to Open req
" operators.

RHR-B Design/ Failure
Construction/ to Close
Manufacture/
Installation
Inadequacy

CSS  Design/ Failure
Construction/ to Open
Manufacture/
Installation
Inadequacy

CSS Design/ Failure
Construction/ to Close
Manufacture/
Installation
Inadequacy

RHR-P Design/ Failure
Construction/ to Open
Manufacture/
Installation
Inadequacy

RHR-B Operational/ Failure
Human Error to Open

RCI Operational/  Failure
Human Error to Open

Procedures allowed entry into operating mode where the system was
required without directing operators to energize HPI MOV valve

Residual heat removal/low pressure coolant injection discharge to
suppression pool minimum flow control valves did not close properly on
demand. Incorrect logic design prevented valves from closing
completely on demand. The new design provided for a seal-in contact
with the automatic isolation signal. The seal-in contact allows torque
closure of the valve even if the selector key lock switch is in the lock’
position.

During surveillance, two containment spray motor operated valves failed
to open. The valves were stuck due to excess play in operator assembly,
which allowed the open torque switch to disengage thereby shutting off
the operator. The bypass limit switch was rewired to a separate rotor
with a longer bypass duration per design change. - .

During maintenance, testing it was determined that four containment
spray MOVs wouldn't develop the required thrust. The failures were
attributed to an improper spring pack installation and to an improper
torque switch installation. The improper installations were due to
incorrect engineering calculations of original design values.

Thermal overloads for two valves tripped due to design deficiency.
Consequently, the normal closure of the valve will trip the thermal
overload heater some percentage of the time.

‘When the control room operator proceeded to establish shutdown
cooling, the suction valves to the system would not open. Investigation
revealed that while applying a maintenance permit to the primary
containment isolation system, a plant operator unknowingly removed the
wrong fuse. This electrically blocked the residual heat removal system
shutdown cooling suction valves and head spray isolation valves in the
closed position. Investigation revealed that although the plant operator
removed the fuse, which was labeled f2, as the permit required, this was
not the correct fuse. Apparently, the label had slid down such that fuse f3
appeared to be f2.

During the performance of a scheduled RCI system logic system
functional test, an overpressurization of the system's suction piping
occurred. The operators incorrectly positioned and/or inaccurately
verified the positions of 6 circuit breakers to motor operated valves prior
to (and for) the test. RCI system inoperable.
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System

Proximate

Failure

Cause Group Mode

Description

HPI

RHR-B

HP1

HPI

CSS

HPI

RCS

Operational/
Human Error

Design/
Construction/
Manufacture/
Installation
Inadequacy

Operational/
Human Error

Unknown

Operational/
Human Error

Operational/
Human Error

Operational/
Human Error

Internal to
Component

Failure

to Open

Failure

to Open

Failure

to Open

Failure

to Open

Failure

to Open

Failure

to Open

Failure

to Open

Failure
to Close

Operator went to the wrong unit and de-energized a total of five SI
valves, :

Both RHR-B injection MOVs would not open due to an error in the valve
logic circuit diagrams and the removal of motor brakes for environmental
qualification. This condition caused the valves to continuously try to
close until both valve stems were damaged.

The procedural deficiency that allowed for a low setting of the bypass
limit switches on Limitorque valve operators prompted an evaluation of
all MOVs. Using the motor operated valve analysis and test system; a
review of the as-found conditions of 165 safety-related MOVs revealed
that 17 valves were evaluated as inoperable for various reasons. These
17 valves included the auxiliary feedwater isolation valves. Further
investigation revealed that Limitorque failed to supply adequate
instructions on balancing of the torque switches. Torque switch
unbalance resulted in three valves being unable to produce sufficient
thrust to close against the design differential pressure.

The motor operators for 2 valves, which allow the chemical and volume
control pumps to take suction from the refueling water storage tank when
in the closed position or from the volume control tank when in the
opened position, burned up in the closed position and had to be manually
opened.

While performing a surveillance test during refueling shutdown, the open
contactor for HPI loop isolation valves did not close. The contactors
were out of adjustment.

During re-testing, technicians found that the containment sump isolation
valve operator internal limit switches were incorrectly set. This
prevented the containment spray suction valve from repositioning as
required. During a plant modification, technicians incorrectly set the
containment sump isolation valve operator's internal limit switch. The
switch was set to be open, though drawings called for it to be closed.
Due to inadequate functional verification, this error was not found during
post modification testing.

Incorrect engineering calculations resulted in spring pack setting that
would not open the BIT isolation valves. The third valve, SI pump to
accumulators, was discovered with the same failure.

The inlet block MOVs for the PORVs failed to close or open from the
control room. This failure was due to the main control room switch for
opening and closing the valve has erratic resistance reading as a result of
wear and tear of the switch.
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System

Proximate

Failure

Cause Group Mode

Description

CSs

RCS

HCI

Internal to
Component

Internal to
Component

Internal to
Component

External
Environment

Operational/
Human Error

Failure

to Open

. Failure

to Open

Failure

to Open

Failure

to Open

Failure

to Open

Routine surveillance disclosed that the containment recirculation sump to
containment spray pump isolation valves would not open. The motors
for valve operators burned up.

The inlet block MOV for the PORVs failed to close or open from the
control room. This failure was due to the main control room switch for
opening and closing the valve has erratic resistance reading as a result of
wear and tear of the switch.

Loose sliding link caused unplanned swap to LOCAL control. This also
caused AFW suction auto swap capability to be blocked. Manual control
apparently was still available, '

‘While testing the torus suction valves, two MOV failed when given an
open signal. Both torus suction valves had shorted out due to excessive
condensation in the HCI room area.

The breakers for the high pressure injection suction valves from the
BWST were inadvertently left tagged open after the reactor coolant
system had been heated up to greater than 350F. The suction supply
from the BWST to the HPI pumps was isolated and would not have
opened automatically upon engineered safeguards actuation. The root
cause is failure to perform an adequate review of the red tag logbook in
accordance with the startup procedure.
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4.3 Valve

Twenty-two MOV CCF events affected the valve sub-component, of which two events are
Complete events (see Table B-2 in Appendix B, items 128-149). Thirteen events were fail-to-open and
nine events were fail-to-close. The most likely proximate causes are Design/Construction/Installation
/Manufacture Inadequacy, Operational/Human, and Internal to Component as shown in Figure 4-4. Table
4-5 contains a summary of these events by proximate cause group and failure.

Table 4-5. CCF events in valve sub-component by cause group and degree of failure.

Proximate Cause Group ~ Complete C‘:II::;; (;::e Partial Total Percent
g‘c::iif:lvug:;smctionﬂnstallaﬁonl Manufacture | "1 6 7 31.8%
Internal to Component 4 18.2%
Operational/Human - 1 1 7 31.8%
External Environment 4 18.2%
Other 0 0.0%
Total 2 1 19 22 100.0%

Of the 22 failures, two were Complete (sec Table 4-6). One was human in nature, and was due to
maintenance personnel erroneously installing the wrong coupling pin in a2 number of valves. Another
Complete event was due to valve pressure locking. It was expected that pressure locking and thermal
binding would have resulted in more than three CCF events since this was an industry generic issue.
However, it may be that the low number of thermal binding pressure locking issues is due to the fact that
the GL on this subject GL 95-07, Reference 12, was not 1ssued until towards the end of the time period of
this study.

The Design/Construction/Installation/Manufacture Inadequacy proximate cause group had seven
events (32 percent) of which one was Complete (see Table B-2 in Appendix B, items 128 —134).
Affected piece parts included valve disk, body, and stem. The main coupling factors were Design and
Environmental.

The Internal to Component proximate cause group had four events (18 percent) of which none
were Complete and none were Almost Complete (see Table B-2 in Appendix B, items 139 -142).
Affected piece parts included valve disk, body, and packing. The main coupling factors were Design and
Maintenance.

The Operational/Human Error proximate cause group contains seven events (32 percent) of which
one was Complete and one was Almost Complete (see Table B-2 in Appendix B, items 143 ~149).
Affected piece parts included valve stem, body, and disk. The main coupling factor was Maintenance.

The External Environment proximate cause group contains four events (18 percent) of which

none were Complete (see Table B-2 in Appendix B, items 135 —-138). Affected piece parts included the
body and the disk. External Environment was not a significant contributor to MOV CCF events. This is
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expected due to significant design and regulatory emphasis regarding component environmental
qualification.
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Figure 4-4. Distribution of proximate causes for the valve sub-component.

Demand and Testing were the most likely methods of discovery for the valve sub-component
MOV events (17 out of the 22 events) as shown in Figure 4-5. The most likely piece parts involved in
CCF events were the disk, stem, and body as shown in Figure 4-6.
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Figure' 4-5. Distribution of the method of discovery for the valve sub-component.
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Figure 4-6. Distribution of the affected piece parts for the valve sub-component.

Table 4-6 lists the short descriptions by proximate cause for the Complete events, the events that
failed all the MOVs in a group. The descriptions of all MOV CCF events can be found in Appendix B.

Table 4-6. Valve sub-component event short descriptions for Complete events.

Proximate Failure .
System Cause Group Mode Description

CsSs Operational/ Failure During surveillance tests, two recirculation spray pump suction valves
Human Ermror to Open were inoperable. The valve position lights in the contro! room indicated
the valve cycled normally. However, the valve did not move from the
closed position. Failure was caused by the shearing of the coupling pin
due to inadvertently leaving the incorrect pin, a marlin pin, (tapered pin
possibly used for alignment), in the valve operator coupling.

RHR-B Design/ Failure Containment spray mode of RHR/RHR-B two MOV injection valve
Construction/ to Open operator motors failed on overload when stroking valves due to trapped

Manufacture/ pressurized fluid between discs of the gate valve. This was caused by
Installation misinterpretation of valve purchase specifications by vendor.
Inadequacy
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5. ENGINEERING INSIGHTS BY MOTOR-OPERATED VALVE
SYSTEM

5.1 lntroduction

This section presents an overview of the CCF data for the MOV 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 MOV CCF events, by system, see Appendix C.

Table 5-1. Summary of systems.

Almost

System  Sub-Section  Partial Complete Complete Total Percent
RHR-B 52 38 1 4 43 28.9%
HPI 53 27 6 33 22.1%
AFW 54 21 1 2 24 16.1%
RHR-P 55 18 1 1 20 13.4%
CSsS 5.6 8 5 13 8.7%
RCS 5.7 4 2 6 4.0%
RCI 5.7 4 1 5 3.4%
HCI 5.7 2 1 3 2.0%
I1SO 5.7 2 2 1.3%
Total 124

3 22 149 100.0%

5.2 Residual Heat Removal (BWR)

Forty-three events affected the RHR-B system (see Table C-1 in Appendix C, items §7-129).
Figure 5-1 through Figure 5-4 show selected distributions graphically. The most likely proximate causes
were the Design/Construction/Installation/ Manufacture Inadequacy and Internal to Component groups
(35 and 26 percent of events, respectively). The Maintenance coupled events were mostly affected by
maintenance/test schedules and maintenance staff errors. The Design coupled events were mostly
affected by components having the same design and internal component parts. The most likely discovery
methods were Demands (47 percent of events) and Testing (33 percent). Consistent with the overall
results, most events were the result of failures in the Actuator sub-component.

Several events were attributed to fouling, due to sediment (Table C-1, Appendix C, items 102 and
103). These are the only events that could be attributed to the system configuration and environment.
The other events are not unique to the RHR-B system. The distribution of proximate causes and coupling
factors indicates that there is no single mechanism driving the CCF of RHR-B MOVs. The RHR-B
system has the largest number of CCF events. This is primarily due to the large number of MOV's
(approximately 20) installed.
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Figure 5-1. Proximate cause distribution for the RHR-B system.
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Figure 5-2. Method of discovery distribution for the RHR-B system.
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Figure 5-3. Piece part distribution for the RHR-B system.
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Figure 5-4. Sub-component distribution for the RHR-B system.
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5.3 High Pressure Injection

Thirty-three events affected the HPI system (see Table C-1 in Appendix C, items 41-73).
Figure 5-5 through Figure 5-8 show selected distributions graphically. The proximate causes for the HPI
_system events were rather evenly distributed amongst the Operational/Human Error, Other,
Design/Construction/Installation/ Manufacture Inadequacy, and Internal to Component cause groups (30,
24, 21, and 15 percent respectively). The Maintenance coupled events were affected by maintenance/test
schedules and inadequate procedures. The most likely discovery method was Testing (55 percent). The
distribution of the events across the Actuator and Valve sub-components is consistent with the overall
study.

None of these events were determined to be unique to the HPI system. The distribution of
proximate causes and coupling factors indicates that there is no single mechanism driving the CCF of HPI
MOVs. -
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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. Sub-component distribution for the HPI system.

5.4 Auxiliary Feedwater

Twenty-four events affected the AFW system (see Table C-1 in Appendix C, items 1-24).
Figure 5-9 through Figure 5-12 show selected distributions graphically. There were two Complete CCF
events in the AFW system. The most likely proximate causes for the AFW system events were
Operational/Human Error (38 percent), Design/ Construction/Installation/Manufacture Inadequacy (29
percent), and Internal to Component (25 percent). Specifically, most events were coupled by
maintenance staff errors and maintenance/test schedules. The most likely discovery method was
Demands; however, all these events except one occurred prior to 1990. None of these events were
determined to be unique to the AFW system. The distribution of proximate causes and coupling factors
indicates that there is no single mechanism driving the CCF of AFW MOVs.
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Figure 5-9. Proximate cause distribution for the AFW system. -
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Figure 5-11. Piece part distribution for the AFW system.
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Figure 5-12. Sub-component distribution for the AFW system.

5.5 Residual Heat Removal (PWR)

Twenty events affected the RHR-P system (see Table C-1 in Appendix C, items 130-149).
Figure 5-13 through Figure 5-16 show selected distributions graphically. The most likely proximate



causes were Other (35 percent) and Operational/Human Error (25 percent). The Maintenance coupled
events were mostly affected by maintenance/test schedules and maintenance/procedures. The Design
coupled events were all affected by components having the same design and internal component parts.
The most likely discovery methods were Demands (60 percent of events) and Testing (35 percent).
Consistent with the overall results, most events were the result of failures in the Actuator sub-component.

The RHR-P MOV events where the valve disks were fouled due to boric acid buildup and where
torque switch settings were impacted by vibrations were the only events that could be attributed to the
system configuration and environment (Table C-1, Appendix C, items 134 and 135). The majority of the
events that occurred with RHR-P system MOV are not unique to the RHR-P system. The distribution of
proximate causes and coupling factors indicates that there is no single mechanism driving the CCF of
RHR-P MOVs.
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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. Sub-component distribution for the RHR-P system.

5.6 Containment Spray System

Thirteen events affected the CSS system (see Table C-1 in Appendix C, items 25-37). Figure
5-17 through Figure 5-20 show selected distributions graphically. The CSS system had 38 percent of its
CCF events classified as Complete. This is the highest fraction of Complete events in the systems
studied. The proximate causes for the CSS system events were approximately evenly distributed amongst
the Operational/Human Error, Design/Construction/ Installation/Manufacture Inadequacy, and Internal to
Component cause groups (31, 31, and 23 percent, respectively). The Maintenance coupled events were
affected by maintenance staff errors and maintenance/test schedules. The Design coupled events were
affected by components having the same design and internal component parts. Most events were
discovered by Testing (62 percent). No events were discovered by Demands. The distribution of the
events across the Actuator and Valve sub-components is consistent with the overall study. None of these
events are unique to the CSS system. The distribution of proximate causes and coupling factors indicates
that there is no single mechanism driving the CCF of CSS MOVs.
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Figure 5-17. Proximate cause distribution for the CSS system.
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Figure 5-18. Method of discovery distribution for the CSS system.
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Figure 5-19. Piece part distribution for the CSS system. -
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Figure 5-20. Sub-component distribution for the CSS system.
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5.7 Other Systems

Sixteen events affected the RCS, HC], RCI, and ISO systems. Since these systems have so few
events, no charts will be presented. Events in these systems are summarized in this section.

5.7.1 Reactor Coolant System Event Summary

Six events affected the RCS system (see Table C-1 in Appendix C, items 81-86). Two of these
CCF events were Complete. Both of these events were at the same NPP unit and were coded as both fail-
to-open and fail-to-close because the RCS power operated relief valve (PORV) inlet block MOV control
switch would not control the valves in either the open or close direction. The rest of the events were fail
to fully close events. There are very few RCS MOV events in the database. This is most likely due to the
small number of valves in the RCS system.

5.7.2 High Pressure Coolant In]ectlpn System Event Summary

Three events affected the HCI system (see Table C-1 in Appendix C, items 38-40). One of these
events was Complete. The Complete event was due to a steam leak, causing both HCI suction valves to
fail. '

5.7.3 Reactor Coolant Injection System Event Summary

Five events affected the RCI system (see Table C-1 in Appendix C, items 76-80). The one
Complete event was due to mis-positioning six RCI MOV breakers.

5.7.4 Isolatlon Condenser System Event Summary

Two events affected the ISO system (see Table C-1 in Appendix C, items 74-75). Neither of
these events were Complete. Both of these events were at the same NPP unit. Thermal binding and
damaged stem nuts were the causes. There are very few ISO MOV events in the database. This due to
the small number of valves in the ISO system and because very few NPP units have the ISO system.
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6. HOW TO OBTAIN MORE DETAILED INFORMATION

The MOV 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 MOV 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 (MOV) and failure mode. The failure modes selected were fail-to-open and
fail-to-close. The additional fields, (e.g., proximate cause, coupling factor, shared cause factor, and
component degradation values), along with the information contained in the narrative, were used to glean
the insights presented in this report. The detailed records and narratives can be obtained from the CCF
Database and from respective LERs and NPRDS/EPIX failure records.

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

Data Summary

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

Sub- Discovery | .. Coupling Failure | Degree of -
Item| Proximate Cause Co t] Method Piece Part |System Factor Year Mode | Failure Description
Design/ Actuator Demand | [Circuit IAFW rMaimenance 1984{Failure qul Aux. feedwater flow control valves would not open. On one the motor control contactor
IConstruction/ Open was not contacting due to 2 loose connections; and the other the torque close setting was
1 [Manufacture/ Imisadjusted, causing contacts to open o soon,
nstallation
|}mdequacy
Design/ Actuator Demand ICircuit [RHR-B [Design 1984{Failure [Complete I‘Iiioﬂl LCI injection MOVs would not open due to an error in the valve logic circuit
onstruction/ Open iagrams and the removal of motor brakes for environmental qualification. This condition
2 Mamlllfa?ml!/ caused the valves to continuously try to close until both valve stems were damaged.
nstallation
nadequacy
Design/ Actuator Demand Circuit |RHR-B |Design 1986{Failure |Complete idual heat removal/low pressure coolant injection discharge to suppression poot
onstruction/ Close inimum flow control valvesdid not close property on demand. Incorrect logic design
3 |Menufacture/ valves from closing completely on demand. The new design provided for a seal-
nstallation in contact with the sutomatic isolation signal. The seal-in contact allows torque closure of
adequacy valve even if the selector key lock switch is in the lock’ position.
Design/ Actuator [Demand ICircuit [RHR-P [Design 1 ailure  [Complete | overloads for two valves tripped due to design deficiency. Consequently, the
onstruction/ Open al closure of the valve will trip the thermal overload heater some percentage of the
4 [Manufacture/ ime,
Installation
Inadequacy
Design/ Actuator  [Demand Limit Switch [RHR-P [Design 1985]Failure r?anial Shutdown cooling system heat exchanger isolation valves were not fully closed, The
onstruction/ Close on resulted from premature actuation of valve motor operstor position indication
Manufacture/ limit switches and control room indication of the valves being in the closed position. A
5 linstallation ge is being implemented for these valves to separate the torque switch bypass limit
nadequacy switch and the valve position indicating limit switch by rewiring the position indicating
TS.
Design/ Actuator [Demand |Motor [RHR-B [Design 1991|Failure {Partial RHR test retum valves failed to seat tightly due to friction related problems. Replaced
onstruction/ Close valve operators.
6 [Manufacture/
Installation
Inadequacy
Design/ Actuator  [Demand [Motor IAFW  [Design 1989(Failure [Partial  |AFW MOVs would not fully close under high d/p conditions until the valve actuators were
onstruction/ Close |setup at the highest torque switch setting allowed by the tolerances.
7 |Manufacture/ :
Instellation
Inadequacy
Design/ Actuator Demand Motor {RHR-B [Design 1987|Failure [Partial Suppression pool cooling valves (onein each loop) failed to open. As long as the RHR
onstruction/ Open [pump was operating, the valves cotld not be opened and the thermal overloads would trip.
8 anufacture/ ICause was an incorrectly sized motor.
Installation
Inadequacy
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. Sub- Discovery . Coupling Failure | Degree of -
Item| Proximate Cause. Component | Method Piece Part |System Factor Year) )\ ode Failure Description
Design/ Actuator Demand [Torque (HP1 intenance | 1985|Failure [Partial Motor torque switches were out of adjustment and did not allow full closure.
Construction/ {Switch Close
9 |Manufacture/
[nstallation
Inadequacy
Design/ . Actuator Demand Transmission |RHR-P [Design l99l|f:ilurc Partial The motor operator for cold leg isolation valve electricallyengaged while the valve was
Construction/ Open being manually stroked open during post-modification testing. The motor operator
Manufacture/ electrically engaged and closed the valve (short stroking). Investigation determined that this
10 Installation electrical short stroking of the valve caused the moior pinion key to shear, Other safety-
Inadequacy - related motor operators were inspected. The motor operators were identified as having
failed keys similar to the failed key identified earlier. Further investigation revealed smail
cracks emanating from both comers of the keyway on the motor shaft. The root cause of the|
sheared motor pinion gear was that the key material was inadequate.
Design/ Actuator Inspection  |Breaker HPI  [Quality 1980iFailure  |Partial Power leads were found reversed to two safety injection valve operdors, Root cause was
onstruction/ to Open ‘ poor administrative control. ’
11 |Manufacture/
Installation
Inadequacy
Design/ Actuator Inspection  {Breaker IAFW  IQuality 1989 Failure |Partial IThe 125 vdc breakers for motor-operated valves in the turbine driven auxiliary feedwater
Construction/ to Open [pump system were not the proper size.
12 |Manufacture/
Installation
Inadequacy
Design/ Actuator Inspection  [Transmission [RHR-B [Maintenance | 1992|Failure |Partial L.CI MOV motor pinion key replacements were supposed to be performed in 1982 to
Construction/ Close change the keys to an appropriate material key. This replacement was not performed and
13 {Manufacture/ was discovered in 1992, as 3 valve keys were found sheared or nearly sheared.
stallation 4
Inadequacy
ign/ Actuator Inspection  {Transmission [RHR-B [Design 1 ailure  |Partial Investigating failure of motor operated valve 1o achieve minimum required closing thrust.
onstruction/ to Close A ctuator for inboard isolation valve not geared to supply specified 110% design thrust
14 ufacture/ Outboard isolation valve and 6 other motor operated valves (2 in RHR) had same actuator
installation problems due to failure to consider design capabilities prior to establishing diagnostic
cquacy Jtesting criteria.
ign/ Actuator Inspection  [Transmission [CSS  [Design 1993\Failure [Partial motor pinion key for a Containment Spray header isolation valve was sheared.
onstruction/ ' to Open Subsequent motor pinion key failures occurred on October 18, 1993, March 23, 1994, and
15 [Manufacture/ pril 13, 1994. The evaluations for these events determined that the failures were due to
tallation improper key material,
Inadequacy .
Design/ |Actuator Maintenance |Breaker IAFW  [Quality 1989\Failure  |Partial The trip coils installed in the power supply feeder breakers for the motor actuator for two
onstruction/ to Open IAFW MOV3s were incorrect.
16 |Manufacture/ :
tallation
uacy
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. Sub- Discovery . Coupling Failure { Degree of -
Item| Proximate Cause Component | Method Piece Part |System Factor Year Mode | Failure Description
Design/ Actuator  |Maintenance [Transmission FRHR-B Quality 1 ailure  [Partial [Nommal maintenance on suppression chamber cooling Loop B throttle valve. Suppression
IConstruction/ Open amber cooling Loop B throttle valve motor pinion key sheared and Loop A throttle valve
17 [Manufacture/ tor pinion key deformed. Keys were found to be of the wrong material due to vendor
nstallation inadequacies and utility programmatic deficiencies.
nadequacy ‘
Design/ pcmator Test ICircuit IAFW  [Quality 1982|Failure |Partial It was determined that a train of AFW MOV's would not open on a steam generator low-
onstruction/ Open low level. Some ofthe wiring to be done for design a change was incomplete upon
18 [Manufacture/ mpletion of the design change.
Installation
Inadequacy
Design/ [Actuator Test [Limit Switch |RHR-B [Maintenance l988|'l;ailme Partial During surveillance testing of the RHR shutdown cooling isolation valves revealed that
onstruction/ Close loop injection valve failed to close as required. The failure was due to a wiring error
19 [Manufacture/ the limit switches associated with RHR suction valves An incorrect limit switch was
Installation used for both valves, which made a slight mis-operation of the switches capable of
Inadequacy affecting the close circuitry of the isolation valves. )
Design/ A ctuator [Test Motor RHR-B [Design 1992(Failure |Partial [Due to the original valve operator selection criteria using less conservative factors, the
onstruction/ Close utboard primary containment spray isolation valves had an inadequate torque and thrust
20 [Manufacture/ pability. Design requirement is 134 ft-1bs; available is 100 ft-1bs.
[nstatfation
Inadequacy
Design/ Actuator  |Test [Motor RHR-B |Design 1989Failure  |Partial Due to incorrectly sized operator the Torus cooling valves would not completely close
'onstruction/ Close against full differential pressure.
21 |Manufacture/ - :
[nstallation
Inadequacy
Design/ Actuator  |Test Torque |RHR-B [Design 1987|Failure  [Partial [During operability test of RHR, a loop isolation valve would not close against system
onstruction/ ISwitch [to Close operating pressure due to an undersized washer spring pack in valve operator, supplied to
22 |Manufacture/ the plant in actuators by the vendor not in accordance with purchase specifications. Similar
Installation problem found on the other loop isolation valve.
Inadequacy
Design/ |Actuator [Test [Torque JAFW  [Design l989|f:ilm'e Partial Seven AFW valves would open but would not fully close electrically. The cause of failure
Construction/ ISwitch Close was that the valve operator and valve were previously changed out on a modification and
23 [Manufacture/ passed the post modification test. Upon investigation of the valve failure it was determined
Installation t the design engineers had the thrust values wrong and the torque switch was reflecting a
Inadequacy 1085 psi system when in fact the system is 1600 psi.
Design/ Actuator est Torque IAFW  |Design 1 ailure  |Partial uxiliary Feedwater Pumps to Steam Generator Isolations were determined to be past
onstruction/ Switch Close inoperable. Differential pressure testing conducted during the outage revealed the valves
24 |Manufacture/ uld not sufficiently close against design basis system conditions to isolate flow.
[nstallation .
Inadequacy
Design/ Actuator  |Test Torque HPI  |Design 1994iFailure [Pertial  |HPI MOVs failed to fully close. Engineering determined that the recommended close thrust
onstruction/ Switch Fto Closc was insufficient to close valve during worst case failure, -
25 [Manufacture/
Installation
Inadequacy
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. Sub- Discovery . Coupling Failure | Degree of -
Item| Proximate Cause Com t|  Meihod Piece Purt |System Factor Year Mode | Failure Description
Design/ . Actuator [Test [Torque ICSS  |Design 1985/Failure  |Partial [During maintenance, testing it was deteamined that four containment spray MOVs woulda't
IConstruction/ Switch : o Open - |develop the required thrust, The failures were attributed to an improper spring pack
26 Clure/ ’ installation and to an improper torque switch installation. The improper installations were
nstallation |dw to incorrect engineering calculations of original design values.
uacy
Design/ . Actuator [Test [Torque ICSS  |Design 1984|Failure  [Complete |During surveillance, two containment spray motor opesated valves failed to open. The
nstruction/ [Switch Open alves were siuck due to excess play in operator assembly, which allowed the open torque
27 {Manufacture/ switch to disengage thereby shutting off the operator. The bypass limit switch was rewired
lation to a separate rotor with a longer bypass duration per design change.
Inadequacy .
Design/ ] [Actuator Test Torque ICSS  |Design 1985{Failure [Complete |During maintenance, testing it was determined that four containment spray MOVs wouldn't
on/ |Switch ' Close elop the required theust. The failures were attributed to an improper spring pack
28 |Manufacture/ installation and to an improper torque switch installation. The improper installations were
[nstallation us to incorrect engineeting calculations of original design values.
uacy
Design/ ] A ctuator [Test [Torque |RHR-P [Design 1985{Failure  [Partial During maintenance testing it was determined several residual heat removal MOVs
onstruction/ |Switch Open wouldn't develop the required thrust as specified by the motor operated valve testing
29 [Manufacture/ program. The failure was attributed to an improper torque switch installation due to
Installation incorrect engineering calculations of original design values. The appropriate torque switch
Inadequacy instalied, adjusted per the revised engineering values, tested, and retumned to service.
Design/ . Actuator Test [Torque HPI  |Maintenance | 1991{Failure |Partial high pressure safety injection system flow control containment isolation valves failed
nstruction/ |Switch Close to completely close because total close thrust was not sufficient to close valveunder
30 |Manufacture/ ic stroke, A thrust vatue beyond the recommended maximum total close thrust would|
tallation be needed to completely close the valve, Engincering evaluation determined a higher thrust
Inadequacy value would be acceptable,
ign/ Actuator Test Transmission [HPI  [Quality 1 ailure  |Partial safety injection recirculation MOV failed to close. It was discovered that the valve had a
onstruction/ Close broken anti-rotation device (key). This prompied an inspection of the remaining globe
31 |Manufacture/ : alves that found the safety injection to reactor coolant system cold leg injection valves
taliation 50 had a broken key.
uacy
Design/ Actuator Test Transmission [HPI  |Design 1987|Failure ile testing the high pressure injection conirol valves, the motor operaior overthrusted
onstruction/ Open while going in the open direction. Valve operator overthrusied due to a design deficiency in
ufacture/ SR the torque switch spring pack that allowed a buildup of grease between the Belleville
32’ |Installation washers, which resulted in hydraulic lockup when the valve was operated. After discussion
Inadequacy with component manufacturer, a plant modification was performed that machined notches
in the ends of the motor operator torque limiting sleeve. These notches will provide a better
grease relief path.
Design/ [Valve |Demand [Body IRHR-B {Design l99||f:ilme |Partial Inboard LCI valve failed to open due to failed actuator motor caused by sustained operation|]
onstruction/ Open locked-rotor current due to hydraulic locking of the valve bonnet. Modifications
33 ufacture/ performed on both LCI inboard valves and both core spray inboard valves.
tallation
uacy
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. Sub- Discovery Coupling Failure | Degree of . .
Item} Proximate Cause Com Method Piece Part {System Fact Year Mode | Failure Description
Design/ [Valve IDemand Disk ISO  {Design 1989 Failure [Partial solation condenser dc outiet MOV failed to open. Both valve failures are attributed to
IConstruction/ Open | binding, which is identified as a recurring design condition.
34 [Manufacture/ .
Instatlation
Design/ . [Valve [Inspection  [Disk |RCI  [Design 1998IFailure |Partial RCI steam line isolation valves did not have the required seat/disk chamfer necessary to
onstruction/ Close that the valves would close under design basis conditions.
35 |Manufacture/ .
Installation
[nadequacy ‘ ‘
Design/ . [Valve Maintenance [Disk |RHR-B |Design l988l:‘:ilm Complete [Containment spray mode of RHR/LCI two MOV injection valve operator motors failed on
onstruction/ : Open erload when stroking valves due to trapped pressurized fluid between discs of the gate
36 x:t:‘lllfme, ve. This was caused by misinterpretation of valve purchase specifications by vendor.
ation
Inadequacy . . . :
Design/ [Valve [Test Body [RHR-B |Design 1 ailure |Partial iginal construction design error resulted in pump minimum flow valves not being
onstruction/ Close installed with the valve stem in the vertical, pointing upward orientation. Since these valves
37 amlxlfactmel not have wedge springs they have potential to prematurely seat failing to fully close.
nstallation
Inadequacy
Design/ [Valve [Test Disk RHR-B [Design 1992iFailure |Partial [ The test valves to the suppression pool failed to stroke full closed. Root cause analysis
onstruction/ Close revealed that the failure was the result of a gate valve in a globe valve application.
38 |Manufacture/
Installation
Inadequacy
Design/ Valve [Test Disk HPI  [Quality 1990iFailure |Partial [While testing the high pressure injection system, it was discovered that the flow rate was
Construction/ Open unbalanced and below the minimum allowed by the units technical specifications. The
39 [Manufacture/ ious replacement of the plugs in the MOV with a plug that had been manufactured to
Installation wrong dimensions, due to an ervor in a vendor drawing, caused unbalanced and low
[nadequacy flow.
External . Actuator  [Demand [Torque [RHR-P |Design 1983Failure {Partisl  [Two RHR MOVs were not giving remote indication in the full close position of valve.
40 |[Environment Switch o Close Torque switch inoperative, not rotating on closing stroke. The torque switch setting screw
. (was found loose most likely due to valve vibration. .
[External Actuator Demand [Transmission [HPI  |[Environmental | 1995|Failure jPartisl [When a close signal was initiated from the control room, two Refuieling Water Tank valves
Environment Close failed to close. They only stroked 2 pct. and gave dual indication. Inspection of actuator
41 internals found rust, corrosion, and water intrusion. The cause was due to water ingress
rough an actustor penetration in the stem protector resulting in rust and corrosion to
actuator parts,
External Actuator Inspection  [Motor |RHR-B [Environmental | 1985[Failure |Partial ECCS pump room was inadvertently flooded with water, inundating the RHR system
42 |[Environment Open inimum flow valve and a pump suction isofation valve, The valve operator motor
indings were grounded as a result of the water intrusion.
External Actustor [Test otor HCI  [Environmental | 1980(Failure [Complete ile testing the torus suction valves, two MOVs failed when given an open signal, Both
43 IEnvironment lM Open orus suction valves had shorted out due to excessive condensation in the HCI room area,
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: Sub- Discovery . Coupling Failure | Degree of
Item] Proximate Cause Com t]  Method Piece Part | System Factor Year Mode | Failure Description
External Actuator  {Test Torque [HPI  [Design 1991{Failure i (Compression springs in the HPI MOV torque switch assembly were weakened by vibration,
44 |Environment , Swilch o Close
External Actuator  [Test [Transmission {RHR-B [Environmental | 1991|Failure Partial  |One of the two primary containment isolation valves in both residual heat removal low
Environment to Close pressure coolant injection subsystems to be inoperable. One valve operalor torque switch
ltnpped in both directions preventing both full closure and full opemng The other valve had
45 excessive seat leakage. The threads of the gale valvestem nut in the motor operator were
'wom and broken causing the valve to lock in a partially open position. Analysis determined
tem nut wear out may have been accelerated by mechanical overload caused by high
ifferential pressure across the valve. The valve siem failed due to vibration causing cyclic
fatigue. )
% [External Valve Demand Body RHR-P [Maintenance | 1985[Failure Partial utdown cooling isolation valves wouldn't fully open. One was attributed to boric acid
Environment buildup and the other cause is unknown.
External Valve Demand IDisk RHR-B [Maintcnance | 1986{Failure [Pastial - |MOVs failed to open after being closed. Valves are the residual heat removal suppression
Environment Open | suction valves. Toue switch prevented motor bum-out. Valve disk was found struck
47 i osedMudwasfound|nthevalveseat.wh|cheausedmedmktowedgeintotheseazupon
closmg and prevented it from opuung Mud in MOVs believed to be from construction
ities of plant
External Valve Demand Disk -B [Maintenance | 1986iFailure |Partial suppression pool (residual heat removal) pump suction valves failed to open -
Environment Open ectrically. The motor was subjected to locked-rotor current for about 2 minutes, resulting
48 in ovetheating. Sediment accumulations (non-ferrous) that would squeeze out between the
disc and the seat and lock them together was the root cause. The suppression pool sediment
: most likely occurred during construction.
External Valve . Inspection  [Body |RHR-B [Environmental | 1981|Failure |Partial Motor operated valves (chemwasie receiver tank isolation) and (Torus Injection Isolation)
49 [Environment Open perators found with loose and broken cap screws anchoring motors to valves due to
o vibration induced loosening of the hold-down bolts.
Internalto [Actuator Demand ICircuit |RHR-B [Maintenance | 1993{Failure  |Partial MOVs failed when an aux relay open contactor failed to operate. Cause was
50 |Component to Open i 0 inappropriate use of cramolin spray to clean relay, which caused it to become
Intemal to Actuator [Demand Circuit -B [Maintenance | 1993|Failure |Partial MOVs failed when an aux relay open contactor failed to operate. Cause was
51 |[Component . Close ibuted to inappropriate use of cramolin spray to clean relay, which caused it to become
ternal to [Actuator Demand Circuit IAFW  |Maintenance | 1985{Failure i ile removing an AFW train from sefvice, the pump discharge valves to two sicam
52 [Component Close did not closc. The closing coils in the motor controller failed, due to unknown
ternal to Actuator Demand ICircuit RCS intenance | 1989 Failure [Complete inlet block MOV for the PORVs failed to close or open from the control room. This
53 jComponent ' : Close failure was due to the main control room switch for opening and closing the valve has
alic resistance reading as a result of wear and tear of the switch.
temal to Actuator  [Demand Circuit RCS intenance | 1989Failure [Complete inlet block MOVs for the PORVs failed to close or open from the control room. This
omponent Open failure was due to the main control room switch for opening and closing the valve has
ic resistance reading as a result of wear and tear of the switch.
ternal to Actuator Limit Switch -B |Maintenance | 1980(Failure |Partial valve indicating lights on RHR pump suction valves MOVs would not
55 omponent Open perate due to broken limit switch roors caused by loose limit swilch finger bases.
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. Sub- Discovery . Coupling Failure | Degree of e
Item| Proximate Cause Com t] Method Piece Part [System Factor Year Mode | Failure Description
{Intemat to Actuator  {Demand Limit Switch |RHR-B Maintenance | 1995[Failure |Partial RHR system suppression pool valves failed to operate on demand (open). The limit switch
56 IComponent : Open n the MOV fhiled to operate, thus not allowing the valve to cycle on command. The cause
: f the failure was normal wear and service conditions of the limit switch resulting in
failure. :
Internal to - Actustor  [Demand Torque HCI  [Quality 1 iture [Partial an attempt to reposition a HCI MOV (the recire 1oop pump suction valve), The valve
IComponent ISwitch Open failed to open upon a signal from the control room. An investigation into the cause of the
tve’s fajlure determined that a hydraulic lockup of the MOV's spring pack prevented the
57 rque switch from opening causing the motor to fail, This lock-up was due to: 1) the
replacement of less viscous new grease, into the operator, which was recommended by the
manufacturer and 2) the failure of the manufacturer to provide information regarding the
‘ : to install a retrofit grease relief kit
|Internal to Actuator Demand [Torque M-B Quality 1986{Failure [Partial An electrical fire was discovered in an MCC. The cause of this event was a personnel error,
omponent Switch Open which resulted in an incorrect field wiring instsllation on HCI MOVSs. The crror was
58 jcompliceted by unsuccessful detection of the error during subsequent testing or inspections.
As corrective actions, the wiring error was corrected. Additionally, all other motor
operators, which were replaced for environmental qualification purposes during this period
- were modified to preclude this failure. ]
59 nternal to JActuator Demand Transmission [RHR-B [Maintenance | 1984]Failure [Partial Torus suction valves (Both loops) clutch lever would not engage.
* IComponent _fto Open '
Internal to Actuator Inspection  [Transmission [HPI FMaimumce 1986{Failure |Partinl During a special inspection, a limit switch terminal block was found cracked and a bevel
0 jComponent Open gear stripped on safety injection system high pressure header shutoff valves. The cause of
failure has not been determined but inadequate maintenance is suspected. The limit switch
inal block and the bevel gear were replaced.
nternal to [Actuator Inspection ransmission |[CSS aintenance | 1989{Failure Oil leaks identified on handwhee! of motor operated actuator for containment spray header
61 [Component . Open isolation valves, Internal seals and o-ring for mating surface of handwheel and gear box had
: failed. Failure attributed to unexpected abnormal wear.
Internal to rActuator Maintenance [Breaker ClI Nainwnmce 1999{Failure  |Partial Vatve operations were not within specified time limits due to faulty contactors. Inadequate
62 omponent Open [PM.,
nternal to [Actuator Maintenance [Limit Switch [RCS  [Quality 1983{Failure [Partial The Limitorque valve operator for the pressurizer isolation valves found to have cracks on
63 lComponent Close peared limit switch,
[nternal to Pctuator Maintenance [Motor [RHR-B 1989 Failure [Partial unds were found on 2 of 4 LCI Injection valves. Probable cause was determined to be
64 omponent Open insulation breakdown.
Internal to rctuator WMainwname orque [HP] nintenance | 1994|Failure  |Partial High Head Safety Injection System motor operated isolation valves would not open fully.
omponent Switch Close ‘echnicians investigated and found grease on torque switch contacts, which prevented
65 from closing circuit. Improper greasing resulted in excessive grease accumulation
n torque switch contacts.
nternal to Actuator  [Maintenance [Torque HPI  [Maintenance | 1994(Failure [Partial  |After completion of mechanical rework on HPI MOV actuator, technician was attempting
omponent Switch . Open to setup and stroke motor operated valves. While stroking valve electrically found the
66 switch would not open, resulting in valve travel not being stopped. Technicians
investigated and found torque switch defective and rotor on limit switch to not be tuming
fully to proper position,
Internal to Actuator [Test Breaker ICSS aintenance | 1990{Failure ial The 480 Vac circuit breakers for recirculation sump to containment spray pump isolation
67 ‘omponent IM o Open [valves would not trip on an instantancous trip test within specified current limits.
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. Sub- Discovery . Coupling Failure | Degree of : .
hiem| Proximate Cause Com t| Method Piece Part | System Factor Year Mode | Failure Description
internal to Actuator  [Test Circuit  |AFW  |Design ailure [Compleie [Loose sliding link caused unplanncd swap to LOCAL control, This also caused AFW
68 mpoaent to Open suction auto swap capability to be blocked. Manual control apparently still avnlable
;lgnimu to Actuator  [Test Circuit HP1 intenance | 1986{Failure [Partial  [Dirty contacts and loose connections resulted in valves filing to open.
mponeat 10 Open
Internal to Actuator  [Test Limit Switch ]AFW  |Maintenance |1 ailure FPamal The AFW pump supply to sicam generator conrol valves stopped at an intermediate
70 [Component . to Open position and did not fully open. Local verification based on siem travel verified the valve
Istopped at an iniermediate position. The valve operators limit switch was out of adjustment.
Intemnal to |Actuator Test otor IAFW intenance | 1992|Failure |Partial maximum d/p previously used in earlier testing and evaluation was determined to not
7 omponent Close represent worst case conditions. Further testing revealed that none of the AFW block valves
. would full close against the calculated worst case d/p. The root cause of the inability of the
valves to close is attributed to valve condition due to nonnal wear.
7 iternal to Actuator est, oior -B 1985{Failure [Partial  [Bumed out moiors (one LCI and one Torus cooling) due to aging.
ompouent o Open )
= [ntemal to Actuator  [Test . rMator ICSS  [Design 1986(Failwre [Compleie {Routine surveillance disclosed that the containient recirculation sump © containment
omponent Open spray pump isolation valves would not open. The motor for valve operators burned up.

