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f Abstract

I

' In a study sponsored by the US. Nuclear Regulatory Commission (NRC), Pacific Northwest Laboratory has developed
' and applied a methodalogy for deriving plant-specific risk-based inspection guidance for the auxiliary feedwater

l (AFW) system at pressurized water reactors that have not undergane probabilistic risk assessment (PRA). This

:' methodology uses existing PRA results and plant operating experience information. Existing PRA based inspection

' guidance mformation recently developed for the NRC for various plants was used to identify generic component

' fuilure modes. This information was then combined with plant-specific and industry-wide component information and
failure data to identify failure modes and failure mechanisms for the AFW system at the selected plants. San Onofre-2
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 histing is mtended for use by NRC inspectors in the
preparation of inspection plans addressing AFW risk-important components at the San Ounofre-2 plant.
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Summary

This document presents a compilation of auxiliary fecdwater (AFW) system failure st semation which has heen
sereened for risk significance in terms of failure frequency und degradetion of system pedormance. Tt is a risk:
privritized listing of failure events and their cawses that are significant —nough to warrant consideration in inspection
planning at the San Onofre-2 Nuclear Power Plant. This information is presented to provide mspectors increased
resources for mspection planning at San Onaofie-2

The risk importance of various component failures modes was identified * talysis of the results of probabilistic risk
assessments (PRAs) for many pressurized water reactors (PWRs), How., fw component failure categories identi-
fied in PRAs are rather broad, because the failure data used in the PRAS is oo aggregaie of many individual failures
baving a variety of root causes. In order to help inspectars focus on specific aspeets of component aperation, main-
tenance, and design which might cause these failures, an extensive review of compaonent failure information was per-
formed to identify the rank and root causes of these component failures, Both San Onofre and industry-wide failure
information was analyzed. Failure causes were sorted on the hasis of frequency of occurrence and seriousness of coa-
sequence, and categorized as common cause (uilures, human errors, design problems, or component failures.

This information is presented in the body of this document. Section 3.0 provides brief deseriptions of these risk-
important Tailure causes, snd Section 5.0 presents more extensive discussions, with specific examples and references.
The entries in the two sections are cross-referenced. An ahbreviated svstem walkdown table is presented in Section 3.2

which includes only components identificd as risk mportant. This table lists the system lineup for normal, standby
system operatian,

This mformation permits an inspector to concentrate on components important o the prevention of core damage.
However, it is impartant to note that inspections should not focus exclusively on these components. Other compon-
ents which perform essential functions, but which are not included because of high reliability or redundancy, must also
be addressed to ensure that degradation does not increase their failure probabilitics. and hence their risk importance.
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1 Introduction

This document is one of a series providing plant-specific
inspection guidance for awxliary feedwater (AFW)
systems at pressurized water reactors (PWRs). This
guidance is based on information from probabilistic risk
assessments (PRAs) for similar PWRs, industry-wide
operating experience with A¥W 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 o
warrant consideration in inspection planning at San
Onofre-2.

This inspection guidance is presented in Section 3.0,
foliowing a description of the San Onofre AFW system
in Section 2.0. Sectior 3.0 identifies the risk important
system components by San Onofre-2 identificarion
number, followed by brief descriptions of each of the
various failure causes of that component. These include
specific human errors, design deficiencies, and hardware
failures. The discussions also identify where common
cause failures have affected multiple, redundant com-
ponents. These brief discussions identify specific
aspects of system or component design, operation,
maintenance, or testing for inspection by observation,
records review, training observation, procedures review,
or by observation of the implementation of procedures.
An AFW system walkdown table identifying risk impor-
tant components and their lineup for normal, standby
system operation is also provided.

The remainder of the document describes and discusses
the information used in compiling this inspection guid-
ance. Section 4.0 describes the risk informa-
tion which has been derived from PRAs and its sources,
As review of that section will show, the failure cate-
gories 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 categories. Section 5.1
presents a summary of San Onofre failure information,
and Section 5.2 presents a review of industry-wide
failure information. The industry-wide information was
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 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
reported AFW system failures. This industry-wide
information was then combined with the plant-specific
failure information to identify the various root causes of
the PRA failure categories, which are identified in
Section 3.0.
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AFW System

2.2 Success Criterion

System success requires the operation of at least one
pump supplying rated flow 10 at least one of the two
sleam generators.

