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Abstract

In & study snonsored by the U S, Nuclear Regulatory Commission (NRC), Pacific Northwest Laboratoty has developed
and applied a methodology for deriving plant-specific risk-based ispection guidance for the suxiliary leedwater
(AFW) systonn it pressurized water reacton that have not undergone probabitistic risk ussessment (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 1o identify generic component
failure modes. This information was then combined with plant specific and industry-wide component information and
failure data 1o identify fuilure modes and failure mechanisms for the AFW system at the selected plants. Comanche
Peak wits s¢lected as one of a series of plants for study. The product of this eZfort is a prioritized listing of AFW
fuilures which have occurred w the plant and at otner PWRs. This listing is intended for use by the NRC inspectons in
preparution of inspection plans addressing AFW risk-important components at the Comanche Peak plant.
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Summary

This document presents a compilation of auxiliary feedwater (AFW) systom fatlure information which has been
screencd for risk significa nce in terms of fallure frequency and degradation of system performarce. 1t is @ risk-priori-
tized listing of failure events and their causes that are significant enough 1o warrant consideration in inspection plan-
ning at the Comanche Peak plant. This information is presented 10 provide inspectors with increased resources for
inspection planning at Comanche Peak.

The risk importance of various component failure modes was identified by analysis of the results of probabilistic risk
assessments (PRAs) for many pressurized water teactors (PWRs). However, (he component failure categories identi-
fled ' PRAS are rather broad, because the fuilure data used in the PRAs is an aggregate of many individual failures
having & variety of oot causes. In order 10 help inspectons focus on specific aspects of component operation, mainte-
nance and design which might cause these failures, an extensive review of component {wilure information was per-
formed 1o identify and rank the root causes of these component failures. Both Comanche Peak and industry-wide fail-
ure information was analyzed. Failure causes were sorted on the hasis of frequency of occurrence and seriousness of
consequence, and categorized as common cause fuilures, human errors, design provlems, or component failures,

This information is presented in the body of this document. Section 3.0 provide brief descriptions. of these risk-impor:
tant failure causes, and Section 5.0 presents more extensive discussions, with specific examples and references. The
entries in (e two s senons are cross-referenced.

An shbreviated system walkdown table is presented in Section 3.2 which includes only components identified as risk
important. This table iists the system liveup for normal, standby system aperation.

This information pe mis an isPector 10 CONCENtrate on components imporiant 1o the prevention of core damage.
However, it is important 1o 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 nol increase their failure probabilities, and hence their risk

imporance

ix NUREG/CR-5831




1 Introduction

This document s one of a series providing plant-specific
inspection guidance for auxiliary feedwater (AFW) sys.
tems at prossurized witer reactors (PWRs). This guid.
ance is based on information from probabilistic risk
assessments (PRAs) for similar PWUHs industry-wide
operating experience with AFW systems, plant-specific
AFW system descriptions, and plant-specific operating
experionce. 1t is not a detailed inspection plan, but
rather @ compilation of AFW sysiem failure information
which has been screened for risk significance in terms of
fatlure frequency and degradiation of system perform-
ance. The result is a risk-prioritized listing of {ailure
events and the causes that are significant enough 10 war-
rant consideration in inspection planning at Comanche
Peak.

This inspection guidance is presented in Section 1.0,
following u description of the Comanche Peak AFW sys.
tem in Section 2.0. Section 3.0 identifies the risk impor-
tant system components by Comanche Peak identifica-
ton number, followed by brisf descriptions of each of
the vaniows fuilure causes of ihs! component. These in-
Clude specific human efrors, design deficiencies, and
hardware fallures. The discussions also identify where
common cause failures have affected multiple, redun-
dant components. These brief discussions wdentify spe-
cific aspects of system or component design, operation,
maintenance, or testing for inspection by observation,
records review, training observation, procedures review,
or by observation of the implementation of procedures.
An AFW system walkdown table identifving risk impor-
tant components and their lincup for normal, standby
system operation is also provided,