7 ternal to Actuator  [Test [Torque -P IMaintenance | 1986jFailure [Partial ile the unit was in shutdown for refueling, the BWST outlet valve operator failed to
4 mponent Switch to Open open during molor operated valve actuation testing. The torque switch was out of balance.
Intemnal to Actuator  [Test Torque IAFW  |Design 1986Failure JAlmost  |During MOV actuator testing, the close torque limits on the operaior to the emergency

ymponent Switch Close (Complete |feedwater pump discharge valves ® the steam generators were found to be below
minimum. The torque switches were out of adjustment.
Internal to Actuator  [Test Torque HPI intenance | 1991Failure |Partial  |A fuse failed in the first event due to aging and washers in the spring pack of the second
76 (Component Switch Open valve came loose and grounded the motor. Root cause was inadequate maintenance.
Internal to - |Actuator  |Test Transmission RHR-BFMaintenanee 1983(Failure |Partial  |RHR inboard injection valve would not open due to a locking nut on the worm gear shaft
' mponent Open ﬂmvuubackedoﬂ‘lllowmgthewonngeartobackoutofthebeanngmdttespnngpack
) [The opposite train valve had Eiled 2 months previously for the same cause.
ternal to [Valve Inspection  |Body -B [Design 1 ulure Partial On 4/29/92, the Torus cooling injection motor-operated valve was found to have cracks in
78 [Component the valve yoke. Onwnz,ﬂmeueoolmgmjecnonMOthheredundmzloopwmalso
discovered with cracks in the yoke.
ternal to Valve {Maintenance [Disk IAFW intenance | 198 ulutc Partial  [Plug nut welds wese brokea on the auxiliary feedwater pump discharge isolation valves,
79 [Component [ This would allow the disc to come off. Exmeausewumhwwnbﬂsmpecugcand
g : wearing.
temal to Valve [Test IDisk [RHR-B [Maintenance Failure [Partial RHR MOVs mled the surveillance test with gross seat leakage. Investigation revealed
80 mponent Close nﬁndlscgmdesmdsomcmuchesonﬁwmtmmnmmmlmmdlgmg
[intemal to Valve est HCI  [Design 1 ailure  |Partial High Pressure Coolant valves failed to fully close. The cause of the failure sppeared to be
81 [Component Close high packing load that caused mechanical binding preventing the operator from fully
: osing the valves.
[Operational/ Human|Actuator Demand Breaker AFW Wunm 1987iFailure _|Partial mhumvﬂmmmemgenmmﬁomﬂlemdﬁvenawdliuyfeodv_vmrm
[Error Open iled to open when demanded from the main control board switch. The dc circuit breaker

82

for the motor operated valves were found to have loose (unplugged) connections on the
inal block inside the breaker. It appears that the connectors are easily unplugged by
ing the cables in the cable run compartment adjoining the breaker.
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. Sub- Discovery Coupling Failure | Degree of .
Item] Proximate Cause Component |  Method Piece Part  |System Factor Year Mode | Failure Description
Operational/ Human |Actuator d [Breaker IAFW  |Design 1988|Failure |Partial [The motor operated containment isolation valves for the turbine driven fesdwater pump
Error Open supply to steam gencrator failed to respond during stroke test from the main control board,
motor leads in the d¢ breaker were found disconnected. This is a plug-in type
83 nector unique to the 480 vdc breakers. After evaluation, it was determined that
were working in the cable run compartment adjacent to the breaker and as they
moved cables around in the cable run, tension was applied to the connectors causing them
. puli out
84 (Operational/ Human |Actuator Demand ICircuit IRC] [Maintenance | 2000{Faiture  [Partial [l‘he instruments that signal the RCI steam supply valves to close in the event of a steam
Error . - : Close line break were rendered inoperable due to human error and work package change errors.
Operational/ Human]Actuator  [Demand Circuit |RHR-B [Design 1985|Failure  [Complete the control room operstor proceeded to establish shutdown cooling, the suction
[Error Open lves to the system would not open. Investigation revealed that while applyinga
intenance permit to the primary containment isolation System, a plant operator
85 unknowingly removed the wrong fuse. This electrically blocked the residual heat removal
system shutdown cooling suction valves and head spray isolation valves in the closed
position. Investigation revealed that although the plant operator removed the fuse, which
was labeled £2, as the permit required, this was not the correct fuse. Apparently, the label
had slid down such that fuse f3 appeared to be 2.
(Operational/ Human (A ctuator [Demand Limit Switch JAFW  [Maintenance | 1984|Failure {Partial Feedwater from the motor driven suxiliary feed pumps to steam generators, failed upon a
2 Error Close feedwater flow retention signal. Normal operation upon a retention signal is to actuate to a
preset position. Inspection of the Limitorque operator revealed the limit switch was
improperly positioned. An investigation could not determine cause of improper adjustment.
[Operational/ Human jActuator and [Limit Switch JAFW HMaimnnee 1984{Failure rtial Feedwater from the motor driven auxiliary feed pumps to steam generators, failed upon a
87 Error Open feedwater flow retention signal, Normat operation upon a retention signal is to actuate to a
preset position. Inspection of the Limitorque operator revealed the limit switch was
improperly positioned. An investigation could not determine cause of improper adjustment.
a8 iOperational/ Human |Actuator Demand Torque |RHR-B lMuinwnance 1991(Failure  |Partial First failure was a torque switch out of adjustment. Second failure was a mis-positioned
Error . B Switch ‘ Close motor lead holding a torque switch open. Inadequate maintenance.
[Operational/ Human [Actuator Demand orque FRCS FMaimzmmee 1981(Failure  |Partial pressurizer PORV block valves did not fully shut on demand. The cause of this event
89 IError Switch Close was due to maintenance practices problems.
[Operational/ Human [Actuator Demand orque IAFW ity 1985{Failure [Complete procedural deficiency that allowed for a low setting of the bypass limit switches on
Ervor Switch Open Limitorque valve operators prompted an evaluation of all MOVs. Using the motor operated
[valve analysis and test system; a review of the as found conditions of 165 safety related
MOVs revealed that 17 valves were evalusted as inoperable for various reasons. These 17
9% Ives included the auxiliary feedwater isolation valves. Further investigation revealed that
Limitorque faited to supply adequate instructions on balancing of the torque switches.
‘orque switch unbalance resulted in three valves being unable to produce sufficient thrust
close against the design differential pressure,
[Operational/ Human rcﬂmor Demand Torque Cl  |Design 1986Failure rtial An electrical fire was discovered in an MCC. The cause of this event was a personnel ervor,
Error ~ |Switch Close Mim resulted in an incorrect field wiring installation on HCI MOVs. The error was
complicated by unsuccessful detection of the emror during subsequent testing or inspections.
9t TA’ corrective actions, the wiring error was corrected. Additionally, all other motor
operators, which were replaced for environmental quatification purposes during this period
were modified to preclude this failure.
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. Sub- Discovery . Coupling Failure | Degree of .
Item| Proximate Cause Com t|  Method Piece Pait | System Factor Year Mod Failure Description
iOperational/ Human jActuator Demand [Torque RHR-B [Maintenance | 1987\Failure [Partial  [The residual heat removal suppression pool full flow discharge isolation valve and the torus
%2 Error Switch Close y isolation valve would not fully close upon demand. The cause of the failure is
improper previous maintenance activities set the torque switch setting on the valve operator
incorrectly low.
IOperational/ Human {Actuator Demand orque -P [Maintenance | 1983Failure |Almost  |Shuidown cooling system heat exchanger isolation valves could not be remotely opened
9 Ervor wilch Open [Complete |lrom the control room The inability of the valves to remotely open was attributed to
incorrect open sequence torque and limit switch settings. The incorrect settings caused the
motor o the valves 1 stop before the valves had come off their seats.
04 rational/ Human [Actuator Demand orque IAFW IMAmtenanwe 1995)Failure  |Partial IAFW steam supply valves torque switch setpoints were incorrectly calculated for the type
[Error witch Close jof valve.
Operational/ HumanjActuator  [Demand orque AFW  [Maintenance | 1988[Failure [Partial Operator tried to close motor driven auxiliary feedwater pump discharge header to steam
Eeror wilch Close gencrator isolation valves against pump flow and they would not fully close. Valves failed
95 to close due to the torque switch opening. These being caused by the increased torque
during intermitient throttling near the full closed position where differential pressure is
maximum.
[Operational/ Human [Actuator Demand [Transmission RHR-P [Operational 1995|Failure  [Partial Low Pressure Injection valves were overtorqued open in error during manual backseating
96 [Etror Close : after past packing leaks. Excessive force was applied when disengaged from electric
peration, causing clutch ring to bind-up when electric operation was re-initiated.
97 [Operational/ Human JActuator llnspection [Breaker [HPI  lOperational 1989Failure [Complete [Procedures allowed entry into operating mode where the system was required without
Error Open irecting operators to encrgize HPI MOV valve operators.
Operational/ Human lActuator Wlnsped.ion Breaker ’HPI iOperational 1987|Failure Fomplete breakers for the high pressure injection suction valves from the BWST were
Error Open inadvertently left tagged open after the reactor coolant system had been heated up to greater
98 350F. The suction supply from the BWST to the HPI pumps was isolated and would
not have opened astomatically upon engineered safeguards actuation. The root cause is
faituce to perform an adequate review of the red tag logbook in accordance with the startup
procedure.
99 (Operational/ Human {Actuator ‘lnspection [Breaker HPI  {Operational 1981{Failure |Complete {Operator went to the wrong unit and de-energized a total of five SI valves.
[Exrror to Open
100 [Operational/ Human |Actuator Inspection tor CSS  [Maintenance | 1987|Failure [Partial Containment spray MOVs were rendered inoperable by maintenance staff ervor.
[Error Open Lubrication for the pinion gear housings was putin the motor housings.
iOperational/ Human [Actuator FMainwmnce [Limit Switch (HPI  [Design 1985{Failure [Complete (Incorrect engineering calculations resulted in spring pack setting that would not open the
101 |Emor ‘ to Open BIT isolation valves, The third valve, SI pump to accumulators was discovered with the
samé failure.
(Operational/ Human|Actuator  {Maintenance [Limit Switch 'RHR -P [Maintenance | 198GiFailure [Pastial Low pressure safety injection flow control containment isolation valves' stroke travel was
102 IEror . to Close greater than allowabie. The cause was open limit switches out of adjustment.
103 Operational/ Humen|Actuator \Maimmame Torque -B IMuntemmce l983|f:|lure Partial roper wiring and connections on torque switches and limit switches.
Error Switch
Operational/ HumanjActuator  [Test Breaker IHP1 intenance ailure  |Partial RWST to Charging Pump Suction Isolation Valve failed to open. Troubleshooting
Error Open ubsequently determined that the MOV had two lifted leads. Further investigation revealed
104 another Charging Pump Suction Isolation Valve also had two lifted leads. The cause of|
] event was personne! crror.
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. Sub- Discovery Coupling Fuailure | Degree of .
Item| Proximate Cause Component |  Method Piece Part |System Factor Year Mode | Failure Description
(Operational/ Human|Actuator Test Breaker |RCI  Operational 1989Failure [Complete [During the performance of a scheduled RCI system logic system functional test, an
105 Error Open urization of the system's suction pipi:_lg occurred. The operators incorrectly
positioned and/or inaccurately verified the positions of 6 circuit breakers to motor operated
ves prior to (and for) the test. RCI system inoperable,
106 Operational/ Human |Actuator  [Test ICircuit HP]  |Maintenance | 1984Failure [Complete IWhile performing a surveillance test during refueling shutdown, the open contactor for HPI
Error Open loop isolation valves did not close. The contactors were out of adjustment.
107 IOperational/ Human |Actuator Test ICircuit HPI  [Maintenance [ 1986[Failure [Partial 'wo ECCS MOV had wire grounded under valve operator cover. Both failures were
Error . Open attributed to previous maintenance.
Operational/ Human |Actuator  {Test [Limit Switch [CSS  [Quality 1988/Failure [Complete [During re-testing, technicians found that the containment sump isolation valve operator
Error Open internal limit switches were incorrectly set. This prevented the containment spray suction
108 : valve from repositioning as required. During a plant. modiﬁe!tion, technicians in‘eonedly
set the containment sump isolation valve operator's intemal limit switch. The switch was
) to be open, though drawings called for it to be closed. Due to inadequate functional
ification, this error was not found during post modification testing.
109 [Operational/ Human [Actuator [Test Limit Switch [CSS  [Maintenance | 1985]Failure |Partial Redundant discharge valves on a containment spray pump would not open. Valve would
Error . Open torque out before going apen due to improperly adjusted limit switch,
10 Operational/ Human [Actuator Test Limit Switch [RHR-P [Maintenance | 1991|Failure [Partial LP1 MOVs failed to open. Incorrect setpoints of the valve operator limit switches. Root
10 Jemor Close cause was insufficient control of setpoints.
[Operational/ Human|Actuator  [Test Limit Switch [RCS  [Maintenance [ 1984|Failure [Partial In performance of surveillance testing, pressurizer power operated refief valves, failed to
Error Close lose properly. Loose connections within the Limitorque operator. Long term measures to
i eliminate this recurring problem inciude changes to maintenance procedures requiring
periodic examinations of all switch contacts within Limitorque operators,
[Operational/ Human|Actuator Test Torque HPI sintenance | 1981|Failure |Partial Makeup pump recirculation vaives did not fully close due to fow torque values. The torque
12 [grror Switch Close switch settings were set with no system pressure,
(Operational/ Human]Actuator  [Test orque AFW  [Maintenance | 1987[Failure |Partial Auxiliary feedwater regulating isolation MOVs were observed to stick and jam during
Error Switch Open motor operated valve actuation testing because the testing loosened the valve coupling on
¢ drive shaft, throwing the limit switches out. The cause of the coupling coming looss
"3 was the torque of the operator exceeding the potential of the coupling, thus unscrewing it.
is resulted from too high a setting on the torque switch, and the setup of the control
ircuitry. :
IOperational/ Human |A ctuator Test Transmission [HPI  [Maintenance | 1987[Failure [Partiaf high pressure safety injection header to loop injection MOV operator spring packs
Error Open were found with excess grease during surveillance testing causing valve to torque out mid
14 stroke. The spring pack was inoperable due to excessive grease caused by improper
intenance,
Operational/ Human{Valve Demand Body HPI  |Operational | 1988[Failure |Partiaf Safety injection isolation motor operated valves responded to an open signa! from control
Error Open room only after the valves were cracked open manually. The valve operators thermal
115 overloads failed to trip after the valve remained energized for 30 minutes. No problems
with the operator were discovered. It is suspected that the practice of manually seating the
valve during refueling tagouts overtorqued the valve and prevented it from opening.
iOperational/ Human|Valve Demand [Disk Wm-P IQuality 1987|Failure  [Partial The residual heat removal system safety injection to reactor coolant loop igolation MOVs
[Ervor o Close were leaking through while closed and could not be isolated. Valve split disks were
e reversed during initial installation and were 180 degrees out from the proper orientation,
This caused seat leakage due to lack of seating contact,
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. Sub- Discovery . Coupling Failure | Degree of L
liem| Proximaie Cause Com, Method Picce Part |System| - Factor Year Mod Failure Description
n7 iOperational/ Human [Valve Demand tem 1SO intenance | 1981|Failure |Partial The isolation condenser valves failed to properly operate. The stem nuts of the MOV
Error to Close operators were found to be damaged.
(Operational/ Human{Valve Test Stem AFW FMaintenanoe 1984\Failure  [Partial ux feedwater pump discharge/header isolation valves found damaged during special
18 Error Open inspection. One valve did not open during swveillance test; the other three were not
perated, but probably would not have opened due to excessive damage, (bent stem). All
e was determined 1o be due to over-torquing the torque switch.
iOperational/ Human [Valve ITest Stem [RCS |Maintenance |1 ailure  |Partial pressurizer’s power operated relief valve's isolation valve operador's output thrust was
119 [Ervor _|to Close below the minimum required to fully close the valve on demand. The valve's stem to stem
nut nickel based lubricant was the cause.
fOperational/ Human [Valve Test Stemn CSS Mmmm 1984[Failure [Complete |During surveillance tests, two recirculation spray pump suction valves were inoperable.
Etror Open valve position lights in the conirol room indicaied the valve cycled normally. However,
120 the valve did not move from the closed position. Failure was caused by the shearing of the
ing pin due to inadvertently leaving the incorrect pin, a marlin pin, (tapered pin
possibly used for alignment), in the valve operator coupling.
Operational/ Human|Valve [Test tem IRHR-B |Mainienance | 1986{Failure |Almost ile testing the high pressure injection control valves, the motor operator overthrusted
Etror Close [Complete ¢ going in the open direction. The valve operator overthrusted due to a design
iciency in the torque switch spring pack that allowed a buildup of grease between the
121 _[Belleville washers which resulted in hydraulic lockup when the valve was operated. After
iscussion with component manufacturer, a plant modification was performed that
machined nolches in the ends of the motor operator torque limiting sleeve. These notches
ill provide a better grease relief path.
Other Actuator Demand Circuit IRHR-B Design 1987|Failure |Partial ailure of the auxiliary contact block assembly of valve moior close contactor (failed in
: Open pen position) prevented energizing valve motor open contactor. Occusred on Unit 2/1
122 . isolation valve and on Unit 1 RHR isolation injection valve. The contacts
failed in the open position, thereby preventing energization of the valve motor open
icontactor,
Other Actuator  |Demand - Flrcult IAFW intenance {19 nlure Partial During automatic actuation of the AFW system, the motor operator flow control valvesto
13 SG's did not operate properly on a flow retention signal.
Other Actuator  |[Demand Circuit AFW intenance 1934!; Partial  [During automatic actuation of the AFW system, the motor operator flow control valvesto
124 Close I SG'’s did not operate properly on a flow reiention signal.
Other Actuator  |{Demand Limit Switch [RHR-P [Mai 198 leal Residual heat removal punp suctions from feedwater storage tank valve and containment
125 ump would not operate from control room. Cause of valve's failure to operate was limit
switches out of adjustment.
126 [Other Actuator  [Demand Limit Switch m-r IMnmtemnce lwﬁ; ailure MOV motor torqued out on start of open/close cycle. Limit switches out of adjustment.
Open
127 [Other Actuator  |Demand  |Limit Switch [HPI IMnnwmnce 1982{Faiture |annl Close limit switch out of adjustment. Afier adjustment, valve closed comrectly.
Close :
Other Actuator  |[Demand Torque {RHR-B |Maintenance | 1984;Failure i idual heat removal suction from suppression pool and shutdown cooling inboard
[Switch Open isolation suction valve would trip thermal overload when attempting to open from closed
128 ition and failed to close completely. Torque switch setting was to high and limit switch
ings were incomect. Reset limit and torque switches. :
KOther A ctuator Demand [Torque -B |[Maintenance | 1984{Failure i th LCI loop's full flow test valves failed to go full closed duc to a faulty torque switch.
129 [Switch Close
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Sub- Discovery . Coupling Failure | Degree of L.
Item| Proximate Cause Com Method Piece Part | System Factor Year Mode | Failure Description
Other Actuator Demand Torque [RHR-B [Maintenance | 1984iFailure  |Partial idual heat removal suction from suppression pool and shutdown cooling inboard
130 Iswiten Close isolation suction valve would trip thermal overload when attempting to open from closed
ition and failed to close completely. Torque switch setting was to high and limit switch
ings were incorrect. Resat limit and torque switches,
Other Actuator  [Demand Torque M-P aintenance | 1987|Failure pump suction MOV isolation valves would not fully open on demand. The cause of
131 Switch Open is failure was due to both torque switches were out of adjustment. Both valves could be
losed on repeated attempts but not reopened completely.
iOther Actuator Maintenance |[Breaker (HP1 1 ailure [Partial 480-volt circuit breakers for three safety injection to cold leg motr operated isolation
132 Open ves were found out specification high on two phases. The degraded component had no
significant effect on the system or the plant, but could have caused damage to the valve
motors since the overcurrent protection was degraded. :
113 Other Actuator Maintenance [Bresker HPL lMainmance 1988|Failure |Partial A 480 Vac circuit breaker for a safety injection contro! valve failed to trip within its set
Open lerance. The cause of the failure was attributed to a defective circuit breaker.
Other Actvator Maintenance [Torque ICSS FMaimcmmce 1991{Failure found available open and close thrusts were below the recommended minimum. It
134 ‘ Switch Close [ was determined that the MOVs were inoperable in the open direction, the safety function of]
MOY, and operable in the closed direction under worst case design basis conditions as
foumd. Suspect it was due to setpoint drift and or cyclic loading.
Actuator Maintenance [Torque S  |Maintenance | 1991|Failure |Partial ile maintaining the containment surnp isolation valve operators, it was noted that the as
Switch Open found available open and close thrusts were below the recommended minimum. It was
135 ined that the MOVs were inopersble in the open direction, the safety function of the
MOVs, and operable in the closed direction under worst case design basis conditions as
found. Cause of valve thrusts below minimum recommended was unknown. Suspect it was
to setpoint drift or a cyclic loading,
Other Actuator  {Test er RHR-B {Maintenance | 1986{Failore fPanial LCI test valve and LCI torus suction valve would not open upon demand and would trip the
136 Open er upon movement. Found auxiliary contacts on breaker in open circuit not making
up. . .
Other Actuator  [Test [Limit Switch aintenance |1 silure  [Partial Limit switches being out of adjustment resulted in contained leakage. One had both open
137 B ‘ : Close and closed [imit switches out of adjustment. The other valve had only the closed limit
) switches out of adjustment.
(Other [Actuator est Limit Switch [HPI aintenance | 1989Failure {Partial high pressure safety injection pump long term cooling containment isolation MOVs
138 Open failed to achieve minimum flow requirements. The cause of failure was attributed to the -
limit switch rotor being out of mechanical adjustment.
Other Actuator Test ILimit Switch -P |[Maintenance | 1990|Failure [Partial Stem travel was excessive on low pressure safety injection flow control containment
139 Open isolation vatves. The opening travel was excessive, due to limit switch out of adjustment.
Other Actuator  [Test Limit Switch [RHR-B [Maintenance | 1984{Failure [Partial During a LCI operability test, full flow test valves were closed by position indication.
140 Close oweves, the valves were not fully seated, and the LCI discharge piping drained. Valve
ition indication was aut of adjustment. -
Other Actuator  [Test imit Switch [HPI  [Design 1934]Failure  |Partial [The HP1 header flow rate was not within technical specification requirements, No direct
141 0 Open I cause could be found for the spparent drift of the valve operators.
" [Other Actuator est P.imit Switch [RHR-P [Design 1995!Failure LPI throttle valves failed to stroke fully open. As a result, minimum flow for LPSI injection
142 ) o Open legs were below the minimum design basis flow.
Other Actuator  jTest [Limit Switch [RHR-P [Design 1995]Failure  |Partial LP1 throttie valves over traveled in the open direction by approximatety 1/2 inch. This
143 1. 1. ‘ 0 Open resulted in LPI flow exceeding Tech spec limits..
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: . Sub- Discovery s Dert” louatara] Coupling Failure | Degree of .
Item| Proximate Cause Component |  Method Piece Part | System Factor Year Mod Failure Description
. [Other Actuator  [Test Torque |RHR-P [Mainienance - | 1984{Failure JPartial  |While performing sump valve swoke test two MOV failed to re-open after being stroked
|Switch Open osed. The cause of the failures has been determined to be that the bypass circuit time was
144 too short. This prevented the valves from opening until the control switch had been
operated several times. :
Other Actuator  [Test Torque [HPI  |[Maintenance |1 ‘ailure [Partial  |Motor Operated Valve for High Pressure Safety Injection would not stroke fully open.
145 witch to Open Electricians found oxidation on the open torque switch contacts, causing the motor to stop
. ’ alve movement before the valve was fully open. Oxidation is an expected occurrence over
i time in this atmosphere.
Other Actuator Test [Torque [HPI  |Maintenance |1 ailure  |Partial High Pressure Safety Injection to Loop MOV would not stroke fully open. Electricians
146 |Switch : Close found oxidation on the open torque switch contacts, causing the motor to stop valve
movement before the valve was fully open. Oxidation is an expected occurrence over time
in this atmosphere
147 KOther IActuator  [Test Torque IRHR-B [Mai 1984{Failure [Partial  |LLRT failures on Torus Suction valves due to torque switch misadjustment.
|Switch Close ) ' )
[Unknown |Actuator [Demand Flmut HPI  |Maintenance | 1985{Failure iComplete motor operators for 2 valves, which allow the chemical and volume control puinps to
to Open suction from the refueling water storage tank when in the closed position or from the
148 olume control tank when in the opened position, bumed up in the closed position and had
be manually opened,
[Unknown Actuator  [Demand Transmission |RHR-P Maintenance | 1985{Failure }Pastial w pressure injection supply from the borated water storage tank isolation valves would
149 Close close due to broken worm shaft cluich gear on valve operdor.
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Table A-2. MOV CCF events sorted by coupling factor.

