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Abstreact

'llic U.S. NRC Olllee of Nuclear Itegulatory Hesearch has tinplemented
hardware orterated engineering research programs to identify and
resolve technical issues related to the aging of systerns. structures,
and cornponents (SSCs) in operating nuclear power plants.

This report provides a surumary of those research results which have
been compiled and published in NUIEGS and related technical
reports. 'the systems, components and structures that have been
ttudied are organtied by alphabetical order. 'nie researth resulta
sununary on the SSCs is followed by an assessinent guide to empha-
stre inspection techniques, which may be useful for detecting aging
degradation in nuclear power plants.

'lhls report will be updated periodically to reflect new research results
on these or other SSCs.
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Foreword

I

At the end of 1989, the United States had 108 reactors in commetrial
operation.13y the year 2014, forty eight of these plants will have been
operating for forty years As the population of commercial nuclear
power plants has matured, the need to dist.eminate the rest.lf s
obtained through the U.S. Nuclear Regulatory Commission's (NRC)
research programs has increased. Tlus repod presents some of the
flndings from research which could be useful in understanding and
managing the effect= of aging.

The U.S. NRC's Aging Research programs have produced a large
database of operating, maintenance, and testing infonnation for
components, systems, and structures. 'The goals of these integrated
research programs are to identify and characterlie those plant ag'ng.

efTects that could impair safety; to identify methods of inspection,
surveillance, and monitoring of plants that will detect aging iffects
before the loss of system safety function; and to evaluate the elTective-
ness of maintenance and component replacement practices for miti-
gating aging degradation.

Aging, if it is not properly managed, affects the operational safety of
reactor components, systems, and structures, and as a result can
adversely affect public health and safety. Therefore, understanding -

the aging processes that occur in a component or system is essential
so that they can be ellectively managed. One of the NRC's Programs,
the Nuclear Plant Aging Research (NPAR) Program has identifled those
components and systems which have a propensity for age related
degradation, and has identifled methods for managing aging effects.
A similar program on aging dwt focuses on vessels, piping, steam
generators, and nondestructive examination techniques is also being
condacted.

This document was developed to conschda t e the research results from
the assessments of component and system aging spo isored by the

O NRC for use by industry and by NRC in understanding and managing
the aging of systems, structures, and components in nuclear power
plants. 'The input for this document was provided by the NRC
contractor who perfonned the research, as follows:

vu
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Brookhaven Nationallaboratory
Component::: Battery Civtacrs, int etters. Aforors aruf Afotor Contml
Centern
Sys.tems: Component Coahng Water. Control Rott Dritv-Westinghouse,
instmment Air and Resktaal Heat Remotul
Idaho National F.ngineering 1 aboratory
Components: Ikttfertes
Syste ><: 1C Distributkm, Reactor Protectut. High Pressure Coulant
Irfectkm and Core Sprug IUnTU and High LYessure Safety tryectiors llWR)
Dak Ridge Nationallaboratory
Components: Atatham Feninter Pumps. Check Valtes Aforor Operatnf
Yahes. Eb'.ter Opetuted RetteJVahes and Uhrk Valtvs and Solenoul
Operntaf Yahrs
Systems: Atattiary Fredunter
Pacific Nonthwest laboratory
Components: Em njency Diesel Generators and Snubivrs
Systems: Serrke Water
Sandia National laborato,ry
Components: Cables

The *Summuy of Research Results" has the following format:

Mmettonal Descr(ption/ Background A brief overview of the study
addtrsses the question of whether or not aging is a significant
safety concern for the particular component or system.
Source - The research reports upon which the infonnation is based
are listed.
Aging Related issues - his section briefly describes the
subcomponents most susceptible to aging, the stresses which
affect the service life, and the domlaant causes of fatlure of the
component or system.
Operating Experienw - Le failure 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 failure are highlighted.
Research Recommendattons - Le largest portion of the Summaty 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 specifle components and systerrs.
References - NRC documents and industry standards related to the
subject are prmided. Thc NRC documents include AEOD trports,
informatfor. notices, and regulatory guides, while industry docu-
ments could include standards and guides from ASME, IEEE, ISA,
NEMA, EPRI, and INPO.

We " Aging Assessment Guide * is a more concise document which
prmides nome general observations of the effects of aging en the
component or system. The Guide lists recornmendations, 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 system.

The statements and recommendations made in this document are
based on assessments of operating experience, evaluations of mate-
rials, testing of naturally aged equipment, and identification of

| operating and erwironmental stresses The perspectives expressed do
not reflect regulatory positions or requirements.

|

Ris document will be updated periodically to incorporate the results
which continue to be obtained through NRC sponsored research into
the aging of nuclear power plant components, systems, and struc-
tures.

v!ti
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SUMMARY Ops RM1 ARCH RNfMULTS

FUNCTIONAL DESCRIPTION / BACKGROUND generators. The AFW pumps are used in
The AFW pumps in a PWR deliver flow from support of startup and shutdown sequences
a safety-related source to the steam st:ner- as well as in response tw emergency condi-
alors to support the removal of stored and tions, The AFW pumps in use are multistage
decay heat from the reactor coolant syst6;n pumps driven by motors, turbines, or diesels.
by the transfer of heat through the steam

BASED ON NPAR REPORTS: 2. NUREG/CR 4597, Volume 2, Agtng arid
1. NUREGICR 4597, Volume 1 Aging arul Sen' ice Wear of A,trillant Feedtvater

Servlee Wear of Anxtllant Feedtvater Pumps .f''r PWH Nucle ar IUner Plants.
Pumps for PWR Nuclear ibtver Plants, G tH8.
7/86. 3. NUREG/CR 5404, Auxtitary . .h ater

Systern Aging Stnuly,3/00.

|

(v)
~

AGING RELATED ISSUES AFW putnps Frictional Forces
may be operated at flow rates ranging from * Itubbing trtween rotating and
as low as 2% of best efficiency point (llEP) nonrotating inembers
flow during testing to near nmout conditions e llearinglubrican brvakdown
(for example, following certain design basis * Surface fatigue
accident sequences), Wear of pump parts can * 1,ubricant contamination

result from a spectrum of sources, including: * Starts and stops
* Fretting

Mechardcal Forces * Surface oxide abrasive fonnation
* Torque tnmsmitted loads (static j

& dynamic) Pump perfonnance is directly tied to the {
* Assembly (fastener) loads pump driver. Pump drivers are afTeeted by {
* Rotor-dynamic loads most of the wear sources for the pumps, wtth >

* Piping forces t he notable exception of most of Ihe hydraulle
* Scismic loads forces, Pump drivers have, in addition.
* Vibration independent sources of degmdation and

failure.10xamples mr corrosion of turbine
Hydraulle Forces steam supply vidve stems, overheating of

* liydmulic loads motors, and fuel oil line fatigue for diesels.
* Fluid impingement Itefer to research results summartes for
* Intenml pressure motors, turbines, and diesels for speelfic

i * Cavitation infonnation.(j

- _ _ _ .
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2 AUXILIARY FEEDWATER PUMPS fiPfiR _

OPERATING EXPERIENCE ARV pump Low-flow operation has been recognized as
components and the most significant oper- a significant source of degradation for
attonal problems arr: centrifugal pumps due to the hydraulically

unstable conditions associated with low flow.
e Bearing wear, corrosion, and breakage liydraulically unstable flow conditions can* Shaft seal deterioration and b~akage result in radial and axial dynamic loads* Binding between the rotating cd which can damage bearings, seals, thrust

stationary parts balancing drums or disks, cracking of
* Impeller wear and breakage impeller or diffuser vanes, and shaft failure.
* Thrust balancer wear, galling,

and seizing
* Shaft breakage One-half of the historical oveml] ARV system

degradation has come from the combination
Operational failures experienced by pumps of ARV pump drivers and pumps. Degrada-
which are reflections of system problems, as lion due to pump driver failures has been
opposed to pump spec!fic degradation, the dominant contributor. Instrumentation
include vapor binding of pumps due to and control related problems have been
backleakage of ha' main feedwater (or steam) rrsponsible for over half of the degradation
and loss of adequate suction pressure- of each of the types of pump driver (motor,

~

Most of the ARV pump operation occurs turbine, and diesel). Turbine drive failures

during testing and plant startup and shut- have been the most dominant of the three
down sequences. Much of the opemting time drive types. Diesel drives have also experi-
for AFW pumps occurs ender low-flow enced high failure rates; however there are
conditions. few diesel drives in service.

__

RESEARCH RECOMMENDATIONS Su r- should also be conducted. Measmrments of
veillance testing and other operation of ARV pump flow, head, vibration, and for motors,
pumps in minimum flow operation can cause motor power should be made and trended.
accelerated wear of the pump parts due to Pump and driver lube cil, and turbine
hydraulically unstable flow conditions. gosernor control oil (if separate from the
Furthermore, the results of testing at low- turbine tube oil) analysis should be con-
Gew conditions provides litde useful infor- ducted regularly (for example, quarterly or
mation about either the hydraulic perfor- semiannually). Tie malysis should consider
mance capability of the pump or the capa- chemical and physical properties such as:
bility of the pump driver. * Moisture
Testing of the ARVpmnps is required by the * Viscosity
ASME Code (quarterly) and technical spec- * pH

ifications (quarterly or mon 9uyt Most plants * Color
test at minimum flow conditions Pump flow, * Particulates
head and vibration are required to be * Wear metal contcat.
measured (although some plaats do not have
permanendy installed flow instrumentation, Perto.lically (e.g., on a 5 to 10 year frequency),
and have received relief to Code rrquire- pump disassembly and inspection should be
ments). For those plants testing under considered. This inspection should include:
minimum flow conditions, the most impor~ * A visual inspection of all rotating and
tant information available from these tests stationary partsis the vibration data. While the code only * Penetrant inspection of the shaft, impeller,
requires overall vibration information, the thnist runner, and diffusers or volutes for
frequency spectrum of vibration should be surface indications
measured and trended. Periodic testing of the * Wear surface clearance measurements
ARV pumps at or near the BEP flow rate

._
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- fiPRR , AUXILIARY FEEDWATER PUMPS
~

3

Turbine and dksel speed control systems during emergeruy demand condillons peri-
should be periodically calibrated (e.g., each odleally (e.g., once per fuel cycle) to provide-,s

[ trfueling). proper putup/ system interaction.- V) The pumps should b: started under system
conditions similar to those that would exist

,

ItEFERENCES 3. Information Notice 87-53, Auxilinry
1. NRC Bui!etin 88-04, lhtential Sqfety- Feeducter Putnp Trips Resulting ftvm

Relatec' Pump loss, Lone Suctiorn Pressure.
2. NRC Bulletin 85-01, Steam Dinding of 4. Information Notice 90-76, Failure of

Auxillan) Feeducter Putnps. Turbirne Overspeed Trip Afechanism,

Because ofInadequate Spring Tenslon.

:
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A ING ASSESSMENT GUIDEO
AUXILIARY FEEDWATER (AFW) PUMPS-

Observations on the aging
of Auxiliary Feeawater
. (AFW) Pumps e 3

- Pumps and Pump Drivers have
_ ! .Wbeen the major sources of AFW . n. . ..

~~4' H' H'''4 ? v'^43''
'

L"''''' ' '' ' H ' H ' '"

system degmdntion

z
. |- Current testing practices have not

been totally efective in detecting n.$ u &
LAFW pump degradation and

Jailures
- Low flow operalfon is a source of TYPICAL. AFW PUMP

,

degradation

RECOMMENDATIONS FOR INSPECTION
1. In the standby mode, the pump casings 3. During system testing and operation,

p and the pump discharge piping should be pump and system vibration and noise

t,uj periodic.allyorcontinuously monitored for should be obsermi. Pump motor current;

backleakage. and turbine / diesel speed should be
2. The pump packing or mechanical seal monitored.

- should be monitonxl for excessive external
leakage.

.

MAIMTENANCE RECOMMENDATIONS
AFW . Pumps AFW Pump Drivers
1. Measure and trend pump. hydrauhe - 1. Measure and trend pump motor power

performance at or near best efficiency during full flow (pump at or neer its BEP)
- point (BEP) flow rates (not just at min- testing
imum flow) at least once per fuel cycle 2. Perform motor lebe oil analyses

2. Monitor and trend pump bearing vibra- 3. Periodically (once per fuel cycle) calibrate
lion in the frequemy domain (track the turbine / diesel governor speed control
vibration lettl vs. vibmtion frequency). system

- This should be done for both nonral in- 4. Perform periodic verification of turbine
service testing and for the above recom- mer-speed trip operability (monthly to
mended full flow tests quarterly)

3. As a supplement to vibration monitoring. 5. Perform diesel turbine tube ois/ governor
periodically perform acoustic high- contml oil analyses
frequency or stress-wave emission 6. Monitor and trrnd turbine / motor / diesel
monitoring bea ring vibration in the frequency domain

/~ 4. Perform lube oil analyses 7. Observe turbine / diesel governor's ability(g] to maintain the turbine at control speed
without hunting (each time the unit is
run)

.

*em e fw >we*-= ,se - rm.e,u e---rm-r,734g--w-ee g +-9t **-r- ter-r =W 4 g + , , % r in9 - T- .- r eme'+ *eer*-e-e-? w 3- e+.-u-ws'--*p m- -g' dvr T-+T'"'' T9- 3F ^ * "'T*-W'T*W**'-ir '77-g' v'
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SUMMARY OF REstiiARCH RESULTS

FUNCTIONAL DESCRIPUON/ BACKGROUND nificant impact on plant safety. The evaluation
Battery degradation due to aging decreases of battery aging mechanisms and laboratory
electrical capacity, decreases reliability, and testing of aged batteries has identified critical
increases the potential for failure. Because elements of a battery maintenance program
batteries are installed at nuclear facilities to that include comprehensive inspections and
provide power to critical f unctions in the event periodic testing.
of loss of all ac power, failures have a sig-

BASED ON NPAR REPORTS:
1. NUREGICR-4457, Aging of Class 1E 2. NUREGICR-5448, Aging Evaluation of

Ek1tteries in Safety Systems of Nuclear Class l E lkitteries: Seismic Testing. 8190.
Power Plants, 7/87.

--

'' AGING RELATED ISSUES Evaluation of the container and result in emcking of the
opemting experience combined with testing container or sepamtion of the container
of naturally aged batteries shows that and cover.
cracking of the containers and oxidation of 3. ELECTROLrrE: Electrolyte can become
the lead air major factors contributing to contaminated as a trsult of adding impure
battery failures. '.mproper handling, exces- water or inadvertently allowing contam-
sive tempemture, overcharging, and contam- Inants to enter the battery during main-
inants in the electrolyte or on the batteries tenance and testing activities.
are the primary causes of failures. 4. TEMPERATURE: Temperature effects
1. CONTAINERS: Containers are degraded are typteally caused by inadequate battery

primarily by impropen handling during room cooling resulting in excessive
installation or 'oy the application of temperatures from the chmale or fmm
cleaning schents that chemically attack heat produced within the facility. Over-
the container material. Breaking or emck- charging also results in increased internal
ing of the containers restilt in leakage and heating of the battery,
loss of the electrolyte. 5. CONTAMINATION: Contamination of

2. PLATES AND INTERNAL BUSSES: Plates the electrolyte causes impurities that
and internal busses (straps and terminals) chemically reacts with the active material
are fabricated frcm a lead calcium alloy on the plates and results in decreased
that may oxidize corrode, and become electrical capacity and self discharging of
brittle when subjected to excessive tem- the battesy. DJrt. moisture, and spilled
perature and charging, cr when contam- electrolyte on the outside of the battery,,

[(;] immts are introduced into the battery, causes leakage paths between terminais
Positive plates naturally grow with age and and to ground that may result in short
if allowed to continue can press against circuits and failure of the battery.

_
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-__



_ . ._

2 BATTERIES N P6il

6. OVERCHARGING: Overcharging can ment of float voltages. Float voltages must
originate from improper attention to be adjusted when individual cells are
charging times or from impmper adjust- removed from the battery bcak.

OPERATING EXPERIENCE Dattery fall- BATTERY F AILURE EVENTS REPORTED IN LER:

ures reported in LERs beginning January FAILURE CAUSE NUMBER PERCENTAGE

1976 and ending August 1986 were reviewed.
The accompanying table shows that low (',*n'[||$8,8[,'fk/prmours: !! 2!,

specific gravity, maintenance / testing /proce- Insufficient charge 27 11

dures, insufficient charge, improper electro- I"],'|yfj|,'$,'"'I || |g

lyte level, and defective / weak cell are the most Fautty connections is s

commonly reported problems. Defective cells y,a o ;ma;f ncnf n g g
n

were cominonly the result of cracked contain- unknown 5 2

ers. The human element is a strong contri- grros on j 2
, ,

butor to the remainder of the commonly Normal wnr/ind et me 3 i
reported problems. Extreme Environment i d

248 100

RESEARCH RECOMMENDATIONS A pre- for the application. Degmdation is indi-
venthe maintenance program should exist cated when the battery capacity drops
for batteries.The PM program should include more than 10% of rated capacity from its

.

periodic testing, continuous monitoring, and capacity on the previous performsnee test,
inspection techniques. or is below 90% of the u.anr .eturer's '

rating. Thereafter the battery soould be
Periodic Testing Periodic tests are in situ tested annually. Recommended pra-tice is
tests performed in plant on the equipment to replace the battery if its capacity is
at scheduled intervals to detect degradation determined to be below 80% of the manu-
and verify operability. The following tests are facturer's rating.
recommended by IEEE Std. 450 and Regu-
latory Guide 1.129 to verify battery Continuous Monitoring Readings should be
operability: taken on a regular basis to detect conditions
1. Service tests to verify the ability of the that are detrimental to battery life or to

batteries to satisfy the design require, provide indications of reduced battery
ments of the de system should be per. capacity. The following should be monitored
formed with intervals not to exceed 18 at least once per month:
months, or if the de system design is float voltage
changed so that previous tests are no Charger output current and voltage
longer a valid test to verify the capability, Electrolyte levels
The service test discharges the battery at Ambient tempemture
a rate and for a period of time for which Pilot cell voltage, specifle gravity, and
the system is designed. electrolyte temperature

2. Performance tests to verify that the battery The following should be monitorrd at least
meets its specification or manufacturer's quarteriv:
rating should be performed within the Specific gmvity oreach ceti
first 2 years of service and at 5 year . Voltage of each cell and total battery
intervals thereafter until the battery terminal mitage
shows signs of degradation, or has Electrolyte tempemture in representa-
reached 85% of the service life expected the cells |

l I
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NP6R . BATTERIES 3

'the following should be mon'ltored at least
z yearly: -

'

Cracks in cells or leakage of electrolyte -
Evidence of corrosion at terminals,

Cell-to-cell' and: terminal connection - , connectors, or racks
_

resistance Condition of ventilation equipment

Inspection Visual inspections _of the bat-
tery should be performed to detect evidences Inspections for the following should be
of degradation. Inspections for the following performed at least yearly:

'

.

should be performed at least monthly: Individual cell condition
LGeneml appearance and cleanliness of Tightness of bolted connections-

battery, battery rack, and area Integrity of the battery rack
.

,

REFERENCES :There is a large amount of Stomge Batteries For Nuclear Power
reference material available for' batteries. Plants. -
llowever the following reflect those which 3. Information Notice 83-11, Possible Sets-
may be readily accessible to the inspector, mic Vulnembility of Old Lead Stomge

.

LI. |EEE Std. 450, IEEE Recommended Batteries. .
_

_ ,

Pmeticefor Maintenance, Testing, and 4. Information Notice 84-83, Vartons Bat-

Replacement of Large Lead Storage ten) Problems.
Batteries for Generating Stations and 5. Information Notice 85-74, Station Dat-

~ Substations.
.

- tery Problems.
2. Regulatory Guide 1.129, Maintenance, - 6. Information Notice 86-37, Degmdatfon

Testing, and Replacement of Large Lead of Statton Batteries.

,

L

.
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BATTERIES

d. g4ostseatObservations on the aging ses:1 ptat.$ trap
,

of batteries pos,i ,i,i, s ', .j
$y

-

MSupport hook

- Cracking of containers is an aging ,;,';*f,'|,9j l\;'',
' P /

,

Plasticiar
*M'concem. ; r~ *

4,Jaricovc6<

- Degradation of plates and internal * * * * * | L. 7~J '"*''

''\ wtm putebusses is accelemted by excessive n,ym. -n 'N
"

P

\ ' ' ' *temperature and charging, or pate ; ? i

|Iwhen contaminants are intmduced [ Q !
' sy*

into the battery, y y mi
r d: a

- Environmentalfactors such as | 50 $
temperature. humidity, dirt. and Plastac'unwe ~,

'

|
chemicals a[fect battery ;*,',*,RG 'Q 3g)&performance.

Plastic gr bottom \-%)
-

p,,,,,

( %

Typical Lead- Acid Battery

RECOMMENDATIONS FOR INSPECTION
Operating Parameters Routinely Observed External Indicatom or Causes of Age
1. Float voltage Degradation
2. Charger output current and voltage L General appearance and cleanliness of
3. Electrolyte levels battery, battery rack, and area
4. Ambient temperature 2. Cracks of cells or leakage of electrolyte
5. Ptiot cell voltage, specific gravity, and 3. Evidence of corrosion at terminals con-

electrolyte temperature nectors, or racks

6. Specific gn vity of each cell 4. Condition of ventilation equipment
7. Voltage of ench cell and total battery 5. Individual cell condition

tenninal voltage 6. Tightness of bolted connections
8. Electrolyte temperature in representative 7. Integrity of the battery rack

cells
9. Cell-to-cell and terminal connection

resistance
|
|

|V MAINTENANCE RECOMMENDATIONS
| 1. When any cell electrolyte reaches the lou- 2. Retorque and retest connectors when
L level line, add water to bring all cells to loose connections or high resistance

the high-level line. readings are obtained.
. _ . _

- , - ~ , _,._,__ _ -,_____. _ ,_ ._._., _ .. _ . . _ . . _ _ . _ _ . _ . ._, _ _ _ . _ _



6 BATTERIES NPfiR

3. Clean tenninals if corrosion is noted. 7. Perfonn equalizing charge when specific
4. Determine cause and carmet the condi- gnnity of a cell is more than 0.010 below

tion when cell tempemtums deviate more the average of all cells, when the averr.ge .

than 3'C from each other, specifte gravity is more the 0.010 from the
5. Clean cells ar connectors when dirt is average at installatlon, or if any cell volt age

noted. is below 2.13 volts at the time of in-
6. Adjust float voltage when it is outside of spection.

the recommended operating range.

OPERATIONS RECOMMENDATIONS
1. The voltage temperature, and speelfic 3. Alann response procedures address the

gravity are measured and recorded opemtor's action to abnormal battery
periodically. conditions.

2. Operating rounds include observations of
the battery room ventihttion.

_.

DESIGN / TEST RECOMMENDATIONS
1. Periodic capacity tests are performed to 3. Batteries are replaced at the end of the

verify that the battery meets design recommended service life and when
requirements and manufactumr's rating. capacity is below 80% of manufacturer's

2. Operating parameters are monitored, rating.
mcorded. and evaluated when perfonning
required suntillance testing.

O
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SUMM ARY OF RESEARCH RESULTE

FUNCTHWAL DESCRIPTKMUBACKGROUND and thyristors. High voltage, current, humid-
Battery chargers convert ac to de to provide Ity, or temperature will decrease the life of
power to de driven equipment and compo- these components. A failed or degraded
nents, as well as to maintain the standby battery charger which is not cetected and
battery fully charged. The battery charger corrected in a timely manner could result in

.

components most susceptible to aging are depletion of its associated battery and a |
capacitors, transformers, inductors, diodes partial loss of station de power.

?

BASED ON NPAR REPORTS:
1. NUREGICR-4564. Opetuting Expertence igating Batten) Charger and Inverter

and Aging-Seismic Assessment ofDatten; Aging, 8/88.
Chargers and Inverterr. 6/86. 3. NUREGICR-5132. Testing of a Naturully

p 2. NUREGICR-5051. Ocwctina and bitt- Aged Battery Charger and Inverter. 9/88.
I \
\ /

AGING RELATED ISSUES The small num- supplied by de power. Dedradation of
ber of battery charger failures reported in the potentiometers that establish the equalize
LER data base which were attributed to and float voltages can also have this effect. -

component degradation indicates that. t
2. EXCESSIVE RIPPLE: Failures in thedate, the aging impact is minimal. This may

be due to adequate attention being applied filter network (capacitors and inductors)

at the plant level. However, the charger e n create abnormally high ripple voltages

contains many components identical to n the charger output. This can result in
the failure of sensitive electronic instru-those found in inverters, where aging is

important. The potential therefore exists for mentation and can create overheating of

future age-related failures of battery the supplie 1 battery.

chargers, including the following failure 3. LOSS OF VOLTAGE OUTPUT: Battery
modes: charger fuse or circuit brea'Ker operation

in reaction to normal plant electrical
1. DEGRADED VOLTAGE: Failures of com- transients and switching have rendered

ponents within the voltage regulation the charger inoperable. The thermal
circuitry can result in voltage fluctuations fatigue of fuses with time could increase
which affect operation of equipment their propensity to fall in this manner.

O

_

_ .. - - - - - _ - _ _ _ ___ __ __ - _ -



- - _ _ - _ _ _ _ _ _

|

2 BATTERY CHARGERS NM

IDENTIFIED FAILURE CAUSES

Personnel Error
2n

OPERATING EXPERIENCE Chargers are * $,newn
susceptible to failures froru overheating and
loose connections. Ikcause of their com-
plexity, failures due to personnel error am - openisnon cnun

^high. For approximately 40% of the total
,

tallures, the cause was not delineated. j oy,neug,
onrweatng 10%

20 %

Electncal Transient
14%

Percent of Failures LERs 1976 to 1986

RESEARCH RECOMMENDATIONS on the operating temperature and applied
Design The solid-state type charger is most voltage. Degradation can be detected
widely used. (75% of chargers) and is the only through measurement of capacitance or
type qualified to industry standards. The equivalent series resistance, or by deteri-
magnetic amplifier and controlled ferrore- oration of circuit waveforms. Periodic
sonant types comprise the remaining pop- replacement may also be performed.
ulation. The following design related solu- 2. THYRISTORS (SCRs): Large thyristors
tions primarily address the solid state used in the rectification process are
charger- sensitive to temperature. Ileat sinks are
1. Battery charger degradation or failure instalkti to transfer heat away from these

shotdd be annunciated before a decrease devices. The heat sink surfaces should be
in the de bus voltage occurs. Annunciation periodically cleaned to maintain their .
of high and low charger ou tput voltage and design rating. In addition, the connection
current an appropriate. between the SCR and heat sink should

2. Because of its susceptibility to stresses be torque checked.
from plant electrical transients, surge 3. MAGNETICS (TRANSFORMERS AND
suppression schemes should be employed INDUCTORS): The life of transformerson the power supply to the charger. Aut and inductors (chokes) is direcdy related
or isolation transformers i.e., SOIA have

to their insulation condition. Therefore,
been e&ctim the periodic monitoring of insulation

3. The availability of a standby battery resistance (meggar) and winding temper-
charger increases the reliability for main- ature, is recommended.
talning the batteries in a fully charged
condition.

