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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 ¢ stem performance. It is a risk-
prioritized listing of failure events and their causes that are significant enough 10 warrant consideration in inspection
planning at the St. Lucie Unit 1 Nuclear Power Plant. This information is presented to provide inspectors increased
resources f-r inspection planning at St. Lucie Unit 1.

The risk impot _nce o4 various component failures modes was identified by analysis of the results of probabilistic risk
assessments (PRAs) for many pressurized water reactors (PWRs). However, the component failure categories identi-
fied in PRASs are rather broad, because the failure data used in the PRAs is an aggregate of many individual failures
having a variety of root causes. In order to help inspectors focus on specific aspects of component operation, mainte-
nance, and design which might cause these failures, an extensive review of component failure information was per-
formed 10 identify the rank and root causes of these component failures. Both St. Lucie Unit 1 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, buinan errors, design problems, or component failures.

This information is presented in the body of this aocumer (. Section 3.0 provides brief descriptions of thes: 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

that includes only components identified as risk important. This tatle lists the system lineup for normal, standby
system operation,

This information permits an inspector 1o 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 compo-
nents 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 probabilities, and hence their risk
importance,

Due 10 tne similarity of backup emergency teedwater systems, industry wide data from both Westinghouse and Com-
bustion Engineering design nuclear plants was used in the development of this document. Because of the difference in
terminology between the two designs, auxiliary feedwater system (AFW) and emergency feedwater system (EFW) may
both be found in this document and used to refer 1o a planis’ emergency backup feedwater system.
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1 Introduction

This document .* one f a series providing plant-specific
inspection guilance for auxiliary feedwater (AFW) sys-
tems at pre<urized water reactors "WRs). This guid-
ance © Lased on information from probabilistic risk

ass ssments (PRAs) for similar PWRs, industry-wide

of erating experience with AFW systems, plant-specific
AFW system descriptions. and plant-specific operating
experience. It is not a detailed inspection plan, hut
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

St. Lucie Unit 1.

This iuspection guidance is presented in Section 3,
following a description of the St. Lucie Unit 1 AFW
system in Section 2. Secvon 3 identifies the risk
important system componen‘s by St. Lucie Unit 1 iden-
tification numbers, 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, re-
dundant components. These brief discussions identify
specific aspects of system or component design, opera-
tion, maintenance, or testing for inspection by observa-
tion, records review, training observation, procedures
review, or by observation of the implementation of pro-
cedures. An AFW system walkdown table identifying
risk important components and their lineup for normal,
standby system operation is also provided.

1.1

The remainder of the document describes and discusses
the information used in compiling this inspection guid-
ance. Section 4 describes the risk importance 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 addres-
ses the specific failure causes which have been combined
under these categories.

AFW system operating history was stuc.d to identifv
the various specific failures which have been agp: egated
into the PRA failure mode categories. Section 5.1 pre-
sents a summary of St. Lucie 1 {ailure information, and
Section 5.2 presents a review of industry-wide failure
information. The industry-wide information was com-
piled from a variety of NRC sources, including AEOD
analyses and reports, information notices, inspection
and enforcement bulieting, and generic letters, and from
a variety of INPO reports as well. Some Licensee Event
Reports and NPRDS event descriptions were also re-
viewed. 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 informa-
tion o identify the various root causes of the PRA faii-
ure categories, which are identified in Section 3.
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2 St. Lucie Unit 1 AFW System

This section presents an overview description of the
5t Lucie Unit | AFW system, including a simplified
schematic system diagram. [n addition, the system
success criterion, system dependencies, and adminis-
trative operational constraints are also presented.

2.1 System Description

The AFW system provides feedwater to the steam gen-
erators (SG) to allow secondary-side heat removal from
the primary system when man feedwater is unavailabie.
The system is capable of functioning for extended
periods, which allows time to restore main feedwater
flow or to proceed with an orderly cooldown ot the plant
to where the shutdown cooling system (SCS) can re-
move decay heat. A simplified schematic diagram of the
AFW sysiem is shown in Figure 2.1.

