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SUMMARY

This document presents a compilation of auxiliary feedwater (AFW) system
failure information which has been screened for risk significance in terms of
failure frequency and degradation of system performance, lt is a risk-
prioritized listing of failure events and their causes that are significant
enough to warrant consideration in inspection planning at tile the J.M. Farley
plant. This information is presented to provide inspectors with increased
resources for inspection planning at J.M. Farley.

The risk importance of various component failure modes was identified by
analysis of the results of probabilistic risk assessments (PRAs) for many
pressurized water reactors (PWRs). However, the component failure categories
identified in PRAs ar rather broad, because the failure data used in the PRAs
is an aggregate of many individuals failures having a variety of root causes.
In order to help inspectors to 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 failures. Both J.M. Farley 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
provide 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 to'concentrate on components important
to the prevention of core damage. However, it is important to note that
inspections should not focus exclusively on these components. Other
components which perform essential functions, but which are not included
because of high reliability or redundancy, must also be addressed to ensure
that degradation does n_t increase their failure probabilities, and hence
their risk importances.

DISCLAIMER

This report was prepared as an account of work six_nsored by an agency of the United States

Government. Neither the Uaited States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any informatioa, apparatus, product, or

process disclosed, or represents that its use would not infringe privately owned rights. Refer-

ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the Umted States Government or any agency thereof. The views

I and opinions of authors expressed herein d,., not necessarily state or reflect those of the
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1.0 INTRODUCTION

This document is the secondof a seriesprovidingplant-specificinspection
guidancefor auxiliaryfeedwater(AFW) systemsat pressurizedwater reactors
(PWRs). This guidance is based on informationfrom probabilisticrisk
assessments(PRAs)for similarPWRs, industry-wideoperatingexperiencewith
AFW systems,plant-specificAFW systemdescriptions,and plant-specific
operatingexperience, lt is not a detailed inspectionplan, but rather a
compilationof AFW system failureinformationwhich has been screenedfor risk
significancein terms of failurefrequencyand degradationsystem performance.
The resultis a risk-prioritizedlistingof failureeventsand the causesthat
are significantenough to warrantconsiderationin inspectionplanningat J.M.
Farley.

This inspectionguidanceis presentedin Section3.0, followinga description
of the J. M. FarleyAFW systemin Section2.0. Section3.0 identifiesthe
risk importantsystemcomponentsby J. M. Farley identificationnumber,
followedby brief descriptionsof each of the variousfailurecauses of that
component. These includespecifichuman erroFs,design deficiencies,and
hardwarefailures. The discussionsalso identifywhere common cause failures
have affectedmultiple,redundantcomponents. These brief discussions
identifyspecificaspectsof systemor componentdesign,operation,
maintenance,uF testingfor inspectionby observation,recordsreview,
trainingobservation,proceduresreview,or by observationof the
implementationof procedures. An AFW systemwalkdowntable identifyingrisk
importantcomponentsand their lineup for normal,standbysystem operationis
also provided.

The remainderof the documentdescribesand discussesthe informationused in
compilingthis inspectionguidance. Section4.0 describesthe risk importance
informationwhich has been derivedfrom PRAs and its sources. As reviewof
that sectionwill show, the failureevents identifiedin PRAs are ratherbroad
(e.g.,pump fails to start or run, valve fails closed). Section5.0 addresses
the specificfailurecauseswhich have been con}binedunder these broad events.

AFW _ystemoperatinghistorywas studiedto identifythe va_'iousspecific
Failureswhich have been aggregatedinto the PRA failureevents. Section5.1
presentsa summaryof J. M. Farleyfailure information,and S_ction5.2
presentsa review of industry-wideFailure information. The industry-wide
informationwas compiledfrom a varietyof NRC sources,includingAEOD
analysesand reports, informationnotices, inspectionand enforcement
culletins,and generic letters,and from a varietyof INPO reportsas weil.
Some LicenseeEvent Reportsand NPRDS zvent descriptionswere also reviewed
individually. Finally,informationwas includedfrom reportsof NRC-sponsored
studiesof the effectsof plant aging,which includequantitativeanalysesof
reportedAFW system failures. This industry-wideinformationwas then
combinedwith the plant-speciflcfailureinformationto identifythe various
root causes of the broad failureevents used in PRAs, which are identifiedin
Section_.0.



2.0 J. M. FARLEYAFW SYSTEM

This section presents an overview description of the J.M. Farley AFW
system, including a simplified schematic system diagram. In addition, the
system success criterion, system dependencies, and administrative operational
constraints are al so presented.

2.1 System Description

The AFW system provides feedwater to the steam generators (SG) to allow
secondary-side heat removal from the primary system when main feedwater is
unavailable. The system is capable of functioning for extended periods, which
allows time to restore main feedwater flow or to proceed with an orderly
cooldown of the plant to where the residual heat removal (RHR) system can
remove decay heat. A simplified schematic diagram of the J.M. Farley AFW
system is shown in Figure 2.1.

The system is designed to start up and establish flow automatically. Ali
pumps start on receipt of a steam generator low-low level signal. (The motor-
driven pumps start on low level in one SG, whereas, two low level signals are
required for a turbine-driven pump start.) The motor-driven (MD) pumps start
on a trip of major feedwater pumps (MFW) pumps, a safety injection signal, or
on a loss of offsite power. The single turbine-driven (TD) pump starts on
undervoltage of two of the three reactor coolant (RC) pump buses.

A common header supplies both motor-driven pumps, and a separate line
supplies the turbine-driven pump. Isolation valves in these lines are locked
open. Power, control, and instrumentation associated with each motor-driven
pump are independent from one another. Steam for the turbine- driven pump is
supplied by steam generators B and C, from a point upstream of the main steam
isolation valves, through valve 3226. Each AFWpump is equipped with a
continuous recirculation flow system, which prevents pump deadheading.

The discharges of the motor driven pumps are cross connected, and they
feed all three steam generators. The turbine-driven pump also feeds all three
steam generators, but through seperate lines. Each of these six lines
contains a flow-limiting orifice which ensures AFW flow will be provided to
intact steam generators if one is depressurized. Each of the lines from the
motor driven pumps contains two normally-open isolation motor operated valves
(MOVs) 3764A-F. Isolation valves in the lines from the turbine-driven pump
are locked open manual valves. Flow control valves 3227A-C and 3228A-C are
pneumatic. Each line contains multiple check valves to prevent leakage from
the feedwater lines, and the pump suction lines contain relief valves to
prevent overpressurization in the case of check valve leakage.





