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Figure 2.1
BYRON\BRAIDWOOD AUXILIARY FEEDWATER SYSTEM
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reverse flow and a normally open motor operated i olation valve, AF-013A-H
used to isolate the system on high steam generator flow
The condensate storage tank 1§ e normal sour

system and is required 1o stor
to maintain t ‘

(RCS) at hot

hours with steam discharge to atmosphere and then 1c
Fahrenheit, at which point the RHR system 1s pul 1in
connections are located such that a continuous resel
maintained for the AFW systen Backup AFW supply 1¢
service water (SX) system
dires the operation of at least one pump sSuUpplying
ne of the four steam generators within one minute
=
2.3 ies
The AFN system depends on AC and DC power at various voltage levels for
motor operated valve control circuits olenoid valves, and monitor and alarm
circuits Instrument Air is used for normal operatior f several pneumati
control valves The diesel o1l system supplies the 1B AFW pump day tank which
v'e.,":\\ the :’f :"Q"',&“ driver L»u ;_J‘m;
: 4 ;r’a.jvg"_’“..ﬁ.g y*‘
When the reactor i1s in Moges 1, ¢ r 3 the Byr
Specifications require that both ArW pumps and as
perable with the motor driven pump powere from an ¢t
pump powered from a direct drive diesel engine The red
have an operable fuel supply systen nsisting of a day tank containing a
minimum of 420 ga ns of fue If ¢ t
be restored to operable status withir
hot standby within 6 hour With bot
placed in hot standby within 6 h-urs
»": VT\]\‘Y‘:_
The Byron/Braidwood Technical Specifications require a waler levei I the
T of at east 40% With Lhe perabie the essentia service water
’»vf“_(f“' Mmay Serve a bhackur SUDI V t the L'.»,‘ [ {q\;. ' . 7 days t-'%.or,,’, ur
hutdown is required




3.0 INSPECTION GUIDANCE FOR THE BYRON/BRAIDWOOD AFW SYSTEM

In this section the risk important components of the Byron/Braidwood AFW
system are iGentified, and the important modes by which they are likely to
fail are pricflv de~ »i*_ ,  These failure modes include specific human
errors, desicn problems, and types of hardware failures which have been
observed t. occur for these types of components, both at Byron/Braidwood and
at PWRs throughout the nuclear industry. The discussions also identify where
common cause failures have affected multiple, redundant components. These
brief discussions identify specific aspects of system or component design,
operation, maintenance, or testing for observation, records review, training
observation, procedures review or by observation of the implementation of
procedures.

Table 3.1 is an abbreviated AFW system walkdown table which identifies
risk important components. This table lists the system Tineup for normal,
standby system operation. Inspection of the components identified addresses
essentially all of the risk associated with AFW system operation.

3.1 Risk Important AFW Components and Failure Modes

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

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

3.1.1 Multiple Pump Failures due to Common Cause

The following 1isting summarizes the most important multiple-pump failure
modes identified in Section 5.2.1, Common Cause Failures, and each item is
keyed to entries in that section..

Incorrect operator intervention into automatic system functioning,
including improper manual starting and securing of pumps, has caused

failure of all pumps, and inability to restart prematurely secured pumps.
cCl.

Valve mispositioning has caused failure of all pumps. Pump suction,
steam supply, and instrument isolation valves have been involved. CC2.
At Braidwood, control switch mispositioning during a surveillance
rendered both trains of AFW inoperable.

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



valve, (See item 3.1.7 beiow.) Cl0 le-pump steam binding has
also resulted from improper valve lineups, and from running a pump

Pump control circuit deficiencies r desian modificatior

g on errors have
caused failures of multiple pumps to auto stari, spurious pump trips
during operation, and failures 1o re tart after pump shutdown C(

Incorrect setpoints and control circuit caliby

0 cu |ibrations have also prevented
proper operation of multiple pumps. CLCS
Simultaneous startup of multiple pumps has caused oscillations of pumg
suction pressure causing muitiple-pump trips on low suction pressure,
despite the existence of adequate static net positive suction head
(NPSH) CC7 Design reviews have i1dentified inadequately sized suctior
piping which could have yielded 1r ufficient NPSH to support operation of

