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. Abstract !

This report describes the aging research results and Thus, Phase 11 of Nuclest Plant Aging Res(arch was
recommendations for snubbers used in commercial conducted to enhance the understanding of snubber
nuclear power plants. Snubbers are safety-related aging and its consequences. Pacific Northwest Labora,
devices used to restrain undesirable dynamic loads at tory staff and their subcontractors, Lake Engineering.i

various piping and equipment locations in nuc! cat and %)le Laboratories, visited eight sites (encom- !
power plants (NPPs). Each snubbet must acconaidate passing thirteen plants) to conduct inteniews with NPP
a plant's normal thermal movements and must be cap. staff and to collect data on snubber aging, testing, and
able of restraining the maximum off. normal dynamic - maintenance. The Phase Il research methodology, eval-

'

loads, such as a seismic event or a transient, postulated uation, results, mnclusions, and recommendations are i

for its specificloca on. The effcCs of snubber aging described in the report. Effective methods for service- ' 'd

and the factors that contribute to the degradation of life monitoring of snubbers are included in the
their safety performance need to be better understood.' recommendations.
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Summary

- Snubbers are safety-related devices used to restrain . insenice operational environmental influences, e.g.,
- undesirable dynamic loads at various piping and equip- vibration and clevated temperature, Duc to the lack of
ment locations in nuclear power plants (NPPs). Snub- service.related information pertaining to mechanical

_

ber operebility is mandated by the Code of Federal . snubbers, special emphasis was placed on gathering such
. Regulations (CFRs). The CFRs stipulate that systems, information for these devices.
structures, and components (SSCs), e.g., snubbers, shall

|

be designed to withstand the effects of normal and off. The following objectives were developed for the aging I

normaldynamic phenomena.1 In the mid 1980s, the investigation of mech nical and hydraulic snubbers
. U.S. Nuclear Regulatory Commission (NRC) recog-
nized the need to enhance snubber performance enhance the understanding of how snubbers*

through aging studies and improved senice-life moni. degrade due to aging
toring techniques. The NRC's Nuclear Plant Aging
Research (NPAR) Program Plan provided the vehicle enhance the understanding of snubber failurea

. and the logical sponsorship to undertake preliminary characteristics '
,

investigations into snubber performance and aging.
Pacific Northwest Laboratory (PNL) and its subcontrac- determine the technicalinformation needed to
tors, Lake Engineering (Greenville, Rhode Island) and improve the level of snubber performance.

- Wyle Laboratories (Huntsville, Alabama), performed
the snubber research. Tb meet these objectives, in-plant research was under-

. . taken with cooperating nuclear utilities. Wo ,

- This report describes the Phase 11 NPAR in-plant aging information. gathering methods were used during the
research conducted to enhance the understanding of ' research The first method included inteniews with

^ snubber aging and its consequences. The in-plant aging plant maintenance and engineering staff. The second
research was based on a research plan by Brown et al?, involved analysis of plant operating data, including
which clarified the relationship between snubber aging maintenance records and inservice testing and exami-
and snubber degradation and identified additional infor- nation records. Plant selection was based on several fac-

.

mation on aging hydraulic and mechanical snubbers Ihat . tors, including availability of staff, plant procedures,
requir '"Jie inustigation and analysis, snubber types and length of senice, and plant types

(BWR,and PWR). It should be noted that the in-plant
This report presents snubber aging research, testing and research was conducted on generic types oisnubbers,'i.e.
failure data, and service-life monitoring recommenda- acceleration-limiting mechanicals and lockup, bleed
tions that distinguish between aging- and nonaging- hydraulics. These generic types constitute a majority of

. related snubber failures. The graphics, tables, and ; snubbers installed in U.S. NPPs.
supporting text illustrate this distinction.- The report
supports the perspective that snubber failures are Thirteen plants at eight different sites were visited dur.

- closely related to age-related degradt Ion caused by ing a three-month interval. Snubbers used at five of the
sites were primarily mechanical; snubbers at the remain-

- 1- Normaldynamic reactions a e those associated with thermal expan' ing three sites were primarily hydraulic. In addition to
sion and contraction or plant systems during normal startups or - the site visits, over 70 telephone inteniews were con-shutdowns. Ofr. nortnal dynamic reactions involve loads not associ. gg .gE g ,g g S gsted with normal operations such as postulated seismic events.
28 town. D. P, G. R. Palmer EN Werry, and D. E. BlahniL 1990, U.S. Snubber * hands.on" research was also conducted at
Basisfor Snubber Agmg Research: Nuclear Plant Agmg Research Lake Engineering's facilities; this work involved the

'.Proyam. NUREG/CR 5386(PNL 4911), prepared for the U.$. dj5 assembly, examination, and me3Surement of mating'
Nuclear Regulatory Commission by Pacific Northwest Laboratory, parts associated with hydraulic snubber seals.

'

Richland, Wash ngton.

ix NUREG/CR-5870
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Summary

A primary goal of the site visits was to gather infor- reason, the root cause of snubber failure or degra-

mation that would fulfill the objectives. The first two dation should be determined. Diagnostic testing is

objectives were met through an assessment and evalu- useful for this purpose as well as visual evaluation,
ation of recent snubber performance history at the sites particularly during snubber utsasumbly. Personnel
Msited by distinguishing between snubber failures training in these activities is also recommended.

telated to senice (aging) and failures related to non- -

Because plaat operating environments may differservice (nonaging) causes,it was concluded that -

approximately half of all snubber failures raay be attri- from design specifications, general area and

buted to service related influences. Service-related environmental conditions should be monitored.
failures are defined as those due to environmental influ- Depending on the range of environmental stressors
ences, transients, and vibration; nonsenice-related fail. in the plant,it may be practical to establish more

ures are def~med as those Jue to other innuences such as than one sen'icedife population.
installation damage, Nintenance deficiencies, manufac-

Snubber applications (locations) invohing specificturing defects, not N1ated to senice time. *

severe environmental in0uences (e.g., high tem-

All of the etWonmentalinDuences, including elevated peratures, high amplitude vibration) should be iso-
temperatme, vibration, and moisture, can degrade the lated and assessed on a case-by-case basi., SuJ

performance of mechanical snubbers by increasing drag applications may require in situ monitorhg fre
and breakaway forces and by changing the activation quent surveillance, maintenance or snubber
acceleration thresholds. Data in one plant indicated an replacement.
increasing trend in mechanical snubber drag force with

Service life for the general snubber pcipulation (i.e.,service time. For hydraulic snubbers, high temperatures *

in isolated operating areas can rapidly degrade seal snubbers in a moderate environment that are not

performance. Radiation probably contributes less sig- subject to short-tcrm degradation) should be estab- r

nificantly to aging than was originally hypothesized, lished by trending relevant degradation parameters. -

The research Indicates that Guld leakage in hydraulic Bccause the primary failure mechanism of concern
snubbers is commonly associated with leaking hydraulic for seals is low pressure leakage, snubber seal life

fittings; however, it was not determined precisely what should be primarily based on predicted low pressure

percentage of the fitting leakage is caused by this service seal performance. Baseline data is essential for
environment. Furthermore, the research indicates that trending.

a significant number of sealleaks are attributed to
*1 lands-on" evaluation methods, such as hand strok-short term degradation in high temperature applica- *

tions. At one BWR plant, the incidence of seal leakage ing, are useful in identifying potential snubber

was higher at elevated temperat i the drywell than degradation, particularly degradation caused by
in other areas of the plant. This t ing supports the dynamic load transients.

premise that seal degradation can de accelerated by
Evaluation of test parameter time traces obtainedexposure to higher temperatures. *

during routine functional tests is useful in identi-
He following recommendations for service-life moni- fying performance anomalies that may be indicators
toring guidelines were developed as a result of the in- of snubber degradation.

plant research:
Test machines used for trending and for diagnostic*

It is important to distinguish between service- tests should be capable of providing a time trace of*

related and nonsenice-related failures. For this load and velocity. Important enteria for test

NUREG|CR-5870 x

_ _ - _ _ - _ - _ - _- _______



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

F y)
yg
*

,

5;' *
.