Item Cg:g::g Proximate Cause Dﬁm c Sub- | Piece Part ]System| Year l;"';‘:: D;:.T‘::f ) _ Description

Design Design/ [Demand |Actuator Circuit -B{ 1984fFailure [Complete [Both LCI injection MOVs would not open due to an error in the valve logic circuit

IConstruction/ Open [diagrams and the removal of motor brakes for environmental qualification. This condition
1 Manufacture/ caused the valves to continuously try to closs until both valve stems were damaged.

Installation
Inadequacy

Design Design/ [Demand Actuator Motor IAFW | 1989Failure |Partial [AFW MOVs would not fully close under high d/p conditions until the valve actuators were

onstruction/ Close [setup at the highest torque switch setting allowed by the tolerances.
2 Manufacture/ .
Installation
Inadequacy :
Design Design/ Demand A ctustor Circuit RHR-P | 1999|Failure {Complete [Thermal overloads for two valves tripped due to design deficiency. Consequently, the
onstruction/ Open normal closure of the valve will trip the thermal overload heater some percentage of the
3 Manufacture/ time.
nstallation
Inadequacy
Design Design/ [Demand Actuator  [Motor RHR-B| 1991|Failure |Partial [RHR test return valves failed to seat tightly due to friction related problems. Replaced
Construction/ Close valve operators,
4 Manufacture/
Instalfation
[nadequacy
Design Design/ [Demand [Actuator [Limit Switch [RHR-P | 1985Failure |Partial Shutdown cooling system heat exchanger isolation valves were not fully closed. The
Construction/ F Close condition resuited from premature actuation of valve motor operstor position indication
Manufacture/ limit switches and control room indication of the valves being in the closed position. A
5 Installation change is being implemented for these valves to separate the torque switch bypass limit
Inadequacy switch and the valve position indicating limit switch by rewiring the position indicating
rotors.
[Design Design/ Demand }Acmamr [Transmission WRHR-P 1991Ll:’nilme Partial The motor operator for cold leg isolation valve electricallyengaged while the valve was
[Construction/ Open ing manually stroked open during post-modification testing. The motor operator
Manufacture/ lectrically engaged and closed the valve (short stroking). Investigation determined that thisL
Installation lectrical short stroking of the valve caused the motor pinion key to shear, Other safety-

6 Inadequacy related motor operators were inspected. The motor operators were identified as having
failed keys similar to the failed key identified earlier. Further investigation revealed small
cracks emanating from both comers of the keyway on the motor shaft. The root cause of the|
sheared motor pinion gear was that the key material was inadequate,

Design Design/ Demand Actuator iCircuit |RHR-B | 1986{Failure [Complete [Residual heat removal/low pressure coolant injection discharge to suppression pool
[Construction/ o Close minimum flow control valvesdid not close properly on demand. Incorrect logic design
7 Manufacture/ prevented valves from closing completely on demand. The new design provided for a seal-
Installation in contact with the automatic isolation signal. The seal-in contact allows torque closure of
Inadequacy the valve even if the selector key lock switch is in the lock’ position.
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Coupling . Discovery Sub- Failure | Degree of -
Item Factor Proximate Cause Method | Component Piece Part | System| Year Mode Fm Description
Design [Design/ IDemand Actuator  {Motor RHR-B| 1987|Failuse |Partial Suppression pool cooling valves (onein each loop) failed to open. As long as the RHR
IConstruction/ ) Open pump was operating, the valves could not be opened and the thermal overloads would trip.
8 ufacture/ ICause was an incorrectly sized motor.
tallation
Inadequacy
Design ign/ . Demand  |Valve Disk 1989 Failure |Partial Isolation condenser de outlet MOVs failed to open. Both valve fiilures are attributed to
onstruction/ to Open thermal binding, which is identified as a recurring design condition.
9 ufiscture/
tallation ’
inadequacy
Design ign/ [Demand [Valve RHR-B| 1991[Failure |Partial Inboard LCI valve failed to open due to failed actuator motor caused by sustained operation
onsiruction/ Open at locked-rotor current due to hydraulic locking of the valve bonnet. Modifications
10 Manufacture/ on both LCI inboard valves and both core spray inboard valves.
tallation ‘
uacy
IDesign g/ lInspection  jActuator Transmission {CSS 1993(Failure  |Partial molor pinion key for 8 Containment Spray header isolation valve was sheared.
nstruction/ Open Subsequent motor pinion key failures occurred on October 18, 1993, March 23, 1994, and
[} ufacture/ il 13, 1994. The evaluations for these events determined that the failures were due to
Instaliation improper key material.
Inadequacy .
[Design Design/ pection  |Actuator Transmission {RHR-B| 1 ailure |Partial Investigating failure of motor operated valve 1o achieve minimum required closing thrust.
ion/ to Close r for inboard isolation valve not geared to supply specified 110% design thrust.
12 ufacture/ isolation valve and 6 other motor operaied valves 2 in RHR) had same actuator
lation problems due to failure to consider design capabilities prior to establishing diagnostic
uacy testing criteria. ‘ :
Design ign/ pection  [Valve Disk C1 1998{Failure |Partial RCI steam line isolation valves did not have the required seat/disk chamfer necessary to
truction/ Close that the valves would close under design basis conditions.
13 Manufacture/
tallation
uacy
[Design Design/ intenance [Valve Disk |RHR-B] 1988{Failure |Complete |[Containment spray mode of RHR/LCI two MOV injection valve aperator motors failed on
nstruction/ to Open loverload when stroking valves due to trapped pressurized fluid between discs of the gate
14 ufacture/ valve. This was caused by misinterpretation of valve purchase specifications by vendor.
Installation
uacy
Design ign/ Test Actuator Torque IAFW | 1989Failure [Partial en AFW valves would open but would not fully close electrically. The cause of failure
i |Switch 1& Close that the valve operaior and valve were previously changed out on a modification and
15 e/ the post maodification test. Upon investigation of the valve failure it was detenmined
tallation the design engineers had the thrust valucs wrong and the torque switch was reflecting a
uacy 1085 psi system when in fact the system is 1600 psi.
Design ign/ Test Actuator  [Torque AFW |1 ailure i uxiliary Feedwater Pumps to Steam Generator Isoations were determined to be past
: onstruction/ witch Close inoperable. Differcntial pressure testing conducted during the oulage revealed the valves
16 ufacture/ T} d not sufficiently close against design basis system conditions to isolate flow.
tallation
uacy
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Coupling . Discovery Sub- . Failure | Degree of i g
Item Factor Proximate Cause Method | Com : Piece Part |System | Year Mode | Failure Description
[Design Design/ Test A ctuator Torque HPI 1 silure {Partial MOV:s failed to fully close. Engineering determined that the recommended close thrust
IConstruction/ [Switch Close 'was insufficient to close valve during worst case failure.
17 anufacture/
Emllnﬁon
adequacy
Design Design/ Test A ctuator [Torque |RHR-B | 1987[Failure {Partial During operebility test of RHR, a loop isolation valve would not close against system
'onstruction/ ISwitch Close operating pressure due to an undersized washer spring pack in valve operator, supplied to
18 anufacture/ plant in actuators by the vendor not in accordance with purchase specifications. Similar
Installation blem found on the other loop isolation valve.
uacy
Design Design/ Test [Actuator Torque [RHR-P | 1985{Failure [Partial ing maintenance testing it was determined several residual heat removal MOVs
onstruction/ Switch Open wouldn't develop the required thrust as specified by the motor operated valve testing
19 anufacture/ im. The failure was attributed to an improper torque switch installation due to
|ation incorrect engineering calculations of original design values. The appropriate torque switch
equacy instalied, adjusted per the revised engineering values, tested, and retumed to service.
[Design ign/ [Test Actuator  [Motor RHR-B | 1992]Failure  [Partial ¢ to the original valve operstor selection criteria using less conservative factors, the
onstruction/ : Close primary contsinment spray isolation valves had an inadequate torque and thrust
20 Manufacture/ bility. Design requirement is 134 ft-1bs; available is 100 fi-Ibs.
Installation
Inadequacy
Design Design/ Test Actuator Torque S 1984[Failure [Complete [During surveillance, two containment spray motor operated valves filed to open. The
onstruction/ [Switch Open Ives were stuck due to excess play in operator assembly, which allowed the open torque
21 Manufacture/ switch to disengage thereby shutting off the operator. The bypass limit switch was rewired
Installation a separate rotor with a longer bypass duration per design change.
Inadequacy
[Design ign/ [Test Actuator [Transmission [HP] 1987[Failure  [Partial ile testing the high pressure injection control valves, the motor operator overthrusted
onstruction/ 0 Open W ile going in the open direction. Valve operator averthrusted due to a design deficiency in
anufacture/ the torque switch spring pack that allowed a buildup of grease between the Belfeville
22 stallation washers, which resulted in hydraulic lockup when the valve was operated. After discussion
nadequacy with component manufacturer, a plant modification was performed that machined notches
in the ends of the motor operator torque limiting sleeve. These notches will provide a better
grease relief path,
ign est Actuator  [Torque ICSS | 1985Failure |Partial [During maintenance, testing it was determined that four containment spray MOVs wouldn't
switch Open evelop the required thrust. The failures were attributed to an improper spring pack
23 installation and to an improper torque switch installation. The improper installations were
to incorrect engineering calculations of original design valves.
Design [Test Actuator  [Torque CSS | 1985[Failure  [Complete |During maintenance, testing it was determined that four containment spray MOVs wouldn't
iSwiu:h Close develop the required thrust. The failures were attributed to an improper spring pack
24 installation and to an improper torque switch installation. The improper installations were
to incorrect engineering calculations of original design values.
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Coupling . Discovery Sub- . Failure | Degree of .
Item Factor Proximate Cause Method | Component Piece Part |System| Year Mode | Failure Description
Design Design/ Test |Actuator rMotor FRHR-B 1989Failure  |Partial Due to incorrectly sized operator the Torus cooling valves would not completely close
IConstruction/ Close against full differential pressure,
25 Manufacture/
[nstallation
Inadequacy :
Design Design/ ) Test Valve [Body IRHR-B| 1 ailure |Partial  [Original construction design error resulied in pump minimum flow valves not being
IConstruction/ Close installed with the valve stem in the vertical, pointing upward orientation. Since these valves
26 m“{::ml‘d do not have wedge springs they have potential to prematurely seat failing to fully close.
on : .
Inadequacy
Design Design/ Test Valve Disk {RHR-B | 1992{Failurc {Partial  [The test valves to the suppression pool failed to stroke full closed. Root cause analysis
onstruction/ Close }revealed that the failure was the result of a gate valve in a globe valve application.
27 [Manufacture/ :
Installation
lequacy
Design Extemal (Demand F\ctuator [Torque IRHR-P | 1983\Failure |Partial  [Two RHR MOVs were not giving remote indication in the full close position of valve,
28 Environment rSwm:h Close Torque switch inoperative, not rotating on closing stroke. The torque switch setting screw
was found loose most likely due to valve vibration,
2 Design [External Test Actuator  [Torque HPI | 199)|Failure [Partial  [Compression springs in the HPE MOV torque switch assembly were weakened by vibration.
Environment Switch Close
Design Intemnal to Inspection {Valve [Body |RHR-B| 1 ailure WPutial On 4/29/92, the Torus cooling injection motor-operated valve was found to have cracks in
30 omponent Open valve yoke. On 8/7/92, the Torus cooling injection MOV in the redundant loop was also
iscovered with cracks in the yoke.
Design Intemal to [Test r&cmator [Torque IAFW | 1986iFailure |Almost  |During MOV actuator testing, the close torque limits on the opcralor to the emergency
3 omponent |Switch Close [Complete |feedwater pump discharge valves o the steam generators were found to be below
minimum. The torque switches were out of adjustment.
37 [Pesien Intemnal to Test Actuator Wow = 1986l2mute Complete [Routine surveillance disclosed that the containment recirculation sump to containment
omponent Open spray pump isolation valves would not open. The motor for valve operators bumed up.
3 Design Intemnal to [Test [Actuator ICircuit IAFW ﬁiwailm Complete |Loose sliding link caused unplanned swap to LOCAL control. This also caused AFW
3 omponent Open uction auto swap capability to be blocked. Manual control apparently still available.
Design jintemal to Test [Valve rhckmg HCI 1 ailure FPanial igh Pressure Coolant valves failed to fully close. The cause of the failure appeared to be
34 IComponent Close igh packing load that caused mechanical binding preventing the operator from fully
losing the valves.
Design Operational/ Human [Demand Actuator Breaker AFW | 1988iFailure [Partial motor operated containment isolation valves for the turbine driven feedwater pump
Error Open upply to steam generator failed to respond during stroke test from the main control board.
motor leads in the dc breaker were found disconnected. This is a plug-in type
35 unigue to the 480 vdc breakers. After evaluation, it was determined that
nnel were working in the cable run compartment adjacent to the breaker and as they
moved cables around in the cable run, tension was applied to the connectors causing them
pull out
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Coupling . Discovery Sub- . Failure | Degree of L.
Item Factor Proximate Cause Method | Com ¢ | Piece Part |System|Year Mode | Failure Description
Design ional/ Human [Demand ctuator ITorque IRCI 1986jFailure  [Partial An electrical fire was discovered in an MCC. The cause of this event was a personnel error,
r Switch Close which resulted in an incorrect ficld wiring installation on HCI MOVs. The error was
36 . icomplicated by unsuccessful detection of the error during subsequent testing or inspections.
As corrective actions, the wiring error was corrected. Additionally, all other motor
, which were replaced for envitonmental qualification purposes during this period
modified to preclude this failure.
Design Operational/ Human]Demand r\cumor ICircuit |RHR-B | 1985[Failure [Complete the control room operstor proceeded to establish shutdown cooling, the suction
r Open lves to the system would not open. Investigation revealed that while applying a
maintenance permit to the primary containment isolation system, a plant operator
37 wingly removed the wrong fuse. This electrically blocked the residual heat removal
system shutdown cooling suction valves and head spray isolation valves in the closed
ition. Investigation revealed that although the plant operator removed the fuse, which
was labeled £2, as the permit required, this was not the correct fuse. Apparently, the label
ad slid down such that fuse f3 appeared to be 2,
Design iOperational/ Human [Maintenance |Actuator [Limit Switch [HPI 1985[Failure [Complete |Incorrect engineering calculations resulted in spring pack setting that would not open the
38 Error Open BIT isolation valves. The third valve, SI pump to accumulators was discovered with the
same failure,
Design Other Demand LActuator ICircuit |RHR-B | 1987[Failure [Partial Failure of the auxiliary contact block assembly of valve motor close contactor (failed in
Open open position) prevented energizing valve motor open contactor. Occurred on Unit 2/1
39 cross-connect isolation valve and on Unit 1 RHR isolation injection valve. The contacts
failed in the open position, thereby preventing energization of the valve motor open
contactor,
0 Design Other Test Actuator imit Switch [RHR-P | 1995{Failure [Partial LP] throttle valves over traveled in the open direction by approximately 1/2 inch. This
0 Open resulted in LPI flow exceeding Tech spec limits..
4 Design er est Actuator imit Switch [RHR-P | 1995[Failurc [Partial  |LPI throttle valves failed to stroke fully open. As a result, minimum flow for LPSI injection
Open legs were below the minimum design basis flow.
Design Other est Actuator Limit Switch {HPI 1984(Failure [The HPI header flow rate was not within technical specification requirements. No direct
42 Open cause could be found for the apparent drift of the valve operators.
Environmental {External and A ctuator ‘ransmission [HPI 1995{Failure [Partial [When a close signal was initiated from the control room, two Refueling Water Tank valves
Environment Close failed to close, They only stroked 2 pct. and gave dual indication. Inspection of actuator
43 internals found rust, corrosion, and water intrusion. The cause was due to watet ingress
through an actuator penetration in the stem protector resulting in rust and corrosion to
actuator parts.
|[Environmental [External Wlnspection Actustor  [Motor PR.H'R-B 1985{Failure ial The ECCS pump room was inadvertently flooded with water, inundating the RHR system
4 Environment Open minimum flow valve and a pump suction isolation valve, The valve operator motor
windings were grounded as a result of the water intrusion.
Environmental [External jon  Valve Body JRHR-B] 1981 |Failure |Partial Motor operated valves (chemwaste receiver tank isolation) and (Torus Injection Isolation)
45 Environment Open operators found with loose and broken cap screws anchoring motors to valves due to
ibration induced loosening of the hold-down bolts.
[Environmental |[External Test Actuator  {Motor [HCI | 1980{Failure !Complete ile testing the torus suction valves, two MOVs failed when given an open signal. Both
46 Environment Open rus suction valves had shorted out due to excessive condensation in the HCI room area,
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Coupling . Discovery Sub- . Failure | Degree of -
Item Factor Proximate Cause Method | Com ¢ Piece Part |System | Year Mode | Failure Description
[Environmental [External [Test Actuator - [Transmission -B| 1991|Failure [Partial One of the two primary containment isolation valves in both residual heat removal low
[Environment Close pressure coolant injection subsystems to be inoperable. One valve operator torque switch
tripped in both directions preventing both full closwe and full openmg The other valve had
47 ive seat leakage. The threads of the gate valvestem nut in the motor operator were
and broken causing the valve 1o lock in a partially open position. Analysis determined
nut wear out may have been accelerated by mechanical overload caused by high
ifferential pressure across the valve. The valve siem failed due to vibration causing cyclic
faugue.
|Maintenance (Design/ [Demand Actuator  {Torque HPI 1985{Failure [Partial  [Motor ¢ torque switches were out of adjustnent and did not allow full closure.
- [Construction/ |Switch Close
48 Manufacture/
Installation
uacy
Maintcnance  |Design/ [Demand [Actuator ICircuit IAFW | 1984{Failure [Pastial Mux. feedwater flow control valves would not open. On one the motor control contactor
nstruction/ Open was not contacting due to 2 loose connections; and the other the torque close setting was
49 ufacture/ |misadjusted, causing contacts 10 open 00 soon.
tallation
Inadequacy
Maintenance  |Design/ pection  [Actuator  {Transmission [RHR-B| 1 ailure [Partial L.CI MOV motor pinica key replacements were supposed to be performed in 1982 to
onstruction/ Close ichange the keys to an appropriate material key. This replacement was not performed and
50 mulfﬂaum/ was discovered in 1992, a3 3 valve keys were found sheared or nearly sheared.
ation -
uacy
intenance ign/ [Test Actuator  [Torque HP] 1991Failure [Partial  The high pressure safety injection system flow conirol containment isolation valves failed
TMN nstruction/ Switch Close to completely close because total close thrust was not sufficient to close valveunder
51 ufacture/ ic stroke, A thrust value beyond the recommended maximum total close thrust would
tallation be needed to completely close the valve. Engineering evaluation determined a higher thrust
uacy alue would be acceptable.
intenance ign/ [Test [Actuator [Limit Switch [RHR-B | 1988]Failure |Partial ing surveillance testing of the RHR shutdown cooling isolation valves revealed that
onslruction/ to Close loop injection valve failed to close as required. The failure was duc to a wiring emror
52 Manufacture/ n the limit swiiches associaled with RHR suction valves An incorrect limit switch was
Installation used for both valves, which made a slight mis-operation of the switches capable of
Inadequacy ecting the close circuitry of the isolation valves.
Maintenance  [External Demand Valve Disk IRHR-B| 198GFailure  |Partial supprcsmn pool (residual heat removal) pump suction valves failed to open
Environment to Open ly. The motor was subjected to locked-rotor current for about 2 minutes, resulting
53 in ovetheating. Scdiment accumulations (non-ferrous) that would squeeze out between the
isc and the seat and lock them together was the root cause. The suppression pool sediment
- likely occurred during construction.
intenance IDemand Valve rBody IRHR-P | 1985{Failure |anal Shutdown cooling isolation valves woudn't fully open. One was attributed to boric acid
34 | E:vironmem Open buildup and the other cause is unknown.
|Maintenance lg’arml Demand  [Valve Disk RHR-B | 198¢Failure [Partial OVs failed to open after being closed. Valves are the residual heat removal suppression
ironment Opea suction valves. Tosque switch prevented motor bum-out. Valve disk was found struck
55 - Mndwufoundmﬂevﬂvemgwhwhcameduwdmktowedgeinlolheseuupon
osmg and prevented it from opening. Mud in MOVs believed to be from construction
ities of plant
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Coupling . Discovery Sub- . Failure | Degree of -
Item Fi Proximate Cause Method | Co Piece Part |System | Year Mod Failure Description
aintenance ternal to [Demand A ctuator ICircuit |RHR-B| 1993{Failure [Partial MOVs failed when an sux relay open contactor failed to operate, Cause was
56 omponent Open ibuted to inappropriate use of cramolin spray to clean relay, which caused itto become
icky.
57 IMainwnance Intemnal to [Demand Actuator Limit Switch IRHR-B 1980iFailure  |Partisl inguished valve indicating lights on RHR pump suction valves. MOVs would not
mponent Open due to broken limit switch rotors caused by 1oose limit switch finger bases.
[Maintenance temal to Demand Actuator  (Circuit rRHR-B 1993|Failure  {Partial RHR MOVs failed when an aux relay open contactor failed to operate, Cause was
58 omponent Close tributed to inappropriate use of cramolin spray to clean relay, which caused itto become
sticky.
Maintenance  {Intemal to Demand Actuator  |Circuit CS | 1989 Failure [Complete inlet block MOVs for the PORVs failed to close or open from the control room. This
59 omponent Open failure was due to the main control room switch for.opening and closing the valve has
ic resistance reading as a result of wear and tear of the switch.
Maintenance [Intemal to [Demand [Actustor [Transmission -B| 1984Failure |Partial Torus suction valves (Both loops) clutch lever would not engage.
60 mponent Open
Maintenance  [Internal to [Demand Actuator  [Limit Switch [RHR-B | 1995{Failure [Partial [RHR system suppression pool valves failed to operate on demand (open). The limit switch
61 omponent Open the MOV failed to operate, thus not allowing the valve to cycle on command. The cause
f the failure was normal wear and service conditions of the limit switch resulting in
failure.
Maintenance  [Intemal to [Demand A ctuator ICircuit IAFW | 1985[Failure [Partial ile removing an AFW train from service, the pump discharge valves to two steam
62 omponent Close generators did not close. The closing coils in the motor controller failed, due to unknown
use.
[Maintenance |Internal to [Demand [Actuator  [Circuit FRCS 1989 Failure  |[Complete inlet block MOVs for the PORVs failed to close or open from the control room. This
63 omponent Close failure was due to the main control room switch for opening and closing the valve has
- crratic resistance reading as a result of wear and tear of the switch.
Maintenance |Internal to |inspection  [Actuator  [Transmission [CSS | 1989{Failure [Partial Oil leaks identified on handwheel of motor operated actuator for containment spray header
64 Oomponent Open isolation valves, Intemal seals and o-ring for mating surface of handwheel and gear box had
- failed, Failure attributed to unexpected abnormal wear,
[Maintenance [lntemnl to |Inspection  |Actuator  [Transmission [HPI 1986|Failure  [Partial During a special inspection, a limit switch terminal block was found cracked and a beve)
[Component Open gear stripped on safety injection system high pressure header shutoff valves. The cause of
65 fhilure has not been determined but inadequate maintenance is suspected. The limit switch
terminal block and the bevel pear were replaced.
aintenance  |Internal to Maintenance |Actuator  [Breaker RCI |1 silure |Partial Valve operations were not within specified time limits duve to faulty contactors, Inadequate
66 omponent Open PM.
[Maintenance  [Intemnal to [Maintenance [Actustor Torque HPI 1994]Failure [Partial IAfter completion of mechanical rework on HPI MOV actuator, technician was attempting
IComponent Switch Open setup and stroke motor operated valves. While stroking valve electrically found the
67 switch would not open, resulting in valve travel not being stopped. Technicians
investigated and found torque switch defective and rotor on limit switch to not be tuming
fully to proper position.
Maintenance |intemnal to sintenance [Actuator  [Torque [HPI 1 ailure High Head Safety Injection System motor operated isolation valves would not open fully.
IComponent witch Close ‘echnicians investigated and found grease on torque switch contacts, which prevented
68 from closing circuit Improper greasing resulted in excessive grease accumulation
n torque switch contacts,
Maintenance [Intemnal to aintenance |Actuator otor RHR-B| 1989Failure [Partial 'Grounds were found on 2 of 4 LCI Injection valves. Probable cause was determined to be
69 ) omponent Open insulation breakdown.
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Coupling . Discovery Sub- . Failure | Degree of .
Item Factor Proximate Cause Method | Componeat Piece Part | System | Year Mod Failure Description
Maintenance ternal to viai [Valve Disk IAFW | 1988iFailure [Partial lug nut welds were broken on the auxiliary feedwater pump discharge isolation valves,
70 © 777 |Component o Open This would allow the disc to come off. Exact cause was unknown but suspect age and
wearing.
2 Maintenance . |Internal to Test Actuator  |Motor RHR-B| 1985{Failure |Partial Bumed out motors (one LCI and one Torus cooling) due to aging,
! omponent o Open :
7 Jiainm“ Intemal to [Test Actuator Torque (HPI 1991|Failure  [Partial A fuse failed in the first event due to aging and washers in the spring pack of the second
omponent {Switch to Open valve came loose and grounded the motor. Root cause was inadequate maintenance,
27 |Maintcnance Internal to [Test [Actuator orque -P | 1986{Failure |Partial While the unit was in shuidown for refueling, the BWST outlet valve operator failed to
omponent wilch to Open jopen during motor operated valve actuation testing. The torque switch was out of balance.
7 anintcnance Intemal to Test Actustor [Breaker ICSS 1 ailure |Partial [The 480 Vac circuit breakers for recirculation sump to containment spray pump isolation
omponent to Open valves would not trip on an instantancous trip test within specified current limits.
Maintenance |Internal to [Test Actuator Circuit HPL 198Failure |Partial  [Dirty contacts and loose connections resulted in valves failing to open.
75 omponent Open .
Maintenance {Internal to Test Actuator ILimit Switch |AFW {1 ailure  |Partial [The AFW pump supply to steam generaior control valves stopped at an inlermediate
76 (Component o Open position and did not fully open. Local verification based on stem travel verified the valve
‘ - stopped at an intermediate position. The valve operators limit switch was out of adjustment.
Maintenance jinternal to Test A ctuator Transmission |RHR-B | 1983|Failure |Partial RHR inboard injection valve would not open due to a locking nut on the worm gear shaft
77 [Component Open having backed off allowing the worm gear to back out of the bearing and the spring pack.
J IThe opposite train valve had filed 2 months previously for the same cause.
Maintenance |[Intemal to Test Actuator otor AFW |1 ailure [Partial  [The maximum d/p previously used in carlier testing and evaluation was determined to not
iComponent to Close represent worst case conditions. Further testing revealed that none of the AFW block valves
” would full close against the calculated worst case d/p. The root cause of the inability of the
valves to close is attributed to valve condition due to normal wear.
Maintenance |Intemal to Test Valve Disk WRHR-B 1 ailure  [Partial RHR MOVs failed the surveillance test with gross seat leakage. Investigation revealed wear]
7  {Component 3 Close lon the disc guides and some scratches on the seat. The cause is normal wear and aging.
[Maintenance  {Operational/ Human|Demand Actuator imit Switch JAFW | 1984{Failure {Pastial Feedwater from the motor driven auxiliary feed pumps to steam generators, failed upon a
Error Open } feedwater flow retention signal. Nommal operation upon a retention signal isto actuateto a
80 . preset position. Inspection of the Limitorque operator revealed the limit switch was
improperly positioned. An investigation could not determine cause of improper adjustment.
intenance  }Operational/ Human|Demand Actuator [Torque IAFW | 1995{Failure i steam supply valves torque switch setpoints were incorrectly calculated for the type
81 Error Iswitch to Close | - f valve. :
[Maintenance  [Operational/ Human |Demand Actuator Breaker IAFW | 1987}Failure M isolation valves to the stcam generator from the sieam driven auxiliary feedwater pump
Error to Open failed to open when demanded from the main control board switch. The dc circuit breaker
82 for the motor operated valves were found to have loose (unplugged) connections on the
terminal block inside the breaker. It appears that the connectors are easily unplugged by
moving the cables in the cable run compariment adjoining the breaker.
|Maintenance . [Operational/ Human |Demand Actuator orque RHR-P | 1983{Failure  [Almost  [Shutdown cooling system heat exchanger isolation valves could not be remotely opened
[Error witch Open [Complete [from the control room. The inability of the valves to remotely open was attributed to
& incorrect open sequence torque and limit switch settings. The incorrect settings caused the
tor on the valves o stop before the valves had come off their seats.
intenance  |Operational/ Human [Demand Actuator Circuit I ]2 ailure instruments that signal the RCI steam supply valves to close in the event of a steam
84 rf' * {Esror - Close line break were rendered inoperable due to human error and work package change errors.
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Coupling Discovery Sub- . Failure { Degree of -
Item Factor Proximate Cause Method | Com t Piece Part | System| Year Mode | Failure Description
aintenance  [Operational/ Human{Demand Actuator  {Torque IAFW | 1988[Failure [Partial Operator tried to close motor driven auxiliary feedwater pump discharge header to steam
Error [Switch Close gencrator isolation valves against pump flow and they would not fully close. Valves failed
85 closeducwﬂ:equueswnﬁchopmmg 'I'lmebcmgmusedbytheincrusedtorque
ng intermittent throttling near the full closed position where differential pressure is
maximum.
26 Maintenance monal/ Human|Demand }Acnmwr orque CS | 1981[Failure [Partial The pressurizer PORV block valves did not fully shut on demand. The cause of this event
T Switch Close was due to maintenance practices problems.
Maintenance  [Operational/ Human Pemmd ctusator ‘orque -B| 1987|Failure residual heat removal suppression pool full flow discharge isolation valve and the torus
87 Error Switch Close pray isolation valve would not fully close upon demand. The cause of the failure is
improper previous maintenance activities set the torque switch setting on the valve operator
incorvectly low,
28 Maintenance |Operational/ Human|Demand r\ctmtor Torque |[RHR-B | 1991[Failure  [Partial First failure was a torque switch out of adjustment, Second failure was a mis-positioned
Error [Switch Close motor lead holding a torque switch open. Inadequate maintenance.
[Mainnenance [Operational/ Human |Demand Actuator [Limit Switch JAFW | 1984]Failure [Partial Feedwater from the motor driven mxiliary feed pumps to steam generators, failed upona
89 Error Close feedwater flow retention signal. Normal operation upon a retention signal is to actuate to a
preset position. Inspection of the Limitorque operator revealed the limit switch was
improperly positioned. An investigation could not determine cause of improper adjustment.
% Maintenance  |[Operational/ Human Pcmmd Valve ISlem 1SO 1981|Failure |Partial isolation condenser valves failed to properly operate. The stem nuts of the MOV
Error Close were found to be damaged.
91 Maintenance ppemional/ Human|Inspection  |[Actuator otor ICSS 1987|Failure  [Partial [Containment spray MOVs were rendered inoperable by maintenance staff error.
Open Lubrication for the pinion gear housings was putin the motor housings.
02 lMaintenmce (Operational/ Human aimmance [Actuator [Limit Switch [RHR-P | 1986{Failure [Partial Low pressure safety injection flow control containment isolation valves' stroke travel was
Error ’ Close greater than allowable. The cause was open limit switches out of adjustment.
o1 Maintenance ional/ Human [Maintenance |Actustor  [Torque [RHR-B| 1983[Failure [Partial  [Improper wiring and connections on torque switches and limit switches.
Error witch Open
Maintenance ional/ Human[Test [Actuator [Transmission [HPI 1987Failure  [Partial high pressure safety injection header to loop injection MOV operetor spring packs
[Error Open found with excess grease during surveillance testing causing valve to torque outmid
o4 stroke. The spring pack was inoperable due to excessive grease caused by improper
maintenance,
[Maintenance  |Operational/ Human [Test Actuator  ILimit Switch |RCS | 1984[Failure [Partial In performance of surveillance testing, pressurizer power operated retief valves, failed to
Error Close cfose properly. Loose connections within the Limitorque operator. Long term measures to
95 ‘ eliminate this recurring problem include changes to maintenance procedures requiring
i periodic examinations of all switch contacts within Limitorque operators.
Maintenance ional/ Human|Test Actuator  [Limit Switch |CSS | 1985{Failure [Partial Redundant discharge valves on a containment spray pump would not open. Valve would
96 Error Open ue out before going open due to improperly adjusted limit switch,
Maintenance ional/ Human|Test JActuator Limit Switch [RHR-P | 1991|Faiture [Partial LP1 MOV failed to open. Incorrect setpoints of the valve operator limit switches, Root
97 [Error 0 Close icause was insufficient control of setpoints.
Maintenance al/ Human{Test ctustor  [Breaker HPT 1994{Faiture RWST to Charging Pump Suction Isolation Valve failed to open. Troubleshooting
Ervor 0 Open subsequently determined that the MOV had two lifted leads. Further investigation revealed
98 ot another Charging Pump Suction Isolation Valve also had two lifted leads. The cause of
the event was personnel error.
aintenance . |Operational/ Human|Test Actuator  [Circuit [HPT 1984Failure [Complete [While performing a surveillance test during refueling shutdown, the open contactor for HPI
99 [Error 0 Open loop isofation valves did not close. The contactors were out of adjustment.
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Coupling . -| Discovesy Sub- . leurc Degree of -
Item Factor Proximate Cause Method | Component Picce Part | System | Yo Failure Description
Maintenance - jOperational/ Human|Test Actuator Circuit .. = |HPI 19 ulure Partial  [Two ECCS MOV had wire grounded under valve operator cover. Both failures were
100 | [Error Jannbuted 10 provious maintenance.
101 annmam:e Operational/ Human [Test Actuator [Torque HPI 1981 nlure [Partial ! punp recirculation valves did not fully close due to low torque values. 'l'hetorqne
Error [Switch Close tch settings were set with no sysiem pressure.
[Maintenance ational/ Human Test Actuator ‘ofque AFW | 1987[Failure lacy feedwater regulating isolation MOVs were observed to stick and jam dunng
Ervor witch Open operated valve actuation testing because the testing loosened the valve coupling on
102 ] ﬂwdﬁveﬂuﬁ.duowingthelimit:witdmoulTheauseofﬂnewuplingconﬁngloose
the torque of the operator exceeding the polential of the coupling, thus unscrewing it, -
i reaulwdﬁombohlghlwmmontbluqueswmh.mdﬁwsaupofﬂwmnml
ircuilsy. :
{Maintenance  [Operational/ Human[Test [Valve IStem IRCS |1 ailure |Partial pressurizer's power operated relief valve's isolation valve operdor's output thrust was
103 IErmr to Close below the minimum required to fully close the valve on demand. The valve's stem to sten
ut nickel based lubricant was the cause.
intenance ional/ Human|Test Valve IStem |RHR-B | 1986{Failure |Almost ile testing the high pressure injection control valves, the motor operator overthrusted
T Close [Complete |while going in the open direction. The valve operaior overthrusied due to a design
in the torque swilch spring pack that allowed a buildup of grease between the
104 Beuwﬂhwuhmwhwhtesulledmhydumncbckupwhmﬁwvdvewasopemed.m
ion with component manufacturer, a plant modification was performed that
machined notches in the ends of the motor operator torque limiting sleeve. These noiches
will provide a beiter grease relief path.
Maintenance  [Operational/ Human|Test: Valve [Stem ICSS | 1984[Failure [Complete surveillance tests, two recirculation spray pump suction valves were inoperable.
Error Open valve position lights in the control room indicated the valve cycled normally. However,
105 valve did not move from the closed position. Failure was caused by the shearing of the
upling pin due to inadvertently leaving the incorrect pin, a marlin pin, (tapered pin
possibly used for alignment), in the valve operator coupling.
intenance  [Operational/ Human[Test Valve [Stem AFW | 1984 Failure [Partial ux feedwaler pump discharge/header isolation valves found damaged during special
106 [Error to Open inspection. One valve did not open during surveillance test; the other three were not
peraled, butprobablywouldnothuvcopeneddwto excessive damage, (beat stem). All
e was deiermined to be due to over-torquing the torque switch.
107 IMaintenance Other Demand Actuator ILimit Switch JRHR-P | 1983\Failwe {Partial |MOV motor torqued out on start of open/close cycle. Limit switches out of adjustment.
to Open .
Maintenance  [Other Demand Actuator  [Circuit IAFW ailure {Partial  |During automatic actuation of the AFW system, the motor operator flow conirol valves to
108 Close SG's did not operais propesly on a flow reiention signal.
intenance  |Other ‘[Demand Actuator  [Circuit IAFW | 1984{Failure |Partial ing automatic actuation of the AFW system, the motor operator flow control valves to
109 Open SG's did not operate propetly on a flow retention signal.
[Mainienance  [Other Demand [Actuator Limit Switch [RHR-P | 1987|Failure |Partial idual heat removal pump suctions from feedwater storage tank valve and containment
110 Open ump would not operate from control room. Cause of valve's failure to operate was limit
o witches out of adjustment.
[Maintenance Other . [Demand Actuator gotque RHR-B | 1984iFailure [Partial idual heat removal suction from suppression pool and shutdown cooling inboard
witch Close isolation suction valve would trip thermal overload when attempting to open from closed
ni ition and failed to close completely. Torque switch setting was to high and limit switch
ings were incorrect. Reset limit and torque switches.
intenance  [Other [Demand M [Torque -B| 19 i LCI loop's full flow test valves failed to go full closed due to a faulty torque switch.
112 , T {Switch Close :
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Coupling . Discovery Sub- y Failure | Degree of .
Item Factor Proximate Cause Method | Com Piece Part |System| Year Mode | Failure Description
[Maintenance  [Other [Demand Actuator [Torque [RHR-B | 1984]Failure MI idual heat removal suction from suppression pool and shutdown cooling inboard
13 [Switch Open isolation suction valve would trip thermal overload when attempting to open from closed
ition and failed to close completely. Torque switch setting was to high and limit switch
settings were incorrect. Reset limit and torque switches.
gintenance  Other Demand Actuator orque {RHR-P | 1987/Fsilure |Partial RHR pump suction MOV isolation valves would not fully open on demand. The cause of
114 Switch Open is failure was due to both torque switches were out of adjustment. Both valves could be
closed on repeated attempts but not reopened completely.
13 Maintenance |Other Demand JActuator [Limit Switch 1982{Failure  [Partial Close limit switch out of adjustment. After adjustment, valve closed correctly.
0 Close . ’
[Maintenance  [Other mintenance |[Actuator [Torque ICSS I”llf:ilm Partial While maintaining the containment sump isolation valve operators, it was noted that the as
|Switch Open found available open and close thrusts were below the recommended minimum. It was
16 determined that the MOVs were inoperable in the open direction, the safety function of the |
MOV, and operable in the closed direction under worst case design basis conditions as
found. Cause of valve thrusts below minimum recommended was unknown. Suspect it was
(o setpoint drift or a cyclic loading,
[Maintenance  [Other Maintenance |Actustor  [Torque ICSS | 1991|Faiture  [Partial as found available open and close thrusts were below the recommended minimum. It
17 ’ o Switch fto Close | - s determined that the MOVs were inopereble in the open direction, the safety finction of|
MOV, and operable in the closed direction under worst case design basis conditions as
found. Suspect it was due to setpoint drift and or cyclic loading.
"s ]Maimmanoe Other intenance |Actuator  [Breaker HPI 1988[Failure  [Partial 480 Vac circuit breaker for a safety injection control valve failed to trip within its set
‘ : Open lerance. The cause of the failure was attributed to a defective circuit breaker.
Maintenance  [Other [Maintenance {Actuator  [Breaker HP] 1992fFailure  |Partial 480-volt circuit breakers for three safety injection to cold leg motr operated isolation
19 Open tves were found out specification high on two phases. The degraded component had no
ignificant effect on the system or the plant, but could have caused damage to the valve
actuator motors since the overcurrent protection was degraded.
lMainwnance Other Test Actuator [Torque -B | 1984{Failure [Partial LLRT failures on Torus Suction valves due to torque switch misadjustment.
120 ‘ Switch 0 Close - i
[Maintenance  [Other Test [Actustor orque [RHR-P [ 1984[Failure [Partial ile performing sump valve swoke test two MOVs failed to re-open after being stroked
Switch Open closed. The cause of the failures has been determined to be that the bypass circuit time was
121 short. This prevented the valves from opening until the control switch had been
several times, ) )
aintenance  JOther Test A ctustor [Torque HP] 1 ailure | lotor Operated Valve for High Pressure Safety Injection would not stroke fully open.
Switch Open Electricians found oxidation on the open torque switch contacts, causing the motor 1o stop
122 . lve movement before the valve was fully open. Oxidation is an expected occutrence over
me in this atmosphere,
aintenance |Other Test Actuator  [Limit Switch [HPT 1989(Failure |Partial high pressure safety injection pump tong term cooling containment isolation MOVs
123 Open failed to achicve minimum flow requirements. The cause of failure was attributed to the
(imit switch rotor being out of mechenical adjustment.
Maintenance [Other [Test Actuator Limit Switch [HPI 1994{Failure Limit switches being out of adjustment resulted in contained leakage. One had both open
124 Close and closed limit switches out of adjustment. The other valve had only the closed limit

