NUREG/CR-5839
PNL-7605

Risk-Based Inspection Guide for
the Prairie Island Units 1 and 2
Nuclear Power Plants

Prepared by
N. E. Mofiu, B F. Gore, T. V. Vo

Pacific Northwest Laboratory
Operated by
Battelle Memorial Institute

Prepared for
U.S. Nuclear Regulatory Commission

210290208 92103
PDR  ADOCK ()‘f)OOG:,SE
£ ]



AVAILABILITY NOTICE

Availability of Reference Materials Cited in NRC Publications

Most docurments cited in NRC publications will be avaliable from one of the following sources:
1 The NRC Public Document Room, 2120 L Street, NW., Lower Level, Washington, DC 20585

2 The Superintendent of Doasuments. U & Governmant Printing Office, P. 0. Box 37082, Washington,
DC 20013-7082

] The National Technical Information Service, Spring®leld, VA 22161

Although the listing that follows represents the majority of documnents cited in NRC publications. it Is not
intended to be exhaustive.

Referenced doouments avallable for inspection and copying for a fee from the NRC Public Document Room
olude NRC correspondence and internal NRC memoranda: NRC bulteting, circulars, information notices,
Inspection and investigation notices . locenses event reports; vendor reports and corraspoc dence: Commis-
sion papers. and applicant and licensee documaents and correspondence

The following documents in the NUREG series are avallabie for purchase from the GPO Sales Program:
formal NRC staff and contractor reports, NRC-sponsored conferenc - . "0cedings. international agreemernt
reports. grant publications, and NRC booklets and brochures. Alsc availlable are regulatory guides, NRC
ragulations in the Cude of Federal Reguiations, and Nuciear Regulatory Commission issuances.

Documents avallable from the National Technical Information Service include NUREG-series reports and
tochnical reports prepared by other Federal agencies and reports prepared by the Atomic Energy Comimis-
slon. forsrunner agency to the Nuclear Regulatory Commission.

Documaents avallable from public and special technical libraries include all open Hterature items, such as
books, joun.  articles, and transactions. Federal Register notices, Federai and State legisiation, and con-
gressional reports can usually be obtained from these libraries

Documents such as theses, dissertations, foreign “eports and translations. and non-NRC conference pro-
ceedings are avaliable for purchase from the organization sponsoring the putlication cited

Single coples of NRC draft reports are available free. to the extent of supply, upon written request to the
Office of Administration, Distribution and Mall Services Section, U.S. Nuclear Regulatory Commission,
Washington, DC 20,85,

Copies of industry codes and star ‘ards used in a substantive manner in the NRC regulatory process are
maintained at the NRC Library, 7920 Norfolk Avenue  Bethesda, Maryland, for use by the public. Codes and
standards are usually copyrighted and may be purchased from the originating organization or, if they are
American National Standards, from the American National Standards Institute, 1430 Broadway, New York,
NY 10018,

DISCLAIMER NOTICE

This repon was orepared as an account of work sponsored by an agency of the United States Govemment,
Naither the United States Government nor any agency theraotf, or any of their employees, makes any warranty,
expressed of implied, or assumes any legal liability of responsibility for any third party’s use, or the resuits of
such use, of any information, apparatus, product or process disclosed in this report, or raprasents that its use
by such third party would not infringe privately owned rights.

R



NUREG/(CR-5839
PNL-7605

Auxiliary Feedwater System
Risk-Based Inspection Guide for
the Prairie Island Units 1 and 2
Nuclear Power Plants

Manuscript Completed: September 1992
Date Published: October 1992

Prepared by
N. E. Moffitt, B F. Gore, T, V. Vo

Pacific Northwest [aboratory
Richland, WA 99352

Prepared for

Division of Radiation Protection and Emergency Preparedness
Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Commission

Washington, DC 205585

NRC FIN L1319



L e BB e e BT AT B T AL e T i i T A e e e e e ¥ e A T A e e S B g — -
S 2l

Abstract

In & siudy sponsored by the U.S. Nuclear Regulatory Commission (NRC), Pacific Northwest Laboratory hes de wloped
and applied a methodology for deriving plant-specific risk-based guidance for the auxiliary feedwater (AFW) system at
pressurized water reactors that have not undergone probabilistic risk assessment (PRA). This methodology uses
existing PRA results and plant operating experience information. Existing PRa-based inspection guidance
information recently developed for the NRC for various plants was used to identify generic component failure modes.
This information was then combined with plant-specific and industry-wide component information and failure data 1o
identify failure modes and failure mechanistus for the AFW system at the selected plants. Prairie Island was selected as
the seventh plant for study. The product of this effort is a prioritized listing of AFW failures which have oceurred at
the plant and at other PWRs. This listing is intended for use by NRC inspectors in the preparation of inspection plans
addressing AFW risk-important components at the Prairie Island plant.
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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. It is a risk-
prioritized listing of failure events and their causes that are significant enough to warrant consideration in inspection
planning at the Prairie Island plant. This information is presented to provide inspectors with increased resources for
inspection planning at Prairie Island.

The risk importance of various component failure modes are 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 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 1o help inspectors foc's on specific aspects of component operation,
maintenance and design which might cause these failures, an extensive review of component failure information was
performed 1o identify and rank the root causes of these component failures. Both Prairie Islana and industry-wide
failure information was analyzed. Failure causes were sorted on the basis of frequency of occurrence and seriousness
of consequence, and categorized as common cause failures, human errors, design problems, or component failures.

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

An abbreviated system walkdown 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 compo-
nents which perform essential functions, but which are not included because of high reliability or redundancy, must
also be addressed 10 ensure that degradation does not increase their failure probabilities, and hence their risk
importances.

Vi NUREG/CR-5839



1 Introduction

This document is one of a series providing plant-specific
inspection guidance for auxiliary fecdwater (AFW) sys-
tems at pressurized water reactors (PWRs). This guid-
ance 1s based on information from probabilistic risk as-
sessments (PRAS) for similar PWRS, indostry wide
operating experience with AFW systems, plant-specific
AFW system descriptions, and plant-specific operating
experience. It is not a detailed inspection plan, but
rather a compilation of AFW system failure information
which has been screened for risk significance in terms of
failure frequency and degradation of system perform.
ance. The result is a risk-prioritized listing of failure
events and their causes that are significant cnough o
warrant consideration in inspection planning at Prairic
Island.

This mspection guidance is presented in Section 3.0, fol-
lowing a description of the Prairie Island AFW system
in Section 2.0, Section 3.0 identifies the risk important
system components by Prairie Isiand identifi-cation
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 compo-
nents. These briel discussions identify specific aspects

of system or component design, Operation, mainlenance,

Or testing for inspection by observation, records review,
training observation, procedures review, or by observa.

t‘on of the implementation of procedures. An AFW sys-

tem walkdowr, table identifying risk important compo
nents 4nd their fineup for aormal, standby systom
uperation is also provided.

11

The remainder of the document describies and discusses
the information used in compiling this inspection guid-

ance. Section 4.0 describes the risk importance informa-

tion which has been derived from PRAs and its sources.
As review of thal section will show, the fa‘lure cate-
gories identified in PRAs are rather broad (e.g., pump
fails 1o start or run, valve fails closed). Section 5.0 ad-
dresses the specific failure causes which have beun com-
bined under these categories.

