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The "Summary of Research Results® has the following format:

Functional Description/Background - A brief overview of the study
addresses the question of whether or not aging is a sigidficant
safety concern for the particular component or system.

Source - The research reports upon which the information is based
are listed.

Aging Related Issues - This section briefly describes the
subcomponents most susceptible to aging. the stresses which
affect the service life, and the domlaant causes of fa'lure of the
component or system.

Operating Experience - The fatlure history of the component or
system is discussed. This operating experience is typically based
on the LER and NPRDS databases. but could include plant specific
data. Significant causes and effects of fallure are highlighted.
Research Recommendations - The largest portion of the Summary is
devoted to the recommendations presented in the research reports for
detecting and mitigating aging effects. Periodic testing. maintenance.,
continuous monitoring, and routine inspections are some of the
techniques described for the specific components and systems.
Keferences - NRC documents and industry standards related to the
subject are provided. Th. NRC documents include AEOD reports,
irformatior: notices, and regulatory guides, while industry docu-
ments could include standards and guides from ASME, IEEE, ISA,
NEMA, EPRI, and INPO.

The “Aging Assessment Guide® i1s a more concise document which
provides some general observations of the effects of aging cn the
component or system. The Guide lists recommendations, associated
with the maintenance, operations, design. and testing which the
research has shown could be beneficial to understanding and man-
aging the aging of that component or systern,

The statements and recommendationis made in this document are
based on assessments of operating experience. evaluations of mate-
rials, teating of naturally aged equipment, and identification of
operating and environmental stresses. The perspectives expressed do
not reflect regulatory positions or requirements

This document will be updated periodically to incorporate the results
which continue to be obtained through NRC sponsored rescarch into
the aging of nuclear power plant components, systems, and struc-
tures.
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AUXILIARY FEEDWATER
(AFW) PUMPS

SUMMARY OF BEf ARCH BENULYS

FUNCTIONAL DESCRIPTION/BACKGROUND jenerators. The AFW pumps
The AFW pumps in a8 PWR deliver flow fron

& satety-related source 10 the steam

are used in
support of startup and shutdown sequences
Genet as well as in response . emergency condi

slors 10 support the removal of stored and tions. The AFW pumps in use are multistage

gecay heal from the reactor coolant syste pumos driven by motors. turbines. or dies2ls

by the transter of heat through the steam

BASED ON NPAR REPORTS NUREG/CR-4587 Volume 3
NUREG/CH-4597 Volumé
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Turbine and diesel speed control systems
should be periodically calibrated (eg. each
refueling).

The pumps should b started ander system
conditions similai to those that would exist

 AUXILIARY FEEDWATER PUMPS 3 |

during emergency demand conditions pert
odically leg.. once per fuel cycle) to provide
proper pump/systein interaction

HREFERENCES

I. NRC Bulletin 88-04, [otential Safety
Relatea Pump Loss.

2. NRC Bulletin 85-01, Steam Binding of
Auxtliary Feedwater Pumps.

3. Information Notice 87-53, Auxiliary
Feedwater Pump Trips Resulting from
Lou Suction Pressure.

4. Information Notice 90-76, Failure of
Turbine Overspeed Trip Mechanism
Because of Inadequate Spring Tension.




AGING ASSESSMENT GUIDE
AUXILIARY FEEDWATER (AFW) PUMPS

Observations on the aging
of Auxiliary Feeawater
(AFW) Pumps

Pumps and Pump Drivers hauve
been the major sources of AFW
system degradation

— Current testing practices have not

been totally effective (n detecting
AFW pump degradation and
Jailures

— Low flow operation is a source of

degradation

TYPICAL AFW PUMP

RECOMMENDATIONS FOR INSPECTION

1.

In the standby mode, the pump casings
and the pump discharge piping should be
periodi.ally or continuously monitored {or
backleakage.

The pump packing or mechanical seal
should be monitored for excessive external

leakage.

3

During system testing and operation,
pump and system vibration and noise
should be observed. Pump motor current
and turbine/diesel speed should be
monitored

MAIMTENANCE RECOMMENDATIONS
AFW Puwnps

4

Measure and trend pump hydraulic
performance at or near best efficlency
point (BEP) flow rates (not just at min
imum flow) at least once per fuel cycle

Monitor and trend pump bearing vibra
tion in the frequemnty domain (track
vibration level vs. vibration frequency)
This should be done for both normral in
service testing and for the above recem
mended full flow tests

As a supplement to vibration monitoring,
periodically perform acoustic high
frequency or stress-wave cinission
moniworing

Perform lube oil analvses

AFW Pump Drivers

n

6

-3

Measure ard trend pump motor power
during full flow fpump at or neer its BEDP)
testing

Perform motor lube oll analyses
Periodically (once per fuel cycle) calibrate
the turbine/diesel governor specd control
system

Perform periodic werification: of turbine
over-speed trip operability tmonthly to
gquarterly)

Perform diesel turbine lube oit/governor
control oil analyses

Monitor and trend turbine/motor/diesel
bes ring vibration in the frequency domain
Observe turbine/diesel governor's ability
to maintain the turbine at control speed
without hunting (each time the unit is
rin)
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SUMMARY OF RESEARCH RESULYS

FUNCTIONAL DESCRIPTION/BACKGROUND
Batlery degradation due to aging decreases
electrical capacity, decreases reiiability, and
increases the potential for failure. Because
batteries are instailed at nuclear facilities to
provide power 1o critical functions in the event
of loss of all ac power, fallures have a sig-

nificant impact on plant safety. The evaluation
of battery aging mechanisms and laboratory
testing of aged batteries has identified critical
elements of a battery maintenance program
that include comprehensive inspections and
periodic testing.

BASEN ON NPAR REPORTS:

1. NUREG/CR-4457, Aging of Class 1E
Batteries (n Safety Systems of Nuclear
Power Plants, 7/87.

2. NUREG/CR-5448, Aging Evaluation of
Class | E Batteries: Selsmic Testing, 8/90.

AGING RELATED ISSUES [aluation of
operating experience combined with testing
of naturally aged batteries shows that
cracking of the containers and oxidation of
the lead are major factors contributing to
battery failures. linproper handling, exces
sive temperature, overcharging, and contam
inants in the electrolvte or on the batteries
are the primary causes of fallures.

1. CONTAINERS: Containers are degraded
primarily by improper handling during
installation or oy the application of
cleaning solvents that chemically attack
the container material. Breaking or crack
ing of the containers result in leakage and
loss of the electrolyte.

2. PLATES AND INTERNAL BUSSES: Plates
and internal busses (straps and terminals)
are fabricated frem a lead calcium alloy
that may oxidize, corrode, and become
brittle when subjected to excessive tem
perature and charging, cr when contam
inants are introduced Into the battery
Positive plates naturally grow with age and
if allowed to continue can press against

the container and result in cracking of the
container or separation of the container
and cover.

3. ELECTROLYTE: Electrolyte can become
contaminated as a result of adding impure
water or inadvertently allowing contam-
inants to enter the battery during main-
tenance and testing activities,

4. TEMPERATURE: Temperature effects
are typically caused by inadequate battery
room cooling resulting in excessive
temperatures from the chimate or from
heat produced within the facility. Over-
charging also results in increased internal
heating of the battery.

5. CONTAMINATION: Contamination of
the electrolyte causes impurities that
chemically reacis with the active material
on the plates and results in decreased
electrical capacity and self discharging ol
the battery. Dirt. moisture, and spilled
electrolyte on the outside of the battery
causes leakage paths between terminais
and to ground that may result in short
circuits and failure of the battery.
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NPAR i

The following should be monitored at least
yearly:
Cell-to-cell and terminal connection
resistance

Inspection Visual inspections of the bat
tery should be performed to detect evidences

of degradation. Inspections for the following
should be performed at least monthly:
General appearance and cleanliness of
battery, battery rack. and area

BATTERIES TR

Cracks (n cells or leakage of electrolyte

Evidence of corrosion at terminals,
connectors, or racks

Condition of ventilation equipment

Inspections for the following should be
performed at least yearly.
Individual cell condition
Tightness of bolted connections
Integrity of the battery rack

REFERENCES There is a large amount of

reference material available for batteries.

However the following reflect those which

may be readily accessible to the inspector.

1. IEEE Std. 450, /EEE Recommended
Practice for Mainienance, Testing, and
Replacement of Large Lead Storage
Batieries for Generating Stations and
Substatiors.

2. Regulatory Guide 1.129, Maintenance,
Testing, and Replacement of Large Lead

Storage Battertes For Nuclear Power
Plants.

3. Information Notice 83-11, Possible Sets
mic Vulnerability of Old lead Storage
Battertes.

4. Information Notice 84-83,
tery Problems.

5. Information Notice 85-74,
tery Problems.

6. Information Notice 86-37,
of Station Ratteries.

Vartous Bat
Station Bat

Degradation
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AGING ASSESSMENT GUIDE
BATTERIES

Observations on the aging
of batteries

— Cracking of containers is an aging
concermn,

— Degradation of plates and internal
busses is accelerated by excessive
temperature and charging, or
when contaminants are introduced
into the battery.

- Environmental factors such as
temperature, humidity, dirt, and
chemicals affect battery
performance,
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RECOMMENDATIONS FOR INSPECTION

Operating Parameters Routinely Observed

. Float voltage

Charger output current and voitage

Electrolyte levels

Ambient temperature

Ptlot cell voltage, specific

electrolyte temperature

Specific gruvity of each cell

7. Voltage of each cell and total batten
terminal voltage

8. Electrolyte temperature in representative

cells

Cell-to-cell

resistance

O 0

gravity. and

g

©

and terminal connection

External Indicators or Causes of Age
Degndntlon

(.e";tml appearance and cleanliness of
battery, battery rack, and area

Cracks ol cells or leakage of electrolyte
3. Evidence of corrosion at terminals, con
nectors, or racks

Condition of veniilation equipment
Individual cell condition

€. Tightness of bolted connections
Integrity of the battery rack

8

&

]

~J

MAINTENANCE RECOMMERDATIONS

1. When any cell electrolyte reaches the lov
level line, add water to bring all cells t»
the high-level line

connectors when
high resistance

and retest

JAONS O

2. Retorque
loose corined

readings are obtained
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BATTERY CHA

SUMMARY OF RESEARCH RESULTS

FUNCTIONAL DESCRIPTION/BACK GROUND
Battery chargers convert ac to dc 1o provide
power 10 dc¢ driven equipment and compo
nents, as well as 0 maintain the standby
battery fully charged. The battery charger
components most susceplible to aging are
capacitors, transformers, inductors, diodes

BASED ON NPAR REPORTS:
NUREG/CR-4564. Oper

¢

NUREG/CR-5051

AGING RELATED ISSUES

and thyristors. High voltage, curreni, humid
ity, or lemperature will decrecase the life of
these components., A failed or degraded
battery charger which is notl getected and
correcied in a timely manner could result in
depletion of !ts associated batiery and a
partial loss of station dc power

NUREG/CR-512%

| { !




IDENTIFIED FAILURE CAUSES

OPERATING EXPERIENCE
suscentible to faillures tror

ISNE ONNEClIons. ey

Percent of Faliures - LERs 1976 to 1986

RESEARCH RECOMMENDATIONS
Design The solid-st o ot
widiely 7

V]

magnetic

sonant

11101
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Periodic Testing Technical specifications
require that capacity testing be performed
on the station battery ana its associated
battery charger. For the charger, the test
interval is typically every refueling The
capacity test simulates the the maximum
possibie loads, which generally occur when
the charger must supply the station de loads
while recharging the depleted battery. During
capacity testing, the tollowing additional
activities are recommended to determine the
charger's condition:
1. The cabine’ temperature should be mon
{tored, as well as selected temperature
sensitive commponents.

BATTERY CHARGERS 3

2. Monitoring the circuit waveforms 1s
recommended to verify proper equipment
operation. Changes in waveshape could
alert personnel (o potential problems, as
well as provide (roubleshooting guidance.
Obtaining waveshape and temperature
data at a consistent load is importaat for
trending.

3. Measurement of the ripple vuitage on the
de output during periodic testing is
important. This value should not exceed
2% of the rated voltage. Damage 10 the
station battery could result.

REFERENCES

1. IEEE 650-1991, [EEE Standard for Qual
ification of Class !E Static Battery
Chargers and Inverters for Nuclear Power
Generating Stations.

2. Information Notice 84-84, vev. 1, Defl-
ciencies in Ferro-resonant Transformers,
4/85.

3. NEMA PES5-1983, Constant Potential
I'ype Electric Utility Battery Chargers.

4. Regulatory Guide 1.32, Criteria Jor
Safety Related Electric Power Systems for
Nuclear Planis.
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.’ AGING ASSESSMENT GUIDE
BATTERY CHARGERS

Observations on the aging OfaleAC  Onsite AC
ower rower
of battery chargers
AL AL NAAA y o
-‘ AV Y 480 VAC Satety
| oy l ~....- Related Bus
— Limited service life of electrolytic C‘“"“’{ Y
) i ' , ATCU
capacitors; temperature dependent erai{" |

‘ ‘ NPAR Battery
— Excessive ripple in charger output | Battery | | Charger

h Chargetr
can cause degradation of the battery o o

b
Dutput §

“harger failure has no immediate Circuit o
effect on plant safety, but should be | omaT
: MR ‘ 25 VDC
glven prompt attention SESESRER. TR
' . L

* v . ‘

. ' OC Loads

| Battery ( 7 rpicaity 60 Cells )

RECOMMENDATIONS FOR INSPECTION

External Internal
| 1. The identification of positive output I. There are no signs of overheating,
, current. 2. The capacitors are not bulging or leaking
| 2. No unusual meter oscillation or electrical ofl
| hum is apparent 3. The panels are clean, especially SCR heut
3. The charger output voltage is correct. transfer surfaces
4. The cooling air filters are not clogged

s

The ambient temperature of the room is
less than 90F

MAINTENANCE RECOMMENDATIONS

1. Periodic inspections are performed and 3. The personnel responsible lor mainte
include cleaning & checks of connection nance have been specitically trained on
ightness this equipment

. 2. Preventive maintenance is conducted at
least once per cycle and Includes calibra

tion of panel meters and alarm/trip relays




OPERATIONS RECOMMENDATIONS
1. The daily logs or round sheets include 3
| recording of the charger output voltage
and current.
2. The operating procedures address the
nsponse to a battery charger failure,

6 | __BATTERY CHARGERS 777

Periodic checks are made to insure proper
electrical alignment. The normal supply to
the dc bus is from the charger.

DESIGN/TEST RECOMMENDATIONS
1. Capacity testing is performed in accor-
dance with the technical specifications

2. Circuit waveforms are observed and
| recorded to verify proper operation of key

(typically, every refueling) 3,

components. Comparison of waveforms to
previous testing is recommended.
Capacity testing, even for standby
chargers, represents worst case load
situations,

OTHER RECOMVENDATIONS

itors should be considered when one fails.
(Saine stress)

2. Modifications affecting *he dc bus should
include an evaluation of the impact on the
battery charger.

1. Replacement or testing of all filter capac 3

e structural irtegrity of the chargers
should be perfodically checked, based on
seismic requirements and vulnerability.




CABLES

SUMMARY OF RESEARCH RESULTS

FUNCTIONAL DESCRIPTION/BACKGROUND
Cable degradation during normal service
usually manifested as insulation and jacket
embrittiement, occurs primarily from thermal
and radiation aging. The historical impact of
cable-related failures during normal opera-
fion is low. The major concern is tha failures
of deteriorated cables might be induced

FASED ON NPAR REPORTS:
NUREG/CR-5461, Aging of

(S il | o8 & 241

AGING RELATED ISSUES

MPERATURLE n

i
i i 0"

¥

during accident conditions. Cables that are
located in mild plant environments are nol
subject to a significant number of random
fai 1res and therefore are of relatively littie
concern. Only minimal cable inspection and
maintenance, if any, is routinely performed
al most plants

NUREG/CR

}
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Periodic Testing
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& AGING ASSESSMENT GUIDE
CABLES

Observations on the aging
of cables

LOTTNA

RECUMM| NDATIONS FOR INSPECTION

}u“

MAINTENANCE RECOMMENDATIONS




CHECK

SUMMARY OF RESEARCH RESULTYTS

FUNCTIONAL DESCRIPTION/BACAGROUND
The function of & chack valve is simply to
open to permil How n one direclic™ and ¢

close to prever! flow in the other direction
Must check valves are sell actuating that
is, they require no external mecnanical or
electrical signal to either opern or close. As
a resull, inost check valves have no capability
to be acluated other than by changing flow
through the valve, Several types of check
valves are coimmonly used, such as the swing-
check, niston-lifi, ball, stop-check, tilting-disc

BAGED ON NPAR REPORTS:
NUREG/CR-4302 Vol. 1
¢ Wi { .} v

vidoiedd Hower P

NUREG/CR-4302 Vol. 2

AGING RELATED ISSUES
Check valves fail to pert

L |

and duo-check designs. These valves are
used extensively in nuciear power plant satety
systemsg and balance-of-plant systems
Check valve fallures have resulted in signif
icant maintenance efforts and, on occasion
have resulied in water hammer, overpressur-
ization of low-pressure systems, and damage
to flow system components. Several diagnos
tic monitoring methods are now available for
detecting check valve aging and service weat
efforts (degradation), check vaive failures
and undesirable operating modes

.\’
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OPERATING EXPERIENCE
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NPAR

cannot be tested with flowi. The need to
improve the knowledge of check valve oper
ating condition without requiring disassem
bly led to the development of several check
valve diagnostic techniques.