* 4. CIRCUIT BREAKERS AND RELAYS:
Periodic manual operation and calibration

Maintenance & Monitoring The battery of the circuit brcakers and protective
charger is comprised of several types of rrlays (high temperature, abnonnal volt-
subcomponents which requ!re periodic age) are necessary to ensure proper
maintenance and monitoring. These compo- operation of these important devices.
nents include filter capacitors, thyristors 5. PANEL METERS: Instrumentation on a
(SCRs), transformers, circuit breakers, and battery charger front panel often includes
relays. In addition, output metering shotdd output voltage and load current. These
be calibrated to permit accurate, routine readings are used by operators on a
monitoring. regular basis to determine equipment
1. FILTER CAPACITORS: Capacitors have operability. Regular calibration is neces-

a limited service life (5 to 10 years) based sary for reasonable accumcy.

__
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Periodic Testing Technical specifications 2. Monitoring the circuit waveforms is
require that capacity testing be perfonned recommended to verify proper equipment

D[ on the station battery and its associated
operation. Changes in waveshape could

.

( battery charger. For the charger, the test alert personnel to potential problems, as
'' interval is typically every refueling. The well as provide troubleshooting guidance.

capacity test simulates the the maximum Obtaining waveshape and temperature
possible loads, which generally occur when data at a consistent load is important for
the charger must supply the station de loads trending.
while recharging t he depleted bat tery During 3. Measurement of the ripple voitage on the
capacity testing. the following additional de output during periodic testing is
actidties are recommended to determine the important. This value should not exceed
charger's condition: 2% of the rated voltage. Damm;e to the
1. The cabinet temperature should be mon- station battery could result.

Itored, as well as selected temperature
sensitive components.

_

REFERENCES
1. |EEE 650-1991, IEEEStandardforQual- 3. NEM A PES-1983, Constant Potential

ification of Class IE Static Battery 'lype Elecitic Utility Batten) Chargets.
Chargers and Invertersfor Nuclear lbwer 4. Regulatory Guide 1.32, Criteria for
Generating Stations. Safety Related Electric TbwerSystemsfor

2. Information Notice 84 84, rev.1 IA:ff- Nuclear Plants.
ciencies in Ferm-resonant Transformers,
4/85.,cs.,

\ /
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O AGING ASSESSMENT GUIDE
L BATTERY CHARGERS

Observations on the aging OHsite AC Onsite AC
P wer Powerof battery chargers

M V 480 VAC Safety

{ ~C|e$'7inVutf" "~)|
- Limited service life of electrolytic

|gcapacitors; temperature dependent

| ! NPAR Battery
- Excessive ripple in charger output : Batterv | Charger

Ch '9''can catue degradation of the batten) | |
| Output l !

f'hargerfailure has no immediate ; Circuit J :
effect on plant safety, but should be I.. .Btq_eJ___ _ _ _ _ _ _ y '2S VCC__ ,

given prompt attention

n
- I-

a .

- DC L'oadsV
Battery ( 7 pically 6,0 Cells )/

RECOMMENDATIONS FOR INSPECTION
External Internal
1. The identification of positive output 1. There are no signs of overheating,

current. 2. The capacitors are not bulging or leaking
2. No unusual meter oscillation or electrical oil.

hum is apparent. 3. The panels am clean, especially SCR heat
3. The charger output voltage is correct. transfer surfaces.
4. The cooling air filters are not clogged.
5. The ambient temperature of the room is

less than 90F.

MAINTENANCE RECOMMENDATIONS
1. Periodic inspections are performed and 3. The personnel responsible for mainte-

include cleaning & checks of connection nance have been specifically trained on
,lghtness. this equipment.

2. Preventive maintenance is conducted at
V least once per cycle and includes calibra-

tion of panel meters and alarm / trip relays.

_
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|

OPERATIONS RECOMMENDATIONS
1. The daily logs or round sheets include 3. Periodic checks are made to insure proper

recording of the charger output voltage electrical alignment.The normal supply to
and current. the de bus is from the charger.

2. The operating procedures address the
n.sponse to a battery charger failure.

DESIGN / TEST RECOMMENDATIONS
1. Capacity testing is performed in accor- components. Comparison of waveforms to

dance with the technical specifications previous testing is recommended.
(typically, every trfueling) 3. Capacity testing, even for standby

2. Circuit waveforms are observed and chargers, represents worst case load
recorded to verify proper operation of kg situations.

OTHER RECOMEENDATIONS
1. Replacement or testing of all filter capac- 3. The structural integrity of the chargers

itors should be considered when one falls, should be periodically checked, based on
(Same stress) seismic trquirements and vulnerability.

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

O-

O
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SUMMARY OF RESEARCH RESULTS

FUNCTIONAL DESCRIPTION / BACKGROUND during accident conditions. Cables that are
Cable degradation during normal service, located in mild plant environments are not
usually manifested as insulation and jacket subject to a significant number of random
embrittlement, occurs primarily from thermal fai sres and therefore are of relatively little
and radiation aging. The historical impact of concern. Only minimal cable inspection and
cable-related failures during normal opera- maintenance, if any, is routinely performed

- tion is low. The major concern is that failures at most plants.
of deteriorated cables might be induced

PASED ON NPAR REPORTS:
1. NUREG/CR-5461, Aging of Cables, Con- 2. NUREG/CR-5655, Submergence and

nections, and Electrical Penetration High Temperature Steam Testing of
Assemblies Used in Nuclear Power Class 1E Electrical Cables,5/91.

'Plants 7/90.

O
AGING RELATED ISSUES
1. TEMPERATURE: Thermal effects occur 3. HUMIDITW liurnidity is not generally

from normal ambient conditions and from believed to affect cable insulating mate-
cable self-heating due to nonnal current rials adversely, except for perhaps polytm-
loads. Excessive temperatures or moder- ide (Kapton) insulation. A humid environ-
ate temperatures over a long period of time ment. particularly in the presence of
generally cause insulation embrittlement. certain chemicals, may enhance conduc-
Of particular concern am abnormally high tor and connection corrosion.
environn. ental temperatures that may 4. MAINTENANCE DAMAGE: Cables that
occur anywhere along the length of a cable. have embrittied as a result of aging may

2. RADIAT10N: Radiation effects occur be subject to damage during maintenance
from the nonnal ambient conditions along handling. One cable manufacturer's expe-
the length of a cable. Long-term radiation rience is that about 90% of cable failures
exposure generally causes insulation resulted from physical damage to cables,
embrittlement. As for temperature, abnor-
mally high radiation levels along part of
a cable are of particular concern.

OPER ATING EXPERIENCE Cables have an small under normal operating condition

9 excellent functional operating history in The major concern with cables, however, is
nuclear power plants. The number of failures the performance of the aged cable when it
as reflected by the LER data base is extremely is exposed to accident conditions.

_
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RESEARCH RECOMMENDATIONS Mainte- 4. Various types of capacitance and dissipa-
nance programs for cables are generally quite tion factor measuremenis may be per-
limited, due largely to the high Irliability of fonned on cables. No good correlation with
cables under nonmd opemtional conditions aging has been established for any of the
and the absence of any ellecth'e technique measurements. In situ tests suffer from
to detect operational degradation. Recent ambient condition changes, plant noise
research has identified some techniques that problems, and the lack of a consistent
may ultimately prove beneficial for monitor- ground plane. Removing a cable sample
ing cable operational degradation. for analysis permits a more accurate

assessment (e.g., using time domain
Periodic Testing Periodic tests may be spectroscopy), but requires removal of
either in situ tests or tests perfonned on specimens from the plant, with many
small samples of material removed from the associated problems. Time domain spec-
plant. The intent of the tests is to detect troscopy has shown some limited ability
degradation and verify operabilHy of the to assess the aged state of cables.
cable. In situ electrical measurrments might 5. Partial discharge techniques detect micro-
be able to detect either global insulation volds in the insulation by detecting small
deterioration or local deterioration or dam- discharge 6 that occur at the volds.
age. They often suffer from the lack of a Whether this technique is useful for
consistent ground plane, ambient condition assessing the aged condition of a cable has
variations along the length of the cable, and never been thoroughly imestigated.
lack of sensitivity. Mechanical measure- 6. liigh potential withstand testing mea-
ments measure the aged state of a calite only sures the ultimate dielectric strength of
at the location tested, with the results a cable. Whether this technique is useful
extrapolated to a much longer length of the for assessing the aged condition of a cable
cable. In such cases, it is very important to has not yet been thomughly imestigated.
know the location of the most severe aging The lack of an elTecthe ground plane is
conditions along the length of a cable. a hindrance to performing such tests. In
1. Operational testing of a connected com- conduits, water or an ionizable gas added

ponent is one method of assessing the to the conduit can enhance the gmund
current operability of a cable in a gross plane for high voltage tests.
sense. This method will not detect degra- 7. Time domain reflectometry is useful for _

dation except in extreme cases. Further, locating some cable defects once they have
no information about cable functionality been identified. Ilowever, it does not ght
under accident conditions is gained. any infonnation about the aged condition

2. Insulation resistance (IR) tests are gener- of a cable.
ally performed as a go/no-go test, although 8. Elongation measurements are very effec-
the actual value may be recorded. They are tive for assessing the aged state of cable
of limited value for assessing cable deg- insulation. The measurement requires a
radation, but some materials do show sample to be removed from the plant, with
some IR trend with aging. Pohlrization the associated difficulties.
Index (the ratio oflR at two different times) 9. Tensile strength measurements have
may be performed along with IR measure- shown the ability to assess insulation
ments, but polarization index is also of deterioration for only a few materials. In
limited value for assessing cable general, a concurrently measured clonga-
degradation. tion would provide better information.

3. Continuity tests may be used to assess the 10. Hardness measurements have shown the
conductor resistance. Although they do ability to detect cable deterioration for
not ghe any information on the aged a few materials, primarily jacket mate-
condition of the insulation material, they rials. Knowing the aged condition of a
may indicate corrosion or looseness of jacket material can give information
cable connections. about the underlying insulation, since

|

-
_ -.
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both am exposed to the same ambient aging, a visual examination of the jacket
p conditions. The test is nondestructive may be able to indicate the need for

and can be performed in situ. The replacement before the insulation has
sensitivity of the method is not as good deteriorated to the point where it would
as indenter modulus measurements. be unable to perform in an accident

11. Modulus measumments using the EPRl/ environment.
Franklin cable indenter are similar to -

hardness measurements, but are more Continuous Monitoring Tnere are cur-
sensithe. As for hardness. the indenter rentiv no known effective methods forhas shown the ability to detect cable ~

contlnuous monitoring of cables,
deterioration for a few materials, primar-
ilyJacket materials. It is also nondestruc- Inspection Generic guidelines for routine
the and can be performed in situ. The inspections of cables are difficult to establish,
sensithity of the method becomes par- Cables run throughout the plant, with many
ticularly good after a material has sections of cable not accessible for local -

severely embrittled. inspection. Testing using some of the
12. Bulk density of small samples may methods previously described may provide

provide some information but this some beneficial information. Documentation
technique has not yet been thoroughly of the visual condition of a cable near end
irwestigated. devices when maintenance is performed on

13. Flexing and visually examining a cable the end devices can be useful. Routine
may indicate when a cable has deteri- practice at some plants does include such
orated significantly. Since the insulation an inspection, but the inspection may not
materials are usually more vulnerable to be documented unless a problem is detected.

O
REFERENCES Because of the extensive 4, NUREG/CR-3538, The Effect of LOCA
amount of cable that is used in nuclear power Simulation Procedures on Ethylene
plants and its obvious safety importance, Propylene Rubber's Mechanical and
extenshe literature is available regarding Electrical Pmperties.
cable deterioration and failure. A few relevant 5. NUREG/CR-3588, The Effect of LOCA
references are listed below. Additional Simulation Pmeedums on Crosslinked
references may be found in NUREG/CR-5461. Polyolefin Cable's Performance.
1. IEEE 383-1974, IEEE Standardfor Type 6. NUREGICR-4257, inspection, Survell-

Test qf Class 1E Electric Cables, Field lance. a nd Monitoring of Electrical Equip-
Splices, and Connections for Nuclear ment inside Containment qf Nuclear
Power Generating Stations. Power Plants With Applications to Elec-

- 2. NUREGICR-4091, The E[fcct of Alterna- trical Cables.
tive Aging and Accident Simulations on 7. EPRI NP-3357, Condition Monttonng of
Polymer Properties. Nuclear Plant Electrical Equipment

3. NUREG/CR-3629, TheIWect of Thermal
and Irradiation Aging Simulation Procc-
dures on Polymer Properties.

e
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AGING ASSESSMENT GUIDE
CABLES

Observations on the aging
of cables

"hitld entsimnment" cables are of- Cables are highlt) reliable during -

normal opemtion, little concern.
-. Greatest concem is aged cable - Onigt minimal testing is nonnally

failure in an accident performed.
envimnment.

RECOMMENDATIONS FOR INSPECTION
The follewir.g can be performed when main- 3. Any accessible connections are checked
tenance is performed on an end device: for integrity and verified to be free of
1. The cables near the end device are corrosion.

Inspected for physical damage due to 4. Junction boxes and conduits near
"

installation, operation, or maintenance. exposed cable connections an* vellfled to
2. The cables near the end device are checked be free of condensation.

f for embrittlement when they are mant-
( pulated.

MAINTENANCE RECOMMENDATIONS
No routine preventive maintenance is nec- check and monitor cable condition may be
essary for cables that are properly installed useful, but the capabilities of various Y

and applied. Periodic measurements to methods are still being Investigated.
.

*

_
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MUMMARY OBE RREMARCs4 RESULTS

FUNCDONAl. DESCRIPDON/tsAChuFt00ND and duo-check designs. These valves are
The function of a chack valve Is simply to used extensively in nuclear power plant safety
open to permit flow in one direction and k. systems and balance-of plant systems.
close to prevent flow in the other direction. Check valve failures have resulted in signif-
Most check valves are self actuating - that Icant maintenance efforts and, on occasion,
is, they require no external mechanical or have resulted in water hammer, overpressur-
electrical signal to either open or close. As ization of low-pressure systems, and damage
a result, most check valves have no capability to flow system components. Several diagnos-
to be actuated other than by changing flow tic monitoring methods are now available for
through the valve. Several types of check detecting check valve aging and service wear
valves are commonly used, such as the swing- etforts (degradation), check valve failures,
check, piston lif t, ball, stop-check, tilting-disc and undesirable operating modes.

|
,

O B ASED ON NPAR REPORTS:
1. NUREGICR-4302 Vol.1, Aging and Ser- Nuclear Pou er Plants - Aging Assess-

vice Wear of Check Valves Used in ments and hfonitoring Method Evalua-
Engineered Safety Featmv Systems of tions. 4/91.
Nuclear Power Plants 12/85. 3. NUREGICR 5159, Prediction of Check

2. NUREGICR-4302 Vol. 2, Aging and Ser. Valve Performance and Deg ndation in
vice Wear of Check Valves Used in Nuclear Ibwer Plant Systems. 5/88.

_

Engineered Safety-Feature Systems of

AGING RELATED ISSUES Several check vahr sites are suscep ible to
Check valves fall to perform their function aging-related degradation. These sites and
according to fhe modes: the corresponding aging mechanisms are:

(1) Failure to open 1. HODY ASSEAfDLY: Body wear, crosion.
(2) Failure to close cormston: body rupture: fastener loosen-
(3) Plugged (limited or no flow through ing, breakage,

a normally open vahr) 2. INTERNALS: llinge pin wear, emston.
(4) Reverse (internal) leakage corrosion: hinge pin fracture: hinge arm
(5) Externalleakage wear. fracture; dise nut loosening, tight-

ening: dise nut breakage; disc wear.
erosion, corroston; seat wear, erosion,

corrosion: foreign material.,%

( 3. SFALS: Cap gasket deterioration.
O

l
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OPERATING EXPERIENCE Since 1980, low flow conditions and/or upstream flow
numerous NRC Information Notices and disturbances.
Bulletins have been issued that identify Check valve probleins have been further
check valve problems and recommend described and addressed by the Institute of
courses of action (see References). Nuclear Power Operations (INPO) which in

1986, issued a signifleant operating ex}wri-
ence report (SOER), numbered 86-03, which

Check valve failures have largely been recognized the check vahr pmblems facing
attributed to severe degradation of internal the nuclear industry and recommended that
parts (e.g. hinge pins, hinge arms, discs, and nuclear power plants establish a preventive
disc nut pins) resulting from instability maintenance program to ensure check vahr
(flutter) of check vahr discs under nonnal reliability. They (INPO) further recommend
plant operating conditions. Check vahr that the maintenance program include
instability may be a result of misapp.llcation periodic testing, surveillance monitoriti6 "

_

(using owrsized vahrs) and exacerbated by and/or d!sassembly and inspection.
) \

RESEARCH RECOMMENDAT3ONS ing aspects associated with this approach. *

Disassembly and Inspection Utilities pert- These include, for example, scheduling
odically disassemble and inspect in order to additional maintenance work during already
respond to NRC and INPO recommendations. busy outages, accounting for additional
While disassembly and inspection provides radiation exposure to maintenance person-
adequate luformation with regards to vahr nel, and recognizing that vahr reassembly
condition, there are a number of discourag- ermrs can go undetected (for vahrs that

SELECTED DIAGNOSilC CAPABILIT!ES AND LIMITATIONS OF CliECK VALVE MONIT0filNG NETHODS'

Detects Detects Monttert disc,

valve Datscts fluttering Sensitivity posill6n titroughout Works
internal Internal |no to ambient the full ranDe of with,

Methrid leakagt impacts lupacts) Nonintrusive condition 3' disc travel silfluid

Acsustic Yes Yes No Yes Esasitive to No Yes
emission arternally

generatsu
noitt/ vibration

tiltrasente No Yes Yes Yss unknown Not in all cases - No - low
inspectica lladirectlY) becauss of limitad density fluid

viewin0 angis of (e.g., air or
transducer stsami may

result |n severs
attenustion
of algnals

internal No Yes Yes No - requitat sensitivs to Yes Yes
Permanent [lndtractly) Initialinstallation nearby external
Magnat of permsnint magnetic finids
Techalcuts magnet inside the |a.g from motors)

valve

Extsrnal No Yes Yes Yss DC Method - Yes Yes
AC and DC lindirectlyl Sensttive to
Magnetic nearby anternal
Tacitniques magnetic Italds

{t g from motors)

' Radiography and pressura noise analys!! memed: :rs not summarl2nd in this table. Thl table anes not raftect other attributs: such as cost. eats
of use stc.

Usmperature and r:Gilon aftsets are unkown.

. _ _ _ _ _ - _ _ _ . _ _ _ _ _ - _ _ _ - _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ - - _ - _ _ ~
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cannot be tested with flow). The need to capabilities and suffer from different limita-

k ]/
/ impmve the knowledge of check vahr oper- tions. Asailable monitoring methods are

ating condition without trquiring disassem- summarized in the previous table along wit h
bly led to the development of several check selected diagnostic capabilities and
val,r diagnostic techniques. limitations.
Monitoring Methods The check valve inon- None of the methods examined can, by
itoring methods that air presently available themschts, monitor the position and motion
can provide diagnostic information useful in of vahr internals and valve leakage; however,
detennining the condition of the vahr (e.g.. the combination of acoustic emission with
integrity of intemal parts). and its operating either of the other methods ylek!s a mon-
state (stable or unstable). These methods itoring system t hat succeeds in pros 1 ding the
utilize different transducers and principles means to detennine vital check vahr oper-
of aperation: hence, they provide dificirnt ational infonnation.

i

HEFERENCES
1. ERPI NP-5479, Application for Check 13. information Notice 82-26, RCIC and

Valves in Nuclear Power Plants. IIPCI Turbine Exhaust Check Valve
2. information Notice 90-03, Malfunction Failures.

of BorgdVamer Bolted Bonnet Check l4. Information Notice 82-20, Check Valve
Valves Caused by Failure qf the Swing Vmblems.
Arm. 15. Information Notice 82-08, Check Valve

3. Information Notice 89-62, Malftmetton Failures on Diesel Generator Engine
of Borg4Varner Pressure Seal Bonnet ' Cooling Systems.

t Check Valves Caused by Vertical Mis- 16. Information Notice 81-35, Check Valve
alignment qf Disc. Fatlures.

4. hformation Notice 88-85, Bmken Re- 17. Information Notice 81-30, Velan Swing
tatning Block Studs on Anchor Darling Check Valves.
Check Values. 18. Information Notice 80-41, Failure qf

5. Information Notice 88 70, Check Valve Swing Check Valve in the Decay lleat
inservice TestingINogmm Deficiencies. Removal System at Davis-Besse Unit

6. Information Notice 86-09, Failure qf No,L

Check and Stop Check Valves Subjected 19. NRC Bulletin 89-02, Stress Corrosion

to Low Flow Conditions. CracHng qf liigh liardness Type 410
7. Information Notice 86 01, Failure qf Stainless Steel Internal Preloaded7

Main Feedwater Check Values Causes Bolting in Anchor Darling Model S'150W
Loss of FeedwaterSystem iniegrity and Swlng Check Valves or Valves qfSimila r
Water-Hammer Da mage. Design.

8. Information Notice 84-12, Failure of 20. NRC Bulletin 85-01, Steam Utnding gf
Sqft Seat Valve Seals. Auxillary Feedwater Pumps.

9. Information Notice 84-06, Steam Bind- 21. NRC Bulletin 83-03, Check Valve Full-
ing ofAuxiliary Feedwater Pumps. urcs in Raw Water Cooling Systems of

-10. Information Notice 83-54, Conunon Diesel Genemfors.
Mode Failure of Main Steam isolation 22. NRC Bulletin 80-01 Operability of
Nonreturn Check Valves. Automatic Depressurization System

11. Intormation Notice 83-06, Nonidenhcal (ADS) Valve Pneumatic Supply.
Replacement Parts. 23. Recent improvements in Check Valve

12. Information Notice 82-35, Failure qf Monitoring Methods, Proceedings of the

s Three Check Valves on liigh Pressure 18th Water Reactor Safety Infonnation
Injection Lines to Pass Flow. Meeting, Rockville. Maryland. Oct. 22-24,

1990.

_ ... - __-
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C) AGING ASSESSMENT GUIDEL

CHECK VALVES

Observations on the aging k%8of check valves- q p
% s y' 4

13- Degradation (wear, crosion, and *

corrosion) of check valve intemal ( [.d
7,

,n
parts (e.g., hinge pins, hinge arms, $y.) .T 6discs, and disc nut pins) is an g

aging concern. _A _3s

$y- Accelerated wearing of internal (D 3 94parts can resultfrom instabilities Q t cap,,

(fluttering, tapping) under normal ~' 3 our
~

'Q% A D" ""' *'", flow conditions due to misapplica- % o
8 * ' "
g |{"g,'ption (using oversized valves) and -6\q . Q ,

as a result aflowjlow conditions . , \ \;% C, ' 7 capstus
and/or upstream flow disturbances, t 8 cap stud nuts

o / 12 9 capganet
'

!q 10 seat ring
j 11 Du wasnu

- (_./ 12 rnge pin
TYPICAL SWING CHECK VALVE 13 om nui

:

RECOMMENDATIONS FOR INSPECTION
Required Tests valve and comparing leakage rates through
Testing requirements for nuclear plant check the vahr with the specified standard. Both
mlves are contained in the plant Technical of these requind tests demonstmte check
Specifications and are In accordance with salve operability under test conditions but
Section XI of the American Society of Me- can not adequately detect and trend check
chanical Engineers (ASME) Boiler and Pres- valve degiadation. ASME has formed a
sure Vessel Code land more recently the working group (OM 22) in order to develop
ASME OM Code). This requiremment con- a new standard for check vahr testing.
sists primarily of exercising the valve to verify

: obturator (e.g., disc) trmel to the positions
- required to fulfill its safety function. Confir- Operating Parametem Routinely Observed
mation of obturator movement- may be by Most check valves require no external
visua' observation, a position indicator (if mechanical or electrical signal to elther open.

available), observation of relcumt pressures or close. As a result, most check valves have
in the system or other posithe means. Some no capability to be actuated other than by

_

check valves used for containment isolation changing flow through the vahr. Thus, the(q are also required to be tested in accordance only routinely observed panuneters are
' with 10 CFR 50 Appendix J. These tests external leakage and internal leakage

Invohr pressurizing downstream of the check (through a closed valve). Occasionally.

-
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unusual noise resulting from unstable 2. Loosening of fasteners (e.g., bonnet bolts.
(tnpping) internals may be obsermi. hinge pin plugs)

,

3. Cap gasket deterioration (resulting in !External Indicators or Causes of Age external leakage)
Degradation '

l. Corrusion of vahr body
,

MAINTENANCE RECOMMMENDATIONS
During scheduled downtime, continue to trusive testing. Disassembly and inspection
perfonn periodic disassembly and inspection should include examinations of vahr inter-
of critical check vahrs (especially those nal parts for wear, erosion, corrosic ,
determined to be operating in an unstable cracking. loosening. tightening, etc., that
mode until an acceptable correlation can be woukt interfere with the firedom of move-
made between nonintrusive diagnostic ment and correct positioning of the internals
testing results and actual vahr degradat ;n. or that may lead to fracture, breakage, or
Once this correlation is established, disas- other catastrophic failure. Parts showing
sembly and inspection intervals may be significant signs of aging or senite wear
determined based on the trsults of nonin- should be replaced as necessary.

OPERATIONS RECOMMENDATIOW3
Detennine the operational mode (stable or monitoring methods such as acoustic emis-
unstable) for all critical check vahrs that are sion or ultmsonic inspection. Valves operat-
expected to remain open during typical plant ing in an unstable mode should be identified
operations. Utilize available nonintrusive for near term disassembly and inspection.

DESIGN / TEST RECOMMENDATIOWS
Periodic use of nonintrusive monitoring obtained from nonintrusive examinations
methods is recommended for critical vahes should be quantified and recorded for
that are known to be operating in an unstable subsequent comparisons with actual senice
mode. Selected diagnostic signature features wear.

O
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{_ D ]-G EMERGENCY DIESEL DENER'ATORS
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SUMM ARY 058 RESMARCH RESULTS

FUNCTIONAL DESCRIPTION / BACKGROUND aging stressurr, and improve reliability.
The EDG system typically consists of at least Certain practices for testing and engine
two diesel generators, rated at 2,500 to 10,000 management lead to avoidable aging impacts.
hp each. The potential serious consequences Elements for improvement have been iden-
of an aging related failure of these EDG tified in operations, Regulatory Guides,

_

sys,tems has directed renewed attention to Standard Technical Specifications and plant
potential improvements in testing, mainte- procedures.
nance, anj management so a to reduce

3

BASED ON HPAR REPORTS:
1. NUREG/CR-4S90, Volumes 1 and 2, Aging 2. NUREG/CR-5057, Aging Aff tigation and

of Nuclear Station Diesel Generators: Improved Pmgrarnsfor Nuclear Sen' ice
Evaluation of Operating and Expert Diesel Genemtors,10/89.