'

FA W j

,

-

I
Summary ;

. t

,

~ machines used for trending are accuracy and repcan Oserall, the nuclear industt y is making progtess in snub-
'

1

ability, Another important feature, especially for ber inspection, testing, maio tenance, and reduction pro-
diagnostic testing. is the ability of a test machine to grams. These Activities protide a basis for an improved

,

: vary the magnitude of test parameters such as velo- understanding of snubber p rformance. Plant staff have .
. city and load. Identified severe emironments and have modified thc

'
,

"-
em f ronment or replaced (nubt'ers with more durable ;

~

__

.

Service life projections based on data from snubbers m')dels. Additionally, tr. ore effective arid realistic
exposed to the actual plant operating emi c ..nent functional test accept *.nce limits have been developed to Ia
are generally preferable to analytical service-life significantly reduct failure rates. Although many plants ,

projections. routinely eva! ate snutsbers for failure causes, the ,

research, indicates that many plants have yet to
implement formal sersice-life monitoring programs.

.

t

..

s,

r
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Definitions

!

Activation: The chhnge of conditions from passive to acthe,in which the snubber resists the rapid !

displacement of the attached pipe or component.
,

.

Aging: Showing the effects of time or use in the physical characteristics of a snubber.

Aging management: Engineering, operations, and maintenance aethities to control aging degradation and
fallutes due to aging of snubbers to within acceptable limits.

Aging mechanism: Process that gradually changes the physical characteristics of a snubber with time or -
use,

As-found testing: 'Ibsting before conducting any aethity that could affeet test results (usually applies to
,

snubber testing after removal of a snubber from scivice, but before any maintenance
aethities are conducted).

Bleed rate: (See ' Release rate ") - t

Breakaway force: The minimum applied force required to initiate extension or retraction of the
snubber.

Compression set: The amo'unt of permanent deformation of a seal expresse I as a percentage of the
initial seal deflection.

- Degradation: Immediate or gradual deterioration in the physical characteristics of a snubber, which
could impair performance of any ofits design functions.

Degradation cause: The drcumstances during design, manufacture, or tise that have led to degradation.

Degradation mechanism: Physical process that results in degradation.

Degradation mode: The manner or state in which a snubber degrades,

Diagnostic testing: 'Ibsting to determine the cause or mechanism associated with degradation or failure.

Drag force: The force required to w.aintain snubber movement at a low veloci y before activation.

Dynamic scal: A seal used where there is relathe motion between the seal ar 1 its mating surface,
i

. Examination: - Visual observation for detecting of improper installation and impaired functional
ability caused by physical damage, leakage, corrosion, or degradation from environ.
mental or operating conditions.

External scal: A seal used to isolate the hydraulic system from the surrounding environment.

xv NUREG/CR-5870
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Definitions

Failure: Inability or interruption of ability of a snubber to perform its design lunction within
acceptance criteria.

Failure analysis: Sptematic process of determining and documenting the mode, mechanism, causes,
and root cause of the failure of a snubber.

Failure mechanism: Phpical process that results in a failur';. -

Failure mode: The manner or state in which a snubber fails.

Failure mode group (FMG;, A group of snubbers that have failed and those other snubbers that have potential for
. similar failure.

High-amplitude sibration: Vibration having an amplitude greater than the mechanical clearances in the
snubber's end attachments.

High-pressure seal: A seal that provides a scaling function under high-pressure conditiorn (i.e., greater
than 1(K) psi).

Hydraulic snubber: A restraining device in which load is transmitted through a hydraulic Guid.

Inspection: Observation or measurement to verify that the physical characteristics of a snubber
conform to acceptance criteria,

Intctnal seal: A seal used to isolate high pressure and low-pressure chambers in the snubber,
!
"

Ircking selocity: The extension or retraction velocity of the snuhber piston rod at which the control
salve h>cks, no longer allowing free motion.

Low amplitude vibration: Vibration having an amplitude less than the mechanical clearances in the snubber's
end attachments.

Low-pressure leakage: Sealleakage when the snubber is not actisated (i e.,when the snubber b unlocked and
not pressutized).

Irw-pressure scal: A seal that functions under low-pressure conditions (i.e.,less than It0 psi).

Mechanical snubber: A mechanical device designed to restrain piping or equipment during abnormal
accelerations and to allow free thermal movement under normal operating conditions.

Normaloperating conditions: Operating conditions during reactor startup, operating at power, hot standby, reactor
cooldown, and cold shutdown.

NUREG/CR-5870 xvi
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IDefinitions

' Position setting: Measurement that indicates stroke location as measured from the snubber's fully -(
retracted position.

. Post-maintenance testing: . 'Ibsting after maintenance for component functionality and for verifying correct
'

maintenance,-

. Predictive maintenance: A form of preventive maintenance performed periodically or continuously to monitor, '

- inspect, test, diagnose, or trend a snubber's performance or condition indicators;
results indicate or forecast functional abDity or the nature and schedule of planned

,

maintenance prior to failure.

Preventive maintenance: Periodic, predictive, or planned maintenance performed before failure of a snubber in
order to extend its senice life. *

Release rate: The rate of the axial snubbet movement under a specified load after the snubber is
. activated.

,

Root cause: The fundamental reason (s) for an observed condition, which when corrected prevents
. Its recurrence.

I Seallife: The amount _of time that a seal is allowed to remain in service without replacement. ,

Seallife begins at the time that the seal is installed and continues for a pre-established
period based upon expected performance.

Senice life: Period from initial operation of a snubber to retirement or overhaul.

Servicelife population: ' A population of snubbers having the same senice life.

Static scal: A seal application where there is no relative motion between the seal and its mating
._,surface, "

Stressors: Factors tha? promote degradation.

| Surveillance: Observation or measurement of the performance or physical characteristics of a
snubber to verify that it conforms to acceptance criteria.

.. Synergistic effects: Changes in the physical properties of a snubber or a subcomponent caused by two or ,

more stressors interacting so that the total change is different from the changes
caused by each stressor acting independently.,

P Trending: Recording and analyzing in service data with respect to some independent parameter
(usually time or cycles):

..
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1 introduction

' Mechanical and' hydraulic snubbers are safety-related Laboratories (Huntsville, Alabama). The interim
devices designed to restrain undesirable dynamicloads Phase 11 study by Brown et al. (1990) resuhed in prelimi-

+

at various piping and equipment locations in nuclear nary imestigations that further clariGed the aging ques- ,

power plants (NPPs). Snubber operability in Nuclear tions and identified additional informatiort on aging that
Power Plants (NPPs) is mandated by Title 10, Part 50 of should be assembled and analy/ed for both hydraulie
the Code of Federal Regulations (CFRs), Appendix A and mechanicalsnubbers. henty-four nuclear power
and Appendix B. These regulations stipulate that utilhies were also surveyed for information on snubber

,

. sptems, structures, and components (SSCs), which operating experiences.
: includes snubbers, shall be designed to withstand the
effects of normal and off normal dynamic phenomena.1 The preliminary Phase 11 investigations defined the
Each snubber must accommodate normal thermal snubber in-plant research scope and determined that a
movements of plant piping or equipment and be capable special research emphasis should be placed on mechan- *

of restraining the maximum off-normal dynamic loads ical snubbers. The following objectives provide the
postulated for its specific location. However, snubbers - scope of the Phase Il research described in this report:
are subject to the effects of aging,and the factors that
degrade their safety performance need to be better determine how snubbers age and degrade+

understood. This report describes the Phase 11 NPAR
in-plant aging research conducted to enhance the under- define snubber failure characteristics*

. standing of snubber aging and to mitigate aging effects.,

determine the technicalInformation needed to*

in the mid 1980% the U.S. Nuclear Regulatory Commis- improve snubber senice-life performance.
sion (NRC) recognized the need to enhance snubber
performance through aging studies and improved Tb meet these objecthes the in plant research involved:
service-life monitoring techniques. The NRC's Nuclear
Plant Aging Res
(USNRC 1987)',carch (NPAR) Program Plan, Rev.1.reviewing existing service data*

provided the vehicle and the logical
sponsorship to undertake preliminary investigations evaluating the effects of comprewion set ofr