The AFW system is controlled automatically by an
Auxiliary Feedwater Actuation Signal (AFAS). [niti-
ation of an AFAS automatically actuates the AFW
system o proviue an AFW supply to the steam gener-
ators on low steam generator water level. When an
AFAS signal is generated, the turbine-driven pump and
the motor-driven pump supplying the stearu generator
in & low level condition, are automatically started. To
deliver flow to the affected steam generator, auxiliary
feedwater flow control valves receive an open signal.
When steam gencrator level is regained and level is
greater than the AFAS actuation setpoint, the flow
control valves will receive a close signal. The actuation
circuit will operate as described unless a steam gener-
ator is determined to be ruptured, as defined if a low
water level trip is accompanied by either a steam gener-
ator delta pressure or a feed water header delta pressure
trip of the associated steam generator, and no rupture
has been detected in the other steaun geneiator. The
actuation circuit is designed to prevent the discharge of
AFW 1o a runtared steam generator,

The nortal AFW pump suction is from the condensate
storape tank. The system is designed with two (2) inde-
pendent supply headers. One header sup ~lies the motor

driven AFW pumps (1B and 1A), while an independent
supply header provides suction for the turbine driven
pump (1C). Control, and instrumentation associated
with cach pump are independent from one another.
Steam for the turbine driven pump is supplied by each
of the two main steam lines from a point between the
containment penetration and the main steam isolation
valves. Each of the steam snpply lines to the turbine has
a motor-operated steam supply valve. The steam from
either supply line is directed to the turbine via a trip and
throttle valve and a governor valve. The motor operated
steam supply valve, the trip and throttle valve, and the
controls to the governor are supplied with power from
an em.rgency DC pover source. Each AFW pump dis-
charge s designed with a recirculation flow pat to pre-
vent pump deadheading. Flowrate of the recirculation
flowpath is restricted by a flow limiting orifice to ensure
adequate AFW supply is provided for heat removal
when needed. Each auxiliary feedwater pump discharge
is provided with a check valve and a locally operated
isolation valve. The Auxiliary Feedwater System dis-
charge piping and valving arrangement is designed with
the flexibility to allow any pump 1o supply feedwater to
cither or both sicam generators. The supply lines tc
each steam generator are provided with control valves to
ensure isolation of a faulted stea m generator and the
continued feeding of the non-faulted steam generator.
The feedwater valves 1o the $/Gs associated with the
steam driven AFW pump (MV-09-12 and MV-09-11)
have DC motor operators which are powered from
Emergency DC Buses. The feedwater valves to the S/Gs
associated with the AC motor driven AFW pumps
(MV-09-9 and MV-09-12) are AC motor operated

valves which are powered from vital AC buses.

Unit 1 Condensate Storage Tank is the normal source of
water for the AFW System and is required to store suffi-
cient demineralized water (0 maintain the reactor cool-
ant system (RCS) at hot standby vond::ions for one (1)
hour iollowed by subsequent cooldown to 325°F. The
CST and all interconnecting piping below the minimum
required reserve lev ' for emergency steam generator
feed is a Seismic Cla. [ system. A cross-tie from the

NUREG/CR-58%



IIWMPIS ] Awjjxny

LINOY

ANV
FOVHOLS
11 VSNIONO
MAY




Unit 2 CST 1o the suction lines of Unit 1 AFW pumps,
provides a backup supply of demineralized water in the
event of loss of Unit 1 CST.

2.2 Success Criterion

System success requires the speration of at least one
pump suppying rated flow to at least one of the two
steam generators. In this condition, the system is cap-
able of decay heat removal <ufficient to allow placing the
plant in a safe shutdown couwition.

2.3 System Dependencies

The AFW system depends on train-elated AC power
for the motor-driven pump and associated flow controi
and cross-connect valves, DC power is required for
motor operated valves associated with the turbine
discharge flowpath, control power to pumps and DC

powered valves, and an automatic actuation signal. In
addition, the turbine-driven pump also requires steam
availability.

2.4 Operational Constraints

When the reactor is critical the St. Lucie Unit 1,
Technical Specifications require that all AFW pumps
and associated flow paths are operable with the motor-
driven pumps powered from a separate, operable vital
bus and the turbine driven pump capable of being
powered from an operable steam supply system. 1f one
EFW pump becomes inoperable, it must be restored to
operable status within 72 hours or the plant must be in
HOT SHUT™CWN within the next twelve hours.

The St. Lucie Unit 1 Technical Specifications require
the condensate storage tank (CST) to be operable with a
minimum contained water volume of 116,000 gallons
available for use.