Monitoring Methods The check valve thon
itoring methods that are preseatly avaiiable
can provide diagnostic information useful in
determining the condition of the valve (eg.
integrity of interral parts). and its operating
state (stable or unstable). These methods
vtilize different transducers and principles
ol aperation: hence, they provide dificrent

_ CHECK VALVES

capabilities and suffer from different limita
tions. Available monitoring methods are
summarized in the previous table along with
selected diagnostic capabilities and
limitations

None of the methods examined can, by
themselves, monitor the position and motion
of valve intermals and valve leakage; however,
the combination of acoustic emission with
either of the sther methods vields a mon
itoring system that succeeds in providing the
means to dewnnine vital check valve aper
ational inlormation.

REFERENCES

1. ERPI NP-8479, Application Jor Check

Valves tn Nuclear Power Plants.

2. Information Notice 90-03, Malfunction
of Borg-Wamer Bolted Bonnet Check
Valves Caused by Failure of the Swing
Arm.

Information Notice 89-62, Malfunciion

of Borg-Wamer Pressure Seal Bonnet

Check Valves Caused by Vertical Mis-

alignment of Disc.

4. I'formation Notice 88-85, Broken Re
taining Block Studs on Anchor Darling
Check Valves.

5. Information Notice 8870, Check Valve
Inservice Testing Program Deficiencies.

6. Intormation Notice 86-09, Fatlure of
Check and Stop Check Valves Subjected
to Low Flow Condlitions,

7. Information Notice 86-01, Failure of
Main Feedwater Check Valves Causes
Loss of Feedwater System Integrity and
Water-Hammer Damage.

& information Notice 84-12,
Soft Seat Valve Seals.

9. Information Notice 84-08, Steam Bind
Ing of Auxiliary Feedwater Pumps.

10. information Notice 83-54, Conmunon
Mode Failure of Main Steam Isolation
Nonreturn Check Valves.

11, Information Notice 83-06, Noniderniwcal
Replacement Parts.

12. Information Notice 82-35, Faillure of
Three Check Valves on High Pressure
Injection Lines to Pass Flow.

w

Failure of

13, Information Notice 82-26, KRCIC and
HPCI Turbine Exhaust Check Valve
Fatlures.

{4 Information Notice 82-20,
Problems.

5. Information Notice 82-08, Check Valve
Fatlures on Diesel Generator Engine
Cooling Systems,

16, Information Notice 81-35,
Failures.

17 Information Notice 81-30,
Check Valves.

|5 Information Notice 80-41, Failure of
Swing Check Valve (n the Decay Heat
Remouval Systern at Davis-Besse Unit
No. 1.

19. NRC Bulletin 89-02, Stress Corrosion
Cracking of High Hardness Type 410
Stainless Steel Internal Preloaded
Bolting tn Anchor Darling Model S350W
Swing Check Valves or Valves of Similar
Design.

20. NRC Bulietin 85-01, Steam Binding of
Auxiliary Feedwater Pumps.

21. NRC Bulletin 83-03, Check Valve Fail
ures in Raw Water Cooling Systems of
Diesel Generators.

22. NRC Bulletin 80-01, Operability of
Automatic Depressurization System
(ADS) Valve Pneumatic Supply.

23. Recent Improvements in Check Valve
Monitoring Methods, Proceedings ol the
18th Water Reactor Safety Information
Meeting, Rockville, Maryland, Oct. 22-24,
1990,

Check Valve

Check Valve

Velan Swing
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AGING ASSESSMENT GUIDE
VALVES

CHECK

Observations on the aging
of check valves

-~ Degradation (wear, erosion, and
corrosion) ¢f check valve internal
parts (e.g. hinge pins, hinge arms,
discs, and disc nut pins) is an
aging concem.

- Accelerated wearing of internal
parts can result from instabilities
(Muttering, tapping) under normal
Slow conditions due to misapplica
tion (using oversized valves) and
as a result of low flow conditions
and/or upstream flow disturbances

| Body

2 Cap

3 D

& Disc nut mn
§ Hinge arm

B Hinge pin 2lugs
T Cap studs

8 Cap stud nuts
9 Cap gasket
10 Seat ring

11 Disc washer
12 Hinge pin

13 Disc nut

TYPICAL SWING CHECK VALVE

RECOMMENDATIONS FOR INSPECTION
Required Tests

Testing requirements for nuclear plant check
valves are contained in the plant Technical
Specifications and are in accordance with
Section X1 of the American Society of Me
chanical Engineers (ASME) Boiler and Pres
sure Vessel Code fand more recently the
ASME OM Code). This rejuiremment con
sists primarily uf exercising the valve to verify
obturator (e.g. disc) travel to the positions
required to fulfill its safety function. Confir
mation of obturator movement may be by

visua. observatio:. a position indicator (if

available). observation of relevant pressures
in the system. or other positive means. S~ me
check valves used for containment isolation
are also required to be tested in accordance
with 10 CFR 50 Appendix J. These tess
involve pressurizing downstream of the check

alve and comparing leakage rates through
the vaive with the specified standard. Both
ol these required tests demonstrate check
valve operability under test conditions but
can not adequately detect and trend check
valve deg.adation. ASME has formed a
working group (OM-22) in order to develop
a new standard for check valve testing.

Operating Parameters Routinely Observed
Most check valves require no external
mechanical or electrical signal to either open
or close. As a result, most check valves have
no capability to be actuated other than by
changing flow through the valve. Thus, the
only routinely observed parameters are
external leakage and internal leakage
ithrough a closed valve). Occasionally,




uriusual noise resulting from unstable
(tpping) internals may be observod.

External Indicators or Causes of Age
Oegradation

1. Corrosion of valve body

6 ~ CHECK VALVES

» 3 :
‘\’-",';o.\

2. Loosening of fasteners (eg., bonnet bolts,
hinge pin plugs)

3. Cap gasket deterforation (resulting in
external leakage)

MAINTENANCE RECOMMMENRDATIONS

During scheduled downtime, continue to
perform periodic disassembiy and inspection
of critical check valws (espectally those
determined to be operating in an unstable
maode until an acceptable correlation can be
made bLetween nonintrusive diagnostic
testing results and actual valve degradat n.
Once this correlation is established, disas
sembly and Inspection intervals may be
determined based on the results of nonin

trusive testing. Disassembly and inspection
should include examinations of valve inter
nal paris for wear, erosion, corrosic
cracking, loosening. tightening. etc., that
would interfere with the freedom of move-
ment and correct positioning of the internals
or that may lead to fracture, breakage, or
other catastrophic faflure. Parts showing
significant signs of aging or service wear
should be replaced as necessary.

OPERAYTIONS RECOMMENDATIONS

Determine the operational mode (stable or
unstable) for all critical check valves that are
expected to remain open during typical plant
operations. Utilize available nenintrusive

monitoring methods such as acoustic emis-
sion or ultrasonic inspection. Valves operat
ing in an unstable mode should be |dentified
for near term disassembly and inspection,

DESIGN/TESY RECOMMENDATIONS

Periodic use of nonintrusive monitoring
methods is recommended for critical valves
that are known to be operating in an unstable
mode. Selected diagnostic signature features

obtained from nonintrusive examinations
should be quantified and recorded for
subsequent comparisons with actual service
wear

8 ]
}
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® MERGENCY DIESEL GENERATORS

SUMMARY OF RESEARCH RESULYS

FUNCTIONAL DESCRIPTION/BACKGROUND
The EDG system typically consists of at least
two diesel generators, rated at 2,500 to 10,000
hp each. The potential serious consequences
of an aging related failure of these EDG
systems has directed renewed attention ¢
potential improvements in testing, mainte
nance, ar

manaqgement so ¢ 10 requcs

BASED ON NPAR REPORTS:
NUREG/CR-4590. Volumes 1

L

AGING RELATED ISSUES

{

OPERATING EXPERIENCE

)

aging stressors anv improve reliability
Lertain practices for tesling and engine
management lead to avoidable aging impacts
Elements for improvement have been iden
titied in operations, Regulatory Guides
Standard Technical Specifications and plant

procedures

NUREG/CR-5(
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AGING ASSESSMENT GUIDE
EMERGENCY DIESEL. GENERATORS

Observations on the aging
of the Emergency Diesel
Generator

-~ Instrumernt and control equipment

experienced the most failures in
the NPAR data base.

- Normal engine vibration causes

increased wear and fatigue on
many engine components. Inspec
tions may detect many inciptent
failures before loss-of-function
OCCUrs.

Inspections for vibration loosening
of Jittings, fasteners, and wire and
cable terminations will reduce
potential failures

Monthly testing should incorporate
monitoring and trending of avail
able engine and generator operat
ing parameters.

Engine and generator disassembly
only for inspection purposes may
lead to additional fatlures,

The engine governor should be
included in a routine inspection
and maintenance schedule.

RECOMMENDATIONS FOR INSPECTION

1. When in the standby moie. the EDG 3. Important visual inspection details are
system should be checke Al peed v iy described in NUREG/CR-5078 Vol. 2 and
leaks and pros € NUREG/CR 5057
temperatures 4. Visual observa’ion of engine and gener

2. When the EDG sys sual ator pressure and temperature gages in
inspection and ca agine a systematic process, is very important for
sounds for unus detect system “health” monitoring.
abnormal engine .

MAINTENANCE RECOMMENDATIONS

l. The monitoring and trending program 4. Engine overhauls based on monitoring
should be based on existing engine gages and trending information. or response to
and operating parameters. known delect conditions, gives better

2. NUREG/CR-5157 lists the important results than overhauls on a strictly
operating parameters and their uses lor periodic basis
engine and denerator maintenance and 5. Maintenance training programs by engine
troubleshooting manulacturer or by eauivalent plant

3. The engine governor should receive main training is useful iu recognizing aging
tenance based on the manufacturer's induced problermns and correcting them.
recommendations. The manufacturer's 6. Plant maintenance directed ot maintain
training progiram, or equivalent, is useful ing the condition of cooling water. lube




fuel oil systems great
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INVERTERS

SUMMARY OF RESEARCH RESULYS

FUNCTIONAL DESCRIPTION/BACKGROUND
Inveriers are used in nuclear power planis
to convert dc¢ to ac power for instrumen-
tation, controls, and cther equipment
necessary for power operation and safety
Research has shown that inverter perfor-

BASED ON NPAR REPORTS:
NUREG/CR-4564
ind Aging-Seis \sses
(. haros 1t e
NUR

EG/CR-5051

At

. AGING RELATED ISSUES

SO

mance will degrade with time due to the
aging susceptibility of some components
and materials. Inverters are complex
devices which require trained personnel
using detailed procedures to assure their
proper operation and maintenance

NUR. G/CR-51%82

¢
d

NVERTER FAILURE EFFECTS

Number cf Events




The analysis of data on operating experience
accumulated over 12 years indicates that
overheating, electrical transients, and errors

by plant personnel are the leading causes of

inverter fatlures. Such stresses result in the
aging of critical components. The large
percentage of unknown causes may be due
to normal’ electrical switching where inver
ter fuse or circuit breaker operation results.

o

INVERTERS

INVERTER FAILURE CAUSES
Percent uf Failures

Elecioow Transem 15
Uvarrhwsating 10

Persohog Bripe 18
Lo0se Conngotipn 7

Wei! 6
.‘ :

Other § Linkngwn 36

LERS 1076 - 1888

RESEARCH NECOMMENDATIONS

Desigr: Four basic designs of inverters are
used in the nudear industry. Improvements
were mare i1 the more recently manufac
tur i units, such as:

I. The use of an automatic transfer switch,

which senses an Inverter fallure and

switches to a backup power source with-
ot a detectable loss of power to vital
eyuipment.

The installation of higher voltage and

temperature rated components, especially

capacitors and semiconductors. This
makes these components less susceptible
to operationally induced stresses.

3. Forced alr cooling rather than naturel
convection cooled units tend to have less
overheating problems. Several utilities
have modified the Inverters in this
MAarnser,

4. Additional monitoring capabilities,
including annunciation of abnormal
conditions, sucl as high temperature, are
available in new " units.

"

Maictensuse and Monitoring Based on the
inveiter's importance and the effects of its
fallure "n plant safety and availability, a
compr nensive maintenance program is
revcom 1ended. This nrogram should include
inspec fon, testing, a.d preventive mainte
nance

Irepection The inspection of an inverter by

e lenced personnel can provide a great

dewd o information about the equipment's

ovyrall condition.

. Whie operating, observation of cyclical
electrical hum, meter oscillation, or

cooling fan noise can indicate an impend
ing fallure.

4. Component degradation due to overheat
ing. and loose electrical and mechanical
connections can be detected when the
inverter is off-line.

3. Cleaning car minimize the risk of over
heating The wiping of SCR heat sinks and
ventilation flow paths {mproves heat
transfer away from temperature sensitive
components.

Testing/Monitoring Periodic testing Is
necessary (o verify that design parameters
are obtainable under all conditions. The
acceptance criteria for such testing should
be based on specific plant and manufacturer
information.

l. Overheating 18 an important cause of
stress that can re uce the expected life
of electrolytic cavacitor - Jhyristors, and
inductors. It < prud,. to periodically
monitor them =~ Aeti v increase in
temperature,

2. The component's performance me
change with time and can Indicate deg
radation. Two parameters for detecting
aging of electrolytic capacitors are an
increase In the equivalent series resis
tance (ESR) or a decrease in capacitance.

3. Capacity testing 1s recommended, espe
clally for standby inverters. This verifies
that the inverter can supply design loads,
and permits inspection monitoring tech-
niques to be applied at rated conditions,

4. The automatic transfer switch shouia be
tesited \_ verify it is capable of trarsferring
to the alternate supply without interrupt
ing power to critical equipment.




.0

Preventive and Corrective Malntenance
Specific requirements from the manufac
trrer should be incorporated into the
m«intenance prograri These are ! sed on
the manufacturer's experience or are gener
ated as a result of equipment qualification
Guidelines arc also provided to restore the
inverter to an operable condition following
a fallure
1. Deviations frem equipment qualification
requirements require documented engl
neering analyses. Components which have

~ INVERTERS 3

been identified as having limited cervice
lifes Include capacitors, cooling fans,
fuses, circult breakers, and relays
Replacement power electronies, such as
SCRs, should be remounted to a cleaned
heat sink surface at the torque specified
by the vendor

Loose power cable terminal contact sur
faces should be cleaned before tightening
Fuses laentical in rating and design
should be used.

REFERENCES [hese documents provide
additional background information on
inverters used in nuclear pov <r plants.

I. AEOD Case Study Report C605, Operu
tional Expertence Involving Losses of
Electrical Invorters, 12/86,

2. Information Notice 87-24, Operating
Experience Involving Losses of Electrical
Inverters.

4. Information Notice 88-57, Potential Loss

of Safe Shutdown Equipment Due to
Premature SCR Fallures.

. JEEE-650-1991, [EEE Standard for Qual

tfication of Class 1E Static Battery
Chargers and Inverters Jor Nuclear Power
Generating Stattons.

l |



AGING ASSESSMENT GUIDE
INVERTERS

Observations on the Aging
of Inverters

RECOMMENDATIONS FOR INSPECTION

MAINTENANCE RECOMMENDATIONS

OPERATIONS RECOMMENDATIONS

. DESIGN/TEST ACTIVITIES
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SUMMARY OF RESEARCH RESULY )

FUNCTIONAL DESCRIPTION/BACKGROUND
Motor degradation due to aging and service
wear . screases relisbility and Increases the
potential for fallure. The impact of motor
fallures on plant safety is significant since
motors play a vital role in most safety systems.

The evaluation of motor performance in
nuclear and non-nuclear Indusiries and
I” boratory testing of aged motors has iden-
tifled elements for consideration in planning
maintenance program inspections and peri-
odic testing of motor subcomponents.

BASED ON NPAR REPORTS:

I. NUREG/CR-4186. Operating Expertence
and Aging Setsmic Assessment of Electric
Motors. 6/85.

2 NUREG/CR-4939 \olumes 1.2.3; In prov
ing Motor Reltabtlity in Nuclear Power
Plants, 11/87

AGING RELATED ISSUES !or smaller
motors lunder 200 hp), the stator insulating
system and bearing assemblies are the
subcomponents that most frequently fatled
The major factors contributing to large motor
fallures Include voltage surges and mechan
lcal stresses due o centrifugal or magnet i
forces
1. INSULATING MATERIAL: Insulating
material is primarily degraded by heating
cycles of the winding due to starting. as
well as overload conditions. Humid envir
onments produce more rapid degradation
in both cases.

2. BEARINGS: Bearing fall ires are primar
ily caused by deterioration of lubrication
or mechanical misalignment

& TEMPERATURE: Thermal effects com
monly result from excessive current which
imposes self-heating and results in insu
lation fallure.

4. VIBRATION: Vibration can originate
from internal and external abnormalities,
and 1s often caused by coupling misalign
ment. rotor imbalance, and loose parts

5 MOISTURE: Humidity can reduce prop
erties of electrical insulation. High humid
ity promotes dirt butldup on the windings.
leading to overheating

OPERATING EXPERIENCE [egardiess ol
slze and system application. motors are
subject 10 stresses which may eventually
cause latlure. Stator-related fallures are the
highest having nearly an equal probability
of occurrence for both pump and valve
motors. Bearing fallures are significantly
higher for pump otors than for valve
operators

CER DAYA (19741083
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For 250HP motors and above. class B
insulatior systems, which were used in salety
& non-safety applications at older plants &
nen-safety applications at newci plants, have
experienced the most failures. Most newer
plants (post 1980) use class " or H insulation
for safety systems,

_MOTORS

Large Motor Fallures Classified By Insulation Type
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RESEARCH RECOMMENDATIONS A e
ventive maintenance program should exist
for motors important to plant safety and
avallability. To evaluate the performance of
a motor. the PM program should include
periodic testing, continuous monitoring, and
inspection techniques.

Perlodic Testing Periodic tests are in situ
tests periormed in the plant on the equip-
ment at scheduled intervals to detect deg
radation and verify operability.