. into snubber perfctmance and aging. hydraulic snubber seals

.The NPAR Program Strategy has traditionally specified developing senice life monitoring guidelines+

a two-phase approach. Phase 1 of the NPAR snubber
research was undertaken by the Pacific Northwest ' improving the understanding of aging in mechanical+

3Laboratory in 1985 and resulted in an initial aging snubbers.
Massessment of snubbers and a snubber reduction evalua;

tion study by Bush et al. (1986). The Phase 11 snubber The research staff planned and conducted in-plant
; research was conducted by PNLwith support from Lake research that involved selecting the sites for rescatch.
Engineering (Greemille, Rhode Island) and Wyle. sisiting the sites, and gathering and analyzing data on

I
Normal dynamic reactions are thse asscoated with thermal expin- ;

sion and contraction or plant systems during normal startups or shut'- The n adology of Ihe situbber in-plani rescarch .isdowns. Orf normal dyname, react ons invalw loads not awdated mth
, normal nperations such as postulated seismic events.

g g g g
[ f2The NRC's initialversion of the NPAR program plan wa issued in cuss the results, conclusions, and recommendations

July or tw3. from the in plant research, respectively. Section 6.0 ~3
Paciric Nonhwest I attratoryb operated _ty Baucile Memorial includes recommendations for additional snubber

_

Institute tar the US Depirtment or Energy under Contract
DEACnM6RI.O 18M research. In addition to supplementing investigatioin by

.

f-
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; Introduction
i

11rown et al. (1%C), the research findings presented in h.tison with industry and NRC stalf Additionally, the

this report support key elements of the NPAR program report supports the assumption that snubber failures are

strategy, including disemination of technicalinforma- closcly related to aging degradation caused by opera.

tion, recommendations to improse applicable codes and tional ensironmc ntal influences, e.g.. sibration and

standards, guidelines for service-life predictions, and cicsated temperature.

_

.

)
t
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2 Methodology of Snubber Aging Research

This section describes the site selection process and the - testing
in plant research methodology used to determine the
effects of aging on snubber performance. - snubber tracking

2.1 Methodology snubber irending-
.

Plant selection and the method of on-site visits are dis- . experience in utilizing in situ enyttonmental*

cussed in the following sections. monitoring instrumentation.

2.1.1 Key Site Selection 2.1.2 In Plant Research Methodology

b Selecting the cooperative key sites was an important Af ter the key sites were selected, site visits were planned
preliminary step of the in-plant research. Key sites are and scheduled. Tbchnicalstaff at cach plant devoted
defined as those plants that participated directly in the two to three days to assist in gathering relevant infor-:

- research by prosiding their facilitics and making avail, mation during the site visits, and extensive snubber

able appropriate engineering and maintenance staff for documentation was made available for review by the
on-site inteniews by NPAR staff sad subcontractors; in-plant investigators. A total of thirteen plants at eight
Plants with effective inspection and testing programs sites (A through G)were visited during a three-month -

-and staff with experience in root cause analpis were interal(see Figure 2.1). Five sites were designated as *

primary candidates. key sites in eval _uating mechanical snubbers. Of these,
three (six plants) are of PWR design and two (four

The following criteria were applied in the site selection plants) are of BWR design. Wo sites were designated
process: as key sites in evaluating hydraulic snubber aging. Both

of these sites (4 plants) are BWR design. One site was
willingness to participate visited for information pertaining to in situ monitoring*-

of environmental stresv)ts; the plant is a BWR design.
sr.uihr type, i.e., mechanical or hydraulic*

r , r m e , ,

plant type,i.e., BWR or PWR " " *""" " " " ""*'8""bb"'s in sito urmrio,ing+

Snubbers of t'nvironmental
Sn. c si, E Stressors

- + - snubber service time Un " * " , , , [", ,,",
t r-, ,,,, o

,,,n

knowledge anu/or available information in the *+
s,,, o W~

- following areas: Un* , Z" , g",, '

f Planf 3HeU9e4

failure evaluation ' > 77-

nwn
' ' ' * " '

: root cause evaluation-

t J
,

-identification nf operatin
- measurement of the level'g environment and Mgum 2.1 Scope of Snubber In. plant Research at

-

ofenvironmental
stressors Wt Stes M through GJ

cffects of environments on snubber-

performance

3 N UREG 'CR-5870
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j? * ~

-
,

approximately 70 telephone contacts made withThe research methodology used during the site visits e ,

consisted principally of the following: various operating plant personnel '{

A-- on-site inteniews with knowledgeable plant;- ' specific research involving snubber disassembly,*

; personnel examination, and measurement of parts. The activ- >
'

ity occurred both on-site and off-site. (This actMty
review of plant operating history - was conducted at 12ke Engineering Company's,*

Rhode Island, facility for the evaluation of compres-
- snubber tracking databases sion a of hydraulic snubber scals. This work is dis-

e esed further in Section 3.13 of this report.)

failure evaluation reports-

use of"in.housc 'nformation avullabic to %)lc
a*

functional test data Laboratoriss, lake Engineering Company and PNL .-

(Personnel from Wyle Laboratories and Lake Engl.

mainter.sace practices.- necting Company have many years of experience.

working with NPP snubbers and supporting
.Other methods used during the in-plant research equipment.)
consisted of the following:

..

.

:

.

,

d

4

,

t

e

q-
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3 Evaluation of the In Plant Snubber itesearch

in this section, the research data on snubber selocity limiting feature. Approsimately M of all
performance and failure causes and mechanisms is hydraube snubbers in NPP service utthic a dual mode,
evaluated. lock-up bleed type control valve; the remaining I'i

untire a single rnode, velocity limiting dedgn. The acing
3.1 Review of Available Industry research primarily focused on the aging chaianerisues

g . ice Data " "E " "

up bleed type hydraulic snubbers Much of the infor-
mation, however, obtained in the rescatch would also be

A key goal of the plant visits was to evaluate the recent _

expceted to be characteristic of the remainir g snubberperformance history for both med enical and hydraulie
types due m similarities of design features, e c . ball nut

snubbers in NPP service. Data on the number of dad screw for mechanicals, seals for hydraulib. and
recorded failures and data on 'he types of failures and ~

common environmental streuors
degradation w as aise re*. bed, An imponant distine-
tion was made between data <m aging-related and

3.1.1 Snubber Perfornthus 5'ersus l'ailurenonaging.related failures; this is addressed in See-
tion 3.12. Summary repons for all site visits are Mechan. isms and Causes
included in Appendtx A.

Snubber failure causes may be pencially catepon/cd mio
During the site visits,information was obtained from fhe groupv
plant operating records. The Snubber Utility Group

l
'

*
(SNUG) database and *in-house' databases were also Dencicnao in instauntion, handling, and
reviewed, It should be noled that the majority of maintenance

failures for both mechanical and hydraulic snubbers
have been identified by functional testme. The numb (r Endronmental innuenm (ep ebated-

of failurcs found by visual examination,im the other tem peu ure, moist ure, e tc.)
hand, has been minimal.