NUREG/CR-5896



3 Inspection Guidance for the St. Lucie AFW System

In this section the risk important components of the

St. Lucie AFW system are identified, and the important
modes by which they are likely to fail are briefly des-
cribed. These failure modes include specific human
errors, design problems, and types of hardware failures
which have been observed 10 occur for these types of
components, both at St. Lucie and at PWRs throughout
the nuclear industry, The discussions also identify
where common cause failures have affected multiple,
redundunt components. These brief discussions identify
specific aspects of system or component design, opera-
t'“n, 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 AFW system walkdown table
v ih identifies risk imporiant components. This table
lists the system lineup for normal, standby system opera-
tion. Inspection of the components identified addresses
essentially all of the risk associated with AFW system
operation.

3.1 Risk Important AFW Components
and Failure Modes

Common-cause failures of multiple pumps are the most
risk-important failure modes of AFW system compon-
ents. These are followed in importance by single pump
failures, level control valve failures, and individual check
valve backleakage failures.

The following sections address each of these failure
modes, in decreasing order of importance. They present
the important root causes of these component failure
modes which have beea distilled from historical records.
Each item is keyed to discus.ions in Section 5.2 which
present additional information on histerical events

3.1.1 Multiple Pump Failures due to Common
Cause

The following listing summarizes the most important
multiple-pump failure modes identified in Section 5.2.1,

3

Common Cause Failures, and each ftem is keved to
entries in that section.

* Incorrect operator intervention into automatic sys-
tem functioning, including improper manual start-
ing and securing of pumps, has caused failure of all
pumps, including overspeed trip on startup, and in-
ability to restart prematurely secured pumps. CCl.

* Valve mispositioning has caused failure of all
pumps. Pump suction, steam supply, and instru-
ment isolation valves have been involved. CC2.

* Steam binding has caused failure of mult ple pumps.
This resulted from leakage of hot feedwai or past
check valves into a common discharge header, with
several valves involved including a motor-operated
discherge valve. CC7,

*  Pump control circuit deficiencies or design modifi-
cation errors have caused failures of multiple pumps
to wtos  *, spurious pump trips during operation,
am. lailures to restart after pump shutdown. CC3.
Incorrect setpoints and control circuit calibrations
have also prevented proper operation of multiple
pumps. CCA.

* 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 10 tur-
bine controls, and to motor controls powered from
the same bus. CCS.

3.1.2 Turbine D~ « Pump *1C* Fails to
Start or Rur

* lmproperly adjusted and inadequately maintained
turbine governors have cavsed pump failures both
at St. Lucie and eisewlere. HE2. Problems include
worn or loosened nuts, set screws, linkages or cable
connections, il leaks and/or contamination, and
electrical failures of resistors, transistors, diodes and
circuit cards. and erroneous grounds and
conanections. CFS.
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Inspection Guidance

« Terry turbines with Woodward Model EG gover-
nors have been found 1o 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

+ Turbines with Woodward Model PG-PL governors
have tripped on overspeed whien restarted shortly
after shutdown, unkas 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 Terry. DEA4.

*  Condensate slugs in stcam lines have caused turbine
overspeed trip on startup. Tests repeated right after
such a trip may fail to indicate the problem due t0
warming and clearing of the steam lines. Surveil-
lance should exercise all steam supply connections.
DE2.

« Turbine stop valve (M. -08-3) problems which have
failed the turbine driven pump include physically
bumping it, failure to reset it following testing, and
failures to verify control room ndication of reset.
HE2. Whether either the overspeed trip or TTV
trip can be reset “vithout resetting the other, indi-
cation in the control room of TTV position, and
unambiguous local indication of an overspeed trip
affect the likelihood of these errors. DE3.

3.1.3 Motor Driven Pumps "1A* or *1B* Fail
to Start or Run

*  Control circuits used for automatic and manual
pump starting ars an important cause of motor
driven pump fail ires, as are circuit breaker failures.
CF6. Contcol circuit and breaker failures have been
experienced at St. Lucie.

* At St Lucie, high pump bearing temperatere has
been found due in part 1o loose bearings resuliing
from inadequate vendor maintenance information.

*  Mispositioning of handswitches and procedural

deficiencies have prevented automatic pump start.
HE3.
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Low lubrication oil pressure resulting from heatup
due to previous operation has prevented pump
restart due to failure 1o satisfy the preiective
wierlock. DES,

3.1.4 Pumps “1A* or “1B* Unavaiia™e Due
to Maintenance or Surveillance

Both scheduled and unscheduled maintenance re-
move 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 perfonaance of mainten-
ance and surveillance minimize this unavail.bility.

