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2 ANO Unit 2 EFW System

This scction presents an overview description of the
ANO Unit 2 EFW system, includiag a simplified sche-
mistic system diagram. .o addition, the system success
criterion, system dependencies, and administrative oper-
ational constraints are also presented.

2.1 System Description

The EFW system provides feedwater 10 the sieam gener-
ators (SG) to allow secondary-side heat removal from
the primary system when main feedwater is unavailable.
The system is capable of functioning for extended peri-
ods, which allows time 10 restore main feedwater flow or
10 proceed with an orderly cooldown of the plant to
where the shutdown cooling system (SCS) can remove
decay heat. A simplified schematic diagram of the EFW
system is shown in Figure 2.1,

Tie EFW system is controlled automatically by an
Emergency Feedwater Actuation Signal (EFAS). Initia-
tion of an EFAS automatically actuates the EFW system
to provide an EFW supply to the steam geaeralors on
luw steam generator water level. When an EFAS signal
is generated, the turbine-driven pump (2P “A) and the
motor-driven pamp (2P7B) are automatically started.
To deliver flow 1o the alfected steam generator, cmer-
gency feedwater control valves and isolation valves re-
ceive an open signal. When steam generator level is re-
gained and level is greater than the EFAS actuation
setpoint, the control valv.s will receive a close signal.
Initiation of a Main Steam Isolation Signal (MSIS}
automatically shuts all remotely actuated emergency
feedwater control valves and isolation valves unless an
EFAS signal is present. Actuation of both a MSIS and
a1 EFAS automatical — solates emergency leedwater
“low 10 the ruptured steam generator and controls flow
10 the inact sleam generator.

The normal EFW pump suction is from condensate
storage tanks 2T41A and B. A single condensate header
supplies a header which Cross-connects pump suctions.,
Control, and instrumentation associated witk each

pump are independent from one another. Steam for the
turbine driven pump is supplied by each of the two main
steam lines from a point between the containment pene-
tration and the main steam isolation valves. Each of the
steam supply lines 1o the turbine has a check valve and a
motor-operated steam supply isolation valve. The steam
from both supply lines combines and is then directed 0
the turbine via an isolation valve, trip and throttle valve,
and governor valve. The motor operated isolation valve,
the trip and throttle valve, and the controls to the gover-
nor are supplied with power from an emergency DC
power source. Each EFW pump discharge is designed
with a recirculation flow path to prevent pump dead-
heading. The recirculation flowpath is restricted to a 50
gpm flowrate by a flow limiting orifice. The recircula-
tion flowpath is normally lined up to the Start-up and
Blowdown Demineralizers.

Fach emergency feedwater pump discharge is provided
with a stop check valve. The motor operated pump
(2P7B) is provided with a locally operated isolation
valve. The Emergency Feedwater System discharge pip-
ing and valving arrangement is designed 1o alloy oher
pump to supply feedwater to either or hoth steam gen-
erators. Each suprly line to each steam generator is
provided with r¢ Jundant control valves to ensure isola-
tion of a faulted steam generator and the continued
feeding of the non-faulted steam generator. The feed-
water valves 10 the $/Gs associated with the steam driv-
en EFWP (CV-1076 and CV-1026) have DC motor op-
crators. The feedwater valves to the $/Gs associated
with the AC motor driven EFWP (CV-1075 and
CV-1025) are AC motor operated valves. The down-
stream feedwater isolation valves (CV-1036, CV-1038,
CV-1037, and CV-1039) are elecirically operated ball
valves that are cross-power supplied from the other
train and are normally positioned in the OPEN position.
CV-1036 and CV-1038 are powered from "Green® AC
power, CV-1057 and CV-1039 are powered from "Red”
DC battery power. This arrangement of normal valve
position and power supply is used to meet single failure
criteria for emergency feed and main steam isolation
actuations.
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ANO Uni, 2 EFW Sysiem