Experience. 6/87.

AGING RELATED ISSUES Aging is a con- While the system is operating the aging
cern of EDG systems. The evaluation of mechanisms include:
multiple data bases showed that more than
50% of the failures were attributed to aging. * Vibration *

Different aging mechanisms are present. * Thennal and mechanical shock
related to the operating status of the system. * Excessive operating loads
While in standby, the aging mechanisms aw: * Operating envimnment

* Corrosion
* Set point drift Operational aging stressors are enhanced by
* Chemical attack from fuel and lube oils the synergistic influences of the current *

* Environment, dust. microbial growth, starting. engine loading, and technical
etc. specification mquirements,

OPERATING EXPERIENCE The effect of ments and mechanical components of the
each EDG failure on system performance was engine sub-systems. The ! & C component
determined from the NPAR data base devel- of failures was about 30% while the lubri-
oped for the EDG system. Over half of the cation, fuel oil, cooling and starting sub-
failures were judged to be related to aging systems each contributed about 10% to the

G and about one-third resulted in the loss of
additional failu res observed. Failures

function. Failures typically did not occur in charged to the engine and generator directly
either the engine or the generator, but were less than 15%,

occurred chiefly in the supporting instru-

_

'
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FAILURE MECHANISMS A failure mecha- Aa,ern pa

nism is the physical, chemical, or other 'a**",*/yesu Mgfy|y,,

process by which a component or system 18%

degrades or fails. Since the EDG system is
a complete small power plant with standby No en

and operational modes, there are many ano eevera . thermal shock,
14% Vibration,*

2gn. conomoni
different failure mechanisms. For the EDG y,,1_
system one failure cause such as engine vror

^vibration can lead to seve.ral mechanisms

"'$[In"t' %* Par co
t nignsuch as piping metal fatigue or abnonnal m o

pump wear.

_.

FAILURE MODES A failure mode is the will abort an engine run and some of these
manner in which a component fails and these prove to be simple instrument errors.
are very dherse for the EDG system. For the Common failure modes are leakage, loss of
EDG system many failure modes are some- electrical contact or signal filter blockage,
what misleading. A failure to start could be injector fouling. flow blockage, and mechan- )recorded as a failure because of a 14-sec. start teal binding.
rather than a required 10-sec. start, in
addition, there are about 2 dozen signals that

Understanding and Managing Aging of Diesel Generators

.....,......

i Outside system '"----
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RESEARCH RECOMMENDATIONS The o Gmdually add load to the system during

9 operational readiness of'he EDG system can
test sequences, about 10-20 minutes

best be assured by a monthly " health a Reduce test loads to 90% of continuous or
checkup" and by changing certain hannful the plant emergency EDG load, whichever
engine management practices. The monthly Is less
testing prognun should be nxlirectd to a * Increase EDG start time to 25-30 second
monitoring objecthr to obtain data on about mnge
25 available EDG opemting parameters that * Eliminate short run times and excessive
could indicate degraded perfor; nance -or idle time, and
impending component failure. NUREG/CR- * Include trending of the more important
5057 identifles the complete list of pamme- engine and genemtor operating pamme-
ters and their chief uses for the recom- ters in the management pmgram. -

mended monitoring program. The test Preventive Maintenance Seals, gaskets
! program and engine management should and other components with short qualifkxlincJude prelubrication, slow loading, longer life should be replaced at prescribed intervals.run times, and post-test gmdual load reduc- Activities such as cleaning. lubrication,

tion and cooldown practices. Instrmuent and sensor calibmtion should be
EDG system management changes that periodically conducted. Ilowever, periodic
would result in the most benefleial engine intrushe inspections including component
improvements for aging mitigation and disassembly should be reconsidered. Rella-
corresponding reliability improvements are: bility may be improved by discontinuing r

such pmetices and using the monitoring and
* Significantly reduce the number of system trending data and analysis results to identify

starts maintenance needs.

O
REFERENCES 4. NUREG/CR-5078, A Reliabflity Imgram
1. PNL-7516, Technical Evaluation Report, for Emergency Diesel Generators at

Cmergency Diesel Genemtor Technical Nuclear Power Plants.1988.
Spec!fication Study Results. 3/91. 5. Regulatory Guide 1.9, Revision 3 (Draft).

2. Generic Letter 83-41, Fast Cold Starts of Selection. Design. Qualifica tions. Testing, -

Diesel Generators. and Relial> titty of Emergency Diesel
3. Generic Letter 84-15, Proposed Sta[f Generator Units Used as Class iE Onsite

Actions impmee and Maintain Diesel Elecinc FMwer Systems at Nuclear Ibwer
Genemtor Reliability. Pla nis.1990.

O
_
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D AGING ASSESSMENT GUIDEO
EMERGENCY DIESEL GENERATORS

Observations on the aging
of the Emergency Diesel
Generator
- Instrument and control equipinent - Monthly testing should incorporate

expenenced the inostfailures in monitoring and trending of avall-
the NPAR data base. able engine and generator operat-

- Nomtal engine vibration causes ing parameters.
Increased wear andfatigue on - Engine and generator disassembly
many engine components. Inspec- onlyfor inspection purposes unay
tions may detect many incipient lead to additionalfa!!ures.

failures before loss-of- unction - The engine governor should bef
occurs. Included in a toutine inspection

- Inspectionsfor vibmtion loosening and maintenance schedule.
offlitings. fasteners, and wire and
cable terminations will reduce

[ potentialfatlures.
'

RECOMMENDATIONS FOR INSPECTION
1, When in the standby mode. the EDG 3. Important visual inspection details are

system should be checke" n 7"""d "- ter described in NUREG/CR-5078 Vol. 2 and
leaks and prot- +nm oe NUREG/CR-5057.
temperatures. 4. Visual obserwthn of engine and gener-

2. When the EDG syss m + ..sual ator pressure and temperature gages ini

inspection and eat .agine a systematic process, is wry important for' <a +

sounds for unus 1 e' mo detect system " health" monitoring.
; abnormal engine s m>
|

! ~.

|

MAINTENANCE RECOMMENDATIONS
1. The monitoring and trending program 4. Engine overhauls based on monitoring <

j should be based on existing engine gages and trending information, or response to
L and operating parameters. known defect conditions, gives better
! 2. NUREG/CR-5057 lists the important results than overhauls on a strictly

| operating paramete:s and their uses for periodic basis.
engine and generator maintenance and 5. Maintenanee trainingpmgramsbyengine
troubleshooting. manufacturer or by coulvalent plant

(] 3. The engine governor should receive main- training is useful in recognizing aging
V tenance based on the manufacturer's induced problems and correcting them.

recommendations. The manufacturer's G. Plant maintenance directed at maintain-
training program, or equivalent, is usef ul. Ing the condition of cooling water, lube

!
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oil, and fuel oil systems greatly increases to be monitored and, as required,
system Irliability. addressed by maintanance activities.

7. Bacterial growth and microbiological
attack in water and fuel oil systems need

*

O

O

_ _ _____ . ....a



- - _ - _ . ____ - _ _ _ _ _ -

INPAR 1

I
eg* pm rmvg

pp s u? c m g .cp gg a% w 9 g%
a~

'hA A
) f(q:Agd ppgn s

(V
g @h id b 4SW.ji gjp

.

Q d6k ,
INVER7EI)dud

y y,

SUMMARY OBE RESEARCH RESULTS

FUNCTIONAL DESCRIPTION / BACKGROUND mance will degrade with time due to the
Inverters are used in nuclear power plants aging susceptibility of some components
to convert de to ac power for instrumen- and materials. Inverters are complex
tation, controls, and cther equipment devices which require trained personnel
necessary for power operation and safety. using detailed procedures to assure their
Research has shown that inverter perfor- proper operation and maintenance,

BASED ON NPAR REPORTS:
1. NUREGICR-4564, Operating Expertence igas g Battent Charger and Inverter

a nd Aging-Seismic Assessment of Battery Agit. ; 8/88.
Chargers and Invertens,6/86. 3. NUR 3/CR-5192, Testing of a Naturally

2. NUREGICR-5051, Detecting and Mit- Aged Battery Charger and Inverter,9/88.

,
! \
(.,/ AGING RELATED ISSUES A large percent- torque of the SCRlheat sink connection

age of imerter failures are due to hardwarr. has resulted in overheating and failure of
Components susceptible to aging degrada. the SCR.
tion are: 3. FUSES: Fast acting fuses are used to
1. FILTER CAPACITORS: These compo- pmtect inverter electronics and are sub-

nents have experienced a limited service ject to thennal fatigue. Depending on in-
life (approximately 5 years) directly related ternal cabinet temperature and the prox-
to ambient temperature, applied voltage. Imity of the fuse rating to normal load
and ripple current. current, expected life can vmy from 5 to

2. THYRISTORS (SCRs): Large SCRs used 25 years. As the fuses degrade, they are
in the power conversion circuit generate more susceptible to normal plant electrical
heat which is designed to be dissipated transients such as starting motors and
through attached heat sinks. Improper switching operations.

._.

OPERATING EXPERIENCE The operating INVERTER FAILURE EFFECTS
experience data demonstrates that inverter Number cl Events

failures can impact plant safety and avail, geautcas7
bility, One of the most visible and dramatic ,

effects of an inverter failure is reactor trip. cananmenosot

from an irwerter failure. In addition, safety
. [[g[cena aFrom 1984 to 1986,57 reactor trips resulted 13

; / ,c%, 3

(~N injection (SI) system actuations, contain- ,y '
*

cere instrumentat,on sg ,. ,

( ment isolations, and safety system (HPCI & Nuv;ventation toss 7
,

' ~ ~ ' ' " " " " " "RCIC) inoperability were directly ilnked to isbouunbaco
irwerter failures. LERs 1984 - 1986

|

_ _ _ _ - _ _ _ _ _ _ _ - - _ - _ - - - - _ _ _ - _ - _ _ _ - - - - - _ _ _ - - - _ - - - _ _- - - _ - _ - - - - - - - - - -
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The analysis of data on operating experience INVIRTER FAILURE CAUS[$
accumvdated over 12 years indicates that Percent uf failures
overheating, electrical transients, and errors ww ii.nwnu r,

"Dby plant personnel are the leading causes of owanco N g,,nng ,,,, y
inverter failures. Such stresses result in the \,g,,,g
aging of critical components. The large \

{percentage of unknown causes may be due u ,s

to 'nonnal' electrical switching where inver- \ l

ter fuse or circuit breaker opemtion trsults. m,, , \ j gng
~v

Ltfu 1976 1986

.

RESEARCH RECOMMENDATIONS cochng fan noise can indicate an impend-
Design Four basic designs of imtrters are ing failure,
used in the riudear industry. Improvements 2. Component degradation due to overheat-
were made in the more recently manufac- ing, and loose electrical and mechanical
tur 'd units, such as: connections can be detected when the
1. The use of an automatic transfer switch, inverter is off line.

which denses an inverter failure and 3. Cleaning can minimize the risk of over-
switches to a backup power source with- heating.The wiping of SCR heat sinks and
nut a detectable loss of power to vital ventilation flow paths improves heat
equipment. transfer away from temperaturr sensitive

, 2. The installation of higher voltage and components.

| temperature rated components, especially Testing / Monitoring Periodic testing is
capacitors and semiconductors. This necessary to verify that design pammeters

; makes these components less susceptible are obtainable under all conditions. The
to operationally induced stresses. acceptance criterh for such testing should

3. Forced air cooling rather than natural be based on specific plant and manufacturer
comection cooled units tend to have less infonnation.
overheating problems. Several utilities 1. Overheating is an important cause of
have modified the inverters in this stress that can rc.uce the expected life
manner, of electrolytic cansitor * (hyristors, and

4. Additional monitoring capabilities, inductors. It h pmd 1.t to periodically
including annunciation of abnormal monitor them , letdi ry mertase in,

j conditions, such as high temperature, are temperature.-

ovallable in new r units. 2. The component's performance my
change wPh time and can indicate deg-

Malcteneste andMonitoring Based on the radatlon. Two parametern for detecting
im'erter's importance and the effects of its aging of electrolytic capacitors are an,

; failure en plant safety and availability, a increase in the equivalent series rests-
compr niensive maintenance program is tance (ESR) or a decrease in capacitance.

I to om: 1 ended This program should include
3. Capacity testing is recommended, espe- |Inspection, testing. a.ad preventive mainte~ cially for standby imtriers. This veriflesnance"

that the imerter can supply design loads,
. Irurpection The inspection of an inverter by and permits inspection monitoring tech-
| ! espe"kraced personnel can provide a great niques to be applied at rated conditions.

' detd af infennation about the equipment's 4. The automatic transfer switch shoulo be
ovtran condition. tes.ted t; verify it is capable of transferring

I 1. Whue operating, observation of cyclical to the alternate supply without interrupt-
electrical hum, meter oscillation, or ing power to critical equipment.

,

, . _ , -* b
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Preventive and Corrective Maintenance been identified as hming limited cervice |
% Specifle requirements from the manufac- lifes include capacitors, cooling fans. |.

turer should be incorporated into the fuses. circuit barakem. and triays,
nwintenance prograrn. These are letsed on 2. Replacement power electronics, such as ;

'

the manufacturer's experience or are gener. SCits. should be trmounted to a cleaned ,

ated as a result of equipment qualification. heat sink surface at the torque speelfled
Guidelines are also prmided to restore the by the vendor. :

inverter to an operable condition following 3. Wse power cable terminal contact sur-
a failurr* faces should be cleaned before tightening. _;

1. Deviations frem equipment quallflcation 4. Fuses identical in rating and design !
requirements trquire documented engi- should be used. '

neering analyses. Components which have
'

|

REFERENCES These documents provide 3. Information Notice 88 57, Ibtentiall.oss f
; additional background information on of Sqfe Shutdown Equipment Due to

invertem used in nuclear povgr plants. Premature SCR Failures.
1. AEOD Case Study Report C605, Opetu 4. IEEE 6501991, IEEE Statidardfor Qual- |

ttortal Expertence Itut>lvitty h>sses of (ftention of Class 1E Static Batter!)
Electrical inverters.12/86. Chargers a n d in tertersjor Nuclea r Ibwer ,

?2. Informailon Notice 87 24, Operating Genemting Stations.
Expertence intviving huses qf Electt1ml -
Inverters.- [
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AGING ASSESSMENT GUIDE
INVERTERS

Observations on the Aging ewu sum

of Inverters M""" f""$ Uni
. . . .C. . . . 9. . . . . .! !

- Limited service I!fe of electmlytic ; twm l yoovt|
capacito.s: ternpemture dependent i | w e m .-. --'

: INVERTIR' *

- Use of automatic transfer steltcit cart ; i* " " * .impn'>ve reliability of vital bus | h | 'Q[|f
| Juirut
i | m!- Inverterfailure directly alTects the
L .... ... _ _ . . . y t

'

operabillty of safety systerns ...p _ _ _ ;
U'S DiSM$J110N BUS

AC 10APS
_

_

RECOMMENDATIONS FOR INSPECTION
1. minimal meter oscillation 4. no signs of overheating
2. no unusual electrical hum 5. capacitors not leaking or bulging
3. cooling air filters are clean G. heat tmnsfer surfaces are clean

MAINTEN ANCE RECOMMENDATIONS
1. Perform periodic inspectlons which (electrolytic capacitors). and evaluation of

incb de cleaning and check of connector circuit wavetonns.i
tightness. 3. Personnel have lxrn tmined, and use

2. Preventive maintenance is conducted at approved procedures which have consid.
least once per cycle and includes calibra- cred vendor reconunendations.
tion. EQ related component replacement

OPERATIONS RECOMMENDATIONS
1. The daily logs or round sheets include 3. Periodic cheeks are made to insure proper

recording the data on or observing inver- elec trical alignment - nonnal supply from
ter performance. the station battery,

2. The operating procedures address the
response to an inverter failure.

.

DESION/ TEST ACTIVITIES
d 1. The loading of the inverter for nonnal and 2. The static switch is functionally tested to

postulated accident conditions is within assure an uninterruptible transfer to the
the equipment's rating, alternate supply.

. . . . _ _ _ _ . . . . . . . . . . .
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _
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3. Capacity testing. especially arcommended 4. A pmtective device coordination exists
for standby inverters accurately trilects between the inverter and its branch
loads. circuits.

OTHER RECOMMENDATIONS
1. Replacement or testing of all filter capac- 3. The puhewidth modulated inverters (i.e.,

itors should be considerrd when one fails. Elgar. Cybertex) generate a near sine wave
(Same stress) output through electronic feedback Pho-

2. The ferro-resonant inverters (i.e.. SCl. tographing the waw shapes fer timing
Westinghouse) use magnetic components and sequence should provide good trou-
for waveform shaping and voltage regu. bleshooting infonnation.
lation. Special ferro-tuning techniques
recommended by the manufacturer
should be followed.

- . .
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SUMMARY Oft REEN ANCH RESULF3

FUNC110NAL DESCRIPDON/ BACKGROUND The evaluation of motor performance in
Motor degradation due to aging and service nuclear and non nuclear Industries and

_

wear pecresses reliability and increases the irboratory testing of aged motors has iden-
potential for failure. The impact of motor tified elements for consideration in planning
failures on plant safety is significant since maintenance program inspections and perl.
motors play a vital tole in moSt safety systems. odic testing of motor subcomponents.

-- -

BASED ON NPAR REPORT 8:
1. NUREGICR 4156 Opemting thperierace 2. NUREGICR 4939, Volumes 1.2,3;Irnprov-

a nd Aytny-Seistnic Assesstnent qf Electric ing Afotor Reliability its Nuclear Ibseer
Afotors, 0/85. PIavtis. I1/87.

AGING RELATED 15 SUES For smaller 2. DEARINGS: Hearing falhres are primar-
( motors (under 200 hp), the stator insulating fly caused by deterioration of lubrication

system and bearing assemblies are the or mechanical misalignment.
subcomponents that most frequently failed. 3. TEAfPERA7URE: Thermal effects com-
The major factors contributing to large motor monly result from excesshe current which
failures include voltage surges and mechan- imposes self heating and itsults in insu-
leal stresses due to centrifugal or magnetic lation failure.
forces. 4. VfDRATION: Vibration _ can originate
1. INS (1LATING AfATERIAL: Insulating from internal and external abnormalities,

material is primarily degraded by heating and is often caused by coupling misalign-
cycles of the windhig due to starting, as ment. rotor imbalance, and loose parts,
well as overload conditions. Ilumid envir- 5. AfolS7URE: 1-lumidity can reduce prop-
onments produce more rapid degradation ertles of electrical insulation. High humid-
in both cases. ttypromotes dirt buildup on the windings,'

leading to overheating.

6OPERATING EXPERIENCE Regardless of un omnen isuisize and system application, motors are 66

h,60
-

g mu ,
~subject to stresses which may eventuntly eu cump uaiom

cause failure. Stator-related failures are the 18 Mama *
"highest having nearly an equal probability ho -

3,
-

of occurrence for both pump and valve a

motors. Bearing failures are significantly A "
ro -

,, ,3 3, -

higher for pump motors than for valve 3 S , 'o sg'0

opemtcrs. _ IEc,a r,
_ . F =_ Lr

stator Raty Beanng Acceuones Mamtenance utenown

Motor Cornponent rsilurt Distribution



2 MOTORS o.

Large Motor Failures Classified By insulation Type

"y"
_ , ,3 , , , , , _ _ _ ,

,wower, ,m,s wen,enhomomen,,mm
For 25011P motors and above, class B

insulat f or systems.which were used in safety
8 19 19 28 13 26 20 21 53 26 29 34 42& nonsfety applications at older plants &

non-safety applications at nev/cr plants. have F 3 2 4 4 2 7 8 3 13 9 7 19

ex})erienced the most failures. Most newer H 1 -- 3 2 1 1 1 1 - 4 - 7

plants (post 1980) use class F or li insulation o7HER -- 1 5 2 2 - 2 1 6 1 3 3
for N1fety systems. TOM M M M M M N M 59 4 4 4 %

47 - 57 62 $7 36 4.3 32 51 61 62 12

w . w a. m m e n. e v.
-.

RESEARCH RECOMMENDATIONS A pre- they have several shortcomings including
ventin maintenance program should exist the imposition of electrical stre ,s. If used,
for motors important to plant safety and it is recommended that the voltages be
availability. To evaluate the perfonnance of applied in small discrete steps up to the
a motor, the PM program should include test voltage,
periodic testing. continuous monit oring. and 6. Voltage impulse or surge testing can
inspection techniques. detect turn shorts or hot spots in t! c
Periodic Testing Periodic tests are in situ insulating material in low voltage motr rs.

tests perionned in the plant on the equip- 7. The chemical analysis of the lube oil will
ment at scheduled intervals to detect deg- Indicate excessive bearing wear or con-
ntdation and verify operability. tamination within the lubricating system.
1. Insulation resistance (megger) tests are

go/no go tests that are effective for the Continuous Monitoring Motors equippedpost maintenance check of a motor. They
~ with permanently installed devices should beindicate the dryness of the insulation but monitored regularly. A baseline value shouldare not useful for predicting overall

be developed for each parmneter. Readingsinsulation dielectric conditions. should be evaluated by comparison to
2. A partial discharge test Js used for large baseline readings.

motors with a voltage rating above 500
volts. and can provide results which are 1. Parameters typically monitored are line/
useful for treriding. It detects vold growth phase 7urrent or voltage, winding and
and corona discharge in the insulation by bearing temperatures, lube oil tempera-
measuring the discharge inception volt- ture, and bearing vibration signals.
age, which decreases as the insulating 2. Guidelines for the frequency of evaluating
material gets olden, continuously monitored parameters for

3. Power factor or dissipation factor testing safety related motors are:
is used on high voltage motors and is a. Line/ phase current: 6 to 12 months
suitable for monitoring average insulat ic n b. Winding temperature: 3 to 6 months
condition, c Dearing temperature: 1 to 3 months

4. During technical specification testing of d. Lube oil temperature: 3 to 6 months
pumps and vahrs, motor rtmning current e. Bearing vibration: 1 to 3 months
and bearing vibra tion should be measured 3. Ocaring temperature and vibration mea-
and recorded. Where available, the wind- surements are proven methods for indi-
Ing and bearing temperatures should also cating degradation in bearing assemblics.
be measured and trended. A high temperature or vibration is a clear

5. Ac and de leakage tests (hlpot) have proven indication of bearing wear. misalignment.
to be effective in locating faults, however, or other aging mechanisms.

m
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Inspection Motors, regardless of their sizes 4. Winding vibratton can be caused by loose
and types, should have a periodic inspection rotor bars or end rings, phase imbalance,h to eviduate their condition. The inspectwn or improper lubrication.

V program assures the operational readiness 5. Humidity, tempemture, radiation, and
of motors between schniuled testing or main- chemical spray can effect the motor's
tenance. senice life. When required to opetute in

post-accident conditions, the motor

10 Point inspeelon Program For hlors sh tdd be shielded as much as possible
from potential severe environtbental

"
1' OIRT. DUST. & CONTAM!NANis stresses.
2 MOISitIRE. WATER, GREASE & GF. 6. Surface corrosion or cracks on the motor's

GUARD RATION / MOUNTINGS EU" " " Y" "

5 FXTREME ENV'RONMENTAL CONDitl0NS visual inspection. High f requency vibra-
AGAINST 6 e CRACKS / CORROSION tion can initiate cracks or volds at high

7 ELECilCAL STRESSES stress regions.
8 AG AND ERVICE WEAR 7. A good Visual inspection of insulation

10 LOS9 0f INSPECil0N DATA surfaces for corona discharge hvhlte and
grey deposils) or burn marks can detect-

a degrading insulation.
1. Dirt, dust, and contaminants may be 8. Some components have a finite life

removed by wiping the rnotor clean with because of their age and service wear, such
a dry cloth. Regulated compirssed air can as seals, bearings, gaskets, and carbon
be used to reach inaccessible areas. brushes. A typicallife for bearings in small

2. Moisture intrualon into motor compo. motors is ten years.
p nents significantly increases the probabil- 9. An inspection checklist performed by
; i ity of failures. Space heaters should be trained maintenance personnel can help
's used to thoroughly dry the motor before climinate many of the problems intro-

it is returned to service. duced by the human.
3. Excessive belt tension, pwr alignment, a 10. Logging the inspection activities and

bent shaft, excessive end bell thrust, or observations of motor conditions can
damaged bearings can result in friction provide insight into the mot or's
and high noise levels. performance.

>

REFERENCES The universal applications 3. EPRI NP 3416, A Guidefor Developing
of electric motors has resulted in a multitude Preventine Afaintenance Programs in
of references. The following hst reflects only Electric Power Plants,

a sraall sample: 4. EPRI NP 3887, Life Expectancy of Afotors
1. IEEE Std. 334, "ype Test of Continuous in hilld Nuclear Plant Environments.

Duty Class 1E Afotorsfor Nuclear IMwer 5. Information Notice 88-12, Overgreasing of
Genetuting Stations. Electric hiotor Bearings.

2. IEEE Sid. 432, Guide for Insulation 6. IEEE 89TH0248 5 PWR, Afaintenance
hfaintenance for Rotathog Electrical Good Pmeticesfor Nuclear Ibwer Plant
hfachinbry. Electrical Equipment.

s
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' MOTORS '

Observations on the aging "g"0. 3. % gn ,
of electric motors y[>

%>y'f
. } 3

- Stator / rotor tvincling litsulation w.
fi.cieterioration is an aging concern

- Bearing wear is accelerated by \ g
Ituproper lubrication or cooling .? %

- Environrnental factors suelt as Juncton Beanna
B"hurnidity, dirt, and heat c[[cct Inotar

operating pefortnance ELECTnic MOTOR

- ,

RECOMMENDATIONS FOR INSPECTION External Indicators or Causes of Age Deg-
Operating Paratneters Routinely Observed radation
1. Hearing vibration and temperature 1. Ilutnidity - the space heaters should be
2. Lube oil level and appeanince energized on Standby anotors
3. Winding teraperature (perinanently 2. Dust & Dirt Unildup - internal air

/ installed detectors inay be recorded b'y teinperature may be too high due to
Q phuit computer or data logger) blocked air passages or dirty 111ters

4. Motor line current-concern for motor 3. Ambient Tempeniture- motorlasulation
overload class (rating) limits safe ambient

5. High noise level-Indicator of poor align- teinperature
ment, excessive friction 4. Corrosion or surface cracks

5. loose mechanical comicetions
_

M AINTENANCE RECOMMENDATIONS
1. During scheduled downtime, ventilation 4. Oil leaks are (oriceted expeditiously to

openings, filters, and winding insulation avoid winding contamination.
are cleaned. 5. Manuf acturer recoinmended mainte-

2. Vibration levels are nicasured and evalu- nance such as replacing seals or carbon
aled routinely, brushes are evaluated and incoqsarated

3. There is a greasing schedule for anti- into the inatutenance prognun.
friction bearings. Oil changes for sleeve
bearings are similarly scheduled.