11

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

AFW - moperating history was studied 10 identify
the various specific fallures which have been aggregated
into the PRA fallure events. Section 5.1 presents 4 sum-
mary of Comanche Peak failure information, and Sec-
ton 5.2 presents a review of industry-wide failure infor-
mation. The industry-wide information was compiled
from a varicty of NRC sources, including AEOD analy-
ses wnd reports, information notices, inspection and en-
forcement bulleting, and generic letiers, and from a
variety of INPO reports us well. Some Licensee Event
Reports and NPRDS event descriptions were also
reviewed. Finally, information was included from
reports of NRC sponsored studies of the effects of plant
agiag, which in. > quantitative analyses of reported
AFW system failures. This industry-wide information
was then combined with the plant-specific failure infor-
mation 1o identify the various root causes of the broad
{ailure events used in PRAs, which are identified in
Section 3.0,
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3 Inspection Guidance for the Comanche Peak AFW System

10 this section the risk important components of the
Comanche Peak AFW system are identified, and the im-
portant fatlure modes for (hese components are briefly
descrited. These failure modes include specific human
errors, design deficiencies, and types of hardware fail-
ures which have been observed 10 occur for these com-
ponents, both a1 Comanche Peak and at PWRs through-
out the nuclear industry. The discussions also identify
where common cause failures have affected multiple, ¢
dundant components. These brief discussions identify
specific aspects of system or component design, oper-
ation, maintenance, of testing for inspection activities
These activities include observation, records review,
training observay on, procedures review, of by observa
tion of the implementation of procedures.

Tuble 3.1 is an abbreviated AFW system walkdown table
which identifies risk-important components. This table
Jists the system lincup for normal (standby) system oper-
ation. Inspection of the identified components addres.
ses essentially all of the risk associated with AFW sy
tem operation.

3.1 Risk Important AFW Components
and Failure Modes

Common cause {ailures of musdple pumps are the most

risk-important filure modes of AFW system compo

nents. These are followed in importarce Ly single pump

tailures, level control valve fuilures, and individual check
leakape failures.

The following sections address cach of these fatlure
modes, in decreasing order of risk-importance. They
present the important root causes of these component
failure modes which have been distilied trom historical
records. Fach item is keyed with a three digit code 10
discussions in Section 5.2 where additional information
on histoneal events is prosented.

= B

1.0 Multiple Puiap Failures Due to
Common Cause

The following listing summarizes the most important
multiple-pump failure modes identified in Section 524,
Common Cause Failures, and each item is keyed with &
3 digit code 1o entries in that section.

¢ InCorrect Operator intervention into automatic sys-
tem functioning, including improper manual start-
ing and securing of pumps, has caused faiture of all

pumps, including overspeed trip on startup, and fua-

bility 10 restart prematurely secured pumps. CC1

Inspection Suggestion - Observe Abnorm®| and
Fanergency Operating Procedute (AOP/EOP) simu-
lator trsining exercises 1o verify that the operatorn
comply with procedures during observed evolutions
Observe surveillance testing on the AFW system 10
verdfy it is in strict compliance with the surveillance
test procedure.

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

Inspection Suggestion - Verify that the sysiem valve
alignment, air operated valve control and valve
actuating air pressures are correct using 3.1 Walk-
down Table, the system operating procedures, and
operator rounds logsheet. Review surveillance pro-
cedures that alier the standby alignment of the
AFW system. Ensure that an adequate return 10
normal section exists.

o Steam binding has caused failure of multiple pumps
This resulied from leakage of hol fecdwater past
check valves and @ motor-operated valve inlo @ com-
mon discharge header. CC10. Multiple-pump

steam binding has also resulied from improper valve

lincups, and ffom running a pump deadheaded.
3

NUREG/COR-5831

R



T N P R P e —

Inspection Guidance

luspection Suggestion - Verify that the pump dis-
Charpe temperature is within the limits specified on
the operator rounds logsheet. Assure any instry.
ments used W verify the lemperature by the utility
ate of an appropriate range and included in & cali-
branion program. Verify affected pumps have been
vented i accordance with procedures 10 ensure
steam binding has not occurred. Verify that a
maintenance work tequest has been written o re
pair leakt « check valves.