1. Insulation resistance (megger) tests are
g0 no go tests that are effective for the
post maintenance check of a motor. They
indicate the dryness of the insulation but
are not useful for predicting overall
insulation dielectric conditions.

. A partial discharge test (s used for large
motors with a voltage rating above 500
volts, and can provide results which are
useful for trending. It detects void growth
and corona discharge in the insulation by
wmeasuring the discharge inception volt
age, which decreases as the insulating
material gets olde:.

- Power facior or dissipation factor testing
is used on high voltage motors and is
suitable for monitoring average insulatic
condition,

. During technical specification testing of
pumps and valves, motor running current
and bearing vibration should be measured
and recorded. Where available, the wind
ing and bearing temperatures should also
be measured and trended

. Ac and dc leakage tests (hipot) have proven
to be eflective in locating faults, however,

they have several shortcomings including
the imposition of electrical stress. If used.
it Is recommended that the voltages be
applied in small discrete steps up to the
test voltage,

6. Voltage impulse or surge testing car
detect turn shorts or hot spots in the
insulating material in low voltage mote rs.

The chemical analysis of the lube ofl will
indicate excessive bearing wear or con-
tamination within the lubricating system.

Continuous Monitoring Motors equipped
with permanently installed devices should be
monitored regularly. A baseline value should
be developed for each parameter. Readings
should be evaluated by comparison to
baseline readings.

1. Parameters typically monitored are line
phase “urrent or voltage. winding and
bearing temperatures, lube oil tempera
ture. an‘l bearing vibration signals.

. Guidelines for the frequency of evaluating
continuously monitored parameters for
salety relatedd motors are:

a. Line/phase current: 6 to 12 months
b, Winding temperature: 3 to 6 months
¢ Bearing temperature: 1 to 3 months
d. Lube oil temperature: 3 to 6 months
¢. Bearing vibration: 1 1o 3 months

3. Bearing temperature and vibration mea
surements are proven methods for indi-
cating degradation in bearing assemblies.
A high temperature or vibration is a clear
indication of bearing wear. misalignment.
or other aging mechanisms,

 ——— — it e 3 s S s 4 A . e



w Motors, regardless of their sizes
and types, should have a periodic inspection
to evaluate their condition. The Inspectior
program assures the operational readiness
of motors between schaduled testing or main
tenance.

10 Point Inspection Program For Mutors

F ety (AT DUST & CONTAMINANTS
pomenae MOISTURE. WATER, GREASE & G
et FHICTION

e VIBRATION - MOUNTINGS

o FXTREME ENV:RONMENTAL CONDITIONS
~ CRACKS / CORROSION

premnsee ELECTICAL STRESSES

« AGE AND SERVICE WEAR

HUMAN ERROR

> LOSS OF INSPECTION DATA

-

GUARD

AGAINST
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L. Dirt, dust, and contaminants may be
removed by wiping the motor clean with
a dry cloth. Regulated compressed air can
be used to reach inaccessible areas,

2. Moisture intrusion Into motor compo
nents significantly increases the probabil
ity of failures. Space heaters should be
used to thoroughly dry the motor before
it is returned to service.

3. Excessive bell tension, poor alignment. a
btent shaft, excessive end bell thrusi, or
damaged bearings can result in friction
2nd high noise levels.

4

6.

i0.

(WPAR " wmotoRs 3

Winding vibration can be caused by loose
rotor bars or end rings, phase imbalance.
or improper lubrication.

. Humidity, temperature, radiation., and

chemical spray can effect the motor's
service life. When required to uperate in
post-accident conditions, the motor
should te shielded as much as possible
from potential severe environnmental
SIresses.

Surface corrosion or cracks on the motor's
components can be detected by a thorough
visual inspection. High frequency vibra
ton can Initicte cracks or voids at high
stress regions.

A good visual inspection of insulation
surfaces for corona discharge (white and
grey deposits) or burn marks can detect
a degrading insulation.

. sSome components have a finite life

because of their age and service wear, such
as seals, bearings, gaskets, and carbon
brushes. A typical life for bearings in small
motors is ten years.

An Inspection checklist performed by
trained maintenance personnel can help
climinate many of the problems intro
duced by the human.

Logging the inspection activities and
observations ol motor conditions can
provide iInsight into the motor's
perforinanc.

REFERENCES The universal applications
of electric motors has resulted in a multitude
uf references. The following list reflects only
a siall sample:

1. IEEE Tid. 334, Type Test of Continuous
Duty Class 1k Motors fur Nuclear Power
Cvenerating Stutions.

<2 |EEE Std. 432, Guide for Insulation
Maintenance for Rotat'ng Electrical
Machinery.

U —

EPRI NP-3416, A Guide for Developing
Preventive Maintenance Programs in
Electric Power Plants.

. EPRI NP-3887, Life Expectancy of Motors

in Mild Nuclear Plant Environments.
Information Notice 88-12, Overgreasing of
Electric Motor Bearings.

IEEE 89THO0248-5-PWR, Maintenance
Good Practices for Nuclear Power Plant
Electrical Equipment




AGING ASSESSMENT GUIDE
MOTORS

Okservations on the aging
of electric motors

RECOMMENDATIONS FOR INSPECTION External Indicators or Causes of Age Deg
Operating Parameters Routinely Observed radation

MAINTENANCE RECOMMENDATIONS

OPERATIONS RECOMMENDATIONS




]

.‘6‘ - -
DESIGH/TESY RECOMMENDATIUNS

MOTORS

Periodic surde teuts or partial discharne
(corona) tests are conducted to monitor

age related deterioration
Large motor operaling hours are moni

tored (elapsed time couner on
switchgear)

Motor operating perameters are moni
tored, recorded, and evaluated. when

performing required surveillance testing
on pumps and valves

AC/DC leakage (hipot) testing is not
recoramended

An eng'neering evaluation of baseline
readings for bearing vibration, motor
winding temperature, and rated current
values has been completed

e e e




MOTOR CO
(

SUMMARY OF RESEARCH RESULYS

FUNCTIONAL DESCRIPTION/BACKGROUND
Motor Control Centers (MCCs) are low
voltage (less than 600 volts) controliers that
start and stop, provide continuous power o,
and protect mo.ors that drive pumps and
motor operated valves. Typically, a motor

controller unit consists of a molded case
circuit breaker, a magne'ic contactor, a trans-
former, relays and thermal overioad devices.
Age-related degradation of these subcompo-
nents has impacted safety system availability
and uperation.

BASED ON NPAN REPORT:

1. NUREG/CR-8083, Operatiny Expertence
and Aging Assessment of Motor Control

Centers, 7/88

AGING RELATED ISSUES

1. The most frequent cause of MCC fatlur.
was the bulldup of dirt or other foreign
substances that caused the elecirical
device to stick.

2. More fallures occurred in systems that
function intermittently rather than
continuo sly.

3. The starter contactor may fail to _lose due
to a non-uniform magnetic driving foree
caused by impeded armature motion

4. Most age related {allures are attributed to
the circuit breaker and relay subcompo
nents. Setpoint drift and contact surface
degradation are rwo dominant failure
modes

OPERATING EXPERIENCE Operational
data on nuclear plant components shows
there have been significant fatlures of molded
case circult breakers, relays, and magnetic
contactors used in MCCs, The combination

SUBCOMPONENT

Circul! Breaker

Relays

of circuit breakers and relays contribute
about 50% of all reported MCC failures
Subcomponent contribution to MCC inop
erability. along with the breakdown of the
dominant failure modes. are fllustrated

Lo

FAILURE MODE CONTRIBUTION

Feiled 1o close — 32%
Tripped — 18%

Would not operate — 17
Fsiled lo open — @

Falled 1o close — 23%
Falled to open - 21
Would not operate — 18
Out of adjustment 1
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2 MOTOR CONTROL CENTERS
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SUBCOMPONENT FAILURE MODE CONTRIBUTION  (Continued)
Trangiormers Short/Ground — 5%

Open cirguit — 27% .
Starer /Contactor falled w close — 43%

Would not operste — 30°%
Falied to open — 11%

Overicad Device Tripped — 41%
Falled to close — 8%
Would not operste — 8%

Coil Open cirgull — 26%
Shor! /Ground -~ 12%
Would not operate — 10%

I

Control Mechanism Out of adjustment — 39% !

Tripped — 26% |

Open circult — 13% |

|

|

RESEARCH RECOMMENDATIONS Testing Secveral tests are useful in assess- |

At least five different manufactur- ing the performance characteristics of the
ers supply MCCs to nuclear power plants. MCC, such as:

Although the outside appearance varies, the 1. Continuity test following repair or replace-

basic elements inside the compartment and ment of a component. |
their designs are the same. Design consid- 2 Contactor mechanical and electrical
erations which are related to the aging checks, including verification of pickup

netic devices operate properly at varying
voltages from 110% to 85% of the rated

coll voltage. Regulating transformers can

subcomponents.

point. Compare timing with manufactur-
er's data

provide the necessary voltage control to 4. :;;:llcr;gkof time delay relays where
MC :
e ssers il e g e ' 5. A final energized operational test of each

control device.

1. NEMA standards require that the mag- 3 verification of circuit breaker trip set- '

2. MCC enclosures are classified into four
categories by NEMA. As a minimum, Periodic Maintenance Based on the input
NEMA 2 drip-tight construction should be received from manufacturers and utilities,
used. The doors are gasketed and a drip severa maintenance actions are recom-
shield is located on top of the cubicle. mended.

3. For MCCs assoclated with standby equip-
ment, strip heaters should be considered
for the control of moisture intrusion. |

| MCC COMPONENTY MAINTENANCE ACTION

| Structure Check for molsture, oll, and forelgn material. Vacuum clean.

| Bus Bar Examine for pitting, corrosion, &ad overheating. Che k connections for tightness.
Cireuit Breaker Test and examine for proper operation. ]
Operating Mechanism Exercise ON. OFF, RESET butions; verity interlocks. |
Fuses Check for arcing or Wlu |
Starter Inspect contacts and replace | pitied or corruded. '

| Overioad Hester Manually trip the device and insps.. 10or proper operstion. Check size of heater '

Metering Calibrate important indicators

All Components inspect connections for tightness; inspect wirlng for signs of wesr and overheating.

—— — e il
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-
|
. REFERENCES 2 NEMA AB-1, Molded Case Clreult
| 1. Information Notice 86-66, otential for Breakers
: Fatlure ¢f Replacement AC Coils Supp 3. UL 845, Motor Control Centers.
lied by the Westinghouse Electric Corpo 4. |EEE Std. 649, [EEE Standard for Quul
tfying Class 1 E Motor Control Centers for

| ration for Use in Class 1 E Motor Siarters
and Contactors

Nuclear Power Plans




AGING ASSESSMENT GUIDE
MOTOR CONTROL CENTERS (MCCs)

State s A MCC Y

Observations on the aging System

&®

of MCCs

RECOMMENDATIONS FOR INSPECTION
(Primarily Internal)

M

MAINTENANCE RECOMMENDATIONS

DESIGN/TESY RECOMMENDATIONS




E A MOTOR CONTROL CENTFRS

. OTHER RECOMMENDATIONS ‘

I. The daily logs or round sheets should

| include observations of MCC status and
1
1 condition, especially those located in
|
!

harsh environments
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SUMMARY OF RESEARCH RESULTS

CKGROUND

FUNCTIONAL
Motor-operated valves (MOVs) are used
extensively in nuclear power plants in safety-
related and balance-of-plant systems. The
most commonly used valve types are gate,
globe, and buttertly valves. MOV fallures have
res Ited in significant maintenance efforts

BASED ON NPAR REPORTS:

1. NUREG/CR-4234 Vol. 1, Aging and Ser
vice Wear of Electric Mator Operated
Valves Used in Engineered Sualety
Feature Systems of Nuclear Power Plants,
6/85,

AGING RELATED ISSUES MOV 1l 1o
perform thelr function according to five
modes:

(1) Failure to open

(2) Fallure to close

(3) Plugged (limited or no flow through
a normally open valve)

14) Reverse (Internal) leakisge

(5) External leakage

Severan MOV sites are susceptibile to aging
redated degradation. These sites and (he
corresponding aging mechanisms are

1. MOTOR OPERATOR GEARBOX ASSEM
BLY: Gear wear; shalt wear, distortion
fastener loosening: stem nut wear; stem
lock nut loosening. spring' pack response
change: drive sleeve wear; clutch mecha
nism wear: seal wear, dete . wrat'on
bearing weas, corrosion; lubricant degra
dation, hardening

and, on occasion, have compromised the op-
erational readiness of critical safety-related
sysiems. Several diagnostic monitoring
systems have been developed specifically for
detecting MOV aging and service wear effects
(degradation), fallures, and switch setting
problems.

2 NUREG/CR-4234 Vol.2, Aging and Ser
vice Wear of Electric Motor Operated
Valves Used in Engineered Safety
Feature Systems of Nuclear Power Plarits

Aging Assessments and Monitoring
Method Evaluations, 8/89

2. MOTOR OPERATOR SWITCHES: Contact
pitung, corrosion; gear/cam wear; insula
tion (electrical) breakdown: fastener
loosening; grease hardening.

3. ELECTRIC MOTOR ASSEMBLY: Bear
ing wear, corrosion; insulation (electrical)
breakdown

4. VALVE: Obturator wear, corrosion: obtu
rator gulde wear, corrosion; voke bushing
wear; valve stem wear, distortion: body
erosion, corrosion; lastener loosening,
valve seat wear, corrosion: bonnet seal
deterforation; stem packing wear,
deterioration

MOVs are also known 1o be adversely affected

by inappropriate maintenance such as incor

rect stem packing tightness, incorrect switch
settings (torque switch, limit switch, torque
bypass switch), insuflicient or excessive
lubrication, incorrectly installed spring pack
(e . incorrect pre-load, gap. etc.}), and others

.
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OPERATING EXPERIENCE ince 480
numerous NRC Information Notices and
Bulletins have been issued that identify MOV
problems and recommend courses of action
(see References). Bulletin 85-03 (issued
November 1985) and its supplement (issued
April 1988) recommend that utilities develop
and implement a program to ensure that
switch settings for MOVs in several specified
safety-related systems are selected, set. and
maintained so that the MOVs will operate
under design-basis conditions for the life of
the plant.

_MOTOR-OPERATED VALVES

InJune, 1989, the NRC issued Generic Letter
(GL) 8910 "Safety Related Motor Operated
Valve Testing and Surveillance”, which
supersedes the recommendattons in Bulletin
8503 and its supplement. GL 89 10 extends
the scope of Bulletin 8503 to include all
salety-related MOVs as weil as all position
changeable MOVs in safety related systems
The GL includes the following list of 33
common MOV misadjustments, and de
graded conditions discovered by utilities
from their experiences, including their
efforts to comply with Bulletin 8503,

SUMMARY OF COMMON MOTOR-OPERATED VALVE DEFICIENCIES. MISADJUSTMENTS.
AND DEGRADED CONDITIONS (FROM NRC GENERIC LETTER 80-10)

|
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|
|
|
|
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dening. migration inte spring pack. lsck of
. contamination. nen-speciiied gr sese

retzr degradation
icluges tarm
ther mal )
or detarioration thereirom
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binding |
16 Water in intarna!

17 Motor yndersized (lor degreded vollage conditions of other conditions)

18 Incerrect valve position indication

10 Misadjustment or lailure o handwhee! decluich mechanism

70 Helay problems (incorrect relays, dirt in relaye. deteriorated relays.
miswired relays|

71 Incorrect thermal overioad swilch setlings

22 Worn or broken bearings

23 Broken or cracked limit switch and tergue switch components

24 Missing or modified torque switch limiter plaie

25 \mprog arly sized sctustoers

26 Hydr.alic lockup

21 Incorrect motallic materials for gears. keys bolts. shafts. #ic

Ueyraded voitage [within design basis)

Oetective moter control logic

Excessive or backseating torce application

Incarrect resssembly or adjusiment after maintenance and or testing

Unauthorized modifications or adjusiments

Torgue switch or Hmit swiich hinding

BREeExS

RESEARCH RECOMMENDATIONS
Disassembly and lnspection Disassembly
and inspection provides adequate informa
tion with regards to valve and motor operator
condition; however, there gve a number of
discouraging aspects assoclated with this
approach. These include, for example, sche
duling additiona' maintenance work during
already busy outages and accounting for
additional radiation exposure to mainie
nance personnel. The need to improve the
knowledge of MOV operating condition
without requiring disassembly led to the
development of several MOV diagnostic
techniques.

Available Monitoring Methods [he issu
ance of Bulletin 8503, its supplement. and

GL 89-10 has accelerated the development
and commercialization of MOV monitoring
systems. Several of these systems have
recently been modified in order to provide
specific capabilities needed to resolve Gl 89
10.
MOV monitoring systems operate by making
measurements ol one or more MOV parame-
ters and providing graphical displays (signa
tures) for manua' and/or automated analy-
ses. These signatures provide detailed
quantitative information related to the
condition of the motor. mator operator, and
valve across a wide range of levels including:
® mean values
® gross variations during a valve stroke
® short time duration events {transients)
® periodic events
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10.

11.

12,

14.

15.

16

17.

. Information Notice 83-02,

. Information Notice 83-46,

. Information Notice 83-70,

- REFERENCES
1.

informetion Notice 79-03, Limitorque
Valve Geaned Limit Switch Lubricant.
Information Notice B1-08, Repetitive
Fatlure of Limitorque Operator Mctor-to
Shaft Keys.

information Notice 82-10, Follow Up
Sympitnmatic Repairs to Assure Resolu
tion of the Operator Problems.
Limitorque
HOBC, HIBC, H2BC. and H3BC Gear
heads.