OPERATIONS RECOMMENDATIONS 3. Operating procedures contain guidance
1. Theline current is measured aud recorded for the munber of starts perinitted over

n periodleally during motor openition. a given time.

['u] 2. Operating rounds inchide observallons of 4. Alario iesponse pro (edures address the
space heater encrutzationi for standby operator's action to abnormal motor
motors. conditions.

_ _.)
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DESIGH/ TEST RECOMMENDATlDNS
1. l'eriodic surge teuts or partial discharge performing required su Teillance testing

(corona) tests are conducted to Inonttor on putnps arid vah'es.
,

age related deterlonition. 4. AC/DC leakage (hipot) testing is not
2. Large rnotcr operating hours are inont- reconunended.

tored (clapsed time counter on 5. An engineering evaluation of baseline
switchgear). readings for bearing vibration, inof or

3. Motor operating penuneters are mont- winding temperature, and rated current
tored, recorded, and evaluated. when values has been completed.

. _ . . _ .
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SUMMARY OBE RESEARCH RESULTS

FUNCTIONAL DESCRIPTION / BACKGROUND controller unit consists of a molded case
Motor Control Centers (MCCs) are low circuit breaker, a magae'!c contactor, a trans-
voltage (less than 600 volts) controllers that former, relays and thermal overload devices.
start and stop, provide continuous power to, Age related degradation of these subcompo-
and protect mo; ors that drive pumps and nents has impacted safety system availability
motor operated valves. Typically, a motor and operation.

BASED ON NPAn REPORT:
1. NUREG/CR 5053, Operating Ihperience

ated Aging Assessment of biotor Control
Centers. 7/88.

O
! AQiNG RELATED ISSUES 3. The starter contactor may fall to . lose duc
V 1. The most frequent cause of MCC failure to a non-unifonn magnetic driving force

was the buildup of dirt or other foreign caused by impeded armature motion.
substances that caused the electrical 4. Most age-related failures are attributed to
device to stick. the circuit breaker and relay subcompo-

2. More failures occurred in systems that nents. Setpoint drift and contact surface
function intermittently rather than degradation are two dominant failure
continuously. modes.

OPERATilJG EXPERIENCE Operational of circuit breakers and relays contribute to
data on nuclear plant components shows about 50% of all reported MCC failures.
there have been significant failures of molded Subcomponent contribution to MCC inop-
case circuit breakers relays, and magnetic erability along with the breakdown of the
contactors used in MCCs. The combination dominant failure modes, are illustrated.

SUBCOMPONENT FAILURE MODE CONTRIBUTION

Circuit Breaker Failed to close - 32%
Tripped - 19%
Would not operate - 17%
Falle:I to open - 9%

Relays Falled to close - 23%p} Falled to open - 21%:

G Would not operate - 19%
Out ol adjustment - 11%

I

. . . _ . . . - - - _ . - - _ , . .
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SUBCOMPONENT FAILURE MODE CONTillBUTION IContinued)

Transformers Short/ Ground - b5%
Open circuit - 27%

Starier/Contactor hiled io close - 43%
Would not operate - 30%
Failed to open - 11%

Dyerload Device Tripped - 41%
Failed to close - 8%
Would not operate - 8%

Coll Open circuit - 25%
Shor!/ Ground - 12%
Would not reperate - 10%

Control Mechanism Out of adjustment - 39%
Tripped - 26%
Open circuit - 13%

RESEARCH RECOMMENDATIONS Testing Several tests are useful in assess-
Design At least ihr 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 repatr 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
process include the following: and dropout voltages.
1. NEMA standards require that the mag- 3. Verification of citruit breaker trip set- | |

netic devices operate properly at varying point Compair timing with manufactur-
voltages from 110% to 85% of the rated er's data.
coil voltage. Regulating transformers can 4. Testing of time delay relays whereprovide the netw voltage contml t applicable.minimize stresses on key MCC

5. A final energized operational test of eachsubcomponents.
contml device.

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 recei ed from manufacturrrs 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 associated with standby equip-
ment, strip heaters should be considered
for the control of moisture intrusion.

| MCC COMPONENT MAINTENANCE ACTION

Structure Check for moliture. oli, and foreign materist. Vacuum clean.

Bus Bar Examine for pitting. corrosion, sad overheating. Check connections for tightness.

Circuit Breaker Test and examine for proper operatien.

Operating Mechanism Exercise ON. OFF ItESET buttons; verify interlocks.

Futes Check for arcing or overhe,ating
Starter inspect contacts and replace if pitted or corroded.

Overload Haster Manually trip the device and inspc ser proper operation. Check size of heater. { }
Matering Calibrate important Indicator

All Components inspect connections for tightness; Ir pect wiring for signs of wear and overheating.

__
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REFERENCES 2. N E M A A B -1, Afolded Case Circutt |

1. Information Notice 86-66, IMtential for 13rea kers. |

(^'\ Fallure of Replacement AC Colls Supp- 3. UL 845, biotor Control Centers.
'q,) lied by the Westinghouse Electric Corpo- 4. |EEE Std. 649, IEEE Standanifor Qual- |

rationfor Use in Class iE hiotor Starters yytng Class 1R Afotor Control Centersfor i

and Contactors. Nuclear IUtver Plants.

I b
V

-



...

_ - --

NPfiil 5
_

n AGING ASSESSMENT GUIDE
U

MOTOR CONTROL CENTERS (MCCs)
Observations on the aging 8 "'' "' 5'''" ^"" C h " * '

fct$ te VRM 19N to 1966of MCCs

- About 50% of the AICCfailures
were due to circuit breakers and
relatjs

-._

- Afost cendors recomrnend an wntenance
"%annual maintenance intervalfor

AfCCs /

- Buildup of dirt is the leading
cause of AICCfallure (sticking) w,

RECOMMENDATIONS FOR INSPECTION
(Primarily Internal)
1. There are no signs of overheating. 3. There is no moisture. oil and foreign
2. The MCC is clean, especially the contact material.

surfaces. 4. The cubicle is in an operable status.

OA
MAINTENANCE RECOMMENDATIONS 2. Ptrventive maintenance should include
1. A physical inspection of the MCC should the following activities:

be conducted periodically including: a. calibration of metering and verification
a. check the terminal block condition and of the size of the overload heater.

connection tightness, b. exercise the operating mechanism,
b. check the condition of the mechanical including the manual trip button.

linkages and electrical insulation. c. an insulation test (megger) is recom-
c. check that there is no moisture, oil, and mended following the emnpletion of

foreign material mainter'.ance,

d. examine contacts and fuses for pitting, d. check the pickup and dropout voltages
corrosion, and signs of overheating. to moidtor dete:1 oration of coils.

.

DESIGN / TEST RECOMMENDATIONS 3. Because of the effect of the motor appli-
1. A cycle counter is useful for detennining cations on tbc sizing of the overload

PM frequency. The wear on many parts heater, documentation should exist to

is directly related to the number of support the seketed value.
operating cycles. 4. Complian .e with the technical specifica-

2. The trip setpoint of the circuit breaker tions at some plants requires that a
should be checked at least every five years functional test of 10% of the MCCs be

p to minimize the effects of setpoint drift. conducted along with preventive mainte-
nance on each MCC breaker every 5 years.
Additional testing is required if a failure
occurs.

..
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OTHER RECOMMENDATIONS
1. The daily logs or mund sheets should

include observations of MCC status and
condition, especially those located in
harsh environments.

O
:
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SUMMARY ot* RESE ARCH RESULTS

FUNCTIONAL DESCRIPTION /DACKGROUND and, on occasion, have compromised the op.
Motor operated valves (MOVs) are used erotional readiness of critical safety-related
extensively in nuclear power plants in safety- systems. Several diagnostic inonitoring
related and balance-of plant systems. The systems have been developed specifically for
most commonly used valve types are gate, detecting MOV aging and service wear effects
globe, and butterfly valves. MOV f ailures have (degradation), failures, and switch setting
res ited in sigrillicant maintenance efforts problerns,

DASED ON NPAR REPORTS: 2. NUREG/CR 4234 Vol.2, Aylng and Ser-
1. NUREGICR-4234 Vol.1, Aylny and Scr- etcv Wear qf Electric hiotor-Operated

etcc Wear qf Electric hiotor Operated Valees (Jsed in Enytneered Safety-
Valees Used In Eny;neered Sufety- Yea ture Fysterns of Nuclear Power Plants
Yeature Systerns of Nuclent Poteer Plants. Aylny Assesstnents arul hiontfortny

, '' G/85. Alettuwt Evaluations,8/8U.

L.J

AGING RELATED ISSUES MOVs fall to 2. 510 TOR OPERATORSWITCilES: Contact
perform their function according to five pitting. corrosion: pear / cam wear; insula-
nuxles: tion (electrical) breakdown; f astener

(1) Failure to open I""5""I"N;Nf""5"h"Id""I"N-
(2) Failure to close 3. ELECTRIC Af0 TOR ASSEhfBLYr Bear-
(3) Plugged (limited or no Dow Ibrough ing wear, corrosion; insulation (elect rical)

a nonnally open valve) breakdown.
(4) Reverse (internal)leatuige 4. VALVE: Obturator wear, corrosion: obt u-

(5) Externalleakage rator guide wear, corrosion; yoke bushing
wear: valve stem wear, distortion: bodySeverai MOV sites are susceptible to aging-
no on, mmston: fastener loowning:re.ated degradation. These sites and the valn' wat wm, conmlon: bonnet wal

corresponding aging mechanisms are:
deterioration: stem packing wear,

l. hf 0 TOR OPERATOR GEARDOX ASSEhl- deterioration.
BLY: Gear wear; shaft wear, distortlon: MOVs are also known to be adversely affected
fastener loosening: stem nut wear; stern by inappropriate maintenance such as incor-
lock nut loosening, spring pack response ret t stem packing Iightness, incorrect switch
change: drive sleeve wear; clutch mecha- settings (torque switch, limit switch, torque

m nism wear; seal wear, dele iration: bypass switch), insu f ficient or excessive
bearing weat, corrosion: lubricant degra- lubrication, incorrectly installed spring pack, ,

' '> dation, hardening. (e g., inconect pre load, gap, etc.), and others.

_
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OPERATINO EXPERIENCE Since 1980, in June,1989, the NRC issued Generie letter
numerous NRC Information Notices and (GL) 89-10 " Safety-Related Motor-Opemted

g gBulletins have been issued that identify MOV Valve Testing and Surveillance", which
problems and recommend courses of action supersedes the nrommendat!ans in Bulletin
(see References). Bulletin 85-03 (issued 85 03 and its supplement. GL 89-10 extends
November 1985) and its stapplement (issued the scope of Hulletin 85 03 to include all
April 1988) recommend that utilities develop safety alated MOVs as well as all position-
and implement a prognun to ensure that changeable MOVs in safety-triated systems.
switch settings for MOVs in seveml specified The GL includes the following list of 33
safety-triated systems are selected, set and common MOV misadjustments, and de-
maintained so that the MOVs will operate graded conditions discovered by utilities
under design-basis conditions for the life of from their experiences, including their
the plant. efforts to comply with Bulletin 85 03.

SUMMARY OF COMMON MOTOR-OPERATED VALVE DEFICIENCIES. MISADJUSINENTS.
AND DEGRADED CONDITIONS (FROM NRC GENERIC LETTER 89-10)

1. Incorrect torque switch bypass settin0 18, incorrect valve pos(tion ndication
2. Incorrect torque switch setting 19. Misadpstment or tallure of handwheel declutch mechanism
3. Unbalanced torque switch 70. Relay problems lincorrect relays. dirl in relays, deteriorated relays.
4. Spring pack gap or incorrect spring pack preload mitwirsd relays)
5. Incorrect stem packing tightness 21. Incorrect thermal overload s.ettch settings
6. Excessive inertla T2. Wern or broken bearings
7. Loost or tt ht stem eut locknut F3. Broken or cracked limit switch and terous switch components0
8. incarrect limit switch settmgs 24 Missing or modified terque switch limiter plale
9. Stam waar Th. Improprly sized actuators

10 Berd or broken stem 26, if ydratic lockup
11. Wsrn er broken gears 27. Incorrect metallic materials for 9 ars. krys, bolts. shafts, ate.
12. Grease problems (hardening. ml0 ration into sprinD pack. lack of 78. Degraded voltaDe |within design ba:Is|

grsass xcessive grease, contamination. non specified grusel ?9 Detective motor controllogic
11 Motor insulation or rett degradation 30. Encessive seating or backs: sting torce application
14. Incorrect wire stat sr degraded wiring 31. Incorrect reassembly or adjustment after maintenance and/or testing
11 Disk /s st binding (includes thermal bindin0) 32. tinauthorized modifications or adjustment:
16. Water in laternet parts of deterioration therefrom 33. Torgus switch or limit switch bindinD
17. Motor undersind |ler degraded volt:0e conditions or other conditions)

RESEARCH RECOMMENDATIONS GL 89-10 has accelerated the development
Disassembly and Inspection Disassembly and commercialir.ation of MOV monitoring
and inspection provides adequate infonna- systems. Several of these systems have
tion with regards to valve and motor operator recently been modified in order to provide
condition; however, there are a number of speelfic capabilitics needed to msohe GL 89-
discouraging aspects associated with this 10.
approach. These include, for example, sche- MOV monitoring systems operate by making
duling additional maintenance work during measurements of one or more MOV pamme-
already busy outages and accounting for ters and providing graphical displays (signa-
addittomil radiation exposure to malrue- tures) for manua! and/or automated analy-
nance personnel. The need to improve the ses. These signatures provide detailed
knowledge of MOV operating condition quantitative information related to the
without requiring disassembly led to the condition of the motor, motor operator, and
development of several MOV diagnostic valve across a wide mnge oflevels including:
techniques- * mean vidues

* gross variations during a vah'e stroke
Available Monitoring Methods The issu- * short time duration events (tmnsients)
ance of Bulletin 85-03, its supplement, and * periodic events

-_ _ _
. __ . . .- - -
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MOV monitoring systems have primarily ir. formation. t he simultaneous monitoring of
been used thus far to assist mt.intenance more than one of these parameters can(G personnel in setting MOV switches properiv: pmvide additional diagnostic details unanill=,

however, they also provide infonnation usefUl able from anj one measurement. For exam-
in assessing MOV aging and service wear, ple, an unusually high running current may
The sensitivity and selectivity available from Indicate inecased nmning loads, although
these systems provide the capability to the ptecise source of the increase may be
identify both the type and location of an MOV difficult to detennine from motor current
problem so that corrective actions can be measurements alone. A simultaneously
carried out quic}dy and efficiently, observed increase in stem thrust would
These systems generally raonitor one or more suggest that the increase in nmningload was
of the following parameters: due to the valve (e.g., from increased packing

tightness or from increased rubbing within* Valve stem position, torque, and thrust the valve) rather than from within the motor* Spring pack displacment opemtor. Comervl). lf stem thrust levels are* Time of actuation of all eontrol switches nonnal, inen ase fridion fmm gam, kan* Motor current voltage,and power ings, etc. within the motor operator may be* Actuator vibration the cause. In that regani. the MOV diagnos-* Actuator output torque ties provided by these commercial systems .

While many of the commercially aval!able are strongly based on concurrent analyses
MOV diagnostic systems monitor similar of several signatures.
parameters (e.g., motor current, spring pack These systems can be used effectively to
displacement, etc.), they utilize different respond to most of the deficiencies, misad-
transducers and signal conditioning equip- justments, and degraded conditions listed in
ment and provide vmying levels of signature GL 89-10. The diagnostle accuracy of these

O amdysis(integretation)- systems, however, are all depchdent (in *

Q' Only one MOV measurable parameter, motor varying degrees) on the skill of the person
current, is monitored by all commercial using the system. It is likely that a few of

_

systems. Motor current monitoring may be the deficient conditions listed in GL 89-10 *

performed remotely and nonintrushrly and will be detected only by on site inspections,

provides much information related to the (in some cases involving disassembly). Such
condition of the motor, operator, and valve conditions include: " grease problems", s.

(although the level of infonnation extracted " water in internal parts", " incorrect valve
from MOV motor current signals varies from position indication", " broken or cracked,

system to systemh switch components", and " incorrect metallic
Valve stem thrust is also commonly mont- materials". except in those cases where these
tored, Most systems employ sensors that deficiencies adversely affect one or more of
either monitor stem thrust (stem strain) the parmneters monitored by these systems.
directly or monitor th. reaction forces in The MOV monitoring systems now available
other structures (e.g., yoke, bolts, etc.). Stem should be useful in resching MOV issues thati

thrust monitoring using one of these tech- concern the NRC and the nuclear industry.
niques is generally more accurate than an The last few years have seen a drmnatic
indirect method such as derhing stem thrust increase in the number of systems available
from other measurements since the relation- and in their capabilities. With their con-
ship between stem thrust and other measur- tinued use and development, the ability to
able parameters (such as spring pack dis- identify and quantify MOV aging and senice
placement, motor current, etc.l can vary m er wear effect Mll improve. These systems not
time due to changes tn lubrication. gcar mesh only provide the utilities a means of deter-
friction, etc. mining MOV opembility, but offer the tools

j Since each MOV measurable parameter necessary for carrying out predictive
provides different (and complementary) maintenance.

|
_ _ .
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REFERENCE 2
1. Informellon Notice 79 03, Litnitorque 18. Information Notice 86 03, Potential

Valve Geawd Limit Switch Lubricant. Deftetencies in Envimnmental Qualt t-f ,

2. Information Notice 8108, Repetitive cation of Limitorque biotor Valve Oper-
Fa tluw qf Limitorque Opem tor biotor-to- ator Wiring.
Shaft Keys. 19. Information Notice 8611, Inadequate

3. lnformation Notice 82-10, Follow-Up Sen ice Water Pn>tection Against Core
Symptomatic Repairs to Assure Resolu- hielt Frequency,
tion qf the Opemtor Pmblems. 20. Information Notice 86-29, Effects of

4. Information Notice 83-02, Limitonjue Changing biotor-Operator Switch
H0DC, U1DC, H2DC. and H3DC Gear- Settings.
heads. 21. Information Notice 86-71, Recent iden-

5. Information Notice 83-46, Cominon- t!fted pmblems with Limitorque hfotor
blode Valve Failures Degrade Suny's Opemtors.
Recirculation Spray Subsystem. 22. Information Notice 86 93, IED 85-03

6. Information Notice 83-53, PrimanICon- Evaluation of biotor Opemtor identiftes
tainment isolation Valve Discrejxmctes. Impmper Torque Switch Settings.

7. Information Notice 83 55, hitsapplica- 23. Information Notice 87-08, Degmded
tion of Valves by Thmttling Deyond biotor Leads in Limitorque biotor
Design Range. Opemtors.

8. Information Notice 83-70, Vibmtion- 24. Information Notice 87-40, Dackscating
Induced Valve Failures. (Also 83-70 Valves Routinely to Prevent Pucking
Supplement 1) Leakage.

9. Information Notice 84 10, biotor- 25. Information Notice 88-72, Inade-
Opemted Valve Torque Switches Set quacies in design qf de motor-opemted
Below the hianufacturer's Recom- valves. | |
mended Value. 26. Information Notice 89-11, Failure qf de

10. Information Notice 84-13, Potenflat motor-opemted tuhes to detelop mted
Deficiency in hiotor-Operated Valve torque beca use qf tmpmper cable stzing.
Control Circuits and Annunciation. 27. Information Notice 89-88, Recent NRC-

11. Information Notice 84-36, Loosening of sponsored testing qf motor-opemted
lx>cking Nut on Limitorque Operator, valves.

12. Information Notice 84-48, Failure qf 28. Information Notice 90 21, Potential
Rockwell intemational Globe Valves. failure of motor operated butterfly
(Also 84-48 Supplement 1) valves to opemte because vahr seat

?3. Information Notice 85-20, biotor-Oper- friction uns underestimated.
ated Valve Failures Due to Hammering 29. Information Notice 90-40, Results of
E[[cct. (Also 85-20 Supplement 1) NRC sponsored testing of motor-

14. Information Notice 85-22, Failure of opemted values.
Limitorque biotor-Operated Valves 30. NRC Bulletin 81-02, Failure of Gate
Resulting Fmm incorrect Installation of Ty;>c Valves to Close Against D!!Teren-

1 Pinton Gear. Ital Pressure. (Also 8bO2 Supplement !)
i 15. Information Notice 85-59, Valve Stem 31. NRC Bulletin 85-03, Afotor-Operated
i Corrosion Failures. Valve Common blade Failures Dwing

16. Information Notice 85-67, Valve Shaft Plant 7'ranstents Due to improper
to Actuator Key Afay Fall Out qf Place Switch Settings. (Also 85-03 Supple-
When hfounted Below Horizontal Arts, ment !}

| 17. Information Notice 86 02, Failure qf 32. Generic Letter 8910, Safety Related
Valve Opemtor hiotor During Envimn- Afotor-Operated Valve Testing and
mental Qualification Testing. Surveillance.
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AGING ASSESSMENT GUIDE
MOTOR-OPERATED VALVES

. . . _ . .

Observations on the aging < . . 9m ,P ~,
1 . . . . , , ~ . . . . . . . . .

of motor-operated valves g 7" i , _,,e

\ /

- Degradation (tvear, crusion, and ' m=~

corroslan) of inotar opemtor and ,, ,

valve internal parw (e.g.. gears. ~~j
bealblys, slultClie';. oblurataf5, C"NW ' %&|
gtildes, etc..) is all aglfly coficef71. / /i,|;*, \

' " " " * * ' "

- Movs are also knoten to be aaver- ~~ "' "~~x , ,T*.|: Y =.' ~'
\ *~~ ""sely affected by inappmpriate " * ';,'' ,, ,

nlaintef tallce Sticll as incofTect *

stent packing tightness. incolTCCl m usum

steltch settings (tonyne steltch, litnit "sc ~n n sm~

stvitch, torque bypass steltch).
litsqlficient or ekcessive lubrica- "" M * * " ' " " "

tion. Incorrectly installed spring
pack (e.g.. Incorrect pre load, gap, u.e u m . . . . . , , , ,

etc.) and others. ""'*'

. - - . - ~

TYPICAL MOTOR 0PERATED VALVE

s

RECOMMENDATIONS FOR INSPECTION
l Required Tests positive means. Some motor opemted vahrs

Testing requirements for nuclear riant are also icquired to be tested in accordance
motor-operated valves are contained in the with 10 CFil 50 Appendix J. These tests

o plant Technical Specifications and are in involve pressurizing downstream of the vahr
accordance with Section XI of the American and comparing leakage rates through the
Society of Mechanical Engineers (ASME) valve with the specified standard. Valve
Boller and Pressure Vessel Code (and more stroke times are also measured and com-
recendy the ASME OM code).These require- pared against reference values. All of these
ments consist primarily of e.xercising the required tests demonstrate MOV operability
vahr to verify obturator (e.g., disc) travel to under test conditions but can not adequately
the positions required to fulfill its safety detect and trend degradation.
function. Confirniation of obturator move-
ment may be by visual obsemition. a position Vahr testing requirements (defined in OM-
indicator (if available) observation of rele. Part 10. and more recently by subsection
vant pressures in the system. or ather ISTC of the OM Code) continue to be updated

|

. -

- . _____. _ _ _ _ _ _ _ _ _ _ _ _ _



6 MOTOR-OPERATED VALVES N Pfit(

as n11ve operational chameteristics a re better mation Notices, bulletins, and Generic

understood. The OM-10 working group is txtters have lui to a more comprehensive list
cunently addressing several potential tech- of monitored panuneters, such as nthe stem
nical changes in these requirements includ- thnist, motor current, spring pack deflection,
ing acceptance criteria and trending of test etc., that are obtainable chrough the use of
results. The ASME is developing OM-Part 8 monitoring systems out'.ined in the NPAR
to provide guidance for the proper perfor- SUMMARY OF RESEAL <CH RESULTS.
mance of udve actuators. In addition. a MOV
maintenance " good practices" document was External Indicators or Causes of Age
prepared by the Institute of Electrical and Degradation
Electronics Engincen 11EEE), working group 1. Corrosion of udve body
3.3. 2. loosening of fasteners (e.g., bonnet bolts.
Operating Parameters Routinely Observed operator upper thrust plate, packing
Routinely observed parameters, in the past, gland. ..I

have been those that were required to be 3. Seal and packing gland wear or deterto-
monitored such as stroke times, valve ration (resulting in external leakage of
obturator position, and internal leakage grrase or process fluid)
(through a closed vahe). Recent NRC Infor- 4. Valve stem wear, distortion

. , _

MAINTENANCE RECOMMENDATIONS
During scheduled downtime, continue to results of diagnostic testing. Disassembly
perform periodic surveillance testing using and inspection shotdd include examination
available diagnostic systems. Continue of udve intenal parts for wear, erosion,
disassembly and inspection of critical MOVs corrosion, cracking, loosening, tightening,
undl an acceptable correlation can be made etc., especially those deficiences, misadjust-
between diagnostic testing results and actual ments, and degraded conditions outlined in
wilve degradations. Once this correlation is GL 89-10. Parts showing significant signs of
established, disassembly and inspection af,ing or senice wear should be replaced as
intenals may be detennined based on the necessary.

_

OPERATIONS RECOMMENDATIONS
1. Since MOVs are generally designed for 2. Over-tightening the stem packing gland

hitenuittent use, the number of consec- bolts (e.g., in order to stop an external fluid
utive vahr actuations should be minim- leak) should be avoided. The use of
tred in order to reduce the chance of motor " cheater bars" to assist manual valve
overheating. closures should be discouraged.

DESIGN / TEST RECOMMENDATIONS for reproducibility. Selected diagnostic
Continued periodic use of diagriostic mon- signature features obtained from these tests
itoring techniques is recommended. When should be quantified and recorded for
possible, data from more than one valve subsequent comparistons with actual sen ice
actuation should be recorded and examined wear.

O
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O POWER-OPERATED RELIEEVALVES
(PORVs} AND BLDCK VALVES.

'

NUMMA52Y OF RESE ARCH RESULT 5

FUNCTIONAL DESCRIPTION / BACKGROUND PORVs have stuck open when these valves
The TMl-2 accident focused attention on the were called upon to function during plant
reliability of PORVs and block valves - the operation. Also, there are POHVs in many
malfunction of the PORV at TMI 2 contributed operating plants with leakage problems so
to the severity of the accident. On numerous that the plants must be operated with the
occasions, as reported in NUREG/CR-4692, upstream block valves in the closed position, '

a

B ASED ON NPAR REPORT:
1. NUREG/CR 4692, Opemting liy>ertence

Review of Failures of 1%teer Opemted
Relief Valves and Block Valees in
Nuclea r Ibtver Plants,10!87.