CST T41B and T41 A are the normal source of water for
the EFW Systum . are required 1o store sufficient de-
mineralized water 10 maintain the reactor coolant sys-
tem (RCS) at hot standby conditions for 1 hour tollowed
hy subsequent cooidown 1o 350 °F. Since the CST is not
seismically qualified, ai assured source of water must be
available 10 ensure EFW operability under all
vonditions. The safety grade scrvice water system
provides this source of water. Service Water Loop |
supplies the motor-driven pump, while Service Water
Loop 2 supplies the turbine-driven pump. The Service
Water supply valves (CV-0711-2 and CV-0716-1) will
automatically open if EFW pump suction pressure
decreases 10 five psig and an engineered salety features
signal is present. The valves are individually ¢ trolied
by pressure switches installed on the separaie pump
suction hnes,

2.2 Success Criterion

System success requires the operation of at least one
pump supplying rated flow 1o at least one of the two
steam generators. [n this condition, the system is cap-
able of removing 2.9% full power heat load or approxi-
mately 100 Mwt.

NUREG/CR 5828
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2.3 System Dependencies

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

2.4 Operational Constraints

When the reactor is critical the ANO Unit 2, Technical
Specifications require that both EFW pumps and associ-
ated flow paths are operable with the motor-dniven
pump powered from an operabie vital bus and the tur-
bine driven pump capable of being powered from an
aperable steam supply system. It one EFW pump
hecomes inoperable, it must be restored to operable
status within 72 hours or the plant must be in hot shut-
down wiihin the next twelve hours.

The ANO Unit 2 Technical Specifications require at
least one condensate storage tank (CST) to be operabie
with a nuaimum contained water volume of 160,000 gal-
lons available for use.



cu
87181
Fhun SERVICE
HATER HEARDER

FRONR COMDENSATE

FROM SYRRTUP

D RLOUDOLN

BEYIME ZER
(% EFFLOENY

a78s

FROM SERVICE

HeTER
HERDER

N

E¥u
<8

cu
8789 -4

EFu EFu FFM
ae: y 88z

SCRS U/ OTUNN

£Fu
S

EFu

=B

£Fu

Bse
4,: 5
L% 3 v
pd 1875 -1 :0‘52”2
RGTOR
DR IVEN
VLP
i
Z14
£y
FLOUMNE -N—-ﬂ—
»n cu Cuv
39 1825 -(1038-2
EFu
169
EFu
1173
cv
2
EFu
A/ n
SUs BD
oy cy
186 -2 1837 -4
EFu
o
263
cv cu
16782 1938 4

Figure 2.1 ANO unit 2 EFW system

MR
¥iz

WsAS MAH Z MU ONY






T Ll

TRl SR PR e Nl MG N e T T R L i T L e L ——

Inspection Guidance

3.1.2 Turbine Driven Pump 2P7A Fails to
Start or Run

Improperly adjusted und inadequately mainiained
turbine governors have caused pump failures both
alt ANO »nd elsewhere. HE2. Provlerr include
woir ur l00s *ned nuts, set screws, linkages or cable
connecGas, 0il leaks and/or contamination, and
clecirical failures of resistors, transistors, diodes and
circuit cards, and erroneous grounds and
connections. CES.

Terry turbines with Woodward Model EG gover-
nofs have been found 1o overspeed trip if full stean
fow is allowed on <~ *tup, Sensitivity can be re-
duced if a startup P WPpass valve 1S seguenced 1o
open first. DE?,

Turbines with Woodward Model PG-PL governors
have tripped on overspeed when restarted shortly
after shurdown, unless an operaior has locally exer-
cise ' the speed setting knob to drain oil from the
governor speed setting cylinder (per procedure).
Automatic oil dump vaives are now available
through Torry. DES,

Condensate slugs in steam lines have caused wrbine
overspeed trip on startup. ‘Tests repeated right afer
such a trip may fai! o indicate the problem due 10
warming and clearing of the steam lines. Surveil-
fance should exercise all slcam supply connections,
DE2.

Turbine stop valve (CV-0336) problems which have
fatled the turbine driven pumgp include physically
bumping iy, failure 1o raset it following testing, and
lailures to verify control roon indication of reset,
HEZ Whether either the overspeed tp or TTV
trip can be reset without resetting the other, ndica-
tion in the control room of TTV position, and un-
ambiguous local indication of an overspeed trp
affect the likelihood of these enors. DE3

313 Motor Driven Pump 2P78 Fails to Start
ar Run

Control Circuits used for aw.omatic and manual
pump starting are an important cause of motsy

NUREG/CR-5828
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Griven pump failures, as are circuit breaker failures.
CF6. Control circuit failures have been experienced
at ANO.