AFW system operating history was studied 10 ideniily
the varous specific failures which have been aggregated
into the PRA failure mode categories. Section 5.1 pres-
crits a summary of Prairie Island failure informauan,
and Section 5.2 presents a review of industry-wide fail-
ure information. The industry-wide infoi mation was
compiled from a varsety of NRC souices, including
AEOD analyses and reports, infermation notices, in-
spection and enforcement oulletins, and generic letters,
and from a variety of INPO reports as well. Some Li-
censee Event Reports and NPRDS event descriptions
were also reviewed. Finally, information was included
from renorts of NRC-sponsored studies of the effects of
plant aging, which inclede quantitative analyses of re-
ported AFW system failures. This industry-wide in-
formation was then combined with the plant-speaific
failure information 1o identify the various raot causes of
the PRA failure categories, which are identified in Sec-
tion 3.0,

NUREG/CR-5839
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2 Prairie Island AFW System

[his section presents an overview of the Prainie Island
AFW system, including a sumplified schematic system
diagram. In addition, the system success criterion, sys-
tem dependencies, and administrative operational con-
straints are also presented.

2.1 System Description

The AFW system provides feedwalter to the steam gen-
erators (SG) to allow secondary-side heat removal from
the primary sysiem when main feedwater is unavailable
The system is capable of functioning for extended per-
iods, which allows time to restore main feedwater flow
or to proceed with an orderly cooldown of the plant o
where the residual heat removal (RHR) system cun re-
move decay heat. A simplified schematic diagram of the
AFW system is shown in Figure 2.1,

The system consists of two steam turbine-driven pumps
(200 gpm cach), one for each unit, and two motor-driven
pumps (200 gpm each), one for each unit. Both the
turbine-driven and motor-driven pump for a unit are
capable of delivering feedwater to either or both steam
generators of that unit. Normal lineup is tor bath
pumps of a unit to feed both steam generators of that
unit. The discharge lines of the two motor-driven
pumps may he interconnecied through two normally
closed motor-operated valves. There is no provision for
interconnection of the discharge lines of the vwo
turbine-driven pumps.

The system is designed to start up and establish flow
within one minute of an automatic start signal. Both the
motor-driven and turbine driven pump for a umit will
start on the following signals from that unit: both main
feedwater pumps tripped, low-low level in one steam
generator, safety injecuon actuation, and ATWS Mitiga-
tion Actuation Circuitry (AMSAC) signal. In addition,
the turbine driven pumps will receive a start signal from
an undervoltage condition on both safeguard buses.
Eack AFW pump has a pressure swilch onits suction o
protect against insufficient NPSH and another pressure

switch on its discharge (o protect against runout. If a
low pressure setpoint is reached on either switch, it wil;
trip the pump.

Electrical power for the two motor-driven pumps is sup-
plied by independent safety features buses, with provi-
sions for manual transfer if the corresponding diesel
generator is unavailable. The turbine-driven pumps are
supplied steam from both steam generators of their res-
pective units. Steam supply lines come from points up-
stream of the main steam isolation valves of each steam
generator and pass through a normally open motor-
operated-valve and a check valve before joining to pass
through the air-operated steam admission valve (31998)
for their respective unit. Failure of either DC power or
the air supply to the steam admission valves will cause
the valves Lo open, starting the associated turbine-driven
pump. The turbine-driven pumps operate independent
of the plant AC power sources. A cycle timer control
vircuit automatically runs the auxiliary motor-driven
iube oil pump on each AFW pump for approximately

10 minutes twice each week. If proper lube oil pressure
is not reached following this lube oil pump start, an
alarm it sounded in the control room. This ensures that
a sufficient oil film is maintained ar all times in each
AFW pump 10 allow pump start without requiring start
of its associated auxiliary motor driven lube oil pump.
Once the AFW pump starts, lube oil circulation is pro-
vided by a shaft-driven lube oil pump.

The normal AFW pump suction is from a header sup-
plied by three 150,00¢) gatlon condensate storage tanks,
une assoctated with uait 1 and the other two associated
with unit 2. A sufficient quantity of water (100,000 gal-
lons ) is required to be maimained in these tanks to sup-
port the reactor coolant system in Hot Standby condi-
tion for two hours followed by a cooldown 1o the ~oint
where the RHR system can be placed in service. All
tank connections except those required for instrumen-
tation, AFW pump suction, and tank drainage are lo
cated above the level required 10 maintain 100,000 gal-
lon capacities

NUREG/CR-583%



AFW System

A normally open valve (C-41-2) can be used to isolate
the CST suction header between paits. Suction from the
header 10 cach pump is through a check valve and @
normally open motor-operated valve. In addition, cach
pump is provided with a suction path 10 the Cooling
Water System through a normally closed motor-
operated valve. Because the CETS are not sesmic

Class | structures, the plant’s safety analysis relies on the
seismic Class | Cooling Water System source, Use of
the Cooling Water System source requires manual align-
ment The turbine-driven pump for each unit takes suc-
tion from the side of the CST header or the Cooling
Water System associated with that unit. However, the
motor-driven pump for each unit takes suction from the
side of the CST header or the Cooling Water Svstem
associated with the opposite unit. Three additional
bavik-up sources of water are avaiiable: vhe deminer-
alizer, the condenser hotwell, and*  IVCS monitor
tanks.

Each AFW pump discharges through a check valve and
a normally open manual valve 10 its own header. From
this point, a recirculation path provides continuous flow
back to the CST 1o prevent pump deadheading and to
provide for lrbe oil cooling.  The header for cach pump
feeds cach steam gencrator of its respective unit through
another check valve and a normally opea motor-
operated valve 1o the point where the lines from the two
pumps combine. The AFW feed line for each steam
generator then passes through an additional normally
open motor-epaiated valve, through the containment
wiii and through an additional check valve betore yoin-
ing the main feedwaier line (¢ the steam generator

2.2 Succesc Criterion

System success requires operation of at least one pump
supplying rated flow 10 at least one steam generator,
Each pump is sized (o provide sufficient flow against the
steam generator safety valve set pressure (plus 3% ac-
cumulation) to prevent water relief from the pressurizer
during a staton blackout transient (no reactor coolant
pump heat o the primary system)

SUREG/CR-5839
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2.3 System Depencuincies

The “FW system depends on AC power for the motor-
driven pumps and level control valves, DC power for
control of the pumps, valves and automatic actuation
signals, nstrument aic 221 AFW pump lube oil cooler
control valves, and « “unctional jube oil system. The
turbine driven pump also requires steam availability.

A three-way solenoid vale - has been added 1o the air
supply line of each turbine driven pump steani inlet
supply valve to aliow manueal operation of the turbine-
driven pumps. A procedute has been provided for man-
ual operation of the turbine-driven pumps by locally
venting air from the diaphragm of the stream admission
valve.

2.4 Operational Constraints

When hoth reactors are critical or their average coolant
temperatures exceed 350°F, the Prairie Island Technical
Specifications require that all four AFW pumps and as-
sociatew low paths are operable. When only one reac-
tor is critical or above 350°F, its turbine-driven AFW
train and one of the two motor-driven AFW trains must
be operable. [noperability of a single required AFW
train is permirted for up 1o 72 hours, afier which the af-
fected unit must be brought to Hot Shutdown condi-
tions in the next 6 hours and the average reactor coolant
temperature reduced below 350°F within the following
& hours.

