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Abstract

In a study sponsored by the U.S. Nuevlear Regulatory Commission (NRC), Pacific Northwest Laboratory has developed
and applied a methodology for deriving plant-specific risk-based inspection guidance for the auxiliary feedwater
(AFW) system at pressurized water reactors that have not undergone probabilistic risk assessment (PRA). This
methodology uses existing PRA resulis and plant operating experience information. Existing PRA-based inspection
guidance information recently developed for the NRC for various plants was used to ideniifv generic component
failure modes. This information was then combined with plant-specific and industry-wide component information and
failure data 1o identify failure modes and failure mechanisms for the AFW system at the selected plants. Palo Verde
was selected as one of a series of plants for study. The product of this effort is a prioritized listing of AFW failures
which have occurred at the plant and at other PWRs. This listing is intended for use by NRC inspectors in the
preparation of inspection plans addressing AFW risk-important components at the Palo Verde plants.
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Summary

This document presents a compilation of AFW system failure information which has been screened for risk
significance in terms of failure frequency and degradation of system performance. 1t is a risk-prioritized listing of
failure events and their causes that are significant enough to warrant cousideratior. in inspection planring at the Palo
Verde plant. This information is presented to provide inspectors with increased resources for inspection planning at
Palo Verde.

The risk importance of various component failure modes was identified by analysis of the results of PRAs for many
pressurized water reactors (PWRs). However, the component failure categories identified in PRAs are rataer broad,
because the failure data used in the PRAs is an aggregate of many individual failures having a variety of root causes. In
order 10 help mspectors focus on specific aspects of component operation, maintenance and design which might cause
these failures, an extensive review of component failure information was performed to identify and rank the root
causes of these component faiiures. Both Palo Verde and industry-wide failure information was analyzed. Failure
causes were sorted on the basis of frequency of occurrence and seriousness of consequence, and categorized as
common cause failures, human errors, design problems, or component failures.

This information is presented in the body of this document. Section 3.0 provides brief descriptions of these risk-
important failure causes, and Section 5.0 presents more extensive discussions, with specific examples and references.
The entries in the two sections are cross-referenced.

An abbreviated system walkdown table is presented in Section 3.2 which includes only components identified as risk
important. This table lists the system lineup for normal, standby system operation.

This information permits an inspector 10 concentrate 0n COMpPoONEnts important to the prevention of core damage,
However, it is important 1o note that inspections should not focus exclusively on these components. Other
components which perform essential functions, but which are not included hecause of high reliability or redundancy,
must also be addressed to ensure that degradation does not increase their failure probabilities, and hence their risk

ImpOortance. ,
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1 Introduction

This document is one of a series providing plant-specific
mspection guidance for auxiliary feedwater (AFW) sys-
tems at pressurized water reactors (PWRs). This guid-
ance is based on information from probabilistic risk
assessments (PRAs) for similar PWRs, industry-wide
operating experience with AFW systems, plant-specific
AFW system descriptions, and plant-specific operating
experience. It is not a detailed inspection plan, but
rather a compilation of AFW system failure information
which has been screened for risk significance in terms of
failure frequency and degradation of system perform-
ance. The result is a risk-prioritized listing of failure
events and their causes that are significant enough to
warrant consideration in inspection planning at the Palo
Verde plant.

This inspection guidance is presenied in Section 3.0,
following a description of the Palo Verde AFW system
in Section 2.0. Section 3.0 identifies the risk important
systemn components by Palo Verde identification num-
per, followed by bricl descriptions of each of the various
faiture causes of that component. These include specific
humae errors, design deficiencies, and hardware fail-
ures. The discussions also identify where common cause
tatlures have affected multiple, redundant components.
These brief discussions identify specific aspects of
systen or component design, operation, inaintenance,
or testing for inspection by observation, records review,
training observiation, procedures review, or by observa-
tion of the implementarion of procedures. An AFW
system walkdown table identifying risk important com-
ponents and their lineup for normal, standby system
operation s also provided.