Mispositioning of handswitches and procedural de-
ficiencies bave prevented automatic pump start.
HE3.

Low lubrication oil pressure resulting from heatup
due 1o previous operation has prevented pump re-
start due 10 Tailure 1o satisfy the protective inter-
lock. DES,

3.1.4 Pump 2P7A or 2P7B Unavailabie Due to
Maintenance or Surveillance

Both scheduled and unscheduled maintenance re-
move pumps from operability. Surveillance requires
operation with an a'tered line-up, although a pump
train may not be declared inoperable during testing.
Prompt scheduling and performance of mainte-
nance and surveillance minimize this unavailability.

315 Failure of Motor Operated Valves CV-
1025, 1026, 1036, 1037, 1038, 1039, 1075 and
1076

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

Common cause failure of MOVs has occurred at
ANO from failure to use eicetrical signature tracing
cquipment to derermine proper settings of torque
switch and wrque switch bypass switches. Failure o
calibrate switch settings for high torgues necessary
under design basis accident conditions has also been
involved. CCS.

Vilve motors have been failed due 1o lack of, or im-
proper siang or use of thermal overload protective
devices. Bypassing and oversizing should be based
on proper engineering for design basis conditions.
CF4. ANO has experienced similar type failures.

Out-of-adiustment electrical flow controllers have
cauced umproper discharge valve operation, affect-
ing multiple trains of EFW. CCI2.
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*  Grease trapped in the torque switch spring pack of
Limitorque SMB motor operaters has caused motor
burnout or thermal overload trip by preventing 1or-
que switch actuation. CF7.

«  Manually reversing the direction of motion of oper-
ating MOVs has overloaded the motor circuit.
Operating 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 va'ive motors
which had not been environmentally qualified with
them present. DES

3.1.6 Manual Suction or Discharge Valves Fail
Closed

lll.!mﬂlﬁléa_!’_aw.&_w‘/\ EIZW_A D
Pump 2P7B. Vaives EFW-3B, FFW.4B, EFW

These manual valves are pormally locked open. For
cach teain, closure of the first valve listed would biock
isolate pump suction from all possible sources. Closure
of the second (or third) valve would block all pump dis
charge including recirculation 10 the start-up and blow
down demineralizers.

«  Valve mispos.iioning has resulted in failures of
muitipie trains of EFW. CC2. 7 has also been the
dominant cause of problems identified during oper-
ational readiness inspections. HEL, Events have
occurred most often during maintenance, calibra-
ton, o system modifications. Impo: ant causes of
mispositioning include:

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

Failure to promptly revise and vahdate po -
dures, training, and diagrams following system
modification,

Failure 1o complete all steps in a procedure

Failure 10 adequately review uncompleted pro
cedural steps afier task completion

N m—
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Failure to verify support functions after
restoration

Fatlure 10 adhere scrupulousiv 10 administrative
procedures regarding tagging, control and track-
g of valve operations

Failure 10 log the manipulation of sealed valves

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

Failere to provide casily read system drawings,
legible valve labels corresponding 1o drawings
and procedures, and labeled indications of locat
valve position

3.1.7 Leakage of Hot Feedwater through
Check Valves

Between Pump 2PT7A and MEW: Valve EFW-4A
Between Pump 2P78 and MEW: Valve EFW.4B

+  Leakage of hot feedwater through several check
vo'ves i series has caused steam binding of muitiple
pumps. Leakag: through a closed level control
valve in series with check valves has also occurred,
as would be required for leakage 1 reach the motor
driven pump 2P7B. CCT.

+  Slow leakage past the final check valve of i series
may not force the upstream check valve close !,
Other check valves in series may leak similarly. Pip
ing orientation and valve design are important fac-
tors in achieving (rue series protection. CFL.