During Startup or Power Operation, 8 mimimum of
100,000 gallons of water is required to be available in
the condensate storage tanks, and the backup supply of
river water must be available through the cooling water
system. The CSTS may be woperable for 48 hours, pro-
vided 1+ > Cooling Water System is availabie as a backup
water supply to the AFW pumps. The backup supply
from the Cooling Water System may be inoperable for
48 hours provided a minimum of 100,000 gallons of
wiater 15 available in the CSTA
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During operation, containment iz, co0 0 viives 52
32242, MV-3243, MV-32248 and MV-32249) ate Jucked
open with control power removed.  Also, any iianual
valves in the sysiem flowpath that could reduce flow
beiow the value assumed in the safety analysis are
required Lo D= Incked in their proper positions for emetr-
gency use and are under strict administrative controls.
The condensate supply cross connect valves C-41-2 must
be blocked and tagged open. (Crost connect valve
C-41-1 has been removed and replaced by a spool piece. )

2.5 Other Significant Information

In its assessment of Generic Issue No. 124, "Auxiliary
Feedwater System Reliability”, NRC analysis (reported
in NUREG-0611) deermined that the Prairie Isiand
AFW system was in the low reliability range. As a
result, Northern States Power Company performed o
probabilistic risk assessment of the AFW and sup-
porting systems (NSPNAD-8606F Rev. 0, April 1986).
Generic Issue No. 124 was closed out by an NRC Safety
Evaluation Report transmitted on November 26, 1986,
As the result of these studies, the following list of
actions were taken:

a.  The AFW system dependency on the cooling water
svatem for tube oil cooling was remaved by re-
routing the AFW recirculation {low through the
coolers. Astep was added to the monthly surveil-
lances for the turbine-driven pumps to verify flow
from the lube oil and governor cooling water return
line.

b Manual control of the turbine-driven AFW pumps
was added as described in Section 2.3, above.

¢ The auto open signal 10 MV-32041 "Condenser

Emergency Supply Valve™ was removed for both
units.

T T | R e S ——

AFW System

d.  All drain valves from the AFW steam lines 1o the

Lo

main condenser have been blocked open using safe-
puards hold cards.

A procedure was writien for bypassing the AFW
pump suction and discharge pressure trips in the
event of faults in the actuation circuits.

Requirements were added for monitoring the 1em-
peratures of the AFW discharge lines once each
shift. This was done to provide prompt detection of
backleakage of hot feedwater through the check
villves, which could lead to steam binding of the
AFW pumps. Temperature indicators on cach
pump discharge line provide inputs to the Emer-
gency Response Computer System (ERCS).

Bath the high and low pressure leakoff for the
turbine-driven AFW pump rrip/throttie valves has
been reroufed o discharge into the turbine exhaust
lines. This was done 1o eliminate the potentia; for
creating a sicam environmeant in the AFW pump
room during operation of the iurbine driven AFW
pump.

Condensate header valve C-41-1 was replaced by a
spool piece.

Condensate storage tank isolation valves were ad-
munistratively locked open to ensure AFW pump
suction,

Two step ladders (of different heights) were placed
in the AFW pump room 10 aid operators in manipu-
lating overhead valves during emergency situations.

Addivonal emergency lighting was installed in the
area of the turbine-driven AFW pumps.

NUREG/CR 5839
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3 Inspection Guidance for the Prairie Island AFW System

In this section the risk important components of the
Prairie Island AFW system are identified, and the im-
portant modes by which they are likely 1o fail are briefly
described. These failure modes include specific human
errors, design problems, and types of hardware failures
which have been observed 1o oceur for these types of
components, bo** at Praine Island and at PWRs
throughout the nuclear industry. The discussions also
identify where common-cause failures have affected
multiple, redundant components, These brief discus-
sions identify specific aspects of system or companent
design, operaticl., maintenance, or testing for observa-
tion, records review, training observation, procedures
review or by observation of the implementation of
procedures.

Table 3.1 is an abbreviated AFW system walkdown table
which identifies risk important comnonents. This table
lists the system lineup for normal, standby sysiem opera-
tion. Inspection of the components identified addresses
essentially all of the risk associated with AFW system
aperation.

3.1 Risk Impertant AFW Components
and Failure Modes

Common-cause failures of multiple pumps are the most
| risk-important fatlure modes of AFW sysiem compo
* nents. These are followed in impornance by singie pump

valve leakage failures.

The following sections address each of these fatlure
modes, (n decreasing order of importance. They present
the important root causes of these component failure
maodes which have been distitled from historical records
Each item is keyed 10 discussions in Section 5.2 which

! present additional information on historical events.

failures. level control valve failures, and indvidual check

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,
Common-Cause Faii . and each item is keyed to en-
tries 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 multiple pumps.
This resulied from leakage of hot feedwiler past
check valves into a commaon discharge header, with
several valves involved including a motor-operated
discharge valve. (See item 7 below.) CC10. Multi-
ple-pump steam bindiag has also resulted from im-
proper valve lineups, and from running 3 pump
deadheaded. CC3.

Pump control circuit deficiencies or design modifi-
cation errors have caused failures of multiple pumps
10 @ulo start, spurious pump trips during operstion,
and tailures 1o restart after pump shutdown. €CC4.
Incorrect setpoints and control circuit calibrations
have also prevented proper operation of multiple
pumps. CCS

Loss of & vital power bus has failed both the turbine-
driven and one motor-driven pump due 10 loss of
control power 1o steam adnussion valves or to tar.
bine controls. and to motor contre 's powered [rom
the same bus. CCo

31 NUREG/CR-5839
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Inspection Guidance

Simultancous startup of multiple pumps has caused
oscillations of pump suction pressure causing muiti-
ple-pump trins on low suction pressure. despite the
existence of adegrate static net positive suction
head (NPSH). Co 7. Design reviews have identified
inadequately sized suction piping which could have
yielded insufficient NPSH 1o support operation of
more than one pump. CC8,

3.1.2 Turbine Driven Pump 11 or 22 Fails to
Stact or Run

Improperly adjusted and inadequately maintained
turbin® governors have caused pump failures, both
at Prairie Island and elsewhere. HE2. Problems
include worn Or loosened nuts, set screws, linkages
or cable connections, oil leaks and/or contamina-
tion, and electrical failures of resistors, transistors,
diodes and circuit cards, and erroncous grounds and
connections. CFS.

Terry turbines with Woodward Model EG gover-
nors have been found 10 overspeed trip if full steam
flow is allowed on startup. Sensitivity can be re-
duced if a startup steam bypass valve is sequenced o
open fist. DEL

Turbines with Woodward Model PG-PL governors
have tripped on overspeed when restarted shortly
after shutdown, unless an operator has locally exer-
cised the speed setting knob 1o drain oil from the
governor speed setting eylinder {per procedure).
Automatic oil dump valves are now available
through Terry. DEA.

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 0
warming and clearing of the steam lines. Steam
traps for the steam supply lines should be properly
maiatained and surveiilance should exercise all
steam supply connections. DE2

NUREG/CR-5839
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* Trip and throttle valve problems which have failed
the turbine Jriven pump include physically bumping .
it, failure 1o reset it following testing, and failures to :
verify control room indication of reset. HFE2,
Whether either the overspeed trip or T v trip can
be reset without resetting the uther, indication in -,
the control room of TTV position, and unambigu- !
ous local indication of an overspeed trip affect the
likelihood of these errors. DE3. Prairie Island has
had the turbine driven pump trip due 10 8 workman
bumping the governor.