Tra nuents (overloading)*

From the number of failures evaluated during the site
.

rationvisits, some correlations can be made between failut e *

mechanisms and failure causes under comparable serv-
iec conditions, However,significant differences in plant gn or tnanufadunng Macndaa

desien, the bck of precise time-based environmental
data'and th e6ects of more than one environmental 3.1.1.1 Mechanical Snubtwrs

stressor of ten pruent the use of snubber aging data on a
ceneric basis. This supports the need for some decree of DC 33 li'!s by category the number and causes of {E

57

' plant-specific senice-life monitoring.
'

mnbnical snu%er fadures n'poned by W G R
and E Data supporting these f ailure causes w

uned during plam Mie uh Me M s paphbHyIt should be noted here that apprmimatch 95'.i of all o

mechanical snubbers in NPP service are the acceleration mustrated in Figure 31. A more detailed disuoion of

limi'ing type; most of the temaining 5G incorporate a the engas of aging on muhankal snubben b proudN
in Secuon a 3.

iThe fm.t compilahon of data on muthr n5[ccer; anJ leus
wvenng the pennd Un6 to F% !ssued by M ,l'G, w n made av idaHe 3.1.12 Ilydraulie Snubbers
13 the Nudear Man gement and Rewunes Cecnc4NUM ARC ) M.

tne NRC and PN14m Jeuaq PM. An m!cnul. unpuN6hed rew w 01 a tom of Sri reponed h@aulic snubber fadmes nomet the data un prtwated 15 f%L stat!in Sept mker of 1*>s')
d il tk nwM (d' bdum h I'md

- Nl TR f N WR.En

i
l
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1 Evaluation

'

T .e 3.2 II draulle snubber failuren by category: T ble 3.1 hfect nical snubber failures by entegory 3

-_

Number Number -
of of

Category Failures Category Pailures

Installation / mishandling /mainic nance 143 Ins tallation/ mishandling %ain te na nce 16

Emironment -- 59 Environment 26 .

- Transients 'and vibration 94 Transients and vibration 18

Manufacturing Defects 52 Manufacturing Defects 4
2

- Unknown S- Unknown M

Total Number of Failures 357 Total Number of Failures 86
,

,

!"|14TC2*C'
L.e " i' yram .

nJ -

,

?"y yj sm''n a >' ,
7='"f.h,4

-"

i N.,s .,
~~ .

i .. -
m u y ...,, # g,,, o j

_.

.
-- . . .;

-,...j - , . ,,j

*|1 )- /1. ,I ' ' ' *
.. -

1 == gg *= - g*; * - j gj _

. n ...~~ ,, - , ..-o.~. w .., , , , , . . , ,
hw hased a,eeg #eeed 9

-.

il igure 3.1 hiechanical snuhlwr failures by category
figure 3.2 flydrhulle snublwr failures by category

!F ~ failure cause category in Table 3.2. TL is graphically
E illustreted in Figure 3.2. As shown in Figure 3.2, for hydraulic snubbers,26 fail-
> . urcs were attributed to the environment category and

18 were attributed to the transients and vibration cate-

3.1.2 Aghtg Related Versus Nonaging Related . gory. Plant service influences, therefore, accounted for
approximately 51% of the total number of aging-related

l' allures failures (see Figure 3.4).

L As shown in Figure 3.1, for mechanical snubbers, . 4,y,,, Datafor both hydraulic and mechanicalsnubbers .
59 failurcs were attributed to the enviro sment category

repectsf.ailures identified between 19M and 1%0.
and 94 were attributed to the transients and vibration g fm i h'ata repect
category. Thas,approximately 43% (153 out of 357)of failures identyica during thefirst three <>four -
the failures were assoQted with actual plant service and rWigog's. 'Ndm/ic snWerdata

- are classified as aging-related failurcs (see hgure 33). repecifitilures idenn]ied'her.reen the tenth and
fifteenth years ofplant operation.
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Able 3.3 11ydraulic snnbber leaks versus plant
O location in a HWR plant7 s,

mwn
..

Tbtal - No, of % of

- f. Snubbers Indicated Indicatedj
j m m .. Area Inspected Leaks leaks

[ Drywell '263 39 14.8-

p
n- Remainder of 287- 27 9.4

the Plant |
Figure 3.3 Aging-related versus nonaging related '

failures in mechanical snubbers

16 /
#:ss unknown - 23% Neneging A.lat.d

1<
12w

- 10] .

_ Percentage 7 7 ,

of Leaking ig
Snubbers 1

/ lS/ 7'x / 4
s , s ..,n ....... u

Figure 3.4 Aging-related sersus nonaging related o - r q
failt..cs in hydraulle snubbers Dwell Balance of Plant

,

Snubber Location3.1.3 Environmental Effects on Elastomeric
.

.' Seal Degradation Rate
Figure 3.5 I eating hydraulie snubbers by hwation in a

llWR plant
The number ofleaking snubbers no'ed in the dryweilg

. during a recent visual examination for one plant at 3.1.4.1 AgingVersus Non-Aging Related Seal
Site A was compared with those found in the remainder ; l)cgradation
of the plant. The results are tabulated in1hble 3.3i As
indicated h the data, the incidence ofleakage was sig-

Most cases of hydraulic snubber seat leakage are not
nificantly greater for those snubbes installed in the dry- directlyattributable to long-term environmental effects;
well (see Figure 3.5). This indicates that, at least for this -

This conclusion is based, in part, upon data collecteu in
plant, monitoring a separate population (by plant area),

the research as well as discussions with plant personnel
for purposes of establishing seal life may be practical.

and the field experience of the authors. This is illus-
trated by the maintenance observation data presented in

3.l_.4 Seals and Leakage Thble 3.4.- Thble 3.4 indicates that from a total of
15 hydraulk snubbers at Site A removed from service

L The following subsections discusimaintenance practices because of significant !cakage, there was very little
; and aging phenomena that are associated with hydraulic esidence of seal degradation due to aging (see Fig-

h| ' _.ure 3.6). However, most operating plants have identi-~ fluid leakage.

fied a limited number of snubbers in isolated areasI

(generally involving high temperature) where seal

7 NUREG/CR-587t:
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$hble 3.4' Maintenance observations for 15 leaking * ^ " " * * *
- snobbers at Site A

Snutber- - Obscwations

1- Finger-tight fill plug. No thread scalant.

2 Elevated temperature affected paint. No
thread sealant.1/2-diameter tear in the -
accumulator piston seal. Particles in the
fluid. e wam "***

~
;3 No thread scalant. Imose fill plug.

- Thread damage. - Pinched 0 Ring in the rigure 3.6 Aging versus nonaging-related sealleakage

main cylinder head (gland area). Residue
' from pinched O-Ring on the main cylin. degradation has resulted in leakage in a relatively short

der. Also, residue on cylinder head. period (1 to 2 operating intervals). Management of
these snubbers generally involves augmented inspec-

_4 No thread scalant. Main cylinder O.RinE tions and/or frequent seal replacements.
'' pinched on gland end. Seal was cut during ;

assembly. Thread damage at fil! plug. Fill As noted in Section 3.13, a cornparison of the
_ plug tight. percentage ofleaking snubbers observed in the dr)well

5- No thread scalant.- Discoloration of fluid. for Site A with the percentage ofleaking snubbers for
the balance of plant indicates a higher incidence of

.6 Loose fill plug. No thread scalant. leakage in the dr)well(see Table 33). Operating
7 No evidence of reason far fluid loss. temperatures in the upper levels of the drywell for this

(13crgen original). plant are known to have exceeded 220*F;short-term
degradation of ethylene propylene (less than two years)

:8 loose fill plug. :No thread scalant Mais' can be expected under .iuch conditions. Operating
piston backing ring slight wear * - temperatures for most plants, on the other hand, arc

_9 _ No thread sealant. Loose fill plug. significantly less than this, i.e.,15frF or less. The higher
Thread damage accumulator head. incidence of !cakage for the Site A drywell snubbers is

Pinched main cylinder scal. probably the result of a combination of seal degradation
"" # #' I" * # * E#' '"I"

10 ' Loose fill plug.-

, -.11 Poor 0-Ring installation in accumulator- A number of plants have implemented programs for
L cap! accumulator cylinder. -loose fill plug. monitoring clastomeric seal degradation in the general

" I"E" " I E'#" ' " "* "'
r 12. loose fill plug. Damaged fill plug threads. reduce seal life based on operating experience. They are

-

i

13 ' Tbrn accumulator piston seal. described in more detailin Section 3.23 of this report.y
14 Loo * fill plug. Wear on fill plug hold 3.1.4.2 Thread Seals -