more than one pump. CCB

a2 B el r ; " . 7 )
3.1.2 !.l!‘t.;r L,i'\"—4 [‘u:r; "y Piese Qr Ver { .n. {d' s 1¢ ‘d't OY L“(
- - 4 - \ % 1
ontrg circuit used for automatic and manua pDUmg tart
important cause of motor driven pumg failure as art 1A
\ y .
raiiures ! 21 ar ta Ire nave a urred at o
Control circuits for automat starting and speed controli are ar
important cause of diesel driven pump Taiyiure LT 1S Similar railiure
have also occured at Byron/Braidwood
of handswitches and procedural det encies have prevented
i ir
start Htd
’
r r L | ” L | Y
DY re rest ng from heatup due 1 prey J S
,. r'}“ = ! '~ | ~ ' [ I" . e 1 u‘ { _‘. L 1 \{ v“ A - t "‘ ‘: { 4 ’-r’;
er 3 DES gyron/graidw d have experienced similar
fa ITée f ei1ther f the Iwo diese ariven pumg tarting
result in failure f the pump 1 tart
o~ I . A r .
3.1.3 Fyump / Or o vnava € to Maintenance survetlilance
Both scheduled and unscheduied rtenance remove pumps ftrom operat Ly
¢ 11 - " . . - . - 14nm - ~ . .
Urve ance reguiIre operat n with an altered ine-ug although a pumg
train may not be declared inoperable during testiing Prompt scheduling
and '\'?‘f'.(’:.rrrhr;' f maintenar an rve lance minimize tr
inavailat Ly
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Pump Recircylation Valves: AFQO2A-B; AF024
These normally-open air operated valves (AOVs) control flow to the steam

generators and pump recirculation flow to the CST. They all fail open on loss
of Instrument Air, except AF024 which fails closed.

Control circuit problems have been a primary cause of failures, both at
Byron/Braidwood and elsewhere. CF9. Valve failures have resulted from
blown fuses, failure of control components (such as current/pneumatic
convertors), broken or dirty contacts, misaligned or broken limit
switches, control power loss, and calibration problems. Degraded
operation has also resulted from improper air pressure due to air
regulator failure or leaking air lines. CF1].

Leakaye of hot feedwater through check valves has caused therma) binding
of normally closed flow control MOVs. AOVs may be similarly susceptible.
CF2.

Multiple flow contrel valves have been plugged by clams when suction
switched automatically to an alternate, untreated source. (9.

3.1.5 Motor Operated Isolation Valves Fail Closed

SG Isolation: AFOI3A-H
SX Emergency Supply: AFO17A-B; AFO6A-B

These MOVs isolate flow to the steam generators and provide emergency
service water supply to the AFW pumps. The steam generator isolation valves
are normally open and the SX emergency supply valves ave normally closed.
They all fail as-is on loss of power.

Common cause failure of MOVs has resulted from failure to use electrical
signature tracing equipment to determine proper settings of torque switch
and torque switch bypass switches, Failure to calibrate switch settings
for high torques necessary under design basis accident conditions has
also been involved, both at Byron/Braidwood and elsewhere. CCl11.

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

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



Grease trapped in the torque swi'ch spring pack of the operaturs of MOVs
has caused motor burnout or therma) overload trip by preventing torque
switch actuation. (8

Manually reversing the direction of motion of operating MOVs has
overloaded the motor circuit. Operating procedures should provide
cautions, and circuit designs may prevent reversal before each stroke 1is
finished. ODEt7

Space heaters designed for preoperation storage have been found wired in
parallel with valve motors which had not been environmentally qualified
with them present DE8

Suction or Discharge Valves Fail Closed

Manu

|

Motor Ori

These manual valves are normally ked open. For each train, closure of
either valve cted LS

Valve mispositioning has resulted in failures of multiple trains of AFW

CC2 It has also been the dominant cause of problems identified during
operational readiness inspections. HE) tvents have occurred most often

during maintenance, calibration, or system modifications Important
causes of mispositioning that hac occurred both at Byron/Braidwood and
elsewhere include

Failure to provide complete, clear, and specific procedures for

tasks and system restoration .
Failure to promptly revise and validate procedures, training, and
diagrams following system modifications

Fajilure to complete all steps in a procedure

Failure to adequately review uncompleted procedural steps after task
completion

Failure to verify support functions after restoration

Failure to adhere scrupulously to administrative procedures
regarding tagging, control and tracking of valve operations

Failure to log the manipulation of sealed valves

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

Failure to provide easily read system drawings, legible valve labels
corresponding to drawing nd procedures, and labeled indications of

Aanal 1 N | N
local valve position

J
S

Leakage of hot feedwater through check vaives has caused steanm binding of
i.