3.2 Risk Important EFW System

Walkdown Table

Table 3.1 presents an EFW system walkdown (able in-
cluding only components ientified as visk umportant.
The lineup indicated is for normal power operation
This information aliows inspectors 1o conventrate thei
efforts on components important 10 prevenion of core

NURFBFG/OR 5828
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damage. However, it is essential 10 note that inspec-
tions should not focus exclusively on these comments.
Other components which perform essential functions,

but which are absent from this wble because of high reli-

ability or redundancy, must also be addressed 10 ensure

NUREG/CR. 5828
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that their tisk importances are not increased. Examples
include the an adequate water level in the CST, and the
(closed) valves cross connecting the discharges of the
EFW pumps.
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Generic Risk Insights From PRAs

¢ pump discharge valves

¢ pump suction valves

* valves in teting or mainienance.
S Supply/Suction Sources

¢ condensate storage tank Aop valve

* hot well inventory

& suction valves.

NUREG/CR-5828
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In addition 10 individual hardware, circuit, of instru-
ment failures, each of these fallure modes muy result
from common causes and human errors. Common
cause failures of AFW pumps are particularly risk
important. Valve failures are somewhat less important
due to the multiplicity of steam generators and connec-
tion paths. Human errozs of greatest risk importance
involve: failures 1o initiate of control system operation
when required; failure to restore proper system lineup
after maintenance or testing; and failure 1o switch o
alternate sources when required,
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pumps 10 trip spuniously. Errors of this type may
remain vadetocted despite surveillance testing, unless
sutveillance tests model all types of system initiation
and operating conditions. A greater traction of (nstru
mentation and control circunt problems has been identi-
fied during sctual system operation (as opposed 10 sut-
veillance testing) than for other types of failures,

CO5. On two occasions at a foreign plant, failure of o
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 bocause
the governor valve opened, allowing full steam flow 1o
the turbine, This illustrates the importance of assessing
the effects of failures of balance of plac.t equipment
which supports the operation of critical components.
T.e instrument air system is another exampl. of such «
system.

CC6 Asiatic clams caused failure of two AFW flow
vontrol valves at Catawba-2 when low suction pressure
caused by starting of a motor-driven pump caused suc-
ton source realignment 1o the Nuclear Service Water
system. Pipes had not been routin=ly treated 10 inhibit
clam growth, nor regularly monitored 15 detect their
presence, and no strainers were installed. The need for
surveillance whi- i exercises alternative sysiem opera-
tonal modes. s weli as comple e system functioning, is
emphasized by this event. Spurious suction switchover
has aiso oceurred at Callaway and a1t MeGuire, although
no faflures resulted.

CCT. Common cause failur s have also been caused by
component failures (AEOD/CA04, 1984). A: Surry-2,
boih the turbine ditven pump and one motor drives
pump were declared inoperable due (o steam binding
caused by backleakage of hot water through multiple
check valves. At Robinson-2 both motor driven pump.
were found 10 be hot, and both motor and Steam Criven
pumps were found 10 be inoperable ot different time:.
Backleakage at Robinson-2 passed *hrough closed
motor-operated isalation valves in addition to multiple
¢heck valves. At Farley, both mator and turbine driven
pump casings were foand hot, although the pumps were
not declased inoperabic. In addition 1o multi-train fail-
ures, numerous incidents of single train failures have oc-
curred, resulting in the designation of "Steam Binding of

53

Failure Modes

Auxiliary Feedwater Pumps® s Generic lssee 93 This
generic issue was resolved by Generic Letter 8803
(Miraghia, 198%), which reguired hcensees 10 monitor
AFW piping iemperadures each shift, and to maintain
procedures for recognizing steam binding and for restor-
Ing system operability.

COR, Common cause fatlures have also failed motor op-
crated valves. [uring the wtal loss of leedwater event at
Davis Besse, the nonnally-open AFW isolation valves
fatled 10 open #“ter they were inadvertently closed. The
fatlure was due 10 improper seiting of the worque switch
bypass switch, wnich prevents motot trip on the high
torque required 10 unseat a closed valve. Previous prob-
lems with these valves had been addressed by increasing
the 1orque switch trip setpoint - a fix which failed during
the event due 1o the higher torque raquired due 10 high
differential pressure across the valve. Similar common
maode [allures of MOVS have also occurred in other sys-
tems, resulting in ssuance of Generic Letter 89- 10,
“Safety Related Motor-Operated Valve Testing and Sur-
veillance (Partiow, 1989).° This generic ietier requires
licensees (o develop and implement a program to pro-
vide fud the testing, inspection and mainienance of all
safety-~clated MOV 1o provide assurance that they will
furs on when subjected 1o design basis conditions,