A temperature monitoring system is provided to detect hot feedwater
leakage through the system check valves which could cause steam binding of the
pumps. Temperatures are monitored at the outlet ai,d inlet of each AFW pump
discharge check valve, and at the inlet of each feed line check valve.
Temperatures are recorded, and a control room alarm is provided to indicate
leaks. The pump discharge valves are of the lift type which have proven
effective in practically eliminating the problem of check valve leak-by.

The condensate storage tank (CST) is the normal source of water for the
AFW System and is required to store sufficient demineralized water to maintain
the reactor coolant system (RCS) at hot standby conditions for 9 hours with
steam discharge to atmosphere. Ali tank connections except those required for
instrumentation, auxiliary feedwater pump suction, chemical analysis, and tank
drainage are located above this minimum level. AFW suction may also be
switched to the service water system.

2.2 Success Criterion

System success requires the operation of at least one pump supplying
rated flow to at least one of the three steam generators.

2.3 System Dependencies

The AFW system depends on AC and DC power at various voltage levels for
motor operation, valve control, monitor and alarm circuits, and valve/motor
control circuits. Instrument Air is required for several pneumatic control
valves. Steam availability is required for the turbine-driven pump.

2.4 Operational Constraints

When the reactor is critical the J. M. Farley Technical Specifications
require that all three AFW pumps and associated flow paths are operable with
ea.'h motor-driven pump powered from a different vital bus. If one AFW pump
becomes inoperable, it must be restored to operable status within 72 hours or
the plant must shut down to hot standby within the next six hours. If two AFW
pumps are inoperable, the plant must be shut down to hot standby within six
hours. With three AFW pumps inoperable, corrective action to restore at least
one pump to operable status must be initiated immediately.

The J. M. Farley Technical Specifications require a nine hour supply of
water to be stored in the CST (150,000 gallons). With the CST inoperable, the
service water syste,,1 may serve as backup supply for seven days before plant
shutdown is required.

_'r ' gW ' ,,m' m ' ' '



3.0 INSPECTIONGUIDANCEFORTHE J. M. FARLEYAFWSYSTEM

In this section the risk important components of the J. M. Farley AFWsystem
are identified, and the important failure modes for these components are
briefly described. These failure modes include specific human errors, design
deficiencies, and types of hardware failures which have been observed to occur
for these components, both at J. M. Farley and at PWRsthroughout the nuclear
industry. The discussions also identify where commoncause failures have
affected multiple, redundant components. These brief discussions identify
specific aspects of system or component design, operation, maintenance, or
testing for observation, records review, training observation, procedures
review, or by observation of the implementation of procedures.

Table 3.1 is an abbreviated AFWsystem walkdown table which identifies risk-
important components. This table lists the system lineup for normal (standby)
system operation. Inspection of the identified components addresses
essentially all of the risk associated with AFWsystem operation.

3.1 Risk ImpcrCant AFWComponents and Failure Modes

Commoncause failures of multiple pumps are the most risk-important
failure modes of AFWsystem components. These are followed in importance by
single pump failures, level control valve failures, and individual check valve
backl eakage failures.

The following sections address each of these failure modes, in decreasing
order of risk-importance. They present the important root causes of these
component failure modes which have been distilled from historical records.
Each item is keyed to discussions in Section 5.2 where additional information
on historical events is presented.

3.1.1 Multiple PumpFailures due to CommonCause

The following listing summarizes the most important multiple-pump
failure modes identified in Section 5.2.1, CommonCause Failures, and each
item is keyed to entries in that section.

• Incorrect operator intervention into automatic system functionirl_,
including improper manual starting and securing of pumps, has caused
failure of all pumps, including overspeed trip on startup, and
inability to restart prematurely secured pumps. CCI.

• Valve mispositioning has caused failure of all pumps. Pumpsuction,
steam supply, and instrument isolation valves have been involved.
CC2.

• Steam binding has caused failure of multiple pumps. This resulted
from leakage of hot feedwater past check valves into a common
discharge header, with several valves involved including a motor-

' I '!



operated discharge valve. (See item 3.1.8 below.) CCIO. Multiple-
pump steam binding has also resulted from improper valve lineups, and
from running a pump deadheaded. CC3.

• Pump control circuit deficiencies or design modification errors have
caused failures of multiple pumps to auto start, spurious pump trips
during operation, and failures to restart after pump shutdown. CC4.
Incorrect setpoints and control circuit calibrations have also
prevented proper operation of multiple pumps. CC5.

• Loss of a vital power bus has failed both the turbine-driven
and one motor-driven pump due to loss of control power to
steam admission valves or to turbine controls, and to motor
controls powered fr,om the same bus. CC6.

• Simultaneous startup of multiple pumps has caused oscillations of
pump suction pressure causing multiple-pump trips on low suction
pressure, despite the existence of adequate static net positive
suction head (NPSH). CC7. Design reviews have identified
inadequately sized suction piping which could have yielded
insufficient NPSHto support operation of more than one pump. CC8.

3.1.2 Turbine Driven Pump Fails to Start or Run

• Improperly adjusted and inadequately maintained turbine governors
have caused pump failures. HE2. Problems include worn or loosened
nuts, set screws, linkages or cable connections, oil leaks and/or
contamination, and electrical failures of resistors, transistors,
diodes and circuit cards, and erroneous grounds and connections.
CF5.

• Terry turbines with Woodward Model EG governors have been found to
overspeed trip if full steam flow is allowed on startup. Sensitivity
can be reduced if a startup steam bypass valve is sequenced to open
first. DEl.

• 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 to warming and clearing of the steam lines.
Surveillance should exercise all steam supply connections. DE2.

• Trip and throttle valve (TTV) problems (FCV-157) which have failed
the turbine driven pump include physically bumping it, failure to
reset it following testing, and failures to verify control room
indication of reset. HE2. Whether either the overspeed trip or TTV
trip can be reset without resetting the other, indication in the
control room of TTV position, and unambiguous local indication of an
overspeed trip affect the likelihood of these errors. DE3.



• Turbines with Woodward Model PG-PL governors have tripped on
overspeed when restarted shortly after shutdown, unless an operator
has locally exercised the speed setting knob to drain oil from the
governor speed setting cylinder (per procedure). Automatic oil dump
valves are now available through Ferry. DE4.