11 ] P - & o ik 8 »Yacad 1 = b oal '
muitipie pumps Leakage through a closed level controi vaive 1n se
r -




with check valves has also occurred. CC10. Check valve leakage has also
been experienced at Byron/Braidwood

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

Risk Important AFW System Walkdown Table

Table 3.1 presents an AFW system walkdown table including only components
identified as risk important This information allows inspectors to
concentrate their efforts on components important te prevention of core
damage. However, it is essential to note that inspections should not focus
exclusively on these comments. Other components which perform essential
functions, but which are absent from this table because of high reliability or
redundancy, must also be addressed to ensure that their risk importances are
not increased. Examples include adequate water level in the CST, and the
diesel driven pump support systems (e.g., fuel oil tank level, starting

batteries, lube oil system).




JABLE 3.1. Risk Important AFW System Walkdown Table

Component #  Component Name  Location

1A

18

(84]
cD
AF
AF
AF
AF
AF
AF
AF
AF
AF
AF
AF
AF

208

209

002 A
002 B
004 A
004 B
005 A
005 B
005 C
005 D
005 E
005 F
005 G
005 H

Electrical

Motor Driven Pump
Closed

Diesel Driven Pump
Battery Charger

Valve
CST Isolation Valve Train A

CST Isolation Valve Train B

MD Pump Suction Valve

Diesel Pump Suction Valve

MO Pump Discharge Isolation
Diesel Pump Discharge Isolation
MD Pump Flow Control to S/G A

MD Pump Flow Control to G B

MD Pump Flow Control to S,/G C

MD Pump Flow Control to S/G D
Diesel Pump Flow Control tu S/G A
Diesel Pump Flow Control to S/G B
Diesel Pump Flow Control to S/G C
Diesel Pump Flow Control to S/G D

10

Required

Actual

Position  Position

Racked In/

Racked In/
Closed

Locked Open
Locked Open
Locved Open
Locked Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
Open
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AF

AF

AF

AF

AF

AF

AF

AF

014 A

014 B

014 C

014 D

014 £

014 F

014 G

0l4 H

JABLE 3.1.

Piping Upstream

Piping Upstream

Piping Upstream

Piping Upstream

Piping Upstream

Piping Upstream

Piping Upstream

Piping Upstream

Risk Important AFW System Walkdown Table
(Continued)

of Check Valves

of Check Valves

of Check Valves

of Check Valves

of Check Valves

of Check Valves

of Check Valves

of Check Valves

12

(Coolz
<130*F

(Cool)
<130°F

(Cool)
<130°F

(Coolz
<]130°'F

(Cool)
<]30°F

(Cool)
<130°F

(Cool)
<]130°F

(Cool)
<130°F

B



4.0 GENERIC RISK_INSIGHIS FROM PRAs

PRAs for 13 PWRs were analyzed to identify risk-important accident

secuences involving loss of AFW, and to identify and risk-prioritize the

¢t onent failure modes involved. The results of this analysis are described
in this section. They are consistent with results reported by INEL and BNL
(Gregg et al 1988, and Travis et al, 1988).

4.1

Risk Important Accident Sequences Involving AFW System Failure
Loss of Power System

%JM.LJ‘LDGU.IAHJMI is followed by failure of AFW.
ue to lark of actuating power, the PORVs cannot be opened,

preventing adequate feed-and-bleed cooling, and resulting in core
damage.

A_;;;&lnn_hl;;ﬁn*; fails all AC power except Vital AC from DC
invertors, and all decay heat removal systems except the turbine-
driven AFW pump. AFW subsequently fails due to battery depletion or
hardware failures, resulting in core damage.

A_Qﬁ_hux_glili, causing a trip and failure of the power conversion

system. One AFW motor-driven pump is failed by the bus loss, and the
turbine-driven pump fails due to loss of turbine or valve control
ower. AFW 14 subsequently lost completely due to other failures.

eed-and-bleed cooling fails because PORV control is lost, resulting
in core damage.

Transient-Caused Reactor or Turbine Trip

%_Lglngigng;gluigi_ggln is followed by a loss of PCS and AFW,
eed-and-bleed coo'ing fails either due to failure of the operator to
initiate it, or due to hardware failures, resulting in core damage.

Loss of Main feedwater

water 1ine break drains the common water source for MFW and
AFW. The operators fail to provide feedwater from other sources, and
fail to initiate feed-and-bleed cooling, resulting in core damage.

trips the plant, and AFW fails due to
operator error and hardware failures. The operators fail to initiate
feed-and-bleed cooling, resulting in core damage.