2.3 System Dependencies

The AFW system depends on AC power for motor-
driven pumps and level control valves, DC power for
control power to pumps and valves, and an automatic
actuation signal. In addition, the turbine-driven pump
also requires steam availability.

| NUREG/CR-5766

2.4 Operational Constraints

When the reactor is critical the San Onofre-2 Technical
Specifications require that all three AFW pumps and
associated flow paths are operable with each 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 10 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 1o operable status must be initiated
immediately.

PR PPN | S e

The San Onofre-2 Technical Specifications require a

144,000 gallon supply of water 1o be stored in the CST

1121 and a 280,000 gallon supply of water stored in |
CST T-120.
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wuidance for the San Onofre-2 AFW System

1.1 Multiple Pump Failures due to Common
L ause




mp P140 Fails t




governor and linkages for loose fastencrs, leaks, and
unsecured or degraded conduit. Review vendor
manuals 1o ensure PM procedures are performed
according 10 manufacturer's recommendations and
POxx maintenance pracrices,

Terry wurbines with Woodward Model EG gover-
nors 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
1o open first. DEL. At San Onofre, DCP 6020.08)
installed an automatic opening sequence for
HV-4716, which limits steam flow 1o the turbine
upoOn an avtomatic start. Manual starts require
careful operation of HV-4716 10 avoid a turbine
overspeed. Direction is given in operating
instructions on specific operations required of
HV-4716 during a manual start.

Inspection Suggestion - Observe the operation of
the turbine driven Aux Feed pump during pump
testing and assurc that HV-4716 stops for 2.5
seconds at a valve stroke of approximately 532"
during an sutomatic start sequence. Review IST
records for the valve stroke time trend.

Condensate slugs in steam lines have caused
turbine overspeed trip on startup, Tesis
repeated right after such a trip may fail 1o
indicate the problem due 10 warming and cleat-
ing of the steam lines. Surveillances should
exercise all steam supply connections. DE2.

A design change is being planned for possible
implementation in 1993 at San Onofre-2 to
change the steam supply tap point on the main
steam system 10 the 10p of the pipe, as well as
changing the supply pipe configuration and
replacing steam traps with orifices. Until the
time that this is accomplished, one of the stecam
supply isolation valves (ZHVE200/8201 ) must

. remain closed 1o minimize coadensate butld-up

i the steam supply piping.

Inspection Suggestion - Verify that the steam traps
are valved or bypassed on the steam supply line.
Some of the traps are in areas that require an
oxygen monitor for entry; recomimend checking
these traps with operations during the monthly

33
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surveillance. If the steam trap discharge is visible,
assure there s evidence of liquid dischar e,

Trip and throttle valve (HV-4716) problems
which have failed the turbine driven pump
include physically bumping it, failure 10 reset it
following testing, and failures 1o verify control
room indication of reset. HE2. Whether cither
the overspeed trip or TTV trip can be reset
without resetting the other, and unambiguity of
control room and local indication of TTV posi-
don and overspeed trip linkage reset ststus, all
affect the likelihood of these errors. DE3. The
TTV at the San Onofre-2 plant has a history of
being found in 2 tripped condition, and is now
tested for trip and resei monthly under
Surveillance Instruction SO23-3.3.16.

Inspection Suggestion - Carefully inspect the TTV
overspeed trip linkage and assure it s reset and in
good physical condition. Assure that there is a good
steam solation 1o the turbing, otherwise continued
turbine high temperature can result in degradation
ol the oil in the turbine, interfering with proper
overspeed trip operation. Review training proced-
ures (o ensure operator training on resetting the
TTV is current, Observe operators during the
monthly surveillance, and randomly select operators
and have them simulate a reset of the linkage.

Verily the placard with the reset instructions is
installed pear the turbine.

3.1.3 Motor Driven Pump P141 or PS04 Fails
to Start or Run

Control circuits used for avtomatic and manual
pump starting are an important cause of moor
driven pump failures, as are circuit breaker
failures, CF7. Control circuit problems and a
blown fuse due to overload have occurred at
San Onofre-2.

Inspection Suggestion - Review corrective main-
wenance records and non-conformance reports when
control circuit problems occur (o determine if a
trend exists. Every time a breaker 8 racked ina
PMT should be performed to start the pump,
assuring no control circuil problems pave occurred

NUREG/CR-5766
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Inspection Guidance

as a result of the manipulation of the breaker
(Control circuit stabs have to make up upon racking
the breaker, as well as cell switcl damage can ocour
upon removal and reinstaliation of the breaker.)