Pump control circutt deficiencies or des'gn modifi-
cation errors have caused failures of mu'tiple pumps
10 &Ul0 start, spurious pump tnps during operation,
und failures 1o restart after pump shutdown. C'C4.
Incorteet setpoints nd control circuit calibrations
have @lso prevented proper aperation of multiple
pumps, CC§,

Inspection suggestion - Review design change im-
plementation documents (01 the post maintenance
Lesting requited prior to returning the equipment to
servive. Assure the testing verifies that all poten-
tally impacted functions operate correctly, and in
Cludes repeatiig any plant stari-up or hot functional
testing that may be affected by the design change

Loss 0f a vital power bus has failed both the turbine
driven and one motor-driven pump due 10 loss of
control power (0 steam admission valves of 1o tul
bine controls, end 10 motor controls powered from
the same bus. CC6H.

Inspection Suggestion - The material condition of
the electrical equipment is an indicator of probable
reliability. Review the Preventative Maintenence
{PM) records 1o assure the equipment is maiptained
on an appropriate frequency for the environment it
15 In snd that the PM's are actually being performed
as required by the program. Review the outstanding
Corrective Ninintenance records 1o assure the defi-
ciencier found on the equipment are promptly
corrected,

Simultancous startup of multiple pumps has caused
Oscillstions Of pump suction pressure causing
multiple-pump trips on low suction pressure,
despite the existence of adequate stadic net poshiive

NUREG/CR-5831
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suction head (NPSH). CC7. At H B. Robinson,
design reviews have identified insdequately sized
suction piping which could have yielded insufficient
NPSH 10 support operation of more than one
pump. CCK,

Inspection Suggestion - Assure that plant cond)-
tions which could result in the blockage or degrada-
tion of the suction flow path are addressed by sys-
tem maintenance and test procedures. Examples
include, if the AFW system has an emergency source
from a water system with the potential for bio-foul.
ing, then the system should be periodically treated
10 prevent bulldup and rovtinely tested 10 assure an
adequate Nlow can be achieved Lo support operation
ol all pumps, or inspected 1o asure that bio-fouling
is not occurring. Design changes that affect the
suction flow path should repeat testing that verified
un adequate suction source for simultaneous opera-
tion of all pumps. Verify that testing has, at some-
time, demonstrated simultancous operation of all
pumps. Verity that surveillunces adequately test all
aspects of the system design functions, for example,
demonstrate that the AFW pumps will trip on low
SUCtion pressure.

112 Turbine Driven Pump Fails to Start or
Run

Improperly adjusted and insdequatcly maintained
turbine governors have caused pump fatlures, HE2.
Problems include worn or loosened nuts, set screws,
linkages or cable connections, oil leaks and/or con-
tamination, and clectric | failures of resistors,
transistors, diodes and circuit cerds, and erroneous
grounds and connections, CFS. Governor problems,
bearing wear, low oil, and human error in making
proper seutings have caused failure of the turbine
driven pump at Commanche Peak.

luspection Suggestion - Review 'M records 1o
assure the governor oil is bein | replaced within the
designateo ~requency. During plant walkdowns
carefuily coapext the governor and linkages for loose
fastsore, Jeaks, and unsecured or degraded conduit.
Re dew vendor manuals 10 ensure PM procedures
are performed according 10 manufacturer's recom-
randations and good maintenance practices,
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Inspection Guidance

deficiencies. Ensure operator training cn
procedural changes is current,

L 1L4 Pump Unavailable Due to Mairtenance
or Surveillance

*  Both scheduled and unscheduled maintenance
remove punips irom operabiity. Surveillance
requires operation with an altered line-up,
although a pump train may not be declared
inoperable during testing. Prompt scheduling
and performance of maintenance and surveil-
lance minimize this unavailability.

Inspection Suggestion. - Review the time the AFW
system and components are inoperable. Assure all
maintensnce is being performed that can be per-
formed Juting a single outage time frame, avoiding
multiple equipment outages. The maintenance
should be scheduled before the routine surveillance
tesl, so credit can be taken for both post main-
tenance testing and surveillance testing, avolling
excessive testing. Review surveillance schedule for
frequency and adequacy to verify system operability
requirements per Technical Specifications.