Steam Generator Tube Rupture

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

13



4.2 Risk Important Component Failure Modes

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

l. Turbine-Driven Pump Failure to Start or Run.

Moter-Driven Pump Fatlure to Start or Run.

TOP or MOP Unavailable due to Test or Maintenance.

"a oW o

AFW System Valve Failures

steam admission valves

trip and throttle valve

flow control valves

pump discharge valves

pump suction valves

valves in testing or maintenance.

5. Supply/Suction Sources

condensate storage tank stop valve
hot well inventory
suction valves.

In addition to individua) hardware, circuit, or instrument failures, each
of these failure modes may result from common causes and human errors.
Common cause failures of AFW pumps are particularl{ risk importent. VYalve
fatlures are somewhat less important due to the mu tiplicity of steam
?nnorators and connection paths. Human errors of greatest risk importance
nvelve: failures to initiate or contro! system operation when required;
failure to restore proper system 1ineup after maintenance o testing; and
failure to switch to alternate sources when required.

14
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5.1.2  Diesel Driven Pump Failures

At Byron more thin twenty events since 1985 have resulted in decreased
operational readiness of the diesel driven pumps. Failure modes involved
failure of instrumentation and control circuits, electrical faults, system
hardware failures, anc humen errors., The diesel driven pump has tripped or
failed to reach proper speed as & result of air trapped in pressure sensing
lines, pressure switch calibration problems, misaligned speed controls, rusty
level switches and loose electrical connections,

There have been two failures of the diesel driven AFW pumps experienced
at Braidwood since 1986. These resulted from failures of a fuel shutoff.
solenoid and an overcrank timing relay. The failure causes were attributed to
corrosion and dirty relay contacts.

5.1.3  Elow Control and Isolation Valve Failures

At Byron more than twenty events since 1985 have resulted in failures of
ihe air operated flow control and motor operated isolation valves, Principal
failure causes were equipment wear, instrumentation and control circuit
failures, valve hardware failures, and human errors. Valve:s have failed to
operate properly due to blown fuses, failure of control components (such as
1/P convertors), broken or dirty contacts, misaligned or broken limit
switches, and valve operator calibration problems. Improper air pressure has
caused degradod flow control valve operation in a number of events due to
failure of an air regulator or a leaking air 1ine. Human errors have resulted
in ‘mproper control circuit calibration and limit switch adjustment.

There has been one failure of a flow control vaive at Braidwood since
1986. This resulted from the failure of the valve control circuit card. The
failure mode was due to defective circuitry.

5.1.4  AFW Valve Failures

Byron has experienced five cases of check valve failure since 1985. |In
all cases, normal wear and aging was cited as tie failure mode, resulting in
leakage. Also, there have been two cases of improper operation of the service
water backup supply valves due to valve positioner problems. These failures
were attributed to improperly adjusted torque switches.

Since 1986 there have been two events at Braidwood involving AFW valve
failures. One was a MOV failure caused by inadequate design and the other was
a manual valve failure casued by binding of the valve actuator due to wear.
These types of valves have also experienced various packing leaks.

$.1.5  Human Errors

At Byron there have been five significant human errors affecting the AFW
system since 1985, Personnel have inadvertently actuate” “he AFW pumps during
testing, failed to calibrate equipmert or realign equipme..t in the correct
position following maintenance and testing, and improperly installed valve

16







CCP., Valve mispositioning has accounted for a significant fraction of the
human errors failing multiple trains of AFN. This includes closure of
normally open suction valves 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 installed valves to valve checklists, weak
administrative control of Lagging, restoration, independent verification, and
locked valve logging, and inadeguate adherence to procedures. Illegible or
confusing local valve labeling, and insufficient training in the determination
of valve position may cause or mask mispositioning, and surveillance which
does not exercise complete system functioning may not reveal mispositionings.

CC3. At ANO-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
effluent (AEOD/C404, 1984)., At Zion-]1 steam created by running 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, 1/17/90). Both events were caused by procedural
inadequacies.

CC4. Design/engineering errors have accounted for a smaller, but significant
fraction of common cause failures. Problems with 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 to deenergize when the pumps had been tripped with an
automatic start signal present (IN 82-01, 1982). In addition, AFW control
circuit design reviews at Salem and Indian Point have identified designs where
;ailu;:; of a single component could have failed all or multiple pumps (IN 87-
4, 1987).