Common
Mode Valve Fallures Degrade Surry's
Rectreulation Spray Subsystem.
Information Notice 83-53, Primary Con
tainment Isolation Valve Discrepanctes.
Information Notice 83-55, Misapplica
tion of Valves by Throttling Beyond
Design Range.

Vibration
Induced Valve Failures. (Also 835 70
Supplement 1)

Information Notice 84-10, Motor
Operated Valve Torque Switches Set
Below the Manufacturer's Recom

mended Value.
Information Notice 84-13, Potential

Defictency in Motor Operated Valve
Control Circuits and Annunctation.
Information Notice 84-36, Loosening of
Locking Nut on Limitorque Operator.
Information Notice B4-48, Failure of
Rockwell International Globe Valves.
(Also 84-48 Supplement 1)

3. Information Notice 85-20, Motor Oper

ated Valve Fatlures Due to Hammering
Effect. (Also 85-20 Supplement 1)
Information Notice 85-22, Failure of
Limitorque Motor-Operated Valves
Resulting From Incorrect Installation of
Pinton Gear.

Information Notice 85-59, Valve Stem
Corroston Fatlures.

Information Notice 85-67, \Valve Shalt
to Actuator Key May Fall Out of Place
When Mounted Below Hortzontal Axis.
Information Notice 86-02, Fallure of
Valve Operator Motor During Environ
mental Qualification Testing.

I8

19

20

21

22.

23.

24.

25,

26.

29

30

3l

32.

~ MOTOR-OPERATED VALVES NDER

Information Notice 86-93, Porential
Defictenctes in Envtronmental Qualifi
catton of Limitorque Motor Valve Oper
ator Wirtng.

Information Notice 86-11, [nadequate
Service Water Protection Against Core
Melt Frequency.

Information Notice 86-29, FEffects of
Changing Motor-Operator Switch
Settings.

Information Notice 86-71, Recent lden
tifted Problems with Limitorque Motor
Operators.

Information Notice 86-93, [ED 8503
Evaluation of Motor Operator Identifies
Improper Torque Switch Settings
Information Notice B87-08, Degraded
Motor Leads in Limitorque Motor
Operators

Information Notice 87-40, Backseating
Valves Routinely to Prevent Packing
Leakage.

Information Notice 88-72, [nade
quactes in design of dc motor-operated
valves.

Information Notice 89-11, Fatlure of de
motor-operated valves to develop rated
torque because of improper cable stzing.

.~ Information Notice 89-88, Recent NRC

sponsored lesting of motor-operated
valves.

Information Notice 90-21, Potential

Jaitlure of motor-operated butterfly

valves to operate because valve seat

[friction was underestimated.

Information Notice 90-40, Results of
NRC sponsored testing of motor
operated valves.

NRC Bulletin 81-02, Faillure of Gate
Type Valves to Close Against Differen
tial Pressure. (Also 81 02 Supplement 1)
NRC Bulletin 85-03, Motor Operated
Valve Common Mode Fatlures During
Plant Transients Due to Improper
Switch Settings. (Also 85-03 Supple
ment 1)

Generic Letter 89-10, Safety Related
Motor-Operated Valve Testing and
Surveillance.




3 AGING ASSESSMENT GUIDE
MOTOR-OPERATED VALVES

Observations on the aging
of motor-operated valves

TYPICAL MOTOR-OPERATED VALVE

RECOMMENDATIONS FOR INSPECTION
Required Tests




External Indicators or Causes of Age

Vegradation

Operating Parameters Routinely Observed

MAINTENANCE RECOMMENDATIONS

OPERATIONS RECOMMENDATIONS

DESIGN/TESY RECOMMENDATIONS




POWER-OPERATEDR RELIEF VALVES
(PORVs) AND BLOCK VALVES

SUMMALY OF HNESEARCH RESULTS

FUNCTIONAL DESCRIPTION/BACKGROUND PORVs have stuck open when these valves
The TMI-2 ac dent tocused attentio e Were i upon | function during plant
reliabiiity of PORVs and block valve the peratior Als there are PORYs in n any
nalfunction ofthe PORV at TMI-2 contributed operating plants with leakage problems s
10 the severity f the acclident. On numerous that the plant must be operated with 1he
) AS101 1 eported in NUREG/CR-469; upstream block valves in the closed positior

BASED ON NPAR REPORY
NUREG/ CR-4692

AGING RELATED ISSUES

OPERATINGEXPERIENCE
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2 POWER OPERATED RELIEF VALVES AND BLOCK VALVES

mainteance errors were involved in only
18% (4 1) of the everits: of these, 6 events were
drawing or administrative error. and 25 were

mechanical or electrical maintenance

mistakes

RESEARCH RECOMMENDATIONS ')\«
land block valves) could be included in an
operational quality assurance program that
is In compliance with 10 CFR Part 50
Appendix B. Perfodic testing in accordance
with Subsection IWV of Section X1 of the
ASME Code could effect a reduction in PORV
fallures. Additionally. advanced diagnostic
techniques could be applied to better monitor
PORV condition.

Bascd on a review of fallure events. the
greatest salety benefit coula be achieved by
using PORV designs that are resistant to
sticking opcn. A new PORV design from
Target Rock and iimprovements incorporated
in a new Crosby/Garrett design may provide
higher reliability, but neither has been in
service long enough o provide long term
operating experience

REFERENCES

1. EPRI NP-2292, PWR Safety and Relief
Valve Test Program Valve Selection
Justification Report.

2. NUREG/CR-4999, Estimation of R'sk
Reductton from Improved PORV Reliabil
ity tn PWRs.

3. NUREG-1316, Technical Findings and
Regulatory Analysis Related to Generic
Issue 70,




“NUBBERS

SUMMARY OF RESEARCH RESULYS

FUNCTIONAL DESCRIPTION/BACKGROUND
Snubbers, both hydraulic and mechanical,
provide restraint of undasirable dynamic
loads on piping and equipment in nuclear
puwer plants (NPPs), while allowing free
thermal motion under normal operating
conditiors. Snubbers are subject to age-
relate. degradation that can adversely effect
their performance in both the dynamic and
passive modes. Maintenance and service-life
monitoring guidelines have been developed
that are useful 1o manage the effects of aging
in snubbers.

BASED ON NFAR REPORTS:

1. NUREG/CR-4279, Aging and Service
Wear of Hydraulic and Mechanical
Snubbers Used on Safety Related Piping
and Components of Nuclear Powr Plants
2/86,

The incidence of snubber failures has been
moderaled through the use of stalistically
based testing and examinalion plans spec-
ified Iin plant technical specifications.
Although in-service inspection (I1S1) require-
ments still exist, service-life monitoring
programs have minimized the number of
aging-related failures by ensuring that
snubbers are repaired, refurbished, or
replaced through conscientious maintenance
procedures.

2 NUREG/CR-5386, Basis for Snubber
Aging Research: Nuclear Plant Aging
Research Program, 1 /4%

AGING RELATED ISSUES Snubbers e
subject 1o a number of age related degrada
tion modes that depend on both environmen
tal influences and degradation mechanisms
indigenous to the snubber design. The most
common environmental influences on
snubber degradation modes are

® Vibration

% Heal

® Dynamic transients

¢ Moisture

® Radiation
Some of these degradation mechanisms are
being addressed by improved snubber desigr
and materials
For mechanical snubbers, deformation of
parts, wear, fretting, corrosion of internal
parts, and solidification of lubricants are

some of the more common degradation
mechanisms. Such degradation can result in
increased resistance to movement or jam
ming in the passive mode (the most frequent
failure mode for mechanical snubbers). The
snubber activation threshold can also be
changed

The primary degradation mechanism for
hydraulic snubbers is the gradual relaxation
of low precssure sealing foree. This relaxation
can lead to 'oss of hydraulic Quid, resulting
in failure to function in the active mode (the
primary fallure mode flor hydraulic
snubbers). Another concern for hydraulic
snubbers is degradation of the hydrauli
fluid affecting the ubber's control valve
preformance in both the active and passive
modes
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Wear and fretting caused by vibration can
lead to loosening of fastners and an increase

2  SNUBBERS _

in clearances between madng parts for both
hydraulic and mechanical snubbers.

OPERATING EXPERIENCE llascd on o
review of service data for typical plants,
roughly 50% uf all snubber farlures have been
caused by age-related influences. A primary
contributor to non-age-related faillures has
been maintenance errors.

Vibration and heat are the dominant envir
onmental influences resulting in aging
degradation. The effects of radiation on
snubber service is significantly less than was
originally anticipated in early stages of NPP
design.

The majority of failures for both hydraulic
and mechanical snubbers occurred in the
early stages of plant operation. There were
a number of contributors to these early
failures, including incompatibility with the
operating environment, damage during
consiruction, and restrictive acceptance
criteria. For most plants, the incidence of
snubber fallures has significantly decreased
since the first one or two operating cycles.
The level of age related degradation in
snubbers varies from plant to plant: this is
most likely due to variations in snubher
designs, materials, and operating environ-
ments.

Service data made available through NPAR
rese» ch, including data provided by the
Snubber Utility Group (SNUG), indicates an
average visual examination faflure rate of 1%,
and an average functional test fallure rate

between 7% and 10% These rates apply to
both mechanical and hydraulic snubbers,

Hydraulic Saubbers Manulacturers’ rec
ommendations for service life for hydraulic
snubbers have generally been conservative
(10 to 20 years), With the exception of isolated
cases where snubbers are subjected to severe
operating environments, such as excessive
heat. seal degradation in hydraulic snubbers
has been minimal for mosi plants. In contrast
to mechanical snubbers, the propensity for
drag force in hydraulic snubbers to increase
in service is low. There are some indications
that long term degradation of hydraulic
snubber seals is retarded by their immersion
in the silicone hydraulic fluid Continuous
high amplitude vibration can result in fluid
gelation in hydraulic snubbers; this can
affect control valve performance.

Mechanical Snubbers The forty year ser
vice life inttially projected by manufacturers
ol mechanical snubbers, on the other hand,
may be somewhat unrealistic. Recent oper-
ating data indicate that mechanical
snubbers can degrade with time In even
moderate operating environiments. The
smaller mechanical snubbers appear to be
most prone to fallure. Snubbers used on
small piping branches that are attached to
larger pipes or components are particular!
vulnerable.

RESEARCH RECOMMENDATIONS [ gen
eral, degradation of snubbers in severe
operating environments should be moni-
tored by surveillance and maintenance
methods. Comprehensive root cause evalua-
tions of snubber faflures can also provide
| valuable information to reduce failures.
Identifying snubber fallure mechanisms may
require disassemhling the snubber and
inspecting its par - Diagnostic tests using
variations in test parameters may also be
helpful to identify the failure mechanism.

Hand stroking (s a useful method for
evaluating snubbers for freedom of move-
ment. This is particularly useful {or evaluat-
ing snubbers suspected of exposure to bigh
dynamic loads. Another method that is useful
in this regard is rotation of the snubbers
about their spherical bearings.

Long term degradation of snubbers in
moderate operating environments can be
minimized by monitoring representative
snubber samples exposei to that environ

_NPAR |
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ment, Occasionally, modification of the
environment is practicable. (reduction in
vibration amplitude or improved (IVAC)

For plants with significant variations in
operating environments, it may be practical

SNUBBERS 3

to establish more than one service life
category, Categorizing snubbers according to
failure mode groups during IS will help to
focus future inspections on those snubbers
in problem applications

REFERENCES

|. Butler, JH., F.M. O'Hara, Jr. 1976, Anal
ysis of Abnormalities of Snubbers in
Nuclear Reactor Service [Rep 1 1) ORNL
NUREG/TM-53,

2. Information Notice 84-67, Recent Snub
ber Inservice Testing with High Failure
Rates.

3. Information Notice 81-01, Suwoeillance
of Mechantcal Snubbers,

4. Generic Letter 84-13, Technical Specifi
cation for Snubbers.

5 RO Bulletin 73-4, Defective Bergen
Paterson dlydraulic Shock Absorbers,

6i. NRC Bulletin 75-08, Operability of Cat
egory | Hydraulic Shock and Sway
Suppressors,
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Observations on the aging
of snubbers
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TYPICAL MECHANICAL SNUBBER

TYPICAL HYDRALUILIC SNUBSBER

RECOMMENDATIONS FOR INSPECTION




~ SNUBBERS

AR )

. fluid color change

evidence of wear on the piston rod
surface

corrosion

evidence of wear or deformation of
structural parts

g discoloration of parts due to heat

an

-0

3 Visual examination attributes indicating

age-related degradation in mechanical

snubbers include:

a. corrosion

b. evidence of wear or delormation of
structural parts

¢. discoloration of parts due to heat

MAINTENANCE RECOMMENDATIONS
1. Hydraulic snubber sea.. should be

replaced immediately before reinstallation
of the snubbers in the plant. in order to
minimize assembled sYelf life.

2. Augumented inspections beyond those

required Dy plant technical specifications
should be encouraged as good preventa
tive maintenance practice, particularly for
snubbers in severe environments.

analysis, is uscful in identifying the cause
of snubber failure or deqgradation. This
may involve diagnostic testing and inspec-
tion of snubber internal parts.

. Snubbers should be examined for visual

signs of degradation during both IS! and
snubber overhaul.

. Hand stroking or rotation of snubbers

about their spherical bearings should be
used to identify severely degraded or

3. Post-service evaluation, eg root cause jammed snubbers

DESIGN/TEST RECOMMENDATIONS

1. Monitoring trends in functional test ¢, standard interpretation of results

results is a useful method for identifying
degradation, particularly for mechanical
snubbers.

. Functional test data obtained during [S!
may not always be useful for trending
However, such data should be reviewed for
anomalies that may be indicative of age-
related degradation.

. Test data to be used {or trending purposes
requires:

a. the same test machine (preferable)

b. standard test methods

d. baseline test data
€. testing of the same snubbers

- Inspection and testing activities should be

focused on snubbers in severe environ-
ments that may be subject to rapid
degradation.

. The various operating environments to

which snubbers are exposed in the plant
should be documented.

Establishment of separate service-life
categories is warranted for snubbers
operating in severe environments.




FUNCTIONAL CKGROUND
Solenold-operated valves (SOVs) are used by
the thousands throughou! nuclear power
plants, often being subcomponents of safety-
related systems such as containment isola-
tion valve actuators, BWR control rod scram
systems, and PWR safely injection systems.
Though relatively simple and robust devices,
their presence in systems important {o satety
requires an especially high degree of assur-

BASED ON NPFAR REPORYS:

|. NUREG/CR-5141, Aging and Qualifica
tton Research on Solenotd Operated
Valves, 8B/88,

2. NUREG/CR-4819, Vol. 1, Aging and
Service Wear of Solenold Operated
Valves Used in Sajety Systems of Nuclear
Power Plants: Operating Expertence and
Failure ldentification, 3/87

AGING RELATED ISSUES porating expe
rience shows that SOV mallunctions have
been caused both by electrical detertoration
of the solenoid coll and its leadwires and by
mechanical, chemical, and radiation degra
dation of certain valve interi.al parts
1. INSULATING MATERIAL: Dieiectric
strength of the polymer insulation sur
rounding individual copper wires com
prising the solenold coil 1s lost when
material properties change as a result of
excessive exposure to radiation (mostly
gamma, but for some equipment locations
neutrons may aiso be important), pro
longed operation at high temperatures

-

SUMMARY OF RESEARCH RESULYS

ance that they are ready to perform their
required function under all anticipated plant
conditions. Evaluation of SOV performance
in the nuclear industry and laboratory study
of SOV electromechanical properties have
identified elements for an effective mainte-
nance program comprised of careful inspec-
tions, periodic replacemen! of limited-life
¢ nponents, and special condition-revealing
in-place tests.

4 NUREG/CR-4819, Vol. 2, Aging and
Service Wear of Solenold Operated
Valves Used in Salety Sysi. ms of Nuclear
Power Plants: Monltoring Methods Eval
uafton, in preparation

lelevated ambient temperature; excessive
sell heating due to restricted air flow), or
maoisture intrusion (from dripping water
or a nearby steain leak)

2. ELASTOMERIC COMPONENTS: O rings.
diaphragms, gaskets and seals, and
molded core seats are susceptible (o
chemical attack (by petroleum- based
lubricants, lor example) and have limited
tolerance for nuclear radiation or for
prolonged operation at high tempera
tures. Continued exposure to such stres
sors will result in material damage that
may be mantfested as swelling, cracking,

loss of tenstle strength and elasticity,

ala el 0t T T e s
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useful: (1) visual check {examine the SOV
for evidence of discoloration or charred odor
from cverheating, obvious physical damage.
stains or deposits from leaks, dr s or
coadensation, frayed wining or cracked
fnsulation} (2) audible check (lack of a solid
‘click” upon energizing/ deenergizing the
vaive or the presence of a continued buzzing
or rattling sound awiter energizing are signs
of trouble); (3) operational check (an ability
te inftlate and terminate flow rellably,
especially at the extremes of the valve's rated
operating pressure and differential pressure
limits, should be demonstrated): and (4)
disassembly (tho! ¢ not always practival or
desirable, this may be the only sure way to
verify the absence ol excessive wear of
internal valve components and build up o
ditt or foreign materials. to ascertain the
condition ol the seats and other elastomers,
and to verify free movement of the valve core)

Porliodic Component Replacement i
bodied in SOVs are two types of components
that are likely to have limited service life in
typical nuclear plant environments: elasto-
mers and the solenoid coll itsell. The effects
produced ' the presence of siressors, even

at seve'.. =i encountered in normal
\NONac: - avironments, are described
in th = v entided AGING RELATED
ISSUE © [voquency with which elasto
meric + v w0 s and the solenoid coll
require < ..o¢ ent will, of course, depend

on the spec o« service conditions assoclated
with the SOV in question. SOV manufactur
ers frequently ofier recommendations for
replacement of limited-life components at
intervals determined by the number of valve
onerations, accumulated radiation dose, time
in service at elevated temperatures, or a
combination of these and other operational
parameters. Equipment qualification pro-
grams also provide faillure data which should
be useful in formuiating a compon.nt
replacement strategy.