3.1.3 Motor Driven Pump 12 or 21 Fai's to I'
Stert or Run '

*  Control circuits used for automatic and manual
pump starting are an important cause of motor
driven pump failures, as are circuit breaker failures.
CF7. Similar failures have occurred at Prairie
Island.

*  Mispasitioning of handswitches and procedural def-
iciencies have prevented automatic pump start.
HE3.

* Low lubrication oil pressure resulting from heatup
due 10 previous operation has prevented pump
restart due to failure 1o satisfy the protective inter-
lock. DES. At Prairie Island, an improperly instal- ‘
led oil filter resulted in excessive differential pres. '
sure which deteated the oil pressure permissive and
prevented a pump start.

314 Pump 11, 21, 12 or 22 Unavailable 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
tram may not be declared inoperable during testng.

Prompt scheduling and performance of mainten-
ance and surveiliznce minimize this unavailability,
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3.1.§ Motor Operated Valves Fail Closed

TD Pump Suction Valves: MV32333, 32345
V. 1,32
32383, 32384
2 39
3 47
: MV3224 43
Unit 2 SG Isolation Valves: MV322¢%, 32249
1ea it 2: MV31019, 31020

Normally open MOVs are located at the suction and
discharge of both the motor and turbine driven AFW
pumps. Downstream of the discharge valves, each AFW
header contains a motor operated flow control and a
containment isolation valve. Steam supply lines 1o the
turbine driven AI'W pumps 850 contain motor oper-
ated steam isolation valves. All these MOVs are norm-
ally open and they fail as-is on loss of power.

*  Common-cause failure of MOVs has resulted from
failure to use electrival signature tracing equipment
(0 determine proper settings of torque switch and
torque switch bypass switches. Failure to calibrate
switch settings for high torques necessary under de-
sign basis accident conditions has also been in-
voived. CC1'. Similar failures have occurred at
Prairie Island

* Valve motors have been failed due to lack of, or im-
proper sizing or use of thermal overload protective
devices. Bypassing and oversizing should be based
an proper engineering for design basis conditions.
CF4,

¢  Qut-of-adjustment electrical flow controllers have
caused improper discharge valve operation, affect-
ing multple trains of AFW. CC12.

*  Grease trapped in the torque switch spring pack of
Limitorque SMB motor operators has caused motor
burnout or thirmal overload trip by preventing
torqus s¥itch actuation. CF8.

Inspection Guidance

*  Manually reversing the direction of motion of oper-
ating MOVs has overloaded the motor circuit. Op-
erating procedures should provide cautions, and
circuit designs may prevent reversal before 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. DES,

3.1.6 Manua! Suction or Discharge Valves Fail
Closed

TD Pumip Steam Supply Valves: 31039, 31060
ump Disc : AF-13.3,13-6, 12-
124
2 arge Vi 4 -4
12:3

Manual valves that could reduce flow in any AFW train
are normally locked in the proper position for emer-
gency use.

*  Valve mispositioning has resulted in failures of mul-
tiple trains of AFW. CC2. It has also been the
dominant cause of problems identified during oper-
ational readiness inspections. HEL. Events have
occurred most often during maintenance, calibra-
tion, or system maodifications. Important causes of
mispositioning include:

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

Failure to promptly revise and validate proce-
dures, training, and diagrams following system
modifications

Failure to complete all s1eps in a procedure

Failure 10 adequately review uncompleted pro-
cedural steps after task completion

Failure to verify support functions after
restoration

NUREG/CR-5839
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- Failure 10 adhere scrupulously 10 administrative
procedures regarding tagging, control and track-
ing of valve operations

- Failure 1o log the manipulation of sealed valves

- Failure to follow good practices of written task
assignment and feedback of task completion
information

Failure to provide easily read system drawings,
legible valve labels correspanding to drawings
and procednres, and labeled indications of local
valve position

3.1.7 Leakage of Hot Feedwater through
Check Valves

SG Check Valves: AF 16-1, 16-2. 16-3. 16-4
Flow Control Check Valves: AF 15-1,15-2, 15-3,
15-4, 15-5, 15-6, 15-7, 15-8

« Leakage of hot feedwater through several check
valves in senies has caused steam binding of multiple
pumps. Leakage through a closed level control
valve in series with check valves has also occurred.
CCl0.

NUREG/CR-5839
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*  Slow leakage past the final check valve «  a series
may not force upstream check valves closed, allow-
ing leakage past each of them in turn, Piping
orientation and valve design are important factors
in achieving true series protection. CF1,

3.2 Risk Important AFW System
Walkdown Table

Tabie 3.1 presents an AFW system walkdown table ir-
cluding 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 inspec-
tions should not focus exclusively on these components.
Other components which perform essential functions,
but which are absent from this table because of high reli-
ability or redundancy, must also be addressed 1o ensure
that their risk importances are not increased. Examples
include the (open) steam lead isolation valves upstream
of CV31998, an adequate water level in the CST and the
(closed) valves cross connecting the discharges of the
wo motor-driven AFW pumps.
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Inspection Guidance
Table 3.1. Risk Important AFW System Walkdowa Table'®)
|
Component Required Actual |
Number Component Name Location Position Position ;'
s =
Elcetrical i
Bus 16 i2 Motor-Driven Pump Breaker Racked In/Closed i
Bus 26 21 Motor-Driven Pump Breaker Racked In/Closed
Cell A2 MV 32025 MCC 1A Bus | Installed/Closed |
!
Cell A3 11 AFW pump aux lube oil pump  MCC 1A Bus ! Instalied/Closed :
(Record minutes 1 -f
Cell A2 12 AFW pumgp aux lube oil pump ~ MCC 1A Bus 2 Installed Closed
(Record minutes ) -
Cell Ad MV 32027 MCCIABus2  Installed/Closed
Cell Ad 21 AFW pump aux lube oil pump  MCC 2A Bus 1 installed/Closed i
(Record minutes_ )
Cell C2 MV 32026 MCC 2A Bus | Instalied/Closed
Cell A3 MV 32030 MCC 2A Bus 2 Installed Closed
Cell B3 22 AFW pump aux lube ail pump MCC 2A Bus 2 Installed/Closed i
‘ (Record minutes ) .
Vilve ;
| MV32333 11 TDP Suction Vaive QOpen :
| .
[ NVA202ZS i1 TDP Cooling Water Suction Valve Ciosed ;
CwW 12 Cooling water Vaive wo 1 TDP and Qpen 0 'h
21 MDP
| MV32336 21 MDP Suction Vilve Open i
E MV32026 21 MDP Cooling “dater Suction Valve Closed 1
{ MV32335 12 MDP Suction Valve Open . {
} :)- Outside and in AFWS pump room,
l 35 NUREG/CR-5839



R e E n e L e e e s ey e i e e A e T R R P P R PR e ————

Inspection Guidance

Table 3.1. (Continved)