'thrLds.
L
! 15 LNo thread scalant. Fill plug tight. Thread scals used with the control valve screws for some

|.
hydraulic snubbers have commonly exhibited low-! cycl

[ fluid Icakage that is generally not sufficient to render

}.
the snubber inoperable between refueling outages.
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lt should be noted, however, that, despite the suscepti- momtoring involves ensuring that only seals and fluid
bility of these seals to aging degradation, thread seal are replaced in hydraulic snubbers at prescribed inter-
leakage is often the result of seal damage due to vab. However,it should be noted that most plants have
improper installation of the seah or other nonsenice- implemented maintenance practices that have helped to
related degradation. For example, installing snubbers identdy practical methods for a senice-hfe monitoring
without using washers between the seal and lock nut program.
invariably results in damage to the seat

3.1.5.1 Realistic Determination of Snubber I allure or
3.1,4.3 II draulic Fitting leakage Degradation Causes3

A significant portion of the total number of hydraulic In many cases, determining the cause of snubber failure
snubber leakage problems, for the nuclear industry in has been a relathcly simple task. In other cases. it has -

genert/., has been associated with leaking hy draulie been impossible to determine the actual cause of failure
fittings. These fittings are used to connect the control or degradatio- From intenien with plant persen'#
valve to the hydraulic cylinder and to connect the and review of failure evaluation data,it is apparent that
rcservoir to the control valve. the exptrience and judgement c.f personnelimohed in

f anute evaluations have been critical in identifying
It is not possible to determine precisely what perecntage realistic failure causes. In some cases, inspectors hwe
of the leaking fittings is directly the result of the senice erroneously identified the failure cause as a result of
environment. However,it should be noted that such either the lack of un in-depth evaluation or inadequate
fittings are highly suse ptible toleakage due to misalign- training.

lment, damage,and abuse. The SNUG database indi
cates that from a total of 247 bydreulic snubbers that 3.1.5.2 Determination and Documentatim of Snubber
were found to be leaking due to either seal or fitting Operating Emironment
leakage,157 of these (66) were the result of fitting
leakage. Plants have used a variety of methods to determine the

operating environment. For some plants the defined
3.1.5 Evaluation of Plant Service-Life snut.btr operating environmert is based on the man.

Monitoring Metho<ls mum value of sarious emironmental parameters
described in the plant design specification. Howeur,

*

The NRC Standard Technical Specifications ISTS) the research has detctmined that. in isolated applica-

(USNRC 1984) require that plants maintain a senice. tions, environmental parameter values can exceed spe.

life monitoring program. The Working Group on cified design lesels. Such applications are generally

Mechanical Equipment Restraints is daeloping scruce. plant specific and are often identified by monitoring

life mortitoring requirements that will likely be included snubber degradation.

in Su! n ISTD of the Operations and Maintenance
(OM .c. A non. mandatory appendix that will pro- In many cases.sescre operating envin nrnents that were

vide ome guide lines for service-life monitoring is aho preuously unidentified were brought to hght by char-

being developed by the Working Group. acteristics noted during sisual examination, snubber
oserhaul,or during failure evamation Exampics of

Formalse vice-life monitormg programs hase not been such caaracteristics and the environments to which they
relate are discussed in Table 5.1.established at all NPPs. For some plants, service. life

'The f,rst compaanon of data.menog the renod 19% io 19% on in some cases,various types of measuring instrumenis'

snudber inspections and tests issued t,y sN UO. was made atadame ty pec Appendit 11) have been used to define the environ.
the Nuclear ManagemeiJ and Roowres Counal(NUMARU) to n.c ment precisel). Ilowmer, such equipment is generally
NRC anJ PNL m huoary W9 An mternal. unpubhshed. mn ot linuted to applicatiom where moderate to sescre
the data was prmded tw PNI stafi a SrpienStr t'm

o 9 Nl ((lii Cit. Co

>
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. -i
emironments are anticipated or where the equipment is 3.1.5.4 Management of Snubbers Snhjeet to Hupid {
used as a diagnostic aid to identify the cause of service Degradation |

1 degradation.-
Many plants have augmented inspection procedures for

Some plants have obtained localized area temperature evaluating snubbers that are susceptible to rapid,

data, for example, at various levels in the drywell, using degradation due to a se tre operating er vironment or
portable temperature monitoring devicesc In cases of dynamic transients. For example, freedom of movement _|''
rapid snubber degradation resulting from high tempera- for snubbers suspected of having experienced a dynamic
tures, precise temperature information has been limited. transient is often verified by hand stroking or rotation of ,'

~ In general, more precise information is needed in this the snubber about its spherical end bearings. '

regard to establish practical temperature-time limits. '

' Area radiation information is typically available from a ;

plant's radiation protection department. Since there is A number of additional considerations and maintenance
little documented evidence of degradation due to radia- practices identified in the plant research are discussed in
tion (see Section 3.2.1.1), radiation monitoring of spe- Section 5.4; These are used to form a basis for the

;

cifie snubber locations is not common. ervice-life monitoring reconimendations in Section 5.1, ,

!
Most plants ha": identified the existence of high smpli- 3.2 Evaluation ofIlydraulic Snubber !
tude vibration (see Appendix B) from information

AbOEobtained during visual examination, testing, or failure
evaluation. Metal filings, darkened hydraulie fluid,
deformed connecting pins, clongated attachment holes, The following subsections discuss the primary agiag fac-

and fretting of mating parts are all signs of vibration tors associated with degradation in hydraulic snubber

effects. Some plants have instrumented snubbers la perf rmance,such as, elevated temperature, vibration

order to obtain more specific information in this tecard and rnoisture. Tjpical failure modes for the majority of -

(see Appendix B). In addition to loosening of threaued hydraulic snubbers, and associated failure mechanisms
~ '"

fasteners, significant wear of connecting pins and attach, and causes, are shown in 1hble 3.5. Separate subscc.

ment ha-dware can result from lo- amplitude vit ration tions are also included pertaining to the effects of load

in comi etion with snubber weight forces. A photo of transients, senice-life esaluation techniques, and the

a worn ciesis pin damaged from low amplitude vibration effects of compression set on low pressure seal perform.

is illustrated in Appendix J. Figure J-9... ance. Elastomeric seals most affected by aging are also
^discused in a separate subsection.-

3.1.5.3 Transients r

: As with vibration, transients, such as those caused by
water or steam hammer, turbine trip, etc., can indure 3.2.1.1 Radiation

. loads that are beyond the snubber's design capacity,
often rendering the taubber immediately inoperable. During the course of the snubber aging rescarch, no

Some snubbers are exposed to periodie load transients cases of snubber degradation were identified that were

that are within the rated capacity of the snubber; _ _ specifically attributed to radiation. However, this may
.

however,if such transients are not mitigated, snubbers be partially due to the lack ofin_-depth failure analpis -

might undergo progressive degradation that can also data: Although the effects of radiation on snubber

result in failure.
~

, degradation are probably less than was originally antici-
pated, radiation cannot be totally dismissed as a con-
tributor to seal and fluid degradation.

: NU' REG /CR-5870 10
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Tiible 3.5 Typleal hydraulle snubber failure cauws 12.1,2 l'.levated 'lemperuture

raiture raaure Elevated temperature is pencrally cornidered to be the
mmc Mecharusm raaure Cause most picValent degradation stressor for h)drauhc $ nub-

bers. This is based on the relatively high incidence of
Irw- lbgh fluid laaJequate materni contro!.

defMdWon or hilure in high temperatura applications.12d mg mmuty im test temperature .