*  Mispositioning of handswitches and procedural
deficiencies have preventcd automatic pump
start. HE3.

Inspection Suggestion - Confirm switch position
using Table 3.1, Review administrative procedures
concerning documentation of procedural deficien-
cies. Ensure operator training on procedu 41
changes is current.

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 surveil-
lan¢e minimize this unavailability,

Inspection Suggestion - Review the ume the AFW
system and components are inoperable. Assurs all
maintenance is being performed that can be per-
formed during a single outage time frame, avoiding
multiple equipment outages. The maintenance
should be scheduled before the routine surveillance
test, so credit can be taken for hoih post mainten-
ance testing ¢ Y surveillance testiug, avoiding
excessive tesung. Review surveillance schedule for
frequency and adequacy to verify system operability
requirements per Technical Specifications. Review
quarterly risk graphs for the Auxiliary Feed system.

3.1.5 Electrohydraulic Controlled Valves
HV-4714, 4731, 4762, or 4763 Fail Closed

These EHCVs control or isolate flow from the AFW
pumr ns t= 2ach of the sicam generators. They fail as-is
during motor failure and fail closed on loss of hydraulx
pressure,

NUREG/CR-5766

3.4

EHCV performance has been poor at other facili-
ties, primarily due 10 hydraulic problems. CF6.

Inspection Suggestion - Monitor hydropack cycle
time, If the pump starts often it is an indicator of
internal leakage in the hydraulic system. Hydropack
fluid should be periodically sampled or changed out.

Leakage of hot feedwater through check vaives has
caused thermal binding of normally closed flow
control MOVs. EHCVs may be similarly suscep-
tible. CF2.

Inspection Suggestion - Covered by 3.1.1 bullet 3.

3.1.6 Motor Operated Valves HV-4705, 4706,
4712,4713, 4715 and 4730

These MOVs ountra! or isolate flow of the service water
10 the AFW pumps. They fail as-is on loss of power.

Common cause failure of MOVs has resulted
from failure 10 use electrical signature tracing
equipment to dutermine proper settings of
torque switch and torque switch bypass
switches. Failure to calibrate switch settings for
high torques necessary under design basis acci-
dent conditions has also been involved. CC11.
Diaphrag: failure, packing leakage, electrical
cmponent failure and seat leakage have been
the main causes ¢ valve faile 2 & San
Onofre-2.

Inspection Suggestion - Review the MOV analytical
test records 1o assure the testing and settings are
based on dynamic system conditions. Overtorquing
of the valve operator can result in valve damage
such as cracking of the seat or disc. Review the
program to assure overtorquing is identified and
corrective actions are taken 10 assure valve opera-
bility following an overtorque condition. Review
the program to assure EQ seals arc renewed as
required during the restoration from testing to
maintain the EQ rating of the MOV.

Valve motors have been failed due 1o lack of, or
improper sizing or use of thers.al overload
protective devices. Bypassing and oversizing
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should be based on proper engineering for
design basis conditions, CF4.

inspection Suggestion - Review the administrative
controls for documenting and changing the settings
of thermal overload protective devices. Assure the
information is available 10 the maintenance
plaraers.

*  Grease trapped in the torque switch spring pack
of Limitorque SMB motor operators has caused
motor barnout or thermal overload trip by
preventing torque switch actuation. CF8.

Inspection Suggestion - Review this only if the
MOV testing program reveals deficiencies in this
area,

*  Manually reversing the dire tion of motion of
operating or coasting down MOVS has over-
loaded the motor circuit. Operating procedures
should provide cautions, and circuit designs may
prevent reversal before each stroke is finished.
DET.

inspection Suggestion - Verify procedures and
training address reversal of valve direction
midstroke.

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

Inspection Suggestion - Spot check MOV's during
MOV testing 1o assure the space heaters are
physically removed or disconnected.

3.1.7 Manual Suction or Discharge Valves Fail
Closed

ID Pump P140:_Valves S21305MU468, $21305MU 122
MD Pump P141: Valves S2130SMU469, S21305M11127
MD Pump P504: Valves $21305SMLIN3% S21305MUS33

These manual valves are all normally locked open. For
each train, closure of the first valve listed would block

3.5
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pump suction and chssure of the f econd valves would
block pump discharge.