Component Required Actual
Number Component Name Location Position Position
MV32027 12 MDP Cooling Water Suction Valve Closed
CW 11 Cooling water Valve to 12 TDP Open
and 22 MDP
MV32345 22 TDP Suction Valve Open
MV32030 22 TDP Cooling Water Suction Valve Closed
MV32239 11 TDP to SG 12 Flow Control Valve Open ,
MV32238 11 TDP 10 8G 11 Flow Control Valve Open
MV32381 12 MDP 10 $G 12 Flow Control Valve Open
MV32382 12 MDP to 8G 11 Flow Controi Valve Gpen
MV32283 21 MDP to 8G 21 Flow Control Valve Opan
MV32384 21 MDP 10 SG 22 Flow Cor trol Valve Open
. MV32246 22 TDP 10 $G 21 Flow Control Valve Open
J
MV32247 22 TDP to 8G 22 Flow Control Valve Open e
| MV32242 11 TDP to $G 11 Containment Open/
; Isolation Valve Breaker opca
MV32243 12 MDP 10 SG 12 Containment Open/
Isolatica Valve Breaker open
MV32249 21 MDP 10 SG 22 Containment [solation Open/
Viilve Breaker open
MV32248 21 MDP 0 $G 2! Containment Isolation Open/
Valve Breaker open
2AF-131 21 MDP o Unit 1 Discharge Cross Closed
Tie Valve
NUREGACR-5839 36
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Inspection Guidance
Table 3.1. (Continued)
Component Required Actual
Number Component Name Location Position Position
AF-13-1 12 MDP 10 Unit 2 Discharge Closed
Cross Tie Valve
C41-2 CST Cross Tie Valve Open
AF 13-4 12 MDP Discharge Valve Open
AF 17-2 12 MDP 2-in. Flow Test Line Closed
AF 182 12 MDP Recirc, Line Vaive Open
AF 25.-2 12 MDP 2-in. Flow Test Line Closed
AF 33.2 12 MDP Recirculation Line Valve Open
AF 173 21 MDP 2-in. Flow Test Line Closed
AF 18-5 21 MDP Recirculation Line Valve Open
AF 253 21 MDP 2-in. Flow Test Line Closed
CV31153 11 TDP Recirculation Flow Vaive Auto Open'™
CV31154 12 MDP Recirculation Flow Valve Auto Open™ T
CV31418 21 MDF Pecirculation Flow Vaive Auto Open'®
CV31419 22 TDP Recirculation Flow Valve Auto Open'®) o
MV32016 11 8G 10 TDP Main Supply Open
Isolation Valve
Mvaion? 12 8G 10 TDP Main Steam Supply Upen

Isolation Valve

(a) Check central air pressures in regulator filter in mid-rarge (30 10 SO psig).

NUREG/CR-5839
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Tuble 3.1, (Continued)
C Component Reguired Actual
| Number Component Name Location Position Pusition
AF 136 22 TDP Discharge Valve Open
AF 174 22 TDP 240, Flow Test Valve Closed
: AF 25-4 22°TDP 2-4n. Flow Test Valve Closed
I | AF 186 22 TOP Recireulation Line Valve Open
| AF 332 22 TDP Recireulition Line Valve Open
E MV 32242 Piping Upstream at 715-ft Level™ Com
! MV 32243 Piping Upstream ut 71501 Level ™ Cool
| MV 32248 Piping Upstream at 71541 Level®) Cool
MV 32249 Piping Upstream at 715-4t Level'™ Cool

() 1 is desirable 1o check Tor Jeaks at locations closer to containment These motar-operated valves ure
spproximately 30 fi upsiream of AF 15-5, AF 156, AF 157, and AF 158, respectively.

S T
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4 Generic Risk Insights from PRAs

PRAS for 13 PWRs were analyzed 10 identify risk
HnpOrant accident sequences invalving loss of AFW,
# .4 10 identify and risk-prioritizo the cor aponent fatlure

: modes involved, The results of this analysis are des-
' eribed in this section. They are consisient with resulis
' seported by INEL and BNL (Grepgg ef al. 1988: Travis
ot al. 198K)
|
| 4.1 Risk Important Accident Sequences

Involving AFW System Failure

: Laoss of Power System

«  Aless of ofsite power is followed by failure of
AFW. Due 1o lack of actuaing power, the PORVs
cannot be opened, preventing udequate feed and-
bleed cooling, and resulting tn core damage.

¢ Astanon blackout fails all AC power except Vil
AC from DC tvertors, and all decay heat removal
svstems except the turbine-driven AFW pump.
AFW subsequently fails due 10 batiery depletion of
hardware fuilores, resulting in core damage

¢ ADC bus fails, causing @ trip and ot of the

: power conversion system. One AFW motor-driven

; pump is fated by the bus foss, and the turbine

' driven putp fails due 10 loss of turbine or valve
control power. AFW is subsequently lost com-
pletely due 1o other faitures. Feed-and-bleed cool.
ing fails because PORV control is lost, resulting in
core dumage.

Transient-Caused Reactor oc Torbine Trip
* A transient-causes trip is fotlowed by a loss of PCS
and AFW. Feed-and-bleed cooling fails either due

10 twlure GEthe operator 1o anitate i, or due 1o
hardware fatlures, resulting i core damage

Laoss of Main Feedwater

¢ Alecdwaier ling break drains the common water
source lor MFW and AFW. The operators fail 1o

41

provide feedwater from other sources, and fail 1o
imitiate feed-and-bleed cooling, resulting in core
damage

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

The operators fail 10 inftiate leed-and-bleed cooling,

resulting in core damage.

Steam Generator Tube Rupture

AnSGTR is followed by fatlure of AFW. Coolant is
lost from the primary uniil the RWST is depleted.
HPI fails since recirculation cannot be established
from the empty sump, and core damage results,

4.2 Risk Important Component Failure
Modes

The genenc component fatlure modes identified from
PRA analyses as important 1o AFW system failute are
isted below in decreesing ord o of nisk importance,

1

1

Turbine-Driven Pump Fatlure 10 Stan or Run.
Motor-Diriven Pump Failure 1 Start or Run

TP or MDP Unavailable dug 1o Test or
Maintenance.

AFW System Valve Failures
¢ osteam sdmission villves
s rip and throtde valve

+  fiow control valves

¢ pump discharge valves

¢ pump suchion valves

¢ valves in lesung or maintenance.

NURFGAR-5839
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‘
Generic Risk Insights from PRAs ‘

5. Supply/Suction Sources from common causes and human errors. Common-
cause faitures of AFW pumps are particularly risk im-
¢ condensale storage tank stop valve portant. Valve failures are somewhat less important due
3 the multiplicity of steam generators and connection
*  hot well inventory paths. Human errors of greatest risk importance in-
volve: failures 1o initiate of control system operation
¢ suction valves. when required; failure 1o restore proper system lineup

after mamntenance of testing; and failure 10 switch to
In addition 10 individual hardware, Circuit, or instru- slternate sources when required

ment fatlures, each of these failure modes may result

NUREGAR- 5839 42
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§ Failure Modes Deter nined from Operating Experience

This section describes the primary root causes of com-
ponent failures of the AFW systen s determined from
a review of operating histories at Prairie sl d and at
other PWRs throughout the nuclear industr, Sec-

tion 5.1 describes experience at Prairie Island. Sec

tion 5.2 summarizes information compiled - om a vari-
ety of NRC sources, including AEOD analys, < an.
reports, information notices, inspection and enforee-
ment bulleting, and generic leters, and from a variety of
INPO reports as well. Some Licensee Event Reports
(LERs) and NPRDS event descriptions were also re-
viewed individually. 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 1o
identify the various root causes expected for the broad
PRA based lailure categories idertified in Section 4.0,
resulting in the inspection guidelines presented in
Section 3.0.