However, in view of the difficulty and cost
of replacing specific components of an SOV
that is already installed. many nuclear plants
have adopted a practice of replacing the
entire SOV periedically rather than rebuild

e i S ) et S e i e R . 2 W AN e < . A e

SOLENOID-OPERATED VALVES

ing the valve in place. If the rebuild option
is nonetheless chosen, it is imperative that
all work be performed by qualified personnel,
and postmaintenance testing of the SOV s
recommended to demonstrate tie adequacy
of the component replacement work

In-Place Tests In addition to the audible
check and the operational check already
described in the INSPECTIONS se ction, four
condition-indicating tests can be performed
without removing the valve from service and
are theretore considered feasible for typical
nuclear power plant applications. They are:

Internal leakage. Increased internal
leakage rate is indicative of degraded valve
seating surfaces, especially the elastomeric
seats. For many SOVs this measurement
can be performed with a hand-held flow-
meter attached to the valve's exhaust port,

Speed of operation.  Sluggish shifting of
a SOV is indicative of buildup of foreign
material within the valve, excessive
mechanical wear of internal components,
or chemically leteriorated valve seats.

Electrical power consumption. A marked
change in solenoid current from its
historical mean value is indicative of
insulation degradation or failure within
the solenotd coll or at the leadwire con-
nections, or possibly a significant change
in the operating temperature of the SOV
(see below |

SOV temperature, Altered temperatiire of
the valve and its solenocid coil may be
caused by a change in process fluid or
ambient temperatures, a change in elec-
trical supply voltage, electrical insulation
breakdown % thin the solenoid, or loose
(high resistance! connections. Regardless
of its cause, any radical change in SOV
operating temperature should be under
stood and its implications factored into the
overall valve maintenance program. The
temperature measurement may be made
with a contact thermometer or may be
performed electrically through knowledge
of the temperature variation of resistance
of the copper wire comprising the solenoid
coil

e et e —— e —e— et ‘_——___;_l:
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B AGING ASSESSMENT GUIDE
SOLENOID-OPERATED VALVES (SOVs)

Observations on the aging
of solenoid-operated valves

EXPLODED VIEW
OF SOLENMD-OPERATED VALVE

RECOMMENDATI I8 FOR INSPECTION External Indicators or Causes of Age
Operating Parameters Routinely Observed Degradation




6 SOLENO!D-OPERATED VALVES

NPAR

MAINTENANCE RECOMMENDATIONS

1. During scheduled downtime. perform (1)
visual check, (2) audibie check, and (3)
operational check, as outlined in the NPAR
SUMMARY OF RESEARCH RESULTS.

2. Replace limited-life components on a reg-
ular schedule that is based on SOV manu-
facturer's recommendations, equipment

qualification test results, and the temper-
ature/radiation/time history ¢ the indi-
vidual SOVs.

. Check tightness of electrical connections

and process fluid couplings routinely.
Make sure that drain holes in electrical
conduit supplying power to SOV are
unobstructed.

OPERATIONS RECOMMENDATIONS

1. Actiate seldom-used SOVs whenever an
opportunity to do so arises, since valves
maintained in one position for extended
periods of time are prone to sticking,

2. Record all cases of anomalous SOV per-
formance, since such events may be

precursors to recurrent and possibly more
serious malperformance or failures. Dur-
ing scheduled downtime. take steps to
determine root cause(s) of SOV
malperformance.

Make sure that purity of the process fluid
controlled by the SOV {: maintained.

DESIGN/TESY RECOMMENDA "IONS

1. Periodically review environmental condi-
tions (ambient temperature and radiation
field, actual solenoid coil temperature,
process fluid temperature) at each SOV
site to make sure that they lie within the
manufacturer's recommended operating
envelope for that valve model.

2. Periodically measure the voltage supplied
to the SOVs to ensure that, for all plant
conditions normally encountered, it lies
within the range specified by the
manufacturer.

_(,ﬂ

If SOV operational problems occur, during
the next scheduled downtime perform as
many of the in-place tests outlined in the
NPAR SUMMARY OF RESEARCH RE-
SULTS as practicable (specifically, the
internal leakage. speed of operation,
electrical power consumption, and SOV
temperature tests, as well as the audible
check and the operational check). As a
last resort. disassembly and accompany-
ing visual inspection of internal SOV parts
may be required to ascertain the nature
of the problem and correct it.




AUXILIARY FEEDWATER (AFW)
SYSTEM

SUMMARY OF RESEARCH RESULTS

FUNCTIONAL DESCRIPTION/BACKGROUND steam generators. il is routinely used at many
The AFW System in a PWR provides a safety- plants in support ¢f normal startup and
related mechanism for the removal nt stored shutdown, as well as ir response to emer-
and decay heat from the reactor coolant gency reactor shutdown.

system by the transfer of heat through the

BASED ON NPAR REPORT:
| NUREG/CR-5404. Auxiliary Feoedwater
System Aging Study, 3/90

AGING RELATED ISSUES The AW s As a result, the system is subject to a broad

tem is operatea in support of normal startup range of aging mechanisms in standby,
and shutdown sequences. in response to including (but not limited to) erosion,
plant transients (its safety related function) corrosion, and thermal fatique. Aging during
and for testing. During normal operation, it sysiem operation occurs from operating the
is in standbv. The components of the AFW system at relatively low-flow conditions,
system are exposed to a variety of internal which resuits in accelerated wear of pumps
environmental conditions, ranging from due to hvdraulically unstable conditions, and
high temperature steam (o low temperature accelerated wear of check valves due to the
raw water flutter that accompantes low-flow operation

‘I’"l"‘:f'l"f' fi"t‘?'\‘“f:" '”“ i RELATIVE SYSTEM DEGRADATION

components which were significant contrib Pumps OAI"C'
y')[é,’_‘ 5‘)-:‘
2%

utors to historical AFW system problems
Pump drivers were found to be the principal
source of system degradation. Almost three Valves
fourths of the pump driver 1
occurred with turbine drives

The turbines, as a plece ol mechanical
\

' 4
} -y 9 1 r 3 5 %
hardware, have proven to be extremely v 4
o
rugged, but the control systeirs have fre
i»;e‘[;Yi‘, heen inable to pe will the .
conditions demanded (rapid starts from cold e
3 : valve
CONGItIoNs;. Lver nall o! the turbin rive nerators
perd
Oro I("'~‘ir'e it tribi ,'“:~_'.__. r { ETY y 7B
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NPAR

control system fa‘lures. Many of these
failures occurred as the result of turbine
speed controi problems.

Less than half of all AFW syvstemn failures
reported to the NPRDS database were
detected as the result of programmatic
monitoring practices. Almost one-(ifth of the

system degradation assoclated with failed
components was detected during demand
starts. Almost one-tlird of the degradation
associated with turbine 1&C/governor con-
trol fallures were detected during demand
start conditions.

Faflure Mechanisms Failures within the
AFW svstem are the result of individual
component fajlures.

Typical compoients in the AFW system for

which NPAR research has been performed

are:

® Multistage centrifugal pumps

® Induction pumnp drive motors (100-1000
hp)

¢ Steam turbines and associated controls

® AC and DC motor-operated valves

¢ Air-operated valves

¢ Check valves

® Circuit breakers

¢ Instrumentation and control

NPAR research results summaries for indi-

vidual components should be consulted for

detailed fallure mechanism discussions.

Failure Modes [allure modes for AFW
systermn components depend upon the precise
operating requirements for the specific
component.

Broadly spraking, the failure modes are:

® Fallure of equipment to automatically
actuate on demand

® Failure to deliver flow to an intact steam
gerierator (SG)

@ Failure to isolate flow to a faulted SG

® Faflure to provide adequate flow to remove
residual heat from the reactor coolant system
® lallure of components in the AFW system
which degrade other systems (such as failure
of 8G to AFW turbine isolation valves which
result in cross-tying of a faulted 3G to an
intact S$G)

RESEARCH RECOMMENDATIONS The

demonstration of the overational readiness

of the AFW system depends upon a variety

of testing and rrutine observations, includ:

ing the following

® Pump testing. The typical in-service test
(IST) of an AFW pump is performed at low-
flow conditions (through the minimum
flow line). This testing provides little useful
hydraulic performance information. and is
damaging to the pump. Periodic (e.g. at
each cold shutdown) full flow testing
should be performed to verify hydraulic
performance of the pump. as well as the
full load performance of the pump driver
(motor, turbine, or diesel). Pump hyvdraulic
performance (head and flow), motor power,
and machine vibration should be moni-
tored and trended.

® Power operated valve testing. To ihe
extent that AFW system power operated

valve IST does not demonstrate design
basis functionability of a valve, the testing
shouid be supplemented by periodic
testing under conditions that are as closely
representative of design basis conditions
(Le.. differential pressure, flow, etc.) as
practical. Use of advanced diagnostic
techniques, such as motor current signa-
ture analvsis should be employed.

® Check valve testing. In addition to the
check valve test requirements associated
with the IST program, the use of advanced,
non-intrusive diagnostic techniques
should be employed. The pump discharge
line should be periodically monitored by
operators (eg., once per shift) or contin-
uously monitored with instrumentation
(thermocouples with remote alarm or
reaclout) to ensure that main feedwater is
not backleaking
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Turbine testing In addition to perfor

mance testing of turbines done in conjuc

tion with pump testing., the turbine
governor and speed control system should
be calibrated periodically (e.g., every
refueling). Proper functioning of overspeed
trip devices should be verified on a monthly
or guarterly basis.

Pipe examination. Portions of the AFW
system piping are exposed (o stagnant raw

water at many plants (e g.. piping from the
backup water supply). This line 1s seldom
or never used, and may be subject to
considerable corrosion or other degrada
tion (for example, microbiologically
induced corrosion or Asiatic clam infes
tation). Programmatic controls should be
in place 1o either examine the pipe peri
odically or to prevent degradation.

REFERENCES

b

2

3.

NRC Bulletin 88-04, Potential Salety
Related Pump Loss.
NRC Bulletin 85-01,
Awxiliary Feedwater Pumps

NRC Bulletin 85-03, Motor Operated
Valve Common Mode Fatlures During
Plant Transtents Due to Improper Switch
Settings.

Information Notice 86-01, Failure of
Main Feedwater Check Valves Causes
Loss of Feedwater System Integrity and
Water-Hammer Damage.

Steam Binding of

Information Notice 86-09, Fallure of
Check and Stop Check Valves Subjected
to Low Flow Conditiuns.

Intormation Notice 85-14, Ouverspeed
Trips of AFW, HPCI, and RCIC Turbines.

7. Information Notice 87-53, Auxiliary

Feedwater Pump Trips Resulting from
Low Suction Pressure.

information Notice 90-76, Failure of
Turbine Overspeed Trip Mechanism
Because of Inadequate Spring Tension.




AGING ASSESSMENT GUIDE
AUXILIARY FEEDWATER (AFW) SYSTEM

Observations on the aging
of the Auxiliary Feedwater
(AFW) System

— Pump Drivers and their controls
have been the major sources of
AFW system degradation.

— Current testing practices have not
been totally effective in detecting
AFW system component degrada
tion and failures
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RECOMMENKDATIONS FOR INSPECTION
1. Jn the standby mode, the pump casings
and the pump discharge piping should be
periodically or continuously monitored for
backleakage

For plants in which long runs of the
turbine steamn supply piping is normally
isolated, proper functioning of steam traps
or condensate pots should be observed

3

3. During system

testing and operation,
pump and system vihration and noise
should be observed. Pump motor current
and turbine speed should be monitored

4. Components shouid be monitored for

excessive leakage, including
a) Pump packing or mechanical seals and
b) valve packing and gasket seals

MAINTENANCE RECOMMENDATIONS
AFW Pumps

1. Measure and trend pump hydranlic
performance at or near best efficiency
point (BEP) flow rates (not just at min
imum flow] at least once per fuel cycle

2. Mondtor and trend pumnp bearing vibra
tion in the frequency domain (track
vibration level vs. vibration freqnency)
This should be done for both normal in
service testing and for the above recom
mended full flow tests

3. Perform lube oil analyses

AFW Valves
1. Periodically monitor motor operated valve
condition using advanced ciagnostie

technigues, such as motor current signa
ture analysis

2. Periodicaily monitor check vaives using
non-intrusive diagnostic technigues such
as ultrasonic, acoustic, or external mag
netic flux signature analysis

AFW Pump Drivers

I. Measure and trend pump motor power
during full flow (pump at or near its BEP)
testing

<. Perform motor lube oil analyses

3. Periodically (once per fuel cycle) calibrate
the turbine governor speed control system
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4. Perform periodic v--ification of turbine
over-speed trip erability monthly to
quarterly)

5. Perform turbine lube oil/governor control
oil analyses

6. Monitor and trer d turbine/motor bearing
vibration in the frequency domain

7. Observe turbine governor's ablility to
maintain the turbine at control speed

without hunting (each time turbine is
run)

]




DLING WATER

M - PWR

SUMMARY OF RESEARCH RESULYS

FUNCTICNAL CKGROUND
The CCW System in a PWR is a continuously
operating non-radioactive closed loop system
used to remove heat from plant equipment,
anu transfer it to an open loop cooling system
such as service water. Aging is a significant
factor in failures of CCW systems (over 70%
of the failures reported were reiated to aging).
Fifty percent of the failures resulted in

BASED ON NPAR REPORTS:

I. NUREG/CR-5052, Operating Experience
and Aging Assessment of Component
Cooling Water Systems (n Pressurized
Water Reactors, 7/88

«2Q. ded performance of the CCW system,
while 27% caused a loss of redundancy. Using
the time dependent fallure rates calculated
from the plant data, improvements in main-
tenance and monitoring methods may be
required to prevent system unavailability from
reaching an unacceptable level during the
later years of plant life,

2. NUREG/CR-5693, Aging Assessment of
Component Cooling Water Systems in
Pressurized Water Reactors - Phase 2
3/92

AGING RELATED ISSUES [cakage was
the predominant mode of failure. Wear was
the predominant failure mechanism. On a
component level, valves were the most
commonly reported component to fail. These
were dominated by f[ailure of the valve
operators, followed by wear of the valve seats
Pump lailures were dominated by seal and
bearing failures, while heat exchanger

AGING EFFECTS
Erosion. wear, corrosion
Clogging. biecking, reduced flow
Vibration, misatignment. lonse parts
Binding, distortion, rupture
Elecirical short circuits. grounds, pitting
Setpoint drift, loose connections

OPEPATING EXPERIENCE

component showing a significant number of

For each CCW

failures, the data were examined to identify

fatlures most {requently involved the tubes
Factors contributing to aging ol
components along with the observed eflerts
are summarized on the next page

these

Under normal operating conditions, the
stresses which contribute to CCW system
aging, and the part of the system it most
aflects are summarized

COMPONENTS AFFECTED
Mechan:cal
Mechanical
Mechanical. electrical, instrumentation & controls
Mechanical
Electrical. 1&C
tigctrica.. 1&C

h {alled. As
D seals and he dl'llNgs

i} v r i " ‘< 1n il i1
DLt e IMos O pump navaiiability



2 COMPONENT COOLING WATER SYSTEM - PWR

Similarly, valve operators and valve seats
were the leading subcomponent problems
leading to CCW valve failures,

SUBCOMPONENT FAILURES.

Pumps: Seals — 57% Heat Exchanger:

Bearings — 25% Tubes — 58%
~ 1% Other - 25%
Valves: Operstor — 38% Tubeshest — 16%
Seat — 31%
Other — 30%

The failure modes for the CCW system are
Civerse. Leakage is the most common mode
of ‘ailure and is typical for pump and valve
failures. The fallure modes classified as
“other” include overload, rupture, and
disengaged.

The predominant failure mechanism for the
CCW system is wear, which accounted for
37% of the reported failures. The other 63%
of the fallures were distributed fairly evenly
among the mechanisms listed below. "Frac
ture” includes events where fracture or ciack

S— S Sa— o

LEAKAGE 37%

LOSS OF FUNCTION
b

SHORT CIRCUIT 2%
NOISE / VIBRATION 3%
/  PLUGGED 4%
¥ DOES NOT DPEN 5%

RN AP
EXCEEDS LIMIT 8%
INCORRECT SIGNAL 9%

N
DOES NOT CLOSE 9% e

growth lead to fallure. The"contamination”
category Includes failures where a foreign
material was introduced into the system
causing a blockage or buildup. "Calibration”
includes failures where set point drift
accurred, often resuiting in a violation of
technical specifications.

FAILURE MECHANISMS

Wear — 37% Corrusion/erosion — B%
Calibration — 12% Bistortion — 7%
Contamination — 9% Deterforation — 7%
Other — 8% Fracture — ¢

RESEARCH RECOMMENDATIONS Aging
contributes to a significant portion of CCW
systemn failures. Monitoring methods should,
therefore. include good functional indicators
which will address aging.

1. Because leakage is a typical failure mode
associated with both pump and valve
fallures, it suggests that Inspecting and
testing for leakage are important moni
toring methods.