¢ High frequency vibration has caused weld cracking
at a flange junction 1o a flow glement gt Comanche
Peuk

315 Air Operated Flow Control Valves Fail
Closed

MD Pump Train. PV 2453A24538,.2454A24548

Mese normally closed air operated valves (AOVs)
control flow 1o the steam generators. They fail open on
loss of instrument 4ir

* Control circuit problems have been a primary cause
of fatlures, both at - Comanche Peak and elsewhers.
CHY. Valve failures have resulted from  blown
tuses, failure of control components (such as
current/pneumatic convertors), diaphram failures,

NUREG/CR-5813)
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broken and dirty contacts, misaligned or broken
limit switches, control power loss, énd calibration
provlems. Degraded operation has also resulted
fron; improper air pressure due 10 air regulator
failure or leaking air hnes.

Inspection Suggestion - Check for control air system |
alignment and air leaks during plant walkdowns. |
(Regulators may have a small amcunt of external ‘
bleed 10 maintain downstream pressure.) Check for

cleanliness and physical condition of visible circuit |
clements. Review valve stroke time surveillance for

adverse trends, especially those valves on reduvced

testir g frequency. Review air system surveillances

moisture content of air is within established limits.

Out-of-adjustment electrical flow controllers have
caused improper valve  operation, atfecting multi-
ple trains of AFW. CC12

Inspection Suggestion - Review PM frequency and
records, only upon a trend of failure of the
controliers,

Leakage of hot feedwater through check va'ves has
caused thermal binding of flow control MOVs,
AOVs may be similarly susceptible. CF.

Inspection Suggestion - Covered by 3.1.1 bullet 3,

Inadequate torque adjustment on an air operated
steam supply valve bonnet caused steam to leak
through the valve at Comanche Peak.

Inspection Suggestion - Review the AOV 1es1
records 1o assure the testing and settings are based
on dyuamic system con*tions. Overtorquing of the
vatlve operator can result in valve damage such as
cracking of the seat or disc. Review the program to
assure overtorquing is identified and onrrective
actions are taken 10 assure valve operability follow-
ing an overtorgue condition. Review the program
1o assure FQ seals are renewed as required during
the restoration from testing 1o maintain the EQ
rating of the AOV.




1.1.6 Motor Operated Isolation Valves Fail
Closed

MD Pump Dischatge lsolation
HY-24918,24928,2494A,2493A

HY 2491A2492A,2494B 24938

HYV-2395,2396,2450,2481,2482

These MOVs isolate flow 10 the steam generators and
provide AFW pump suction isolation. The discharge
{solation valves and CS7T suction valves are normally
open and the nuclear service water suction valves are
normally closed. They all fail as-is on loss of power.

+  Common cause faiture of MOVs has resulted
from failure 10 use clectrical signature tracing
cquipment to determine proper settings of
torque switch and torque switch bypass
switches. Failure 1o calibrate switch setuings for
high torques necessary under design basis acc-
dent conditions has also been involved. CC1IL

Inspection Suggestion - Review the MOV test
records 10 assure the testing and settings are based
on dynamic system conditions. Overtorquing of the
valve operator can result in valve damage such as
cracking of the seat or disc. Review the progran. .o
assure overtorquing is identified and corrective
actions are taken 10 asstre valve operability fol-
lowing aa overtorque condition. Review the pro-
gram 10 assute EQ scals are renewed as required
during the restoration from testing to maintain the
EQ rating of the MOV.

+  Valve motors have been failed duc 10 lack of, o
improper sizing or use of thermal overioad
protective devics  passing and oversizing
sheald be basc =<, per engineering for

design basis - . ations. CF4.

Inspection Suggestion - Review the administrative
controls for documenting and changing the settings
of thermal overload protective devices. Assure the
informativn is available 10 the maintenance
planners

o Grease trapped in the torque switch spring pack
of Limitorque SMB motor operators hias caused
motor burnout of thermal overload trip by pre-
venting torque switch actuation. CFR,

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

areca.

«  Manually rev.rsing the direction of motion of
operating MOV's hes ovesoaded the motor ¢ir-
cuit. Operating procedures should provide
cautions, and circuit designs may prevent
reversal before each stroke is finished. DE7.