The remainder of the document describes and discusses
the info.mation used in compiling this inspection guid-
ance. Section 4.0 describes the risk importance infor-
mation which has been derived from PRAs and its
sources. As review of that section will show, the failure
categories identified in PRAs are rather broad (e.g.,
pump fails to start or run, valve fails closed). Section 5.0
addresses the specific failure causes which have been
combined under these categories.

AFW system operating history was studied to identify
the various specific failures which have been aggregated
into the PRA failure mode cawegories. Section 5.1
presents a summary of Palo Verde failure irformation,
and Section 5.2 piesents a review of industry-wide fail-
ure information. The industry-wide information was
compiled from a variety of NRC sources, incluaing
AEOD analyses and reports, information notices, in-
spection and enforcement bulleting, and generic letters,
and from a variety of INPO reports as well. Some
Licensee Event Reports and NPRDS event descriptions
were also reviewed. Finally, information was included
from reports of NRC-sponsored studies of the effects of
plant aging, which include quantitative analyses of
reposted AFW system failures, This industry-wide
information was then combined with the plant-specific
faiture information to identify the various root causes of
the PRA failure categories, which are identified in
Section 3.0.
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2 Palo Verde AFW System
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AFW System

2.3 System Dependencies

The AFW system depends on AC power for the motor-
driven pump and AFW system instrumentation, DC
powet ior control power 1o pumps and valves, and an
automatic actuation signal. The RMWT provides a
backup water supply to the essential AFW pumps. The
Main Feedwater System provides the flow path for
normal reactor startup and shutdown operation of the
AFW system through the main feedwater regulating
control valves. Also, the turbine-driven pump requires
steam availability,

2.4 Operationai Constraints
When the reactor is in Modes 1, 2, 3, or 4, the Palo

Verde Technical Specifications require that three AFW
pumps and their associated flowpaths are operable with
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each motor-driven pump powered from a separate
emergency bus. If cne AFW pump becomes inoperable,
it must he restored o operable status within 72 hours or
the plant must be shutdown to hot standby within the
next 6 hours. 1 two AFW pumps are inoperable, the
plant must be shutdown 1o hot standby within 6 hours
and in hot shutdown within the following 6 hours. If all
three pumps are inoperable, action must be taken o
immediately restore one,

The Palo Verde Technical Specifications require a
minimum inventory of 300,000 gallons (8 huer sup;ly)
of demineralized water be stored in the CST. With the
CST inoperable, it must be restored 10 operable status
within 4 hours or if the RMWT is demonsirated to be
operable within the initial 4 hour period, i may serve as
a backup supply to the essential AFW pumps for seven
days.
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sibdance for the Palo Verde AFW System
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flowpath which are normally closed minimize
the hazard sssociated with steam binding at
Palo Verde.

Inspection Suggestion. Verify that the pump discharge
piping temperature monitoring tape is the appropriate
color for the tape installed.

¢ Pump control cireuit deficiencies or design
modification errors have caused failures of
multiple pumps 10 auto start, spunous pump
trips during operation, and fatlures 10 restart
after pump shutdown. CC4. Incorrect setpoints
and control circudt calibrations have also
prevented proper operation of multiple pumps,
CCS.

Inspection Suggestion. Review design change imple.
mentation documents for the post maintenance testing
required priof (o returning the equipment 10 service.
Assure the testing verifies that all poteatially impacted
funcitons operate correctly, and includes repeating any
plant start-up or hit functional testing that may be
affected by the design change.

*  Loss of a vital power bus has failed both the
tur’ ae<driven and one motor-driven pump due
10 loss of control power to sieam admission
vlves or to turbine controls, and 10 motor
controls powered from the same bus. CCh,

Inspection Suggestion. The material condition of the
electrical equipment is an indicator of probahle
reliability. Review the Preventative Maintenance (PM)
records 1o assure the equipment is maintained on an
appropriate frequenc for the environment it is in and
that the PMs are actually being performed as required
by the program. Review the outstanding Corrective

Maintenance records to assure the deficiencies found on

the equipment are promptly corrected.