switches out of adjustment.
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Coupling . Discovery Sub- . Failure | Degree of ;.
Item Factor Proximate Cause Meihod | Com, t Piece Part |System | Year Mode | Failure Description
Maintenance  Other [Test Actuator Torque HPI 1 ailure i High Pressure Safety Injection to Loop MOV would not stroke fully open. Electricians
125 witch to Close found oxidation on the open torque switch contacts, causing the motor to stop valve
vement before the valve was fully open. Oxidation is an expected occurrence over time
in this atmosphere
intenance  [Other [Test Actuator Breaker  [RHR-B| 1986iFailure ]Puual LCI test valve and LCI torus suction valve would not open upon demand and would trip the
126 Open breaker upon movement. Found auxiliary contacts on breaker in opea circuit not making
up.
127 Ianlemnce IOther [Test Actuator  |Limit Switch WRHR-P 1 ailure |Pnn.|nl Stem Uravel was excessive on low pressure sakty injection flow control containment
lsolanon valves. The opening travel was excessive, due to limit switch out of adjusiment.
Mmm Other Test rcunlor Limit Switch [RHR-B] 1 ulure Whmal 2 LCI operability test, full flow test valves were closed by posmon indication,
128 to Close [However, the valves were not fully seated, and the LCI discharge piping drained. Valve
position indication was out of adjustment.
FMainwnance [Unknown [Demand Actuator Circuit [HP] 1985Failure |Complete motor operators for 2 valves, which allow the chemical and volume control pumps to
129 Open take suction from the refueling water storage tank when in the closed position or from the
olume control tank when in the opened position, burned up in the closed position and had
to be manually opened.
130 intenance |[Unknown Demand A ctuator Transmission P | 1985{Failure i W pressure injection supply from the borated water storage tank isolation valm would
Close ~ fnot close due to broken worm shaft cluich gear on valve operdor.
Operational  [Operational/ Human{Demand Actuator Transmission [RHR-P | 1995{Failure [Partial Low Pressure Injection valves were ovestorqued open in esror during manual backseating
131 Error Close past packing leaks. Excessive force was applied when disengaged from electric
peration, causing cluich ring to bind-up when electric operation was re-initiated.
Operational  |Operational/ Human|[Demand Valve Body HPI 1988 Failure |Partial Safety injection isolation motor operated valves responded to an open signal from control
Error ' Opean room only afier the valves were cracked open manually. The valve operators thermal
132 vesloads failed to trip after the valve remained energized for 30 minutes. No problems
ith the operator were discovered. It is suspected that the practice of manually seating the
alve during refueling tagouts overtorqued the valve and prevented it from opening.
Operational  |Operational/ Human pecﬂon Actuator [Breaker HPI 1989Failure [Compleie allowed entry into operating mode where the system was required without
133 |- [Error o Open irecting operators 1o energize HPI MOV valve operators.
Operational  [Operational/ Human |Inspection  [Actuator Breaker HPI 1987%Failure |[Complete breakess for the high pressure injection suction valves from the BWST were
Ervor Open inadvertently left tagged open afier the reactor coolant system had been heated up to greater
than 350F. The suction supply from the BWST to the HPI pumps was isolated and would
134 not have opened automatically upon engineered safcguaids actuation. The root cause is
fulmtoperfommndequalerevnewofmeredtaglogbook in accordance with the startup
procedure.
135 Operational  {Operational/ Human [Inspection  JActuator 1 1981Failure [Complete [Operator went to the wrong unit and de-energized a total of five SI valves.
[Error to Open )
Operational  [Operational/ Human [Test Actuator  |Breaker RCI 1989\Failure  }Complete the performance of a scheduled RCI syster logic system functional test, an
Error : Open vmwmmnofﬂwsyswn&swuonpipingmed.mopemommcomwy
136 itioned and/or inaccurately verified the positions of 6 circuit breakers to motor opemted
alves prior to (and for) the test, RCI system inoperable.
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ttem| COUPIINE | prosimate Cause ot | Comoor oy | Piece Part [system| vear| Feilure | Degree of Description
Quality Design/ F“’P“ﬁ“‘ A ctuator reaker [HP] 1980{Failure  |Partial Power leads were found reversed © two safety injection valve operators. Root caise was
IConstruction/ F Open [poor administrative control.
137 anufacture/
Installation
Inadequacy
Quality Design/ [Inspection  lActuator Breaker IAFW | 1989Failure [Partial The 125 vdc breakers for motor-operated valves in the turbine driven auxiliary feedwater
onstruction/ Open mp System were not the proper size.
138 Manufacture/
Installation
Inadequacy
Quality Design/ [Maintenance |Actuator  [Breaker IAFW | 1989 Failure |Partial The trip coils installed in the power supply feeder breakers for the motor actuator for two
onstruction/ Open IAFW MOVs were incorrect.
139 Manufacture/
Instaliation
Inadequacy
KQuality ign/ A ctuator Transmission [RHR-B| 1 ailure rtial [Normal maintenance on suppression chamber cooling Loop B throttle valve. Suppression
onstruction/ Open ichamber cooling Loop B throttle valve motor pinion key sheared and Loop A throttle valve
140 Manufacture/ pinion key deformed. Keys were found to be of the wrong material due to vendor
stallation Iimdeqmcia and utility programmatic deficiencies.
adequacy
Quality Design/ Test A ctuator ICircuit IAFW 1982|f:ilme Partial It was determined that a train of AFW MOV's would not open on a steam generator low-
onstruction/ Open low level. Some ofthe wiring to be done for design a change was incomplete upon
141 Manufacture/ mpletion of the design change,
Installation )
Inadequacy
Quality Design/ . [Test Actuator [Transmission |HP1 1 gilure [Partial A safety injection recirculation MOV failed to close. It was discovered that the valve had a
onstruction/ Close broken anti-rotation device (key). This prompted an inspection of the remaining globe
142 Manufacture/ valves that found the safety injection to reactor coolant system cold leg injection valves
Installation also had a broken key.
[nadequacy
Quality Design/ [Test [Valve [Disk HPI 1 ailure [Partial ile testing the high pressure injection system, it was discovered that the flow rate was
onstruction/ Open unbalanced and below the minimum sllowed by the units technical specifications. The
143 Manufacture/ previous replacement of the plugs in the MOVs with a plug that had been manufactured to
Installation wrong dimensions, due to an efror in a vendor drawing, caused unbalanced and low
dequacy flow.
Quality Internal to Demand Actuator  [Torque FRH'R-B 1986Failure  |Partial An electrical fire was discovered in an MCC. The cause of this event was a personnel error,
‘omponent Switch Open which resulted in an incorrect field wiring installation on HCIMOVs. The error was )
complicated by unsuccesstul detection of the error during subsequent testing or inspections.
144 As corrective actions, the wiring error was corrected. Additionally, all other motor
loperators, which were replaced for environmental qualification purposes during this period
jwere modified to preclude this failure,
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Item

Coupling
Factor

Discovery

Component

Picce Part

System

Year

Failure
Mode

Failure

Degree of

Description

145

Quality

|intemal to
KComponent

Torgs
Iswitch. .

1986Failure

Open

|Partial

After an attempt to reposition 8 HCI MOV (the recirc loop pump suction valve), The valve
failed to open upon a signal from the control room. An investigation inio the cause of the
alve’s failure determined that a hydraulic lockup of the MOV's spring pack prevented the
torque switch from opening causing the motor to fail. This lock-up was due to: 1) the
eplacement of less viscous new grease, into the operator, which was recommended by the
manufacturer and 2) the failure of the manufacturer to provide information regarding the
need to install a retrofit grease relief kit. . )

Quality

Intenal to
mponent

{Maintenance

Limit Switch

IRCS

19

ailure
Close

Limitorque valve operator for the pressurizer isolation valves found 1o have cracks on
the geared limit switch.

147

Quality

perational/ Human
Error

iDemand

Actuator

Torque
witch

19

‘ailure
to Open

procedural deficiency that allowed for a low seiting of the bypass limit switches on
imitorque valve operators prompied an evaluation of all MOVs. Using the motor operated

148

Quality

ational/ Human
ehor

[Valve

Disk

|RHR-P

198

ailure
Close

|Partial

residual heat remaval sysiem safety injection to reactor coolant loop isolaiion MOVs
leaking through while closed and could not be isolaied. Valve split disks were
reversed during initial installation and were 180 degrees out from the proper orientation,
i3 caused seat Jeakage due to lack of seating contact.

149

Quality

[Operational/ Human
|Error

[Test

Limit Switch

CSS

1988{Failure

Open

(Complete

re-testing, technicians found that the containment sump isolation valve gperator
intemal limit switches were incomectly set. This prevented the containment spray suction
alve from repositioning a3 required. During a plant modification, technicians incorrectly
the containment sump isolation valve operator's iniemal limit switch. The switch was
to be open, though drawings called for it to be closed. Due to inadequate functional
erification, this eror was not found during post modification testing,
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Table A-3. MOV CCF events sorted by discovery method.

Discovery Coupling . Sub- Failure | Degree of -
Item Method Factor Proximate Cause Co Piece Part |System| Year Mode | Failure Description
[Demand Design Design/ Actuetor  [Circuit {RHR-B} 1986Failure [Complete idual heat removal/low pressure coolant injection discharge to suppression pool
IConstruction/ Close imum flow control valvesdid not close properly on demand. Incorrect logic design
] anufacture/ valves from closing completely on demand. The new design provided for a seal.
Installation in contact with the mutometic isolation signal. The seal-in contact allows torque closure of
valve even if the selector key lock switch is in the lock' position.
[Demand Design ign/ Actuator Transmission [RHR-P | 1991]Failure [Partial motor operator for cold leg imlation valve electricallyengaged while the valve was
onstruction/ Open g manually stroked open during post-modification testing. The motor operator
anufacture/ lectrically engaged and closed the valve (short stroking). Investigation determined that this)
2 nstallation lectrical short stroking of the valve caused the motor pinion key to shear. Other safety-
nadequacy lated motor operetors were inspected. The motor operators were identified as having
fuiled keys similar to the failed key identified earlier, Further investigation revealed small
emanating from both corners of the keyway on the motor shaft. The root cause of the|
sheared motor pinion gear was that the key material was inadequate.
[Demand Design gy Actustor  [Motor AFW | 19891Failure  [Partial MOVs would not fully close under high d/p conditions until the valve actuators were
onstruction/ Close setup at the highest torque switch setting allowed by the tolerances.
3 anufacture/
Installation
adequacy
[Dernand Design ign/ [Actuator  [Motor [RHR-B| 1991|Failure [Partial  [RHR test return valves failed to seat tightly due to friction related problems. Replaced
onstruction/ ito Close valve operators.
4 nufacture/
liation
nadequacy
[Demand [Design Design/ Actuator  [Limit Switch [RHR-P | 1985[Failure [Partial Shutdown cooling system heat exchanger isolation valves were not fully closed, The
jon/ Close ition resulted from premature actuation of valve motor operator position indication
anufacture/ imit switches and control room indication of the valves being in the closed position, A
5 lation ge is being implemented for these valves to separate the torque switch bypass limit
itch and the valve position indicating limit switch by rewiring the position indicating
[Demand Design Actuator  Motor IRHR-B | 1987|Failure  [Partial Suppression pool cooling valves (onein each loop) failed to open. As long as the RHR
Open was operating, the valves coud not be opened and the thermal overloads would trip.
[ ause was an incorrectly sized motor.
Demand [Design Actuator  [Circuit |RHR-B{ 1984{Faiture  [Complete [Both LCI injection MOV would not open due to an error in the valve logic circuit
Open iagrams and the removal of motor brakes for environmental qualification. This condition
7 used the valves to continuously try to close until both valve stems were damaged.
nstallation
adequacy
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Discovery Coupling . Sub- . Failure | Degree of -~
Item Method Factor Proximate Cause Component Picce Part |System | Year Mode | Failure Description
Demand Design [Design/ Actuator ICircuit RHR-P | 1 ailure  [Complete [Thermal overloads for two valves tripped due to design deficiency. Consequently, the
iConstruction/ Open normal closure of the valve will trip the thermal overload heater some percentage of the
8 Manufacture/ time,
[nstallation
Inadequacy
Demand Design ig/ [Valve Body RHR-B l”ll'llnﬂm |Partial I::board LCI valve failed to open due to failed actuator motor caused by sustained operation
nstruction/ Open locked-rotor current due to hydraulic locking of the valve bonnet. Modifications
9 Manufacture/ performed on both LCI inboard valves and both core spray inboard valves.
Installation
Inadequacy .
Demand Design ign/ Valve Disk ISO | 1989\ Failure  [Partial |Isoluion condenser de outlet MOV failed to open. Both valve failures are attributed to
onstruction/ Open thermal binding, which is identified as a recurring design condition.
10 [Manufacture/
tallation
uacy . .
[Demand Design External |Actuator Torque -P | 1983{Failure |Partial Two RHR MOVs were not giving remote indication in the full close position of valve.
1n Environment ISwitch Close Torque switch inoperative, not rotating on closing stroke. The torque switch setting screw
was found loose most likely due to valve vibeation.
Demand Design (Operational/ Human |Actuator Pm AFW l988lFmAilure artial The motor operated containment isolation valves for the turbine driven feedwater pump
Error Open supply to sieam generator failed to respond during stroke test from the main control board.
The motor leads in the de breaker were found disconnected. This is a plug-in type
12 nnector unique (o the 480 vdc breakers. Afier evaluation, it was determined that
personnel were working in the cable run compartment adjacent to the breaker and as they
moved cables around in the cable run, tension was applied to the connectors causing them
pull out
Demand Design [Operational/ Human |Actuator Torque {RCI1 1986|Failm [Partial electrical fire was discovered in an MCC. The cause of this event was a personnel error,
Error |Switch to Close ich resulted in an incorrect field wiring installation on HCIMOVs. The error was
13 licated by unsuccessful detection of the error during subsequent testing or inspections.
corrective actions, the wiring error was corrected. Additionally, all other motor
perators, which were replaced for environmental qualification purposes during this period
were madified to preclude this failure.
Demand Design Opcrational/ Human|Actuator  [Circuit IRHR-B | 1985|Failure [Complete the coatrol room operaior proceeded to establish shutdown cooling, the suction
Error Open alves to the system would not open. Ivestigation revealed that while applying a
intenance permit to the primary containment isolation system, a plant operator
unknowingly removed the wrong fuse. This electrically blocked the residual heat removal
4 stem shusdown cooling suction valves and head spray isolation valves in the closed
position. Investigation revealed that although the plant operator removed the fuse, which
labeled £2, as the permit required, this was not the correct fuse. Apparently, the label
slid down such that fuse £3 appeared to be 2.
Demand Design Other Actuator  [Circuit |[RHR-B | 1987|Failure  |Partial ailure of the auxiliary contact block assembly of valve motor close contactor (failed in
e : Open pen position) prevented energizing valve motor open contactor. Occurred on Unit 2/1
s nnect isolation valve and on Unit 1 RHR isolation injection valve. The contacts
failed in the open position, thereby preventing energization of the valve motor open
ntactor.
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Discovery Coupling . . Sube . Failure | Degree of -
Item Method Factor Proximate Cause Component Piece Part |System| Year Mode | Failure Description
[Demand [Environmental {External Actustor [Transmission [HPI 1995[Failure [Partial a close signal was initiated from the control room, two Refueling Water Tank valves
Environment Close failed to close, They only stroked 2 pet. and gave dual indication. Inspection of actuator
16 internals found rust, corrosion, and water intrusion. The cause was due to water ingress
. ugh an actuator penetration in the stem protector resulting in rust and corrosion to
actuator parts,
Demand Maintenance  |Design/ . Actuator  [Circuit IAFW | 1984[Failure |Partial [Aux. feedwater flow contro) valves would not open. On one the motor control contactor
iConstruction/ Open was not contacting due to 2 loose connections; and the other the torque close setting was
17 Manufacture/ misadjusted, causing contacts to open 100 soon.
Installation
adequacy
Demand Maintenance  [Design/ Actuator Torque HPI 1985{Failure  [Partial Motor torque switches were out of adjustment and did not allow full closure.
. Construction/ Switch Close
18 Manufacture/
Installation
Inadequacy
Demand Maintenance  [External Valve Disk -B| 1986iFailure [Partial MOV failed to open after being closed. Valves are the residual heat removal suppression
[Environment Open pool sixtion valves. Tomue switch prevented motor burn-out. Valve disk was found struck
19 losed. Mud was found in the valve seat, which caused the disk to wedge into the seat upon
closing and prevented it from opening. Mud in MOVs believed to be from construction
. activities of plant
20 Demand Maintenance (External Valve Body IRHR-P 1985[Failure [Partial Shutdown cooling isolation valves wouldn't fully open, One was attributed to boric acid
[Environment Open buildup and the other cause is unknown.
Demand Maintenance  |External Valve Disk FRHR-B 1986{Failure |Partial The suppression pool (residual heat removal) pump suction valves failed to open
Environment Open electrically. The motor was subjected to locked-rotor current for about 2 minutes, resulting
2] in overheating. Sediment accumulations (non-ferrous) that would squeeze out between the
disc and the seat and lock them together was the root cause. The suppression pool sediment
most likely occurred during construction.
Demand aintenance ternal to TActuator Circuit RCS | 1989{Failure |Complete {The intet block MOV for the PORVs failed to close or open from the control room. This
2 ‘omponent Open failure was due to the main control room switch for opening and closing the valve has
erratic resistance reading as a result of wear and tear of the switch.
[Demand Maintenance  |Intemal to ctuator  [Circuit JAFW | 1985/Failure  [Partial ile removing an AFW train from service, the pump discharge valves to two steam
23 omponent Close generators did not close. The closing coils in the motor controller failed, due to unknown
cause.
Demand Maintenance  |Internal to [Actuator ICircuit RCS | 1989Failure (Complete [The inlet block MOVs for the PORVS failed to close or open from the cantrol room. This
24 mponent Close failurc was due to the main control room switch for opening and closing the valve has
ic resistance reading as a result of wear and tear of the switch.
[Demand Maintenance  |Intemmal to jActuator [Limit Switch [RHR-B | 1995|Failure WPartial RHR system suppression pool valves failed to operate on demand (open). The limit switch
' omponent Open the MOV failed to operate, thus not allowing the valve to cycle on commend, The cause
25 f the failure was normal wear and service conditions of the limit switch resulting in
failure. .
[Demand Maintenance {Intemal to A ctuator ircuit -B| 1993|Failure |Partial RHR MOVs failed when an aux relay open contactor failed to operate. Cause was
26 omponent ' Open attributed to inappropriate use of cramolin spray to clean relay, which caused it to become |
sticky. ‘
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Discovery Coupling . Sub- . Failure | Degree of .
Item Method Factor ‘ Proximate Cause Com, t Picce Part |System | Year Mod Failure Description
Demand Maintenance temal to Actuator ircuit IRHR-B | 1993{Failure  |Partial RHR MOVs failed when an aux relay open contactor failed to operate, Cause was
27 : poneit _ Close ! ibuted to inappropriate use of cramolin spray to clean relay, which caused it to become
2 Demand IMunwnnnce temal to Actuator ILimit Switch IRHR-B 1980{Failure FPamal inguished valve indicating lights on RHR pump suction valves. MOVs would not
ponent : operate due to broken limit switch rotors caused by loose limit switch finger bases.
59 [Pemand anmtenmoe ffatermal t0 Actuator ransmission [RHR-B | 1984Failure [Partial  [Torus suction valves (Both loops) cluich lever would not engage.
Componeat Open
Demand Maintenance  [Operational/ Human |Actuator Torque IAFW | 1988(Failure |Partial perator tried to close motor driven auxiliary feedwater pump discharge header to steam
[Error [Switch Close alor isolation valves against pump flow and they would not fully close. Valves failed
30 10 close due to the torque switch opening, These being caused by the increased torque
uring intermittent throtling near the full closed position where differential pressure is
maximum,
31 Demand Maintenance |Operational/ HumantActuator Torque IAFW gilure  |Partial steam supply valves torque swilch setpoints wese incorrectly calculated for the type
[Error wilch to Close f valve.
12 [Demand IMmmannce {Operational/ Human |[Actuator orque IRHR-B | 1991|Failure irst failure was a torque swilch out of adjustment. Second failure was a mis-positioned
r witch Close motor lead holding a torque switch open. Inadequate maintenance,
Demand Maintenance  [Operational/ Human A ctuator l’l'orque |RHR-B | 1987|Failure  [Partial tesidual heat removal suppression pool full flow discharge isolation valve and the torus
3 Esror Switch Close pray isolation valve would not fully close upon demand. The cause of the failure is
improper previous maintenance activities set the torque switch setting on the valve operator
incorrectly low.
" Demand Maintenance (Operational/ Human |Actuator iCircuit RCI ailuwe {Partial instruments that signal the RCI steam supply valves to close in the event of a steam
. Error - Close ine break were rendered inoperable due to human error and work package change errors.
Demand !anlenance gp:anonall Human|Actuator  [Limit Switch AFW | 1984Failure  |Partial Feedwater from the motor driven suxiliary feed pumps to steam generators, failed upona
r Close feedwater flow tetention signal. Normal operation upon & retention signal is to actuate to a
35 preset position. Inspection of the Limitorque operator revealed the limit switch was
improperly positioned. An investigation could not determine cause of improper adjustment.
Demand {Mainienance |Operational/ Human|Actuator orque -P | 1983iFailure JAlmost  [Shutdown cooling system heat exchanger isolation valves could not be remotely opened
[Ervor Switch Open |Complete [from the control room. The inability of the valves to remotely open was attributed to
36 incorrect open sequence torque and limit switch seitings. The incorrect settings caused the
motor on the valves 1o stop befbre the valves had come off their seals.
Demand Mainnance [Operational/ HumanjActuator  [Limit Swiich |[AFW | 1984{Failure |Partial [Feedwater from the motor driven auxiliary feed pumps 1o sicam gencetators, failed upon a
[Error Open feedwater flow retention signal. Normal operation upon a retention signal is to actuate to a
3 preset position. Inspection of the Limitorque operator revealed the limit switch was
improperly positioned. An investigation could not determine cause of improper adjustment.
Demand Maintenance |Operational/ Human|Actuator [Torque IRCS | 1981|Failure Pnrual [The pressurizer PORYV block valvesdid not fully shut on demand. The cause of this event
38 Error |Switch Close jwas due 10 mainienance practices problems.
Punand Wunum Opezational/ Human |Actuator Ptdu AFW | 1987|Failure |Partial isolation valves 1o the steam generator from the steam driven auxiliary feedwater pump
Error Open iled to open when demanded from the main control board switch. The dc circuit breaker
39 for the moior operated valves were found to have loose (unplugged) connections on the
inal block inside the breaker. It appears that the connectors are easily unplugged by
ving the cables in the cable run compartment adjoining the breaker.
- - |Demand inienance  [Operational/ Human [Valve IISO 1981[Failure [Parti isolation conxienser valves failed to properly operate. The stem outs of the MOV
40 . or Close perators were found to be damaged.
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Discovery Coupling . Sub- Failure | Degree of .
Item Method Factor Proximate Cause Component Piece Part | System| Year Mode | Failure Description
" [Demand aintenance  |Other Actuator Circuit IAFW | 1984iFailure [Partial During automatic actuation of the AFW system, the motor operator flow control valves to
Open SG's did not operate properly on a flow retention signal.
9 [Demand IMain!emmce iOther Actustor  [Torque -B| 1984Failure |Partial  [Both LCI loop's full flow test valves filed to go full closed due to a faulty torque switch.
i Close :
4 [Demand IMaimmance Other Actuator [Limit Switch [HPI 1982|Failure  [Partial [Close limit switch out of adjustment. After adjustment, valve closed correctly.
Close
[Demand [Maintenance  [Other Actuator  [Torque -B| 19 ilure  [Partial Residual heat removal suction from suppression pool and shutdown cooling inboard
4 Switch Close isolation suction valve would trip thermal overload when attempting to open from closed
ition and failed to close completely. Torque switch setting was to high and limit switch
ings were incorrect. Reset limit and torque switches.
[Demand [Maintenance  [Other Actuator Tot_que |RHR-B| 1984|Failure [Partial esidual heat removal suction from suppression pool and shutdown cooling inboard
45 witch Open isolation suction valve would trip thermal overload when attempting to open from closed
sition and failed to close completely. Torque switch setting was to high and limit switch
were incorrect. Reset limit and torque switches.
(Demand sintenance  [Other Actuator  {Limit Switch {RHR-P | 1987[Failure [Partial Residual heat removal pump suctions from feedwater storage tank valve and containment
46 Open sump would not operate from contro! room. Cause of valve's failure to operate was limit
switches out of adjustment.
47 [Demand IMninmnmoe [Other A ctuator [Limit Switch {[RHR-P | 1983[Failore jPartial IMOV motor torqued out on start of open/close cycle Limit switches out of adjustment.
: Open
Demand  [Maintenance  [Other Actustor  [Torque [RHR-P | 1987|Failure [Partiasl  |RHR pump suction MOV isolstion valves would not fully open on demand. The cause of
48 [Switch Open this failure was due to both torque switches were out of adjustment. Both valves could be
losed on repeated attempts but not reopened completely,
4 [Demand lMaimmmce Other A ctuator ICircuit W-'W 1984 Failure |Partial During automatic actuation of the AFW system, the motor operator flow control valves to
Close SG's did not operate property on a flow retention signal.
[Demand !Mnintename [Unknown Actuator  [Circuit HP] 1985|Failure  {Complete motor operators for 2 valves, which allow the chemical and volume control pumps to
50 Open ke suction from the refueling water storage tank when in the closed position or from the
lume control tank when in the opened position, bumed up in the closed position and had
be manually opened.
5 IDemand nMainwnance [Unknown Actuator  [Transmission -P 198511; Partial Low pressure injection supply from the borated water storage tank isolation valves would
Close I not close due to broken worm shaft clutch gear on valve operstor.
Demand Operational  [Operational/ Human|Actuator  [Transmission [RHR-P | 1995[Failure [Partial Pressure Injection valves were overtorqued open in emor during manual backseating
52 Error o Close after past packing leaks. Excessive force was applied when disengaged from electric
: operation, causing clutch ring to bind-up when electric operation was re-initiated.
Demand Operational  [Operational/ Human{Valve HPI 1988{Failure [Partial Safety injection isolation motor operated valves responded to an open signal from control
Error Open room only after the valves were cracked open manuatly. The valve operators thermal
53 verloads failed to trip after the valve remained energized for 30 minutes. No problems
ith the operator were discovered. It is suspected that the practice of manually seating the
ve during refucling tagouts overtorqued the valve and prevented it from opening.
‘Demand Quality al to Actustor  [Torque -B| 1986{Failure |Partial electrical fire was discovered in an MCC, The cause of this event was a personnel error,
Fomponem me:h Open ich resulted in an incorrect field wiring installation on HCIMOVSs. The error was
licated by unsuccessful detection of the error during subsequent testing or inspections.
54 corrective actions, the wiring crror was corrected. Additionally, all other motor
perators, which were replaced for environmental qualification purposes during this period
modified to preclude this failure.
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Discovery