3.1.3 Motor Driven Pump A or B Fails to Start or Run

• Control circuits used for automatic and manual pump starting are an
important cause of motor driven pump failures, as ark circuit breaker
failures. CF7.

• Mispositioning of handswitches and procedural deficiencies have
prevented automatic pump start. HE3.

• Low lubrication oil pressure resulting from _eatup due to previous
operation has prevented pump restart due to failure to satisfy the
protective interlock. DE5.

3.1.4 Pump Unavailable Due to Maintenance or Surveillance

• Both scheduled and unscheduled maintenance remove pumps from
operability. Surveillance requires operation with an altered line-
up, although a pump train may not be declared inoperable during
testing. Prompt scheduling and performance of maintenance and
surveillance minimize this unava;lability.

3.1.5 Air Operated Flow Control Valves Fail Closed

TD Pump Treins: HV-3228A_B_CC
MD Pump Trains: HV-3227AB___B__C:

These normally-open air operated valves (AOVs) control flow to the steam
generators. They fail open on loss of Instrument Air.

• Control circuit problems have been a primary cause of failures,
both at J. M. Farley and elsewhere. CF9. Valve failures have
resulted from blown fuses, failure of control components (such as
current/pneumatic convertors), broken or dirty contacts, misaligned
or broken limit switches, control power loss, and calibration
problems. Degraded operation has also resulted from improper air
pressure due to air regulator failure or leaking air lines.

• Out-of-adjustmept electrical flow controllers have caused improper
valve operation, affecting multiple trains of AFW. CC12.

• Leakage of hot feedwater through check valves has caused thermal
binding of flow control MOVs. AOVs may be similarly susceptible.
CF2.



• Multipleflow controlvalveshave been pluggedby clams when suction
switchedautomaticallyto an alternate,untreatedsource. CC9.

3.1.6 M_otor_erated IsolationValves Fail Closed

MD Pump Trains. MOV-3764A-F
_ompleteSG Isolation" MOV-3350A,B,.C

These normallyopen MOVs isolateflow to the steamgenerators. They fail
as-is on loss of power.

• Commoncause failure of MOVshas resulted from failure to use
electrical signature tracing equipment to determine proper settings
of torque switch and torque switch bypass switches. Failure to
calibrate switch settings for high torques necessary under design
basis accident conditions has also been involved. CC11.

• Valve motors hav_ been faileddue to lack of, or impropersizingor
use of thermaloverloadprotectivedevices. Bypassingand
oversizingshouldbe based on proper engineeringfor desig_nbasis
conditions. CF4.

• Out-of-adjustmentelectricalflow controllershave caused improper
dischargevalve operation,affectingmultipletrains of AFW. CC12.

• Grease trapped in the torque switchspringpack of LimitorqueSMB
motor operatorshas caused motor burnoutor thermaloverloadtrip by
preventingtorque switchactuation. CF8.

• Manuallyreversingthe directionof motion of operatingMOVs has
overloadedthe motor circuit. Operatingproceduresshould provide
cautions,and circuitdesignsmay preventreversalbefore each
stroke is finished. DE7.

• Space heaters designed for preoperation storage have been found
wired in parallel with valve motors which had not been
environmentally qualified with them present. DE7.

3.1.7 Manual Suction or Discharge,Valves Fail Closed

CST Discharqe Valves
TD Pump Trains' Valves VO05; VOI5B,E_ VO]7A_B,C;or VOOIF,H_J
MD Pump Trains' ValvesVOO4A,B;vO16A_B;VOI7D,E,F;or VOOIE,G,J

These manual valves are normallylockedopen. For each train, closureof
the first valve listedwould block suctionfrom CST. Closure of the second
valve would block suctionfrom the servicewater system.Closureof the third
and fourth valveswould block all pump dischargeexcept recirculationto the
CST.



® Valve mispositioning has resulted in failures of multiple trains of
AFW. CC2. lt has also been the dominant cause of problems
identified during operational readiness inspections. HEI. Events
have occurred most often during maintenance, calibration, or system
modifications. Important causes of mispositioning include"

, Failure to provide complete, cl._ar, and specific procedures for
tasks and system restoration

• Failure to promptly revise and validate procedures, training, and
diagrams following system modifications

, Failureto completeall steps in a prJcedure
• F_ilureto adeqdatelyreviewuncompletedproceduralsteps after task

completion
• Failure to verify support functions after restoration
• Failure to adhere scrupulously to administrative procedures

regarding tagging, control and tracking of valve operations
• Failure to log the manipulation of sealed valves
• Failure to follow aood practices of written task assignment and

feedback of task completion informatiop
• Failureto provideeasily read system drawings,legiblevalve

labels correspondingto drawingsand procedures,and labeled
indicationsof local valve position

3.1.8 Leakaqeof Hot FeedwaterthroughCheck Valves'

At MFWConnections' MOV3350A,B,C
Discharge of PumpsA,B; TD Pump" Valves VOO2A,B; VO03
MDPumpTrains' VQO2C_E,G
TD PumpTrains' VOO2D,F,H

• Leakage of hot feedwater through several check valves in series has
caused steam binding of multiple pumps. Leakage through a closed
level control valve in series with check valves has also occurre.J,
as would be required for leakage to reach the motor driven pumps A
and B. CCIO.

• Slow "leakage past the final check valve of a series may not force
upstream check valves closed, allowing leakage past each of them in
turn. Piping orientation and valve design are important factors in
achieving true series protection. CFI.

3.2 Ri___ssk_!mportantAFWSystem Walkdown Table

Table 3.1 presents an AFWsystem walkdown table including only components
identified as risk important. This information allows inspectors to
concentrate their efforts on components important to prevention of core
damage. However, it is essential to note that inspections should not focus
exclusively on these components. Other components which perform essential
functions, but which are absent from this table because of high reliability or
redundancy, must also be addressed to ensure that their risk importances are
not increased. Examples include the (open) steam lead isolation valves
upstreamof 3226, and an adequatewater level in the CST.