Inspection Suggestion - Review operating
procedures 1o ensure adequate precautions are
included 10 prevent reversing the direction of
motion during valve operation.

+  Space heaters designed for preoperation storage
have been found wired in paraliel with valve
motors which had not been environmentall,
qualified with them present. DES.

Inspection Suggestion - Spot check MOV's during
MOV testing 10 assure the space heaters are
physically removed or disconnccted.

3.1.7 Manual Suction or Discharge Valves Fail
Closed

1D Pump Train:
AF-31:41,77,8597,105,122,124,126,128

MD Pump Trains 1.2.
AF13,23,54,66,74,82,92,100,121,123,125,127

These manual valves are normally locked open. For
cach train, closure of the first valves would biock pump
suction, closure of the second valves would block pump
discharge and closure of the third set of valves would
block discharge 10 steam generators 1,23, and 4
respectively

NUREGACR-5831
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Inspection Guidance

*  Valve mispositioning has resulted i failures of
mu'tiple trains of AFW. CC2. It has also been
the dominant ause of problems identified dur
ing operational readiness inspections. HE1.
Events have occurred most often durin: aainte-
nance, ¢ Cibration, or system modificatior -
Imporna.t causes of mispositioning include:

*  Failure 1o provide complete, clear, and specific
procedures for tasks and system restoration

*  Failure 10 promptly revise and validate pro-
cedures, training, and diagrams following system
modifications

*  Failure 1o complete all steps in a procedure

*  Failure 10 adequately review uncompleted
procedural steps after task completion

*  Failure to verify support functions after
restoration

¢ Fatlure to adhere scruputousty 1o administrative
procedures regarding ta, ‘rol and
tracking of valve aperations

*  Fuailure 10 log the manpulation of sealed valves

*  FHailure 10 follow good practices of written task
assignment and feedback of task completion
information

+  Failure 10 provide easily read system drawings,
legible valve labels corresponding 1o drawings
and procedures, and labeled idications of local
valve position

Inspection Suggestion - Review the administrative
controls the' relate to valve po itloning and sealing,
system restoration following main.enance, valve
labeling, system drawing updating, and procedure
revision, for proper implementation.

NYIREG/ACR-583]

36

3.1.8 Leakage of Hot Feedwater thiough
Check Valves

*  On two orasions at Commanche Peak failure of
check valves to properly seat resulted in backflow of
hot feedwater from one Of more sieam generators (o
the condensate storage tank during system pre-

operational testing. One of the events resulted in
water-hammer damage 10 a piping support.

*  Leakage of hot feedwater through several check
valves in series has caused steam binding of
multiple pumps. Leaage through a closed level
control valve in series with check valve< has also
occurred as would be required for leakage to
reac’ the motor driven or turbine driven
pumps. CC10.

Inspection Suggestior - Covered by 3,1.1 bullet 3.

*  Slow leakage past v’ - “nal check valve of a
series may not - +»  check valve closed.
Other check valves ir. _>ries may leak similarly.
Piping onentation and valve design are
important factors in achieving true series
protection. CF1.

Inspection Suggestion - Covered by 3.1.1 buliet 3.

3.2 Risk Important AFW System
Walkdown Table

Tabie 3.1 presents an AFW system walkdown table
including only components identified as risk important.
This information allows irspectors 1o 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,
must also be addressed to ensure that their risk impor-
tances are not increased. Examples includs the (open)
steam lead isolation valves MS 101 and MS 128, and an
adequate walter level in the CST
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Tuble 3.1 (Continued)