Coupling . Sub- . Failure | Degree of .
Item| . Method Factor Proximate Cause Cotnponeat Piece Part |System | Year Mode | Failure Description
[Demand Quality |Internal to A ctuator orque HCI 1986iFailure |Partial After an attempt to reposition a HCI MOV (the recirc loop pump suction valve), The valve
IComponent Switch Open failed to open upon a signal from the control room. An investigation into the cause of the
alve's failure determined that a hydraulic lockup of the MOV's spring pack prevented the
55 torque switch from opening causing the motor to fail, This lock-up was due to: 1) the
‘ replacement of less viscous new grease, into the operator, which was recommended by the
manufacturer and 2) the failuze of the manufacturer to provide information regarding the
need to install a retrofit grease relief kit.
Demand Quality Operational/ Human A ctuator orque AFW | 1985{Failure [Complete [The procedural deficiency that allowed for a low setting of the bypass limit switches on
: Error witch to Open imitorque valve operators prompted an evaluation of all MOVs. Using the motor operated
alve analysis and test system; a review of the as found conditions of 165 safety related
s6 MOVs revealed that 17 valves were evaluated as inoperable for various reasons. These 17
valves included the auxiliary feedwaler isolation valves. Further investigation revealed that
itorque failed to supply adequate instructions on balancing of the torque switches.
‘orque switch unbalance resulted in three valves being unable to produce sufficient thrust
to close ngamsube daign differential pressure. -
Demand Quality (Operational/ Human |Valve Disk |RHR-P | 1987|Failure |Partial sesidual heat resnoval system safety injection to reactor coolant loop isolation MOVs
5 Error Close were leaking through while closed and could not be isolated. Valve split disks were
ersed during initial installation and were 180 degrees out from the proper orientation.
is caused seat leakage due to lack of seating contact.
nspection  [Design Design/ Actuator  [Transmission [CSS | 1993{Failure |Partial motor pinion key for a Containment Spray header isolation valve was sheared.
IConstruction/ Open Subsequent motor pinion key failures occutred on October 18, 1993, March 23, 1994, and
58 ufacture/ il 13, 1994, The evaluations for these events determined that the failures were due to
Installation improper key material,
uacy -
{Inspection  |Design ign/ Actuator  [Transmission [RHR-B| | ‘ailure |Partial Investigating failure of motor operated valve to achieve minimum required closing thrust.
nstruction/ : Close for inboard isolation valve not geared to supply specified 110% design thrust..
59 ufacture/ tboard isolation valve and 6 other motor operated valves (2 in RHR) had same actuator
tallation ems due to failure to consider design capabilities prior to establishing diagnostic
uacy ting criteria.
Jinspection  [Design ign/ Valve Disk IRCI 1998{Failure [anal CI steam line isolation valves did not have the required scat/disk chamfer necessary to
onstruction/ to Close ure that the valves would close under design basis conditions.
60 ufacture/ :
tallation
uacy
Inspection  [Design [Intemal to [Valve Body |RHR-B| 1992Failure |Partial 4/29/92, the Torus cooling injection motor-operated valve was found to have cracks in
6l \ Component 992||D Open valve yoke. On 8/7/92, the Torus cooling injection MOV in the redundant loop was also
. iscovered with cracks in the yoke.
Inspection  |Environmental [External Actuator  [Motor RHR-B | 1985{Failure |Partial ECCS pump room was inadvertently flooded with water, inundating the RHR system
62| - : - |Environment Open ini flow valve and a pump suction isolation valve. The valve operaior moior
' L indings were grounded as a result of the water intrusion.
lInspection - [Environmental [Extemnal Valve |Body [RHR-B{ 1981|Failure |Partial tor operated valves (chemwaste receiver tank isolation) and (Torus Injection Isolation)
63 Environment Open perators found with loose and broken cap screws anchoring motors to valves due to
: ibration induced loosening of the hold-down boits.
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Ttem D&m C::g:r;g Proximate Cause c‘“:“b' Piece Part |System| Year l;'{"':: D;fi’le‘::f Description
nspection nintenance  [Design/ Actustor  [Transmission [RHR-B| 1 silure  |Partial MOV motor pinion key replacements were supposed to be performed in 1982 to
IConstruction/ Close hange the keys to an appropriate material key. This replacement was not performed and
64 mml re/ s discovered in 1992, as 3 valve keys were found sheared or nearly sheared.
ation
uacy
Inspection  |Maintenance temal to ctuator [Transmission [CSS | 1989Failure rtial il leaks identified on handwheel of motor operated actuator for containment spray header
65 mponent o Open isolation valves. Intemal seals and o-ring for mating surface of handwheel and gear box had
failed. Failure attributed to unexpected abnormal wear.
Inspection  [Maintenance al to r\ctmtor Transmission [HPI 1986|Failure  [Partial ng a special inspection, a limit switch terminal block was found cracked and a bevel
6 iComponent Open gear stripped on safety injection system high pressure header shutoff valves. The cause of
lure has not been determined but inadequate maintenance is suspected. The limit switch
block and the bével gear were replaced.
pu Ilnspection . [Maintenance {Operational/ Human [Actustor rMotor ICSS 1987|Failure  {Partial [Containment spray MOV were rendered inoperable by maintenance staff error.
Error Open Lubrication for the pinion gear housings was putin the motor housings.
68 ]lnspection [Operational gﬁemmumv Human |Actuator Breaker HPT 1981 léu;“ [Complete r went to the wrong unit and de-energized a total of five SI valves.
Inspection ional  |[Operational/ Human [Actuator Breaker HPI 1987[Failure |Complete breakers for the high pressure injection suction valves from the BWST were
Error Open inadvertently left tagged open after the reactor coolant system had been heated up to greater
P an 350F, The suction supply from the BWST to the HPI pumps was isolated and would
not have opencd artomatically upon engineered safeguards actuation, The root cause is
failure to perform an adequate review of the red tag logbook in accordance with the startup
procedure,
2 llnspeetion (Operational  [Operational/ Human|Actuator  [Breaker 1 1989Failure [Complete [Procedures sllowed entry into operating mode where the system was required without
) Error Open irecting operators to energize HPI MOV valve operators,
hmpeotion puality [Design/ [Actuator [Breaker 1989Failure |Partial [The 125 vdc breakers for motor-operated valves in the turbine driven auxiliary feedwater
IConstruction/ ' Open pump system were not the proper size,
7 Manufacture/
llnsmllaﬁon
Inadequacy
Inspection  Quality ign/ . |Actuator [Breaker [HP1 1980{Failure |Partial Power leads were found reversed to two safety injection valve operators. Root cause was
onstruction/ Open poor administrative control.
72 Manufacture/
Installation
Inadequacy
Maintenance [Design ign/ [Valve Disk -B| 1988fFailure {Complete [Containment spray mode of RHR/LCI two MOV injection valve operator motors failed on
onstruction/ Open overload when stroking valves due to trapped pressurized fluid between discs of the gate
73 anufacture/ valve. This was caused by misinterpretation of valve purchase specifications by vendor.
Installation
Uacy
Maintenance [Design Operational/ Human{Actuator  [Limit Switch [HPI 1985[Failure |Complete [Incorrect engineering calculations resulted in spring pack setting that would not open the
74 Error FA 0 Open BIT isolation valves. The third valve, SI pump to accumulators was discovered with the
same failure.
sintenance [Maintenance [Internal to ctustor  [Breaker RCI 1 silure  |Partial Valve operations were not within specified time limits due to faulty contactors, Inadequate
75 IM . |Componem Opil [PM.
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1 Discovery Coupling - Sub- . Failure | Degree of .
Item Method Factor Proximate Cause Com, ¢ Picce Part |System| Year Mode | Failure Description
: intenance {Maintenance 0 W‘ [Motor [RHR-B| 198%Failure |Partial were found on 2 of 4 LCI Injection valves. Probable cause was determined to be
76 mponent o Open insulation breakdown.
|Maintenance !Muntmance Intemal to Actuator  [Torque HPI | 1994|Failure {Partial ghl-ladSafetylnjecuon Systein motor operated isolation valves would not open fully.
7| 0 [Switch Close echnicians investigated and found grease on torque switch contacts, which prevented
ntacts from closing circuit. Improper greasing resulted in excessive grease accumulation
. on torque switch contacts.
Maistenance |Maintenance hntemal w0 Actuator  [Torque [HPT 1 ‘ailure  JPartial completion of mechanical rework on HPI MOV actuator, technician was allempting
Fomponent ﬂSmt@h Open . 10 setup and siroke motor operated valves. While stroking valve electrically found the
78 ) torque switch would not open, resulting in valve travel not being stopped. Technicians
investigated and found torque switch defective and rotor on limit switch to not be tuming
fully to proper position.
. [Maintenance {Maintenance [Intemal to. Valve IDisk AFW | 1988iFailure pPaninl Plug nut welds were broken on the auxiliary feedwater pump discharge isolation valves.
79 IComponent Open [This would allow the disc to come off. Exact cause was unknown but suspect age and
80 IMAinwnance Maintenance {Operational/ Human{Actuator  {Limit Switch [RHR-P | 196§Fsilure |Partial  {Low pressure safety injection flow cotitrol containment isolation valves' stroke travel was
ErTor ' greater than allowable. The cause was open limit switches out of adjustment.
81 lMainwnmce intenance  |Operational/ Human|Actuator  [Torque IRHR-B | 1983|Failure  [Partial Lmproper wiring and connections on torque switches and limit switches.
[Etror [Switch Open
8 IMaintenance Maintenance  [Other Actuator  [Breaker HPI l988liailure I.uso Vac circuit breaker for a safety injection conirol valve failed to trip within its set
Open tolerance. The cause of the failure was attributed to a defective circuit breaker.
FMaintenance |Maintenance |Other Actuator  [Torque CSS | 1991]Failure [Partial ile maintaining the containment sump isolation valve operators, it was noted that the as
Switch Open found available open and close thrusts were below the recommended minimum, It was
that the MOVs wete inoperable in the open direction, the safety function of the
8 MOVs, and operable in the closed direction under worst case design basis conditions as
found. Cause of valve thrusts below minimum recommended was unknown. Suspect it was
ue to setpoint drift or a cyclic loading.
Maintenance FMainwnance Other |Actuator Breaker HPJ 1992Failure  |Partial 480-volt circuit breakers for three safety injection to cold leg motor operated isolation
‘ to Open alves were found out specification high on two phases. The degraded component had no
84 significant effect on the system or the plant, but could have caused damage to the valve
actuator motors since the overcurrent protection was degraded.
[Maintenance [Maintenance |Other [Actuator [Torque ICSS | 1991{Failure |Partial a3 found available open and close thrusts were below the recommended minimum. k|
|Switch Close was determined that the MOVs were inoperable in the open direction, the safety function of]
85 : the MOV, and operable in the closed direction under worst case design basis conditions as
found. Suspect it was due to setpoint drift and or cyclic loading.
Maintenance [Quality Design/ Actuator  [Breaker IAFW | 1989Failure |Partial [The trip coils installed in the power supply feeder breakers for the motor actuator for two
IConstruction/ Open IAFW MOVs were incorrect.
86 ufacture/ ‘
Installation -
[nadequacy
intenance [Quality ign/ Actuator ansmission ’RHR-B 1 ailure Famal Normal mainienance on suppression chamber cooling Loop B throttle valve. Suppression
ion/ Open cooling Loop B throttle valve motor pinion key sheared and Loop A throitie valve
87 e/ ' ' pinion key deformed. Keys were found to be of the wrong material due to vendor
lation ) inadequacies and utility programmatic deficiencies.
uacy
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Discovery Coupling . Sub- . Failure | Degree of
Item Method Factor Proximate Cause Component Piece Part {System| Year Mode | Failure Description )
" Maintenance |Quality Internal to Actustor  |Limit Switch [RCS | 1983]Fsilure |Pastia) hrmmmue valve operator for the pressurizer isolation valves found to have cracks on
mponent Close ithe geared limit switch,
[Test Design ign/ [Actuator  [Torque AFW | 1994]Failure nl uxiliary Feedwater Pumps to Steam Generator Isolations were determined to be past
onstruction/ Switch Close inoperable, Differential pressure testing conducted during the outage revealed the valves
89 b smufacmm/“ oo would not sufficiently close against design basis system conditions to isolate fow.
nstalla
Inadequacy )
est Design i Actuator orque RHR-B| 1987|Failure  [Partial During operability test of RHR, a loop isolation valve would not close against system
Switch Close ing pressure due to an undersized washer spring pack in valve operator, supplied to
90 plant in actuators by the vendor not in accordance with purchase specifications, Similar
problem found on the other loop isolation valve,
[Test Desien ctuator [Torque ICSS 1985|Failure [Complete |During mainmoe. testing it was determined that four containment spray MOVs wouldn't
Switch Close op the required thrust. The failures were attributed to an improper spring pack
91 installation and to an improper torque switch installation. The improper installations were
nstallation due to incorrect engineering calculations of original design values.
nadequacy )
[Test [Design ign/ Actuator [Torque |RHR-P | 1985Failure [Partial During maintenance testing it was determined several residual heat removal MOVs
onstruction/ Switch Open wouldn't develop the required thrust as specified by the motor operated valve testing
9”2 anufacture/ The failure was attributed to an improper torque switch instaltation due to
Instaliation incorrect engineering calculations of origimal design values. The appropriste torque switch
Inadequacy installed, adjusted per the revised engineering values, tested, and returned to service.
[Test Design ign/ A ctuator [Torque ICSS | 1984]Failure [Complete [During surveitlance, two containment spray motor operated valves filed to open. The
onstruction/ Switch Open ves were stuck due to excess play in operator assembly, which allowed the open torque
93 switch to disengage thereby shutting off the operator. The bypass limit switch was rewired
Installation a separate rotor with 2 longer bypass durstion per design change.
[Test Design A ctuator orque IAFW | 1989Failure Seven AFW valves would open but would not fully close electrically. The cause of failure
[Switch Close was that the valve operator and valve were previously changed out on a modification and
94 passed the post modification test Upon investigation of the valve failure it was determined
the design engineers had the thrust values wrong and the torque switch was reflecting a
1085 psi system when in fact the system is 1600 psi.
est Design lActuator  Transmission Failure [Partial ile testing the high pressure injection control valves, the motor operator overthrusted
Open E;le going in the open direction, Valve operator overthrusted due to a design deficiency in
torque switch spring pack that allowed a buildup of grease between the Belleville
95 washers, which resulted in hydraulic lockup when the valve was operated. After discussion
with component manufacturer, a plant modification was performed that machined notches
in the ends of the motor operator torque limiting sleeve, These notches will provide a better
grease relief path,
Test Design Actustor  {Torque (HPI 1 ailure |Partial HPI MOV failed to fully close. Engineering determined that the recommended close thrust
Switch 0 Close was insufficient to close valve during worst case failure.
96
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Discovery Coupling . Sub- . Failure | Degree of i
Item Method Factor Proximate Cause Component Piece Part | System| Year Mode | Failure Description
Test Design Design/ Actuator tor RHR-B | 1989 Failure |Partial Due to incorrectly sized operator the Torus cooling valves would not completely close
IConstruction/ Close against full differential pressure.
97 Manufacture/ ‘ .
tallation
uacy
Test Design ig/ [Actuator WMotor [RHR-B| 1992Failure  |Partial Due to the original valve operaior selection criteria using less conservative factors, the
truction/ Close utboard primary containment spray isolation valves had an inadequate torque and thrust
98 Mnnuﬁ\(;tu:u“i e/ ity. Design requirement is 134 fi-1bs; available is 100 ft-lbs.
on
uacy
[Test Design Design/ Actuator Torque ICSS | 1985{Failure  |Partial [During maintenance, testing it was detemined that four containment spray MOVs wouldn't
nstruction/ witch Open elop the required thrust. The failures were attributed to an improper spring pack
99 ufacture/ installation and to an improper torque switch installation. The improper installations were
Installation due to incorrect engincering calculations of original design values.
uacy
Test Design ign/ Valve Disk RHR-B| 1 ailure  [Partial [The test valves to the suppression pool failed to stroke full closed. Root cause analysis
onstruction/ Close revealed that the failure was the result of a gate valve in a globe valve application.
100 Manufacture/ .
[nstallation
Inadequacy .
[Test Design ign/ Valve [Body |RHR-B| 1992iFailure [Partial  [Original construction design csror resulted in pump minimum flow valves not being
nstruction/ Close installed with the valve stem in the vertical, pointing upward orientation. Since these valves
101 Manufacture/ do not have wedge springs they have potential to prematurely seat failing to fully close.
lation ‘
uacy
[Test Design [External Actuator  [Torque HP1 1991[Failure  [Partial [Compression springs in the HPI MOV torque switch assembly were weakened by vibration,
102 [Environment [Switch to Close
Test [Design temal to Actuator  |Motor ICSS 198G Failure [Complete |Routine surveillance disclosed that the containment recirculation sump t containment
103 mponent to Open pray pump isolation valves would not open. The motor for valve operators burned up.
Test Design Intemal to A ctuator ICircuit N‘W 2 ailure Complete |Loose sliding link caused unplanned swap to LOCAL control. This also caused AFW
104 mponent to Open suction auto swap capability to be blocked. Manual control apparently still available.
[Test Design temal to Actuator [Torque AFW | 198GFailure |Almost  |During MOV actuator testing, the close torque limits on the operator to the emergency
105 mponent |Switch to Close [Complete |feedwater pump discharge valves 10 the steam gencrators were found to be below
minimum. The torque switches were out of adjustment.
Test Design [intemnal to [Valve Packing HCI 1 ailure  [Partial igh Pressure Coolant valves failed to fully close, The cause of the failure appeared to be
106 iComponent : Close igh packing load that caused mechanical binding preventing the operator from fully .
’ losing the valves.
(rest Design Other Actuator Pmit Switch [HPI 1984iFailure HPI header flow rate was not within technical specification requirements. No direct
107 Open could be found for the apparent drift of the valve operators.
[Test Design Other Actuator  [Limit Swnch P | 199: ulute ILP] throttle valves failed to stroke fully open. As a result, minimum flow for LPSI injection]
tog | - legs were below the minimum design basis flow.
Test Design Other Actuator Limit Swm:h 199; ulure i ILP] throitle valves over traveled in the open direction by approximately 1/2 inch. This
il I Open fresulted in LPI flow exceeding Tech spec limits..
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Discovery Coupling . Sub- . Failure | Degree of .
Item Method Factor Proximate Cause Com Piece Part |System| Year Mode | Faiture Description
Test [Environmental {External Actuator  [Transmission -B| 1991[Failure i IOne of the two primary containment isolation valves in both residual heat removal low
Environment Jto Close coolant injection subsystems to be inoperable. One valve operator torque switch
: in both directions preventing both full closure and full opening. The other valve had
10 cessive seat leakage. The threads of the gate valvestem nut in the motor operator were
and broken causing the valve to lock in a partially open position. Analysis determined
stern nut wear out may have been accelerated by mechanical overload cased by high
ifferential pressure across the valve. The valve stem failed due to vibration causing cyclic
ni est [Environmental Externa) A ctuator otor HCY 1980iFailure  :Complete ile testing the torus suction valves, two MOVs failed when given an open signal. Both
Environment Open orus suction valves had shorted out due to excessive condensation in the HCI room area.
[Test Maintenance  |Design/ rAcnmor [Limit Switch -B | 1988{Failure During surveillance testing of the RHR shutdown cooling isolation valves revealed that
‘ Construction/ Close | loop injection valve failed to close as required. The failure was due to a wiring error
112 anufacture/ n the limit switches associated with RHR suction valves. An incorrect limit switch was
‘ Tnstallation N used for both valves, which made a slight mis-operation of the switches capable of
Inadequacy affecting the close circuitry of the isolation valves.
Test Maintenance  [Design/ . Actuator  [Torque HP1 1991{Failure [Partial high pressure safety injection system flow control containment isolation valves failed
onstruction/ - |Switch Close completely close because total close thrust was not sufficient to close valveunder
13 anufacture/ ic stroke. A thrust value beyond the recommended maximum total close thrust would!
Instatlation be needed to completely close the valve. Engineering evaluation determined a higher thrust
adequacy , value would be acceptable. - - . .
™ est aintenance  {Internal to Actvator  [Torque RHR-P 1986i‘F:ﬂm [Partial (While the unit was in shutdown for refucling, the BWST outlet vaive operator failed to
omponent Switch Open lopen during motor operated valve actuation testing. The torque switch was out of balance,
[Test ﬂMaimemnce nternal to Actustor  [Limit Switch [AFW | 1 ailure [The AFW pump suprly to steam generator control valves stopped at an intermediate
1ns omponent Open position and did not fully open. Local verification based on stem travel verified the valve
‘ stopped at an intermediate position. The valve operators limit switch was out of adjustment.
‘est intenance to Actuator lotor -B| 1985[Failure {Partial Bumed out motors (one LCI and one Torus cooling) due to aging.
Test [Maintenance  [Internal to Actuator Transmission [RHR-B | 1983|Failure [Partial RHR inboard injection valve would not open due to a focking nut on the worm gear shaft
117 ponent Open aving backed off allowing the worm gear to back out of the bearing and the spring pack.
The opposite train valve had filed 2 months previously for the same cause.
ns Test sintenance i to Actuator Circuit HPL 1986{Failure |Partial Dirty contacts and loose connections resulted in valves failing to open.
omponent :
[Test Maintenance  |Internal to Actustor otor AFW | 1992iFailure [Partial . [The maximum d/p previousty used in earfier testing and evaluation was determined to not
'omponent Close represent worst case conditions. Further testing revealed that none of the AFW block valves|
n9 would full close aguinst the calculated worst case d/p. The root cause of the inability of the
valves to close is attributed to valve condition due to normal wear.
Test Maintenance [Intemnal to Actuator [Breaker ICSS 1 ailure [Partial e 480 Vac circuit breakers for recirculation sump to containment spray pump isolation
120 I omponent . Open fves would not trip on an Instantaneous trip test within specified current limits.
Test aintenance  [Internal to Acthrtor  [Torque HP] 1991[Failuse  |Partial fuse failed in the first event due to aging and washers in the spring pack of the second
121, omponent Switch Open tvalve came looss and grounded the motor. Root cause was inadequate maintenance,
Test intenance i to [Valve [Disk -Bf1 aifure  |Partial MOVs failed the surveillance test with gross seat leakage. Investigation revealed wear]
122 : ’ Close the disc guides and some scratches on the seat. The cause is normal wear and aging. -
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Discovery Coupling " Sub- . Failure | Degree of .
ltem Method Factor Proximate Cause Compouent Piece Part |System) Year Mode | Failure Description

Test Maintenance Ppmnomv Human ) caker WHH 1 ailure i \WST to Charging Pump Suction Isolation Valve failed to open. Troubleshooting
123 |- : - |Esror . Open | sequently determined that the MOV had two lifted leads. Further investigation rovealed

‘ ‘ T thnmthﬂumeump&mholamnValvedsohadmhﬁedleds.Ihemof

Fm Maintenance  [Operational/ HumanlActuator - [Torque 1987|Failure |Partial 'wyfeedwatenemhuugisohumMOszueobwvedwsmkandmdunng

. . |[Error [Switch motor operated valve actuation testing because the testing loosened the valve coupling on
124 E B the drive shait, throwing the limit switches out. The cause of the coupling coming loose
was the torque of the operator exceeding the potential of the coupling, thus unscrewing it.
i ruultedﬁomloohighudﬁnzonﬂgmueswimmdthemofﬂnmnwl ‘
125 Test anintmmee - [Operational/ Human [Actuator gaque HPI 1981{Failure [Partial Mmmpmmdﬂmvdmdﬂmﬁdtydmdwwlwmmvmmwmue
Error * witch to Close wiich settings were set with no sysiem pressure.
126 Test |Mummuu Operational/ Human JActuator Limit Switch -P | 1991{Failure  |Partial LPI MOV failed to open. Incorrect setpoints of the valve operator limit switches. Root
[Esror to Close was insufficient coatrol of setpoints.

est |Maintenance  |Operationalf Human]Acator Limit Switch IRCS | 1984[Failure Pastial In performance of surveillance testing, pressurizer power operaled relief valves, failed to

127 or - - . ' ! Close ose properly. Loose connections within the Limitorque operator, Long term measures to
iminate this recurring problem include changes to maintenance procedures requiring
- . - periodic examinations of all switch contacts within Limitorque operators.

[Test Maintenance Human|Actuator [Transmission JHPI 1987|Failure  [Partial high pressusc safety injection heades 1o loop injsction MOV operaior spring packs
128 Error Open found with excess grease during surveillance testing causing valve to torque out mid
k . troke. The spring pack was inoperable due to excessive grease caused by improper
129 Fm lMamletwwe Operational/ Human]Actuator  |Limit Switch |CSS 1985liailure W Redundant discharge valves on a containment spray pump would not open. Valve would

Error Open ___ |torque out before going open due to improperly adjusied limit switch.
10 [Test |Mninlemnee Operational/ HumanjActuator  [Circuit HPI l9ﬂ4|ililure Complete |While performing a surveillance test during refueling shutdown, the open contactor for HPI
1 [Error Open loop isolation valves did not close. The contactors were out of adjustment.

[Test i Opuauonall' Human ’Actuamr Circuit FPI 1986Failure  [Partial ECCS MOV had wire grounded under valve operator cover, Both failures were
1317 l . L ] Open ibuted to previous maintenance.

Test [Mainienance Operauonall Human|Valve ‘IStem FRHR.B 1986iFailure |Almost ile testing the high pressure injection conirol valves, the motor operaior overthrusted

[Error to Close' [Complete i cgomgmtheopendneﬂml‘hevalveopemorovenhuswddmmadeugn
. ' in the torque switch spring pack that allowed a buildup of grease between the
132 eville washers which resulied in hydraulic lockup whea the valve wes operated. Afler
iscussion with component manufacturer, a plant modification was performed that
notches in the ends of the motor operator tosque limiting sleeve. These notches
ill provide a better grease relief path.
Test [Maintenance  [Operational/ Human|Valve |Stem P%CS 11 ailure W pressurizer's power operated relief valve’s isolation valve operdor’s output thrust was |
133 Esror ' , fto Close . |below the minimiim required to fully close the valve an demand. The valve's stem to stem
‘ ut nickel based lubricant was the cause.
Test |Maintenance  [Operational/ Human [Valve Stem AFW | 1984]Failure ux feedwater pump discharge/header isolation valves found damaged during special
Open inspection. One valve did not open during surveillance test; the other three were not
134 . perated, but probably would not have opened due to excessive damage, (bent siem). All

e wag determined to be due 10 over-torquing the torque switch.
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Discovery Coupling Sub- Failure | Degree of ‘g
Item Method Factor Proximate Cause Component Piece Part |System| Year Mode | Failure Description
Test [Maintenance ional/ Human|Valve IStem ICSS | 1984!Failure [Complete ing surveillance tests, two recirculation spray pump suction valves were inoperable.
Open valve position lights in the control room indicated the valve cycled normally. However,
135 vatve did not move from the closed position. Failure was caused by the shearing of the
ing pin due to Inadvumﬂyleavmgﬂ\emooﬂwtpm a marlin pin, (tepered pin
ibly used for alignment), in the valve operator coupling.
Test Maintenance  [Other Actuator reaker -B| 1986{Failure |Partial test valve and LCI torus suction valve would not open upon demand and would trip the
136 Open er upon movement. Found suxiliary contacts on breaker in open circuit not making
Test Maintenance  {Other Actuator Eorque HP] 1994iFeilure  |Partial gh Pressure Safety Injection to Loop MOV would not stroke fully open. Electricians

137 witch Close found oxidation on the open torque switch contacts, causing the motor to stop valve
movmbemunvalvewmﬁulym Oxidation mmexpecwdoccmremeovertﬁne
in this atmosphere

[Test WMainwnmee Other [Actuator Limit Switch [HPI 1 ailure  |Partial Limit switches being out of adjustment resulted in contained leakage. One had both open

138 Close md closed limit switches out of adjustment. The other valve had only the closed limit

out of adjustment.
Test Maintenance  {Other [Actuator  [Limit Switch [HPI 19891Failure  |Partial high pressure safety injection pump long term cooling containment isolation MOV

139 Open failed mmemmhnmﬂwmmmmnmmofﬁllmwuamhmdmﬂw
limit switch rotor being out of mechanical adjustment.

140 [Test IMaintemmee Other Actuator  [Torque RHR-B | 1984|Failure |Partial LLRT failures on Torus Suction valves due to torque switch misadjustment.

Switch Close
Test !Mainmanee Other Actuator  [Torque HPI 1 ailure  [Partial Motor Operated Valve for High Pressure Safety Injection would not stroke fully open.

141 [Switch Open Electricians found oxidation on the open torque switch contacts, causing the motor % stop
valvemvmvtbefmeﬂaevalvewnﬁmyopm Oxidation is an expected occurrence over
time in this atmosphere.

Test aninwnm Other Actuator  [Limit Switch [RHR-B | 1984/Failure [Partial [During a LCI operability test, full flow test valves were closed by position indication.
142 Close However, the valves were not fully seated. and the LCI dlscharge pnping drained. anve
Test sintenance  [Other Actuator [Torque |RHR-P | 1984{Failure [Partial ile performing somp valve stroke test two MOVs failed to re-open after being stroked
3 [Switch Open losed. The cause of the failures has been determined to be that the bypass circuit time was
14 smmhmmmmﬁmopmlmmﬁlﬂnmlmmhhadbm o
; several times. - -
Test Maintenance  [Other Actustor Limit Switch -Plt ailure  [Partial Stem travel was excessive on low pressure nMy injection flow control eomaimnmt
144 . ) . Co Open isolation valves. The opening travel was excessive, due to limit switch out of adjustment.”
Test iOperational q:mtimulllﬂllmmﬁm [Breaker rCI 1989 Failure  [Complete Dnﬂngﬂnperfommeeofudwduledkﬂ:ymlogicsysmﬁmmﬂmm
Error Open of the system's suction piping occurred. The operators incorrectly
145 itioned and/or ineccurately verified the positions of 6 circuit breakers to motor operated
‘ . ves prior to (and for) the test. RCI system inoperable,
Test Quality [Design/ Actuator  [Transmission [HPI | 1992{Failure [Partial safety injection recirculation MOV failed to close. It was discovered that the valve had a
IConstruction/ Close en anti-rotation device (key). This prompeed an inspection of the remaining globe
146 anufecture/ mnmfoundunufuympcuunmmmeoolmsymmcoldleg injection valves
Hation 50 had abroken key., -
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Discovery Coupling . Sub- Failure | Degree of .
Item Method Factor Proximate Cause Component Piece Part | System | Year Failure Description
Test Quality Design/ Actuator  [Circuit IAFW | 1982{Failwre  [Partial t was determined that a train of AFW MOV's would not open on a steam generator low-
IConstruction/ Open ow level. Someoﬁhewmngtobedonefordmmldungewasmcomplete upon
147 ufacture/ of the design change.
lation
uacy )
[Test Puality ig/ [Valve Disk HP] 1 ailure  |Partial ile testing the high presswre injection system, it was discovered that the flow rate was
‘onstruction/ Open unbalanced and below the minimum allowed by the units technical specifications. The
148 e/ ious replacement of the plugs in the MOVs with a plug that had been manufactured to
lation . the wrong dimensions, due to an eiror in a vendor drawing, caused unbalanced and low
Test Quality Operational/ Human|Actuator  |Limit Switch |[CSS | 1988|Failute [Complete re-testing, technicians found that the containment sump isolation valve operator
Co - Error o S B " ko Open limit switches were incomectly set. This prevented the coatainment spray suction
149 alve fiom repositioning as required. During a plant modification, technicians incorrectly
the containment sump isolation valve opesator's intemal limit switch. The switch was
mbeepen.ﬁwughdnmwcdledfotnmbedosed.hnmmadequumnﬂ :
enﬁmtmthuurorwasmtfonnddunngpostmodlﬁauonleshng
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Appendix B
Data Summary by Sub-Component

This appendix is a summary of the data evaluated in the common-cause failure (CCF) data
collection effort for MOVs. The tables in this appendix support the sections in Chapter 4. Each table is
sorted alphabetically, by the first four columns.
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Table B-1. MOV actuator sub-component CCF event summary.