TABLE3.1. Risk Important Walkdown Table for
J.M. Farley AFWSystem Components

Required Actual
Component # Component Name Position Position

Electrical

A Motor-Driven Pump Racked In/
Closed

I

: B Motor-graven Pump Racked In/
Closed

Valve

V501 CST Outlet Valve Locked Open

V502 CST Outlet Valve Locked Open

VO01 A MDPA Discharge Valve Locked Open
J
| VO01 B MDPCross Connect Valve Locked Open

VO01 C MDPCross Connect Valve Locked ()pen

VO01 D MDPB Discharge Valve Locked Open

[] VO01 E AFWIsolation Valve Locked Open

VO01 F AFWIsolation Valve Locked Open

VO01 G AFWIsolation Valve Locked Open

VO01 H AFWIsolation Valve Locked Open

VO01 J AFWIsolation Valve Locked Open

VO01 K AFWIsolation Valve Locked Open

- VO02 TDP Recirculation Valve Locked Open

VO02 A TDP Main Stream Supply Valve Locked Open

VO02 B TDPMain Strear Supply Valve Locked Open

VO05 TDP Suction Valve Locked Open

VO06 MDPRecirculation Valve Locked Open

VO04A MDPA Suction Valve Locked Open

I0
.
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i
TABLE 3.1. Risk Important Walkdown Table for

J.M. Farley AFW System Components
(Continued)

VO04 B MDPB Suction Valve Locked Open

VO08 MDP Recirculatio- Valve Locked Open

V010 TDP Recirculation Valve t.ocked Open

VO015 A TDP Service Water Suction V_,!ve Locked Open

V0015 B TDP Service Water Suction Valve Locked Open

V0015 E TDP Service Water Suction Valve Locked Open

V0016 A MDP Service Water Suction Valve Locked Open

VO016 B MDP Service Water Suction Valve Locked Open

V017 A AFW Isolation Valve Locked Open

V017 B AFW Isolation Valve Locked Open

V017 C AFW isolation Valve Locked Open

V017 D AFW Isolation Valve Locked Open

V017 E AFW Isolation Valve Locked Open

VI07 F A.W Isolation Valve Locked Open

VO019 A MDP Recirculation Valve Locked Open

VO019 B MDP Recirculation Valve Locked Open

3764 A MDP to S/G Open
Isolation Valve

3764 B MDPto S/G Open
Isolation Valve

3764 C MDPto S/G Open
Isolation Valve

3764 D MDPto S/G Open
Isolation Valve

3764 E MDP to S/G Open
Isolation Valve

11

'" Iii



TABLE 3,1, Risk Important W_Ikdown Table for
J.M. Farley AFWSystem Components (Continued)

3764 F MDPto S/G Open
Isolation Valve

3227 A MDPFlow Open
Control Valve

3227 6 MDFFlow Open
Control Valve

3227 C MDPFlow Open
Control Valve

3228 A TDP Flow Open
Control Va:lve

3228 B TDP Flow Open
Control Valve

3228 C TDP Flow Open
Control Valve

3235 A TDP Steam Supply Valve Open

3235 B TDP Steam Supply Valve Open

3226 TDP Steam Admission Valve Closed

3406 TDP Throttle-Trip Valve Open ____
Supply Valves

3209 A Service Water Closed
Supply Valves

3209 B Service Water Closed
Supply Valves

3210 A Service Water Closed
Supply Valves

3210 B Service Water Closed
Supply Valves

32].6 Service Water Supply Valve i;losed

3350 A Piping Upstream of Check Valve _ooI

3350 B Piping Upstream of Check Valve _ooI

3350 C Piping Upstream of Check Valve Cool

12
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4.0 GENERICRISK INSIGHTSi-ROMPRAs

PRAs for 13 PWRswere analyzed to identify risk-important accident
sequences involving loss of AFW, and to identify and risk-prioritize the
component failure modes involved. The results of this analysis are described
in this section. They are consistent with results reported by INEL and BNL
(Gregg et al 1988, and Travis et al, 1988).

4.1 Risk Important Accident SeqLences Involvinq AFWSystem Failure

Loss of Power System

• A loss of offsite power is followed by failure of AFW. Due to lack
of actuating power, the power operated relief valves (PORVs) cannot
be opened preventing adequate feed-and-bleed cooling, and resulting
in core damage.

• A station blackout fails all AC power except Vital AC from UC
invertors, and all decay heat removal systems except the turbine-
driven AFWpump. AFWsubsequently fails due to battery depletion or
hardware failures, resulting in core damage.

• A DC bus fails, causing a trip and failure of the power conversion
system. One AFWmotor-driven pump is failed by the bus loss, and the
turbine-driven pump fails due to loss of turbine or valve control
power. AFWis subsequently lost completely due to other failures.
Feed-and-bleed cooling fails because PORVcontrol is lost, resulting
in core damage.

Transient-Caused Reactor or Turbine Tri_

° A transient-caused trip is followed by a loss of the power conversion
system (PCS) and AFW. Feed-and-bleed cooling fails either due to
failure of the operator to initiate it, or due to hardware failures,
resulting in core damage.

Loss of Main Feedwater

° A feedwater line break drains the commonwater source for MFWand
AFW. The operators fail to provide feedwater from other sources, and
fail to initiate feed-and-bleed cooling, resulting in core damage.

° A loss of main feedwater trips the plant, and AFWfails due to
operator error and hardware failures. The operators Fail to initiate
feed-and-bleed cooling, resulting in core damage_

13
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Steam Generator Tube Rupture (SGTR)

• A SGTRis followed by failure of AFW. Coolant is lost from the
primary until the refueling water storage tank (RWST) is depleted.
High pressure injection (HPl) fails since recirculation cannot be
established from the empty sump, and core damage results.

4.2 Risk Important Component Failure Modes

The generic component failure modes identified from PRAanalyses as
important to AFWsystem failure are listed below in decreasing order of risk
importance.

I. Turbine-Driven PumpFailure to Start or Run.

2. Motor-Driven PumpFailure to Start or Run.

3. TDP or MDPUnavailable due to Test or Maintenance.

4. AFWSystem Valve Failures

• steam admission valves
• trip and throttle valve
• flow control valves
• pumpdischarge valves
• pump suction valves
• valves in testing or maintenance.

5. Supply/Suction Sources

• condensate storage tank stop valve
• hot well inventory
• suction valves.