-

Valve mispositioning has resulted in failures of
multiple trains of AFW. CC2. It has also been
the Gominant cause of problems identified
during operational readiness inspections. HEL
Events have occurred most often during main-
tenance, calibration, or system modifications.

Important causes of mispositioning include:

Failure to provide complete, clear, and specific
procedures for tasks and system restoration

Failure to promptly revise and validate proced-

ures, training, and diagrams following system
modifications

Failure 10 complete all steps in a procedure

Failure to adequately review uncompleted pro-
cedural steps after task completion

Failure 1o verify support functions after
restoration

Failure to adhere scrupulously to administrative
procedures regarding tagging, control and track-
ing of valve operations

Failure 10 log the manipuletion of sealed valves

Failure 10 follow good practices of writien task
assignment and feedback of task completicn
information

Failure to provide ecasily read system drawings,
icgible valve labels corresponding to drawings
and procedures, and laneled indications of local
valve position

Inspection Suggestion - Review the administrative
controls that relate 1o valve positioning and sealing,
system restoration following maintenance, valve
labeling, system drawing updating, and procedure
revision, for proper implementaiion.

NUREG/CR-5766
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Check Valves Walkdown Table




Inspection Guidance
Table L1 Risk Important AFW System Walkdown Tuble
Required Actual
Component # Component Name Position Position

Electrical
Train A Electrical Switchgear Room
A4 2P-141 Motor Breaker Indicating Lights Lit U
2BY39H 2P-141 Motor Heater Switch On Light Lit b=
Traic B Electrical Switchgear Room
2 40603 2P-504 Motor Breaker Indicating Lights Lit Sy
2RZ39H 2P-504 Motor Heater Switch On Light Lit 1
Auxiliary Feed Pump Room

P-140 Flowpath
S21305MU468 2P 140 Suction Valve Locked Open e,
§21305MU122 2P-140 Discharge Valve Locked Open Wl
$21305MU 123 2HV-4706 Iniet Valve Locked Open _—
ZHV-4706 2P- 140 Discharge to §/G E-(189 Closed Fen 2
S21305MLU 125 2HV-4706 Outlet Valve Locked Open (<a¥)
S21305MU 136 2HV-4705 Inlet Valve Locked Open Nl
LHVA705 2P-140 Discharge 10 ZEA88 Closed p e
SZ1305MU 13 2HV-4705 Outlet Valve Locked Open L

P4 wpal
S21305MU 127 2P-141 Discharge Valve Locked Open e T
SZ1305MU131 ZHV-4713 Inlet Valve Locked Open e
cHV-4T713 2P-141 Disch, Flow Control Valve Closed el )
S21305MLUITA3 2HV-4713 Outlet Valve Locked Open =T
S21305M U154 2HV-4763 Inlet Valve Open ot
2HV4763 2P-141 Disch. Bypass Flow Control Vaive  Closed 1%
S2I305MUILS3  2HV-4763 Outlet Valve Open s

37
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Reguired Actual

wnent # Component Nt Position Position
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Inspection Guidance
Table 3.1, (Continued)
Required Actual
Component # Component Name Position Position
Control Room Panel §2 |
2HV-4714 Aux Feed Disch. to 2E-088 Closed o *
IHV-4715 Aux. Feed Lisch. 10 2E-089 Closed e f
2HV-4730 Aux. Feed Disch. 10 2E-088 Closed LS.
2HV-4731 Aux. Feed Disch. 1o 2E-89 Closed S

* (One of the above 2 sivam solation valves must remain closed until the modification (o reduce condensate intrusion 10

the steam lines is installed; afier which both valves will be open )

3.9
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4 Generic Risk Insights from PRAs

PRAs for 13 PWRs were analyzed to identify risk-
important accident sequences involving loss of AFW,
and 10 Wdentify 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 ot al. 1988,
and Travis ¢t al. 1988),

4. Risk Iniportant Accident Sequences
Involving AFW System Failure

Loss of Power System
*  Aloss of offsite power is followed by failure of

AFW, resuiting in core damage.

¢ Astation blackout fails all AC power except Vital
AC from DC invertors, and all decay heat remova)
systems except the turbine-driven AFW pump.
AFW subsequently fails due to battery depletion or
har*ware failures, resulting in core damage.