Vekoty Gelated Duid Component v*ranen In applications where hydraulic snubbers are subj.ected
incorrect tnadequate matenal contro: to abnntmally high temperatures (abose 25WF) signifi-

varve parts improper auemMy cant degradation may result in a relatisely short period,
Ineonect neid tampenng inadequate e.g , within one or two operating intervah. In applica.

seuing cahdration
tions involving low temperatures, (less than 12mF)

Low 10gh(Ed inadequate matenal contra degradation may progress gradually over a period of ten
Diced viwowy low test temperature or more years.
Rate Gelated Gud Component sWranon ~

Incorrect Feld tampenr4 inadequate
setung candration Specifically, the effects of elevated temperature include

.

particulate inadequate parts cleari.ng

acceleration of compression set inducement incontammation *

ibgh- Ixw fluid inadequate matenat control; CId'IOUCIi2 SCUIS
lxding viKmty high test temperature
Vekuty Air in nmJ Ir. adequate purge; sea: accelerated oxidation effects on claston' etic scab,*

degradation resuhing in M i c., cross linking, resu!!ine in embrittl; ment and'or
'

su a 1Waincorrect semng Ir J te capunon

pnxedure
inconect utve improper anemHy deformation of plaslK hydraulic iesersoirs*

;mrt
hston sca' seal eqraboon adhesion of dsnamic seals to matme surf aces.

ypau - -

Ihgh Air m Guv' InaJegt. ate purge, scal 3.21.3 Muisture
luced degradation resultmg m ims
Rate or nuid

nuh degmhtmn due to m0NuP; b genM-auim nuid Ir.admguate material untrcd.
mensay hgh test temperatuie ally in the form o orrosion. In some cases, severe *

Wer in timJ lbgb benuday enmarnent cerrosion has resulted in structural failure ut springs
used in pressurized reservoirs; however, this problem

Laboratory evaluations pertaining to the effects of was limited to a specific snubber design in a particularly
gamma radiation on clustomeric seals hase been con- humid environment and has since been (orrected home
ducted (Barbarin 1977 and Mosca 1977). Ilowever, the snuhacts have experienced pitting of piston rod plating
results of such evaluations are difficult to apply in in a very humid environment, c .S. in coastal areas.
service because of the absence of precise radiation level
informotion for each snubber location variations in seal Regarding hydrauhe snubbers subjected to moisture,
materials and compounds, and shielding prosided by the internal corrosion resulting in the generation of corro,
snubbers' metallic components. The potentially syn, sion products can cause a mallunction of the snubber
ergistic effects of radiation in combination with other control vahe. Such degradation has been documented
environmental stressors have ako not been f ully for a limited number of hydraulic snubbers in high
substantiated. humidity environments, w tth rese voirs that are sented

to the atmosphere.

1I Nt ! REG CiO5ro
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3.2.1A Vihrution -3.2.3 Einstomeric Sent Life Evaluntion
Tccianiques

- High-amplitude vibration,i.e.,sibration with an ampli.
'

_ ude greater than the clearances in the end attachments, Seal replacement internis recommended by snubber -t
can result in wear and localized overheating of mating manufacturers have generally been conservathe due to.

; parts. Such wear can resul: in particle generation, . the lack of senice data at the time of the recommenda-
potentially effecting control valve performance.' The tions. Recent experience with seals manufactured from
. incidence of seal wear due to vibration is surprisingly environrnentallysultable clastomers such as ethylene i

Iow, Applications invobing continuous high- or low' propylene and Euorocarbon rubber (Viton)1 hak ,

' amplitude vibration can result in loosening of threaded indicated minimal degradation.
~

fasteners and/or werr or deformatior. of clevis pins and
. attachment holes (see Appendix J. Figure J.9). Methods used to predict seallife fundamentally imolve

. . . . cither accelerated aging studies or actual insenice data,
High amplitude vibration has also resulted in deforma- these are discussed below.
tion of poppets and poppet seats in hydraulic snubber

- control valves. However, the incidence of such degrada- 3.2.3.1 Accelerated-Aging Studies
'

tion has been mitigated by the incorporation of
improved materials. Seallife for some plants is based on a mathematical

,

model(Arrhenius)(Gillen 1980) that correlates a given
in many cases, extreme high-amplitude sibration can degradation parameter, e.g., stress relaxation, with a
result in gelation of the hydraulic fluid (see Appendix J, given environmental stressor, e.g., temperature and
Figure J.2)c The exact cause of this gelation is not time. Seal life is then monitored based on recorded time_

,

known; however, it is speculated that t he gelation is at various operating temperatures, An example of this - i:

; caused by localized mechanicalworking of the hydraulic approach, used at Site A,is included in Appendix C. >

.-fluid due to continuous motion of the piston, resulting
in changes in the fluid's physical properties. The acce! crated. aging model and associated analytical ,

~ . ..
,

. . seal life projections are useful desien tools for selecting
3.2.2.'hansient Londs optimum materials and designs. Ifowever,io predict

'

seal life from this approach alone -without substanti-
Snubbers are subject to transient dynamic loads due to ation by senice data-is impractical because of the . |_

- abnormal aperating conditions such as water hammer, number of variables involved. Such variables include:
turbine trip,etc. Such transients occasionally exceed the
rated load capacity of the snubber,in which case signifi _ seat material or compound.

cant damage can result, tendering the snubber immedi-:

. ately inoperable. Such damage is typically irt the form of seat configuration, e.g,0-ring, lip seal, tee seal, I.

a bent piston rod for compressive loads and sheared boss seal, thread seal and spring-energiied seal
'

piston / piston rod threads for tensile loads.
' '

seal ll5ickness*

Hydraulle snubbers are a'so subject to transient dynamic
loads that are less than the design capacity of the snub. fluid medium.

1 t.er,: Such transients can cause excessive wear of mating
parts, fatigue of structural members, and getation of %on 8 a regnerea irminame or want company.

= - hydraulie fluid.1

L
|
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thaluation

3

-- ;

mating surface finish*-

initialsqueeze; y*T.',"""y*" |/-e
'

Ibrthermore, tiie aceclerated-aging model becomes *M '" 5

overly complicated and unreliable when more than one ' '
environmental stressor is involved, e.g., 8

Y;
temperaturea

tevamt

"4MJ ,''

,
radiation ,.*:

moisture =*

's 4 't

*. air exposure
Figure 3.7 Compression set curapolation

'

fluid effects.*

3.2.3.3 Other Elutomeric Seal IJfe Evaluation
3.2.3.2 Evaluation of Seals Removed from Service Methmh

.

Many hlants monitor seallife based on data from seals A number of other approaches have been used to sub- ,

removed from actual sersice in the plant. With this stantiate seallife for snubbers. These include seal life
approach, a practical seallife may be projected and projections based uptm available laboratory data and

.

periodiially updated for the general snubber population, evaluation of trends in snubber functional test data. 1

- Snubbers needing more frequent attention in particu-
.larly severe environments may also be identified and _ Accurate determination of seal life based on laboratory
managed on a case-by-case basis; test data is difficult. Conclusive laboratory d.ita sup-

porting the long. term effects of temperature aging on
The_ most commonly used seal life projection method is seals is limited. This is primarily due to the difficulties

' extrapolation of compression set (which is directly encountered in simulating the effects of time. Although
related to seal relaution). The basis for this approach is some information is available pertaining to the effects of
illustrated.in Figure 3.7. - radiation on clastomeric secling materials,it is

extremely difficult to apply this information to establish
, _ .

.

a practical seal life for snubbers in service (see Section- For example, for a statie seal that had been in service for -
seven years with a measured compression set of 50%, 3.2.1.1).