Some of the following experiences may no longer be ap-
plicabie, due 1o subsequent moditications or changes.

5.1 Prairie Island Experience

The AFW system a1 Pratrie Island has experienced tail-
ures Of the AFW pumps, pump discharge fiow control
valves, the turbine steam supply valves, pump suction
and recirculation valves and system ¢heck valves. Fail
ure modes include electrical, instrumentation, hardware
fatlures, and human errors.

S.1.1 Motor Driven Pump Failures

There have been two events since 1977 which involve!
failure of the motor<deiven pumps. Failure modes in-
volved instrument and control circuit fallure, and
human error during maintenance activities. Improper
installation of the self cleaning oil filler resulted n ex-
cessive differential pressure which defeated the oil
pressure permissive and prevented starting of the pump
The other event iny < Ived a faled 1eli;, in the steam
generator Jow low level start crcwtry

b |

£.1.2 Turbine Driven Pump Failures

There have been fifteen events since 1977 that have re-
sulted in failures of the turbine driven pumps. Failure
modes involved failures in instrumentation and control
circuits, electrical faults, ssstem hardware failures, and
human errors. The turbine driven pumps have tripped
or failed 10 reach proper speed as a result of suction
lines clogged with clams and sludge, dirty limit switch
contacts, bent governor valve stem, shorted relays in the
speed control circuit, and dirty breaker contacts.

£.1.3 Flow Control and lsolation Valve
Failures

More Jban ten events since 1977 have resulted ini fail-
ures of the motor operated flow contr . nd isolation
valves. Principal fallure causes were equipment wear,
instrumentation, and control circuit ‘silures, valve hard
wate failures, and human errors, Valves have fiiled o
aperate properly due 1o blown fuses, fallure of cantrol
components (such as P convertors), broken or dirty
contacts, misaligned or broken limit switches, control
power loss, and valve operator calibration problems.

£.i.4 Human Errors

There have been approximately ten significant human
errors affecting the AFW system since 1977, Personnel
hive inadvertently actuated the AFW pumps uring
testing, failed to calibrate equipment or improperly in-
stalled an oil ftiter. Both personnel error «nd inade-
guate procedures have been involved

5.2 Industry-Wide Experience

Human errors, design/engineering problems and errors,
and component failures are the primary root causes of
AFW System failures identified in & review of industry-
wide system operating history. Common-cause failures,
which disable more than ane tram of this operationally
redundant system, are highly risk significant, and can
result from ak of 1hese causes,

NUREG/CR-5839
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Failure Modes

This section identifies importani common <ause fatlure
modes, and (hen provides a broader discussion of the
single failure effects of human errors, design/
engineering probiems and errars, and componen! fail-
ures. Paragrephs presenting details of these failure
modes ate coded (e.g., CC1) and cross-teferenced by in-
spection items in Section 3,

s.2 1 vommon-Cause Failures

The dominant cause of AFW system multiple-train fail-
utes has been human error. Design/engineering errors
and component failures have been less frequent, but
nevertheless significant, causes of multiple train tailures,

CC1. Human crrof in the form of incorrect operator in-
tervention into automatic AFW system functioning dur-
ing transients resulted in the temporary loss of all safety-
grade AFW pumps during events at Davis Besse
(NUREG-1154 1985) and Trojan (AEOD/T416 1983 ),
In the Davis Besse event, improper manual initation of
the steam ad feedwater ruplure control system
(SFROS) led 10 overspeed tripping of both turbine.
driven AFW pumps, probably due 1o the introduction of
condensate into the AFW turhines from the long, un.
heated steam supply lines, (The system had never been
tested with the sbnormal, cross-connected steam supply
lineup which resulted.) In the Trojan event the operator
incorrsctly stopped both AFW pumps due to misinter-
pretation of MEW pump . jeed indication. The diesel
driven pump would not restart due 10 a protective fea-
tre reguiring compiete shutdown, and the turbine-
driven pump tripped on overspeed, requiring local reset
of the tiip and throttle valve. In cases where anual in-
tervention is required during the early stages of a
transient, training should emphasize that actions should
he performed methodicaiy and deliberately 1o guard
ARuanst such errors,

~C2. Valve mispositioning his accounted for a signifi-
cant fraction of the human enors failing multiple trains
of AFW. This includes closure of normally open suction
valves or steam supply valves, and of isolation valves 10
sensors having control functions.  Incorrect handswitch
postiioning and inadequate lempaorary winng changes
have aiso prevented sulomatic starts of muitiple pumps,
Factors Wentified in siudies of mispositioning ¢rrors in-
Clude fatlure 10 add newly installed valves o valve

NUREG/ACR 58349

checklists, weak administrative control of tagging, re-
storstion, independent verification, and locked valve
‘ogging, and inadequate adherence 1 procedures. 11
legible or confusing local valve labeling, and insufficient
training in the determination of vaive position may
cause or mask mispositioning, and surveillance which
does not exercise complete system functioning may not
reveal mispositionings.

CC3 ALANO-2, both AFW pumps lost suction due 10
steam binding when they were lined up 10 both the CST
and the hot startupdlowdown demineralizer effluent
(AEOD/CA04 1984). At Zion-1 steam created by run-
ning the turbine-driven pump deadheaded for one min-
ute caused inp of a motot-driven pump sharing the
same inlet header, as well as damage to the turbine-
driven pump (Region 3 Morning Report, 1/1790). Both
cvents were cawt ed by procedural inadequacies.

CC4, Designengineering errors have accounted for a
smaller, but sigaificant fraction of common-cause fail-
ures. Problems with control circuit design modifications
at Farley defeated AFW pump auto-start on loss of
main feedwater. At Zion-2, restart of both motor driven
pumps was blocked by circuit failure 10 deenergize when
the pumps had been tripped with an automatic start sig-
nal present (IN 82.01 1982). In addition, AF'W control
circuit design reviews at Salem and Indian Point have
identified desipns where failures of a single component
could have failed all or multiple pumps (IN 87.34 1987).

CCS. Incorrect setpoints and control cirouit settings re-
sulting from analysis errors and failures to update proce:
dures have also prevented pump start and caused pumps
o trip spuriously. Errors of this type may remain unde-
tected 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 boen identified during act-
il system operation (as opposed 10 surveillance test-
ing) than for other types of failures.

CC6. On iwo occasions at a foreign plant, failure of a
halance-of plant inverier caused lailure of iwo AFW
pumps. In addition 10 loss of the motor driven pump
whose auxiliary start relay was powered by the invertor,
the turbine driven pump tripped on ownspeci because
the governor valve apened, stiowing full steam flow 10




the turbinie. This tlustrates the importance of assessing
the effects of fatlures of balance of plant equipment
which supports the operation of critical components.
The ind trument aif system is another example of such a
system.

CCT Multiple AFW pump trips have occurted at
Millstone -3, Cook-1, Trojen and Zion-2 (IN 87.53 987
caused by brief, low pressure oscillations of suction
pressure during pump starup. These oscillations oc-
curred 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
“chion

Cr 8 Design errons discovered during AFW system 1e-
analysis @1 the Robinson plant (IN 89-30 1989) and at
Millstore -1 resulied tn the supply header from the CST
being 100 small 1o provide adequate NPSH 10 the
pumps if more than one of the three pumps were oper
ating at rated flow conditions, This could lead to muli-
ple pump fatlure due 10 cavitation. Subsequent reviews
at Robinson identified a loss of feedwater transient in
which inadequate NPSH and flows less than design
vitlues had occutred, but which were not recognized at
the time. Event analysis and equipment trending, as
well as surveillance testing which duplicales service €on-
dittons as much as s practical. Gii help identfy such
design errors.