* AL bus fails, causing a trip and failure of the
power conversion system. AFW is subsequently lost
compietely due 1o other failures. Feed-and-bleed
cooling fails because PORV control is lost, resulting
in core damage.

Transient-Caused Reactor or Turbine Trip

* A ransient-caused trip is followed by a loss of PCS
and AFW.
Loss of Main Feedwater

* A fcedwater ling break drains the common water
soaree for MFW and AFW. The operators fail to

provide feedwater from other sources, and fail w
initiate fecd-and-bleed cooling, rasulting in core
damage.

*  Aloss of main feedwater trips the plant and renders
emergency condensate unusable, and AFW fails
resulting in core damage.

4.1

Steam Generstor Tube Rupture

*  ASGITR is followed by failure of AFW, main
feedwater, and emergency condensate. Coolant is
lost from the primary until the RWST is

HP1 fails since recircaiation cannot be established
{rom the empty sump, and core damage results.

4.2 Risk Important Component Failure
Modes

The generic component failure modes identified from
PRA analyses as important to AFW system failure are
listed below in decreasing order of risk importance.
(1) Turbine-Driven Pump Failure 1o Start.

(2) Motor-Driven Pump Failure to Start or Run.

(3) TDP or MDP Unavailable due to Test or
Maintenance.

(4) Turbine Driven Pump Fails to Run.
(5) AFW Sicam Admission Valve Failures
- steam admission valves
- trip and throttle valve
(6} AFW Sysiem Valve Failures
- flow control valves
- pump discharge valves
< pump suction valves
- valves in testing or maintenance.
(3) Supply/Suction Sourees

condensate storage tank stop valves

NUREG/CR-5766
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§ Failure Modes Determined from Operating Experience

This section describes the primary root causes of
component failures of the AFW system, as determined
from a review of operating aistories at San Onofre and
at other PWRs throughout the nuclear industry. Scc-
tion 5.1 describes experience at San Onofre. Section 5.2
summarizes information compiled from a varicty of
NRC sources, including AEOD analyses and reports,
information notices, inspection and enforcement bulle-
tins, and generic letters, and from a variety of INPO
reports as well. Some Liconsee Event Reports (LERs)
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 AFW system failure
reports. This information was used 10 identify the
Various root causes expected for the broad PRA-based
failure categories identified in Section 4.0, resulting in
the inspection guidelines presented in Section 3.0.

5.1 San Onofre Experience

There were 86 reports of AFW system equipment fail-
ures at San Onofre between November of 1983 and July
Of 1990. These include failures of the AFW pumps,
pump discharge flow control valves 1o steam generators,
and pump suction and discharge valves. Failure modes
include electrical, instrumentation, and hardware
failures, and human errors.

AFW Pump Control Logic, Instrumentation and
Electrical Failures

Nineteen failures of the AFW pumps to start, run, trip
when required or achieve rated speed were found in the
eveuts examined. These occurrences resulted from fail-
rres of the turbine governor, breakers, relays and
contacts, turbine overspeed device, faulty wiring and
power supplies. The failure causes are mechanical wear,
corrosion, or improper design and installation.

31

Failure of AFW Pump Discharge Flow Control and
Bypass Valve to Steam Generators

Nineteen failures of the AFW pump discharge flow con-
trol and bypass valves were found in the cvents exam-
ined. These resulted from failures of valve cont.ol
circuits, valve operators and valve breakers. Failures
have resulied from DC control grounds, valve binding,
dirty or worn contacts, improper torque switch opera-
tion, clectrical component failure, frayed wiring, valve
operator mechanical failure and low hydraulic fluid
pressure. Failure causes are mechanical wear, contact
oxidation, inadequate maintenance or testing activities
and improper design and/or installation. These valves
have also experienced various packing leaks, as have
purmp discharge check valves,

AFW Steam Generator Isolation Valve Failures

Eleven failures of the AFW steam generator isolation
valves were found in the events examined. These fail-
ures resulted from valve biading, solenoid coil failure,
fouied torque switch contacts, oil line leaks, pressure
switch settings, hydraulic relief valve failure, control
power short circuits, and low hydraulic operating pres-
sure. Failure causes are mechanical wear, contact oxida-
tion, component aging, and inadequate maintenance or
testing ac*’ ities.