-

using a compression set limit of 90%, seal life,I;, may be-
_

calculated using the following equation: Since the incorporation of environmentally suitable
clastorners, there has been little esidence of seal failure

when a snubber is activated,i.e., pressurized. Moreover,
C the primary eging concern is gradual relaxation of scal-

- := Nb = 12.6 vcars ing force when the snubber is not activated. Therefor 41., = t x
1 C

_

50 -

a substantiation of seal life based solely on functional
*

test results is not appropriate.,

where 12 = seallife(inyears) 3.2.3.4 Plant-Specific Seal 1 lfe Considerations -
t = _ accumulated service time (7 yearOj

a ompression set limit (90%)
~

Seal life evaluaticns, for the most part, have been plant-C ct
C = measured compression set value (50%), or site-specific. Due to the lack of precise environ.max

mental data, the potential for combined environmental

13 NUREG/CR-5870
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influences and variations in seal mmpounds and con- Compression set, C, may be defined by the following
i figurations, it is difficult to generically categorize seal - equation:
life for hpiraulic snubbers (e.g, cipht years for an appli-

; cation temperature of 140*F)c Another difficulty in '
' applying generie data is that the levels of emironmental W.Wg 3
stressors at various snubber locations often differ from C=W-W
the levels specified in the plant ocsign specifications. (It o s

; should be noted that emironmental parameters
included in design specifications are generally specified
as rnaxitnum values; actual operating levels may be where W = originalsealthicknesso
lower, or occasionally higher, than the specified value.) W, = compressed seal thickness as it is

' Wrious plant-specific seal life studies have_ in'icated installed in the seal gland
variations in seal degradation from one plata to another W = recovered seal thickness after the sealisi
with similar design specifications. removed from the gland.

P!5nt specific seal life evaluations are appropriate for Most static seals (seals where there is no relative motion
most hydraulic snubbers. However,it may be generally between mating parts) will still perform adequately
stated that seals manufactured from most ethylene pro- under low pressure conditions at 100% compression set.

5 pylene compounds. in mild operating emironments (low For a degree of conservatism, a eimpression set limit of
*

, temperature, low humidity, low radiation level) will - 90% is typically used for projecting scal life in static
likely exhibit little or no degrulation over extended per- seals used in hydraulic snubbers. For an additional'

lods of time. More precise plant data is needed, how- degree of consetvatism, a compression set limit of 80%
~

; ever,in order to quantify seallife in this regard, is typically used for dynamic seals,i.e., seals where there
is relative motion between mating parts.

Ultimately, seal life should be based on successful of:

operating experience in the actual plant emironment.. Note: As a design tool, when selecting an optinmm seal
Seal life c4 tension evaluations should be considered as material based on laboratmy-aging simulation.

, interim site-specific methods for progressively extending more conservative limits nun be specified, due to
seal life from current conservative limits. the absence ofactualservier data,

13.2A Effects of Compression Set on Low. 3.2.4.1 Methodology to Collect Comprewlon Set Data

| Pressure Einst meric Sent Performancei= -

The basic approach was to obtain nanteaking snubbers''

LThe purpose of this portion of the in plant research was with seals that are expected to have a high level of

. to verify practicaj eompression set limits for the various compression set. Snubbers with extended service in a

seal configurations that are commonly used in hydraulic- high-umperature emironment were priority candidates.

snubbers. It was anticipated that such snubber samples could be
'

found in either nonsafety-related apphcations in nuclear

The chief concern regaiding aging of hydraulic snubber plants or in fossil fuel plants. Although snubbers in .

seals is relaxation of scaling force under low-pressure high-temperature environments were sought for their

; conditions. Compression set is most often used as a higher ptopensity for compression set, correlating

. direct indicator of the icvel of seat relaxation Seal 7 operating temperatures with compression set is not a

projectons are often based on comparista of a pre, part of this study,

dicted compression set level with an established com-
~ pression set limit. The selected snubbers were then subjceted to a pre-

liminary evaluation. The purpose of the preliminary
,

evaluation was to determine, by measuring compression

NUREG/CR-5870 11
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lhahtation

set in one or two representative k als, whether or not lable 3.6 Musimum measured mmpreulon set for
the remaining seals muld be expected to have a high Surions nooleuking seal tonfigurations
level of compression set.

Snubbers meeting the criteria established in the pre. [*[,'j,",]
liminary evaluation were then subjected to a secondary n,,nuna o> 9,nn e,

- evaluativu in which compression set was measured for c ennen of

kalCon6P'*"on 5#d hre Sd IM* Wall seah expected to have high lesch of compression $ct.
9 O Rir:g stahc W4 G)

A total of 24 NPP personnelwere contacted either for
o.spnns lap kM D>mnue un O)candidate snubbers that might be available from the

plant or for the names of fossil fuel plant contacts in the 0"a* Schos L'r kal Dynan* un m
same utility. Eight major utilitica with foull fuel plants U cup pim,nkMM) D>nanuc tt m (a
were also contacted. In addition, two hydraulic snubber %, p , g gg % yn g)
vendors were contacted for snubber candidates available- ,suncpon,,n)

'

'from their services groups.

3.2.4.2 liesults of the Comproulon Set 11 amination $ Now 0) WpAR study,
(2) in hotae data

A total Ionly su snubber samples were made available. p) Norrunat uepnwu sd n Mutard uer o . und
""" $#" ' " d ""''""" I"' ""P'al '# d i ""*"#"*hvo major factors that limited the availability of snub.

{f) I"Mj,"*h","'{,j"{'[[ [.["n 1ber samples were 1) the limited amount of lead time g

allowed to obtain the seguired snubber samples in NPPs a

(snubber availability generally coincides with scheduleJ
methauls), and 2) the lack of replacement snubbers in y
lossil fuel plants. \ \
Of the six available samples only two snubbers showed
sufficient seal degradation in the preliminary evaluation
to warrant a secondary evaluation. A summary of the h
preliminary one accondary evaluatiom is included in j

"

Appendix D. A

3.2.4.3 Additional Data 1:suluation

in order to augment the limited amount of data
obtained in the evaluations described abs . additional
in-house data were reviewed for maximum recorded

,

compression set levels for various nouleaking seal y
configurations. .

_.

3.2.4.4 Summary of Compression Set lhaluation 1igure 3.8 O-Iting
.

Thble 3.6 lists mi. ~um measurca values for compics- compression ss.t for the respectise seal contigurationt
sion set for varf os nonicaking seal configurations. They reflect only the maximuni compression set value
These conngure es are illustrated in Figures 3.8 recorded, providing some degree of support for the
thrr.a$ L12. It >nculd be noted that tabulated com- typical compression set limits discussed in this section.
pression set values by no means reflect a limit for
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3.2.4.5 Internal Seals
Optimum compression set limits cannot be established
based on the research because of the limited amount of The primary consideration regarding degradation of
data presently available. MCianal research is required internal seals, e.g., piston seals,is progressive relaution
to accomplish this goal. In view of the limitations of scaling forec such that loe).ing selocity or bleed rate
discussed in Section 3.2.4.2, such research should allow might be affected. Ilowever, snubbers with U. Cup pis-
suffici *nt lead time and provide for replacement snub- ton seals with a measuted comprewion set of IET have
bers to increase the number of available snubber sam- been tested with no obsened elfeet on these parameters.
ples. Future seal data from plants with extended service
will also be usefulin further substantiating compression 3.2.5 Elastomeric Seals Most Affected by
set limits. Aging

As din ussed in Section 3.2.4, low pressure seaUng capa-
bility is of primary concern for the elfects of aging on
hydraulie snubber seals. Ihternal seals. i.e., seals itia t, il
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.
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snabbers bas d on recent operating exp iechanicale

Mk 3.8 npresents a comolidation of ter ence.