Sub- . Discovery | o Couplin Failure { Degree of e
Item Component Proximate Cause Method Piece Part |System Fau;ors Year Mode F?ii:ere Description
Actuator Design/ [Demand ICircuit -B [Design 1984[Failure [Complete [Both LCI injection MOV would not open due to an error in the valve logic circuit
[Construction/ FRHR Open diagrams and the removal of motor brakes for environmental qualification. This condition
1 [Manufacture/ caused the valves to continuously try to close until both valve stems were damaged.
Installation
[nadequacy
Actuator Design/ Demand Circuit |RHR-B |Design 1986[Failure  [Complete |Residual heat removal/low pressure coolant injection discharge to suppression pool
Construction/ Close minimum flow control valves did not close property on demand. Incorrect logic design
2 Manufacture/ prevented valves from closing completely on demand. The new design provided for a seal-
Installation in contact with the automatic isolation signal, The seal-in contact allows torque closure of
Inadequacy valve even if the selector key lock switch is in the lock’ position.
Actuator Design/ [Demand Circuit IAFW  [Maintenance | 1984|Failure [Partial Aux. feedwater flow control valves would not open. On one the motor control contactor
Construction/ 0 Open was not contacting due to 2 loose connections; and the other the torque close setting was
3 Manufacture/ misadjusted, causing contacts to open too soon.
Installation
Inadequacy -
Actuator Design/ Demand ICircuit [RHR-P [Design 1999|Failure |Complete |Thermal overloads for two valves tripped due to design deficiency. Consequently, the
Construction/ Open {normal closure of the valve will trip the thermal overload heater some percentage of the
4 Manufacture/ time. o ’ -
Installation
Inadequacy
Actuator Design/ Demand Limit Switch -P |Design 1985|Failure |Partial Shutdown cooling system heat exchanger isolation valves were not fully closed. The
Construction/ . o Close condition resulted from premature actuation of valve motor operator position indication
Manufacture/ limit switches and control room indication of the valves being in the closed position. A
5 Installation ‘chmge is being implemented for these valves to separate the torque switch bypass limit
Inadequacy switch and the valve position indicating limit switch by rewiring the position indicating
rotors.
Actuator Design/ Demand Motor {RHR-B [Design 1987|Failure {Partial Suppression pool cooling valves (one in each loop) failed to open. As long as the RHR
Construction/ : Open pump was operating, the valves could not be opened and the thermal overloads would trip.
6 Manufacture/ Cause was an incorrectly sized motor.
Installation
Inadequacy
Actuator Design/ Demand Motor IAFW  |Design 1989]Failure |Partial AFW MOVs would not fully close under high d/p conditions until the valve actuators were
Construction/ Close setup at the highest torque switch setting allowed by the tolerances.
7 Manufacture/
Instalfation
Inadequacy
Actuator Design/ Demand otor RHR-B {Design 1991|Failure |Partial RHR test return valves failed to seat tightly due to friction refated problems. Replaced
Construction/ [to Close valve operators,
8 Manufacture/
Installation
[nadequacy
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Sub- . Discovery . Coupling Failure | Degree of i~
Item Component Proximate Cause | Method - Piece Part |System Factor Year Mode | Failure Description
Actuator  [Design/ [Demand orque HPI i 1985{Failure [Partial  [Motor torque switches were out of adjustment and did not allow full closure.
Construction/ witch ﬂtro Close .
9 Manufacture/
Installation
inadequacy -
IActuator Desig/ Demand Transmission [RHR-P |Design 1991[Failure  [Partial The motor operator for cold lcg isolation valve electricallyengaged while the valve was
Construction/ to Open being manually stroked open during post-modification testing. The motor operator
Manufacture/ ically engaged and closed the valve (short stroking). Investigation determined that this
10 Installation ectrical short stoking of the valve caused the motor pinion key to shear, Other safety-
Inadequacy ed motor operators wese inspected. The moior operators were identified as having
failed keys similar to the failed key identified earlier. Further investigation revealed small
emanating from both comers of the keyway on the motor shaft. The root cause of the
sheared moior pinion gear was that the key material was inadequate.
Actuator  |Design/ - [Inspection  [Breaker HPI  |Quality 1980\Failure IPower leads were found reversed to two safety injoction valve opersiors. Root cause was
Construction/ . , Open | poor administrative control. o
11 Manufacture/
Installation
Inadequacy
Actuator -~ [Design/ Inspection  [Breaker AFW  IQuality 1989Failure WPamal The 125 vdc breakers for motor-operaied valves in the turbine driven auxiliary feedwater
(Construction/ Open M system were not the proper size.
12 Manufacture/
Installation
Inadequacy
IActuator ign/ |Inspection  [Transmission [CSS  |Design 1993{Failute |Partial moior pinion key for a Containment Spray beader isolation valve was sheared.
onstruction/ to Open Subsequent motor pinion key failures occurred oa October 18, 1993, March 23, 1994, and
13 pril 13, 1994. The evaluations for these events determined that the failures were due to
Installation improper key material.
Inadequacy .
Actuator  [Design/ |Inspection  [Transmission [RHR-B [Design 1 allure {Partial vesligaling failure of motor operated valve to achieve minimum required closing tisust.
onstruction/ Close for inboard isolation valve not geared to supply specified 110% design thrust,
14 ufacture/ isolation valve and 6 other motor operated valves (2 in RHR) had same actuator
tallation blems due 1o failure to consider design capabilities prior to establishing diagnostic
Inadequacy ting critesia. .
Actuator Design/ |inspection  [Transmission [RHR-B [Maintenance |1 ailure [Partial  [LCI MOV motor pinion key replacements were supposed 10 be performed in 1982 to
onstruction/ ) Close change the keys to an appropriate material key. This replacement was not performed and
15 Manufacture/ was discovered in 1992, as 3 valve keys were found sheared or nearly sheared.
Installation
uacy :
Actuator ign/ |Mainienance |[Breaker IAFW  Quality | 1989 Failure " |Partial  [The trip coils installed in the power supply feeder breakers for the motor actuator for two
onstruction/ Open MW MOVs were incorrect.
16 Manufacture/ -
lation '
uacy
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Sub- - Discovery . Coupling Failure | Degree of .
Item Component Proximate Cause Method Picco Part |System Factor Year Mode | Failure Description
[Actuator ign/ aintenance [Transmission M-B Quality 1 gilure [Partial ormal maintenance on suppression chamber cooling Loop B throtte valve. Suppression
(Construction/ Open ichamber cooling Loop B throttle valve motor pinion key sheared and Loop A throttle valve
17 Manufacture/ pinion key deformed. Keys were found to be of the wrong material due to vendor
lation inadequacies and utility programmatic deficiencies.
Inadequacy .
[Actuator Design/ ‘est ICircuit W-‘W IQuality 1982[Failure |Partial It was determined that a train of AFW MOV's would not open on a steam generator low-
onstruction/ Open low level. Some of the wiring to be done for design a change was incomplete upon
18 Manufacture/ letion of the design change.
Installation
Inadequacy
Actuator Design/ Test [Limit Switch -B[Maintenance | 1988]Failure [Partial [During surveillance testing of the RHR shutdown cooling isolation valves revealed that
onstruction/ 'w Close loop injection valve failed to close as required. The failure was due to a wiring error
19 Manufacture/ the limit switches associated with RHR suction valves. An incorrect limit switch was
Instaltation used for both valves, which made a slight mis-operation of the switches capable of
Inadequacy affecting the close circuitry of the isolation valves.
IActuator Design/ Test pdomr RHR-B |Design 1992|Failure [Partial Due to the original valve operator selection criteria using less conservative factors, the
[Construction/ Close primary containment spray isolation valves had an inadequate torque and thrust
20 Manufacture/ icapability. Design requirement is 134 ft-Ibs; available is 100 ft-Ibs.
Installation
Inadequacy
Actuator Design/ Test [Motor -B [Design 1 siture  |Partial Due to incorrectly sized operator the Torus cooling valves would not completely close
IConstruction/ Close against full differential pressure.
21 Manufacture/
Installation
Inadequacy
Actuator Design/ Test [Torque IAFW  [Design 1994|Failure  |Partiat uxiliary Feedwater Pumps to Steam Generator Isolations were determined to be past
IConstruction/ ISwitch Close inoperable. Differential pressure testing conducted during the outage revealed the valves
2 Manufacture/ jwould not sufficiently close against design basis system conditions to isolate flow.
Installation
Inadequacy
Actuator Design/ Test [Torque JAFW  [Design 1989|Failure ial Seven AFW valves would open but would not fully close electrically. The cause of failure
onstruction/ ISwitch Close that the valve operator and valve were previously changed out on a modification and
23 Manufacture/ passed the post modification test. Upon investigation of the valve failure it was determined
Installation that the design engineers had the thrust values wrong and the torque switch was reflecting a
Inadequacy 1085 psi system when in fact the system is 1600 psi.
Actuator Design/ [Test Torque ICSS  |Design 1984[Failure {Complete [During surveillance, two containment spray motor operated valves failed to open. The
onstruction/ ISwitch Open were stuck due to excess play in operator assembly, which allowed the open torque
24 Manufacture/ switch to disengage thereby shutting off the operator. The bypass limit switch was rewired
Instatlation 0 & separate rotor with a longer bypass duration per design change.
Inadequacy :
Actuator Design/ [Test [Torque HPI  [Design 1994[Failure [Partial HPI MOV failed to fully close. Engineering determined that the recommended close thrust
onstruction/ ISwitch Close was insufficient to close valve during worst case failure.
25 Manufecture/ ‘
Installation
Inadequacy
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Sub- . " | Discovery | 3. . Coupli Failure | Degree of -
Item Component Proximate Cause Method Piece Part [System F m":g Year Mode | Failure Description
Actuator Design/ [Test [Torque |RHR-B [Design 1987|Failure |Partial During operability test of RHR, a loop isolation valve would not close against system
Construction/ Switch Close operating pressure due to an undersized washer spring pack in valve operator, supplied to
26 Manufacture/ he plant in actuators by the vendor not in accordance with purchase specifications, Similar
Installation problem found on the other loop isolation valve,
Inadequacy : o
Actuator Design/ [Test [Torque HPI  [Maintenance | 1991]Failure [Partial high pressure safety injection system flow control containment isolation valves failed
Construction/ |Switch ho Close to completely close because total close thrust was not sufficient to close valveunder
27 Manufacture/ ic siroke, A thrust value beyond the recommended maximum total close thrust would|
Installation be needed to completely close the valve. Engineering evaluation determined a higher thrust
Inadequacy value would be acceptable.
Actuator Design/ [Test [Torque [RHR-P |Design 1985|Failure  |Partial During maintenance testing it was detcrmined several residual heat removal MOVs
Construction/ Switch Open wouldn't develop the required thrust as specified by the motor operated valve testing
28 Manufacture/ program. The failure was aitributed to an improper torque switch installation due to
Installation incorrect enginecring calculations of original design values. The appropriate torque switch
Inadequacy was installed, adjusted per the revised mgineeriﬁlalua, tested, and retumed to service.
Actuator Design/ Test [Torque ICSS  |Design 1985{Failure  |Partial During maintenance, testing it was determined that four containment spray MOVs wouldn't
Construction/ |Switch Open develop the required thrust. The failures were attributed to an improper spring pack
29 Manufacture/ installation and to an improper torque switch installation. The improper installations were
Installation due to incorrect engineering calculations of original design values.
Inadequacy
Actuator Design/ Test [Torque ICSS  |Design 1985{Failure |Complete maintenance, testing it was determined that four containment spray MOVs wouldn't
IConstruction/ |switch to Close develop the required thrust. The failures were attributed to an improper spring pack
30 Manufacture/ installation and to an improper torque switch installation. The improper installations were
Installation due to incorrect engineering calculations of original design values.
Inadequacy
Actuator Design/ Test [Transmission [HPI Puality 1992|Failure |Partial safety injection recirculation MOV failed to close. It was discovered that the valve had a
[Construction/ Close broken anti-rotation device (key). This prompied an inspection of the remaining globe
31 Manufacture/ alves that found the safety injection to reactor coolant system cold leg injction valves
Installation had a broken key.
Inadequacy
Actuator  |Design/ Test Transmission P-[PI Pwign 1987|Failure |Partial ile testing the high pressure injection control valves, the motor operaior overthrusted
Construction/ to Open while going in the open direction. Valve operator overthrusted due to a design deficiency in
Manufacture/ : the torque swiich spring pack that allowed a buildup of grease between the Belleville
32 Installation . ' washers, which resulted in hydraulic lockup when the valve was operded. After discussion
[nadequacy with component manufacturer, a plant modification was performed that machined notches
in the ends of the motor operator torque limiting sleeve, These notches will provide a better
grease relief path.
Actuator  |Extemal Demand Torque -P |Design 1983|Failure  |Partial 'wo RHR MOVs were not giving remote indication in the full close position of valve.
33 ) Environment FMM B Dlm Close orque switch inoperative, not rotating on closing stroke. The torque switch setting screw
was found loose most likely due to valve vibration.
Actuator External [Demand [Transmission (HPI  [Environmental | 1995|Failure |Partial a close signal was initiated from the control room, two Refucling Water Tank valves
Environment Close failed to close. They only stroked 2 pet. and gave dual indication. Inspection of actuator
34 intemals found tust, corrosion, and water intrusion. The causc was due to waler ingress
ugh an actuator penetration in the stem protector resulting in rust and corrosion to
T parts, :
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Sub- . Discovery . Coupling Failure | Degree of -~
Item Component Proximate Cause Method Piece Part |System Factor Year Mode | Failure Description
Actuator External {inspection [Motor |RHR-B [Environmental | 1985{Failure ial The ECCS pump room was inadvertently flooded with water, inundating the RHR system
35 Environment Open : inimum flow valve and a pump suction isolation valve. The valve operator motor
windings were grounded as a result of the water intrusion.
16 Actuator Exte_mal [Test lotor [HCI  {Environmental ailure  [Complete ile testing the torus suction valves, two MOVs failed when given an open signal. Both
Environment Open suction valves had shorted out due to excessive condensation in the HCI room area.
37 Actuator External Test Torque HPI  |Design 1991}Failure {Partial (Compression springs in the HP1 MOV torque switch assembly were weakened by vibration.
Environment Switch Close
Actuator External [ Test ransmission |RHR-B [Environmental | 1991]Failure [Partial  [One of the two primary containment isolation valves in both residual heat removal low
Environment i Close pressure coolant injection subsystems to be inoperable, One valve opentor torque switch
aned in both directions preventing both full closure and full opemng. The other valve had
18 jexcessive seat Ienkng& The threads of the gate valve stem nut in the motor operator were
worn and broken causing the valve to lock in a partially open position, Analysis determined
stem nut wear out may have been accelerated by mechanical overload caused by hlgh
|d|ﬂ'emmnl pressure across the valve. The valve stem failed due to vibration causing cyclic
: fatigue.
Actuator Internal to Demand ICircuit CS [Maintenance | 1989{Failure [Complete The infet block MOVS for the PORVS failed to close o open from the control room. This
39 Component Close failure was due to the main control room switch for opening and closing the valve has
erratic resistance reading as a result of wear and tear of the switch.
Actuator Internal to Demand ircuit JRCS  [Maintenance | 1989!Failure Complete |The inlet block MOVs for the PORVs failed to close or open from the control room, This
40 (Component Open failure was due to the main control room switch for opening and closing the valve has
erratic resistance reading as a result of wear and tear of the switch,
Actuator Intemnal to Demand ICircuit IAFW  Maintenance | 1985[Failure [Partial . ile removing an AFW train from service, the pump discharge valves to two steam
41 Component 0 Close renerators did not close. The closing coils in the motor controller failed, due to unknown
use, .
[Actuator Internal to {Demand ICircuit RHR-B [Maintenance | 1993|Failure |Partial RHR MOVs failed when an aux relay open contactor failed to operate. Cause was
42 ) ~ [Component 0 Close attributed to inappropriate use of cramolin spray to clean relay, which caused it to become
sticky.
’Actuator .|Intemai to Demand ICircuit RHR-B [Maintenance | 1993|Failure |Partial RHR MOVs failed when an aux relay open contactor failed to operate. Cause was
43 Component Open attributed to inappropriate use of cramolin spray to clean relay, which caused it to become
sticky.
- |Actuator Intemnal to Demand Limit Switch |RHR-B [Mai 1980{Failure [Partial Extinguished valve indicating lights on RHR pump suction valves. MOVs would not
4“4 Component Open operate due to broken limit switch rotors caused by loose limit switch finger bases.
Actuator . |Internal to Demand Limit Switch |RHR-B [Maintenance | 1995]Failure |Partial RHR system suppression pool valves failed to operate on demand (open). The limit switch
(Component Open on the MOV failed to operate, thus not allowmg the valve to cycle on command. The cause
45 f the failure was normal wear and service conditions of the limit switch resulting in
failure.
Actuator  |Internal to Demand [Torque -B [Quality I986I;ailure Partial An electrical fire was discovered in an MCC. The cause of this event was a personnel error,
Component Switch which resulted in an incorrect field wiring installation on HCI MOVs. The error was
X complicated by unsuccessful detection of the error during subsequent testing or inspections.
46 corrective actions, the wiring error was corrected. Additionally, all other motor
which were replaced for environmental qualification purposes during this period
modified to preclude this failure.
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Sub- . Discovery . Coupling Failure | Degree of ‘.
Item Component Proximate Cause Method Piece Pasrt |System Facor Year Mod Failure Description
Actuator Internal to Demand [Torque HCI  Quality 1986Failure |Partial Afler an attempt to reposition 8 HCI MOV (the recirc loop pump suction valve), The valve
iComponent fSwnch Open ailed to open upon a signal from the control room. An investigation inio the cause of the
‘ valve's failure determined that a hydraulic lockup of the MOV's spring pack prevented the
47 : torque switch from opening causing the motor to fail. This lock-up was due to: 1) the
‘ replacement of less viscous new grease, into the operator, which was recommended by the
manufacturer and 2) the failure of the manufacturer to provide information regarding the
need 1o install a retrofit grease relief kit.
4 Actuator Intemal to Demand Transmission |RHR-B [Maintenance | 1984{Failure  [Partial [Torus suction valves (Both loops) clutch lever would not engage.
Component to Open I
Actuator  [Intemal to |inspection  [Transmission [HPI ﬂMmm 1986Failure [Partial  [During a special inspection, @ limit switch teminal block was found cracked snd 8 bevel
® [Component Open gear stripped on safety injection system high pressure header shutloff valves. The cause of
: failure has not been determined but inadequate maintenance is suspected. The limit switch
terminal block and the bevel gear were replaced.
Actuator  {Intemal to Inspection  [Transmission [CSS  [Maintenance | 1989|Failure ‘Puﬂal il leaks identified on handwheel of motor operated actuator for containment spray header
50 Component Open isolation valves. Internal seals and o-ring for mating surface of handwheel and gear box hadj
failed. Failure attributed 10 unexpected abnormal wear.
51 Actuator Internal to Maintenance |Breaker IRCI  [Maintenance | 1999Failure |Partial Valve operations were not within specified time limits due to faulty contactors. Inadequate
Component Open PM.
52 JActuator Intemal to Maintenance |Limit Switch IRCS Quality 1983}Failure PPaltia.I Limitorque valve operator for the pressurizer isolation valves found to have cracks on
Component to Close the geared limit switch,
53 Actuator  [Internal to Mainicnance |Motor |RHR-B [Mai 1989 Failure [Partial ounds were found on 2 of 4 LCI Injection valves. Probable cause was determined to be
(Component Open insulation breakdown.
Actuator  [Internal to [Maintenance [Torque HPI  [Maintenance | 1994]Failure completion of mechanical rework on HPI MOV actuator, technician was attempting
. (Companent . ISwitch Open to setup and stroke motor operated valves, While stroking valve electrically found the
54 rque switch would not open, resulting in valve travel not being stopped. Technicians
investigated and found torque switch defective and rotor on limit switch to not be tumning
fully to proper position.
Actuator  |Internal to [Maintenance [Torque HP1 1 ailure [Partial igh Head Safety Injection System motor operated isolation valves would not open fully.
iComponent |Switch Close echnicians investigated and found grease on torque switch contacts, which prevented
55 ntacts from closing circuit. Improper greasing resulted in excessive grease accumulation
n torque switch contacts.
IActuator Internal to [Test Breaker ICSS intenance |1 ‘ailure i 480 Vac circuit breakers for recirculation sump to containment spray pump isolation
56 omponent o Open alves would not trip on an instantaneous trip test within specified current limits.
Actuator  |Intemal to est [Circuit HPI  [Maintenance | 1986{Failure [Partial ’Dinyconhet.undlooseconnedions resulted in valves failing 1o open.
57 | mponcat to Open ’
Actuator  |Intemal to Test ICircuit AFW  [Design 2 ailure [Complete [Loose sliding link caused unplanned swap to LOCAL control. This also caused AFW
58 mponent ) Open Jsuction auto swap capability to be blocked. Manual control apparently still available.
Actuator  |Internal to Test Limit Switch |AFW  |[Maintenance { 1992{Failure [Purtial AFW pump supply to steam generator control valves stopped at an intermediate
59 1 omponent : Open ition and did not fully open. Local verification based on stem travel verified the valve
topped at an intermediate position. The valve operators limit switch was out of adjustment.
Actuator temal to [Test Motor IAFW  |Maintenance |1 ailure  [Partial maximum d/p previously used in earlier testing and evaluation was determined to not
: omponent Close cpicsent worst case conditions. Further testing revealed that none of the AFW blqckval
60 uld full close against the calculaied worst case d/p. The root cause of the inability of the
alves 1o close is attribuied to valve condition due to normal weas.
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Sub- . Discovery Coupling Failure | Degree of e
Item Component Proximate Cause Method Piece Part |System Factor Year Mode | Failure Description
6l A ctustor to [Test IMomt [RHR-B 1985|Failure jal Burned cut motors (one LCI and one Torus cooling) due to aging.
omponent Open . :
62 Actuator |Imemal‘ to [Test Motor ICSS  |Design 1986{Failure [Complete ine surveillance disclosed that the containment recirculation sump to containment
Open pump isolation valves would not open. The motor for valve operators burned up.
Actuator Intemnal to Test Torque ’AFW Design 1986{Faiture |Almost ing MOV actustor testing, the close torque limits on the operator to the emergency
63 omponent |Switch Close [Complete |feedwater pump discharge valves to the steam generators were found to be below
inimum. The torque switches were out of adjustment.
64 Actuator Intemnal to [Test To::qu ~P [Maintenance | 1986|Failure |Partial While the unit was in shutdown for refueling, the BWST outlet valve operator failed to
omponent [Switch Open open during motor operated valve actuation testing. The torque switch was out of balance.
65 Actuator Internal to Test Tm [HPI IManmumce 1991|Failure  |Partial A fuse failed in the first event due to aging and washers in the spring pack of the second
omponent ISwitch Open vatve came loose and grounded the motor. Root cause was inadequate maintenance,
Actustor  [Internal to Test Transmission (RHR-B [Maintenance | 1983|Failure [Partial RHR inboard injection valve would not open due to a locking nut on the worm gear shaft
66 IComponent 0 Open Lh;vehgbackedoﬂ'anowingﬂ\ewomgmmbackmnofd\ebearingandﬂ\espﬁngpack.
: opposite train vatve had failed 2 months previously for the same cause.
Actuator Operational/ Human |Demand [Breaker IAFW  [Maintenance | 1987|Failure |Partial isolation valves to the steam generator from the steam driven auxiliary feedwater pump
Error Open failéd to open when demanded from the main control board switch. The de circuit breaker
67 for the motor operated valves were found to have loose (unplugged) connections on the
al block inside the breaker. It appears that the connectors are easily unplugged by
moving the cables in the cable run compartment adjoining the breaker.
Actuator IOperational/ Human|{Demand Breaker IAFW  |Design 1988[Failure ial motor operated containment isolation valves for the turbine driven feedwater pump
: Error 0 Open supply to steam generator failed to respond during stroke test from the main control board.
o motor leads in the dc breaker were found disconnected, This is a plug-in type
68 nector unique to the 430 vdc breakers. After evaluation, it was determined that
| were working in the cable run compartment adjacent to the breaker and as they
moved cables around in the cable run, tension was applied to the connectors causing them
pull out.
0 Actuator ~ |Operational/ Human{Demand ICircuit RCI  [Maintenance | 2! ailure  [Partial instruments that signal the RCI steam supply valves to close in the event of a steam
Error . 0 Close line break were rendered inoperable due to human emror and work package change errors,
Actuator  |Operational/ Human|Demand Circuit [RHR-B [Design 1985|Failure  }Complete the control room operator proceeded to establish shutdown cooling, the suction
Error Open tves to the system would not open. Investigation revealed that while applying a
maintenance permit to the primary containment isolation system, a plant operator
umknowingly removed the wrong fuse. This electrically blocked the residual heat removal
7 shutdown cooling suction valves and head spray isolation valves in the closed
ition. Investigation revealed that although the plant operator removed the fuse, which
was labeled 2, as the permit required, this was not the correct fuse. Apparently, the label
slid down such that fuse {3 appeared to be 2.
Actuator (Operational/ Human |Demand Limit Switch |AFW sintenance | 1984[Failure [Partial Foedwater from the motor driven suxiliary feed pumps to steam generators, failed upon a
[Eeror Close feedwater flow retention signal. Normal operation upon a retention signal is to actuate to a
7 preset position. Inspection of the Limitorque operator revealed the limit switch was
improperly positioned. An investigation could not determine cause of improper adjustment.
A ctuator Operational/ Hmmpqnmd Limit Switch |AFW anm 1984[Failure [Partial ‘eedwater from the motor driven auxiliary feed pumps to steam generators, failed upon a
{Emror Open flow retention signal. Normal operation upon a retention signal is to actuate to a
7 : preset position. Inspection of the Limitorque operator revealed the limit switch was
improperly positioned. An investigation could not determine cause of improper adjustment.
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Sub- K Discovery . : Coupling Failure | Degree of -
Item Component Proximate Cause Method Piece Part |System Fact Year Mode | Failure Description ‘
Actuator  [Operational/ Human|Demand [Torque -B [Maintenance | 1987|Failure |Partial [The residual heat removal suppression pool full flow discharge isolation valve and the torus!
71| Error witch to Close spray isolation valve would not fully close upon demand. The cause of the failure is
improper previous maintenance activities set the torque switch setting on the valve operator
incorrectly low.
[Actuator {Operational/ Human|{Demand orque RCl  |Design 1986Failure [Partial electrical fire was discovered in an MCC. The cause of this event was a personnel error,
Error witch " o Close which resulted in an incorrect field wiring installation on HCIMOVs. The error was
74 ) complicated by unsuccessful detection of the error during subsequent testing or inspections.
corrective actions, the wiring crror was corrected. Additionally, all other motor
perators, which were replaced for environmental qualification purposes during this period
were modified to preclude this faiture.
[Actuator Operational/ Human|Demand [Torque -P [Maintenance | 1983(Failure [Almost  [Shutdown cooling systcm heat exchanger isolation valves could not be remotely opened
75 Error Switch Open [Complete |from the control room. The inability of the valves to remotely open was attributed to
incorrect open sequence torque and limit switch settings. The incorrect settmgs caused the
motor on the valves t stop before the valves had come off their seats.
2% Actuator Operational/ Human |Demand orque IAFW IMuntenance 1995{Failure |Partial IAFW steam supply valves torque swilch setpoints were incorrectly calculated for the type
Error witch Close | - of valve.
Actuator Operational/ Human |Demand orque IAFW intenance | 1988{Failure [Partial (Operator tried to close motor driven auxiliary feedwater pump discharge header to steam
Error Switch Close gencrator isolation valves against pump flow and they would not fully close. Valves failed
77 tocloseduetoﬂ\elotquesmtdmopulmg Thesebemgcnusedbyﬂlemcreasedtorme
during intermitient throttling near the full closed position where differential pressure is
maximum.
Actuator Operational/ Human|Demand Torque IAFW  [Quality 1985{Failure  |Complete procedural deficiency that allowed for a low setting of the bypass limit switches on
Error witch Open Limitorque valve opesators prompted an evaluation of all MOVs. Using the motor operated
alve analysis and test sysiem; a review of the as found conditions of 165 safety related
78 MOV revealed that 17 valves were evaluated as inoperable for various reasons. These 17
valves included the auxiliary feedwater isolation valves. Further investigation revealed that
Limitorque failed to supply adequate instructions on balancing of the torque switches.
Torque switch unbalance resulted in three valves being unable to produce sufficient thrust
to close against the design differential pressure.
A ctuator (Operational/ Human |Demand [Torque IRCS  [Maintenance | 1981 ulure Partial IThe pressurizer PORV block valves did not fully shut on demand. The cause of this event
79 Error Switch was due to maintenance practices problems.
Actuator (Operational/ Human rDemmd [Torque RHR-B [Maintenance | 1991 ulure artial First failute was a torque switch out of adjustment. Second failure was a mis-positioned
50 Error Switch Close motor lead holding a torque swilch open. Inadequate maintenance.
Actuator (Operational/ Human |Demand Transmission [RHR-P [Operational 199; Low Pressure Injection valves were overtorqued open in error during manual backseating
81 Error Close past packing leaks. Excessive force was applied when disengaged from electric
joperation, causing clutch ring to bind-up when clectric operation was re-initiated.
82 Actuator Operational/ Humanllnspection Breaker HPI  [Operational 1981|Failure [Complete |Operator went to the wrong unit and de-energized a total of five SI valves.
Error . jto Open :
Actuator Operational/ Human|Inspection  |Breaker [HPI  [Operational 1987|Failure [Complete [The breakers for the high pressure injection suction valves from the BWST were
Error Open inadvertently left tagged open after the reactor coolant system had been heated up to greater
350F. The suction supply from the BWST to the HPI pumps was isolated and would
8 have opened astomatically upon engineered safeguands actuation. The root cause is
failure to perform an adequate review of the red tag logbook in accordance with the startup
ure. .
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Sub- . Discovery . Coupling Failure | Degree of .
Item Com ¢ | Proximate Cause Method Piece Part ] System Factor Year Mode | Failure Description
8 Actuator Operational/ Humunllnspectim reaker HPI  [Operational 1989tFailure [Complete allowed entry into operating mode where the system was required without
Error Open irecting operators to energize HPI MOV valve operators. .
as [Actuator Operational/ Human lln.vpeuion otor ICSS  [Maintenance | 1987(Failure |Partial ontainment spray MOVs were rendered inoperable by maintenance staff error.
Error brication for the pinion gear housings was put in the motor housings. v
Actuator ional/ Human [Maintenance [Limit Switch [HPI  [Design 1985[Failure [Complete engineering calculations Tesulted in spring pack setting that would not open the
86 Error Open IT isolation valves. The third valve, SI pump to accumulators was discovered with the
) same failure.
87 Actuator  [Operational/ Human IMaintmanoe [Limit Switch -P lMairnenance 1986[Failure  [Partial Low pressure safety injection flow control eomaimnent isolation valves' stroke travel was
Error Close greater than allowable. The cause was open Jimit switches out of adjustment.
a8 Actuator  [Operational/ Human|Maintenance [Torque -B [Maintenance | 1983]Failure |Partial Improper wiring and connections on torque switches and limit switches.
[Error Switch 0 Open K
Actuator Operational/ Human [Test Breaker [HPI Naintmmoe 19941Failure [Partial RWST to Charging Pump Suction Isolation Valve fuiled to open. Troubleshooting
89 Error . Open subsequently determined that the MOV had two lifted leads. Further investigation revealed
another Charging Pump Suction Isolation Valve also had two lifted leads. The cause of
event was persormel error,
Actuator [Operational/ Human [Test Breaker Cl  |Operational 19891Failure [Complete |During the performance of a scheduled RCI system logic system functional test, an
% ) Error Open overpressurization of the system's suction piping occurred. The operators incorrectly
positioned and/or inaccurately verified the positions of 6 circuit breakers to motor operated
. valves prior to (and for) the test. RCI system inoperable.
9 Actuator Operational/ Human[Test ircuit IHP] aintenance | 1986/Fnilure |Partial [Two ECCS MOVs had wire grounded under valve operator eover Both failures were
i ‘ Error Open jattributed to previous maintenance.
0 Actuator Operational/ HumanTest ICircuit HPI aintenance | 1984{Faiture  [Complete |Wh||e performing a surveillance test during refueling shutdown, the open contactor for HPI
Error . loop isolation valves did not close. The contactors were out of adjustment.
Actuator [Operational/ Human|Test Limit Switch [RHR-P [Maintenance | 1991[Failure ial LPI MOVs failed to open. Incorrect setpoints of the valve operator limit switches. Root
93 Error Close icause was insufficient control of setpoints.
Actustor  [Operational/ Human[Test Limit Switch fRCS [Maintenance | 1984{Failure [Partisl (I performance of surveillance testing, pressurizer power operated relief valves, failed to
Etror Close lose properly. Loose connections within the Limitorque operator. Long term measures to
“ eliminate this recurring problem include changes to maintenance procedures requiring
iodic examinations of afl switch contacts within Limitorque operators.
Actuator (Operational/ Human|Test Limit Switch [CSS  iQuality 1988{Failure [Complete |During re-testing, technicians found that the containment sump isolation valve operator
Error Co 0 Open " |intemnal Timit switches were incorrectly set. This prevented the containment spray suction
tve from repositioning as required. During a plant modification, technicians incorrectly
% set the containment sump isolation valve operator's intemal limit switch, The switch was
set to be open, though drawings called for it to be closed. Due to inadequate functional
. ification, this error was not found during post modification testing.
Actuator [Operational/ Human[Test Limit Switch ICSS aintenance | 1985]Failure  [Partial Redundant discharge valves on a containment spray pump would not open. Valve would
9% Error Open out before going open due to improperly adjusted limit switch.
Actuator  [Operational/ Human [Test Torque AFW  [Maintenance [ 1987|Failure  [Partial uxiliary feedwater regulating isolation MOVs were obsetved to stick and jam dm:ng
Error . Switch Open motor operated valve actustion testing because the testing loosened the vatve coupling on
the drive shaft, throwing the limit switches out. The cause of the coupling coming loose
9 the torque of the operator exceeding the potential of the coupling, thus unscrewing it
is resulted from too high s setting on the torque switch, and the setup of the control
ircuitry,
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Sub- L : Discovery Coupling Failure | Degree of .
em Com Proximate Cause Method Picce Part | System Factor Year Mod Failure Description
Actuator [Operational/ Human|Test Torque HP1 i 1981|Failure |Partial Maknupp\mpreumlanonvalvendxd not fully close due to low torque values. The torque
98 Esror witch to Close wilch seltings wete set with no system pressure.
Actuator ational/ Human|Test Transimission [Pl  [Mainknance | 1987|Failure [Partial highptessureufety injection header to loop injection MOV operator spring packs
99 Error . Open we:efomdmthmsgrmdmngmeﬂhmeumgmmgvdvemwwmld
’ ) The spring pack was inoperable due to excessive grease caused by improper
mainicnance. )
[Actuator  |Other Demand - [Circuit - [RHR-B |[Design | 1987|Failwe  [Partial Failure of the auxiliary contact biock assembly of valve molor close contactor (failed in
to Open position) prevented energizing valve motor open contactor, Occurred on Unit 2/1
100 oss-connect isolation valve and on Unit 1 RHR isolation injection valve. The contacts
faﬂedhnheopenposnion,thaebyptevendngenagiudonofﬂwvalvemopw
101 Actuator Other . iDemand Circuit AFW 1984{Failuce Dmmgmmmnnmﬂﬂmoftheﬂsym,ﬂnmrmﬂowconﬁdvﬂvuw
) T ’ Close ) |ddnotoperatepropeﬂyonnﬂowrcwnumngml.
oz [Actuator  [Other Demand  [Circuit AFW IMunmm 1984]Failure  [Partial Pwmgmmofﬂwﬂsymthemhrwmﬂowmmlvﬂmm
to Open SCr':dldnotopetmpmperlyonaﬂowretenmnnpal
Actuator Other Demand Limit Switch [RHR-P [Mai e |1987|Failure [Partial  |Residual heat removal pump suctions from feedwater storage tank valve and containment
103 0 Open l.:umpwouldnotopenwﬁommohmCmmofvalve’sfallurctoopumwaslumt
; C witches out of adjustment.
104 Actuator jOther Demand [Limit Switch [HP1 IMumam\ce 1982 Failure |Pmnl IClose limit swiich out of adjustment. Afier adjusiment, valve closed correctly,
jas [Actustor  [Other |Demnnd Limit Switch RHR-PlMainmnm 1983 Failure  [Partial |MOVmotnnorqueduuonmnofopmlclosecycle. Limit switches out of adjustment
to Open '
106 [Actuator jOther IDemand Torque |RHR-B|MAinAenmce I9M|Fulute lBothLClloop’l full flow test valves failed to go full closed due to a faulty torque switch.
|Switch : ‘
Actuator  |Other |Demand orque RHR-B |Maintenance | 1984|Failure  [Partial idual heat removal suction from suppression pool and shutdown cooling inboard
o . wiich C Close isolation suction valve would trip thermal overload when atiempting to open from closed
107 itions and failed to close completely. Torquswnchsemnawutohlghmdlmtswmh
settings were incorrect. Reset limit and torgue swiiches.
Actuator Other Demand [Torque IRHR-P [Mainienance | 1987Failure |Pastial pumpsmnMOVuohtmvdmwouldnocﬁmyopmmdanmdmmseof
108 o : ’ [Switch : ) Open this failure was due to both torque switches were out of adjustment. Both valves could be
' losed on repeated atiempis but not reopened completely.
[Actustor  [Other Demand Torque |RHR-B [Maintenance l984!;ailurc |Partial esidual heat removal suction from suppression pool and shutdown cooling inboard
' |Switch Opea uol&mamvdvewmﬂdmpﬁnmnlweﬂoadwiwuwempungwopmﬁomclosed
109 . : ion and failed to close completely. Tolqwsmtchmuxzwtohxghmdhmmmwh
were incorrect. Reset limit and torque switches.
Pctuator Other {Maintenance |Breaker |HPI  {Maintenance |1 ‘ailure 480-volt circuit breakers for three safety injection to cold leg motr operated isolation
: - jo Open lves were found out spetification high on two phases. The degraded component had no
110 ) ignificant effect on the sysiem or the plant, but could have caused damage to the valve
motors since the overcurtent protection was degraded.
Actuator ~* JOther tenance HPI intenance | 1988]Failure 480 Vac circuit breaker for a safety injection control valve fiiled to trip within its set
i . Open tolerance. The cause of the failure was attributed to a defective circuit breaker.
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Sub- . Discovery . Coupling Failure | Degree of e
Item Component Proximate Cause Method Piece Part |System Factor 17| M ode | Failure Description
Actuator  [Other Maintenance [Torque ICSS sintenance | 1991[Failure [Partial  [The as found available open and close thrusts were below the recommended minimum. It
H2 Switch Close [was determined that the MOVs were inoperable in the open direction, the safety function of]
MOV, and operable in the closed direction under worst case design basis conditions as
found. Suspect it was due to setpoint drift and or cyclic loading.
A ctuator Other [Maintenance [Torque ICSS FMmmﬂunce 1991|Faifure [Partial ile maintaining the containment sump isolation vaive operators, it was noted that the as
witch Open found available open and close thrusts were below the recommended minimum. It was
13 that the MOVs were inoperable in the open direction, the safety function of the
MOVs, and opereble in the closed direction under worst case design basis conditions as
found. Cause of valve thrusts below minimum recommended was unknown. Suspect it was
to setpoint drift or a cyclic loading.
[Actuator iOther [Test Breaker -B [Maintenance | 1986{Failure |Partial LCI test valve and LCI torus suction valve would not open upon demand and would trip the
114 Open breaker upon movement. Found auxiliary contacts on breaker in open circuit not making
up.
Actuator  [Other Test Limit Switch [HPI  [Maintenance | 1989]Failure [Partial high pressure safety injection pump long term cooling containment isolation MOVs
115 Open failed to achieve minimum flow requirements. The cause of failure was attributed to the
limit switch rotor being out of mechanical adjustment.
JActuator jOther [Test Limit Switch [RHR-B [Maintenance | 1984]Failure  |Partial During a LCI operability test, full flow test valves were closed by position indication.
116 Close , the valves were not fully seated, and the LCI discharge piping drained. Valve
position indication was out of adjustment.
Actuator  |Other Test . [Limit Switch [HPI  [Maintenance | 1994]Failure |[Partial Limit switches being out of adjustment resulted in contained leakage. One had both open
17 o Close and closed limit switches out of adjustment. The other valve had only the closed limit
switches out of adjustment.
18 A ctuator Other Test [Limit Switch fRHR-P [Design 1995[Failure  |Partial LPI throttle valves over traveled in the open direction by approximately 172 inch. This
Open resulted in LPI flow exceeding Tech spec limits..
s Actuator  [Other Test [Limit Switch [HPI  [Design 1984/Fuilure [Partial  |[The HPI header flow rate was not within technical specification requirements. No direct
" Open icause could be found for the apparent drift of the valve operstors.
120 IActuator Other Test Limit Switch |RHR-P [Design 1995{Failure [Partial LPI throttle valves failed to stroke fully open. As a result, minimum flow for LPSI injection
0 Open {legs were below the minimum design basis flow.
Actustor Other est [Limit Switch [RHR-P {Maintenance {1 silure {Partial Stern trave] was excessive on low pressure safety injection flow control containment
121 Open isolation valves. The opening travel was excessive, due to limit switch out of adjustment.
[Actuator Other [Test [Torque HPI  [Maintenance | 1994|Failure [Partial Motor Operated Valve for High Pressure Safety Injection would not stroke fully open.
FM&:h Open Electricians found oxidation on the open torque switch contacts, causing the motor to stop
12 tve movement before the valve was fully open. Oxidation is an expected occurrence over
ime in this atmosphere.
Actuator Other [Test orque [HP1 aintenance | 1994{Failure [Partial High Pressure Safety Injection to Loop MOV would not stroke fully open. Electricians
Iswitch Closs found oxidation on the open torque switch contacts, causing the motor to stop valve
123 befmd:evalvewasfullyopen Oxsdwonlsanexpeaedocumenoemum
. . o in this atmosphere
124 A ctuator Other [Test Torque IRHR-B IMaimemme 1984|Failure  |Partial LLRT failures on Torus Suction valves due to torque swntch misadjustment.
Switch Close
Actuator  [Other Test Torque |RHR-P [Maintenance | 1984/Failure [Partisl ile petfmning sump valve stroke test two MOV failed to re-open after being stroked
Iswitch Open Josed. The cause of the failures has been determined to be that the bypass circuit time wos
125 shonThuptmmdmevahesﬁomopmingmmlﬂ\eeonHolswndlhadbeen
several times. .
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Sub-