In addition to individual hardware, circuit, or instrument failures, each
of these failure modes may result from commoncauses and humanerrors.
Commoncause failures of AFWpumps are particularly risk important. Valve
failures are somewhat less important due to the multiplicity of steam
generators and connection paths. Humanerrors of greatest risk importance
involve: failures to initiate or control system operation when required;
failure to restore proper system lineup after maintenance or testing; and
failure to switch to alternate sources when required.
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5.0 FAILURE MODESDETERMINEDFROMOPERATINGEXPERIENCE

This section describes the primary root causes of AFW system component
failures, as determined from a review of operating histories at J. M. Farley
and at other PWRs throughout the nuclear industry. Section 5.1 describes
experience at J. M. Farley. Section 5.2 summarizes information compiled from
a variety of NRC sources, including AEOD analyses and reports, information
notices, inspection and enforcement bulletins, and generic letters, and from a
variety of INPO reports as weil. Some Licensee Event Reports and NPRDSevent
descriptions were also reviewed individually. Finally, information was
included from reports of NRC-sponsored studies of the effects of plant aging,
which include quantitative analysis of AFW system failure reports. This
information was used to identify the various root causes expected for the
broad PRA-based failure events identified in Section 4.0, resulting in the
inspection guidelines presented inSection 3.0.

,,

5.1 J.M. Farley Experience

The AFW system at J. M. Farley had experienced failures of the AFW pumps,
pump discharge flow control valves, the turbine steam admission and supply
valves, turbine trip and throttle valve, pump discharge isolation valves,
service water backup supply valves, and numerous sysLem check valves. Failure
modes include electrical, instrumentation and control, hardware failures, and
human errors.

5.1.1. Multiple Pump Failures

In one event, both motor driven pumps failed to start due to a
combination of mislabeled and mispositioned switches and open links in the
balance of plant and hot shutdown panel cabinets.

5.1.2 Motor Driven Pump Failures

There have been four additional events since 1977 which involved failure
of the motor driven pumps during several modes of operation. Failure modes
involved instrumentation and control circuit failures, pump hardware failures,
and human failures during maintenance activities. Misalignment between pump
and motor has resulted in high vibration making a pump inoperable. Improper
or inadequate maintenance has resulted in high thrust bearing temperatures
requiring pump shutdown and repair.

5.1.3 Turbine Driven Pump Failures

More than twenty events since 1977 have resulted in decreased operational
readiness of the turbine driven pump. Failure modes involved failures in
instrumentation and control circuits, electrical faults, system hardware
failures, and human errors. The turbine driven pump has tripped or failed to
reach proper speed as a result of clogged lube oil lines, dirty limit switch
contacts, misadjusted _peed control settings, shorted relays in the speed
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controlcircuit,and dirty breakercontacts. Pump aging and wear has resulted
in high bearingtemperaturesand on one occasion,pump seizure. Improperpart
replacementand inadequatemaintenanceactivitieshave necessitatedpump
shutdownand repair.

5.1.4 Flow Control and IsolationValve Failures

Morethan forty-fiveevents since 1977 have resultedin impaired
operationalreadinessof the air operatedflow controland motor operated
isolationvalves. Principalfailurecauses were equipmentwear,
instrumentationand controlcircuitfailures,valve hardwarefailures,and
human errors, Valves have failedto operateproperlydue to blown fuses,
failureof controlcomponents(such as I/P convertors),brokenor dirty
contacts,misalignedor brokenlimit switches,controlpower loss, and
operatorcalibrationproblems. Improperair pressurehas caused degradedflow
controlvalve operationin a numberof events due to failureof an air
regulatoror leakingair line. Human errors have resultedin impropercontrol
circuitcalibrationand limit switchadjustment.

5.1.5 TurbineDriven Pump Steam Suppl.y_,Ad,_ission,and ControlValves

More than thirty events since 1977 have resultedin degradedoperationof
steam isolationsteam flow controlvalves. Failuretypes includedfailures
due to aging. Deteriorationof system hardwareresultedin many occurr_ences
of valve binding,resultingin trippingof overloaddevices. Flow control
valve seats were found to be steam cut, and isolationvalveswere found to be
steam cut, and isolationvalveswere found to leak due to cut or worn seats.
Dirty,worn, or misalignedlimit switchcontactshave preventedpropervalve
operation. Improperair pressureresultingfrom a failedregulatoror air
line leak has caused failures. Misalignedor out of calibrationcontrol
circuitsand limit switcheshave resultedin a degradedoperationalcondition.
Improperpaintinghas pluggedair exhaustports preventingfull strokingof a
valve.

5.1o6 Check Valves

More than forty events of check valve failurehave occurredsinc_ 1977.
In all but a few cases, normalwear and aging was cited as the failuremode,
resultingin leakage.

5.1.7 ServiceWater Backup SupplyValves

Five events have resultedin improperoperatio,_of the ServiceWater
backupsupply valves due to systemwear and aging. In each case, the build up
of mud and clams in the servicewater lines caused impropervalve stroking.

5.2 IndustryWide Experience

Human errors,design/engineeringproblemsand errors,and component
failuresare the primaryroot causesof AFW System failuresidentifiedin a
reviewof industrywide systemoperatinghistory. Commoncause failures,
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I which disablemore than one train of this operationallyredundantsystem,are
highly risk significant,and can result from all of these causes.

This sectionidentifiesimportantcommonCause failuremodes, and then
providesa broaderdiscussionof the singlefailureeffectsof human errors,
design/engineeringproblemsand errors,and componentfailures. Paragraphs
presentingdetailsof these failuremodes are coded (e.g.,CCI) and cross-
referencedby inspectionitems in Section3.0.

5.2.1 CommonCause Failures

The dominantcause of AFW systemmultiple-trainfailureshas been human
error. Design/engineeringerrors and componentfailureshave been less
frequent,but neverthelesssignificant,causes of multipletrain failures.

CCI. Human errorin the form of incorrectoperator interventioninto
automaticAFW_system functioningduring transientsresulted in the temporary
loss of all safety-gradeAFW pumps duringevents at Davis Besse (NUREG-1154,
1985) and Trojan (AEOD/T416,1983). In the Davis Besse event, impropermanual
initiationof the steam and feedwaterrupturecontrol system (SFRCS)led to
overspeedtrippingof both turbine-drivenAFW pumps,probablydue to the
introductionof condensateinto the AFW turbinesfrom the lone, unheatedsteam
supply lines. (The system had never been testedwith the abnormal,cross-
connectedsteam supplylineup which resulted.) In the Trojan event the
operatorincorrectlystoppedboth AFW pumps due to misinterpretationof MFW
pump speed indication. The diesel drivenpump would not restartdue to a
protectivefeaturerequiringcompleteshutdown,and the turbine-drivenpump
trippedon overspeed,requiringlocal reset of the trip and throttlevalve. In
cases where manual interventionis requiredduring the early stagesof a
transient,trainingshouldemphasizethat actions shouldbe performed
methodicallyand deliberatelyto guard againstsuch errors.