AFW Turbine Stop Valve

Fourteen failures of the AFW turbine stop valve were
found in the events examined. These failures resulted
from valve binding, condensation in the balancing
chamber, seat leakage, control circuit grounds, actuator
motor failure, torque switch misadjustment or failure,
improper trip plunger adjustment, bent or damaged
declutch shaft, and missing hardware. Failure causes are
mechanical wear, component aging, contact oxidation or
fouling, inadequate maintenance or testing activities and
improper design.

NUREG/CR-5766
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CC4. Incorrect setpoints aed control circuit settings
resulting from analysis errors and failures 1o update
procedures have alio prevented pump start and caused
pumps 1o 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 instru-
mentation and control circuit problems has been identi-
fied during actual system operation (as opposed 10
surveillance testing) than for other types of failures.

CCS. 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 wuxiliary start relay was powered by the invertor,
the turbine driven pump tripped on overspeed because
the governor valve opened, allowing full steam flow 10
the turbine. This illustrates the importance of assessing
the e.dects 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.

CCh. Asiatic clams caused failure of two AFW flow
control valves at Catawba-2 when low suction pressure
caused by starting of a motor-driven pump caused suc-
tion soerce realignment to the Nuclear Service Water
system. Pipes had not been routinely treated to inhibit
clam growth, nor regularly monitored 1o detect their
presence, and no strainers were installed The need for
surveillance which exercises alternative system opera-
tionul modes, as well as complete system functioning, is
emphasized by this event. Spurious suction switchover
has also occurred at Callaway and at McGuire, although
no failures resuited.

CC7. Common cause failures have aiso becn caused by
component failures (AEOD/C404 1984). At Surry-2,
both the turbine driven pump and one motor driven
pump were declared inoperable due 1o steam binding
caused by backleakage of hot water through multiple
check valves. At Robinson-2 both motor driven pumps
were found to be hot, and both motor and steam driven
pumps were found to be inoperable at different times.
Backicakage at Robinson-2 passed through closed
motor-operated solation valves in addivon to multiple
check valves. At Farley, both motor and turbine driven
pump casings were found hot, although the pumps were
not declared inoperable. In addition to multi-train

ST - e e B A A e . S

5.3

Failure Modes

failures, numerous incidents ¢f single train failures have
oceurred, resulting in the designation of "Steam Binding
of Auxiliary Feedwater Pumps® as Generic Issue 93,
This generic issue was resolved vy Generic Leiter 88-03
(Miraglia 1988), whicb required licensees to monitor
AFW piping temperatures each shift, and 10 maintain
procedures for recognizing steam binding and for
restoring system operability.

CC8 Common cause failures have also failed motor
operated valves. During the wotal loss of feedwater event
at Davis Besse, the normally-open AFW isolation valves
failed to open afier they were inadvertently closed. The
failure was due to improper setting of the torque switch
bypass switch, which prevents motor trip on the high
torque required to unseat & closed valve. Previous prob-
lems with these valves had been addressed by increasing
the torque switch trip setpoint - a fix which failed during
the event due to the bigher torque required due to high
differential pressure across the valve. Similar common
maode failures of MOVs have also occurred tn other sys-
tems, resulting in issuance of Generic Let*or 89-10,
*Safety Related Motor-Operated Valve Testing and Sur-
veillance (Partiow 1989)." This generi~ letter requires
licensees o deveiop and implement a program to pro-
vide for the testing, inspection and maintenance of all
safety-related MOVs to provide assurance that they will
function when subjected 10 design basis conditions,

CCY. Other component faileres have also resulted in
AFW multi-train failures. These include out-of-
adjusiment clectncal flow controllers resulting in
improper discharge valve operation, and a failure of oil
cooter cooling water supply valves 10 open due 10 silt
accumulation.

CCL0. At ANO-2, both AFW pumps jost suction due to
stcam binding when thev were lined up to both the CST
and the hot startup/dle wdown demineralizer effluent
(AFOD/CA04 1984). At Zion-] steam created by run-
ning the turbine-driven pump deadheaded for one
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, 1/1790). Both
events were caused by procedural inadequacies.

CCl1. Multiple AFW pump trips have occurred at

Milistone-3, Cook-1, Trojan and Zion-2 (IN 87.53 1987
caused by brief, low pressure oscillations of suction
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