Discovery

. . Coupling Failure | Degree of "

Item Com 1| Proximate Cause Method Piece Part |System Facior Year Mode | Failure Description
Actuator Unknown Circuit HPI . 1985|Failure {Complete [The motor operators for 2 valves, which allow the chemical and volume control pumps to
: : e Open take suction from the refucling water storage tank when in the closed position or from the
126 olume control tank whea in the opened position, bumed up in the closed position and had
X o ‘ . to be manually opened. - - -
127 Actuator 'Unknown Demand Transmission -P |Mnmhmna 19854Failure IPnrual lLow pressure injection supply from the borated water storage tank isolation valves would
Close not close due 1o broken worm shaft cluich gear on valve operdor.
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Table B-2. MOV valve sub-component CCF event summary.

Sub- . Discovery . Coupling Failure | Degree of -
Ttem Component Proximate Cause Method Piece Part | System Factor Year Mode | Failure Description
alve Design/ Demand [Body |RHR-B [Design 1991[Failure  |Partial Inboard LCI valve failed to open due to failed actuator motor caused by sustained operation
Construction/ Open at locked-rotor current due to hydraulic locking of the valve bonnet. Modifications
128 Manufacture/ formed on both LCI inboard valves and both core spray inboard valves.
Installation
Inadequacy
Valve Design/ Demand isk [ISO  [Design 1989]Failure ial Isolation condenser dc outlet MOV failed to open. Both valve failures are attributed to
onstruction/ Open thermal binding, which is identified as a recurring design condition.
129 Manufacture/ )
[nstallation
Inadequacy
alve Design/ |Inspection  |Disk . |JRCI  Design 1998iFailure |Partial RCT steam line isolation valves did not have the required seat/disk chamfer necessary to
Construction/ Close assure that the valves would close under design basis conditions.
130 Manufacture/ : .
" [Installation
Inadequacy 4
Valve Design/ |Maintenance [Disk |RHR-B |Design l988LFailm iComplete [Containment spray mode of RHR/LCI two MOV injection valve operator motors failed on
Construction/ : 0 Open load when stroking valves due to trapped pressurized fluid between discs of the gate
131 Manufacture/ lve. This was caused by misinterpretation of valve purchase specifications by vendor.
Installation
Inadequacy . :
Valve Design/ Test Body {RHR-B [Design 1992iFailure  {Partial iginal construction design error resulted in pump minimum flow valves not being
Construction/ Ftn Close installed with the valve stem in the vertical, pointing upward orientation. Since these valves
132 Manufacture/ o not have wedge springs they have potential to prematurely seat failing to fully close.
Installation :
[nadequacy v
alve Desigr/ - [Test Disk HPL  NQuality 1 ailure (Partia]l  [While testing the high pressure injection system, it was discovered that the flow rate was
. Construction/ ‘ Open unbalanced and below the minimum allowed by the units technical specifications. The
133 Manufacture/ previous replacement of the plugs in the MOVs with a plug that had been manufactured to
[nstallation the wrong dimensions, due to an etror in a vendor drawing, caused unbalanced and low
Inadequacy flow.
Valve Design/ Test - Disk IRHR-B [Design 1992{Failure  |Partial test valves to the suppression pool failed to stroke full closed. Root cause analysis
Construction/ Close revealed that the failure was the result of a gate valve in a globe valve application.
134 Manufacture/ : . -
Installation.
inadequacy
Valve External Demand [Body RHR-P [Maintenance | 1985{Failure [Partial Shutdown cooling isolation valves wouldn't fully open. One was attributed to boric acid
135 Environment . Open Ibuildup and the other cause is unknown.
Valve External iDemand [Disk [RHR-B [Maintenance | 1986[Failure |Partial suppression pool (residual heat removal) pump suction valves failed to open .
Environment Open lectrically. The motor was subjected to locked-rotor current for about 2 minutes, resulting
136 in overheating. Sediment accumulations (non-ferrous) that would squeeze out between the
isc and the seat and lock them together was the root cause. The suppression pool sediment
most likely occurred during construction.
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Sub- . Discovery . Coupling Failure | Degree of -
Mem | Component | Proximaie Cause | "y 0 | PiecoPart [System| “poi® |Year| s | Failwe Description
Valve Extemal Demand Disk IRHR-B [Maintenance | 1986(Failure  [Partial OVs failed to open after being closed. Valves are the residual heat removal suppression
Environment Open | suction valves. Tosque switch prevented motor bum-out. Valve disk was found struck
137 losed. Mud was found in the valve seat, which caused the disk to wedge into the seat upon
osmgandpwvmtcdltﬁ'omopenmg.MudeOVsbelwvedtobeﬁ'omcwstmww
. o itics of plant -
[Valve External pection [Body |RHR-B [Environmental | 1981}Fail |Partial Motor operated valves (chemwaste receiver tank isolation) and (Torus Injection Isolation)
138 Environment ) . . . rnOpen peraiors found with 100se and broken cap screws anchoring molors 10 valves due to
L ibration induced loosening of the hold-down bollts.
Valve Intemal to Wlmpecuon Body RHR-B [Design {Partial 4/29/92, the Torus cooling injection motor-operated valve was found to have cracks in
139 Component Opcn valve yoke. On 8/7/2, the Torus cooling injection MOV in the redundant loop was also
. iscovered with cracks in the yoke.
Valve Internal to - Mainienance [Disk IAFW - 1988 Failure i lug nut welds were broken on the auxiliary feedwater pump discharge isolation valves.
140 omponent Open i would allow the disc 10 come off. Exact causc was unknown but suspect age and
§. .
141 Valve Iéntemal to Test Disk |RHR-B |[Mainienance | 1994]Failure [Partial MOV failed the surveillance test with gross seat leakage. Investigation revealed wear]
omponent Close the disc guides and some scratches on the seat. The cause is normal wear and aging.
Valve linteral to Test = Packing HCT ~ |Design - 1 ailure  |Partial gh Pressure Coolant valves failed to fully close. The cause of the failure appeared to be
142 IComponent Close igh packing load that caused mechanical binding preventing the operator from fully
osing the valves.
[Valve Operational/ HumanFDemand |Body HPI  [Operational 1988Failure |Partial Safety injoction isolation motor operated valves responded to an open signal from control
Ecror . L Open only afier the valves were cracked open manually, The valve operators thermal
143 verloads failed to trip afier the valve remained energized for 30 minutes. No problems
with the operator were discovered. It is suspected that the practice of manually seating the
. alve during refueling tagouts overtorqued the valve and prevented it from opening.
[Valve Operational/ Human [Demand Disk IRHR-P [Quality 1987|Failure |Partial residual heat removal system safety injection 1o reactor coolant loop isolation MOVs
144 |Exvor “ Close ¢ leaking through while closed and could not be isolated. Valve split disks were
erseddu'mgmmnl installation and were 180 degrees out from the proper orientation.
eausedseatluhgedmto lack of seating contact.
[Valve [Operational/ Human|Demand IStan ISO anmlemlu 1981[Failure isolation condenser valves failed to properly operate. The stem nuts of the MOV
145 {Error Close pesaiors were found to be damaged.
Valve ational/ Human[Test [stem CS |Maintenance |1 ailure pressurizer's power operated relief valve's isolation valve operstor's output thrust was
146 Emor Close below the minimum required to fully close the valve on demand. The valve's stem to stem
ut nickel based Jubricant was the cause.
Valve perational/ Human |[Test Stem IRHR-B Maintenance | 1986 Failure  {Almost Wlule testing the high presswe injection control valves, the motor operator overthrusted
Close [Complete ile going in the open direction. The valve operator overthrusted due to a design
ciency in the torque switch spring pack that allowed a buildup of grease between the
147 leville washers which resulted in hydraulic lockup when the valve was operated. After
iscussion with component manufacturer, a plant modification was performed that
ined noiches in the ends of the motor operator torque limiting sleeve, These notches
- ill provide a better grease relief path.
[Valve ional/ Human |Test - [stem IAFW FMnmtennnce 19 ulure ux feedwater pump discharge/header isolation valves found damaged during special
i r . . 0 Open inspection. One valve did not open during surveillance test; the other three were not
148 perated, but probably would not have opened due to excessive damage, (bent stem). All
e was determined to be due to over-torquing the torque switch.
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Sub- . Discovery . Coupling Failure | Degree of .
Item Com t Proximate Cause Method Piece Part | System F Year Mode | Failure Description
Vaive Operational/ Human|Test [Stem ICSS  [Maintenance | 1984{Failure  [Complete ing surveillance tests, two recirculation spray pump suction valves were inoperable.
[Error Open vatve position lights in the control room indicated the valve cycled normally. However,

149

valve did not move from the closed position, Failure was caused by the shearing of the
ling pin due to inadvertently leaving the incorrect pin, a marlin pin, (tapered pin

ibly used for alignment), in the valve operator coupling.
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Appendix C

Data Summary by System

This appendix is a summary of the data evaluated in the common-cause failure
(CCF) data collection effort for MOVs. The data has been sorted by system to facilitate
review of these events with Chapter 5 of the report. Each table is sorted alphabetically,
by the first four columns.



Appendix C

Table C-1. MOV CCF data summary by SYStem. .........ccccovrernirersesesessssinsmsessssneninncnssesssssensssssns 3



£-0

Table C-1. MOV CCF data summary by system,

ltem|System | Proximate Cause | DWSCOVETY | picce pyry Commmont | CouPNG | yeqy| Feilure | Dogree of Description
IAFW  |Design/ [Demand ICircuit ’Actuau:r mintenance | 19841Failure  [Partial [Aux. feedwater flow control valves would not open. On one the motor control contactor
iConstruction/ Open was not contacting due to 2 loose connections; and the other the torque close setting was
i [Manufacture/ Lmisadjusted, causing contacts to open t0o soon,
Instaltation
Inadequacy
IAFW  [Design/ Demand Motor Actustor  {Design 1989(Failure |Partial  |AFW MOVs would not fully close under high d/p conditions until the valve actuators were
[Construction/ Close setup at the highest torque switch setting allowed by the tolerances.
2 [Manufacture/ : .
Llnstnllnlion
nadequacy
AFW  |Design/ Inspection reaker Actuator Quality 1989Failure [Partial The 125 vdc breakers for motor-operated valves in the turbine driven auxiliary feedwater
onstruction/ Open [pump system were not the proper size.
3 Manufacture/
Installation
. Inadequacy
IAFW  |Design/ {Maintenance [Breaker Actuator  [Quality 1989(Failure  |Partial The trip coils installed in the power supply feeder breakers for the motor actuator for two
Construction/ Open [AFW MOVs were incorrect,
4 Manufacture/
Installation
Inadequacy
AFW  |Design/ [Test Circuit Actuator ity 1982Failure [Partial 1t was determined that a train of AFW MOV's would not open on a steam generator low-
Construction/ Open low level. Some of the wiring to be done for design a change was incomplete upon
5 Manufacture/ completion of the design change.
nstaliation
Inadequacy
IAFW  |Design/ [Test [Torque Actuator Design 1994{Failure [Partial Auxiliary Feedwater Pumps to Steam Generator Isolations were determined to be past
Construction/ Switch Close inoperable, Differential pressure testing conducted during the outage revealed the valves
6 Manufacture/ would not sufficiently close against design basis system conditions to isolate flow.
Installation
Inadequacy
IAFW  |Design/ [Test Torque Actuator Design 1989Failure |Partial Seven AFW valves would open but would not fully close electrically. The cause of failure
Construction/ Switch Close was that the valve operator and valve were previously changed out on a modification and
7 Manufacture/ passed the post modification test. Upon investigation of the vatve failure it was determined
Installation t the design engineers had the thrust values wrong and the torque switch was reflecting a
Inadequacy 1085 psi system when in fact the system is 1600 psi.
JAFW  |Intemal to Demand [Circuit JActuator Maintenance | 1985|Failure |Partial [While removing an AFW train from service, the pump discharge valves to two steam
8 omponent Close generators did not close. The closing coils in the motor controller failed, due to unknown
icause.
JAFW  [Internal to Maintenance [Disk Valve [Maintenance | 1988[Failure |Partial Plug nut welds were broken on the auxiliary feedwater pump discharge isolation valves.
9 omponent to Open This would allow the disc to come off. Exact cause was unknown but suspect age and
] wearing.
IAFW  [Intemal to Test Circuit Actuator  [Design 2000\Failure [Complete |Loose sliding link caused unplanned swap to LOCAL control. This also caused AFW
10 Component Open Jsuction auto swap capability to be blocked. Manual control apparently still available.
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Discovery . Sub- Coupling Failure | Degree of -
Item |System| Proximaie Cause Method Piece Part Co t Factor Year Mod Failure Description
IAFW  |Internal to [Test Limit Switch |Actuator  [Maintenance |1 ailure |Partial AFW pump supply to steam generator control valves stopped at an intermediate
i1 |Componcnt Open ition and did not fully open. Local verification based on stem travel verified the valve
siopped at an intermediate position. The valve operators limit switch was out of adjustment.
AFW  linternal to Test ’,Motnr Actuator  [Maintenance |1 ailure |Partial maximum d/p previously used in earlier testing and evaluation was determined to not
12 omponent Close represent worst case conditions. Further testing revealed that none of the AFW block valves|
would full close against the calculated worst case d/p. The root cause of the inability of the
valves to close is atiributed to valve condition due to normal wear.
IAFW t?m o Test iTorque Actuator  |Design 198¢iFailure  (Almost  |During MOV actuator testing, the close torque limits on the operator to the emergency
13 omponent [Switch Close (Complete [feedwater pump discharge valves W the stcam generators were found to be below
minimum. The torque switches were out of adjustment.
IAFW  |Operational/ Human |[Demand Breaker Actuator  [Maintenance | 1987|Failure [Partial isolation valves to the steam gencralor from the steam driven auxiliary feedwater pump
Esror to Open failed to open when demanded from the main control board switch. The dc circuit breaker
14 for the motor operated valves were found 1o have loose (unplugged) connections on the
inal block inside the breaker. It appears that the connectors are easily unplugged by
moving the cables in the cable run compartment adjoining the breaker,
IAFW  [Operational/ Human|Demand Breaker Actuator Design 1988{Failure |Partial moior operated containment isolation valves for the turbine driven feedwater pump
Ervor Open supply to steam generator failed to respond during stroke test from the main control board,
motor leads in the dc breaker were found disconnected. This is a plug-in type
15 nnector unique to the 430 vdc breakers. After evaluation, it was determined that
[personnel were working in the cable run compartment adjacent to the breaker and as they
moved cables around in the cable run, tension was applied to the connectors causing them
to pull out
IAFW Esemional/ Human|Demand Limit Switch |Actuator 1984{Failure WPanial eedwater from the motor driven auxiliary feed pumps to steam generators, failed upona
or Close feedwater flow retention signal. Normal operation upon a retention signal isto actuate to a
16 preset position. Inspection of the Limitorque operator revealed the limit switch was
improperly positioned. An investigation could not determine cause of improper adjustment.
IAFW  [Operational/ Human{Demand Limit Switch [Actuator  [Maintenance | 1984|Failure FPamal ‘ecdwates from the motor driven auxiliary feed pumps to steam generators, failed upon a
Error o Open feedwater flow retention signal. Normal operation upon a retention signal is to actuate to a
17 preset position. Inspection of the Limitorque operalor revealed the limit switch was
improperly positioned. An investigation could not determine cause of improper adjusiment.
IAFW  [Operational/ Human {Demand [Torque Actuator  IMaintenance | 1995{Failure |Partial ':FW steam supply valves torque switch setpoints were incorrectly calculated for the type
18 Error Switch Close fvalve.
IAFW  [Operational/ Human|Demand [Torque Actuator Quality 1985{Failure  [Complete procedural deficiency that allowed for a low setting of the bypass limit switches on
Error Switch Open Limitorque valve operators prompied an evaluation of all MOVs. Using the motor operated
alve analysis and test system; a review of the as found conditions of 165 safety related
(OVs revealed that 17 valves were evaluated as inoperable for various reasons. These 17
19 valves included the suxiliary feedwater isolation valves. Further investigation revealed that
imitorque failed to supply adequate instructions on balaicing of the torque switches,
orque swiich unbalance resulted in three valves being unabie to produce sufficient thrust
close against the design diferential pressure.
IAFW  [Operational/ Human|Demand [Torque Actuator intenance | 1988|Failure tried to close molor driven auxiliary feedwater pump discharge header to steam
[Error {Switch Close encrator isolation valves against pump flow and they would not fully close. Valves failed
20 close due to the torque switch opening. These being caused by the increased torque
uring intermittent throtding near the full closed position where differential pressure is
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. Discovery . Sub- Coupling Failure | Degree of L.
tem|System| Proximate Cause | “pyepog' | PiecePart | oo ent]  Factor. | Y| Mode | Fahus Description
AFW  [Operational/ Human [Test {Stem Valve gintenance | 1984{Failure i Aux feedwater pump discharge/header isolation valves found damaged during special
2 [Error Open inspection. One valve did not open during surveillance test; the other three were not
but probably would not have opened due to excessive damage, (bent stem). All
ge was determined to be due to over-torquing the torque switch,
AFW  1Operational/ Human [Test Torque Actuator  [Maintenance | 1987[Failure  [Partial uxiliary feedwater regulating isolation MOVs were observed to stick and jam during
Error ) JSwuch Open otor operated valve actuation testing because the testing loosened the valve coupling on
2 drive shaft, throwing the limit switches out. The cause of the coupling coming loose
was the torque of the operator exceeding the potential of the coupling, thus unscrewing it.
[This resulted from too high a setting on the torque switch, and the setup of the control
fcircuitry.
2 IAFW  [Other IDemand ICircuit Actustor aintenance | 1984{Failure  [Partial During automatic actuation of the AFW system, the motor operator flow control valves to
Close SG's did not operate properly on a flow retention signal.
2% IAFW  [Other |Demmd ICircuit Actustor  [Maintenance | 1984|Failure |Partial During automatic actuation of the AFW system, the motor operator flow control valves to-
0 Open {SG's did not operate properly on a flow retention signal,
ICSS  [Design/ . Inspection  [Transmission |Actuator [Design 1993Failure [Partial motor pinion key for a Containment Spray header isolation valve was sheared.
Construction/ o Open Subsequent motor pinion key failures occurred on October 18, 1993, March 23, 1994, and
25 anufacture/ pril 13, 1994, The evaluations for these events determined that the failures were due to
lation improper key material. ’
Inadequacy
ICSS  [Design/ Test Torque Actuator - [Design 1984[Failure  [Complete |During surveillance, two containment spray motor operated valves failed to open. The
onstruction/ |Switch Open lves were stuck due to excess play in operator assembly, which allowed the open torque
26 Manufacture/ switch to disengage thereby shutting off the operator. The bypass limit switch was rewired
Instatlation 0 a separate rotor with & longer bypass duration per design change.
Inadequacy
ICSS ign/ [Test J’l‘orque Actustor  [Design 1985Failure  [Complete [During maintenance, testing it was determined that four containment spray MOVs wouldn't
onstruction/ Switch Close elop the required thrust. The failures were attributed to an improper spring pack
27 Manufacture/ installation and to an improper torque switch installation. The improper installations were
installation due to incorrect engineering calculations of original design values.
Inadequacy :
ICSS  |Design/ Test [Torque A ctustor Design 1985|Failure FPartial [During maintenance, testing it was detemmined that four containment spray MOVs wouldn't
onstruction/ Switch Open develop the required thrust. The failures were attributed to an improper spring pack
28 Manufacture/ installation and to an improper torque switch installation. The improper instatlations were
Installation idue to incorrect engineering calculations of original design values.
lequacy .
ICSS  |Intemal to nspection  [Transmission JActuator Maintenance | 1989{Failure |Partial Oil leaks identified on handwheel of motor operated actuator for containment spray header
29 omponent Open isolation valves. Internal seals and o-ring for mating surface of handwheel and pear box had
failed. Failure attributed to unexpected abnommal wear.
ICSS  {Internal to [Test [Breaker Actuator FMuntmmee 1 ailure [Partial The 480 Vac circuit breakers for recirculation sump to containment spray pump isolation
30 omponent Open lves would not trip on an instentaneous trip test within specified current limits,
ICSS  [intemnal to [Test otor Actuator Design 1986{Failure [Complete utine surveillance disclosed that the containment recirculation sump o containment
3 Component Open spray pump isolation valves would not open. The motor for valve operators bumed up.
ICSS  |{Operational/ Human{Inspection otor Actustor aintenance | 1987|Failure  [Partial IContainment spray MOVs were rendered inoperable by maintenance staff error.
32 Error 0 Open Lubrication for the pinion gear housings was putin the motor housings.
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Item | System| Proximate Cause Dm -1 - Piece Part Cons\:g-nmt C;:gtlon:g Year me D;f;ie‘;: f Description
ICSS  |Operational/ Human [Test ILimit Switch |Actuator Maintenance | 1985{Failure |Partial Redundant discharge valves on a containment spray pump would not open. Valve would
33 Error : io Open torque out before going open due to improperly adjusted limit switch.
ICSS  |Operational/ Human |Test Limit Switch |Actuator Quality 1988|Failure |Complete |During re-testing, technicians found that the containment sump isolation valve gperator
Error Open intemal limit switches were incorrectly set. This prevented the containment spray suction
34 valve from repositioning as required. During a plant modification, technicians incorrectly
set the containment sump isolation valve operator’s internal limit switch. The switch was
set to be open, though drawings called for it to be closed. Due to inadequate functional
verification, this efror was not found during post modification testing,
ICSS  |Operational/ Human|Test Stem Valve Maintenance | 1984|Failure [Complete |During surveillance tests, two recirculation spray pump suction valves were inoperable.
Error Open The valve position lights in the control room indicated the valve cycled normally. However,
35 the valve did not move from the closed position. Failure was caused by the shearing of the
coupling pin due to inadvestently leaving the incorrect pin, a marlin pin, (tapered pin
possibly used for alignment), in the valve operator coupling.
ICSS  [Other |Maintenance [Torque Actuator  [Maintenance | 1991(Failure (Partial ~ |The as found available open and close thrusts were below the recommended minimum. 1t
16 Switch Close was determined that the MOVs were inoperable in the open direction, the safety function of]
the MOV, and operable in the closed direction under worst case design basis conditions as
found. Suspect it was due to setpoint drift and or cyclic loading.
ICSS  [Other Maintenance [Torque Actuator  [Maintenance | 1991|Failure |Partial ile maintaining the containment sump isolation valve operators, it was noted that the as
- Switch Open found available open and close thrusts were below the recommended minimum. It was
37 determined that the MOVs were inoperable in the open direction, the safety function of the
MOVs, and operable in the closed direction under worst case design basis conditions as
found. Cause of valve thrusts below mininum recommended was unknown. Suspect it was
ue to setpoint drift or a cyclic loading.
[HCI  |External Test WMotor [Actuator [Environmental | 1980iFailure [Compleie [While testing the torus suction valves, two MOV:s failed when given an open signal. Both
38 Environment Open torus suction valves had shorted out due to excessive condensation in the HCI room area.
HCI  |Intemal to Demand [Torque Actuator Quality 198GFailure  |Partial After an attempt to reposition a HCI MOV (the recirc loop pump suction valve), The valve
IComponent Switch Open failed to open upon a signal from the control room. An investigation into the cause of the
valve's failure determined that a hydraulic lockup of the MOV's spring pack prevented the
39 torque switch from opening causing the motor to fail. This lock-up was due to: 1) the
replacement of less viscous new grease, into the operator, which was recommended by the
manufacturer and 2) the failure of the manufacturer to provide information regarding the
need to install a retrofit grease relief kit
HCI  |Internal to Test Packing [Valve Design 1 ailure |Partial igh Pressure Coolant valves failed to fully close. The cause of the failure appeared to be
40 IComponent Close high packing load that caused mechanical binding preventing the operator from fully
losing the valves. )
HPI  [Design/ Demand Torque Actuator  [Maintenance | 1985[Failure [Partial  [Motor torque switches were out of adjustment and did not allow fisll closure.
Construction/ |Switch Close
41 Manufacture/
Installation
uacy
HPI ign/ linspection  |Breaker Actuator KQuality 1980\Failure |Partial Power leads were found reversed to two safety injection valve operaors. Root cause was
'onstruction/ Open r administrative control.
42 ufacture/
tallation
uacy