COY, Other component failures r.ave also resulted in
AFW multi-train failures. These include out-of-adjust-
ment clectrical flow controllers resulting in improper
discharge valve operation, and a failure of oil cooler
cooling water supply vaives 10 open due 1o silt
aceamulation,

§.2.2 Human rrrors

HEL The overwhelmingly dominant cause of problems
wentified during a senes of operational reactiness evalu-
ations of AFW systems was human performance. The
majority of these human performance problems resulted
from incomplete and incorrec provedures, particularly
with respect to valve lineup information. A study of
valve mispositioning events involving human error
identified failures in administrative control of tagging
and logging, proce. wral compliance and completion of
steps, verification of support systems, and inadequate
procedures as important. Another ‘udy found that
valve mispositioning events occurred most often during
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(AEOD/CH03, 1986). Control circuit design may pre-
vent this, roquiring stroke completion hefore reversal.

DES. At each of the units of the South Texas Project,
space heaters provided by the vendor for use in prein-
stallation storape of MOVs were found to be wired in
paraliel o the Class 1E 125 V DC motors for several
AFW valves (IR S0.-489/89-11, 5 . 199/89-11, 1989). The
valves had been environmentally qualified, but not with
the non-safety-related heaters eneroized.

§.2.4 Component Failures

Generic Issue TLEA.1, *In Situ Testing Of Valves® was
divided into four sub-issues (Beckjord, 1989), three of
which relate directly to prevention of AFW system com-
poneut failure. At the request of the NRC, in-situ test-
ing of check valves was addressed by tae nuclesr indus-
try, resulting in the EPRI report, "Application Guide -
lines for Check Valw . ‘uclear Power Plants (Brooks,
1988)." This extensive report provides information on
check valve applications, limitations, 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 1 develop and implement a program
for testing, inspection and maintenance of all safety-re-
lated MOVs. "Thermal Overload Protection for Electric
Motors on Safety- Related Motor-Opeiated Valves -
Generic Issue [LE 6.1 (Kothberg, 1988)" concludes that
valve motors should be thermally protected, yer in a way
which emphasizes system function over protecaon of the
Operator.

CFL. The common-cause steam binding effects of check
vaive leakage were identified in Section 5.2.1, entry
CCH0. Numerous single-train events provide additional
insights into this problem. In some cases leakage of hot
MFW past multiple check valves in series has oconrred
because adequate valve-seating pressure was limited 10
the va' s closest 1o the steam generators (AEOD/CA04,
1984). At Robinscen, 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 type 1o [ift type. Check valve re-
work has been done at a number of plams. Different
valve designs and manufacturers are involved in this

e R
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problem, and recurring leakage has been experienced,
even after repair and replacement.

CE2. At Robinson, heating of motor operaied valves by
check valve leakage has cavsed thermal binding and fail-
ure of AFW discharge valves 10 open on demand. At
Davis Besse, high differential pressure across AFW
injection valves resulting from check valve leakage has
prevented MOV operation (AEOD/C603, 1986).

CE3. Gross check valve leakage at McGuire and Robin-
son caused overpressurization of the AFW suction pip-
ing. At a foreign PWR it resulted in a severe water-
hammer event. At Palo Verde-2 the MFW suction pip-
Ing was overpressurized by check valve leakage from the
AFW system (AEOD/C404, 1984). Gross check valve
leakage through idle pumps represents a potential diver-
ston of AFW pump flow.