Component Reguired Actual
Number Component Name Position-losed Position
AF 00558 MDAFW Pump 2 Test Isol Closed =
AF 0056 MDAFW Pump 2 Dwnstrm Recire Isol Locked Open
AF 0058 MDAFW ump 2 Upstream Recirc lsol Locked Open
FV 2457 MDAFW Pump 2 Recire Flow Control Open -
AF 0066 MDAFW Pump | Discharge Isol Locked Open R
AF (067 MDAFW Pump | Test Isol Closed
AF (068 MDAFW Pump 1 Dwnstrm Recire Isol Locked Open
AF (070 MDAFW Pump 1 Upstream Recirc Isol Locked Open
FV 2456 MDAFW Pump 1 Recire Flow Control Open
AF 0074 MDAFW Pump | Discharge 10 SG |
Upstream [sol Locked Open R
PV 2453A MDAFW Pump | 10 8G 1 Flow Control Open
AF 0121 MDAFW Pump | Discharge to SG |
Downstream lsol Locked Open
HV 2491B MDAFW Pump 1 10 8G 1 Containment
Isol Jpen
AF 0082 MDAFW Pump 1 Discharge 10 8G 2
Upstream Isol Locked Open =
PV 24538 MDAFW Puamp ! 10 8G 2 Flow Control Open L e
AF (123 MDAFW fump 1 Discharge to 8G 2
Downstream Iso Locked Open
HYV 2492L MDAFW Pump 1 10 SG 2 Containment
Isol Open
AF (KrX) MDAFW Pump | Cross-Tie 50l Closed

NUREG/CR-5831
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Inspection Guidance
Tuble 3.1 (Continued)
Component Required Actual
Number Component Nume Position-losed Position

AF 0091 MDAFW Pump 2 Cross-Tie Isol Closed
AF (092 MDAFW Pump 2 Discharge 10 $G 3

Upstream Isol Locked Open
PV 2454A MDAFW Pump 2 10 SG 3 Flow Control Open
AF 0125 MDAFW Pump 2 Discharge to 8G 3

Downstream lsol Locked Open
HV 2493A MDAFW Pump 2 10 SG 3 Containment

Isol Open
AF 0L MDAFW Pump 2 Discharge to SG 4

Upstream Isol Locked Open
PV 24548 MDAFW Pump 2 0 SG 4 Flow Control Open .
AF 0127 MDAFW Pump 2 Discharge 1o SG 4

Downstream isol Locked Open
HYV 2494A MDAFW Pump 2 to SG 4 Containment

Isol Open
AF 0077 TDAFW Pump Dishcarge 10 8G |

Upstream isol Locked Open e
HV 2459 TDAFW Pump 1o 8G 1 Flow Control Open
AF 0122 TDAFW Pump Discharge 1o SG |

Downstream [sol Locked Open "
HV 2491A TDAFW Pump to SG | Containment

Isol Open
AF 085 TDAFW Pump Discharge to 8G 2

Upstream Isol Locked Open e
HV 24601 TDAFW Pump to SG 2 Flow Control Open Y

NUREG/CR-5831
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Table 3.1 (Continved)

Number Component Name Position-losed Position
AF 0124 TDAFW Pump Discharge 10 SG 2
Downstream lsol Locked Open
HV 24922, TDAFW Pump to $G 2 Flow Control Open
AF (097 TDAFW Pump Discharge 1o SG 3
Upstream Isol Locked Open -
HV 2461 TDAFW Pump to SG 3 Flow Control Open
AF 0126 TDAFW Pump Discharge 10 SG 3
Downstream Isol Locked Open
HV 24931 TDAFW Pump 10 SG 3 Flow Control Open
AF 0105 TDAFW Pump Discharge 1o 8G 4
Upstream Isol Locked Open
HV 2462 TDAFW Pump to $G 4 Flow Control Open !
AF 0128 TDAFW Pump Discharge to SG 4
Downstream 1sol Locked Open
HV 24948 TDAFW Pump to SG 4 Flow Control Open
MS 0161 HV 24521 Upstream Isol Open e
HV 2452-1 SC 1 Steam Supply to TDAFW Pump Closed
MS (144 HY 2452-1 Downstream [sol Open
MSO711 HV 2452-1 Bypass Locked Closed
MS 0128 HV 2452-1 Upstream Isol Open
HV 2452-2 SG 4 Steam Supply to TDAFW Pump Closed
MS 0137 HV 2452-2 Downstream [sol Open

NUREG/CR-5831
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Goneric Risk

¢ flow control valves

¢ pump discharge valves

¢ pump suction vahves

*  wvalves in lesting or maintenance.
5. Supply/Suction Sources

¢ condensato storage tenk stop valve

*  hot well inventory

NUREG/CR.- 5831
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*  SuCtion valves.