CLY. Astatie Clams caused failure of two AFW flow
control valves at Catawba-2 when low suction pressure
caused by starting of & motor-driven pump caused sug
ton source realignment 1o the Nuclear Service Water
system. Pipes had not been routinely treated 10 inhibi
clam growth, nor regulardy monitored 1o detect their
presence, and no struiners vere installed. The need for
surveillance which exercises allernative system opera
tonal modes, as well as compleie system functioning, is
emphasized by this event, Spurious suction switchover
has also ocourred at Callaway and ot MeGaire, although
no fatlures resulted

CC10 Commuon-cause Tatlures have also been caused by
component failares (AEQD/CA04 1984). At Surry-2,
both the turbine diven pump and ane motor driven
pump were declared moperahle due 10 steam binding
caused by backleakage of hot water through multiple

53

Fatlure Modes

check valves. At Robinson-2 both motor driven pumps
were found 10 be hot, and both motor and steam driven
pumps were found 1o be inoperable at different times.
Backleakage at Robinson-2 passed through dlosed
motor-operated isolation valves in addition to multiple
check valves. AL Farley, both motor and turbine driven
pump casings were found hot, although the pumps were
not declared inoperable. In addition to multi-train fuil-
ures, numerons inc.dents of single train failures have o¢-
curted, resulting in the designation of "Steam Binding of
Auxiliary Feedwater Pumps” as Generic [ssue 93, This
peneric issue wis resolved by Generic Letter 88403
(Miraghia 1988), which required heensees 10 monitor
AFW piping temperatures cach shift, and 1o maintain
procedures for recognizing steam binding and for restor-
ing system operability.

CCL. Common-cause failures have also failled motor
operated valves. During the total loss of feedwater
event al Davis Besse, the normally open AFW isolation
valves fatled 10 open afier they were inadveriently
closed. The feilute was due 10 impropet setting of the
torgue switch bypass switch, which prevents motor trip
on the high torque required 1o unseat a closed valve,
Previous problems with these valves had heen addressed
by increasing the torque switch trip setpoint--a fix which
[ailed during the event due 1o the highet torque required
due (o high difforential pressure across the valve. Sim-
tlar common mode failures of MOVs have also occurred
in other systems, tesuiting in issuance of Generic Letter
E910, "Salety Related Motor-Operated Valve Testing
and Surveillance (Partiow 1989)." This generic letier re-
quires licensees to develop and implement a program to
provide for the 1esting, inspection and mainienance of
all safety related MOVs 10 provide assurance that they
will tunction when subjected 10 design basis conditions.

CC12. Other component failures have also resulied in
AFW mulu-train futlures. These include out-al-
adjustment electrical flow controllers resulting in im-
propes discharge valve operation, and a failure of oil
cooler cooling water supply valves 10 open due 1o silt
accumulation.

5.2.2 Human Errors

HEL The overwhelmingly dominant cause of prodlems
wentified during & series of operstional readiness

NUREG/CR-5839

e e e

e T — I R R Y=,

e —

B

e T

I L e .



Failure Modes

evaluations of AFW systems wias human performance.
The majority of these human performance problems re-
sulted from incomplete and incorre st procedures, par-
ticularly with respect 10 valve lineup information. A
study of valve msposiuoning events involving human er-
ror identified fatlures in administrative control of tag-
ging and logging, procedural compliance and comple-
tion of steps, verification of support systems, and
inadequate procedures as important. Another study
found that velve mispositioning events ocourfed most
often during maintenance, calibration, or modification
activities. Insufficient traicing in determining valve
position, and in administrative requirements for con-
trolling valve positioning were important causes, as was
oral task assignment without task completion feedback.

HEZ. Turbine driven pump failures have been caused by
human errors ih calibrating 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 throttle valve. TTV-
assoctated errors include physically bumping i, fatlure
L0 restore it o the correct position after testing, and
fuilures 10 verify control room indication of TTV posi-
tion following actuation.

HE3 Motor-driven pumps have been failed by human
Errors in musposinoning hasdswitches, and by procedure
deficiencies.

£.2.3 Design/ Engineering Problems and
Errors

DEL As noted above, the maujority of AFW subsystem
fuilures, and the greatest relative system degradation,
has been found 1o result from turbine-driven pump lail-
ures. Owverspeed trips of Terry turbines controlled by
Woodward governors have been a significant source of
these failures (AEOD/CH0? 1986). In many cases these
overspeed trips have been caused by slow response of &
Woodward Model EG governor on startup, at plants
where (ull steam flow s allowed immediately. This over-
sensitivity has been removed by installing a startup
steam bypass valve which opens first, allowing a con-
tralled turbine acceleration and bulldup of ot pressure
1 control the governor valve when full steam flow is
admitied

NUREGACOR-58Y

DE2 Overspeed trips of Terry turbines have been
caused by condensate in the steam supply lines. Con-
densate slows down (he turbine, causing the governor
valve 1o open farther, and overspeed results before the
governor valve can respond, after the water slug clears.
This was determined 10 be the cause of the loss-of-all-
AFW event at Davis Besse (AEOD/602 1986), with con-
densation enhanced due 10 the long length of the cross-
connected sieam lines. Repeated tests following a cold-
start trip may be successful due o system heat up.

DE3  Turbine trip and throttie valve (TTV) problems
are 4 significant cause of turbine driven putp failures
(IN 84.60). 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
cither the overspeed trip or the TTV without reseting
the other. This problem is compounded by the fact that
the position of the overspecd trip linkage can be mis-
leading, and the mechanism may lack labels indicating
when it is in the tripped position (AEOD/CHO2 1986).

DE4. Startup of turbines with Woodward Model PG-
PL governors within 30 munutes of shutdown has re-
sulted in overspeed trips when the speed setting knob
was not exereised locally to drain oil from the speed
setting cylinder. Speed control is based on startup with
an empty eylinder. Problems have involved turbine rota-
ton due 10 both procedure violations and leaking steam.
Terry has marketed two types of dump valves for auto-
matically draining the oil after shutdown (AEOD/C60Y
19586).