STRESSORS

High tamp.
Foreign materials
Humidity, dust
Cyclic operation

CCW VALVES

CCW HEAT EXCHANBER High press
High flow
Service water

exposure

Vibralon
High Temp.
Human Lrror
Loss af NPSH

CCW PUMPS

il
T

SYSIEM LEVEL INDICATORS

2. The vartety of failure modes suggests that
several different monitoring techniques
would be required to detect all failures. For
example, visual inspections could only be |
expected to detect a portion of the CCW |
system failures. A good surveillance and
monitoring plan should be diverse, and |
include sufficient tests and inspections to |
cover all of the significant failure modes. |
The functional indicators recommended
as potentiallv viable methods for monitor-
ing and detecting aging degradation are:

BSiNG EFFECTS FUNCTIUMAL INDICATORS

Packing & seal lsakage Visual inspection ‘
Stem Gindi ! ask3ge tests l
Insulation ian Stem terque check |
Erosion/ corrasion Torque/)imit switch setting |
Current/veltage monitoring }
Fouling of surfaces Visuai inspection }
Erugion/corrosion Temperaiure |
Blockage Acoustic or eddy curreni tssis \

Bolt torgue check
Baaring Wear Vibration Rdgs. ’

Distortion Lube 0il Temp.,

Cavitztion Quality, & lLevel

Seal & Packing Bearing Temp.

Waar Visual Insp. for leaks

Surge Tank level system flows and pressures, HX. outle! temps. |
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AGING ASSESSMENT GUIDE

COMPONENT COOLING WATER
(CCW) SYSTEM — PWR

Observations on the aging
of the Component Cooling
Water System in PWRs

Becaise there are

Function: Provide cooling wcter to
pvarious plant loads including HX's,
pump seals, chillers and air
coolers

Operating experience indicates
increasing lailure rates with age

many vartations in the

design of CCW systems. the impact of :
component failure on the svstem's perior

mance wiil vary. For instance, five 2-unit sites
have a fully shared systemn with

S

e |

5 pumps

heat exchangers. and 2 surge

tanks. A

CCW SYSTEM UNAVAILARILTY

”
ACTUAL DATA  PROJSECT
- -
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single component failure has little impact

hecause of the extra redundanyy
multiple component failures could aff

However,
eCt

both units. Differeices (n designs results in

RECOMMENDATIONS FOR INSPECYION

i

2.

Major valves are monitered for leakage &
appearance

Heat exchangers arc inspected for leakage,
temperature

MAINYEN, ICE RECOMMENDATIONG
COW Puups:

Trend the pump's performance (flow
pressiire)

exchangers and pump seals

¢. Safety Injection (S!) pump & motor

coolers,
d. Chillers & Containment coolers

2. Monlitor the
loperator rounds)
3. Perform analysis of lube otl quality

bearing «emp

& vibration

differences in emphasis and the priority of
licensee resources
3. UCheck steady state flow to the following
critical loads:
a. Reactor coolant pump (RCP) seals
b. Residual Heat Removal (RHR) heal
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Aol b i o S5 Vo dele A, to S MNER). e i)
CCW Heat : Other CCW System Activities: i
1. Trend the inlet and outlet temperatures 1. The integrity of the piping should be |
2. Perform eddy current or acoustic testing checked periodically, especially main i .
(or equivalent] to determine tube sheet headers. ;
condition 2. The instrumentation (controls, indica- |
tors) associated with modulating flow to |
COCW Valves: equipment should be calibrated regularly. |
1. Calibrate the control valves, check set 3. The strainers ‘n the system (pump suc- |
| points tion) should ve cleaned, based on differ- |
2. Monitor the operator current/voltage ential pressure readings. .

i. Water chemistry should be routinely
checked, and chemical addition modified
| as necessary.

St e —————————— —————————— A 7 o B S — S ————
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CONTROL ROD [
SYSTEM-WEST

SUMMARY OF RESEARCH RESULYS

FUNCTIONAL DESCRIPTION/BACKGROUND
The Control Rod Drive (CRD) system per-
forms an electro-rmechanical conversion
which enables reactivity comimand signals
developed by the reactor control system, to
accurately control the operation of magnetic
jack type Control Rod Drive Mechanisms
(CRDM) and, hence. the position of Rod
Cluster Conirol Assemblies (RCCA) within
the core. The major suba.semblies bounded
by the aging study of the Westinghouse CRD
system include the hCCAs, CRDMs, Power
and Logic cadinets, the Rod Position Indi-

BASED ON NPAR REPORT:

1. NUREG/CR-5555, Aging Assessment of
the Westinghouse PWR Control Rod Drive
System, 3/91

AGING RELATED ISSUES | 'nexpected,
abnormal wear of control rod cladding
material, inability to move control rods on
demand. dropped control rods, inaccurate
RCCA position indications, and unnecessary
challenges to plant salety protection equip
ment are among the operational events that
have occurred as a result of age related
component degradation within this system
The following table presents a summary of
the leading aging related problems that have
been identified for each major subassembly

cation (RPI) system and the interconnecting
cables and connectors, Analysis of plant
operating data has shown that unchecked
aging of CRD system components can cause
system operability problems which may lead
to unacceptable plunt performance. A review
of CRD system design characteristics and
current maintenance practices, indicates that
certain design modifications, and/or im-
proved maintenance and monitoring tech-
niques, may be warranted to adequately
manage the age related degradatinn of this
system,

NPRDS DATA {1980-1989)




RESEARCH RECOMMENDATIONS




| REFEFENCES
q I. NUREG/CR4731, VOL.2, Residual Life

Assessment of Major Light Water Reactor
Components Ouverview, 11/89.
| 2. AEOD Raport E613, Localized Rod Clus-
! ter Control Assembly (RCCA)Wear at PWR
l Plants, 12/86.
| 3. NUREG-0641, Cuntrol Rod Guide Tube
| Wear in Operating Reactors, 6, 80.
4 Information Notice 89-31, Swelling and
Crucking of Hafniun Control Rods.

5.

~J

NPAR  CONTROL ROD DRIVE SYSTEM - WESTINGHOUSE 3

Information Notice 87-19, Perforation
and Cracking of Rod Cluster Control
Assemblies.

Information Notice 86-103, Degradation
of Reactor Coolant System Pressure
Boundary from Boric Acid Corrosion.
Information Notice 82-29, Control Rod
Drive Guide Tube Support Pin Failures
at Westinghouse PWRs.

A R L i

A A I e e AN A S A A I



AGING ASSESSMENT GUIDE

CONTROL ROD DRIVE (CRD)
SYSTEM — WESTINGHOUSE
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RECOMMENDATIONS FOR INSPECTION




MAINTENANCE RECOMMENDCATIONS

OPERATIONS RECOMMENDATIONS

DESIGN/TEST RECOMMENDATIONS
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1E POWER

SYSTEM

SI/IMMARY OF RESEARCH RESULYS

FUNCTIONAL DESCRIPTION/BACKGROUND
The 1E power system provides electrical
power for the safety systems in the plant. The
1E power system includes an emergency
power source (usually diesel generators) and
three subsystems, the alternating current (ac)
power system, the direct current (dc) power
system, and the vital ac power system. Failure

data were reviewed to idertify failure modes
experienced during nperation and their
cause. Aboul 33% of the fai'ures are aging
related. Because the 1E power system is a
highly redundant system, complete loss of
essential electrical power has not been
common.

BASED ON NPAR REPORYTS:
1. NUREG/CR-5181, Nuclear Plant Aging
Research: The 1E Power System. 5/90

2. NUREG/CR-4747 Volume 1, An Aging
Fatlure Survey of Light Water Reactor
Salety Systems and Components, 7/87

AGING RELATED ISSUES Ading is a con
cern for the 1E power system since the
NPRDS data base shows that about 33% ol
the failures are aging related. The compo
nents failing most often are breakers, diesel

engines/generators, chargers, and inverters
These are followed by batteries and trans
formers. Each ol the above are discussed in
more detail in corresponding aging assess
ment sections

OPERATING EXPERIENCE [ho cllect of
1E power system failures was determined
from the NPRDS data. The three most
frequent effects were loss of redundancy, loss
of subsystem/channel. and system function
unaffected; and were nearly identical. While
only about 48% of 1 E power system tailures
were detected with routine IS&EMM, about
52% of the failures were detected during
normal operation or incidently (ron
routinely). Non-routinely detected failure
; ates lor the most significant components are
inverters (77%). breakers (48%) batteries
(44%), and relays (30%). Transiormers
chargers, ac generators, conductors, power
supplies, and motors also had a very large
percentage of their failures (60% or greater)
detected non-routinely. However ol
these account for 2% or of the

each

€SS total

failures of the 1E power system. For non
routinely detected failures the primary
causes were: defective circuit, corroded
contacts, short/ground, wear, burned com
ponent, and defective connection. This
fallure pattern and the research results
indicate trending parameters normally
measured during maintenance, such as
megger testing results, and the use ol
advanced monitoring methods such as
infrared thermography and electrical circult
characterization and diagnostics, could be
useful in improving the reliability ol the 1E
power system

Aging related causes accournited for about
33% of the failures reported in NPRDS. Aging
failures included (among others | wearout, set
point drift breakdown, short
grounded circult circult, contacts

insulation

open

o R
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corroded, delective connections, circuit

defective, electrical overload. and mechanical

damage. The lailure cause classified as other

Desigr
11 L\b'(,

RSl 1) B
Test and Human Relatec
Maintenance ‘

6.8%

RESEARCH RECOMMENDATIONS A pre
ventive maintenance (PM) program should
exist for the 1E power syvstem. The PM
programn should include periodic testing
monitoring, and inspections. Because the 1 E
power system Is cotaposed of four subsys
tems (emergency power, alternating current
(ac) power system, direct current (dc) power
gystem, and the vital ac power system), the
system ~an not be tested with a single set
ol tests. Each of the major components
(breakers, relays, transfoermers, cabling
baiteries, cuargers, inverters, and diesel
generators) can be the subject of a mainte
nance and surveillance program. General
guidance is provided in IEEE Std. 338, and
Regulatory Guide 1.118. These documents
recommend instrument checks, functional
tests, calibration verification tests, and
response time verification tests, Factors tha
should be considered are system failure

mades, compc. _nt failure modes, applicabie

REFERENCES There is a large amount of

relerence material available for the 1E

Electrical Power Svstem. The following reflect

those which mav be readily accessible to the

inspector

1. IEEE Std. 338, C(Criteria for Per od
T'esting of Nuclear Power Generatir

Stati~n Safety Systems

1E POWER SYSTEM

includes fouling/blockage /foreign material

VETIOAd/ pressure, normal wearout, corro

1080 Hysien

Unaftected

[
e )

d
— Syste
nanne
relial v modeling, reliability allocation and

availability, failure report analyses and other
historical 1ata, and logic configusati. .,
Periodic tests are in situ tests performad in
plant on the equipment at scheduled inter
vals to detect degradation and verify op
ability. Technical Specifications require
verification of otlsite and ESF power, diesel
generator testing. undervoltage tests, voltage
and frequency verification, tests of batteries
and response time tests 1o be performed on
1 periodic basis ranging from weekly to once
each refueling outage (18 months). Emer
gency dissel teardowns may be required ¢ seny
vears. The results from these tests and
surveillance tests can be analyzed to provide
anearly indication of aging degradation. Also
advanced monitoring methods such as the
use ol infrared thermography could be useful
in detecting impending component failure
ind thereby improve the reliability of the 1E

POWET system

2. Regulatory Guide 1.118, Periodic Test

ing Jlor Eiecin Power and Protection

Sustems

EPR!I NP-3416 A Guide for
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AGING ASSESSMENT GUIDE
1E POWER SYSTEM
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CLASS 1E POWER SYSTEM WITH TWO DIVISIONS

RECOMMENDATIONS FOR INSPECTION

| L. Verification of offsite and ESF power 2. Cables and wiring in harsh environ

| diesel generator testing andervoltage ments should be visually inspected during
tests, voltage and frequency verification outages for evidence of degradation from
tests of batteries, and response tme tests tempesature, moisture, or radiation

during all phases of operation




1E POWER SYSTEM

MAINTENANCE RECOMMENDATIONS

1

2.
3
4.

5

Trend results ol surveillance tests
Trend failure rates of componernits
Clean connections if corrosion is noted
Ci2an components to remove dirt and
other fureign material

Changeout air filters in chargers, inver
ters, and other electrical equipment with
forced air ventilation

Perform PM on breakers to prevent faulty
aperation trom dirt, contamination, har
dened grease, and wean

Meggering and Dolle testing to verify
electrical insulation properties. Consider
fng use ol advanced monitoring methods
such as infrared thermcgraphy




BWR HIGH PR

IPAR BWR HIGH PRESSURE INJECTION SYSTEMS 1

RE INJECTION

SYSTEMS (HPCI and HPCS)

SUMMARY OF RESEARCH RESULYS

FUNCTIONAL DESCRIPTION/BACKGROUMD
The two main BWR high pressure injection
systems (HPI8s5) are high pressure coolant
injection (HPC!) and high pressure core spray
(HPCS). The main purpose of the HPIS is to
permit injection of coolant into the reactor

BASED ON NPAR REPORT:

l. NUREG/CR-5462, Acqing Study of Boil
tng Water Reactor High Pressure Injection
Systems, (Dralt} 2/91

AGING RELATED ISSUES " he system
stressiors which contribute to age related
degradation include testing, operation
envivonment (pressure, temperature, humid
ity, radiation, etc.). vibration. dirt, foreign

OF’ERAT!NG EXPE‘“ENCE I'he most com
monly failed BWR HP!

\'nll.t“\ valve Opcrators, instrumentation and

omponents included

coritrol &C), pumps, turbines. pipe, and pips
supports. The most common failure modes

tor the w-"':;n-nrnrn identified above includs
degraded operation {valves, valve operators
and turbines), loss of function (1&( low
injection flow (pumps), leakage (pipe), and
lailure to operate (pipe supports). The failure
data bases indicate 46 to 68% of the failures
were not detected by survelllance testing
This Information is summarized | the

accompanving Higure and Table )

Approximate! | 4% the failures ¢
LER database resulted in a failure of the
system (0 operate, and 84% ol the {ai

inthe NPRDS database resulted ina« Mpiete

vessel at reactor pressures up to 1120 psia
for a wide variety of transients and accidents.
Data analysis from three failure information
data bases and one plant specific study
showed aging degradation has occurred in
BWR HPISs.

material, water hammer, improper lubrica
tion, and imprper maintenance. Dominant
fallure mechanisms include wear, fatigue
setpoint drift, or out ol calibration in
strumentation

COMPONENT FAILURES
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2 SR HIGH PRESIURE INJECTION BYSTEMS  TIPEK
|
TABLE ). SUMMARY DF DOMINANT FAILURE MPOES, AGING FAILURE CAUSES, AND DETECTION METHOOS IDENTIFIED |
BY DATABASE ANALYSIS
COMPONENT FAILURE MODE FAILURE CAUSE DETECTION
Valves Uegraded operation 27.7% Wear 26.4°, Surveiliance testing 45.0%
Vaive Dperators Degraded operation 28.1%, Wear 8% Surveiliance lesting 43.7% I
instrumentation and contral Loss of tunction 48.6°, Suu:;tg 104% Surveiltance testing 42 1% |
it 13.8% !
Pumps Low Injectian How 74.3% Wear 33.3% Surveiliance testing 43.2% i
| imp-oper lubrication 31 1% ‘
Turbine Gegracded operatier, 35 6% Improg ur lubrication 27.7% Surveiilance testing 54 24 '
improper maintenance 13 8°:
Wear 1298% '
Dirt 6.5%
Fatigue 4 6% l
Pipe Leakage 442, Corrosion 36 9% Surveillance testing 45.5% |
Time-relater material degradation 18.2% |
Fatigue 14.3% ‘
Misalignment 14.3%
| firt 13.4%
| Pipe Supports “afiure to operate 36.4°, Time-related material degradation 16,29 Surveiliance testing §1.5%

RESEARCH RECOMMERWDATIONS [

HPCI response time from 30 to 60 seconds. |

proved preventive maintenance programs
were identifled as one area, under utility
control, that could result in improved HPIS
reliability. The preventive maintenance
programs applied to BWR HPISs vary widely
from plant to plant. The foliowing factors
should be included in a preventive mainte
nance prograin:

1. A quality system that requires records on
all maintenance of safety-related systems

and components and verification of

installation and changes in status {ollow

ing calibration.

Contamination {ree HPIS room to improve

eas¢ and accuracy of maintenance and

inspection.

3. Inspection of the equipment room each
shift to check for leaks.

4. Measuremen: of motor-operated valve
{(MOV) current while cveling the valve
following maintenance work on the valve
or valve operator,

A stuty by General Electric and the Electric
Power Research Institute showed that emer-
gency core cooling system (ECCS) response
times could be relaxed and stll ensure
substantial core safety margins. The study
recommends utllities consider relaxing the

0

This change would reduce the wear and aging
degradation caused by fast starts during
testing and operation and improve system
reliability. Implementing this change would
also reduce the system wear resulting from
the cold, quick-start testing making it a
viable option for surveillance.

The failure data analysis indicated that 40
to 50% of the HPIS failures were detected by
surveiilance testing. This indicates incipient
failures are not being detected by current
programs and preventive maintenance pro-

grams in particular. Improvec methods of

surveiliance and monitoring should be
considered to detect these incipient failure
prior to & system failure occurring,

Valves and valve operators were listed within
the top two or three most commonly failed
components in all four data sources for this
study. Wear is the leading cause of failure
for these components. NRC |E Bulletin 85-
03 and Generic Letter 89 10 recognize the
need for better methods of analyzing MOV
performance and detection of MOV problems.
Diagnostic equipment developed in response
to the NRC concerps expressed in IE Bulletin
85-03 and Generic Letter 89-10 mayv meet
this need




NPAR

b

The HPCI systems should switch to a
recirculation mode after water level recovery
is verified. This leaves the system running
and available if needed without requiring
another startup challenge with the asso
clated system startup stresses. Another
change that would result in a fewer number
of startup challenges is including a time delay
on the isolation logic for high steam flow in
the turbine inlet line. This will reduce
spurious isolations caused by the startup
transient or setpoint drift after an automatic
initiation.