AGING RELATED ISSUES Most PORV the most common IORV mechanical failure
mechanteal failures are caused by high- mode. This is leakage t hrough the vahr smt
pressure steam / water cutting the valve scal / Into the utl.r outlet tallpipe.
plug interface, eventually leading to leakage.
Other problems for PORVs luchide packing For PORV controls. degradation of the air or

_

leakage from aging. heat. and pressure and cicetrical actuation (ontrols pn vents oper-
galling of moving parts. Internal leakage is ation of the IORV when requin d.

_

'OPER ATING EXPERIENCE A survey of nu- mechanical failure events _ The close tol"r-
clear plant operating experience for PORV ances and greater number of moving parts
and BV failures yielded 230 events occurring exposed to steam in these designs can make
from 1971 to mid 1986, including PORV, them susceptible to failure.
PORV BVs.and theirassociated controls.101 The air-operated (spring-closure) type PORY
events involved mechanical failure or degra- designs appeared less susceptible to cata.
dation of the IORV: 91 events were attrib- strophie (stuck open) failure than the pilot-
utable to the PORV controls. Six events opemted relief design. llowever, a substantial
involved the design or fabrication of PORVs. number of event s lover 70%) describing f ailed
Although the root cause of the majority of or degraded IORV ccntrols involved prob-
the identified failures could not be deter- lems with the atr/ nitrogen control compo-

[ mined, the proximate cause appeared to i e nents required to operate the air operated 4

( wear, gallivg. or steam / water cutting of the (spring-closure) PORV. Seventy-six percent of
udee disk and seat. The Dresser / Crosby type t he PORV mechanical f ailures surveyed in 1he
PORV design ac ounted for 45% of the POHV report werejudged as degraded. Operator and

. . . . . . .
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Inalnte7ance errors were invohrd in only inechanical or electrical maintenance
18% (41) of the events: of these. 6 events werr inistakes.
drawing or administrative error, and 25 were

.

RESEARCH RECOMMENDATIONS foltVs liascd on a review of failure everits. the
(and block vahrs) could be included in an greatest safety benefit could be achieved by
operutional quality assurunce pmgnun that using IORV designs that are resistant to
is in compliance with 10 CFR Part 50. sticking op n. A new IORV design frorn
Appendix D. Periodic testing in accordance Target Rock and improvements incorporated
with Subsection IWV of Section XI of the in a new Crosby / Garrett design may provide
ASME Code could elTect a reduction in PORV higher irliability, but neither has been in
failures. Additionally, advanced diagnostic servlee long enough to provide long term
techniques could be applied to better monitor operating experience.
PORV condition.

REFERENCES
1. EPRI NP-2292, PWR Safety and ReIIcf 3. NUREG-1316, Technical Findings and

Valve Test Program Valve Selection / Regulaton; Anal 1sts Related to Generte!
Justification Report. Issue 70.

2. NUREG/CR-4999, Estimation of R!sk
Reductionfrom improved PORV Reliabil-
Ity in ISVRs.

O
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'~ SNUBBERS
,

GUMMARY OF RESEARCH RESULTS

FUNCTIONAL DESCRIPTION /DACKGROUND The incidence of snubber failures has been
Snubbers, both hydraulic and mechanical, moderated through the use of statistically
provide restraint of undesirable dynamic based testing and examination plans spec-
loads on piping and equipment in nuclear ified in plant technical specifications.

power plants (NPPs), while allowing free Although in-service inspection (ISI) require-
thermal motion under normal operating ments still exist, service-life monitoring

!conditioris. Snubbers are subject to age- programs have minimized the number of
relateJ degradation that can adversely effect aging related failures by ensuring that

their performance in both the dynamic and snubbers are repaired, refurbished, or

passive rnodes. Maintenance and service life replaced through conscientious maintenance
monitoring guidelines have been developed procedures.
that are useful to manage the effects of aging
in snubbers.

(1 DASED ON HPAR REPORT 5:
\ '! 1. NUREG/CR-4279, Aging and Servlec 2. NUREG/CR 5380, Dasts .for Snul>ber

~

Wear of Hydraulle and hfechanical Aging Research: Nuclear I'lant Aging
Snubbers Used on Safety Related l'iping Research I'tograrn.1/DO.
and Comjxonents of Nuclear l' owr I'la nts
2/86.

AGING RELATED ISSUES Snubbers are some of the more conunon degradation
subject to a number of age related degrada- rnechanisms. Such degradation can result in
tion modes that depend on both environmen- inen ased resistance to movement or Jam-
tal influences and degradation mechanisms ming in t he passive imxle (the most frequent
indigenous to the snubber design.The most tallure mode for mechanical snubbers). The
common environmental influences on snubber activation threshold can also be
snubber degradation modes are: changed.

* Vibmtion The primary degradation mechanism for
i lleat hydraulle snubbers is the gmdual relaxation
* Dynamic tmnstents oi Iow preesure scaling force. This relaxation
* Moisture can lead to 'oss of hydraulic fluid, resulting
* Radiation- in failure to function in the active mode (the

Some of these degradation n echanisms are primary failu re mode for hyd raulic
being addressed by improved snuhber design snubbers). Another concern for hydraulle
and materials. snubbers is degradation of the hydraulic

'N For mechanical snubbers, deformation of fluid af fecting the ubber's control vahr
( ) parts, wear, fretting. corrosion of internal prefonnance in both the active and passive
'" parts, and solidification of lubricants are modes.

_ _ ___ _ _ _ _ _ _ _ __
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Wear and fartting caused by vibration can in clearances between mating parts for both
lead to loosening of fastnem and an increase hydraulle and mechanteal snubbers.

OPERATING EXPERIENCE Based on a between 7% and 10% These rates apply to
review of senice data for typical plants, both mechanical and hydmulle snubbem.
roughly 50% of all snubber failures have been
caused by age-trlated inDuences. A primary Ilydran11e Snubber. Manufacturem' ree-
contributor to non age-related failures has ommendations for service life for hydmulic
been maintenance enors. snubbers have generally been conservative

Vibmtion and heat are the dominant emir- (10 to 20 years).With the exception ofisolated

onmental influences resulting in aging cases where snubbers air subjected to severe

degradation The effects of radiation on pc ting envirotunents such as excesshe

snubber service is significantly less than was heat, seal degmdation in hydmulle snubbem

originally anticipated in early stages of NPP has ken minhnaHor most plants. In contrast

destNn'
to mahanical snuWem, On pmpensity fm-
dmg force in hydraulle snubbers to increaseThe majority of failures for both hydraulic in service is low. There are some indicationsand mechanical snubbers occurred in the that long-term degradation of hydraulleearly stages of plant opemtion. Therr were snubber seals is rrtarded by their immersiona number of contributors to these early in the silicone hydmulic fluid. Continuousfailures, including incompatibility uith the high mnplitude vibration can result in fluidoperating environment, damage during gelation in hydraulle snubbers: this canconstruction, and restrictive acceptance affect contml valve perfonnance.criteria. For most plants, the incidence of

snubber failures has significantly decreased Mechanical Snubbers The forty-year ser-
since the first one or two operating cycles. vice life initially projected by manufacturers
The level of age-related degradation in of mechanical snubbem, on the other hand,
snubbem nuies from plant to plant: this is may be somewhat unrealistic Recent oper-
most likely due to utriations in snubber ating data indicate that mechanical
designs, materials, and operating environ- snubbers can degmde with time in even
ments. moderate operating environments. The
Service data made m'a11able through NPAR smaller mechanical snt.bbers appear to be
reseweh, including data provided by the most prone to failure. Snubbers used on
Snubber Utility Group (SNUG), indicates an small piping bmnches that are attached to
average visual examination failure rate of 1% larger pipes or components are particularly
and an merage functinnal test failure rate vulnemble.

RESEARCN RECOMMENDATIONS In gen- liand stroking is a useful method for
eral, degradation of snubbers in severe evaluating snubbers for freedom of move-
opemting environments should be moni- ment. This is particularly useful far evaluat-
tored by surveillance and maintenance ing snubbers suspected of exposure to hifth
methods. Comprehensive root cause evalua- dynamicloads. Another method that is useful
tions of snubber failures can also provide in this regard is rotation of the snubbers
valuable information to reduce failures. about their spherical bearings.
Identifying snubber failure mechanisms may
require disassembling the snubber and Long term degradation of snubbers in
inspecting its pans Diagnostic tests using moderate operating environments can be
variations in test parameters may also be minimized by monitoring representathc
helpful to identify the failure mechanism. snubber samples exposed to that envimn-
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inent. Occasionally, modification of the to establish more than one service-lift
environment is pnieticable. heduction in cat egory. Categor izing snubbers acconting to

.

vibrationi amplitude or improved IIVAC). failure mode groups during ISl will help to
For plants with significant utriations in focus future inspect 9nis on titose snubbers
opentting envirunments, it inay be practical in problern applications.

REFERENCES
1. Butler, J.H., F.M. O'Hara, Jr.1976, Anal- 4. Generic Letter 8413, Techrilcal S >cc!ff-/

ysts of Abtsorrnalities of Situbbers in cattortfor Snubbers.
NuclearReactorSen4ce(Rep 111J.OltNLI 5. no Bulletin 73-4, lh,fective Hergert- :

NUREGITM-53, 1%tersort i! pituulle Shock Absorbers.!
2. Information Notice 84 67, Recent Situb. 6. NRC Bulletin 75-05, Operability of Cat-

ber Ittservice Testitty teith liig*n Failure egory I flydraulic Shock arnd Stenut
Rates. Suppressors.

3. Information Notice 81-01, Sunofflance
of Mcchanical Srnubbers.
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| AGING ASSESSMENT GUIDE
SNUBBERS

Observations on the aging A
of snubbers L' .

-tao nwo
'

8ti!.embly

1::.

- Roughly 50% of all snubberjall-
* '

,g,,,,,,
urCs ate aging Telate(f. cylinder - .-Poution andcatof tube

- Snubber degradation due to tile
-|

.

'service environntent can be sud-
den or gradual Vyn,,,,,,,,

numbt l !9 p .-support cynneer-

- Snubber availability can be optirn- ;?_ v
tr.ed by concentrating inspection gj,
and preventfDe fnalittellafice activ- j,. Prectuon lead screw

ittes on those snubl>crs avposed to p; a*

seUCre operatlity ellt'llDnineltIS. B.tlf bunng

Ca;'stan sonng
- Clutch spnna

*Toraue drum -

(){
[

66ertia rnass '
_ . - . . . _ _ _ _ - g g ,,

TYPICAL MECHANICAL $NUBBER
Grease fitting

Reservoir bkt
PiM Rnmost

Snubber va've
7,

'"
'[ ~ Q cros trtting

,

J ' , . . . ,
; y Insulation..

.,
# ~ . ,- (hear Rod end '

Pipe clamp

hr.knut 'B' f
./Extension PC / , ,

Cyhnder .

!TYPICAL HYORAt!LIC SNUBBER .Cims pin p,p,
LPiston rod end

RECOMMENDATIONS FOR INSPECTION 2. Visual examination altributes indicating
1. Visual exarnination is more usefui for age-related degradation in hydraulleO rnonttoring age-related degradation in snubbers include:

hydraulic snubbers than for mechanical a. reservoir fluid level
snubbers. b. evidence of fluid leakage

-

_ _ - - _ - _ _ _ _ _ _ - _ _ - _ . _ _ _ _ _ _ _ _ _ _ . _ _ . - . _ _ _ _ _ _ _ . _ . . _ _ _ . _ _ _ _ _ , - . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ .
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c. fluid color change 3. Visual examination attributes indicating
d. evidence of wear on the piston md age-related degradation in mechanical

surface snubbem include:
e corrosion a. corrusion
f. evidence of wear or deformation of b. evidence of wear or deformation of

structural parts stmetural parts
g. discolomtion of parts due to heat c. discoloration of parts due to heat

MAINTENANCE RECOMMENDATIONS analysis. is useful in identifying the cause
1. liydraulic snubber sea... should be of snubber failure or degmdation. This

leplaced immediately befort reinstallation may invohr diagnostic testing and inspec-
of the snubbers in the plant, in order to tion of snubber internal parts.
Ininimize assembled sSelf life. 4. Snubbem should be examined for visual

2. Augutnented inspections beyond those signs of degradation during both IS! and
trquired by plant technical specifications snubber overhaul.
should be encouraged as good preventa. 5. Iland stroking or rotation of snubbers
tive maintenance practice. particularly for about their spherical bearings should be
snubbers in severe environments. used to identify severely degraded or

3. Post-service evaluation, e.g. root cause jammed snubbers.

.

DESIGN / TEST RECOMMENDATIONS
1. Monitoring trends in functional test c. standard interpretation of results

results is a useful method for identifying d. baseline test data
degmdation, particularly for mechanical e. testing of the same snubbers
snubben. 4. Inspection and testing activities should be

2. Functional test data obtained during ISI focused on snubbers in severt environ-
may not ahvays be useful for trending. ments that may be subject to rapid
liowever. such data should be reviewed for degradation,
anomalies that may be indicative of age- 5. The various operating environments to
related degradation. which snubbers arr exposed in the plant

3. Test data to be used for trending purposes should be documented,

requires: E Establishment of separate service life
a. the same test machine (preferable) categories is warranted for snubbers
b. standar11 test methods operating in severe environments.

O
P
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NUMM ARY OF RESEARCH RESULTS

FUNCTIONAL. DESCRIPTION /BACKGROUNO ance that they are ready to perform their
Solenold-operated valves (SOVs) are used by required function under all anticipated plant
the thousands throughout nuclear power conditions. Evaluation of SOV performance
pluntr,, often being subcomponents of safety- in the nuclear Industry and laboratory study
related systems such as containment isola- of SOV electromechanical properties have
tion valve actuators, BWR control rod scram identified elements for an effective mainte-
systems, and PWR safety injection systems. nance program comprised of carefulinspec-
Though relatively simple and robust devices, tions, periodic replacement of limited life
their presence in systems important to safety c6nponents, and special condition-revealing
requires an especially high degree of assur- In place tests.

BASED ON NPAR REPORTS:
1. NUREGICR 5141, Aging and Qualificu- 3. NUREG/CR 4819. Vol. 2, Aging and

tion Research on Solenoid Operated Servict Wear of Solenold-Operated. p); Valves. 8/88. Valves lJsed in Safety Sys ms ofNuclear
* 2. NUREGICR-4819, Vol.1, Aging and Power Plants: Afonitortny hfethods Eval-

Service Wear of Solenold Operated uutton, in prepamtion.
Valves Used in Safety Systems of Nuclear
1%tver Plants: Operating Expenence and
Failure Identification. 3/87.

AGING RELATED ISSUES Opemting expe. (elevated ambient temperature: tweessive
rience shows that SOV malfunctions have self heating due to restricted air Dow), or
been caused both by electrical deterioratton moisture intrusion (fmm dripping water
of the solenoid coil and its leadwires and by or a nearby steam leak).
mechanical, chemleal, and radiation degra 2. EIASTOhfERIC COAfpONENTS: 0 rings,
dation of certain valve inten.al parts, diaphragms, gaskets and seals, and
1. INSULATING AfATERIAl,: Dielectric molded core seats are susceptible to

strength of the polymer insulation sur- chemical attack (by petroleum-based
rounding indiddual copper wires com- lubricants, for example) anr' have limited
prising the solenold coil is lost when tolerance for nuclear radiation or for
material properties change as a result of prolonged operation at high tempera-
excessive exposure to mdlation (mostly tures. Continued exposure to such stres-
gamma. but for some cquipment k> cations sors will result in material damage that

[] neutrons may also be important), pro- may be manifested as swelling, emeking,
V longed operation at high temperatures loss of tensile strength and elasticity.i

_
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stickiness, or a tendency of the elastomer nisms are likely to be important contrib-
to take a permanent set under compres- utors to SOV malfunctioning only for
sion. vahrs that are continually cycled.

3. AfETALLIC COAiPONENTS: Vahr inter- High-cycle metal fatigue r? the vahr orifice
nal parts such as the corr and corr return may also occur in vahrs designed to close
spring, core tube and guide, and the dise. at high differential pressure, since these
holder subassembly are subject to fric- will be equipped with a strong core return
tional mechanical wear and to metal spring.
fatigue cracking, although these mecha-

OPERATING EXPERIENCE Estimated system. However, it is tme that only some
SOV failure rates, compiled from several unestimated fmetion of the SOV failurls
sources, are listea in the accompanying table, repormd to NPRDS are aging-related.
which does not distinguish among size,
energiza Nn mode Mc or ac), vahr opening ESTIMATES OF SOV FAltVRES TO OPERATE

status WO. NC), manufacturer, model, or type (trom NUREG 1275. Vol. 6)

of construction of the SOVs. It is seen that
recent (1985-89) NpRDS-reported failure ES11 MATED

SOURCE FAllDRE RATEexperience, combined with a demand figure
based on quarterly testing requirements. in- WA5W1400 I v108/demsnd

dicates an experimental failure rate that is liabin in z.1. 2-21

about 8 times greater than earlier estimates
developed using WASH-1400 and NUREG- [R G 1ng te tuun0
1150 methodologies. Likewise, the failurr
rate estimated for the period 1985-89 NUREG-1150 1.0 <108/ demand

appears to be 100 times greater than had methodology NUREG/CR 4550.
V ''' 'been estimated in another study for the

period 1978-84, but this difference could be
subrook PRA 2.4 x10a/ demand

due to the use of different data serrening
ik criteria and therefort may not be significant- NUREG/CR4550. Vol. 6 1.6 x108/ demand

'" "
it must be noted that the NPRDS failun
records include only failures of the SOVs NuREG/cRas19. vol.1 7x:3mour
themseh'es, not failures of NPRDS-recortable (NPROS dati Sept 1978,My 1984)

components that are, in 5ct, attributable to

E01 ] v$l'1
6 6.51o 7.9 (10 %rmalperformance of unrecognized SOVs N

0k d sn ,9
present within the reportable et. '7ent or

. . + ~

RESEARCH RECOMMENDATIONS The of limited-life companents, and condition-
first step is to tuake sure that SOVs have indicating in-place tests.
been properly selected (so that they are
suitable for the application and operating Inspections Careful inspection of an SOV,
envimnment in which they must perform) even without quantitative measurement of
and properly installed (some types of SOVs performance parameters, can often provide
have special positionirig requirements). The useful indiention of its condition (but not.

second step in ensuring operability is to necessarily its operability). Four inspection
institute a maintenance prognun comprising techniques of successively increasing diffi-
thorough inspections, periodic replacement culty and intrusiveness have been found

.

1

.
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<

usefuh (1) efsual check (examine the SOV ing the ndve in place. If the rebuild option
(3 for evidence of discoloration or charred odor is nonetheless chosen, it is imperative that

(") from overheating, obvious physical damage, all work be perfonned by qualified personnel,
stains or deposits from leaks, drp, or and postmaintenance testing; of the SOV is
coadensation, frayed wirmg or cracked recommended to demonstrate the adequacy
insulationh (2) audible check (lack of a solid of the component replacement work.
" click" upon energizing /deenergizing the
vahr or the pmsence of a continued buzzing In Place Tests in addition to the audtble
or rattling sound after energizing are signs check and the operational check already
of trouble): (3) opemtional check (an ability described in the INSPECTIONS section, four
to initiate and terminate dow reliably, condition indicating tests can be performed
especially at the extremes of the valve's rated without removing the vahr from senice and
opemting pressure and differential pressure are therefore considered feasible for typical
limits, should be demonstrated); and (4) nuclear power plant applications. They are:,

disassembly (thony;h not always practical or M inW- > >

desirable, this may t>e the only sure way to .

M b dative of degraded vahrverify the absence of excessive wear of ,g g g,

internal valve components and build up on seats.'For many SOVs this measurement
ditt or foreign materials, to ascertain the can be perfonn'ed with a hand-held flow-condition of the seats and other clastomers, ggg s exhaust port.

,

and to verify free movement of the valve core).
~

Speed of operation. Sluggish shifting of
a SOV is indicathe of buildup of foreignP.triodic Component Replacement Em- material ,vithin the valve, excessive

- bodied in SOVs are two types of components mechanical wear of internal components,p that are likely to have limited senice life in or chemically 1eteriorated valve seats.typical nuclear plant erwironments: elasto-
'

mem and the solenoid coil itself. The effects Electricalpowerconsumption. A marked
pmduced * v the presence of stressors, even change in solenoid current from its
at seve'uv Ws encountered in nonnal historical mean value is indicative of

snonaci d ' , wironments, are described
insulation degradation or failure within

in th ' ecam entided AGING RELATED the solenoid coil or at the leadwire con-
ISSUh w fr quency with which clasto. nections, or possibly a significant change
meric re,w ,ts and the solenoid coil in the operating temperature of the SOV
require mwer sent will, of coume, depend (see below).
On the specm stnice conditions associated SOViemperature. Altered temperature of
with the SOV in question SOV manufactur- the vahr and its solenoid coil may be
ers frequently offer recommendations for caused by a change in process fluid or
replacement of limited-life components at ambient temperatures, a change in elec-
intervals determined by the number of vahr trical supply voltage, electrical insulation
onemtions, accumulated radiation dose, time breakdown rthin the solenoid, or loose
in senice at elevated temperatures, or a (high-resistance) cennections. Regardless
combination of these and other operational of its cause, any radical change in SOV
parameters. Equipment qualification pro- operating temperature should be under-
grams also provide failure data which should stood and its implications factored into the
be useful in formulating a component overall valve maintenance program. The
replacement strategy. temperature measurement may be made
However, in view of the difilculty and cost with a contact thermometer or may be
of replacing specific components of an SOV performed electrically through knowledge

h that is already installed, many nuclear plants of the temperature variation of resistance
V have adopted a practiee_ of replacing the of the copper wire comprising the solenoid

entire SOV periodically rather than rebuild- coll.

_
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REFERENCES The IEEE good-mainte- nold Opemted Valtes in Nuclear Forcer
nance pracuees document and the EPRI Genemting Stations.
program development guide listed below
provide specific and general information. 2. EPRI NP-3416, A Guidefor Deteloping
respectively, that is applicable to perfor- Preventive Afaintenance Pmgmms in
mance improvement of SOVs. Electric Potxr Plants.

3. NUREG-1275, Vol. 6, Operating Expert-
1. IEEE 89TH0248-5-PWR, Evaluation of ence Feedback Report - Solenold-

hiaintenance Related Pmettcesfor Sole- Opemted Valve Pmblems.

O
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O AGING ASSESSMENT GUIDE
~.J

SOLENOID-OPERATED VALVES (SOVs)

Observations on the aging
of solenoid-operated valves N r; 'N"O
- Swelling, cracking, and loss of '

strength /elasticitt) due to nuclear - ' * * * ' " *

radiation, prolonged operation at w, e,,,

htqh temperatures. and chemical y$ - IN
f,Aatiack are aning concernsfor elas- ~ so~u ~~

WL"'.".T*tomeric SOV components such as s~m
" " ' * * *seats, gaskets, 0-rings, and Q ' ' p._ [ '' ' ''*

diaphragms. 4

f'9 (Wvo.
, , , , , ,

- Mechanical wear and/orfatigue Q ,"_,

cracking due to repeated valve '~~"e . -

cycling are aging concernsfor g0,

metallic SOV components such as 4 m,, ,

the valve core and its return 5 c ,n

spring, the disc-holder subassem- n C= ~ w

bly, and the valve orifice (s). h _ ';';,"|
- Loss of dielectric strengthfrom ft. _

material damage due to nuclear Q*adiation, pwlonged operation at c
" _ , , , , , , , , ,

high tempemtures. and moisture
intrusion are aging concernsfor 5 * " * ' * * *

the insulation covering the individ- $ ~

ual copper wires constituting the
lagered solenoid coil andfor the

OF SOLEN 0 D OPER TED VALVEinsulated leadwires and their
points of connection with the coll.

RECOMMENDATIMIS FOR INSPECTION External Indicators or Causes of Age
Operating Parameters Routinely Observed Degradation
1. Approximate temperature during opera- 1. Discoloration or charred odor from

tion (Is it too hot to touch?) overheating
2. Presence ofbuzzing or rattling noise when 2. Stains or deposits from leaks drips, or

energized (Is there suggestion of excessive ' condensation
mechanical wear of intermd parts or 3. Frayed wiring or cracked insulation from
improper maintenance?) excessive temperature or radiation

environment
j 4. Carbonized tracks or smoke deposits from

s/ electrical areing
5. Corrosion f valve body: evidence of

leakage frai valve couplings
_



6 SOLENOID-OPERATED VALVES NPAR

MAINTENANCE RECOMMENDATIONS qualification test results, and the temper-
1. During scheduled downtime, perform (1) ature/ radiation / time history cf the indi-

visual check, (2) audible check, and (3) vidual SOVs.
operational check, as outlined in the NPAR 3. Check tightness of electrical connections
SUMMARY OF RESEARCH RESULTS. and process fluid couplings routinely.

2. Replace limited-life components on a reg- Make sure that drain holes in electrical
ular schedule that is based on SOV manu. conduit supplying power to SOV are
facturer's recommendations, equipment unobstructed.

OPERATIONS RECOMMENDATIONS precursors to recurrent and possibly more
1. Act tate seldom-used SOVs whenever an serious malperfonnance or failures. Dur-

opportunity to do so arises, since vahrs ing scheduled downtime, take steps to
maintained in one position for extended determine root cause(s) of SOV
periods of time am pmne to sticking. malperformance.

2. Record all cases of anomalous SOV per. 3. Make sure that purity of the process fluid
formance, since such events may be controlled by the SOV is maintained.

.

DESIGN / TEST RECOMMENDATIONS 3. If SOV operational problems occur, during
1. Periodically review em'ironmental condi- the next scheduled dowTitime perform as

tions (ambient temperature and radiation many of the in-place tests outlined in the
field, actual solenoid coil temperature, NPAR SUMMARY OF RESEARCH RE-
process fluid temperature) at each SOV SULTS as practicable (specifically, the .
site to make sure that they lie within the internal leakage, speed of operation,
manufacturer's recommended operating electrical power consumption, and SOV
emelope for that valve model. tempemture tests, as well as the audible

2. Periodically measure the voltage supplied check and the opemtfonal check). As a
to the SOVs to ensure that, for all plant last resort, disassembly and accompany-
conditions normally encountered, it lies ing visual inspection ofinternal SOV parts
within the range specified by the may be required to ascertain the nature
manufacturer. of the problem and correct it.

|

|
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SUMMARY OF RESEARCH RESULT 5

FUNCTIONAL DESCRIPTION / BACKGROUND steam generators.11is routinely used at many
The AFW System in a PWR provides a safety- plants in support of normal startup and
related mechanism for the removal of stored shutdown, as well as in 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:
1. NUREGICR-5404, Auxiliary Fcedwater

System Aging Study. 3!90.

_

AGING RELATED ISSUES The ARV sys- As a result, the system is subject to a broad
tem is opemteci in support of normal start up 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 durings

and for testing. During normal operation, it system operation occurs from opemting the
is in standby. The components of the AFW system at relatively low-flow conditions,
system are exposed to a variety of internal which results in accelerated wear of pumps
environmental condittons, ranging from due to hydraulically unstable conditions, and
high temperature steam to low temperature accelemted wear of check valves due to the
raw water, flutter that accompanies low-flow operation.