CC2. Valve mispositioninghas accountedfor a significantfractionof the
human errors failingmultiple trainsof AFW. This includesclosureof
normallyopen suctionvalvesor steam supply valves,and of isolationvalves
to sensorshaving controlfunctions. Incorrecthandswitchpositioningand
inadequatetemporarywiring changeshave also preventedautomaticstartsof
multiplepumps. Factors identifiedin studiesof mispositioningerrors
includefailure
to add newly installedvalves to valve checklists,weak administrativecontrol
of tagging,restoration,independentverification,and lockedvalve logging,
and inadequateadherenceto procedures. Illegibleor confusinglocal valve
labeling,and insufficienttrainingin the determinationof valve positionmay
cause or mask mispositioning,and surveillancewhich does not exercise
complete system functi(_ningmay not revealmispositionings.

CC3. At ANO-2, both AFW pumps lost suctiondue to steam bindingwhen they
were lined up to both the CST and the hot startup/blowdowndemineralizer
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effluent (AEOD/C404, 1984). At Zion-1 steam created by running the turbine-
driven pump deadheaded for o_n_ minute caused trip of a motor-driven pump
sharing the same inlet header, as well as damage to the turbine-driven pump
(Region 3 Morning Report, 1/17/90). Both events were caused by procedural
inadequacies.

CC4. Design/engineering errors have accounted for a smaller, but significant
fraction of common cause failures. Problems with centrol circuit design
modifications at Farley defeated AFW pump auto-start cn loss of main
feedwater. At Zion-2, restart of both motor driven pumps was blocked by
circuit failure to deenergize when the pumps had been tripped with an
automatic start signal present (IN 82-01, 1982). In addition, AFW control
circuit design reviews at Salem and Indian Point have identified designs where
failures of a single component could have failed all or multiple pumps (IN 87-
34, 1987).

CC5. Incorrect setpoints and control circuit settings resulting from analysis
errors and failures 4o update procedures have also prevented pump start and
caused pumps to trip spuriously. Errors of this type may remain undetected
despite surveillance testing, unless surveillance tests model all types of
system initiation and operating conditions. A greater fraction of
instrumentation and control circuit problems has been identified during actual
system operation (as upposed to surveillance testing) than for other types of
failures.

CC6. On two occasions at a foreign plant, failure of a balance-of-plant
inverter caused failure of two AFW pumps. In addition to loss of the motor
driven pump whose auxiliary start relay was powered by the invertor, the
turbine driven pump tripped on overspeed because the governor valve opened,
allowing Full steam flow to the turbine. This illustrates the importance of

assessing the effects of failures of balance of plant equipment which supports
the operation of critical components. The instrument air system is another
example of such a system.

CC7. Multiple AFW pump trips have occurred at Millstone-3, Cook-l, Trojan and
Zion-2 (IN 87-53, 1987) caused by brief, low pressure oscillations of suction
pressure during pump startup . These oscillations occurred despite the
availability of adequate static NPSH. Corrective actions taken include:
extending the time delay associated with the low pressure trip, removing the
trip, and replacing the trip with an alarm and operator action.

CC8. Design errors discovered during AFW system reanalysis at the Robinson
plant (IN 89-30, 1989) and at Millstone-1 resulted in the supply header from
the CST being too small to provide adequate NPSH to the pumps if more than one
of the three pumps were operating at rated flow conditions. This could lead
to multiple pump failure due to cavitation. Subsequent reviews at Robinson
identified a loss of feedwater transient in which inadequate NPSH and flows
less than design values had occurred, but which were not recognized at the
time. Event analysis and equipment trending, as well as surveillance testing
which duplicates service conditions as much as is practical, can help identify
such design errors.
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CC9. Asiaticclams caused failureof two AFW flow controlvalves at Catawba-
2 when low suctionpressurecausedby startingof a motor-drivenpump caused
suctionsourcerealignmentto the NuclearServiceWater system. PipEs had not
been routinelytreated to inhibitclam growth,nor regularlymonitored to
detect their presence,and no strainerswere installed. The need for
surveillancewhich exercisesalternativesystemoperationalmodes, as wellas
completesystem functioning,is emphasizedby this event. Spurioussuction
switchoverhas also occurredat Callawayand at McGuire,althoughno failures
resulted.

CCIO. Commoncause failureshave alsu been caused by cemponentfailures
(AEOD/C404,1984). At Surry-2,both the turbinedrivenpump and one motor
driven pump were declaredinoperabledue to steam bindingcaused by
backleakageof hot water throughmultiplecheck valves. At Robinson-2both
motor driven pumps were found to be hot, and both motor and steam driven pumps
were found to be inoperableat differenttimes. Backleakageat Robinson-2
passedthroughclosed motor-operatedisolationvalves in additionto multiple
check valves. At Farley,both motor and turbinedriven pump casingswere
found hot, althoughthe pumps were not declared inoperable. In additionto
multi-trainfailures,numerousincidentsof singletrain failureshave
occurred,resultingin the designationof "SteamBindingof Auxiliary
FeedwaterPumps" as Generic Issue93. This generic issuewas resolvedby
GenericLetter88-03 (Miraglia,1988),which requiredlicenseesto monitorAFW
piping temperatureseach shift, and to maintainproceduresfor recognizing
steam bindingand for restoringsystemoperability.

CC11. Common cause failureshave also failed motor operatedvalves.During
the total loss of feedwaterevent at Davis Besse, the normally-openAFW
isolationvalves failed to open after they were inadvertentlyclosed. The
failurewas due to impropersettingof the torque switchbypass switch,which
preventsmotor trip on the high torque requiredto unseata closed valve.
Previousproblemswith these valves had been addressedby increasingthe
torque switchtrip setpoint - a fix which failedduring the event due to the
higher torquerequireddue to high differentialpressureacrossthe valve.
Similarcommon mode failuresof MOVs have also occurredin other systems,
resultingin issuanceof GenericLetter89-10, "SafetyRelatedMotor-Operated
Valve Testingand Surveillance(Partlow,1989)." This genericletter requires
licenseesto develop and implemen_a programto providefor the testing,
inspectionand maintenanceof all safety-relatedMOVs to provide assurance
that they will functionwhen subjectedto design basis conditions.