CF4. Roughly one third of AFW system failures have
been due 1o valve operator failures, with about equal
failures for MOVs and AOVs. Almost half of the MOV
failures were due 10 motor or switch failures (Casada,
1989). An extensive study of MOV events (AEOD/
Col3, 1986) indica*es continuing inoperability problems
caused by: torque switca/limit switch settings, adjust-
ments, of fatlures; motor burnout; improper sizing or
use of thermal overload devices; premature degradation
related 10 inadequate use of protective devices, damage
due to misuse (valve throttling, valve operator hammer-
ing), mechanical problems (loosened parts, improper
assembly}; or the torque switch bypass circuit improp-
erly installed or adjusted. The study concluded that cur-
rent methods and piocedures at many plants are not ad-
equate 1o assure that MOVs will operate v en needed
under credible accident conditions. Speciiically, a sur-
velllance test which the valve passed might result in un-
detected valve inoperability duc 1o component failure
(motor burnout, operator parts failure, stem disc sepa-
ration) or improper positioning of protective devices
(thermal overioad, torque switch, limit switch). Generic
Lerier 89-10 (Partlow, 1989) has subsequent’s required
licensecs 10 implement a program ensuring that MOV
switch sottings are maintained so that the valves will
operate under design basis conditions for the life of the
plant,

CF5. Component problems have caused a significant
number of turbine driven pump trips

NUREG/CR-5828






EY

6 References

Beckjord, .S, June 30, 1989, Claseauwt of Generic Issue
HLE 61, “In Siti Testing of Vibves * Letter 1o V Siello,
I, US Nudleai Regulatory Commission, Washington,
DC.

Brooks, B P 1988 Application Guidelines for Check
Vilves in Nuclear Fower Plants. NP-5479, Eleciric
Power Research Instituie, Palo Alo, California,

Casada, D. A 1989, Acxdiary Ferawater System Aging
Study. Volume |. Operanng Experience and Curvent
Monttoring Practices. NUREG/CR-5404. ULS, Nuclear
Regulatory Commission, Washington, DC.

Gregg, R E and B E Wright. 1988, Appendi Review
for Dominant Genenc Contnibutors. 81LB-31.85. Idiko
Natonal i eceering Laboratug,, Idaho Falls, ldaho,

Mitaglia, F ) February 17, 1988 Resolution of Generic
Safety Issue 93, "Steam Binding of Auciliary Feedwater
Pamps® (Generic Letter 88-03), US. Nuclear Regulutory
Commission, Wiahington, DC.

Miraglia, FL J. Augost &, 1988, Instrument A Supply
Svstemn Problems Affecting Safery-Relared Equipment
(Genenc Lener 85.74), US, Nudlear Regulatory Com-
misston, Wachington, DC

Partdow, o, G, Junc 28, 1989, Safety-Related Motor-Op-
erated Valve Testung and Survedllance (Generie Legter 89.
10). US. Nuclear Regulatory Commission, Washing-
ton, DC.

Rothberg, © June 1988, Thermal Overload Pratection
for Electric Motors on Safety-Related Motor-Operaied
Valves < Generic fssue HE6.1. NUREG-1296. U.S.
Nudlear Regutatory Commission, Washington, DC

Travis, R and ], Taylor. 1989, Nevelopment of Guid-
ance for Generie, Functionally Or nted PRA-Based Team
Inspections for BWR Planis-Idendification of Risk-
Important Svstems, Components and Human Actions.
TLR-AA874T6A Brookhaven Nations! Laboratory,
Lipton, New York,

6.1

AEOD Reports

AEOD/C404. W. D, Launing. July 1984 Steam Binding
of Auxiliary Feedwater Pumps. US. Nuclear Regulaiory
Commission, Washington, DC.

ABOD/CH02. C. Hsu. August 1986. Operational

Experience Involving Turbine Overspeed Thps. U.S, Nu-
clear Regulatory Commission, Washington, DC.

AFOD/C603. E. ). Brown, December 1986, A Review
af Motor-Operated Valve Performance. U.S. Nuclear
P epulatory Commission, Washington, DC.

AEODAER. E. 1 Brown. March 19, i'/87. MOV Fail-
ure Due to Hvaraulic Lockup From Excessive Grease in
Spring Fack. U.S. Nuclear Regulatory Commission,
Washington DC,

AECD/ 416, Janurry 22, 1983, Loss of ESF Auxibary
Feedwarter Pump Capability at Trojan on January 22,
1984, US Nuciear Regulatory Commission,
Washington, DC.

Information Notices

IN 82-01. January 22, 1982 Auwvhary Feedwater Pumy
Lockowt Resulting from Westinghouse W-2 Switch Circuit
Maodification. .S, Nuclear Regulatory Commission,
Washir rton, DC.