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

CC6. On two occasions at a foreign plant, failure of a balance-of-plant
invertor caused failure of twe AFW pumps. In addition to loss of the motor
driven pump whose auxiliary start relay was powered by the invertor, the
turbine driven pump tripped on overspeed because the governor valve opened,
allowing full steam flow to the turbine. This il1lustrates the importance of
assessing the effects of failures of balance of plant equipment which supports
the operation of critical components. The instrument air system is another
example of such a system.

CC7. Multiple AFW pump trips have occurred at Millstone-3, Cook-1, Trojan and
Zion-2 (IN B87-53, 1987) caused by brief, low pressure oscillations of suction

18




pressure durin? pump startup . These oscillations occurred Cespite the
availability of adequate static NPSH. Corrective actions taken include:
extending the time delay associated with the low pressure trip, removing the
trip, and replacing the trip with an alarm and operator action,

£¥l‘ Design errors discovered during AFW system reanalysis at the Robinson
plant SXN 9-30, 1909{ and at Millstone-1 resulted in the supply header fiom
the CST being too small to provide adequate NPSH to the pumps {f more than one
of the three pumps were operating at rated flow conditions. This could luad
to multiple pump failure due to cavitation. Subsequent reviews at Robinson
fdentified a loss of feedwater transient in which inadequate NPSH and flows
less than design values had occurred, but which were not recognized at the
time. Event analysis and equipment trending, as well as surveillance tcsting
which duplicates service conditions as much as is practical, can help identify
such design errors,

Asfatic clams caused failure of two AFW flow control valves at Catawha-
when low suction pressure caused by starting of a mutor-driven pump caused
suction source realignment to the Nuclear Service Water system. Pipes had not

Fooyroutinely treated to inhibit clam growth, nor regularly monitored to

de ect their presence, and no strainers were installed. The need for
sutveillance which exercises alternative system operational modes, as well as
complete system functioning, is emphasized by this event. Spurious suction
switchover has a'so cccurved at Callaway and at McGuire, although no failures
resulted,

LL%Q‘ fommon cause faiiures have also been caused by component failures
{AEOD/CA04, 19%83). At Surry-2, both the turbine driven pump and one motor
driven pump wore declared inoperable due to stear binding caused by
backirakage of hot water through multiple check valves., At Robinson-2 both
motor driven pumps were found to be hot, and both motor and steam driven pumps
were found to be inoperable at different times. Backleakage at Robinson-2
paised through ¢Insed motor-operated isolation valves in addition to multiple
check valves. At Farliey, both motor and turbine driven pump casings were
found ho', although the pumps were not declared inoperable. In addition to
multi-train failures, numerous incidents of single train failures have
occurred, resulting in the designation of "Steam Binding of Auxiliary
Feedwatar Pumps" as Generic Issue 93, This generic issue was resolved by
Generic Letter 88-03 (Miraglia, 1988), which required licensees to monitor AFW
piping temperatures each shift, and to maintain procedures for recognizing
steam binding and for restoring system operability.

Common cause failures have also feiled motor operated valves. During
the total loss nf feedwater event at Davis Besse, the normally-open AFW
isolation valves failed to open after they were inadvertently closed. The
failure was due to improper setting of the torque switch bypass switch, which
prevents motor trip on the high torque required to unseat a closed valve.
Previous problems with these valves had been addressed by increasing the
torque switch trip setpoint - a fix which failed during the event due to the
higher torque required due to high differential pressure acress the valve,
Similar common mode failures of MOVs have also occurred in other systems,
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resulting in issuance of Generic Letter 89-10, "Safety Related Motor-Operated
Valve Testing and Surveilance (Partlow, 1989)." This generic letter requires
licensees to develop and implement a program to provide for the testing,
fnspection and maintenance of al)l safety-related MOVs to provide assurance
that they will function when subjected to Aesign basis conditions.

$£1§* Other component failures have also re. (1ted in AFW multi-train
atlures. These include out-of-adjustment electrical flow controllers
resulting in 1mpro?or discharge valve operation, and a failure of 01l cooler
cooling water supply valves to open due to si1t accumulation.