3.1.5 Failure of Motor Operated Valves
MV-09-9, MV-09-10, MV-09-11,MV-09-12

These motor operated valves control or isolate flow
from the AFW pumps to ¢ach of the steam generators.
They fail as-is on loss of power.

Common-cause failure of MOVs has occurred at

St. Lucie from failure to use electr,ce! signature
tracing equipment 1o determine proper settings of
torque swiich and torque switch bypass switches.
Failure 1  librate switch settings for high torques
necessary under design basis accident conditions has
also been involved. CC8.

At St. Lucie, valve failure has resulted from
cerroded circuit components caused by environ-
mental conditions.

Valve motors have been failed due 10 lack of, or
improper sizing or use of thermal overload protec-
tive devices. Bypassing and oversizing should be
bused on proper engineering for design basis
conditions. CFa4.

Out-of-adjustment electrical flow controllers have
caused improper discharge valve operation, affect-
ing multiple trains of AFW. CC12

Grease trapped in the torque switch spring pack of
Limitorque SMB motor operators has caused motor
burnout or thermal overload trip by preventing
torque switch actuation. CF7.




Inspection Guidanrce

* Manually reversing the direction of motion of oper- - Fallure 10 verify support functions after
ating MOV has overloaded the motor circuit, restoration.
Operating procedures should provide cautions, and o ' |
circuit designs may prevent reversal before each - Failure to adhere scrupulously to adrinistrative |
stroke is finished. DE7. rrocedures regarding tagging, control and track- |
ing of valve operations.
* Space heaters designed for preoperation stosage _
have been found wired in parallel with valve motors - Failure 10 log the manipulation of sealed valves.
wiuch had not been environmentally qualified with
thew present. DES. - Failure 10 follow good practices of written task
assignment and feedback of task completion
3.1.6 Manual Suction or Discharge Valves Fail information.
e - Failure to provide casily read system drawings,
e legible valve labels corresponding (o drawings
vm}’! 58 VO';:_?,- X Y and procedures, and labeled indications of local
MD P ump *1 A*: Valves V12198, V09108 V09120 valve position.
MD Pump *1B*: Valves Vi2502, V09124, V(9136
These manual valves are normally locked open. For 3.1.7 Leakage of Hot Feedwater through
cach train, closure of the first valve listed would isolate Check Valves:
pump suction from ali possible sources. Closure of the
second valve would block all pump discharge to the Between Pump *1A® and MFW: V09107
steam generatots. Closure of the third or fourth valve 09119
listed would result in the pumps inability 1o supply flow ﬁg_tg_cgn_}’_ymp *1B* and MFW: Valves V09123,
to at least one /G,
&mecg Pump *1C* and MFW: Valves V09139,
* Valve mispositioning has resulted iu failures of mul- V9157, VO91s1
tiple trains of AFW. CC2. 1t has also been ihe
dominant cause of problems identified during oper- *  Leakage of hot feedwater throvgh several check
ational readiness inspections. HE1. Events have valves in series has caused steam binding of multiple
occurred most often during maintenance, calibra- pumps. Leakage through a closed level control
tion, or system modifications. Important causes of valve in series with check valves has abo occurred,
mispositioning \nclude: as would be required for leakage 10 reach St. Lucie’s

AFW pumps. CC7.
Failure to provide complete, clear, and specific

procedures for tasks and system restoration. *  Slow leakage past the final check valve of a series
may not force upstream check valve closed. Other
Failure to promptly revise and validate proced- Check valves in series may leak similarly. Piping
ures, training, and diagrams following system orientation and valve design are important factors
modifications. in achieving true series protection. CF1,

Failure to complete all steps in a procednre.

3.2 Risk Important AFW System
Failure 1o adequately review uncompleted
procedural steps after task completion. Walkdown Table

Table 3.1 presents an AFW system walkdown table
including only components identified as risk important.
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Inspection Guidance

The lineup indicated is for normal power operation.
This information allows inspectors (o concentrate their
efforts on components important to prevention of core
damage. However, it is essential to note that inspec-
tions shoukd not focus exclusively on these comments.
Other compunents which perform essential functions,

NUREG/CR-589

34

but which are absent from this table because of high
reliability or redundancy, mnst also be addressed to

ensure that their risk importances are not increased.