O xtpuaddy




L0

. Discovery . Sub- Coupling Failure of . .
Item }System| Proximate Cause Method Piece Part Comnonent Factor Year Mode D;m Description
HPI  |Design/ Test Disk Valve Quality 1 ailure Fhrtul [While testing the high pressure injection system, it was discovered that the flow rate was
iConstruction/ Open balanced and below the minimum allowed by the units technical specifications. The
43 Manufucture/ ious replacement of the plugs in the MOVs with a plug that had been manufactured to
Installation wrong dimensions, due to an error in a vendor drawing, caused unbalanced and low
adequacy flow,
HPI  |Design/ . Test orque [Actuator Maintenance | 199}[Failure [Partial high pressure safety injection system flow control containment isolation valves failed
IConstruction/ Switch Close completely close because total close thrust was not sufficient to close valveunder
44 Manufacture/ dynamic stroke. A thrust value beyond the recommended maximum total close thrust would
[nstallation be needed to completely close the valve. Engineering evaluation determined a higher thrust
[nadequacy value would be acceptable,
HPI  |Design/ Test [Torque Actustor  [Design 1 ailure rl’amal HPI MOV failed to fully close. Engineering determined that the recommended close thrust
, IConstruction/ [Switch Close was insufficient to close valve during worst case failure.
45 Manufacture/
Installation
Inadequacy
HPI  [Design/ Test [Transmission JActuator Quality 1992Failure  [Partial A safety injection recirculation MOV failed to close. It was discovered that the valve had a
: bonstmctionl Close [broken anti-rotation device (key). This prompted an inspection of the remaining globe
46 Manufacture/ valves that found the safety injection to reactor coolant system cold leg injection valves
Installation also had a broken key.
Inadequacy
HPI  |Design/ [Test [Transmission |Actuator Design 1987|Failure  |Partial [While testing the high pressure injection control valves, the motor operator overthrusted
Construction/ Open while going in the open direction. Valve operator overthrusted due to a design deficiency in
Manufacture/ e torque switch spring pack that allowed a buildup of grease between the Belleville
47 Installation washers, which resulted in hydraulic lockup when the valve was operated. After discussion
Enadequacy with component manufacturer, a plant modification was performed that machined notches
in the ends of the motor operator torque limiting sleeve. These notches will provide a better
grease relief path.
[HPI  |External Demand [Transmission [Actuator [Environmental | 1995[Failure [Partial a close signal was initiated from the control room, two Refueling Water Tank valves
Environment Close failed to close. They only stroked 2 pet. and gave dual indication. Inspection of actuator
48 internals found rust, corrosion, and water intrusion. The cause was due to water ingress
ugh an actuator penetration in the stem protector resulting in rust and corrosion to
actuator parts,
HPI  |External est [Torque Actuator  |Design 1991|Feilure |Partial ICompression springs in the HPI MOV torque switch assembly were weakened by vibration.
49 Environment ISwitch ko Close
HPI  [intemal to Inspection  [Transmission |Actuator - sinenance | 1936{Failure  |Partial During a special inspection, a limit switch terminal block was found cracked and a bevel
Component r Open gear stripped on salty injection system high pressure header shutoff valves. The cause of
50 failure has not been determined but inadequate maintenance is suspected. The limit switch
. inal block and the bevel gear were replaced.
[HPI  [Intemal to Maintenance [Torque Actuator Maintenance | 1994{Failure |Partial fter completion of mechanical rework on HPI MOV actuator, technician was attempting
omponent |Switch Open setup and stroke motor operated valves. While stroking valve ¢lectrically found the
51 switch would not open, resulting in valve travel not being stopped. Technicians
investigated and found torque switch defective and rotor on limit switch to not be tuming
fully to proper position. :
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. Discovery - Sub- Coupling Failure | Degree of -
Item | System| Proximate Cause Method Piece Part Com ¢ Factor Year Mode | Failure Description
HPI ternal to Maintenance [Torque Actuator i 1 gilure  [Partial High Head Safety Injection System motor operated isolation valves would not open fully.
s2 ponent |Switch ito Close Technicians investigated and found grease on torque switch contacts, which prevented
icontacts from closing circuit. Improper greasing resulted in excessive grease accumulation
on torque switch contacts.
53 HPI o [Test ICircuit Actualor i 1986Failure |Partial Dirty contacts and loose connections resulted in valves failing to open.
mponent Open
4 HPI  [Intemal to Test [Torque Actuator  |Maintenance | 1991|Failure [Partial A fuse failed in the first event due to aging and washers in the spring pack of the second
IComponent ISwitch Open valve came loose and grounded the motor. Root cause was inadequate maintenance,
HPI  [Operational/ Human|Demand  [Body Valve Opesational | 1988{Failure [Patial  [Safety injection isolation motor operated valves responded to an open signal from control
Error Open room only afier the valves were cracked open manually. The valve operalors thermal
55 overloads failed to trip afier the valve remained energized for 30 minutes. No problems
[with the operator were discovered. It is suspected that the practice of manually seating the
valve during refueling tagouis overtorqued the valve and prevented it from opening,
HHPI ional/ Human [Inspection  [Breaker Actuator  [Operational 1987\Failure {Complete [The breakers for the high pressure injection suction valves from the BWST were
Error Open inadvertently left tagged open after the reactor coolant system had been heated up to greater]
56 than 350F. The suction supply from the BWST to the HPI pumps was isolated and would
not have opened automatically upon engineered safeguands actuation. The root cause is
failure to perform an adequate review of the red tag logbook in accordance with the startup
procedure.
57 HPI  |Operational/ Human|Inspection  |Breaker Actuator [Operational 1989 Failure [Complete |Procedures allowed eatry into operating mode where the system was required without
Error to Open directing operalors to energize HPI MOV valve operators.
s8 HPI  [Operational/ HumaniInspection erker Actuator  |Operational l981|iailue Complete [Operator went to the wrong unit and de-energized a total of five SI valves.
Error . Open
HPI  |Operational/ Human|Maintenance {Limit Switch JActuator Design 1985 Failure [Complete |Incomect engincering calculations resulted in spring pack setting that would not open the
59 Error Open BIT isolation valves, The third valve, SI pump to accumulators was discovered with the
failure, )
[HPI  [Operational/ Human|Test Breaker Actuator intenance | 1994|Failure  [Partial RWST to Charging Pump Suction Isolation Valve failed to open. Troubleshooting
’ [Error Open ’ ueatly determined that the MOV had two lifted leads. Further investigation revealed
60 that another Charging Pump Suction Isolation Valve also had two lifted leads. The cause of
the event was personnel error.
HPI  |Operational/ Human|Test ICircuit Actuator intenance | 1984iFailure |Complete [While performing a surveillance test duzing refueling shutdown, the open contactor for HPI
61 Error Open loop isolation valves did not close. The contactors were out of adjustment.
F-IPI Operational/ Human [Test Circuit [Actuator intenance | 198GFailure [Partial  [Two ECCS MOVs had wire grounded under valve aperator cover. Both failures were
62 Error Open latiributed to previous maintenance.
HPI  [Operational/ Human Test Torque Actuator intenance | 1981|Failure |Partial Makeup pump recirculation valves did not fully close due to low torque values. The torque
63 Error |Switch Close switch seitings were set with no system pressure.
HPI  |Operational/ Human|Test Transmission JActuator i 1987{Failure Irxnnl high pressure safety injection header to loop injection MOV operator spring packs
Error Open were found with excess grease during surveillance testing causing valve to torque out mid
64 ke. The spring pack was inoperable due to excessive grease caused by improper
inienance.
65 HPI  [Other Demand [Limit Switch W IMalmmam 19823Failure Ihn.ml IClose limit switch out of adjustment. Afier adjustment, valve closcd correctly.
Close
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. Discovery . Sub- Coupling Failure } Degree of .
Item|System| Proximate Cause Method Picce Part Co t Fact Year Mode | Failure Description
HPI  Other Maintenance [Breaker A ctuator Mmtmanee 1 silure  [Partial The 480-volt circuit breakers for three safety injection to cold leg motor operated isolation
66 Open Ives were found out specification high on two phases. The degraded component had no
significant effect on the system or the plant, but could have caused damage to the valve
: r motors since the overcurrent protection was degraded.
o HP1  [Other Maintenance ker A ctuator iMainwnmce 1988\Failure  [Partial l:t,so Vac circuit bresker for a safety injection control valve failed to trip within its set
Open lerance. The cause of the failure was attributed to a defective circuit breaker.
HPI  [Other Fm [Limit Switch |Actuator Wninmm 1994{Failure }Partial imit switches being out of adjustment resuited in contained leakage. One had both open
68 Close and closed Jimit switches out of adjustment. The other valve had only the closed limit
switches out of adjustment,
0 HPI  [Other Test Limit Switch Actuator Design 1984|Failure  |Partial [The HPI header flow rate was not within technical specification requirements. No direct
Open cause could be found for the apparent drift of the valve operators.
HPI  [Other Test Limit Switch JActuator ~ [Maintenance | 1989{Failure [Partial The high pressure safety injection pump long term cooling containment isolation MOVs
70 Open failed to achieve minimum flow requirements. The cause of failure was attributed to the
limit switch rotor being out of mechanical adjustment.
[HPl  lOther Test orque Actuator  {Maintenance | 1994{Failure [Partial Motor Operated Valve for High Pressure Safety Injection would not stroke fully open.
7 Pwnch Open Electricians found oxidation on the open torque switch contacts, causing the motor to stop
Ive movement before the valve was fully open. Oxidation is an expected occurrence over
ime in this atmosphere,
HPI  [Other [Test [Torque Actuator  [Maintenance | 1994[Failure [Partial igh Pressure Safety Injection to Loop MOV would not stroke fully open. Electricians
72 Switch Close found oxidation on the open torque switch contacts, causing the motor to stop valve
movement before the valve was fully open. Oxidation is an expected occurrence over time
in this atmosphere
HPI  [Unknown Demand ICircuit [Actuator  [Maintenance l985u’:ilure omplete motor operators for 2 valves, which allow the chemical and volume control pumps to
Open ¢ suction from the refueling water storage tank when in the closed position or from the
73 : olume control tank when in the opened position, burned up in the closed position and had
0 be manually opened.
ISO  |Design/ Demand Disk [Valve [Design 1989 Failure [Partial Isolation condenser dc outlet MOV failed to open. Both valve failures are attributed to
iConstruction/ Open binding, which is identified as a recurring design condition.
74 Manufacture/
[nstallation
[nadequacy
SO  |Opersational/ Human/Demand Stem Valve aintenance | 1981|Failure  [Partial The isolation condenser valves failed to properly operate. The stem nuts of the MOV
75 Error ’ Close |operators were found to be damaged,
RCT  |Design/ Inspection  [Disk Valve [Design 1998[Failure  |Partial RCI steam line isolation valves did not have the required seat/disk chamfer necessary to
IConstruction/ Close assure that the valves would close under design basis conditions.
76 Manufacture/
Installation
Cl  |intemal to Maintenance |Breaker Actuator IMzmtenanee 1 ailure  {Partial Valve operations were not within specified time limits due to faulty contactors. Inadequate
77 IComponent Open PM. .
RCI  {Operational/ Human{Demand ICircuit IActuator Maintenance | 2000{Failure  |Partial instruments that signal the RCI steam supply valves to close in the event of a steam
78 Error 0 Close line break were rendered inoperable due to human error and work package change crrors,
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. Discovery . Sub- Coupling Failure | Degree of -
Item |System| Proximate Cause Method Piece Part Component Factor Year Mode | Failure Description
RCI  |Operational/ Human |Demand [Torque [Actuator [Design 1986iFailure  |Partial An electrical fire was discovered in an MCC. The cause of this event was a personnel error,
Error Switch “'lo Close which resulted in an incorrect ficld wiring instaliation on HCI MOVs. The error was
79 complicated by unsuccessful detection of the error during subsequent testing or inspections.
A3 corrective actions, the wiring error was comrected. Additionally, all other motor
perators, which were replaced for environmental qualification purposes during this period
r:vere modified to preclude this failure.
RCI  [Operational/ Human [Test Breaker A ctuator (Operational 1989|Failure  [Complete the performance of a scheduled RCI system logic system functional test, an
80 Error - Open verpressurization of the system's suction piping occurred. The operators incorrectly
sitioned and/or inaccurately verified the positions of 6 circuit breakers to motor operated
alves prior to (and for) the test. RCI system inoperable.
RCS temal to Demand Fircuit Actuator 1989{Failure {Complete inlet block MOVs for the PORVs failed to close or open from the control room. This
81 omponent ' 9rw Close failure was due to the main control room switch for opening and closing the valve has
ic resistance reading as a result of wear and tear of the switch,
RCS  [internal to Demand ICircuit Actuator  [Maintenance | 1989|Failure jComplete inlet block MOVs for the PORV:s failed to close or open from the control room. This
82 omponent Open failure was due to the main control room switch for opening and closing the valve has
ic resistance reading as a result of wear and tear of the switch.
83 IRCS Jintemal to Maintenance |Limit Switch |Actuator Quality 1983|Failure  |Partial Limitorque valve operator for the pressurizer isolation valves found to have cracks on
IComponent Close geared limit switch, .
]RCS [Operational/ Human |Demand Torque Actuator IMAmtenance 1981|Failure |Partial [The pressurizer FORV block valves did not fully shut on demand. The cause of this event
84 Esror witch to Close l was due to maintenance practices problems,
[RCs  |Operational Human/Test Limit Switch |Actuator  [Maintenance | 1984{Failure [Partial In performance of surveillance testing, pressurizer power operated relief valves, failed to
85 Error Close lose properly. Loose connections within the Limitorque operator. Long term measures to
iminate this recurring problem include changes to maintenance procedures requiring
periodic examinations of all switch contacts within Limitorque operators.
RCS  [Operational/ Human|Test |Stem [Valve {Maintenance |1 ailure  |Partial pressurizer’s power operated relief valve's isolation valve operaor's output thrust was
86 Error Close below the minimum required to fully close the valve on demand. The valve's stem to stem
t nickel based lubricant was the cause.
|RHR-B [Design/ [Demand Body Valve [Design 1991Ll:nilure [Partial LCI valve failed to open due to failed actuator motor caused by sustained operation
IConstruction/ Open locked-rotor current due to hydraulic locking of the valve bonnet. Modifications
87 Manufacture/ formed on both LCI inboard valves and both core spray inboard valves.
. {Installation
uacy
|RHR-B |Design/ {Demand Circuit Actuator  |Design 1984{Failure  [Complete |Both LCI injection MOVs would not open due to an error in the valve logic circuit
onstruction/ Open i and the removal of motor brakes for environmental qualification. This condition
88 Manufacture/ the valves to continuously try to close until both valve stems were damaged.
Installation
uacy
IRHR-B {Design/ {Demand Circuit f\wmor Design 1986{Failure  jComplete idual heat removal/low pressure coolant injection discharge to suppression pool
onstruction/ ’ Close inimum flow control valves did not close properly on demand. Incorrect logic design
89 ufacture/ evented valves from closing completely on demand. The new design provided for a seal-
tallation in contact with the automatic isolation signal. The seal-in contact allows torque closure of
uacy the valve even if the selecior key lock switch is in the 'lock’ position.
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. Discovery y Sub- Coupling Failure | Degree of .
Item |System| Proximate Cause Method Piece Part Com Factor Year Mode | Failure Description
-B [Design/ Demand otor Actuator  [Design 1987iFailure |Partial  [Suppression pool cooling valves (onein each loop) failed to open. As long as the RHR
Construction/ Open was operating, the valves could not be opened and the thermal overloads would trip.
9% anufecture/ use was an incorrectly sized motor. ]
|ation
adequacy l
RHR-B [Design/ [Demand [Motor Actustor [Design I”lF:ilm [Partial RHR test retum valves failed to seat tightly due to friction related problems, Replaced
onstruction/ Close
9] Manufacture/
stallation
uacy
|RHR-B [Design/ r!nspeaion Transmission |Actuator [Design 1990{Failure rtial [nvestigating failure of motor operated valve to achieve minimum required closing thrust.
) onstruction/ Close or for inboard isolation valve not geared to supply specified 110% design thrust.
92 anufacture/ rd isolation valve and 6 other motor operated valves (2 in RHR) had same actuator
Hation blems due to failure to consider design capabilities prior to establishing diagnostic
uacy ing criteria, . )
IRHR-B [Design/ Inspection  [Transmission JActustor  Maintenance | 1992{Failure rtial 'LCT MOV motor pinion key replacements were supposed to be performed in 1982 to
onstruction/ Close ichange the keys to an appropriate material key. This replacement was not performed and
93 ﬂmlllfl:t\m/ was discovered in 1992, as 3 valve keys were found sheared ot nearly sheared.
stallation
Inadequacy
|RHR-B [Design/ [Mintenance |Disk Valve Design 1988iFailure iComplete [Containment spray mode of RHR/LCI two MOV injection valve operator motors failed on
onstruction/ Open verload when stroking valves due to trapped pressurized fluid between discs of the gate
94 anufacture/ ve. This was caused by misinterpretation of vatve purchase specifications by vendor.
nstallation
{RHR-B [Design/ 1Maimmame [Transmission [Actuator Quality 1 ailure  [Partial lormal maintenance on suppression chamber cooling Loop B throttle valve. Suppression
onstruction/ Open amber eoohrg Loop B throttle valve motor pinion key sheared and Loop A throttle valve
95 amufacture/ . motor pinion key deformed. Keys were found to be of the wrong material due to vendor
nstallation inadequacies and utility programmatic deficiencies.
-B Test [Body Valve [Design 1 ailure {Partial iginal construction design error resulted in pump minimum flow valves not being
T(HR Close installed with the valve stem in the vertical, pointing upward orientation, Since these valves
96 : not have wedge springs they have potential to prematurely seat failing to fully close.
nstallation
nadequacy
-B [Design/ [Test [Disk [Valve [Design 1 siture [Partial  [The test valvesto the suppression pool failed to stroke full closed. Root cause analysis
onstruction/ Close revealed that the failure was the result of a gate valve in a globe valve application,
97 snufacture/ .
nstallation
|RHR-B |Design/ [Test [Limit Switch |Actustor  [Maintenance | 1988[Failure [Partial During surveillance testing of the RHR shutdown cooling isolation valves revealed that
onstruction/ Close loop injection valve failed to close as required. The faflure was due to a wiring error
98 anufacture/ the limit switches associated with RHR suction valves. An incorrect limit switch was
[ation for both valves, which made a slight mis-operation of the switches capable of
Inadequacy ecting the close circuitry of the isolation valves.
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ltem | Systemn meunate, at Cause Method Piece Part Componeat Factor Year Mode | Failure Description
IRHR-B |Design/ [Test Motor Actuator  |Design 1 ailure i Due to the original valve operaor selection criteria using less conservative factors, the
to Close outboard primary containment spray isolation valves had an inadequate torque and thrust
9 ‘ ) ility. Design requirement is 134 f-1bs; available is 100 fi-lbs.
Test {Motor Actuator  |Design 1989 Failure [Partial  {Due to incorvectly sized operator the Torus cooling valves would not completcly close
to Close against full differential pressure. -
100
Test Torque Actuator  |Design 1987Failure ﬂParual During operability test of RHR, a loop isolation valve would not close against system
Switch to Close operating pressure due to an undersized washer spring pack in valve ogerator, supplied to
101 ; ‘ S R B the plant in actuators by the vendor not in accordance with purchase specifications. Similar
blem found on the other loop mlaunn valve,
Inadequacy
RHR-B Exxemal Demand Disk Valve intenance | 1986(Failure [Partial MOVs failed to opea afier being closed. Valves are the residual heat removal suppression
Environment Open pool suction valves. Towque switch prevented motor bum-out. Valve disk was found struck
102 losed. Mud was found in the valve seat, which caused the disk to wedge inio the seat upon
) osing and prevented it from opening. Mud in MOVs believed to be from construction
activities of plant
RHR-B |External Demand Disk Valve |Maintenance | 1986{Failure [Partial suppression pool (residual heat removal) pump suction valves failed o open
Environment Open lectrically. The motor was subjected to locked-rotor current for about 2 minutes, resulting
103 . in overheating. Sediment accumulations (non-fesrous) that would squeeze out between the
isc and the seat and lock them together was the root cause. The suppression pool sediment
most likely occurred during construction,
. |RHR-B |[Extenal, - |Inspection Valve [Environmental | 1981|Failure [Partial Motor operated valves (chemwaste receiver tank isolation) and (Torus Injection Isolation)
104 [Environment Open found with loose and broken cap screws anchoring moiors 1o valves due 1o
- vibration induced loosening of the hold-down bolts.
" |RHR-B [External Jinspection r [Actuator Environmental | 1985{Failure [Partial ECCS pump room was inadvertently flooded with water, inundating the RHR system
105 Environment Open minimum flow valve and a pump suction isolation valve, The valve operaior motor
mndmgs wele grounded a3 a result of the water intrusion,
RHR-B |External [Test [Transinission |[Actuator  |Environmental | 1991|Failure  |Partial of the two primary containment isolation valves in both residual heat removal low
- .- [Environment to Close essure coolant injection subsystems to be inoperable. One valve operator torque switch
tripped in both directions preventing both full closure and full opening. The other valve had
ive scat lcakage, The threads of the gate valvestem nut in the motor operator were
106 worn and broken causing the valve to lock in a partially open position. Analysis determined
stem nut wear out may have been accelerated by mechanical overload caused by high
ifferential pressure across the valve. The valve siem failed due to vibeation causing cyclic
: fatigue.
IRHR-B 0 IDemand ICircuit Actuator  |Maintenance | 1993{Failure [RHR MOV failed when an aux relay open contactor failed to operate. Cause was
107 omponent to Close ibuted 10 inappropriate use of cramolin spray to clean relay, which caused itto become
- ' ticky. ‘
[RHR-B {internal to [Demand Circuit Actuator  [Maintenance = | 1993Failure [Partial MOVs failed when an aux relay open contactor failed to operate. Cause was
108 omponent 0 Open ibuted to inappropriate use of cramolin speay to clean retay, which caused it to become
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Item [System| Proximate Cause Method | FiccePart | . F Year| 'y iode Failure Description
109 IRHR—B ternal to [Demand [Limit Switch [Actuator Ianwnmoe 1980{Failure  |Partial inguished valve indicating lights on RHR pump suction valves. MOVs would not
ponent Open perate due to broken limit switch rotors caused by loose limit switch finger bases.
FRHR-B temal to and Limit Switch JActustor  [Maintenance | 1995]Failure  [Partial system suppression pool valves failed to operate on demand (open). The limit switch
1o omponent Open the MOV failed to operate, thus not allowing the valve to cycle on commend. The cause
of the failure was normal wear and service conditions of the limit switch resulting in
ilure,
JRHR-B [Internal to Demand Tor_que Actustor  [Quality 1986 Failure  [Partial ectrical fire was discovered in an MCC. The cause of this event was a personnel ervor,
omponent ISwitch Open ich resulted in an incorrect field wiring installation on HCI MOVs. The ervor was
m mplicated by unsuccessful detection of the error during subsequent testing or inspections.
corrective actions, the wiring error was corrected. Additionally, all other motor
which were replaced for environmental qualification purposes during this penod
were modified to preclude this failure.
RHR-B [Intemnal to Demand [Transmission [Actuator Maintenance | 1984{Failure {Partial Torus suction valves (Both loops) clutch lever would not engage.
112 'omponent (] Ope!l )
|RHR-B [intemal to Inspection  [Body Valve Design 1992[Faiture  |Partial On 4/29/92, the Torus cooling injection motor-operated valve was found to have cracks in
113 omponent Open valve yoke. On 8/7/92, the Torus cooling injection MOV in the redundant loop was also
discovered with cracks in the yoke.
14 RHR-B [intemal to Maintenance [Motor Actustor  [Maintenance | 1989[Failure [Partial (Grounds were found on 2 of 4 LCI Injection valves. Probable cause was determined to be
omponent Open insulation breakdown,
s IRHR-B temal to est Disk Vaive intenance | 1994{Failure [Partial RHR MOVs failed the surveillance test with gross seat leakage. Investigation revealed wear]
mponent Close on: the disc guides and some scratches on the seat. The cause is normal wear and aging.
16 |RHR-B al to Test |Motor Actuator IMainmance 1985{Failure [Partial [Burned out motors (one LCI and one Torus cooling) due to aging.
omponent Open
IRHR-B |intemnal to Test Transmission JActuator  [Maintenance | 1983[Failure [Partial IRHR inboard injection valve would not open due to a locking nut on the worm gear shaft
117 Component Open having backed off allowing the worm gear to back out of the bearing and the spring pack.
[The opposite train valve had fiiled 2 months previously for the same cause.
|RHR-B [Operational/ Human |Demand Circuit A ctuator Design 1985[Failure |Complete [When the control room operstor proceeded to establish shutdown cooling, the suction
Error Open valves to the system would not open. Investigation revealed that while applying a
maintenance permit to the primary containment isolation system, a plant operator
unknowingly removed the wrong fuse. This electrically blocked the residual heat removal
e system shutdown cooling suction valves and head spray isolation valves in the closed
position. Investigation revealed that although the plant operator removed the fuse, which
was labeled f2, as the permit required, this was not the correct fuse. Apperently, the label
had slid down such that fuse £3 appeared to be 2.
RHR-B [Operational/ Human [Demand [Torque Actustor Maintenance | 1991|Failure  |Partial First failure was a torque switch out of adjustment. Second failure was a mis-positioned
119 Error {Switch | [to Close motor lead holding a torque switch open. Inadequate maintenance.
RHR-B [Operational/ Human |Demand Torque Actustor  [Maintenance | 1987]Failure  [Partial residual heat removal suppression pool full flow discharge isolation valve argd the torus
Error Switch Close spray isolation valve would not fully close upon demand. The cause of the failure is
120 improper previous maintenance activities set the torque swnch setting on the valve operator
incorrectly low.
RHR-B {Operational/ Human {Maintenance (Torque [Actuator aintenance | 1983(Failure  [Partial Improper wiring and connections on torque switches and limit switches.
121 Error Switch Open ’ : -
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[RHR-B [Operational/ Human [Test IStem Valve i 1986(Failure |Almost  [While testing the high pressure injection control valves, the motor operator overthrusted
Esror Close [Complete |while going in the open direction. The valve operator ovesthrusted due to a design
iciency in the torque swilch spring pack that allowed a buildup of grease between the
122 Belleville washers which resulted in hydraulic lockup when the valve was operated. After
discussion with component manufacturer, a plant modification was performed that
machined noiches in the ends of the motor operator torque limiting sleeve. These notches
will provide a better grease relief path.
RHR-B [Other Demand ICircuit Actuator Design l987|1l;ailute Partial Failure of the auxiliary contact block assembly of valve moior close contactor (failed in
Open pen position) prevented eaergizing valve motor open contactor. Occurred on Unit 2/1
123 nnect isolation valve and on Unit 1 RHR isolation injection valve. The contacts
failed in the open position, thereby preventing energization of the valve motor open
icontactor.
-B {Other Demand [Torque |Actuator intenance | 1984|Failure |Partial Residual heat removal suction from suppression pool and shutdown cooling inboard
124 Switch KA’“’ Close isolation suction valve would trip thermal overload when atiempting to open from closed
position and failed to close completely. Torque switch setting was to high and limit switch
seitings were incorrect. Reset limit and torque switches,
125 RHR-B [Other Demand 'go:'?:: Actuator intenance | 19: méllne Partial  {Both LCI loop's full flow test valves failed to go full closed due to a faulty torque switch.
Wi io Close .
RHR-B [Other Demand orque Actuator  [Mainienance | 1984Failure [Partial  [Residual heat removal suction from suppression pool and shutdown cooling inboard
126 witch Open isolation suction valve would trip thermal overload when attempting to open fom closed
position and failed to close completely. Torque switch sctting was to high and limit switch
ings were incomrect. Reset limit and torque switches.
-B [Other [Test Breaker [Actuator fMAmtemncc 198G6{Failure  |Partial LCI test valve and LCI torus suction valve would not open upon demand and would trip the
127} : Open breaker upon movement. Found auxiliary contacts on breaker in open circuit not making
up.
-B [Other Test Limit Switch [Actuator inienance | 1984{Failure |Partial  |During a LCI operability test, full flow test valves were closed by position indication.
128 IM‘M Close However, the valves were not fully seated, and the LCI discharge piping drained. Valve
position indication was out of adjustment.
IRHR-B [Other est [Torque Actuator  [Maintenance | 1984]Failure [Partia!  [LLRT failures on Torus Suctioa valves due to torque switch misadjusiment.
129 Switch to Close
IRHR-P |Design/ Demand ICircuit Actuator Design 1 ailure [Complete [Thermal overloads for two valves tripped due to design deficiency. Consequently, the
IConstruction/ Open rmal clasure of the valve will trip the thermal overload heater some percentage of the
130 F::nufmm/ i .
tallation
Inadequacy
fRHR-P Design/ Demand Limit Switch [Actuator  |Design 1985|Failure [Partial  [Shutdown cooling systein heat exchanger isolation valves were not fully closed. The
onstruction/ ) Close ndition resulted from premature actuation of valve motor operator position indication
Manufacture/ imit switches and control room indication of the valves being in the closed position. A
131 tallation e is being implemented for these valves to separate the torque switch bypass limit
nadequacy witch and the valve position indicating limit switch by rewiring the position indicating
tors.
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. Discovery . Sub- Coupling Failure | Degree of iy
Item|System| Proximate Cause Method Piece Part Component Factor Year Mode | Failure Description
M-P Design/ Demand [Transmission {Actustor [Design 1991[Failure |Partial The motor operator for cold leg isolation valve electricallyengaged while the valve was
IConstruction/ Open being manually stroked open during post-modification testing. The motor operator
Manufacture/ lectrically engaged and closed the valve (short stroking). Investigation determined that this|
132 nstallation lectrical short stroking of the valve caused the motor pinion key to shear. Other safety-
nadequacy lated motor operators were inspected. The motor operators were identified as having
failed keys similar to the failed key identified earlier. Further investigation revealed small
cracks emanating from both comers of the keyway on the motor shaft. The root cause of the
sheared motor pinion gear was that the key material was inadequate.
RHR-P |Design/ . Test [Torque Actuator Design 1985|Failure  |Partial During maintenance testing it was determined several residual heat removal MOVs
onstruction/ Switch Open wouldn't develop the required thrust as specified by the motor operated valve testing
133 Manufacture/ program. The failure was attributed to an improper torque switch installation due to
Installation incorrect engineering calculations of original design values, The appropriate torque switch
equacy was installed, adjusted per the revised engineering values, tested, and returned to service.
134 RHR-P Exte_mnl Demand Body Valve Maintenance | 1985{Failure  [Partial Shutdown cooling isolation valves wouldn't fully open. One was attributed to boric acid
Environment Open buildup and the other cause is unknown.
RHR-P [External [Demand J‘l‘onque Actustor  [Design 1983{Failure |Partial Two RHR MOV3s were not giving remote indication in the full close position of valve.
135 [Environment Switch Close [Torque switch inoperative, not rotating on closing stroke. The torque switch setting screw
was found loose most likely due to valve vibration.
136 RHR-P |Intemal to Test [Torque Actuator aintenance | 1986{Failure |Partiat [While the unit was in shutdown for refueling, the BWST outlet valve operator failed to
IComponent Switch Open lopen during motor operated valve actuation testing. The torque switch was out of balance.
RHR-P [Operational/ Human|Demand Disk Valve IQuality 1987|Failure |Partial residual heat removal system safety injection to reactor coolant loop isolation MOVs
137 Error Close were leaking through while closed and could not be isolated. Valve split disks were
reversed during initial installation and were 180 degrees out from the proper orientation.
. is caused seat leakage due to lack of seating contact.
RHR-P [Operational/ Human|Demand Torque Actuator  {Maintenance | 1983|Failure |Almost  [Shutdown cooling system heat exchanger isolation valves could not be remotely opened
138 Error Switch Open [Complete |from the control room. The inability of the valves to remotely open was attributed to
incorrect open sequence torque and limit switch settings. The incorrect settings caused the
motor on the valves © stop before the valves had come off their seats.
RHR-P [Operational/ Human{Demand - [Transmission |Actuator  [Operational 1995|Failure  |Partial Low Pressure Injection valves were overtorqued open in error during manual backseating
139 Error Close after past packing leaks. Excessive force was applied when disengaged from electric
operation, causing clutch ring to bind-up when electric operation was re-initiated.
-P {Operational/ Human [Maintenance [Limit Switch [Actuator aintenance | 1986iFailure [Partial Low pressure safety injection flow control containment isolation valves' stroke travel was
140 Error Close greater than allowable. The cause was open limit switches out of adjustment.
~P |Operational/ Human|Test Limit Switch |Actuator IMummce 1991|Failure [Partial LPI MOV failed to open. Incorrect setpoints of the valve operator limit switches. Root
141 Error Close was insufficient control of setpoints,
142 IRHR-P Other [Demand [Limit Switch |Actuator IMaimcmnce 1983Failure  |Partial MOV motor torqued out on start of open/close cycle. Limit switches out of adjustment.
Open
RHR-P [Other Demand Limit Switch |Actustor  [Maintenance | 1987|Failure [Partial Residual heat removal pump suctions from feedwater storage tank valve and containment
143 Open sump would not operate from control room, Cause of valve’s failure to operate was limit
switches out of adjustment.
RHR-P [Other Demand [Torque [Actuator Mdnm 1987|Failure [Partial RHR pump suction MOV isolation valves would not fully open on demand. The cause of
144 Switch : Open is failure was due to both torque switches were out of adjustment. Both valves could be
: losed on repeated attempts but not reopened completely.
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. -| Discovery . Sub- Coupling Failure | Degree of o
Item |System| . Proximate Cause Method Picce Past Com " Factor Year Mode | Failure Description
[RHR-P [Other Test Limit Swiich [Actuator Design 1995{Failure i ILPI throttle valves failed to stroke fully open. As a result, minimum flow for LPS] injection
145 o Open legs were below the minimum design basis flow.
RHR-P 10ther [Test [Limit Switch |[Actuator Design 1995{Failure erial LPI throtile valves over traveled in the open direction by approximately 1/2 inch. This
146 Open resulted in LPI flow exceeding Tech spec limits..
147 RHR-P [Other ~ [Test [Limit Switch [Actuator intenance |1 ailure [Partial Stem travel was excessive on low pressure safty injection flow control containment
l Opea isolation valves. The opening travel was excessive, due to limit switch out of adjustment.
IRHR-P [Other [ Test [Torque Actuator  [Maintenance | 1984[Failure [Partial While performing sump valve swoke test two MOVs failed to re-open afier being stroked
148 witch Open osed. The cause of the failures has been determined to be that the bypass circuit time was
L . too short. This prevenied the valves from opening until the control switch had been
perated several times,
4 -P [Unknown [Demand Transimission JActuator tenance | 1985{Failure i w pressure injection supply from the boraied waler storage tank isolation valves would
] to Close close due to broken worm shaft cluich gear on valve operdor.
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