In addition 1o individual hardware, circuit, or
instrinment failures, cach of these failure modes may
result from common causes and human errors. Com-
mon cause failures of AFW pumps are particularly risk
important. Valve failures are somewhat less important
due 1o the multiplicity of steam generators and con-
nection paths. Human errors of greatest risk impor-
tanes involve: failures 1o initiate or control system
operation when required; failure 10 restore proper
system lincup after maintenance or testing; and failure
10 switch 1o alternate sources when required.
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5 Failure Modes Determined From Operating Experience

This section describes the primary root cause of AFW
system component failures, as determined from a review
of operating histories at Comanche Feak and at other

PWRs throughout the puclear industry. Section 5.1 des-

cribes experience at Comanche Peak. Section 5.2 sum-
marizes information compiled from a vanety of NRC
sources, including AEOD analyses and reports, infor-
mation notices, inspection and enforcement bulletins,
and peneric letters, and from a variety of INPO reports
as well. Some Licensee Fvent Reports and NPRDS
event descriptions were also reviewed. Finally, infor-
mation was included from reports of NRC-sponsored
studies of the effects of plant aging, which include
quantitative analysis of AFW system failure reports.
This information was used to identify the various root
causes expected for the broad PRA-based failure events
idertificd in Section 4.0, resulting in the inspection
guidelines presented in Section 3.0

5.1 Comanche Peak Experience

Comanche Peak started operation in 1990 and during
the remainder of that year, only three AFW system re-
lated failure events were reported. These include, leak-
age of a seal on a motor-operated isolation valve, steam
supply valve leak through, and a weld crack at a flange
junction on a high pressure tap to a flow element. Fail-
ures were attributed 1o insufficient torque of valve bon-
net fasteners and high frequency vibration, respectively.
Also a faited diode in the solid state protection system
caused a safety injection system actuation during which
the AFW system operated properly.

During preoperational iesting of the AFW system in
April and May of 1989 (prior to fuel loading) partial
hlowdown of the SGs occurred resulting in water-
hammer events. The cause was attributed to operator
error in vaive operation combined with malfunction of
check valves (due 1o improper assembly). Contrary to
procedures, operators opened a test line isolation valve
hefore closing the pump discharge valve while conduct-
ing an suxiliary feedwater sysiem operability test. Fail
ure of the check valves 1o seat allowed backflow of high
temperature water from the steam generator though the

5.1

auxiliary feedwater system 10 the condensate storage
tank. This Now caused abnormally high temperatures,
thermal stresses exceeding vialues allowed by code, and
damage o piping supports (requiring replacement of
one support). Check valve failure was attributed 1o the
improper assembly due (0 a0 incorrect vender reassem -
bly procedure. Subsequently the procedure was cor
rected and training in procedures and awareness of
operaiing events and equipment failures was compleled.
Training emphasized the transition from construction to
operating aditudes

5.2 Industry Wide Experience

Human errors, design/engineering problems and errors,
and component failures ar¢ the primary root causes of
AFW System failures identified in a review of indistry
wide system aperating history. Common cause failures,
which disable more than one train of this operationally
redundant system, are highly risk sigi ificant, and can
result from all of these causes,

This section identifies important common cause fatlure
modes, and then provides a broader discussion of the
single failure effects of human errors, design/
engineering problems and errors, and component fail-
ures. Paragraphs preseating details of these failure
modes are coded (e.g., CCI) and cross-referenced by
inspection items in Section 3.

5.2.1 Common Cause Failures

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

CCL Human error in the form of incorrect operator
intervention into sutomatic AFW system functioning
during transients resulted in the temporary loss of all
salety-grade AFW pumps during events at Davis Besse
(NUREG-1154, 1985) and Trojan (AEOD/T416, 1983).
In the Davis Besse event, improper manual initiation of
the steam and feedwater rupture control system

NUREG/CR-5831
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Failure Modes

(SFRCS) led 1o overspeed tripping of both turbine-
driven AFW pumps, probably due 10 the introduction of
condensate 1nto the AFW turbines from the long, un-
healed steam supply lines. (The system had never been
tested with the abnormal, cross-connected steam supply
lincup which resulied.) In the Trojan event the operator
incorrectly stopped both AFW pumps due 10 misinter-
pretavon of MFW pump speed indication. The diesel
deiver pump would not restart due to a protective fea-
ture requiring complete shutdown, and the turbine-
driven pump tripped on overspeed, requiring local reset
of the trip and throttle valve. In cases where manual
intervention is required during the carly stages of a
transient, training should emphasize that actions should
he performed methodically and deliberately 1o guard
against such errors.