Examples include the an adequate water level in the
CST, and the (closed) valves cross cornnecting the
discharges of the AFW pumps.



Component Nanw Required I*







4 Generic Risk Insights from PRAs

PRAs for 13 PWRs were analyzed to identify risk-
important accident soaences involving loss of AFW
and 10 identify and ris «-prioritize the comnpon. at failure
modes involved. The Jesults of this analysis are des-
cribed in this section. They are consistent with results
reporied by INEL and BNL (Gregg et al. 1988, and
Travis et al. 1988),

4. Risk Important Accident Sequences
Involving Ar'W System Failure

Loss of Power System

¢ Aloss of offsite power is followed by fallure of
AFW. Due 10 lack of actuating power, the PORVs
cannot be opened, preventing adequate feed-and-
bleed cooling, and resulting in core damage.

¢ Astation blackout fails all AC power except Vital
AC from DC invertors, and all decay heat removal
systems except the turbine-driven AFW pump.
AFW subsequently fails due to battery depl-tion or
hardware failures, resulting in core damage.

* A DC bus fails, causing a trip and failure of the
power conversion system. One AFW motor-driven

pump is failed by the bus los, and the turbine-
driven pump fails due 1o loss of turbine or valve
control power. AFW is subsequently lost com -
pletely due to otl r failures. Feed-and-bleed cvol-
ing fails because PORV oomtrol is Jost, resulting in
core damage.

Transicnt-Caused Reactor or ‘lurbing Trip

* Aumansient-caused trip is followed by a loss of PCs
and AFW. Feed-and-bleed cooling fails Looer due
10 failure of the operator to initiate it, or duc 10
hardware failures, resulting in core damage.

Loss of Main Feedwater

* A feedwater line break drains the common water
source for MFW and AFW. The operators fail 10

4.1

provide feedwater from other sources, and fail to
initiate feed-and-bleed cooling, resulting in core
damage.

* Aloss of main feedwater trips the plant, and AFW
fails due 1o operator error and hardware failures.

The operators fail 1o initiate feed-and-biced cooling,
resulting in core damage.

Steam Gienerator Tube Rupturg

*  ASGTR is followed by failure of AFW. Coolant is
lost from the primary until the RWST is depleted.
HP1 fails since recirculation cannot be established
from the empty sump, and core damage results.

4.2 Risk Important Component Failure
Modes

The generic component failu ¢ modes identified from
PRA analyses as important 10 AFW system failure are
listed below in decreasing order of risk importance.

1. Turbine-Driven Pump Failure 10 Start or Ru,

2 Motor-Driven Pump Failure 1o Start or Run.

3. TU7 or MDP Unavailable due to Test or
Aaintenance.

4 AFW System Valve Failures
*  steam admission valves
*  trip and throttle valve
*  Now control valves
¢ pump discharge valves
*  pump suction valves

¢ wvalves in testing or maintenance.
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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 histories at St. Lucie Unit |
and at other PWRs throughout the nuclear industry.
Section 5.1 describes experience at St Lucie Unit 1.
Section 5.2 summarizes information compiled from o
variety of NRC sources, including AEOD analyses and
reports, information notices, inspection and enforce-
ment bulletins, and generic letters, and from a varicty of
INPO reports as well. Some Licensee Event Reports
(LERs) and NPRDS event descriptions were also
reviewed, Finally, information was included from
reports of NRCaponsored studies of the effects of plan
aging, which include quantitative analyses of AFW
system failure reports. This information was used 1o
identify the various root causes expected for the broad
PRA-based failure categories identified in Section 4,
resulting in the inspection guidelines presonted (in
Section 3,

5.1 St. Lucie Unit 1 Experience

Fifty-four (54) reports of AFW system equipment fail-
ures at St. Lucie between 1982 and 1990 we-e reviewed
These include failures of the AFW pumps, pump dis-
charge flow control valves (0 steam genorators, and
pump suction and discharge valves. Failure modes
include electrical, instrumentation, hardware ‘ailures,
and human errors.

511 AFW Pump Control Logic,
Instrumentation and Elecircal Failures

Seven (7) failures of the AFW pumps 10 start, run, trip
when required or achieve rated speed » sre found in the
events examined. These occurrences resulted from fail-
ares of the turbine governor, breakers, relays and con-
tacts, turbine overspeed device, faulty wiring and power
supplies. The filure causes are mechanical wear,
corrosion, or improper design and installation.

a1

£1.2 High AFW Pump Bearing Temperatures

High bearing temperatures were found on one AFW
pumap, and bearing damage was also found when the
other A N pumps were subsequently inspected. The
problem was traced 1o loose bearings resulting from
inadequate vendor information addressing pump reas-
sembly after mantenance. Maintenance procedures
have been modified, climinating this potential common
cause mode of pump failure.