CC12. Other componentfailureshave also resultedin AFW multi-train
failures.These includeout-of-adjustmentelectricalflow controllers
resultingin improperdischargevalve operation,and a failureof oil cooler
coolingwater supply valves to open due to silt accumulation.

5.2.2 Huma.n Errors

HEI. The overwhelmingly dominant cause of problems identified during a series
of operational readiness evaluations of AFWsystems was human performance. The
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majority of these human performance problems resulted from incomplete and
incorrect procedures, particularly with respect to valve lineup information.
A study of valve mispositioning events involving humanerror identified
failures in administrative control of tagging and logging, procedural
compliance and completion of steps, verification of support systems, and
inadequate procedures as important. Another study found that valve
mispositioning events occurred most often during maintenance, calibration, or
modification activities. Insufficient training in determining valve
position, and in administrative requirements for controlling valve positioning
were important causes, as was oral task assignment without task completion
feedback.

HE2. Turbine driven pump failures have been causeJ by humanerrors in
! calibratingor adjustinggovernorspeed control,poor governormaintenance,
i incorrect adjustment of governor valve and overspeed trip linkages, and errors
i associated with the trip and throttle valve. TTV-associated errors includei

i physically bumping it, failure to restore it to the correct position after
testing, and failures 'to verify control room indication of TTV position

i following actuation
i

HE3. Motor driven pumps have been failed by humanerrors in mispositioning
i handswitches, and by procedure deficiencies.

5.2.3 Design/Engineering Problems and Errors

DEl. As noted above, the majority of AFWsubsystem failures, and the greatest
_! relative system degradation, has been found to result from turbine-driven pump
| failures. Overspeed trips of Terry TM(a)turbines controlled by WoodwardTM(b)

governors have been a significant source of these failures (AEOD/C602, 1986).
In many cases these overspeed trips have been caused by slow response of a
WoodwardModel EG governor on startup, at plants where full steam flow is
allowed immediately. This oversensitivity has been removed by installing a
startup steam bypass valve which opens first, allowing a controlled turbine
acceleration and buildup of oil pressure to control the governor valve when
full steam flow is admitted.

DE2, Overspeed trips of Terry turbines have been caused by condensate in the
steam supply lines. Condensate slows down the turbine, causing the governor
valve to open farther, and overspeed results before the governor valve can
respond, after the water slug clears. This was determined to be the cause of
the loss-of-all-AFW event at Davis Besse (AEOD/602, 1986), with condensation
enhanced due to the long length of the cross-connected steam lines. Repeated
tests following a cold-start trip may be successful due to system heat up.

DE3. Turbine trip and throttle valve (TTV) problems are a significant cause
of turbine driven pump failures (IN 84-66). In somecases lack of TTV

(a) T_rry is a registered trademark of the Terry Corporation, Windsor, CT.

(b) Woodward is a registered trademark of the WoodwardGovenor Company,
Rockford, IL.
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position indication in the control room prevented recognition of a tripped
TTV. In other cases it was possible to reset either the overspeed trip or the
TTV without reseting the other. This problem is compounded by the fact that
the position of the overspeed trip linkage can be misleading, and the
mechanism may lack labels indicating when it is in the tripped position
(AEOD/C602, 1986).

DE4. Startup of turbines with WoodwardModel PG-PL governors within 30
minutes of shutdown has resulted in overspeed trips when the speed setting
knob was not exercised locally to drain oil from the speed setting cylinder.
Speed control is based on startup with an empty cylinder. Problems have
involved turbine rotation due to both procedure violations and leaking steam.
Terry has marketed two types of dump valves for automatically draining the oil
after shutdown (AEOD/C602, 1986).

At Calvert Cliffs, a 1987 loss-of-offsite-power event required a quick, cold
startup that resulted in turbine trip due to PG-PL governor stability
problems. The short-term corrective action was installation of stiffer buffer
springs (IN 88-09, 1988). Surveillance had always been preceded by turbine
warmup, which illustrates the importance of testing which duplicates service
conditions as much as is practical.

DE5. Reduced viscosity of gear box oil heated by prior operation caused
failure of a motor driven pump to start due to insufficient lube oil pressure.
Lowering the pressure switch setpoint solved the problem, which had not been
detected during testing.

DE6. Waterhammer at Palisades resulted in AFWline and hanger damage at both
steam generators. The AFWspargers are located at the normal steam generator
level, and are frequently covered and uncovered during level fluctuations.
Waterhammers in top-feed-ring steam generators resulted in main feedline
rupture at Maine Yankee and feedwater pipe cracking at Indian Point-2 (IN 84-
32, 1984).

DE7. Manually reversing the direction of motion of an operating valve has
resulted in MOVfailures where such loading was not considered in the design
(AEOD/C603, 1986). Control circuit design may prevent this, requiring stroke
completion before reversal.

DE8. At each of the units of the South Texas Project, space heaters provided
by the vendor for use in preinstallation storage of MOVswere found to be
wired in parallel to the Class IE 125 V DC motors for several AFWvalves (IR
50-489/89-11; 50-499/89-11, 1989). The valves had been environmentally
qualifielq, but not with the non-safety-related heaters energized.

5.2.4 Component Failures

Generic Issue II.E.6.1, "In Situ Testing Of Valves" was divided into four
sub-issues (Beckjord, 1989), three of which relate directly to prevention of
AFWsystem component failure. At the request of the NRC, in-situ testing of
check valves was addressed by the nuclear industry, resulting in the EPRI
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report,"ApplicationGuidelinesfor Check Valves in NuclearPower Plants
(Brooks,1988)." This extensivereportprovidesinformationon check valve
applications,limitations,and inspectiontechniques. In-situtestingof MOVs
was addressedby GenericLetter89-10, "SafetyRelatedMotor-OperatedValve
Testingand Surveillance"(Partlow,1989) which requireslicenseesto develop
and implementa programfor testing, inspectionand maintenanceof all safety-
relatedMOVs. "ThermalOverloadProtectionfor ElectricMotors on Safety-
RelatedMotor-OperatedValves - Generic Issue II.E.6.1(Rothberg,1988)"
concludesthat valve motors shouldbe thermallyprotected,yet in a way which
emphasizessystem functionovel-protectionof the operator.
CFI. The common-causesteam bindingeffectsof check valve leakagewere
identifiedin Section5.2.1,entry CCIO. Numeroussingle-traineventsprovide
additionalinsightsinto this problem. In some cases leakageof hot MFW past
multiplecheck valves in serieshas occurredbecauseadequatevalve-seating
pressurewas limitedto the valvesclosestto the steam generators(AEOD/C404,
1984). At Robinson,the pump shutdownprocedurewas changedto delay closing
the MOVs until after the check valves were seated. At Farley,check valves
were changedfrom swing type to lift type. Checkvalve rework has been done
at a number of plants. Differentvalve designsand manufacturersare involved
in this problem,and recurringleakagehas been experienced,even after repair
and replacement.