Motor-operated valves should not be electri
cally backseated. This overstresses the valve

_BWR HIGH PRESSURE INJECTION SYSTEMS

<<3. -

stem and seats and may lead (o fa'lures such
as valve stem breaking or elongation, back
seat damage, or stem nut cracking

Also, the valve operator should be sized
properly. Many MOV fallures are the result
of valve and operator incompatibility. The
operators are oversized during the design
process, and the resulting torque loads can
be up to ten times the torque required for
valve operation. This may lead to failures
such as bent valve stems. cracked seats or
disks, and defortned valve bodies or yokes

REFERENCES

1. F.J. Mollerus, Reliability of BWR High
Pressure Core Cooling, NSAC 53, August
1982,

2. K.F. Cornwell, G.L. Sozzi, and B. Chexal,
Basis For Relaxing ECCS Performance
Requirements jor BWR/4s, NSAC- 131,
September 1988,

3. NRC Builetin 85-03, Motor Operated
Valve Common Mode Fatlures During
Plant Transtents Due to Improper Switch
Settings.

4 NRC Generic Letter 89-10, Safety
Related Motor-Operated Valve Testing
and Surveillance,
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AGING ASSESSMENT GUIDE

BWR HIGH PRESSURE INJECTION SYSTEMS
(HPCI and HPCS)

Observations on the aging
of BWR High Pressure
Injection Systems

Valves, valve operators, instrumen
tation and control (I&C), pumps
turbines, pipe, and pipe supports
experienced the most failures

A wide variety of stressors and
fallure mechanisms are causing
aging degradation in BWR high
pressure injectiort systems (HPISS)

Only 10% of falures cause a com
plete loss of system function; most
fatlures result in degraded
operciton.

TYPICAL HIGH PRESSURE CORE INJECTION
SYSTEM FLOW DIAGRAM

,,,,,,,,,

b)
o l:..‘:‘ A ¢‘ w
al 12

* ey |

. i

TYPICAL HIGH PRESSURE CORE SPRAY
SYSTEM FLOW DIAGRAM
& g L _Monsteamine

'

7 &
I ‘gov e IR e
‘ d’” ‘n" ! urbing

- + : "“"
o e
| \
v M3 - -* ‘ ’,I'(:'
Pt L, == S P
‘. ] 1 -
L e s 4
g
5 B ;« "l J



~NPAR

BWR HIGH PRESSURE INJECTION SYSTEMS 6

RECOMMENDATIONS FOR INSPECTION

1. High pressure Injection system testing
should Include visual inspection in the
HPIS room to verify proper equipment

operation.

2. The “IPS room should be checked each
shift for leaks or problems.

MAINTENANCE RECOMMENDA . (ONS

1. Better methods should be considered for
use in analyziag MOV performance and
detection of MOV prublems. Diagnostic
equipment developed in response to NRC
concerns expressed (n Generic Letter 89
10 may meet this need.

2 Plants that have a lot of HPIS fallures
would benefit from reviewing thelr preven

fntive maintenance programs and deter
nuning where the weak po ., (8 In thelr
programs could be strengthened. Compar
Ing their program to one at a BWR with
low HPIS fallure rates could be beneficial,
3. The HPIS room should be kept contam
ination free to Improve case and accuracy
ol Inspection and malntenance activities,

OPERATIONS RECOMA *“DATIONS

1. Motor-operated valves should not he
clectrically backseated. ™ ‘s oversiresses
the valve stem and seal . .d may lead to
fallures such as valve stem breaking or
elongation, backseat damage, or stem nut

ng.

2. The HPCI wyntems should switch to a
recirculation mode aflter water level recov
ery Is verified. This leaves the system
running and available (f needed without

requiring another startup challenge with
the assoclated system start ip stresses,
Another change that would result In a
fewer number of startup challenges s
including a tine delay on the Isolation
logic for high steam flow in the turbine
inlet line. This will reduce spurious
isolations caused by the sartup transient
or setpoint drift after an automatic
inttiation,

DESIGN/TEST RECOMMENDATIONS

1. The valve operator should be sized prop
erly. Many MOV fallures are the result of
val = and operator incompatibility. The
operators are oversized during the design
process, and the resulting torque loads
can be up to ten times the torque required
for valve operation. This may lead to
fallures such as bent valve stems, cracked
seats or disks, and deformed valve bodles
or yokes

2. A study by General El ciric and the
Electric Power Research Institule showed
that emergency core coollng system
(ECCS) response times could be relaxed
and stll ensure subst. tial core safety
margins. The study recommends utilities
consider relaxing the HPCI resporise time
from 30 to 60 seconds. This change would
reduce the wear and aging degradation
caused by fast starts during testing and
operation, and improve systemn redability.

-
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HIGH PRESSURE INJECTION
SYSTEM (HPIS)-PWR

SUMMARY OF RESEARCH RESULYS

FUNCTIONAL DESCRIPTION/BACKGROUND
The HPIS provides high pressure injoction of
borated water to prevent uncovering ol the
core for small LOCAs and to delay uncovering
th~ core for intermediate sized LOCAy. The
k1S can aiso be used to (ool the core
following a reactor shutdown when heal
removal by the steam generator cannot be

BASED ONNPAR REPORT:

1. NUREG/CR-4967, Nuclear Plant Aging
Research on High Pressure Injection
System, 8/849

AG NG RELATED ISSUES ALINg Is a con
cern for the HPLS, The NPRDS and NPE data
hases show that about 21% to 28% ol the
fallures are aging related. 1T ¢ mos! frequent
fallures that may be age related are electrical
and mechanical control mallunctions for
pumps and vaives. Boron erystallizatios: from
leaking packing and seals or faulty heat

OPERATING EXPERIENCE [l cllect of
component fatlure on system performance
was determined from the NPRDS data
Approximately 57% of the fatlures caused
either degraded rwperation, loss of redun
dancy or loss o1 Jhannel. which implies
reduced reliability {f the system were called
on to perform its salety function. Becauise

Ol componet recdlundancy, only 0.7% I the
failures actually caused a loss ol systen

uncuton

achieved. For some plants, the HPIS provides
normal primary coolant system charging and
provides seal injoction water for the reactor
coolant pumps. Review of the HPIS fallures
found that at least 21% are aging related; but
because the MPIS is a redundant system only
0.7% of the fallures caused loss o! system
function

tracing have caused valve and pump mal
function. Leaking of borated water on o
carbon steel parts of HPIS companents and
on adjacent svstems has caused corrosion
Of special concern, Is a potential for fatigue
fallure of the stainless steel pipe and nozzles
resulting from loose thermal sleeves or valve
seil leakape

EFFECTS OF HPIS FAILURE

- Degraded
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RESEARCH RECOMMENDATIONS
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CHPAR

nozeles from thermal fatigue. This should be
supplemented by enhanced ultyvasonic test

~ HIGH PRESSURE INJECTION SYSTEM - PWR 3

ing of the welds and high stressed arcas of
the base metal

Section Xi of ASME Pressure Vessel Code,
Rules for Inservice Inspection of Nucloar
Power Plant Components,

ASME OM Code, Code for Operation
and Maintenance of Nuclear Power
Plants.

information Notice 88-01,
tion Pipe Failure.

Bulletin 88-08 and Supplements 1 and 2,
Thermal Stresses in Piping Connected to
Reactor Coolant System.

Salety Injec

N

L§]

~J

Information Notice 82-03, Crucking in
Piping of Makeup Coolant Lines at B&W
Plants

Information Notice B8-30, Loss of Ther
mal Sleeves in Reactor Coolant System
Piping and Certain Westinghouse PWR
Power Plants.

NUREG/CR-4234 Vol. 2, Aging +d
Service Wear of Electric Motor Operated
Valves Used in Engineered Safety
Feature Systems of Nuclear Power Plants,
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| AGING ASSESSMENT GUIDE

HIGH PRESSURE INJECTION SYSTEM
(HPIS) — PWR

- Observations on the aging
of high pressure injections
systems (HPIS) in PWRs

Valves, I&C equipment and pumps
have experienced the most
fatlures.

Motor operated valves are the most
troublesome and risk signiftcant
active components

Through wall cracks in the tnje
tion line and nozzles have devel
oped yrom thermal fatique

Desy,n and operational changes
and improved inspection and test
ing will eflectively manage aging
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HIGH PRESSURE INJECTION SYSTEM

RECOMMENDATIONS FOR INSPECYION

1. Valve packing. valve bonnet connections,
pump seals, piping and nozzles should be
periodically inspected for leaks and boron
ey oal deposits. Adjacent pipes and
eq.apment should be inspected for boror
crystal deposits

2. The major valves should be monitored for
leakage with special attention to the

normally closed valves and check valves
at the interface of primary coolant and
HPIS bhorated water

3. Cables and wiring of pump and motor

operated valve power and control circuits
in harsh environmenits should be visually
inspected during outages for evidence ol
degradation from temperature, moisture
or radiation
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_HIGH PRESSURE INJECTION SYSTEM - PWH

MAINTENANCE RECOMMENDATIONS
1. The vender recommendations for preven

o

2. Guidance for maintenance of pump

tive maintenance of the HPIS electrical
and mechanical equipment should be
followed. For example, Limitorque valve
motor-operators should have perfodic 18
month routine maintenance for inspec

motors, motor-operated valves, check
valves and the various electrical equip
ment components are given in the corres
ponding Recommendations for Assessing

Aging

tion, cleaning and lubrication.

OPERATIONS RECOMMENDATIONS
1. Plants that use HPIS for normal charging
, should maintain a continuous small

makeup flow to avoid thermal shock of the
injection nozzles caused by the makeup
flow cycling on and off,

TEST AND INSPECTION
RECOMMENDATIONS
l. The ASME Code Section X1 inser .t
testing of pumps should be suppleme o
l with measurements of the electr ol
‘ characteristics of the pump motors. }
2 The ASME Code Section X1 stroke time
‘ tests may not be effective in monitoring
aging of motor-operated valves. Trending
of the parameters measured for Generic
Letter 8910 tests should be considered
3, The nozzles sale ends and elbows between
; the cold leg and the first check valve of

the injection lines shoulkd be periodically
¢ ted using enhanced ultrasonic

“aggs o) valve control civoiits should be
wested pertndically to insure they are
functinning properly.

Nute: Section X1 will refer to the ASME O
Code, "Code tor Operation and Maintenance
of Nuclear Plants™, for pump and valve
Inservice testing




INSTRUMENT AIR (IA) SYSTEM

SUMMARY OF RESEARCH RESULTS

FUNCTIONAL DESCRIPTION/BACKGROUND isolation, main feedwater/main steam, aux-
Air systems are used in nuclear power plants iliary feedwater and the BWR scram system.
to actuate or control equipment that is vital Since aging processes affect the compressed
to rnoimal plant operation as well as to air system and its components, an aggressive
shutdown the plant safely during an abnormal preventive maintenance program should be
or emergency condition. Aging degradation followed to mitigate these eftects. For this
occurs in the compressed air system and study, the air system includes the compressed
becomes an increasing factor as the system air supply, the filter/dryers, and the distribu-
ages. The external systems most often tion piping.

affected by |A degradation are containment

BASED ON NPAR REPORT:

|. NUREG/CR-5418, Aging Assessment of
Instrument Air Systems (n Nuclear Power
Plants, 1 /90

AGING RELATED ISSUES Thie compo 3. FILTERS: Blocking and cogging were

nents experiencing the maost fatlures due to the major fallure mechanisms on the pre
aging degradation were compressors, oir lilters and after filters. This severelv dimin
systern valves, dryers and filters ished the air flow in several cases

1. COMPRESSORS: Failures were largely 4. VALVES: Wear and corresion accounted
attributed to wear {rom normal service for more than hall of the failures associated
Degraded operation was due to failure to with alr system valves. This resulted in an
load/unload properly. and leakage inability to open or close manual and power
2. AIR DRYERS: The dominant fatlure operated valves. Seat leakage was also a
mechanisins are blocking or clogging, cor commaon failuve mode

rosion, deterioration.. and contamination
I'his resulted in the delivery of comnpressed
alr with a higher dewpoint than specified

OPERAYING EXPERIENCE !ocw cvents ous failures of components in the air system

occurred in which a total loss of air took place Data were obtained from six nuclear plants
Partlal loss or degraded system operation and sorted to determine the distribution of
were most commaon. Several cases led o air system failures among the major compo
reactor scrams. and some introducted tran nents, The ranges ol the faillure percentages
stents into the safety systems they serve are illustrated in the adjacent figure. This
Moisture and particles in the air system, and data may be used for consideration in the

hvdrocarbon contamination caused numet allocation of resources
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[ NPAR INSTRUMENT
necessary to assure proper A system
operation
VALVES: In the distribution of air to the

plant. solenold operated valves and manual
valves are used These should be cvoled

AIR SYSTEM 3

periodically for freedom ol movement. At
various locations in the distibution system
blowdown valves should be operated to
remove dessicant lines and moisture

REFERENCES

1. EPRI NP-T079, Instrument Atr Systems
A Guide Jor Power Plant Maintenance
Personnel.

2. NUREG/CR-5519, Vol. 1, Aging of Con
trol and Service Alr Compressors and
Dryers Used (n Nuclear Power Plants,

3 IEEE B9THO248-5-PWR, Maintenance
Good Practices Jor Nuclear Power Plant
Electrical Equipment (SOVs)

4. NUREG/CR-4819, Volume 1, Aging and
Service Wear of Solenoid Operated
Valves Used In Safety Systems of Nuclear
Power Plants, March 1987

-

» NUREG-1275, Vol. 6, Operating Experi
ence Feedback Report Solenoid Operated
Valve Problems

& Information Notice 90-11, Maintenance
Defictency Associated With Solenoid
Operated Valves.

7. Information Nolice 88-24, Failure of Atr
Operated Valoes Aflecting Salety Kelated
Systems.,

4 USNRC Case Study Report AEOD/CT701,

Alr System Problems at US. Light Water

Reactors
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& AGING ASSESSMENT GUIDE
% INSTRUMENT AIR (IA) SYSTEM
!
|
Observations on the Aging
of Instrument Air Systems
Normal wear of the system and Most system problems are detected
contamination of the air dominate by local monitoring, walkdouns
the problems of the IA system. and inspections, .nd preventative
Compressors, air system valves maintenance

and atr dryers comprise the major
ity of fatlures.
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BOUNDARIES OF THE INSTRUMENT AIR SYSTEM FOR AGING STUDIES

RECOMMENDATIONS FOR INSPECTION

Observe local conditions at the air compres 3. Coolant water temperature and pressures
sors for proper operation of the system and at the inter and after coolers are within
| its key components. This includes Himits
. 1. Inlet filter differential pressure readings 4. Pressure drops across the dryer filters are
| are normal normal

2. No major air leaks exist 5. Dryer outlet dewpoint is low




MAINTENANCE RETOMMENDATIONS

In general, predictive maintenance and
treading techniques should be used to
establish preventive maintenance schedules
for routine tasks such as dessicant chan
geout, filter replacement. and svsiem blow
downs. Because the IA system is continually
operating, maintenance to account lor
expected wear should be scheduled, such as

INSTRUMENT AIR SYSTEM

® overhaul of compressor internals; exami
nation ol bearings, piston clearances,
cvalinder condition, etc.

® inspection and cleaning of heat ex
changers

® calibration of insirumertation and con
trols

® air receiver internal Inspection and pres
sure test

OPERATIONS RECOMMENDATIONS

A great deal of information regarding the
overall health of the 1A system can be gained
through routine operator duties. Logs of filter
differential pressures, cooling water temper
atures and pressures, and drver outlet
dewpoint are important data for monitoring
system performance.

Oiher activities which should be performed

by operating personnel to assure continued

satisfactory pedformance of the A system are

® periodic blowdown of air receiver tanks.
low points In the distribution system, and
line filters

® actively pursue sources of air leakage

® verify dessicant levels are satisfactory

® nspect operation ol automatic condensate
drain valves and traps

DESIGN/TESY RECOMMENDATIONS

1. Periodic testing for gradual loss ol pres
sure should be performed to test the
performance of safety grade accumulators,
check valves, and isolation valves
Degraded pressure operation was the
most common failure mode observed for
the 1A system.