S.1.3 Failure of AFW Pump Discharge Flow
Control Valves to The Steam Generators

Eighteen (15) failures of the AFW pump discharge flow
vontrol valves were found 0 the events examined.
These resulted from failures of valve control circuits,
valve operators and valve breakers. Failures have
resulted from DC control grounds, valve binding, dirty
OF worn ¢ nlacts, improper torque  witch operation,
electrical component fallure, frayed wiring, and valve
operator mechanical failure. Failure causes are
mechanical weat, contact oxidation, inadequate or
improperly performed maintenance or testing activities
and improper design and/or installation.

5.1.4 AFW Turbine Trip and Throttle Valve

Three (3) failures of the AFW Trip and Throttle valve
were found in the events examined. These failures
resulted from solenoid failure, misadjusted limit
switchos, and trip Lnkage failure. Failure cause: are
mechanical wear, component aging, and inadequate
maintenance or testing activities.

S.1.5 AFAS and AFW Related
Instrumentation

Fificen (15) failures related 10 AFAS or system status
tvpe instrumentation were found in the events

NUREG/CR-589%
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Failure Modes

improper discharge valve operation, and a taliure of oil
cooler cooling water supply valves to open due o silt
accumulation.

§.2.2 Human Errors

HEL The overwhelmingly dominant cause of problems
identified during a series of operational readiness
evaluations of AFW sysiems was human performance.
The majority of these human performance problems
resulted from incomp'~te and incorrect procedures,
particularly with respect 10 valve lineup ‘nformation.

A study of valve mispositioning events involving human
etror identified failures in administrative control of
tegging and logging, procedural compliance and com-
pletion 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.

HEZ2. Turbine driven pump failures have been caused by
human errors in czlibrating or adjusting governor speed
control, poor governor maintenance, incorrect adjust-
ment of governor valve and overspeed trip linkages, and
errors associated with the trip and throttie valve. TTV.
associated errors include physically bumping it, failure
10 restore it to the correct position after testing. and
failures 10 verify control room indication of TTV posi-
tion following actuation.

HE3, Motor driven pumps have been failed by human
errors in m.spositioning handswitches, and by procedure
deficiencies.

523 Design/Engineering Problems and
Errors

DEL As noted above, 1he majority of AFW subsystem
failures, and the greatesi 1 lative system degradation,
has been found to resalt fro m turpine-driven pump fail-
ures. Overspeed trips of 'R rry turbines controlled by
Woodward governors have seen a significant source of
these fatlures (AEOD/CH 2 1986). In many cases these
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overspead trips have been caused by slow response of a
Woodward Model EG governor on startup, at plants
where full steam fow is allowed immediately. This over-
sensitivity has been removed by installing a startup
steam bypass valve which opens first, allowing a con-
trolled turbine acceleration and buildup of il pressure
10 control the povernor valve when full steam flow is
admitted.

DE2 Overspeed trips of Terry turbines have been
caused by condensate in the steam supply boes. Con-
densaie slows down the turbine, causing the governor
valve 10 open farther, and overspeed results before the
governor valve can respond, after the water slug clears.
Tr. was determined to be the cause of the loss-of-all-
AW event at Dovis Besse (AROD/6O2 1986), with con-
densation enhanced due to the long length of the cross-
wonnected steam lines. Repeated tests following a cold-
start trip may be successful due to system heat up.

DEJ, Turbine trip and throttle valve (TTV) problems
are a significant cause of turbine driven pump fallures
(IN 84.66). In some cases lack of TTV position indica-
tion in the control room prevented recognition of a
tripped TTV. In other cases it was possible 10 reset
either the overspeed trip or the TTV without resetting
the other. This problem is compounded by the fact that
the position of the overspeed trip linkage can be mis-
lcading, and the mechanism may lack labels indicating
when it is in the tripped position (AEOD/C602 1986).