OPERATING EXPERIENCE Failure data
RELATIVE SYSTEM DEGRADATIONfrom NPRDS was reviewed to determine the

0 ercomponents which were significant contrib- Pumps
utors to historical AFW system problems. 12%

Pump drivers were found to be the principal Or!vIrs
source of system degradation. Almost three- valves 37 %

. fourths of the pump driver problems 18%

occunrd with turbine drives.
The turbines, as a piece of mechanical
hardware, have proven to be extremely
rugged, but the control systems have fre-
quently been unable to cope with the
conditions demanded (rapid starts from cold

k conditions). Over half of the turbine drive Operators
Valve

problems were attributed to I&C or gmtrnor 28%

... ,. . - - - -. ..-. ..~ ...... . -_- .- _._.. - .-_. . - - .- ... -
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control system fatlures. Many of these system degradation associated with failed
failures occurred as the result of turbine components was detected during demand
speed control problems, starts. Almost one-third of the degradation
Less than half of all APN system failures associated with turbine 1&C/ governor con-
reported to the NPRDS database were trol failures were detected during demand
detected as the result of programmatic start conditions.
monitoring practices. Almost one-dfth of the

Failure Mechanisms Failures within the Failure Modes Failure modes for ARV
AFW system are the result of individual system components depend upon the precise
component failures. operating requirements for the specific
Typical components in the ARV system for component.
which NPAR research has been performed Broadly speaking, the failure modes are:
am * Failure of equipment to automatically
* Multistage centrifugal pumps actuate on demand
* Induction pump drive motors (100-1000 * Failure to deliver flow to an intact steam

hp) generator (SG)
* Steam turbines and associated controls * Failure to isolate flow to a faulted SG
* AC and DC motor-operated valves * Failure to provide adequate flow to ren'ove
* Air-operated vahrs residual heat from the reactor coolant system
* Check vahes * Failure of components in the ARV system
* Circuit breakers which degrade other systems (such as failure
* Instrumentation and control of SG to ARV turbine isolation valves which
NPAR researth results summaries for indl. result in cross-tying of a faulted SG to an
vidual components should be consulted for intact SG)
detailed failure mechanism discussions.

_

RESEARCH RECOMMEN0ATIONS The valve IST does not demonstrate design
demonstration of the ouerational readiness basis functionability of a valve, the testing
of the AFW system depends upon a variety should be supplemented by periodic
of testing and reutine observations,includ- testing under conditions that are as closely
ing the following: representative of design basis conditions
* Pump testing. The typical in-senice test (i.e., differential pressure, flow, etc.) as

(IST) of an ARV pump is performed at low. practical. Use of advanced diagnost!c
flow conditions (through the minimum techniques, such as motor current signa-
flow line).This testing provides little useful ture analysis should be employed.
hydraulic performance information, and is * Check vahr testing. In addition to the
damaging to the pump. Periodic (e.g., at check valve test requirements associated
each cold shutdown) full flow testing with the IST program, the use of advanced,
should be performed to strify hydraulle non-intrusive diagnostic techniques
performance of the pump, as well as the should be employed. The pump discharge
full load performance of the pump driver line should be periodically monitored by
(motor, turbine, or diesel). Pump hydraulle operators (e.g., once per shift) or contin-
performance (head and flow). motor power, uously monitored with instrumentation
and machine vibration should be moni- (thermocouples with remote alarm or
tomd and trended. readout) to ensure that main feedwater is

* Power operated velve testing. To the not bacideaking.
extent that AMV system power operated

m
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_

* Turbine testing. In addition to perfor- water at many plants (e.g., piping from the
t'' N mance testing of turbines done in conjuc- backup water supply). This line is seldom

tion with pump testing, the turbine or never used, and may be subject to
governor and speed control system should considemble corrosion or other degrada-
be calibrated periodically (e.g., every (lon (for example, microbiologically
refueling). Proper functioning of overspeed induced corrosion or Asiatic clam infes-
trip devices should be verified on a mon t hly tation). Programmatic controls should be
or quarterly basis. In place to either examine the pipe peri-

e Pipe examination. Portions of the AlW odically or to prevent degradation.
system piping are exposed to stagnant raw

-

REFERENCES
1. NRC Bulletin 88-04, Potential Safetif 5. Information Notice 86-09, Failure of

Related Pump loss.
.

Check and Stop Check Valves Sub.jected
2. NRC Bulletin 85-01, Steam Binding of to Loto Flow Conditions.

Auxiliary Feeducter Pumps. 6. Information Notice 86-14, Overspeed
3. NRC Bulletin 85-03, biotor Operated Trips oJAFW. HPCI and RCIC Turbines.

Valve Common Mode Failures During 7. Information Notice 87-53, Auxiliary
Plant Trunnients Due to improper Switch Feeducter Pump Trips Resulting Jmm
Settings. loto Suctton Pressure.

4. Information Notice 86-01, Failure of 8. Information Notice 90-76, Failure of
Main Feedwater Check Valves Causes Turbine Overspeed Trip Mechanism
Loss of Feedwater System hategrity and Decause ofinadequate Spring Tension.

fh, Water-Hammer Damage.
U

cb

. . - . _ . - _ -



. .

NPAR 5

n AGING ASSESSMENT GUIDE
C/

AUXILIARY FEEDWATER (AFW) SYSTEM
Observations on the aging conoensate g
of the Auxiliary Feedwater gj n fs!',"pIy3 t M Ma,nS ''

(AFW) System h [ steani

Q .Q..- Pump Drivers and their controls 4have been the major sources of s '

ARV system degradation. &grw

- Current testing practices have not ~Q ~
"*

stearn
* ' " " ' ' ' 'been totally Gective in detecting

ARV system companent degrada- Blowdown
"

tion andfailures, seweg water
(Backup supply)

-. ~

RECOMMENDATIONS FOR INSPECTION
1. In the standby mode, the pump casings 3. During system testing and operation,

and the pump discharge piping should be pump and system vibration and noise
periodically or continuously monitored for should be observed. Pump motor current

'

.

backleakage, and turbine speed should be monitored.'
i

' 2 For plants in which long runs of the 4. Components should be monitored for
turbine steam supply piping is normally excessive lealmge, including:'

isolated, proper functioning ofsteam traps a) Pump packing or mechanical seals and
or condensate pots should be observed, b) vahe packing and gasket seals

i

MAINTENANCE RECOMMENDATIONS-
t.

| AFW Pumps _
| 1. Measure and trend pump hydraulic techniques. such as motor current signa-

performance at or near best efficiency ture analysis
'

point (BEP) flow rates (not just at min- 2. Periodically monitor check vahrs using
imum flow) at least once per fuel cycle non intrustve diagoostic techniques such -

2. Monitor and trend pump bearing vibra- as ultrasonte, acoustic, or external mag-
E tion-in _the frequency domain (track netic flux signature analysis
; vibration level vs. vibration frequency).
| This should be done for both normal in-

service testing'and for the above recom. AFW Panp Drivers
mended full flow tests 1. Measure and trend pump motor power

3. Perform lube oil analyses during full flow (pump at or near its BEP)
testing

AFW Valves 2. Perform motor lube oil armlyseseg

(Vj 1. Periodically monitor motor operated valve 3. Periodically (once per fuel cycle) calibrate
,

,

' condition using advanced diagnostie the turbine governor speed cont rol system

'

, , _ . _ . , _ . _ _ - . _ , _ . , _ . _ , . _ _ . _ _ . . , _ - . - . _ _ , . . _ . . _ . - . _ . . _ , _ . . _ _ . _ . . - . -
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4. Perform periodic rdDeation of turbine 7. Observe turbine governor's ability to
over-speed trip +erability . monthly to maintain the turbine at control speed
quarterly) without hunting (each time turbine is

5. Perform turbine lube oll/gmernor control nin),

oil analyses
6. Monitor and trend turbine / motor bearing

vibration in the frequency domain

i

G
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n" COMPONENT COOEING WATER;
'

(CCW) SYSTEM - PWRi I
un m. ns - 4 n

SUMM ARY 05: RESEARCH RESULTS

FUNCTIONAL DESCRIPTKM/ BACKGROUND seg,..ded performance of the CCW system,
The CCW System in a PWR is a continuously while 27.% caused a loss of redundancy. Using
operating non-radioactive closed loop system the time dependent failure rates calculated
used to remove heat from plant equipment, from the plant data, improvements in main-
and transfer it to an open loop cooling system tenance and monitoring methods may be
such as service water. Aging is a significant required to prevent system unavailability from
factor in failures of CCW systems (over 70% reaching an unacceptable level during the
of the failures reported were related to aging). later years of plant life.
Fifty percent of the failures resulted in

BASED ON NPAR REPORTS:
1. NUREG/CR-5052, Operating Experience 2. NUREG/CR-5693, Aging Assessment of

and Aging Assessment of Component Component Cooling Water Systents in
Cooling Water Systems in Pressurized Pressurized Water Reactors - Phase 2.~

( Water Reactors. 7/88. 3|92.
U

AGING RELATED ISSUES Leakage was failures most frequently involved the tubes.
the predominant mode of failure. Wear was Factors contributing to aging of these
the predominant failure mechanism. On a components along with the observed effects
component level, valves were the most are summarized on the next page,
commonly reported component to fail. These Under normal operating conditions, the
were -dominated by failure of the valve stresses which contribute to CCW system
operators, followed by wear of the valve seats. aging, and the part of the system it most

~

Pump failures were dominated by seal and alTeets are summarized:
bearing failures, while heat exchanger

AGING EFFECTS COMPONENTS AFFECTED

Erosion, wear, corrosion Mechanical

Clogging, blocking, reduced flow Mechanical

Vibration, misalignment loose parts Mechanical, electrical. Instrumentation & controls,

Binding. distortion. rupture Mechanical

Electrical short circuits. grounds, pitting Electrical l&C

.

Setpoint drift, loose connections flectrica;. I&C

/~N
(U) component showing a significant number of

OPERATING EXPERIENCE For each CCW the specific subcomponents which failed. As
Illustrated below pump seals and hearings

failures, the data were examined to identify contributed most to pump unavailability.

_ _ . .

. - - .- - . . - _ - . - . - - - . . . - - - _



|2 COMPONENT COOLING WATER SYSTEM - PWR WW
Similarly, valve operators and valve seats LEAMGE 37%

were the leading subcomponent problems
toss OF FUNCTION

leading to CCW valve failures. 2% -

SUBCOMPONENT FAILURES: sooRt circuit 2%
~

' ER 11% NotSE IVIBRAT10N 3%Pumps: Seals - 57% Heat Exchanger: "*Bearings - 25% Tubes - 59%
Other - 18% Other - 25% DOEs NOT closE 9%

" " " "
Valves: Operator - 39% Tebesheet - 16% tXCEEDS UWT 8%

Seat - 31% INCORRECT SIGNAL 9%

Other - 30%

The failure modes for the CCW system am growth lead to failure. The" contamination"
diverse. Leakage is the most common mode category includes failures where a foreign
of failure and is typical for pump and valve material was introduced into the system
failures. The failure modes classified as causing a blockage or buildup. " Calibration"
"other" include overload, rupture, and includes failures where set point drift
disengaged. occurred, often resulting in a violation of-

The predominant failure mechanism for the technical specifications.
CCW system is wear, which accounted for

FAILURE MECHANISMS37% of the reported failums. The other 63%
Wear - 37% Corrosion / erosion - 8%of the failures were distributed fairly evenly
Calibration - 12% Olstortion - 7%

among the mechanisms listed below. " Frac- Contamination - 9% Deterioration - 7%
tum" includes ewnts where fracture or crack Other - 8% Fracture - b e

RESEARCH RECOMMENDATIONS Aging 2. The variety of failure modes suggests that
contributes to a significant portion of CCW several different monitoring techniques '

system failures. Monitoring methods should, would be requimd to detect all failures. For
therefom, include good functional indicators example, visual inspections could only be
which will address aging, expected to detect a portion of the CCW
1. Because leakage is a typical failum mode system failures. A good surveillance and

associated with both pump and valve monitoring plan should be diverse, and
failures, it suggests that inspecting and include sufficient tests and inspections to
testing for leakage are important moni- cover all of the significant failure modes.
toring methods. The functional indicators recommended

as potentially viable methods for monitor-
ing and detecting aging degradation are:

STRESSORS AGING EFFECTS FUNCTIDHL_lNDICATORS
CCW VALVES fligh tamp. Packing a seat leakage Visual inspection

Foreign materials Stem binding leak 3ge tests
Humidity, dust insulation degradation Stem torque check

CycHe operation Erosion /corros!an Torque /llmit switch setting
Current / voltage monitoring

CCW HEAT EXCHANGER High press Fduling of surfaces Visual inspection
High flow Erosion / corrosion Temperatura

Service water Blockage Acoustic or eddy current tests
exposure Bolt torque check

CCW PLIMPS Vibratico Bearing Wear Vibration Rdgs.
High Temp. Distortion Lube 011 Temp,

Human Lrror Cavitation Quality. a tevel
Loss of NPSH Seal & Packing Bearing Temp. j }

Wear Visual Insp. for leaks

SYS1EM LEVEL INDICATORS - -- Surge Tank level. system flows and pressures. HX. outlet temps.

._



NPfli( COMPONENT COOLING WATER SYSTEM - PWR 3

-REFERENCES
1. Bulletin 88-04, Ibtential Safety Related - 3. ASME/ ANSI OM 1907, Part 2 Appendix

Pump inss, Sl88. D; Guidance for Analyzing S,ptenn'

2. NUREG - 0800, Standard Revicto Plan, Degrndattort.
Section 9.2.2: Reactor Auxiliary Cooling A. Generic issue 65 - CCW Supply to the
Water Systerns, 6/86. Reactor Coolant Pump Scals.
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Observations on the aging CCW SYSIW UNAVAU&GY
*

of the Component. Cooling 'ActuAt oATA raostette

I
~ ~

Water System in PWRs ge
E

g40- y _

i ,/*~ U"jy*
- Function: Pmuide cooling wcter to i 'T / -

various plant loads including HXs. *o[ _ ,, f
*

kpump scals, chillers and air - o n <a

coolers. SYSBM AGE (yws)
RADi Atl0N MON;tDA

- A * VENT

$-fR;0f ? " ~ ~ """ "''
- Operating experience indicates

1"'$$m nwmosincreastngfailure rates with age. ( sw
0,

- #tsr uovt &+
fu $* -f R% E SAFETY RE! ATE 010 ADS ~*

n it
Lg j

Because there are many variations in the single component failure has little impact
design of CCW systems, the impact of a because of the extra redundancy.110 wever.
component failure on the system's perfor- multiple component failures could affect
mance will vanj. For instance. fh e 2-unit sites both units. Differences in designs results in
have a fully shared system with 5 pumps, differences in emphasis and the priority of
-3 heat exchangers, and - 2 surge tanks A licensee resources.

RECOMMENDATIONS FOR INSPECTION 3. Check steady state flow to the following
1. Major ulves are monitored for leakage & critical loads:

appearance. a. Reactor coolant pump (RCP) seals.
2. Heat exchangers are inspected forleakage. b.- Residual licat Removal (RI1R) ' heat

temperature. exchangers and pump seals. g

c. Safety injection (SI) pump & motor
coolers,

d. Chillers & Containment ecx)lers.

MAINTEN * .4CE. RECOMMENilATION3
p CCW Pumps: 2. Monitor the bearing temp. & vibration
( l. Trend the pump's performance (flow. (operator rounds)

pressure) 3. Perform analysis of lube oil quality

.
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CCW Heat Exchangers: Other CCW System Activities:
1. Trend the inlet and outlet temperaturrs 1. The integrity of the piping should be
2. Perform eddy current or acoustic testing checked periodically, espacially main

(or equivalent) to determine tube sheet headers.
condition 2. The instrumentation (controls, indica-

tors) associated with modulating flow to
CCW Valves: equipment should be calibrated regularly.
1. Cahbrate the control valves, check set 3. The strainers in the system (purnp suc-

points tion) should be cleaned, based on differ-
2. Monitor the operator current / voltage ential pressure readings.

4. Water chemistry should be routinely
checked, and chemical addition rnodified
as necessary.

O

O
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SUMMARY OF RESEARCH RESULTS

FUNCTIONAL DESCRIPT10N/t3ACKGROUND cation (RPI) system and the interconnecting
Tha Control Rod Drive (CRD) system per- cables and connectors. Analysis of plant
forms an electro-mechanical conversion operating data has shown that unchecked i

which enrables reactivity command signals aging of CRD system components can cause
developed by the reactor control system, to system operability problems which may lead ]
accurately control the operation of magnetic to unacceptable plant performance. A review
Jack type Control Rod Drive Mechanisms of CRD system design characteristics and
(CRDM) and, hence, the position of Rod current maintenance practices, indicates that
Cluster Control Assemblies (RCCA) within certain design rnodifications, and/or im-
the core. T he major subassemblies bounded proved maintenance and monitoring tech-
by the aging study o' the Westinghouse CRD niques, may be warranted to adequately
system include the 11CCAs, CRDMs, Power manage the age related degradation of this
and Logic cabinets, the Rod Position Indi- system.

A
i
'V BASED ON NPAR REPORT:

1. NUREGICR-SSSS, Aging Assessment of
the Westinghouse PWR Control Rod Drive
Systern. 3/91.

AGING RELATED IS' SUES Unexpected, NPRDS DATA (19801989)
abnormal wear of control rod cladding
material. inability to move control rods on Power & Lope

c s

demand, dropped control rods, inaccurate ,

RCCA position indications, and unnecessary
challenges to plant safety protection equip- %n g,,
ment are among the operational events that 5%

have occurred as a result of age related RCCA
1

"'component degradation within this system.
The following table presents a summary of I[,|pa caoi

the leading aging related problems that have 19%
came connector

been identified for each major subassembly. 12%

-

k.

v

. . - , . , .,- , . - , , , , - . -- - ,
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2 CONTROL ROD DRIVE SYSTEM - WESTINGHOUSE

RCAA CROM POWER and LOGIC RPI CABLE and
CABINETS CONNECTORS

Cladding wear Operating Coillails Overheating due to Calibration Drift . Poor connection due te
open/ shorted due to inadequate ventilation Analog IRPI moisture intrusion and
high temperature and/ and/or dust buildup corrosion
or exposure to pri- ca temperature sensi-
mary coolant live components and

heat sinks

Spider Assembly vane Embrittlement of cast Pnor wi:ing. corapo- Poor wiring. compo- Temperature degrada-
weld failure due to housings nent or logic card nent or logic card lion of in containment
cyclic f atigue connections ccnnections cables

Wear of RCAA tJ Vent valve leakage Fuse tailure due to Detector Coil fails Wear of connector .-

CRDM coupling age open due to high tem- mating pins due to
perature or exposure repetitive connections
to primary coolant during maintenance

Stress Corrosion L4ch Assembly mis- Loose / Poor mechani-
Cracking of reactor stepping and/or bind- cal tiond at luse clip
internal components ing due to debris in due to repetitive tests

primery coolant

RESEARCH RECOMME.HDATIONS Im- Preventive Mainte 2ance
provements in the areas of preventive 1. Periodic monitoring of ambient temper-
maintenance, condition monitoring, and at ure within electrical equipment
design shotdd be considered for the West- cabinets
inghouse CRD system. 2. Use of underwater TV cameras to conduct

and document periodic inspections of
Design / Test nonnally inaccess!ble reactor internal
1. Replacement of CRDM Operating Coil components

~

Stack connectors with a connector having 3. Use of eddy current, profilometry and
greater resistance to moisture intrusion ultrasonics to determine the condition of

2. Upgrade of Analog IRPI to digital multi- critical welds and structural material
plexing design .l. Development of NDT -equipment and

3. Imoroved ventilation of power and logic techniques to pennit the remote inspection

cabinets: reliance on outside air as source f all CRD housing welds, including

of cooling may not be sufficient during interior housings (Current ASME inser-
summer months in some geographical vice inspection requirement specifies that
regions welds on 10% of the peripheral housings

" *P"#4. Permanently installed test equipment to
minimize influence of disconnecting and 5. Use of CRDM operating coil current
reconnecting components to perform signature analysis to monitor the condi-
testing tion of power and logic cabinet compo-

nents and coil integrity
6. Use of advanced diagnostic tools such as

the Electronic Characterization and
Diagnostics System (ECAD) to provide
ea rly det ection of operating coil stack cable
and connector problems



--. .. . - - - . - . _ , . - ~ . ..-_ - .. . . . .-.

~

NP6ft CONTROL ROD DRIVE SYSTEM - WESTINGHOUSE 3-
'

REFERENCES
_O -. l.- NUREG/CR4731, VOL.2,- Residual Life 5. Information Notice 87-19 Perforation

Assessment of Major Light Water Reactor . and Cmcking of Rod Cluster Contml>

Components Overview, l1/89.
.

Assernblies.
2. AEOD Rsport E613, Localized Rod Clus- 6. Information Notice 86-_103, Degiudation

ter Contml Assembly (RCCA) Wea ra t PWR of Reactor Coolant System Pressure
Plants,12/66.

.
Boundaryfmm Boric Acid Cormston.

3, NUREG-0641, Centrol Rod Guide Tube 7. Information Notice 82-29, Contml Rod
.Wearin Opemting Reactors,6|80. Drive Guide Tube Support Pin Failures

4. Information Notice 89-31, Swelling and at Westinghouse PWRs.-
Cmcking of Hafniurn Co'ttml Rods.
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l AGING ASSESSMENT GUIDE
CONTROL ROD DRIVE (CRD)
SYSTEM - WESTINGHOUSE

- Electrical and electronic cornpo. ntating pirt surfaces due to inois-
nents of the poteer and logic ture intrusion.
cabinets have expertenced the - Unexpected tvear of control rod
rnostfailures. Elevated ternpera- cladding surfaces has been identi-

i ture is a leading contributor to fled at several plants
failure - Cast CRDM housings are suscepti-

- CRDM operating call stack connec- ble to cracking due to thermal
tors are suscepttNe to cormsion of embrittlement

CONTROL ROD DRIVE SYSTEMi

West.nghouse PWRs_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ,

,

;
- NPAR SYSTEM BOUNDARY I

+p>
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I
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Power -
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Detector "

RECOMMENDATIONS FOR INSPECTION
1. Observation of panel internal tempera- exceed the vendor's recommendations. AnG tures is warranted. Erwironmental condi- accumulation of dirt or dust on certain

tions within electrical equipment cabinets components such as thyristors and their
(temperature and humidity) should not heat sinks can exacerbate this situation.

_ . . _ .. . .. . . . . . . -
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6 CONTROL ROD DRIVE SYSTEM - WESTINGHOUSE T

2. Contml room instrmnentation including nents k>cated in harsh environments. A
process computer printouts can be used visual inspection of CRDMs should
to detennine the adequacy of the venti- include:
lation in the upper head area. Abnonnally e Condition of cables and integrity of
high temperatures can lead to premature water tight seals on operating coil
cable, connector, or coil failures, stack connectors

3. During refueling outages, it is important e Signs of primary coolant (boric acid)
to monitor the amount of wear or degra- leakage from vent valves, instrument
dation which has occurred in the compo- sensing lines or CRD housings

0 MAINTENANCE RECOMMENDAT ONS
1, Measuring the n ststance of chies, con- operation of the mechanleal and stnic-

nectors, and coils following retueling tural portions of the CRD system, it is
outages is recommended. Measurements important to conduct and document a
ofloop mductance and dissipation factor thorough inspection during refueling
may also be used to detect degradation. outages. Using undenvater TV cameras,

2. A current signature analysis technique areas of wear should be noted and their
being used by some plants should be cause detennined. Particular panuneters
evaluated by others. This technique of interest based on aging concerns are:
permits the observation of electrical and e guide tube wear
mechanical parameters during nonnal e drive rod and latch wear
power operation. e rodlet fretting, crackin", or bulging

3. Because of the inaccessibility during e cable, connector, coil appeanmce

OPERATIONS RECOMMENDATIONS
1. The ventilatlon systems in the upper head 2. Apositiveaspect of theWestinghouseCRD

region and in the area where the power system design is that it contains sensors
and logic cabinets are located should which detect component failures. An,

maintain low ambient temperatures. It is urgent alann.which results in a nxl bhack,
important that operating personnel be or a nonurgent alarm, indicating a loss
aware of unsatisfactory conditions so that oi redundancy, provide an important
prompt corrective action may be taken. Input to the control room operatons.

DESIGN / TEST RECOMMENDATIONS
1. The rod drop timing test is required to 125 F have been recorded in the cabinets.

be perfonned once per cycle in accordance which are typically designed for 90 F.
with the technical specifications. Pulling 3. The number of connector problems in the
the fuse to perfonn this test reduces the upper head region due to moisture 'ngress
force between the fuse clip and the fuse. or contamination from borated water
The design should include a more perma- leakage indicates the need for a more
nent means for satisfying this required substantial connector design.
testing. 4. The integrity of the control rod drive

2. Modifications to the cooling of the power system cables located in containment can
and logic cabinets have been necessary at be improved by using higher temperature
several plants. Temperatures as high as rated assemblies.

|
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EJMMARY OF RESEARCH RESULTS

FUNCTIONAL DESCRIPTION / BACKGROUND data were reviewed to identify failure modes
The 1E power system provides electrical experienced during operation and their
power for the safety systems in the plant. The cause. About 33% of the fai'ures are aging
1E power system includes an emergency related. Because the 1E power system is a
power source (usually diesel generators) and highly redundant system, complete loss of
three subsystems, the alternating current (ac) essential electrical power has not been
power system, the direct current (de) power common.
system, and the vital ac power system. Failure

BASED ON NPAR REPORTS: 2. NUREG/CR-4747 Volume 1, An Aging
1. NUREG/CR-5181, Nuclear Plant Aging Failure Sumey qf Light Water Reactor

Research: The 1E Tbwer System. 5/90. Safety Systems and Components,7/87.
6

( ,/ AGING RELATED ISSt!ES Aging is a con- engines / generators. chargers, and inverters.
cern for the IE power system since the These are followed by batteries and tmns.
NPRDS data base shows that about 33% of formers. Each of the above are discussed in
the failures am aging related. The compo- more detail in cormsponding aging assess-
nents falling most often are breakers, diesel ment sections.