CF2. At Robinson,heatingof motor operatedvalves by check valve leakagehas
causedthermal bindingand failureof AFW dischargevalves to open on demand.
At Davis Besse,high differentialpressureacrossAFW injectionvalves
resultingfrom check valve leakagehas preventedMOV operation(AEOD/C603,
1986).

CF3. Gross check valve leakageat McGuireand Robinsoncaused
overpressurizationof the AFW suctionpiping. At a foreignPWR it resultedin
a severewaterhammerevent. At Palo Verde-2the MFW suctionpipingwas
overpressurizedby check valve leakagefrom the AFW system (AEOD/C404,1984).
Gross check valve leakagethroughidle pumps representsa potentialdiversion
of AFW pump flow.

CF4. Roughlyone third of AFW system failureshave been due to valve operator
failures,with about equal failuresfor MOVs and AOVs. Almost half of the MOV
failureswere due to motor or switch failures(Casada,1989). An extensive
study of MOV events (AEOD/C603,1986) indicatescontinuinginoperability
problemscaused by" torque switch/limitswitch settings,adjustments,or
failures;motor burnout;impropersizing or use of thermaloverloaddevices;
prematuredegradationrelatedto inadequateuse of protectivedevices;damage
due to misuse (valvethrottling,valve operatorhammering);mechanical
problems(loosenedparts, improperassembly);or the torque switch bypass
circuitimproperlyinstalledor adjusted. The study concludedthat current
methodsand proceduresat many plants are not adequateto assure that MOVs
will operatewhen needed under credibleaccidentconditions,.Specifically,a
surveillancetest which the valve passedmight resultin undetectedvalve
inoperabilitydue to componentfailure (motorburnout,operatorparts failure,
stem disc separation)or improperpositioningof protectivedevices (thermal
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overload,torque switch,limit switch). GenericLetter89-I0 (Partlow,1989)
has subsequentlyrequiredlicenseesto implementa programensuringthat MOV
switch settingsare maintainedso that the valves will operateunder design
basis conditionsfor the life of the plant.

CF5. Componentproblemshave caused a significantnumber of turbinedriven
pump trips (AEOD/C602,1986). One group of events involvedworn tappet nut
faces, loose cable connections,loosenedset screws,improperlylatchedTTVs,
and improperassembly. Another involvedoil leaks due to componentor seal
failures,and oil contaminationdue to poor maintenanceactivities. Governor
oil may not be sharedwith turbinelubricationoil, resultingin the need for
separateoil changes. Electricalcomponentfailuresincludedtransistoror
resistorfailuresdue to moistureintrusion,erroneousgroundsand
connections,diode failures,and a faultycircuitcard.

CF6. Electrohydraulic-operateddischargevalves have performedvery poorly,
and three of the five units using them have removedthem due to recurrent
failures. Failures includedoil leaks,contaminatedoil, and hydraulicpump
failures.

CF7. Controlcircuitfailureswere the dominantsourceof motor driven AFW
pump failures(Casada,1989).This includesthe controlsused for automatic
and manual startingof the pumps,as opposedto the instrumentationinputs.
Most of the remainingproblemswere due to circuitbreakerfailures.

CF8. "Hydrauliclockup"of LimitorqueTM(c) SMB springpacks has prevented
proper springcompressionto actuatethe MOV torque switch,due to grease
trapped in the springpack. Duringa surveillanceai:Trojan,failureof the
torque switchto trip the TTV motor resultedin trippingof the thermal
overloaddevice,leavingthe turbinedriven pump inoperablefor 40 days until
the next surveillance(AEOD/E702,1987). Problemsresultfrom grease changes
to EXXON NEBULA TM(d) EP-O grease,one of only two greasesconsidered
environmentallyqualifiedby Limitorque. Due to lower viscosity,it slowly
migrates from the gear case into the springpack. Greasechangeoverat
VermontYankee affected40 of the older MOVs of which 32 were safety related.
Grease reliefkits are needed for MOV operatorsmanufacturedbefore 1975. At
Limerick,additionalgrease reliefwas requiredfor MOVs manufact,lredsince

i 1975. MOV refurbishmentprogramsmay yield other changeoversto EP-O grease.

CFg. For AFW systemsusing air operatedvalves,almosthalf of the system
degradationhas resultedfrom failuresof the valve controllercircuitand its
instrumentinputs (Casada,1989). Failuresoccurredpredominantlyat a few
units using automaticelectroniccontrollersfor the flow controlvalves,with
the majorityof failuresdue to electricalhardware. At Turkey Point-3,
controllermalfunctionresultedfrom water in the InstrumentAir systemdue to
maintenanceinoperabilityof the air dryers.

(c) Limitorqueis a registeredtrademarkof the Limitorquecorporation,
Lynchburg,VA.

(d) Nebula is a registedtrademarkof the Exxon Corporation,Houston,TX.
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CFIO. For systemsusing diesel driven pumps,most of the failureswere due to
start controland governor speed controlcircuitry. Half of these occurredon
demand,as opposedto during testing (Casada,1989).

CF11. For systemsusing AOVs, operabilityrequiresthe availabilityof
InstrumentAir (IA), backupair, or backupnitrogen. However,NRC Maintenance
Team Inspectionshave identifiedinadequatetestingof check valves isolating
the safety-relatedportionof ti_eIA systemat severalutilities(Letter,Roe
to Richardson). GenericLetter88-14 (Miraglia,1988), requireslicenseesto
verify Dy test that air-operatedsafety-relatedcomponentswill per'Formas
expected in accordancewith all design-basisevents,includinga loss of
normal IA.
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