IN 84.32. E L Jordan. April 18, 1984, Awxiliary Feed-
waicr Sparger and Pipe Hangar Damage. U.S. Nucar
Regulatory Commission, Washingron, DC.

IN 84-66. August 17, 1984, Undetected Unavailabifity of
the Turbine-Dnven Auxiiary Feedwater Tram. L. o Nu-
clear Regulatory Commission, Washington, DC.

IN87 34, C E Rossi. July 24, 1987, Single Failures in

Auxiliary Feedwater Systems. U.S. Nuclear Reguelatory
Commussion, Washington, [*C,

NUREG/CR-5828

B s L S T TR T T S Y - . T e

SRS e

B e e i b e A e e e e i i b = L



{w
ton »
€O

RI
K
poT

%
e
'
-~ '.
.:9 :
)



|

Distribution

B K. Grimes
OWFNY A2

F Congel
OWFN 10 E4

R. Barrett
OWFN 10 A2

A Ei Bassioni
OWFN 10 A2

W. T Russell
OWFN 12E23

K Campe
OWEN 1 A2

1. Chy, g
WIEN A2

B. Thomas
OWFN 12 H26

A R Beach
L. ). Callan
S. 1. Collins
1. P Jaudon
R. D. Mantiv
TF L.etka

Distr.1

J.H Taylor

Brookhaven National Laboratory
Bidg. * ™1

Upton, NY 11973

R. Travit

Brookhaven National Laboratory
Bldg. 130

Upton, NY 11973

1. Bickel

EG&G ldaho, Inc.
PO Box 1625

Idaho Falls, IL: 83415

Dr. I R, Edwards

Professor of Nuclear Engineering
University of Missouri - Rolla
Rolla, MO 65401

QNSITE
26 Pacific Northwest Laboratcry

S. R. Doctor

L. R. Dodd

B. E Gore (10)

R. Mugh (5)

B. D. Shipp

E A Simonen

TV Vo

Publishing Coordinatiop
Techuical Report File (5)

NUREG/CR-5828

e i S S <l e ks ok e e o el et e



e e s i e e e e R e e e e T A e B e e e e e et e s 8 Bl b 1 L . o ok a o

roRw 335 VA NUCLEAR REGULATORY COMMISSION | | &b l":wl..mm..“
" - Sewrntry. 1 g )
s200 2200 BILLIOGRAPHIC DATA SHEFET
QNS LRI S - Svoris] NUREG/(R~5878
2 TITLE AND SURTITLE PNL=7727
Emerqency Feedwater System Risk-Based Inspection Guide for
the Arkansas Nuc éar One Unit 2 Power Plant 3 CATE REPORT PUBLISHED

b T Yhak

September 199
i .J%Ftiii?ﬁﬂiitﬂ"g”"""

B AUTHORE) ' 6 TYPE OF néa?

R. Pugh. B, F. Gore, T, ¥. V Technical
[T PERIO0 COVERED rimtmsme Coters "
12/80 to 10/89

B PERFORMING ORGANIZATION ~ NAME AND ALURESS (17 NAC. srswscte Dmmn, Otfice 07 Aogwesn B T R T —"
Ao ST Cvpulicn MABTEL

Pacific Northwest Laboratnrv
Richland, WA guiL?

§. SPONGURING CROGANIZATION « HAME AW AGDRALRS 11 NRE, reie “Sems o st~ i comimacion pvaeits NAL Cmmion Ufs o Aupian, U . Nueiasr Soguinios s Commuion,
Bl iy GNP AR |

81¥'qiun of R?dlation Prot=c'i?n and tmergency Preparedness
ce of Nuclear Reactor Regulation

U.8. Nuclear Regulatory Comm.s;ion

Washington, DC 205655

10 SUFPLEMENTARY NOTES j

11, ABETHACT (200 worss o tem/
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Northwest Laboratory has developed and applied a methodology for deriving plant-
specific risk-based inspection guidance for the auxiliary feedwater (AFW) system at
pressurized water reactors that have not undirgone probabilistic risk assessment
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intended for use by NRC inspoctors in the preparation of inspection plans addressing
AFWN risk-important components at the Arkansas Nuglear One Unit 2 plant,
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