OPERATING EXPERIENCE The effect of failures of the IE power system. For non-
IE power system failures was determined routinely detected failures the primary
from the NPRDS data. The - three most causes were: defective circutt, corroded
frequent effects were loss of redundancy, loss contacts, short/ ground, wear, burned com-
of subsystem / channel, and system function ponent, and defective connection. This
unaffected; and were nearly identical. While failure pattern and the research results
only about 48% of 1E power system failures indicate trending parameters normally
were detected with routine IS&MM, about measured during maintenance, such as
52% of the failures were detected during megger testing results, and the use of
normal operation or incidently (non- advanced monitoring methods such as
routinely). Non-routinely detected failure infrared thermography and electrical circuit
ates for the most significant components are characterization and diagnostics. could be
inverters (77%). breakers (48%), batteries useful in improving the reliability of the IE
(44%), and relays (30%). Transformers, power system.
chargers, ac generators, conductors power Aging related causes accounted for aboutp)! supplies, and motors also had a very large 33% of the failures reported in NPRDS. Aging
percentage of their failures (60% or greater) failu res included (among others) wearou t. setv

detected non-routinely. However each of point drift insulation breakdown, short/
these account for 2% or iess of the total grounded circuit, open circuit, contacts

- _
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'

corroded, defective connections, circuit includes fouling /bk)ckage/ foreign material, '

defecth'e, electrical overload, and mechanical overload / pressure, normal wearout, corro-
damage. The failure cause classified as other sion, miscellaneous. i

!

Degraded System
Design Operation

S.5% '

11 17.1% System Function
'

(W@%
Other Unaffected
46.9 % Loss of 25.5 % |

functon
2.3% !'

#
32$ i

Loss of
Red ncy

p tg33 g,
subsystem!

Test and Human Related Channel
Maintenance 2.0% 27.0 %

6.8%

I

RESE.1LRCH RECOMMENDATIONS A pre- reliability modeling, reliability allocation and.

ventive maintenance (PM) program should availability, failure report analyses and other ,

exist for the IE power system. The PM historical data. and logic configumtica. '

program should include periodic testing. Periodic tests are in situ tests performed in
monitoring, and inspections. Because the 1 E plant on the equipment at scheduled inter-
power system is coraposed of four subsys- vals to detect degradation and vertly oper-
tems (emergency power, alternating current ability. Technical Specifications require
(ac) power system, direct current (de) power verification of offsite and ESF power, diesel
system, and the vital ac power system), the generator testing, undervoltage tests voltage
system r:an not be tested with a single set and frequency verification, tests of batteries.
of tests. Each of the major components and response time tests to be performed on ',

(breakers, relays, transformers, cabling, a periodic basis ranging from weekly to once
batteries, chargers, inverters, and diesel each refueling outage (18 months). Emer-
generators) can be the subject of a mainte- gency &sel teartlowns may be required riery
nance and surveillance program. General 5 years. The results from these tests and
guidance is provided in IEEE Std. 338, and surveillance tests can be analyzed to provide
Regulatory Guide 1.118. These documents an early indication of aging degradation. Also,
recommend instrument checks, functiomd advanced monitoring methods such as the
tests, calibration verification tests, and use ofinfrared thermography could be useful
response time verification tests. Factors that in detecting impending component failure
should be considered are system failure and thereby improve the reliability of the 1 E
modes, compt.nt failure modes, applicable power system.
_

REFERENCES There is a large amount of 2. Regulatory Guide 1.118, Periodic Test-
reference material available for the IE fng for Electdc Power and Protection
Electrical Power System.The following reflect Systems.

4

those which may be readily accessible to the 3. EPRI NP-3416, A Guide,for Developing
inspector. Preventative Maintenance Prograrns in
1. |EEE Std. 338, Criteria for Periodic Electric Power Plants.

Testing of Nuclear Power Generating
Statt~n Safety Systems.
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CLASS 1E POWEil SYSTEM WITH TWO DIVISIONS

RECOMMENDATIONS FOR INSPECTION
1. Verification of offsite and ESF power. 2. Cables and wiring in harsh environ-

'

diesel generator testin; undervolt age ments should be visually inspected during
j 3 tests. voltage and frequency verificatlon, outages for evidence of degradation from
( / tests of batteries, and response time tests temperature, moisture, or nidiation.

''

during all phases of operation.

t _J



1

4 1E POWER SYSTEM
~

MAINTENANCE 11ECOMMENDATIONS
1. Trend results of surveillance tests. G. Perform PM on breakers to prevent faulty
2. Trend failure rates of components, operation from dirt, contamination. har- ,

'

3. Clean connections if corrosion is noted. dened grease, and wear.
4. Cean components to remove dirt and 7. Meggering and Doble testing to verify

other foreign material. electrical insulation properties. Consider-
5. Changeout air filters in chargers, inver- lug use of advanced monitoring methods,

ters, and other electrical equipment with such as infranti thermegraphy,
forced air ventilation.

O

O
.
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,.Ig.

C BWR HIGH PRESSURE INJECTIONv

SYSTEMS (HPCI and HPOS) .-, , ,

SUMMARY OF REISEMRCH RESULTS

F1)NC110NAL DESCRIPT10tuDACKGROUND vessel at reactor pressures up to 1120 psia
The two main BWR high pressure injection for a wide variety of transients and accidents,
systems (HPISs) are high pressure coolant Data analysis from three failure information
injection (HPCI) and high pressure core spray data bases and one plant specific study
(HPCS). The main purpose of the HPIS is to showed aging degradation has occurred in
permit injection of coolant into the reactor BWR HPISs.

.

B ASED ON NPAR REPORT:
1, NUREGICR-5462, Aging Study qf Doll-

ing Water Reactor High Pressure inlection
Systems, (Draft) 2/91.

.

AGlHG RELATED ISSUES The system material, water hammer, improper lubrica-
'/ stressors which contribute to age-related tion, and impnper maintenance. Dominant-

degr.idation include testing, operation, failure mechanisms include wear, fatigue,
envi conment (pressure, temperature, humid- setpoint drift, or out of-calibration in-

ity, radiation, etc.); vibmtion, dirt, foreign stmmentation.

_

OPER ATING EXPERIENCE The most com- COMPONENT FAILUflES
monly failed BWR HPIS components included
valves, vah'e opt rators, instrumentation and !&C

2Dcontrol (l&Cl, pumps, turbines, pf pe, and pipe 8the6p
supports. The most common failure modes p
for the components identifled above include [N g--

valve operaters
degraded operallon hulves, valve operators, [g4 ma%
and turbines). loss of function (I&C), low (i p
injection flow (pumps), leakage (pipe), and N d{j /failure to opente (pipe supports). The failure P pe Suppo 2

data bases indicate 4G to 68% of the tallures
were not detected by surveillance testing. '

Pumps 201 %Pee 2 5%
42%-

This information is summarized in the
accompanying figure and Table 1. sss of system function.The components that
Approximately 11 A% of the failures in the most often caused a complete loss of function

( LER database resulted in a failure of the were valve operators, valves, circuit breakers,
(j system to operate, and 8A% of the failures mechanical controllers, bistable switches,

in the NPRDS database resulted in a complete and the turbine.

i
-- -- 3

-
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TABLE L SUMMARY Of DOMINANT FAILURE M00ES. AGING FAILURE CAUSES. AND DETECTION METHODS JDENTIFIED
BY DATABASE ANALYSIS

COMPONENT FAILURE MODE FAILURE CAUSE DETECTION

Valves Degraded operation 27.7% Wear 26 4% Survelliance testing 45.0%

Valve Operator: Degraded operation 291% Wear 9.3% Surveillance testing 43.7%

instrumentation and control loss of lunction 49 6% Corroston 19 4% Surveillance testing 421%
Dirt 13.9%

Pumps Low injection tiow 74 3% wear 333% Surveillance testing 43 2%
|mp oper lubrication 31.1%

Turbine Degraded operatich 35.6% improur lubrication 27.7% Surveillance testing 54 2%
Improper maintenance 13 8%
Wear 12.9%
Dirt 6.5%
Fatigue 4 6%

Pipe Leakage 44 2% Corrosion 36.9% Surveillance testing 45h
Time related material degradation 18 2%
Fotigue 14 3%
Misalignment 14.3%
11irl 13.4%

Pipe Supports %ae to operate 38.4% Time re!ated material degradation 16.2% Surveillance testing 51%

RESEARCH RECOMMENDATIONS Im- HPCI response time from 30 to 60 seconds.
proved preventive maintenance programs This change would reduce the wear and aging
were . identified as one area. under utility degradation caused by fast starts during
control, that could result in improved HPIS testing and operation and improve system | |
reliability. The preventive maintenance reliability, implementing this change would
prognuns applied to BWR HPISs vary widely also reduce the system wear resulting from
from plant to plant. The following factors the cold, quick-start testing making it a
should be included in a preventive mainte- viable option for surveillance.
nance program: The failure data analysis indicated that 40
1. A quality system that requires records on to 50% of the HPIS failures were detected by

all maintenance of safety-related systems survetilance testing. This indicates incipient
and components and verification of failures are not being detected by current
installation and changes in status follow ~ programs and preventive maintenance pro-
ing calibration. grams in particular. Improvec: methods of

2. Contamination free HPIS room to improve surveillance and monitoring should be
ease and accuracy of maintenance and considered to detect these incipient failure
inspection. prior to a system failure occurring.

3. Inspection of the equipment room each Vahes and valve operatom were listed within
shift to check forleaks. the top two or three most commonly failed

4. Measurement of motor-operated valve components in all four data sources for this
(MOV) current while cycling the valve study. Wear is the leading cause of failure
following maintenance work on the valve for these components NRC IE Bulletin 85-
or mhc operator. 03 and Generic Letter 89-10 recognize the

A stuny by Genend Electric and the Electric need for better methods of analyzing MOV
Power Research Institute showed that emer- performance and detection or MOV problems.
gency core cooling system (ECCS) response Diagnostic equipment developed in response
times could be relaxed and still ensure to the NRC concerns expressed in IE Bulletin
substantial core safety margins. The study 85-03 and Generic Letter 89-10 may meet
recommends utilities consider relaxing the this need.

_
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The lipCl systems should swlteh to a stem and seats and maylead to failures such
n recirculation mode after water level recovery . as vahe stem breaking or elongation, back- j

( l is vertfled. This leaves the system running seat damage. or stem nut cracking.
LI and available if needed without requiring

another startup challenge with the asso- Also, the valve operator should be stred
clated system startup stresses. Another properly. Many MOV failures are the result '

change that would result in a fewer number of vahr and operator incompatibility. The
'

of startup challenges is including a time delay operators are oversized during the design
on the isolation logic for high steam flow in process, and the resulting torque loads can
the turbine inlet line. This will reduce be up to ten times the torque requint! for
spurious isolations caused by the startup valve operation. This may lead to failures
transient or setpoint drift after an automatic such as bent valve stems, cracked seats or

initiation. disks, and defonned valve bodies or yokes.
Motor-operated vahes should not be electri-
cally backseated. This overstresses the valve

REFERENCES
1. F.J. Mollerus, Reliability of DWR High 3. NRC Bulletin 85-03, Motor Operated

Pressure Corc Cooling, NSAC-53, August Valve Commorn Mode Failures During
1982. Plant Transients Due to improper Switch

2, K.F. Comwell, G.L. Sozzi, and B. Chexal, Settings.
Dasis For Relaxing ECCS Pedonnance 4. NRC Generic Letter 89-10, Sa fety -
Requirements for DWR/4s. NSAC-131. Related Motor-Operated Vahw Testing
September 1988. and Surveillance.(pv) _

i
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( AGING ASSESSMENT GUIDE
BWR HIGH PRESSURE INJECTION SYSTEMS

(HPCI and HPCS)
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MECOMMENDATIONS FOM INSPECT 10N
1. lilgh ptrssure injection system testing 2. The llPlS room should be checked each

should include visual inspection in the shift for leaks or problerns.
HPIS room to verify proper equipment
operation.

.-.

MAINTENANCE RECOMMENDA.10Hs
1. Better methods should be considered for inttve maintenance pmgnuns and deter-

use in analyzi.1g MOV performance and rmnitig where the weak po,. (s in their
detection of MOV problems. Diagnostle prognuns cotdd be st rengthened. Compar-
equipment developed in response to NRC Ing their prognun to one at u 13 Wit with
concerns expressed in Generic letter 80 low llPIS failure rates could be beneficial.
10 may meet this need. 3. The llPls room should be kept contmn-

2. Plants that have a lot of IIPIS failures inntion free to improve case smd accunny
would benefit from reviewing their prrven- of inspection und maintenance activities.

OPERATIONS MECOMM.MDAT10NS
1. Motor operated valves should not he requiring another startup challenge with

electrically backsented. O's overstresses the associnted system startJp sttrases,
the valve stem and senb cd may lend to Another change that would n sull in a
failures such as vah'e stem breaking or fewer number of startup challenges is
elongation. backscal damage. or stem nut including a t0ne delay on the isolation
cracking. logic for high steam flow in the turbine

2. The HPCI syt,tems should switch to a inlet litie. This will reduce spurlotis
recirculation mode nfter waterlew! treov- isolutions caused by the sintt up transient
cry is vertfled. This leaves the system or setpoint drif t after an automatic
running and available if needed without initiation.

._

DESION/ TEST RECOMMENDATIONS 2. A study by General Elactric and the
1. The vahr operator should be sized prop- Electric Power Researth Institute showed

erly. Many MOV failures are the result of that emergency core cooling system
valm and operator incompatibility. The (ECCS) response times could be relaxed
operatom me oversized during the design and still ensure subste.tial core safety
process, and the resulting torque loada margins. The study recommends utilities
can be up to ten times the torque required consider relaxing the HPCI response time
for valve operation. This may lead to from 30 to 60 seconds. Thia change would
failures such as bent valve stems, cracked reduce the wear and aging degradation
seats or disks. and deformed valve bodies caused by fast starts during testing and
or yokes. opemtion, and improve system reliability.

O
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SUMMARY OF RM5mMRCH RESULTS

FUNCT)ONAL DESCRIPTION / BACKGROUND achieved. For some plants, the HPIS provides
The HPIS provides high pressure injection of normal primary coolant system charging and
borated water to prevent uncovering of the provides seal injection water for the reactor
core for small LOC As and to delay uncovering coolant pumps. Review of the HPIS failures
tin core for intermediate sized LOCAu. The found that at least 21% are aging related; but
hMS can also be used to cool the core because the HPIS is a redundant system only
following a reactor shutdown when heat 0.7% of the failures caused loss of system
removal by the steam generator cannot be function.

BASED ON NPAR REPORT:
1. NUREGICR-4967, Nuclear I'lant Aging

Research on liigh l'ressure irtlection
St/sfem. 8/89.

AGING RELATED ISSUES Aging is a co'd tracing have caused udve and pump inal-
cern for the IIPIS.The NPRDS and Np10 data function. leaking of borated water on to
bases show that about 21% to 28% of the carbon steel parts of IIPIS components and
failures am aging related. The most frequent on adjacent systems has caused corrosion.
failures that may be age related are electrical Of special concern. Is a potential for fatigue
and mechanical control malfunettons for failure of the stainless steel pipe and nonles
pumps and vahes. Dorun crystallization from resulting imm h>ose thermal sleeves or udve
leaking packing and seals or faulty heat seat leakage.

-

|
\

OPERATING EXPERIENCE The effect of EFFECTS OF HPIS FAlt.URE'

component failure on system performance toss of
was determined from the NPRDS data. tunction

0"*
| Approximately 57% of the failures caused Degraded

either degraded operation, loss of redun- [ s N"P

dancy or loss on channel, which implies gtyed !
reduced reliability if the system were called n ew, toss a,

on to perform its safety function. Because redundancy
UDof componet redundancy, only 0.7% of the

failures actually caused a loss of systemi

function. g g,

TfR'

,
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The relative frequencies ofIIPIS components the safe end as..! wcw caused by thennal
,

failures were detennined from the NPE data. fatigue irsuhing from snakeup flow cycling4

Vahr failures were the dominant failure. Also, on and oil and initiation of high pressure
a probabilistic risk analysis of the sysicin injection flow. Thennat sleeves have been

;

showMl that the failure of valves to open redesigned to prevent loosening and a
contributed the Inost to systeln continuous snake up flow is maintained to
unavailability. prevent thennal cycling and thereby prevent

COMPONENT F AILUR15 CAUSE OF $YSTEM f AILUntS

Otw othe' M Monteneo bre'u,

N% I' 24% - 4 gg,

tutow CT,

4% ' Lord I & C lave 4% ~

Nwni patt as qn3 .

CMmer Ost Of S;w 4%7% oQ
7 /- %ew,ent sna,np% Degh'ot

'

ed
- mem .h cmue 3% s.d

*'
u%

Cor t ol 8 8 Mntam [htabnty

3 twentan An uensuures ntamon%n

Mechanical disability was the most frequent enicking. Leaking valves have k ad to thennal
potentially aging related failure cause listed fatigue at.d enicks in the base metal, welds

i in the NPL data. Other potentially aging and the heat effected zone of the elbow
'

related failure causet listed were local !&C between the hot leg and the first check valve
failures, setpoint drif t. subomponent stlek- at two plants. The leaking vahes allowed cold
ing. short/ ground. and we4 failures. water to flow into the hot section of the
Ix>ose thennal sleeves have lead to a through injection line causing stratified flow that lead
wall fatigue crack in one plant and cracks to the fatigue failure. Enhanced ultrasonic
with u}) to 25% penetration in five other testing was tequired to detect the ct acks alter
planis. The cracks occurred in the weld at leaking was observed.

-

!

'

RESEARCH RECOMMENDATIONS A pre- monitoring aging. The diagnostle testing
ventive maintenan(v progmm should be in required by Generne IA tter 89-10 will help
place for the IIPIS. The PM prognun shoukt insure the operational readiness of the
include periodic testing, monitoring and motor-operated valves.
inspections to provide for detection of Pump and Vahr eont ml ef rc uit malfunctions
degradation and replacement or repair prior and failures have been the leading problems
to failure. Technical speelfications require with llPls operation. These circuits should
quarterly inservice testing of pumps and be tested periodically to demonstrate they are
vahrs in accordance with Section XI of the funet toning properly.
ASM E boller and Pressure Vessel code. Pmnp i.'rrquent visual inspections to detect and
testing should be supplemented with clee' repair leaks will avoid the problems of baron
trical characteristic measurement of the crystal build up in pumps and valves andmotor to detect degradation of electrical boric acid conusion of carbon steel parts.'

insulation and other electrical components. Cmeful monimring of thennal skrve integ-
Vahrs are the most troublesome component rity and vahr leakage and implementation
of the llPIS. The stroke time tests required of opemting practicca that wduce thennat
for Section XI are not completely elYective in cycles will prevent tracking of the pipes and

. .
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imzzles imin thennal fatigue. This should be ing of the welds and high strer. sed areas of
p supplemented by enhanced ultmsonic test- the base metal.

U
\

-

l

|MEFERENCES
1. Section XI of ASME Pressure Vessel Code, 5. Information Notice 82 03, Cracking tra l

Rulesfor Inservice Ittspectiorn of Nuclear IHpitty tf hiakeup Coolant 1.tnes at IMW |
lbwer Plant Cornpanents. Plants. ,

2. ASME OM Code, Code for Operaf ton 6, Information Notice 88 30, loss of Ther- |

attd hfainternance of Nuclear Poneer anal Slectvs in Ikactor Coolutit Systenn
'

Plants. Piping atul Certain Westinyhouse IWR
,

3. Information Notice 88 01, Safety Ittlec- IUwer Plants. '

tion Plj>e l< allure. 7. NUREGICR-4234 Vol. 2, Aylny s'd
4. Bulletin 88 08 and Supplements 1 and 2, Service Wear of Electrie blotor Opetuted

Thermal Stresses in Piping Connected to Valves Used in Enytneered Safely-
Rea ctor Coolatti Systems. Fea ture Systerns of Nuclea r IUuvr I'la tnts.
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HIGH PRESSURE INJECTION SYSTEM L

(HPIS) - PWR '

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

- Valves, I&C equipttnettt and pumps - Througin toall cracks ist tile Ittfec.
Itave expertenced the tinast tiott Iltte and nozzles have devel-

failures. opedjtvin thermalfatique.
.

- hiator-opemted valves are the tnost - Destyn and opetullornal chattyes
tmublesoine and risk slyntftcant and linpmved inspection attd test- '

active components. Ing teill e]]\'ctively matlage agitty.

/ 3 , N Botated water I

// \ stmaDe tank

,f \ ~'

( 'I $C 2 trom LPl$

js d :;**p4_- .

on j .a m

) -- g w. - L*s,a "* "

S f 0fLG [
Off,G J o
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To MCP nea's o

f tom tetdown storage tank *-

HIGH PRESSURE IN.lECTION SYSTEM

RECOMMENDATIONS FOR INSPECTION normally closed valves and check valves
1. Vahe packing, vahe bonnet connections, at the interface of primary coolant and

pump seals, piping and nozzles should be llPIS borated water.
periodically inspected for leaks and boron 3. Cables and wiring of pump and motor-
cryal deposits. Adjacent pipes and operated valve power and control circu!ts
eqwpment should be inspected for boron in harsh environments should be visually

, crysta) deposits. luspected during outages for evidence of
2. The major valves should be monitored for degradation fmm temperature, moisture

leakage with special attention to the or radiation.

., ., - . . - . . . - , - - - - - - . - - - - . . - - . . - - , . - .
A
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MAINTENANCE RECOMMENDATIONS
1 The vender recommendations for preven. 2. Guidance for maintenance of pump

tive maintentmee of the llPIS electrical motors, motor-operated valves, check
and mechanical equipment should be valves and the various eh etrical equip-
followstl. l'or example. Limitonpie valve ment components are given in the corres-
motor opemtors should have periodie 18- ponding thronunendations for Assessing
month routine maintenance for inspec- Aging.
tion, cleaning and lubrication.

OPERATIONS RECOMMENDATIONS makeup ilow to avoid thermal simek of the
1. Plants that use llPIS for normal charging injection nonles caused by the makeup

should maintain a continuous small flow cycling on and off.

YEST AND INSPECTION
RECOMMENDATIONS
1. The ASME Code Section XI inser a f 'he injection lines should be Ix riodically

testing of pumps should be suppleme. ed - sps "ed using enhanced ultrasonic
with measurements of the elects al .ea
characteristkw of the pump motors. 4 amp in i valve control circ lts should be

2. The ASME Code Section X1 stroke time tested periodically to insure they are
tests may not be effective in n:nnitoring functioning properly.
aging of motor-operated valves. Trending
of the parameters measumi for Generic Note: Section XI will refer to the ASME OM
letter 8910 tests shonid be considered. Code," Code for Operation and Maintenance

3. The nozzles safe ends and elbows between of Nuclear Phmts", for pump and valve
the cold leg and the first check valve of inscrelce testing.

9
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SUMMARY OF REERANCH RMsuLYN

FUNCTIONAL DESCRIPTION / BACKGROUND isolation, main feedwater/ main steam, aux-
Air systems are used in nuclear power plants lilary feedwater and the BWR scram system,
to actuate or control equipment that is vital Sin.co aging processes affect the compressed
to normal 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 effects. 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 lion piping,
affected by lA degradation are containment

BASED ON NPAR REPORT:
1. NUREG/CR 5419, Aging Assessinent of

Instnunent AirSysterns in NuclearIbtver

(. Plants, l190.
v

AGING RELATED ISSUES The compo- 3. FlLTERS: Blocking and clogging were
nents experiericing the most failures due to the major failure mechanisms on the pre-
aging degradation were compressors, cir filters and after-filters. This severely dimin-
system vahrs, dryers and filters. Ished the air flow in several cases.
1. COMPRESSORS: Failures were largely 4. VAIXES: Wear and corrosion accounted
attributed to wear from normal service. for more than half of the failures associated
Degraded operation was due to failure to with air system vahes. This resulted in ani

load / unload properly, and leakage, inability to open or close manual and power
2. AIR DRYERS: The dominant failure operated valves. Seat leakage was also a
mechanisms are blocking or clogging cor- common failure mode.

| rosion, deterioration, and contaminallon.

| This resulted in the dehvery of compressed
air with a higher dewpoint than specified.,

OPERATING EXPERIENCE Few events 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
Partial loss or degraded system operation and sorted to detennine the distribution of
were most common. Several cases led to air system failures among the major compo-

|
reactor scrams, and some introducted tran- nents. The ranges of the failure percentages

| sients 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

hydrocarbon contamination caused numer- allocation of resources.

_-_ _ _ _ _ _. _ _ _ _ _ _ -.__ _ _ .. _ _ _ . ._.
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Reciprocating colnpressors comprise 909 of tepresents falhlros that ocelllied in the 14th0

the IA compressors used. The adjacent figure to 18th years of operation.

00MINANI FAlttlRE MECHANISMS AND MODES

Wear |24'd PRt Blotting / Clogging l75'd
Congrener Col. Dr m !!!'d Failure to load /untoad reisture |13* d

Fallgue {14'd leds jair and olli illters Reduced Air flow
Blocking /Crgging |385d

Blocking / clogging {21',d 'pyg g,p (gsq
Drytrs Corresten (17%) Dessicant end tno!sturt

Dctenersuon ll5'd carry-09er Valves wear 129td f all to Open/Close

Contamination til'd Corrosion 122'd

Piping trosion/ corrosion Pit.cged. lens

Wear

34

Compressors I' i
'

idot ident!fied
Vanes J7%
Dryers t i

Others I
% , ,

7% i

Cakbtation Drift tlet Onnoad 3% lastrumstabon i- s

21 % - Contaminavan 3% piping -C~~)/ ubration 3%
Fatigue 14% Plugging' Clogging 7% 0 10 20 30 40 50 60

FAILURES OF RECIPROCATING COMPRESSORS PERCENTAGE OF FAILURES

O-

RESEARCH RECOMMENDATIONS Specific Maintenance P.ecommendations
1. Frequent monitoring. Including system AIR INTAKE & FILTER: Interior surfaceswalkdowns and visual inspection of key shouhl be free of rust and dirt. Filters sheuldequipment,should be a routine part of the be changed periodically to preclude highmaintenance program for the IA systeln. differential pressures (dp). This pressure andThe frequency of inspections and wal,s- g ggggg g gg g, ,

downs on air n'ceivers, piping. aftercool' itored: an unusually low dp could indicateers, and valves should be increased as the
a broken filter screen.

System ages.
2. Degraded pressure opemtion is the most AIR COMPRESSORS: Oil samples should be

common failure mode seen in the air taken to detennine it water intrusion or
syst em. Emergency procedures for particulate buildup has occurred. This will
response to and recovery fmm degmded eflectively supplement bearing vibration and
air system events should be developed, tauperature mcnitoring,
along with procedures for the response / INTERCOOLEiS AND AFTERCOOLERS:
recove y to the complete loss of air. Periodle inspec ilon and cleaning of the heat

3. Periodic testing for gradual loss of pres. exchanger tubes will insure that heat

sure should be perfonned to test the transfer capability due to corrosion buildup
perfonnanec oisafety grade accumula t ors, has not been affected.
check vahes and isolation vidves under DRYERS: The outlet dewpoint should be
these conditions. checked, preferrably by on line Inst rumenta-

4. Air system valves should receive more tion. Internal to the dryer skid are several
maintenance, particularly lA/SA cross important valves used for switching towers
connection valves, or low pressure isola- or blowing down excess moisture. Proper
tion valves. operation and alignment of these vahes is

_ . _ . , _ _ . _ _ _ -~. _ _ . _ _ ____. _ __. _. _ _ _ __ ., _ .-._._., _ _ _
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necessary to assure proper lA system periodically for f reedom ol' movement. At
rm operation. various locations in Ilic distibution system.
I VAINES: In the distribution of air to the blowdowli valves sliould he operated to
\> plant. solenoid operated valves and manual remove dessicant lines and moisture.

valves are used. These should be cycled

REFERENCES
1. EPRI NP 7079, Instnanent Air St/ sterns: 5. NUREG 1275, Vol. 6, Opetattny Expert

A Guide for Potver Platti 51altttena ttce en ce Yeedba ck Report Solen old Opera t ed
Person nel. Valve Problems.