DE4, Suutup of turbines with Woodward Mode! PG-
PL governors within 30 minutes of shutdown has
resulted in overspeed trips when the speed setting knob
wias noi exercised locally to drain oil from the speed
setting cylinder. Speed control is based on startup with
an empty cvlinder. Problems have involved turbine
rotation dee 10 both procedure violations and leaking
steam. Torry has marketed two types of dump valves for
automatically drainiog the oil afier shutdown
(AEOD/CH)2 1986).

At Calvert Cliffs, a 1987 loss f-orfsite-power event
required a quick, coid 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 8809 198%) Surveiliance had always
been preceded by turbine warmup, which illustrates the




importance of testing which duplicaies service
conditions as much as i practical

DES. Reduced viscosity of gear box oil heated by prior
operation caused failure of a motor driven pump 1o stan
due 10 insafficient lube ol pressure. Lowering the
pressure switch setpoint solved the problem, which had
not been detected during testing.

RE6, Waterhammer at Palisades resulted in AFW line
and hanger damage at both steam generators. The AFW
spargers are located at the normal steam penerator level,
and are freguently covered and uncovered during level
fluctuations. Waterhammers in top-feed-ring stcam
generators resulted in main feedline rupture at Maine
Yankee and feedwater nipe cracking at ludian Point.2
(IN 54.32 1984,

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

[ZES. At each of the units of the South Tuxas Project,
space heaters provided by the vendor for use in pre-
installation storage of MOVs were found 1o be wired in
paralie! to the Class 1E 125 V DC motors for several
AFW valves (IR 50-489/89-11, 50-499/89-11 1989). The
valves had been eavironmentally qualified, but not with
the non-safety yelated heaters energized.

5.2.4 Component Failures

Generic Issue ILEA.1, "In Siw Testing Of Valves™ was
divided into four sub-issues (Beckjord 1989), three of
which relate directly 10 prevention of AFW system
component failure. At the request of the NRC, in situ
testing of check valves was addressed by the nuciear
industry, resulting in the EPRI report, "Application
Guidelines for Check vValves ia Nuclear Power Plants
(Brooks 1988)." This extensive report provides
information on check valve applications, limitations,
und inspection techniques. In situ testing of MOVs was
addressed by Generic Letter 89-10, "Safety Related
Motor-Operated Valve Testing and Surveillance”
(Partlow 1989) which requires licensees to develop and
imple went 8 program for testing, inspection and
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maintenance of all safety-related MOVs, "Thermal
Overload Protection for Electric Motors on Safety-
Related Motor-Operated Valves - Generic Issue [LE6.1
(Rothberg 1988)" concludes that valve motors should be
thermally protected, yet in @ way which emphasizes
system function over protection of the operator.

CF1. The oo mmon-cause steam binding effects of check
valve leakage were identified in Section 5.2.1, entry
CC10. Numesous single-train events provide additional
insights into this p.oblem. In some cases lcakage of hot
MFW past multiple check vaives in series has occurred
because adequate valve-seating pressure was limited 1o
the valves closest 10 the steam generators (AEOD/C404
1984). At Robinson, the pump shutdown procedire was
changed to delay closing the MOVs until after the check
valves were seated. At Farley, check valves were
changed from swing type 10 lift type. Check valve
rework has been done at a number of plants. Different
valve designs and manufacturers are involved in this
problem, and recurring leakage has been experienced,
even after repair and replacement.

CF2. At Robinson, heating of motor operated valves by
check vilve leakape has caused thermal binding and fail-
ure of AFW discharge valves to open on demand. At
Davis Besse, high differential pressure across AFW
injection valves resuiting fror check valve leakage has
prevented MOV operation (AEOD/CH03 1986).

CF3. Gross check valve leakage at McGuire and
Robinson causcd overpressurization of the AFW suc-
tion piping. Al a foreign PWR it resulted in a severe
waterhammer event. At Palo Verde-2 the MFW suction
piping was overpressurized by check valye leakage from
the AFW system (AEOD/CANM 1984). Gross check
valve leakage through idic pumps represents a potential
diversion of AFW pump flow.

CF4. Roughly one third of AFW system failuies have
been due 1o valve operator failures, with about equal
failures for MOVs and AOVs. Almost half of the MOV
failures were due 10 motor or switch failures (Casada
1989). An extensive study of MOV events (AEODACH03
1986) indicates continuit.g inoperabili’y problems
caused by: torque switch/limit switeh suitings,
adjustments, or failures; motor burnout; improper sizing
ar use of thermal overload devices; premature
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