3.1.2 Turbine Driven Pump AFA-PO1 Fails to
Start or Run

* Improperly adjusied and inadequately main-
tained turbine governon have caused pump
failures. HE2. Problems include worn or
loosened nuts, set screws, linkages or cable
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connections, ofl leaks and/or contamination,
and electrical failures of resistors, trapsistors,
diodes and cireuit cards, and erroneous grounds
and connections. CFS. Sindlar fallures have
been experienced ut Palo Verde,

Inspection Suggrstion. Review PM records to assure
the governor ol is being replaced of sampled and
analyzed within the designated frequency. During plant
walkdowns carefully inspect the governor and linkages
for loose fasteners, leaks, and unsecured or degraded
conduit. Review verdcr manuals to ensure PM proced-
ures #1¢ performed according 10 manufacturer’s recom-
mendations and good maintenance practices.

¢ Terry turbines with Woodward Model EG gover-
nors have been found 10 overspeed trip if full steam
flow is allowed on startup. Sensitivity can be
reduced if 4 startup steam bypass valve bs sequenced
to open first. DEL

Inspection Suggestion. Observe the operation of the

turbine driven Aux Feed pump during pump testing, and

assure that the one inch steam supply valves SG-UV-
134A and 138A open first, and after » time delay the
steam supply MOVs open.

+  Condensate slugs in steam lines have caused
turbine overspeed trip on startup. Tests
repeated right after such a trip may fail to
indicate the problem due 10 warming and clear-
ing of the steam lines. Surveillances should
exercise all steam siply connections. DE2. At
Palo Verde, the steam supply lines are kept
warm and free of condensate using controlled
leakage, some of which passes through the
turbine. Operators verify the line temperature
is greater than 190°F on their rounds.

Inspection Suggestion. Verify that the steam traps are
valved or bypassed on the steam supply line, If the

steam trap discharge is visible, assure there is evidence
of liquid discharge.

+ Trip and throttle valve (AFA-HV-54) problems
which have failed the turbine driven pump
include physically bumping it, failure to reset it
following testing, and failures 1o verify control
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Walkdown Tabl




Tuble L1, Kisk lmportant AFW System Walkdown Table for Palo Verde AFW System Components

Component Required
Number Component Name Position
AFB.FPO1 Motor-Driven Pump Racked In
Indicating Lights Lit
Lockout-Black Flag
A LSF Switchgear Room
AFN-PO! Motor-Driven Pump Racked In/ !
Indicating Lights Lit
Lockout-Black Flag
AFA-HV-54 Trip and Throttle Valve Reset/Open
AFC-HV-13 AFW Pump A Flow Control 10 SG/ #2 Closed L
AFA-UV-37 AFW Pumip A Supply to S/G #2 Isolation Closed .
AFAV.137 Piping Upstream of Check Valve Cool JLIT
AFAV-160 Body Drain T&T Valve Throttled W
AFAV-155 Turbine Exhaust Drain Throttled e
AFA FV.157 Turbine Casing Drain Throttled
AFA-HV-32 AFW Pump A Flow Control 1o 8/G #1 Close YAk
AFC-HV-36 AFW Pump A Supply 1o 8/G #1 Isolation Closed
AFA.V002 Main Steam Supply to AFW Pump A Locked Open
Isolation
AFA-V-016 AFW Pump A Discharge Isolation Wired Open
AFA V017 AFW Pump A Miniflow Isolation Locked Open
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4 Generic Risk Insights From PRAs

1.2 Risk Important Component Failure

Modes

1.1 Risk Important Accident Sequences

Involving AFW System Failure

Feeagwater




Failure Modes Determined From Operating Experience

1.2 Fallure of AFW Pump Discharge Flow
Control and Isolation Valves to Steam

Lsenerators

AFW Valve Fatlures

Palo Verde | Xperience
Human Errors
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