CC2. Valve mispositioning has accounted for a signifi-
cant fraction of the human errors failing multiple trains
of AFW. This includes closure of normally open suction
vilves or steam supply valves, and of isolation valves to
sensors having control functions. Incorrect handswitch
positioning and inadequate temporary wiring changes
have also prevented automatic starts of multiple pumps.
Factors identified in studies of mispositioning errors
include failure to add newly instalied valves 10 valve
checklists, weak administrative control of tagging, res-
toration, independent verification, and locked valve
logging, and inadequate adherence to procedures. Illeg-
ible or confusing local valve labeling, and insufficient
training in the determination of valve position may
cause or mask mispositioning, and surveitlance which
does not exercise complete system functioning may not
reveal mispositionings.

CC3. ALANO-2, both AFW pumps lost suction due to
steam binding when they were lined up to both the CST
and the hot startup/blowdown demineralizer 2ffluent

(- .EOD/C404, 1984). At Zion-1 steam created by runn-
ing the turbine-driven pump deadheaded for one minute
caused trip of a motor-driven pump sharing the same
inlet header, as well as damage to the turbine-driven
pump (Region 3 Morning Report, 1/1790). Both events
were caused by procedural inadequacies.

CC4. Design/engineering crrors have accounted for a
smalier, but ¢ gnificant fraction of common cause fail-
ures. Problems with control circuit design modifications
.1 Farley defeated AFW pump auto-start on loss of

NUREG/CR-5831
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main feedwater. At Zion-2, restart of both motor driven
pumps was blocked by circuit fallure 10 deenergize when
the pumps had been tripped with an automatic start sig-
nal present (IN 82-01, 1982). In addition, AFW control
circuit design reviews at Salem and Indian Point have
identified designs where failures of a single component
could have failed all or multiple pumps (IN 8734,
1987). A1 Indian Point-2 it was found necessary 1o block
closed the 12 inch valve between the CST and conden-
ser, and 10 utilize a 4 inch valve o ensure adequate
AFW pump suction pressure when & vacuum exists in
the condenser.

CCS. Incorrect setpoints and control circuit settings
resuiting from analysis errors and failures to update
procedures have also prevented pump start and caused
pumps 1o trip spuriously. Errors of this type may
remain undetected despite surveillance testing, unless
surveillance tests model all types of system initiation
and operating conditions. A greater fraction of instru-
mentation and control circuit problems has been identi-
fied during actual system operation (as opposed 1o sur-
veillance testing) than for other types of failures.

CC6. On two oceasions at a foreign plant, failure of a
balance-of-plant inverter caused failure of two AFW
pumps. In addition to loss of the motor driven pump
whose auxiliary start relay was powered by the invertor,
the turbine driven pump tripped on overspeed because
the governor valve opened, allowing full steam flow to
the turbiic. This illustrates the importance of assessing
the effects of failures of balance of plant equipment
which supports the operation of critical components.
The instrument air system is another example of such a
system.

CC7. Multiple AFW pump trips have occurred at
Milistone-3, Cook-1, Trojan and Zion-2 (IN 87-53,
1987) caused by brief, low pressure oscillations of suc-
tion pressure during pump startup . These oscillations
occurred despite the availability of adequate static
NFPSH. Corrective actions taken include: extending the
time delay associated with the low pressure trip, remov-
ing the trip, and replacing the trip with an alarm and
operator action,

CC8. Design errors discovered during AFW system re-
analysis at the Robinson plant (IN 89-30, 1989) and at
Millstone-1 resulted in the supply header from the CST

P T gy
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