5.2.2 Human Errors

HEl. The overwhelmingly dominant cause of problems identified during an
industry wide series of operational readiness evaluations of AFW systems was
human performance. The majority of these human performance problems resulted
from incomplete and incorrect procedures, particularly with respect to valve
Tineup information. A study of valve mispositioning events involving human
error identified failures in administrative control of tagg1n¥ and logging,
procedural compliance and completion of steps, verification of support
systems, and inadequate procedures as important. Another study found that
valve mispositioning events occurred most often during maintenance,
calibration, or modification activities. Insufficient tratning in
determining valve position, and in administrative requirements for controlling
valve positioning were important causes, as was oral task assignment without
task completion feedback.

Although not a:plicnblo to Byron/Braidwood, turbine driven pump failures
ave been caused by human errors in calibrating or adjusting governor speed
control, poor governor maintenance, incorrect adjustment of governor valve and
overspeed trip linkages, and errors associated with the trip and throttle
valve. TTV-associated errors include physically bumping it, failure to
restore it to the correct position after testing, and failures to verify
control room indication of TTV position following actuatien.

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

5.2.3 Design/Engineering Problems and Errors

As noted above, the majority of AFW subsystem failures, and the greatest
relative system degradation, has been found to result from turbine-driven pump
failures. These types of failures are not a problem at Byron/Braidwood,
however, they are significant throughout the industry and merit discussion,
DEl - DE4 are not applicable to Byron/Braidwood.

REl. Overspeed trips of Terry turbines (not applicable at Byron/Braidwood)
controlled by Woodward governors have been a significant source of these
failures (AEOD/C602, 1986). In many cases these overspeed trips have been
caused b{ slow response of a Woodward Model EG governor on startup, at plants
where full steam flow 15 allowed immediately.
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REZ. Manually reversing the direction of motion of an operating vaive has
resulted 'n MOV failures where such loading was not considered in the design
(AEOD/C603, 1986). Control circuit design may prevent this, requiring stroke
completion before reversal.

DEB. At each of the units of the South Texas Project, space heaters provided
by the vendor for use in preinstallation storage of MOVs were found to be
wired in parallel to the Class 1E 125 V DC motors for several AFW valves (IR
50-489/89-11; 50-499/89-11, 1289). The valves had been environmentally
qualified, but not with the non-safety-related heaters energized.

5.2.4 (omponeni Failures

Generic Issue I1.E.6.1, "In Situ Testing Of Valves" was divided into four
sub-issues (Beckjord, 1989), three of which relate directly to prevention of
AFW system component failure. At the request of the NRC, in-situ testing of
check valves was addressed by the nuclear industry, rcsulting in the EPR?
report, “Agp)icat1on Guidelines for Check Valves in Nuclear Power Plants
(Brooks, 1988) " This extensive report provides information on check valve
applications, limi*=+%ions, and inspection techniques. In-situ testing of MOVs
was addressed by Generic Letter 89-10, "Safety Related Motor-Operated Valve
Testing and Surveillance" (Partlow, 1989) which requires licensees to develop
and implement a program for testing, inspection and maintenance of all safety-
related MOVs. "Thermal Overload Protection for Electric Motors on Safety-
Related Motor-Operated Valves - Generic Issue 11.£.6.1 (Rothberg, 1988)"
concludes that valve motors should be thermally protected, yet in a way which
emphasizes system function over protection of the operator.

;‘,51_L The common-cause steam binding effects of check valve leakage were
identified in Section 5.2.1, entry CCl0. Numerous single-train events
throughout the industry provide additional insights into this problem. In
some cases leakage of hot MFW past multiple check valves in series has
occurred because adequate valve-seating pressure was limited to the valves
closest to the steam generators (AEOD/C404, 1984). At Robinson, the pump
shutdown procedure was changed to delay closing the MOVs until after the check
valves were seated. At Farley, check valves were changed from swing tyne to
1ift type. Check valve rework has been done at a number of plants. Different
valve designs and manufacturers are involved in this problem, and recurring
leakage has been experienced, even after repair and replacement.

CF2. At Robinson, heating of motor operated valves by check valve leakage has
caused thermal binding and failure of AFW discharge valves to open on demand.
At Davis Besse, high differential pressure across AFW injection valves
;;;g;ting from check valve leakage has prevented MOV operation (AEOD/C603,

CF3. Gross check valve leakage at McGuire and Robinson caused
overpressurization of the AFW suction piping. At a foreign PWR it resiulted in
a severe waterhammer event., At Palo Verde-2 the MFW suction piping was
overpressurized by check valve leakage from the AFW system (AEQOD/C404, 1984).
Gross check valve leakage through idle pumps represents a potential diversion
of AFW pump flow.
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