2. The crossconnect valve between the
Instrument Alr and Service Alr systems
is a eritical component. Status indication
should be considered. as well as manual
bypass or override capability,

3. Alr quality should be monitored pociod
ically for adherence to design specifica
tions or ANSI/ISA §7.3-1975.




SUMMARY OF RESEARCH RESULYS

FUNCTIONAL DESCRIPTION/BACKGROUND
The reactor protection system (RPS) mea-
sures critical paramclers that describe
whether the reaclor system is operating
within o sale envelope, initiates alarms if an
unsafe condition is being approached, and
initistes engineered salely systems when
necessary to prevent further development of

BASED ON NPAR REPORT:

|. NUREG/CR-4740, Nuclear Plant Aging
Research on Reactor Protection Systems
1 /B8

AGING RELATED ISSUES Ayl 1s a con
cern for the RPS since the NPRDS and NPE
data bases show that about 23% to 49% ol
the fallures are aging related. The aging
related fallure causes are 1&C component
fallure, mechanical wear, drift, short circults

OPERATYING EXPERIENRCE [l cliecct of
RPS f{aillures was determined Ifrom the
NPRDS data. The largest eflect was loss ol
subsystem ‘channel followed by system
function unaftected. loss of redundancy, and
degraded systemn performance. Only 0.2% of
the fallures resulted in loss of system
function

I&C component fatlure is the most dominant
fallure cause that iIs not human related
followed by wear /broken/damaged. drift, and
short/grounding/arcing. The lallure cause
classified as other includes fouling /blockage
foreign material, overload/pressure, normal
wearout, and corrosion. Aging related causes
accounted for about 23% ol the lallures
reported in NPRDS

potentially unsale conditions. Failure data
were reviewed 1o identifty fallure modes
experienced during operation and their
causes. Al least 23% of the fallures are aging
related but because the RPS Is a highly
redundant system only about 0.2% of the
component fallures caused a system faillure.

environmental conditions, normal wear, and
corrosion. Too frequent testing Intervals can
also be an aging effect resulting In degra
dation of components. Obsolescence ol
clectronic components is also a problem (o
older plants

EFFECTS OF FAILURE

LOss of Systerr
Function
Loss of 0 2%
subsystem / Channel ., LOSS of Ragundancy

10 3% S 17 0%

Degradged Systen
Operation
16.7%

Svystem Function
Unattected
26 B%

Fatlure of no one component stands out as
being significantly more prevalent than
others. However, the components failing

most often are sensors/transmitters (1 3%

iy



electronic parts (13%), bistables (10%)
breakers (8%), power supply fuses (8%), and
wire/cable/conectors (7%). Also, approxi
mately 34% of the failures occurred during
normal operations rather than during
maintenance. testing, or inspection. This
failure pattern and the research results
indicate trending parameters normally
measured during maintenance, such as
response time and calibrations, and the use
of advanced monitoring methods such as on
line monitoring with comparison of redun
dant channels, and electrical circuit charac

terization and diagnostics, could be useful
in improving the reliability of the RPS

RESEARCH RECOMMENDATIONS / 1o
ventive maintenance program should exist
for the RPS. The PM program should include
periodic testing, monitoring. and Inspec
tions. Periodic tests are in situ tests per
formed in plant on the equipment at sche
duled Intervals to detect degradation and
verify operability. Technical Specifications
require response time testing, functional
checks. channel calibrations. and operational
tests to be performed on a periodic basis
ranging from twice per day to once each

2 REACTOR PROTECTION SYSTEM

CAUSES OF FAILURE
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refueling outage (18 months), The results
from these surveillance tests provide much
information that can be analyzed to provide
an early Indication ol aging degradation
Trending of thie measured values, as well as
latlure rates, not only provides an indication
of when components should be replaced but
also provides a method of anticipating
component fatlure. Also, advanced monitor
ing methods should be useful in detecting
impending component failure and therchy
improve the reliability of the RPS

REFERENCES There is a large amount of

reference material availabie for RPS systems

However the following reflect those which

may be readily accessible.

1. IEEE Std. 338, Criterta for Periodi
Testing of Nuclear Power Generating
Station Safety Systems

2. Regulatory Guide 1.22, Pertodic Testing
of Protection System Actuation Systems

4. Regulatory Guide 1.118, lenodic Test
ing for Electric Power and Protection
Systems

4. EPRI NP-3416, A Guide for Developing
Preventative Maintenance Programs in
Electric Power Plants



AGING ASSESSMENT GUIDE

REACTOR PROTECTION SYSTEM

Observations on the aging
of the Reactor Protection
System

Sensors/ transmitters, electroni
parts, bistables, breakers, power
supply/fuses, and wire/cable/con
nectors have experienced the most
failures

Aging accounis for about 23% of
the comoonent failures

Approxtimately 34% of the Jatlures
were discovered during normal
operations
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NPAR REACTOR PROTECTION SYSTEM 4

RECOMMENDATIONS FOR INSPECTION

1. Response time testing, functional checks
channel calibrations, and operational
tests during all phases ol operation

MAINTENANCE RECOMMENDATIONS

1. Trend resvidts of response time tests and
channel calibrations

2. Trend fatlure rates of components

4. Clean connections i corroston is noted

4. Perform PM on breakers o prevent faulty

2. Cables and wiring in harsh environments

should be visually inspected during

outages lor evidence ol degradation from

temperature, moisture, or radiation

operation from dirt, contamination, ha
dened grease. and wear

Monlitor fallures ‘hat occur auring normal
operation and consider use of advanced
monitoring methods where these lailures
are a concerm
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SUMMARY OF RESHEARCH RESULYS

FUNCTIONAL DESCRIPTION/BACKGROUND the Low Pressure Coolant Injection (LPCI)
The RHR System in a BWR serves a voriety and Shuldown Cooling (SDC) operating
ol purposes for operation during routine, modes. Aging has a moderate impact on RHR
abnormal, and emergency conditions. While component fallure rates (0 to 17% per year
the fallure data reviewed covered all phaser increase). S.andby systems such as RHR may
of operation, the emphasis of evaluating be less affected by aging than continuously
system effects and operaling stresses was on operating systems.

BASED ON NPAR REPORT:

1. NUREG/CR-5268, Aging Study of Boiling
Water Reactor Residual Heat Remouval
System, 6/89

AGING RELATED ISSUES A Aging s a con while the system is in the shutdown cooling

cern for RHR systems. The evaluation of or testing mode. Operational stresses are
multiple data bases showed that more ! ian enhanced by the synergistic effects of various
50% of the fallures were attributed to aging standby stresses. One important source of
Different aging mechanisms are present stress is testing. Plants with a common
related to the operating status of the system minimum flow line for 2 RHR pumps, for
While in standby. the aging mechanisms are instance, should closely monitor pump

® corrosion performance since aging can degrade perfor

¢ set point drift mance, and lead to dead-headed pump

® embrittlement operation on one ol the pumps. This can
Aging degradation due to wear takes place result in overheating and premature lallure

OPERATING EXPERIENCE 1L clicct of outhoard isolation valves. or a fallure of the
each RHR fallure on system performance was valves themselves

determined from the NPRDS data. Over hall
of the fatlures resulted in degraded operation
of the system. This implies that the system
can still perform 1ts function; however {f left
uncorrected, the fatlure could cause a 10ss
of system function

DEGRADED

4
\w 2

INKNOWN
No failures were reported in which the |
complete loss of LPCI resulted. However, the
complete lcss of the shutdown cooling mode
of RHR resulted Irem some of the component N : .
failures. These typically involved a failure of EFFECT T REDUNDANCY

the instruments controlling the inboard or



Fallure Mechanisms A fallure mechanisim
is the physical, chemical, or other process by
which a component or system degrades or
lails. Since the RHR system has standby
modes as well as operational modes. there
are several different failure mechanisins

Y  WEAR 3%,
SETRONT DT 23N,

DETERINRATION 4
IRMORION  FROSON 4

DU TOMTIN 4%

OTHER 0% e | b T ANINA T 1K §

SHORT  OROUND 8%

Wear represents an exposure 1o stresses
encountered during operation, which results
in some portion of the component being worn
away. The fallure mechanism classified as
Other includes embrittiement, fatigue, vibra
tion, and fracture. Deterioration includes
lallures where a material of construction is
broken down physically by the environment
to a point where {t can no longer perform
its function; Le. insulation or gaskets

2 RESIDUAL HEAT REMOVAL SYSTEM - BWR

Fallure Modes A lailure mode is the man
ner in which a component fails. The failure
modes for the RHR system are diverse. The

ki A

predominant modes include Leakage, Loss of
Function, and Wrong Signal. Leakage
includes internal and external leakage of
valves, along with leakage of pump seals
Aiping and pipe tittings. The Loss of Function
mode includes failure of an instrument to
operate or fallure of a pump to run. The
Wrong Signal mode includes a position
switch indicating a valve is closed when (|t
is actually open. or a pressure transimittes
indicating the incorrect pressure

RESEARCH RECOMMENDATIONS 1he
operational readiness of the RHR system can
best be assured from three tests

1. Valve stroke tests
2. Control iogic response tests
3. In-service Inspection pump tests

This choice is supported by the data which
showed valves and instrumentation/controls
to be the two predominant types of compo
nents in the RHR systemn which fail

The type and amount of periodic testing
preventive maintenance, and corrective
maintenance performed on the major system
components are described in the following
summary:

RHR Pusips

TESTING: During the quarterly testing
required by technical specifications for RHR
pumps, it is recommended that other infor
mation is recorded such as bearing vibration
and temperature, motor amps and voltage
and motor winding temperature.

Bearing degradation "an be detected by
increasing vibration and temperatures
Likewise, motor and pump degradation may
be apparent from increasing motor current
or winding temperatures,

PREVENTIVE MAINTENANCE: Due to en
vironmental qualification requirements,
bearings, seals, and gaskets are replaced at
prescribed intervals. Activities such as
cleaning and lubrication should be period
ically conducted regardless of whether the
pump is in standby or is continuously
operating.

The frequencies at which PM activities are
performed are normally based on the equip
ment's operat'ng experience, plant configu
ration, and the impact of pump fatlure on
plant risk. The limited PM activities des
cribed may be justified based on the extent
ol periodic testing that is performed.

RHR Valves
TESTING: In accordance with technical
specifications, periodic testing is required for




key RHR valves, including measurements of
valve stroke time and valve seat leakage.
Technical specifications also requires that
each valve in the flow path be periodically
checked to verify its correct position. Other
periodic testing that utilities have success
fully employed to monitor valve degradation
are;
1. Relief valve setpoint verification (5 years)
2. MOV signature analysis (18 months)
3. Position Indicator functional test (18
months)
As a result of numerous problems with MOVs,
further research is being conducted. Stroke
time testing may be of only limited value, and
the frequent operation required by testing
may result in accumulated wear to the valve
seats. NRC Generic Letter 8910 addresses
this concern.

PREVENTIVE MAINTENANCE: Utility prac
tices for RHR valve PM consist primartly of
inspection and lubrication. The frequency of
this activity ranges fromi annually to every
four years. Some utilities also periodically
megger the motors on the MOV Inspection
and lubrication of manual and check valves

~ RESIDUAL HEAT REMOVAL SYSTEM - BWR 3

are also performed. PM on AOVs and SOVs
is largely based on EQ requirements

It should be noted that post maintenance
testing is performed for valves, especially
MOVs. Following packing adjustments or
torque/limit switch corrections, stroking the
valve Is useful to verify proper operation

RHR Heat

TESTING: In-service testing, such as a heat
balance. 18 a standard non-intrusive test for
determining heat exchanger capacity. Design
calculations assume a certain amount of
fouling: the heat balance determines the
continued validity of the assumption. Other
periodic tests such as a hydrostatic or leak
test verify the integrity of the pressure
boundary Interfaces. Research is continuing
to determine the effectiveness ol other
methods such as eddy current and acoustic

testing.
PREVENTIVE MAINTENANCE: The preven
tive maintenance activities specified for the
RHR heat exchanger includes inspection,

tube cleaning. and a perfodic replacement of
paskets

REFERENCES

1. Bulletin 88-04, Putential RHR Pump Loss.

2. Generic Lelter 89-10, Safety Related
Motor Operated Valve Testing and
Surveillance.

3. Sulletin 86-01, Minimum Flow Logic
Problems That Could Disable RHR
Pumps.

4 Intormation Notice 86-36, Fallure of
RHR Pump Motors and Pump Intermals.




AGING ASGESSMENT GUIDE

RESIDUAL HEAT REMOVAL (RHR)
SYSTEM — BWR

Observations on the aging
of the Residual Heat
Removal (RHR) System

in BWRs.

~ Valves and I&C equipment have
experienced the most failures

- To date, the effects of aging have
not increased with time

- Testing has been effective in

detecting aging related
degradation

SUPRESSION

LOW PRESSURE COOLANT INJECTIOR (LPCI) MODE
ELECTRIC POWER

Pr—— W it |
MOV MOy
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RECOMMENDATIONS FOR INSPECTION

1. When in the standby mode, the pump
areas should be checked for environmen
tal conditions; temperature, cleanliness.

2. When a pump is operating, vibration
levels, motor amps, and motor winding
temperatures should be observed,

3. The major valves should be monitored for
leakage and appearance.

4. The heat exchangers should be inspected
for leakage, temperature

MAINTENANCE RECOMMENDATIONS
RHR Pumps:
. Trend pump performance (flow, pressure)
2 Monitor bearing temperature & vibration
(periodic testing).
3. Perfortn an analysis of lube oll quality
4. Monitor and trend motor performance
(amps, windings)
RHR Heat
. Trend the inlet and nu(ln temperatures
2 Perform eddy current or acoustic testing
lor equivalent) to determine tube sheet
condition

RHR Valves:

1. Monitor the operator current/voltage

2. Check the reliel valve setpoints,

3. Perform post maintenance testing follow
ing corrective maintenance activities,

4. Trend the resuits of the technical spec
ification tests.

RHR Instrumentation:

. Routinely calibrate the instrumentation
channels, especially those assoclated with
system actuatior, isolation and per
missives

2. Properly fill and vent the Instruments
following testing or maintenance



SERVICE WATER SYSTEM

SUMMARY OF RESEANCHK RESULYS

FUNCTIONAL DESCRIPTION/BACKGROUND
The Service Water System (SWS) in nuclear
reactors performs vital safety functions, as the
final link between the reactor and the ultimate
heat sink (river, lake, cooling pond, etc.). The
system aiso provides essential cooling to
satety-related equipment such as emergency

BASED ON NPAR REPORT:

1. NUREG/CR-5379, Nuclear Plant Service
Water Systern Aging Degradation Assess
ment Volumes | and 2. 6/89

AGING RELATED 'SSUES [l SWS s
subject to age related degradation. A 1988
analysis indicated that the SWS at US
nuclear plants has a degraded performance
rate of 0.4 per reactor year and a complete
system fallure rate of 1.5510% per reactor

OPERATING EXPERIENCE |1 open lonce
throughj SWS types. corrosion was the
largest contributor to [ailure. Biofouling has
been a major concern at some plants, due
to infestation of species such as asiatic clams
and Zebra mussels. In closed (intermediate
heat exchanger) SWS types the largest cause

diesel generators and emergency core cool-
ing systems. Depending on the design, all or
part of the system will be exposed to raw
water. Therelore, the SWS components
(pumps, valves, pipes, heatl exchangers, elc.)
are subject o a wide range ol corrosion
mechanisms,

yvear. Mechanisms related to age-related
degradation caused ~60% of the SWS deg
radation events. The principal degradation
mecha”  ms were corrosion. blofowing. and
Wil

ol functional fallure was biofouling of heat
exchuangers, lollowed by corrosion of valves
In recirculating (spray pond or cooling tower)
SWS types, corrosion was the largest fatlure
cause, predominantly aflecting valves and
SENSOrS

FAILURE MECHANISMS Corrosion loul
ing (biolegical and inorganic accumulation)
and wear are the dominant failure mecha
nisms In the open portions of the SWS
Additional mechanisms that result in signif

lcant SWS lailures include: erosion, cavita
tion, structural impact (water hammer), and
loreign debris. To a lessor extent vibration,
fatigue and thermal cycling have also
resulted in component functional failures



2 ’ SERVICE WATER SYSTEM

FAILURE MODES | ailure ol valve operators
has been a major SWS phenomenon, but the
cause is generally corrosion related. Heat
exchanger fallures occur predominantly by
plugging due to biolouling. but corrosion is
also a significant mechanism. Large pipe
degradation is due to corrosion; small p es
are also susceptible to plugging from L«
or sedimentation. Sensors {aill by corros,..o
and by bulldup of deposits

RESEARCH RECOMMENDATIONS 100
cause analysis should be performed to
understand the causative lactors belore
aging mitigation strategies are implemented
For the aggressive and varied degradation
factors found In SWS, it Is tmportant to
differentiate degradation caused by corrosive
chemistries (rom degradation due to blolog
ical species [eg.. microblologically influenced
corrosion (MIC )

A necessary element to minimize degradation
in any type of SWS s control of water purity

BASED ON LER DATA FROM 1980 10 1987
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and chemistry. Where conlirmed biological
agents are active, a blocontrol program
(chemical, thermal, ete) I1s an obvious
requirement. Environmental regulations can
Hmit the extent to which some of these
recommendations can be pursued, and a
careful consideration of alternatives is
necessary to select the maost cost e ive
solution. Any changes to the control program
shiould be accompanied by monitoring lor
induced siressors ey, denickelfication of
Cu/Ni heat exchangers by a chlorination
blocide)

REFERENCES

I. Generic Safety lssue No. 51, limproved
Reliabtltty of Open Service Walter System

2. Generic Letter 89-13, Service Water
Problems Affecting Safety Related
Equipment.

3. NUREG-1275, Vol. 3, Operating Expen
ence Feedback Report-Service Water
System Fatlures and Degradations,
11/88




AGING ASSESSMENT GUIDE
SERVICE WATER SYSTEM

Observations on the aging

of the Service Water System

- Corroston, biofouling. and wear are
the leading causes of SWS age
related degradation.

~ All aspects of the system need to
be considered. including wetted,
norn-wetted. and underground com
ponents: the eflectiveness of
cathodic protection needs periodic
assessment

- Components exposed (o ra
(chemically uncontrolled) water
require jroquent monitoring for
aging degradation.

Control Signals
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RECOMMENDATIONS FOR INSPECTION

1. Observe timely painting of exposed
structures

2. Verify operability of cathodic protection
circuits.

3 Flanges, joints, and pump and valve
packing glands periodically inspected for
visible leakage.

4. Look Tor local discoloration below system
components and piping for evidence of
leakage (may also indicate excessive
condensation on cold SWS surfaces)

). Observe vibration and temperature read
ings on operat'ng SWS pumps.

MAINTENANCE RECOMMENDATIONS

Heat Exchangers:

. Need periodic visual inspections and flow
monitoring.

2. Appearance of blological deposits may
require mechanical and chemical cleaning
il Interference with heat transfer is
indicated

Pumps:

1. Perfem trending of pump performance
(flow. pressure)

2. Periodically monitor bearing temperature
and vibration

Test lube ofl quality
4. Monitor and trend motor performance
tamps, windings, temperature)

Valves:

1. Monitor motor operator curre:at/voltage:
inspect valve surfaces for corrosion or
biofouling | excessive

2. Trend results of technical specification
lesis

3. Operationally test system valves on regular
frequency (18 month cyele)
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