At Calvert CLiffs, a 1987 loss-of-offsite-power event re-
quired a quick, cold startup that result 20 in wrbine trip
due to PG-PL governor st oility problems. The shori-
term corrective action was installation of stiffer bufier
springs (IN 8800 1988). Surveillance had always been
preceded by turbine warmup, which illustrates the im-
portance of testing which duplicates service conditions
as much as is practical,

DES. Reduced viscosity of gear box oil hested by prior
operation caused failure of 4 motor driven pump 10 start
due 10 insutficient tube oil pressure. Lowernieg the pres.
sure switch sermoint solved the problem, which had not
been derectied during testing.
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DL6. Waterhammer at Palisades resulted in AFW ane
and hanger damage #t both steam generators. The AFW
spargers are located at the normal steam generator level,
and are frequently covered and uncovered during level
fluctuations. Waterhammers in tap-feed-ring steam
generatons resulted in man feedline rupture at Maine
Yankee and feedwater pipe cracking at indisn Point-2
(IN B4.532 1984,

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

DES. At cach of the wnits of the South Texas Project,
space heaters proviied by the vendor for use in pre-
installation storage of MOVS were foand 1o be wired in
parallel to the Class 1E 125 V DC motors for several
AFW valves (1R 50-489/89-11; 50-499/29-11 1989). The
valves had been environmentally qualified, but not with
the non-safety related heaters energized,

5.2.4 Component Failures

Genenic Issue 1LE 6.1, “In Situ Testing Of Valves™ was
divided into forr sub-issues (Beckjord 1989), three of
which relate directly to prevention of AFW system com-
ponent failure. At the request of the NRC, in situ test
ing of Check valves was addressed by the nuclear indus-
Ly, resulting in the EPRI report, "Application
CGuidelines for Check Valves in Nuclear Power Planis
(Brooks 198%). " This extensive report provides informa-
ton on check valve applications, imitations, and inspec-
Hon wechmiques, In situ testing of MOVs was addressed
by Genenie Letter 89-10, "Safety Related Motor-
Operated Valve Testing and Surveillance” (Partlow
1989 which requires licensees 1o develop and imple
ment a program for testing, mspection and mainienance
of all safety-related MOVs "Thermal Overload Protec
uon for Blectric Motars on Salety-Related Motor-
Operated Valves - Generic Issue ILE6.1 {Rothberg
1988)" concludes that valve motors should be thermally
protected, yet in a way which emphasizes system func.
uan over projection of the operator.

CF1. The common-cause steam binding cffects of check
valve leakage were dentified in Section 5.2.1, entry
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Failure Modes

CCI0. Numerous single-train events provide additional
insights into this problem. In some cases ieakage of hot
MFW past multiple check valves in series has occurred
because adequate valve-seating pressure was limited o
the varlves Closest 1o the steam generators (AEOD/Ca04
1984). At Robinson, the pump shutdown procedure was
changed 1o delay closing the MOVs until after the check
valves were seated. At Farley, check valves were
changed from swing type to lift type, Check valve re-
work 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 valve leakage has caused thermal binding and lail-
ure of AFW discharge valves 1o open on demand. At
Davis Besse, high differential pressure across AFW in-
jection valves resulting from check valve leakage has
prevented MOV operation (AEOD/CH03 1986).

CFA Cross check valve leakage at MeGuire and
Robinson caused overpressurization of the AFW suc-
ton piping. Ata foreign PWR it resulied in a severe
waterthammer event. At Palo Verde-2 the MFW suction
piping was overpressurized by check valve leakage from
the AFW system (AEOD/CAO4 1984), Gross check
valve leakage through idle pumps represents a potential
diversion of AFW pump flow.

CF4. Roughly one third of AFW sysiem failures have
been due 10 valve operator failares, with about equal
failures for MOVs and AOVs, Almaost half of the MOV
failures were due 1o motor os switch lailures (Casada
1589}, An extensive study of MOV events (AEOD/Co03
1986) indicates continuing inoperability problems
caused by: torgue sy iich/limit swatch setiings, adjust-
ments, or failures; motor burkout; improper sizing or
use of thermal overload devices, premature degradation
related 1o inadequate use of protective devices; damage
due to misuse (valve throttling, valve operalor hammer-
ing), mechanical problems (loosened parts, imj.roper as-
sembly), or the torque switch bypass circuit improperly
instelled or adjusted. The study concluded that current
mehods and procedures at many plants are not ade-
quate to assure that MOVs will operate when necded
under credible accdent conditions. Specifically, a sur-
veillance test which the vilve passed might resuit m
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Fatlure Modes

undetecied valve inoperadility due 1o componeat failure
(motor burnout, operator parnts failure, stem disc sepa
ration ) or improper positoning of protective devices
(thermal overload, torque switch, limit switch). Generic
Letter 910 (Partlow 1989) has subsequently required
licensees 1o implement & program ensuring that MGV
switch settings are maintained so that the vialves will
operate under design basis conditions for the life of the
plant,

CES. Component problems have caused « significant
number of tarbine driven pump trips (AEOD/CH02
1986) One group of events involved worn twppet nut
faces, loose cable connections, loosened set serews, im-
properly latched TTVS, and improper assembly. An-

tripping of the thermal overload device, leaving the
turbine driven pump inoperable for 40 days until the
next surveillance (AFOD/EY2 1987) Problems result
from grease changes 10 EXXON NEBULA EP-O grease,
one of only two greases considered environmentally
qualified by Limitorque. Due 1o Jower viscosity, it
slowly migrates from the geatr case into the spring pack.
Grease changeover at Vermont Yankee affected 40 of
the older MOVs of which 32 were safety related. Grease
rehiel kits are needed for MOV operaitors manufactured
belore 1975, At Limerick, addition :1 grease relief was
tequired for MOVs manufactured singe 1975, MOV re-
furbishment programs may vield other changeovers 1o
EPO grease

othet involved oil leaks due 1 component of seal fuil- CEY. Fot AFW systems using alt operated valves, ul- :
utes, and ol contamination due 10 poor maintenance most hall of the system degradation has resulted from ]
activities, Governor sil may not be shared with wurbine fuilures of the valve controller circuit and its instrument !
lubiricauon oil, resuling in the need for separate oil inputs (Casada 1989). Failures occurred predominantly ;
changes. Electrical component failures included transis- ata few units using aptomatic electronic controllers for ,'
tor of resistor fallures due 10 motsture intrusion, ¢rron the flow control valves, with the majority of failures due |
cous grounds and connections, diode faitures, and a to electrical hardware. At Turkey Point-3, controller ]
faulty circuit cand, talfunction resulted from water in the Instrumaent Adr ]
system due 1o maintenance inoperability of the air ,'
CE6. Electrohydraulic-operaed discharge valves have dryers. ]
performed very poorly, and three of the five units using j
them have temoved them duce to recurrent faillures CEIQ. For systems using diesel deiven pumps, most of :
Failures included ol leaks, comaminated oil, and the fail==es were due W start control and governor speed f
hydraulic pump failures control ot © ey, Half of these occurred on demand, as '
opposed 1o during testing (Casada 1989,
CE7. € rol cirenit failores were the dominant source
of motor driven AFW pump failures (Casada 1989). CELL For systems using AOVs, operability requires the
This includes the controls used for automatic and availability of lostrument Air, backup air, or backup ni- .'
manual starting of the pumps, as apposed to the instru- trogen. However, NRC Maintenance Team Inspections ,
» mentation tnputs. Most of the remaining problems were have dentified imadeguate testing of check valves isolat- ,
| due to circuit breaker failures, g the saletyaelated portion of the 1A system at several .
utilities (Letter, Roe 10 Richardson). Generic Letter -
' CES. "Hydraulic lockup® of Limitorgue SM8 spring BE 14 (Miraghia 1988), requires licensees 10 verify by test 1
packs has prevented proper spring compression 10 arty thai air- operated safetyaelated components will per- ‘
: ate the MOV torque switch, due (o grease trapped in the form as expected in accordance with all design-basis !
spring pack. During & surveillance at Trojan, fuilure of events, mcluding a los< ol normal 1A :
the torque swich 1o rp the 1TV motor resulted in |
g
3
.
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