2. NUREG/CR-5519, Vol.1, Aylny of Con- 6. Information Notice 90-11, Molntenance

trol and Service Air Cornpressors atld Delicletncy Associated With Solettold
Dryers Used in Nuclear Poteer Plants. Opcinted Valves.

3. IEEE 89THO248-5 PWR, Afattarenatice 7. Information Notice 88 24, FailureqfAir-
Good Pmetices. lor Nuclear IUuvr PIntti Operated Valves Allectln!1 Safety Related
EIcctricai Equipment ISOVs1. S yste m s

4. NUREG/CR 4819, Volume 1, Ayltifi a tul 8. USNRC Case Study Report AEOD/C701,
Service Wear of Solenotd-Operated Air Systent Problerns at U.S. Llyht Water
Valves Used in Safety Systerns qf Nuclea r Reactorn
Ibiver Plants. March 1987.
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INSTRUMENT AIR (IA) SYSTEM

Observations on the Aging
of Instrument Air Systems

- Normal tecar of the stjstern and - Most systern pmblents are detected
contantination qf the air damittate by local nionttoring, tealkdotens
the probleins of the LA systern. and inspections, and preeentatice

- Cornpressors air systern valves, maintenance.
and air dryers cornprise the inqjor.
ity qffalltares.

,
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Water Water Water (shaust '

BOUNDARIES OF THE INSTRUMENT AIR SYSTEM FOR AGING STUDIES

RECOMedENDATIONS FOR INSPECTION
Observe local conditions at the air compres- 3. Coolant water teinpetutuir and pressures
sors for proper operation of the systern and at the inter anti after coolers are within t

its key cornponents. This includes: lirnits
1. Inlet filter ditTerential pressure readings 4. Pressure drops across the dryer filters are

D are nonnal nonnal
2. No major air leaks exist 5. Dryer outlet dewpoint is low
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MAINTENANCE RECOMMENDATIONS * over haul of canipressor intenials, exaini-
In general, predictive maintenance asul nation of bearings, piston ticarances,
treinitrig techniques should be used to cyclinder cosulition. etc.
establish preu ntive snaintenance schedules e inspection and cleaning of heat ex-
for routine tasks sueli as dessicant chan- changers
geout, filter replacernent. and systern blow- * calibration of inWnuner,tation and con-

downs. Because the IA systern is continually tiols
operatilig, inalntenance to account for * air receiver intenial inspection and pres-
ex; ceted wear should be scheduled, such as: sure test

.

OPERATIONS RECOMMENDATIONS by opt rating personnel to assure continued
A great deal of infonnation regarding the satisf actory perfonnance of the 1A systern are:
ovendl health of the lA systeni can be gained a periodic blowdown of air receiver tanks,
through routine operator duties. legs of filter low points in the distribution systeni, and
dif ferential pressures, cooling water ternper- line filters
atures and pressures, and dryer outlet * actively pursue sources of air leakage
dewpoint arv important data for inonitoring * verify dessicant levels arr satisfactory
system pelfonnance. * Inspect operattoriof autoniatic condensate
Other activities which should be perfonned drain valves and traps

DESIGN / TEST RECOMMENDATIONS 2, The crossconnect valve between the

1 Periodic testing for gnulual loss of pres- Instnnnent Air and Senlee Air systems
sure should be perfonned to test the is a critical component. Status indication
perfonnance of salety grade accu mulators, should be considered, as well as manual

check valves, aral isolation valves. bypass or override capability.
Degraded pressure operation was the 3. Air quality should be monitored pc ciml-
most conunon failure mode obsenul for ically for adherence to design specifica-
the 1A system. tions or ANSI /ISA S7.3-1975.

- -
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SUMM ARY OF RESEARCH RESULTS

FUNCDONAL DESCRIPUOM/ BACKGROUND potentially unsafe conditions. Failure data
The reactor protection system (RPS) mea- were reviewed to identify failure modes
sures critical paramclers that describe experienced during operation and their
whether the reactor system is operating causes. At least 23% of the failures are aging
within a safe envelope, inillates alarms if an related but becaime the HPS ls a highly
unsafo condition is being approached, and redundant system only about 0.2% of the'

inillates engineered safety systems when component failures caused a system failure,
necessary to prevent further development of

BASED ON NPAR REPORT:
1. NUnEGICR-4740, Nuclear Pinnt Aging

Researth on Reactor Pmtection Systems.
1/88.

AGING RELATED ISSUES Aging is a con- environmental conditions, nonnal wear, and

cern for the RPS since the NPRDS and NPE corrosion.Too fmquent testing intervals can
data bases show that about 23% to 49% of also be an aging effect resulting in degm-
the failures am aging related. The aging dation of components Obsolescence of
related failure causes are !&C component electronte components is also a problem for
failure, mechanical wear, drift short circuits. older plants.

OPERATING EXPERIENCE The effect of EFFECTS OF FAILURE

RPS failures was determined from the toss ot system
NPRDS data. The largest effect was loss of runction

subsystem / channel followed by system subsysYm fChannel loss of Redundancy

funetton unaffected, loss of redundang, and 39 as . 17 0%

degmded system perfonnance. Only 0.2% of
DeGr ded systemg,gthe failures resulted in loss of system

funetton. ut7%
1&C component failure is the most dominant
failure cause that is not human related,

followed by wear / broken / damaged, drift and system runction

short/ grounding / arcing. The failure cause un*$ $'.2

classified as other includes fouling /bhickage/

O foreign material, overload / pressure, nonnal Failure of no one component stands out as

y/ wearout, and corrosion. Aging related causes being significantly more prevalent than
accounted for about 23% of the failures others. Ilowever, the components falling
reported in NPRDS. most often are sensors / transmitters (13%).

_ , - _ -. . . . , _ . , _ _ . - . _ _ __ _ ..__._ _ _ _
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electronic parts (13%), bistables (10%),
breakers (8%), power supply / fuses (8%), and CAUSES OF FAILURE
wire / cable /conectors (7%). Also, approxi-
mately 34% of the failures occurred during Other Operator. Maintenance

#'normal operations rather than during k'f,0'
,

maintenance, testing, or inspection. This
Enwronmentalfailure pattern and the research results y, lac componsnt

indicate trending parameters normally Support System NInedSured durilig maintenance, such as fadure
6',response time and calibrations, and the use

of adumced monitoring methods such as on Short Grgunding. g
line monitoring with comparison of redun- s., orm Error.

*'';n |jn.dant channels, and electrical circuit charac- 10%8% p,
terization and diagnostics. could be useful 10 z,

in improving the reliability of the llPS.

RESEARCH RECOMMENDATIONS A pre- refueling outage (18 months). The results
venthe maintenance program should exist from these suncillance tests provide much
for the RPS. The PM prognun should include infonnation that can be analyzed to provide
periodic testing, monitoring, and inspec- an early indication of aging degradation.
tions. Periodic tests are in situ tests per- Trending of the measured values, as well as
fonned in plant on the' equipment at sche- failure rates, not only pmvides mi indication
duled intervals to detect degmdation and of when components should he replaced but
verify operability. Technical Speelfications also provides a method of anticipating
trquire response time testing, functional component failure. Also, adnmeed monitor.
checks,channelcalibmtions and operational ing methods should be useful in detecting
tests to be perfonned on a periodic basis impending component failurr and thereby
ranging from twiec per day to once each improve the reliability of the ltPS.

REFERENCES There is a large amount of 2. Regulatory Gulde 1.22, Pertodic Testing
reference material available for llPS systems. of Pmtection System Actuation Systems.
Ilowever the following reflect those whleh 3. Regulatory Guide 1.118, Penodic Test-
may be readily accessible. Ing for Electrie Ibwer and Pmtection
1, |EEE Std. 338, Criteria for Periodic Systems.

Testing of Nuclear Potver Generating 4. EPHI NP 3416, A Guidejar Developing
Station Safety Systems. Preventative Afaintenance Pmgmms in

Electric lbtcer Plants.

O
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Hegh flua 7
Observations on the aging EIe=

* +
f_

of the Reactor Protection _

H9hAB _sSystem pmssure P-> y;
trip bittable

__

Sensors /transntitters, electronte Hf RC,,,, 7.,j~~~
~

~
,

parts, bistables, breakers, poteer tno b's**
__

supplayfuses, ancl tetre/ cable /cott- -n,e nc
nectors haec expertenecci the naast pressure P+ */

' " ' ' " " ' ' ' ' '"

faINm
~~

Power fkiw *Aging accounts for about 23% of tg,ua na ,Z 2-

,

the cornoonentfattures. --

, ,,,,,

Powet pump
-- h bypast

*Apptuvimately 34% of thejatitu~cs mo,nrty,,,, g,; ~/
_. <- Kn setten-

p,
teere cliscovered during nonnal -- --

( opeIY2tt011S, RC temperature r.p Z~
~

P *> j/_ pg9
RC pressure

k comparator
-

-

RC pressure P > / pre,ssue

[P->ess i e
.__

feedwater pumps --- p j-
A and B and / A

#
B

- _ ' _ _ . -
5 20%$rcactor power #

e, ros _> __

Generator turbine s
and reaciot power / , s 20%$

RPS TRIP STRING FOR ONE CHANNEL s 20% f_ _T_
o

hadC10f NBACIDI

frw jie bre er

RPS RFACTOR COOLANT PRESSURE CHANNEL

; -:- Penetration _m, RPS cabinet mReactor

| room controi roomcontarnnv
'

building x
| | ISP lo other bistablesr

i I I
1P Z gS tr p db$$I'b

I
T

Reactor Reactor Reactor Penetration Cable Instrument Test Buffer Cabinet Bistable
coolant bunding budding roorn feed- power module ampilher wire (includess

pressure cable penetration cable through supply and tnp relay)
transmitter and termina! (auxthary cable

stro butiding)
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RECOMMENDATIONS FOR INSPECTION 2. Cables atul wiring in harsh erwironinents
1. Itesponse tiine testing. futictiointl checks. should be visually inspected during

channel calibnttions, and operational outages for evidernt of degnidation froin
tests during all phases of operation. teinpeniture. Innistute or nidlaf ton,

MAINTENANCE RECOMMENDATIONS operation froin dirt, containination, har-
1. Trend resitlts of n sponse tline tests and dened grease and wear.

channel calibrations. 5. Monitor failures that occurduring nonnal
2. Trend failure rates of cornponents, operation and consider use of adnmeed
3. Clean connections if corrosion is noted. Inonitoring inethods where these failures
4. Perform PM on breal;ers to prevent faulty are a concern.

O

O
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EUMMARY OF RENNARCH RESULTS

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

BASED ON NPAR REPORT:
1. NURf GICR 5268, Aging Study of Dolling

Water Reactor Residual Heat Removal
Spstem 6/89.

O AGING RELATED ISSUES Aging is a con- while the system is in the shutdown cooling
cern for RHit systems. The cuttuation of or teMing mode. Operational stresses aw
multiple data bases showed that mory t'ian enhanced by the synergistle elTects of various
50% of the failures were attributed to aging. standby stresses. One important source of
Different aging mechanisms arr present, stirss is testing. Plants with a common
related to the operating status of the system. minimum flow line for 2 Hillt pumps, for
While in standby the aging mechanisms are: Instance, should closely monitor pump

* cormston perfonnance since aging can degmde perfor-
* set point drift mance, and lead to dead-headed pump
* embrittlement operation on one of the pumps. This can

Aging degradation due to wear takes place result in overheating and premature fallum.

OPERATING EXPERIENCE The effect of outboard isolation vakes, or a failure of the
each RHR failure on system perfonnance was valves themsches.
determined from the NPRDS data. Over half

DEGR DEDof the failures resulted in degraded operation
of the system. This implies that the system
can still perform its function: however if left
uncorrected, the failure could cause a loss [J
of system function- UNKNOWN
No failures were reported in which the 1%

complete loss of LPCI resulted. However, the
; complete less of the shutdown cooling mode,

of RHR resulted frem some of the component No Loss ofi

l failures. These typically involved a failure of EFFECT REDUNDANCY
: the instruments controlling the inboard or 25% 21 %

i
- . . - . . . - _ , - _. - .- ._- , . _ . _ _ _ _ , . . - . , _ . _ _ - - - _ . _ . . . - . . . - -
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2 RESIDUAL HEAT REMOVAL SYSTEM - BWR

Failure Mechanisms A failure mechanism Fciture Modes A f ailure mode is the man
is the physical, chemical, or other process by ner in whleh a component fails. The failure
which a component or system degrades or modes for the HilR system are diverse. The
fails. Since the HliR system has standby
modes as well as operational modes. there
are several different failure mechanisms. " " " * ' om as

/

sons,w ns [ N* *
~ son ums

; )j ]'[*ga s was

; n ww a .s y u s em .s

y awsa # v%n Q _j " " m "-

.- -) w,m,us own.u w

tm.s y am wem
se%w n predominant modes include 1.cakage, Loss of

Function, and Wrong Signal. I,cakageWear represents an exposure to stresses hwludes internal and external leakage ofencountered during operation, which results ,.;dves 4 dong with leakage of pump sealsin some portion of the component being worn ' lping and pipe fittings.The less of Functnon,

away. The failure mechanism classified as
node includes failure of an Instnnnent toOther includes embrittlement, fatigue, vihra- operate or failure of a ptunp to nm. The

tion, and fracturr. Deterioration includes

failures where a material of construction is
Wrong Signal mode includes a position
switch indicating a vahr is closed when it

broken down physically by the enviromnent is actually open. or a pressure transmitterto a point where it can no longer perfonn Indicating the inconect pressure.Its function: 1.e. Insulation or gaskets.

RESEARCH FIECOMMENDATIONS The llearing degradation ran lie detected by
operational readiness of the RiiR system can increasing vibration and temperatures.
best be assurrd from three tests: Likewise motor and pump degradation may

1. Valve stroke tests be apparent from increasing motor current
2. Control logic res;)anse tests or wlmung temperatures.

3. In-service inspection pump tests PREVENTIVE MAINTENANCE: Due to en
This choice is supported by the data which vironmental qualification requirements,
showed valves and instnunentation/ controls bearings, seals, and gaskets are replaced at
to be the two pntlominant types of compo. prescribed intervals. Activities such as

; nents in the RIIR system which fall. cleaning and lubrication should be period-
| The type and amount of periodic testing. ic Hy e nducted irgardless of whether the

preventive maintenance, and corrective pump is in standby or is continuously

maintenance performed on the major system ope U ng.'

components are described in the following The frequencies at which PM activities are
summary: performed are nonnally based on the equip-

ment's operating experience, plant configu-!

ration and the impact of pump failure onIUIR P g p n Um aMues des-TESTING: During the quarterly testing
M may usu n e ex ntrequired by technical specifications for RliR m sung at is pMonmLpumps, it is recommended that other infor-

mation is recorded such as bearing vibration IUIR Valves
and temperature, motor amps and voltage, TESTING: In accordance with technical
and motor winding tempemture. specifications, periodic testing is required for
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key RIIR ndves, including measurements of are also perfonned. PM on AOVs and Soist
ntive stroke time and valve seat leakage, is largely based on EQ mquirrments.
Technical specifications also requirrs that it should be noted that post maintenance
each valve in the flow path be periodically testing is perfonned for vahrs, especiallyw

checked to verify its cornet position. Other MOVs. Following packing adjustments or
periodic testing that utilities have success- torque / limit switch conections, stroking the
fully employed to monitor valve degradation ndve is useful to verify proper opemtion.
arr:
1. Relief valve setpoint verification (5 years) RIIR IIcat Exchangers
2. MOV signature analysis (18 months) TESTING: In senice testing, such as a heat

|

3. position indicator functional test (18 balance,is a standard non-intrusive test for i

months) detenn t ning heat exchanger capacity. Design i
As a result of numerous probleins with MOVs, calculations assume a certain amount of ,

further trscarch is bein;; conducted. Stroke fouling: the heat balance detennines the |
time testing may be of only limited udue, and continued validity of the assumption. Other '

the frequent operation required by testing periodic tests such as a hydrostatic or leak
may result in accumulated wear to the nihr test verify the integrity of the pressure
seats. NRC Generic letter 89-10 addresses boundary interfaces. Research is continuing
this concern. to determine the effectiveness of other

" " " " "" Y '" * " ' ""U "~""PREVENTIVK hfAINTENANCE: Utility pme-
tices for RHR vahr PM consist primarily of

'

inspection and lubrication. The frequency of PREVENTIVE h!AINTENANCE: The preven-
this activity ranges from annually to every tive maintenance activities speelfled for the
four years. Some util! ties also periodically HilR heat exchanger includes inspection.

( megger the motors on the MOV. Inspection tube cleaning, and a periodle replacement of
and lubrication of manual and check vahrs gasket s.q

REFERENCES 3. dulletin 86 01, Afinimum Flow Logic
1. Buliotin 88-04, IMtential RilR Pump loss. Problems That Could Disable RilR
2. Generic L6tter 89-10, Safety-Related Pumps.

hiotor Operated Valee Testing and 4. Information Notice 86-36, Failure of
Suwetllance, RHR Pwnp hiotors and Pump Intemals.

s

_ _ . _ _ _ .
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() AGING ASSESSMENT GUIDE
RESIDUAL HEAT REMOVAL (RHR)

SYSTEM - BWR
Observations on the aging LOW PRESSURE COOLANT INJECil0N (LPCI) MODE

of the Residual Heat '
Eucime P0wER r A-Removal (RHR) System I - --

;, ,

in BWRs. ,g d,A A
uov Mov

$UPRE S$10N RHR PUMPS

j',- Valves and 1&C equipment have Poot

expertenced the mostfailures visset

- To date, the c[Tects of aging have SNtIToown C00 LINO ISOC) MODE

not increased tvith time ELECTRIC POWER Q,
- Testing has been efective in | | |- RW,H,H,,,

,b, Rdetecting aging related tomatR ;'

degmdation +~# %
RHR PUMPS U

NNSEL
I

SERVICE WATER vd

RECOMMENDATIONS FOR INSPECTION
1. When in the standby mode, the pump 3. The major vahrs should be monitored for

areas should be checked for emirontr.en- leakage and appearance.
tal conditions; temperature, cleanliness. 4. The heat exchangers should be inspected

2. When a pump is operating, vibration for leakage, temperature.
levels, motor amps, anel motor winding
temperatures should be obsenvl.

MAINTENANCE RECOMMENDATIONS RHR Valves:
RHR Pumps: 1. Monitor the operator currentholtage,
1. Trend pump perfonnance (flow, pressure). 2. Check the relief vahr setpoints.
2. Monitor bearing temperature & vibration 3. Perform post maintenance testing follow-

(periodic testing). Ing correcthe maintenance aethities.
3. Perform an analysis of lube oli quality. 4. Trend the results of the technical spec-
4. Monitor and trend motor perfonnance ification tests.

(amps, windings). RHR Instrumentation:
RHR Heat Exchangers: 1. Routinely calibrate the Instrumentation
1. Trend the inlet and outlet temperatures. channels, especially those associated with

_b 2. PerforTn eddy current or acoustic testing system actuatiot., isolation and per-
(/ (or equhalent) to determine tube sheet missives.

condition. 2. Properly fill and vent the instnanents
following testing or maintenance.

a
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SUMMARY OF RMSNARCH WWEULTS

FUNCT)ONAL DESCRIPTION / BACKGROUND diesel generators and emergency core cool-
The Service Water System (SWS) in nuclear ing systems. Depending on the design, all or
reactors performs vital safety functions, as the part of the system will be exposed to raw
finallink between the reactor and the ultimate water. Therefore, the SWS components
heat sink (river, lake, cooling pond, etc.). The (pumps, valves, pipes, heat exchangers, etc.)
system also provides essential cooling to are subject to a wide range of corrosion
safety related equipment such as emergency mechanisms.

__

B ASED ON NPAR REPORT:
1. NUREG/CR 5379, NuclearPlant Semice

WaterSystem Aging Degmdation Assess-
rnent. Volumes 1 and 2. 6/89.

k AGING RELATED !SSUES The SWS is year. Mechanisms related to age-related
subject to age-related degmdallon. A 1988 degmdation caused ~60% of the SWS deg-
analysis indicated that the SWS at U.S. radation events. The principal degmdation
nuclear plants has a degraded perfonnance mecha- ms were corrosion, biofotding, and
rate of 0.4 per reactor year and a complete wear.
system failure mte of 1.5X10 2 per reactor

OPERATING EXPERIENCE in open (once- of functional failure was biofouling of heat
through) SWS types, corrosion was the exchangem, followed by cormston of vahes.
largest contributor to failure. Blofouling has in recirculating (spmy pond or cooling tower)I

i been a major concern at some plants, due SWS types, corrosion was the largest failure
| to infestation of species such as asiatic clams cause, predominanfly affecting vahes and
| and Zebra mussels. In closed (intennediate sensom.

heat exchanger) SWS types the largest cause

i

FAILURE MECNANISMS Corrosion. foul- icant SWS falhares include: emston. emita-
ing (biological and inorganic accumulation) tion, structural impact (water hammer), and
and wear are the dominant failure mecha- foreign debris. To a lessor extent vibration.
nisms in the open portions of the SWS. fatigue and thermal cycling have also,

( Additional mechanisms that result in signif- resulted in component funettonal failures.
L

. _ _ _ _ _ _ . . . _ _ . _ _ _ _ __ ___ _ _ _ _ _ . _ _ _
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l
FAILURE MODES Failure of valve operators BA$l0 ON LEH DATA FROM 1980101987
lias heell a tuajor SWS phenoinenon, but the !

cause is genendly corrosion related. lleat %,,, M," '

exchanger failures occur ptrdorninandy by at "' y;"' 1, my
plugging due to blofouling. but corro5|on is 4% UN

(also a significant snechanism. large pipe %* %$ tes
degnulation is due to corrosion: sinall p' es 'ET * "'a

D j. 'are also susceptible to plugging innn b ,a

gp '"f W!
en9.,,

or sedimentation Sensors fall by corross.a cm .n ,m,,

and by btilldup of deposits. "N ^
f AllUAE CATIGORY F A>t VRt IMCHr#SM

RESEARCH RECOMMENDATIONS Root and ch"Intstry. Where conilnned biological-
cause analysis should be performed to agents are active, a blocontrol program
understand the causative factors before (chemical, thermal, etc.) is an obvious

aging mitigation strategies arr implemented. rrqui rement.1:nvirotunental regulat ions can
For the aggressive and varied degradation linitt the extent to which some of these
factors found in SWS, it is important to ntinnmendations cari be pursued, and a
diff erentiate degradation eaused by corrosive careful consideration of alternatives is
chernistries from degmdation due to biolog- necessary to select the tuost cost-effv alve
Ical species le.g., microbiologically-i n fl ue r att! solution. Any changes to Ihe control prognun
corrosion (MIC)L should be accornpanied by monitoring for

finduced stressorw (e.g., denickelfication of
A necessary clement to miniintze degradation Cu/Ni heat excharigets by a chlortnation
in any type of SWS is conttul of water purity blocide).

REFERENCES
1, Generic Safety issue No. 51, frnproecd 3. NUREG-1275, Vol. 3, Operating fxperf-

Reliability of Open Serelce Wa ter System. ence Feedback Report-Service Water
2. Generic Letter 89-13, Service Water System Failures and Degradations,

Problerns A[fecting Safety-Related I llH8.
Equipment.

O
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O AGING ASSESSMENT GUIDEv -

SERVICE WATER SYSTEM
Observations on the aging
of the Service Water System
- Cormston, blofouling, and wear are suitnutotsit coaus

the leading causes of SWS age. SYsitu HEAT toao

related degmdation.
c'on$ tin"s*"gn'a"\E ' "|r - - - - - --- L - - L - - - - - -- - -"

"jconnot|~ ycjanget$ |- All aspects of lite system need to a

be considered, including wetted, trectue ,f | ostugu,_,, |non Welled, and ulldergmund com- PU ** ' '

Puptng'
,

ponents; the e[[cclit'eness of
| Pump p'O'ng and *

cathodic protection needs periodic
| |

Structurn

USSUSSMPUl*
| Intake Piping |- Components exposed to m# | And Structures -------- >;(chemically uncontmiled) water L -------------

" "requiref,nx]uent inonttoringfor
ag(ng dcgmdation, j tiLTIMATE HEAT SINK

<-.

j RECOMMENDATIONS FOR INSPECTION
1. Observe timely painting of exposed 4. look for local discoloration below system

structures. components and piping for evidence of '

2 Verily operability of eatimdie protection leakage (may also indicate excessive
circuits. condensation on cold SWS surfaces).

3 Flanges, joints, and pump and valve 5. Observe vibration and temperatum read.
packing glands periodically inspected for ings on operating SWS pumps.
visible leakage.

I

MAINTENANCE RECOMMENDATIONS
|Heat Exchangers: 3. Test tube oil quality.

1. Need periodle visual inspections and flow- 4. Monitor and trend motor perfonnance
' monitoring. (amps. Windings, temperaturel.

2. Appearance of biological deposits may j
|

requirr mechanical and chemical cleaning Valves: I
if interference 'with heat" transfer is 1. Monitor motor opemtor curreatholtage:
Indicated. inspect valve surfaces for corrosion or

Pumps: biofouling if excessive.
1. Perfo m trending of pump performance 2. Trend results of technical specification -

(flow,' pressure). tests.
2. Periodically monitor bearing tempemture - 3. Operationally test system valves on regular

3 and vibrallon. frequency (18 month cycle).

1

-
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The USNRC Office of Nuclear P?gulatory Research has implemented hardware-oriented
engineering research programs to identify and resolve technical issues related to
the aging of systems, structure, and components (SSCs) in opera'ing nuclear power
plants. This report provides a summary of those research results which have been
compiled and published in NUREGs and related technical reports. The systems,
components and structures that have been studied are organized by alphabetical
order. The research results summary on the SSCs is followed by an assessment guide
to emphasize inspectica techniques which may be useful for detecting aging degradation
in nuclear power plants. This report will be updated periodically to reflect new
research results on these or other SSCs.
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Nuclear Power Plants - Aging, BWR Type Reactors, PWR Type Reactors, Unlimited
Reactor Components - Aging, System Failure Analysis, Inspection, a m um n aa - w *

Reactor Safety - Research Programs, Performance Testing, Reactor < r ~s i

Maintenance, Reactor Operation, Recommendations, Technology Unclassi fied
Assessment, Reliability. < ra a-e
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