Sptc ms typically identified as probl cal snubber failure causes asweiated wi hy pical mes hani-
failure modes described aSnubbers used on non-safety-relat dsystems for mec hanicalsnubbets atelier . safety-related

t
the three

sted in Table 3.7 ification of failure cames,bove. A more detailed claw

regard are not as comprehemhesubject to degradation, llowever plae sptems are aboanalpb for Site C, is included in Appas derermined by lailure
.

nt data in thh is,= p uJhneah= endh G.,

ri anni i-,e u tkianonrunon ty as iris not a ,

ahn
c

ehm tN wbber ihn miorawen men a tm <m etmuidleaaim nn a nm ma,e Mkm
w Nim

17

Nl !RI:G t R . wit

-- --'



_

If"

.g,g 3,81)piral11Wdl8D , a. . . c-
juic MCdi4fMM Owth atgg

- M;wie
tw * bah m,,gma

n ,Dr.. - Incrm me$ Rm,E ,,_,
-

pasty I not.

g greye intench on $''rw M y I t,uru

p matrTul% OU Wg)

( n Ard thtu'.t It' ADM
.gggp

Di) Id'h5 AI'I
Montofe

d d**( prnes,n id tonl Moatot e

{g7tmu m (d E A} Mat) $ptlDi

it nuph *P"t5 (* O'*"'# g y,ngn

ntu t tranng in"*C Dtt .
s

n 6pn% ko""J too ttph! . 937g4,gj
03;mta

'

Hmdtg ollCIC* T*I * q p j pst
tp tantg t@nd 0"' 9g

""
'idmopmg mem% rs riot (""t C" .

wad Spaurt on inNat"' '# g

g g,
licot gu6de Dd5

turd ptaung on t*ll"'" g

Ca;wl An spnM ia t wound tqht rt."M $g ge

A dtont'UY
I st eded Maumunt I#f^t# $ U"N

Vditab"n

M drPDo"I!*d Wiirp (3 }d 3D IEUM
g {

ned corrn dy
'

[g{.
NetT0* 04 not gio,ta

; ,me jo nicant on 30,pc diurn
|

Mit DCIi

1 abot i+nt en inertia mau
-n WJiktd duuMaM

{ oc wtrd l'id) nett* d$ Vibtaboo

cn;r, tan spunf S'#^' Metr
d a" $P"M *"n et ol, w p ,uo

'

,n7
Ucla Mmmmm w .n o{ g, Dd Nibt._

Cono
An det an"n 1 armt dan SPOM ,ggpt ,

O mu ged ul
l dinnt N;tt~10$ "~

p3pppti
t

#

IN

NUllEG|Cib5S70

-- _



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

;

Evaluation

|

!
- 1

| t

'leaking, would result in loss of fluid from the snubber. Table 3.7 'I)pical pmblem sptems for methanical
are c(msidered to be the most critical in this regard. snubbers

The propemity of seals to age-related degradation may mp gyg pt,,,
be characterited as follows:

,

Com;werd Cmhng liigh Ptrsaute Core spray |
. .

In pencrat, the blyhcr the surface area to volume*
Reactor Ca, tant . twiwure Core siuy. i

ratio, the greater the propensity for a seal to take a
set, Seals with a small cross 4ection thkkness, 3,,,,y ,,,, o, , g ,, g ,,, , ,,,, g ,,, ,,,

therefore, are more susceptible to compression set . steam mnerana tua . Mam stum (ponicularly
inducernent. t>mn between nowanau and uop

,

valves)

Seals installed near or on the snubbcr surface*

appear to be more affected by the service emiron. Snubbers on small piping branching from relatively
ment (in terms of embrittlement and high compres- large piping (e.g., drain lines and instrumentation lines)
sion set) than seals that are installed deeper within are particularly susceptible to overloading caused by
the snubber. dynamic tramients. Snubbers installed at pipe hications '

,

near connections to rotating equiprnent are susceptible
Seals that are exposed to air are prone to degrada- to degradation due to sibration.*

tion due to oxidation, particularly at clevated -

temperatures. Although seals also degrade due to Until recently, service data on mechanical snubbers was
radiation.signigicant effects in thh regard have not limited because mechanical snubbers were not used on a
bcen substantiated by the service data. large scale in nuclear plants until the late 1970s. A

signific4mt portion of the data that have been available
Dynamic scals arc generally more susceptible to pettained to some of the earlier probicms encountered*

,

leakage due to the relatively low initial squee/c that during pre-operational tests and initial ISI. Many of the
is characteristic of such seals, continuous changes in reponed failures were associated with construction dam-
the scal gland interface, and the potential for wear. age, manufacturing defects, and isolated severe em fion-

ments that have since been corrected.
Thread seals used to seal straight thicads on some*

snubber models are particularly prone to service Failure modes of mechanical snubbers may be riouped
degradation, generally in the form of increased in three basic categories:
hardness and high set. It should be noted that

,

thread seals are installed at the surface of the high drag or high breakaway force (this includes.

snubber and are exposed to air. frozen snubbers)

3.3 Evaltaritiort of Meciltiriictil Siiiil> lier high acceleration threshold.

M UE low acceleration threshold.1*

The purpose of this evaluation is to develop an Table 3.8 represents a consolidation of typical mechani-
improved understanding of aging of mechanical

cal snubber failure causes associated with the thice
snubbers based on recent operating experience. failure modes described abovel A more detailed claw

ification of failure causes, as determined by failure
Systems typicallyidentified as problem safety related analysis for Site C,is included in Appendiv G,
systems for mechanical snubbers are listed in 1hble 3.7,
Snubbers used on non-safety related systems are also 2 Some plants have a lower limit for acceleration Aithoui;b a law arrl- I
subject to degradation flowever, plant data in this cration by acif n not a major amcan,it may mJote a problem

'

regard are not as comprehensive. whm the snubber that could lead to inoreratety-

17 NUREGTR4870
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hble 3.81)pical mec hanical snubter failure causes'

,

;

l'ailure Mc6e Fadure Mecharusm I aihirr Cause

fligh Drag force llent screw Staft Ovelload

- Inertia (nans rubtsrig against dust emer Over hiaJ

Foreign matenals <m screw shaft Dusty C wir.

I ottign tnatttials on indgator t ube Dusty Thr. |

Cructed thrust bearing Overhed

Dry lubricant Elev 'lemp.

Corrosion of torque deutu Moisture

Corroskin of captan sprtog Moisture

Itough spots on planetary gears Ilandhng Damage

Thrust beanng iretting %bcation

Captan spnrig woutxt im tight Mfg. Det .

Ilinding of telescoping sncmtvrs Iligh $ide lead >

Inse tonog retamet but MfgAland. Def
F

Telewoping tnemters m4 wnecntne Mfg. Def.

Wcld sptter on indgator tubi- Const. Darnage !

Dent guide tais Ovesked

11aked plaung on tuliscrew Mfg. Dcf.

Execeded Mammurn Captan spring md wound tight enough Mfg Def

' Acccleration Uma .

Captan spring riotinstalled oitrectly Mfg Def. +

Worn captan spnng V,bratkin

Kcc[wr ging not installed correctly Mfg Def.
i

Exccmvc lubtkant on torque drum Mfg Def. i
,

F-

Lubricant en mcrtia mas Mfg Def.

incut clutch tang Mfg. Def,
,

l'ractured tull screw slugt (Acrkmd

Captan spong wear %t tation

fiehm Mmimum - Corrosion of capstan spring Moisturr
Acceleration Umit g, .g

Damaged captan spnng Mfg DcfNibr.
'

Damaged thrust beanny Over hedNibt,

Torque drum retainct bent Ovriload
i
t

|:
,
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Ihaluation

Failure causes listed in Table 3 8 may be grouped into 3.3.1.3 Mohture
three basic caterotics:

Moisturc un causc internal corrosion that in turn (an
service-related, single occurrence lead to incteasing drag torce, jamming, and/or a*

decrease in the snubber's acscletation threshold as a
service related, progressive degradation result of a build up of rust betaren the upstan ande

capstan sprmg. Moisture.rclated witosion has been a
nonservice.related. c* n for snubbcts installcd in a scs tical orientation,*

w. , watet may be trapped in the snubber.
3.3.1 Aging Factors for Mechanical Snubbers

Dcgradation due to monture can occur oser an
The primary influences associated with progreuive cucnded period. Deptadation can also occur in a rela.
degradation in mechanical snubber erformance are tively short time due to a one tirne cyosure to large
vibration, modcrate load transients, elevated amounts of moiqure, et, sicam leak, Identificahon of
Icmperature,and moisture. the spuihe cause tcytmc'.a mmptchemise root cause

es aluation,

3.3.1.1 1.ficcts of Vihrution on Methanical Snnbbers
3.3.2 Evaluation of Changes in 1) rag loads

Mechanical sbubbers, par ticularly the smaller sites, are Versus Strvice Titur
subject to degradation from high. and low.amptitude
vibration. Iligh amplitude vibration is vibration having As was discussed in Section M 1.1. prorressively
an amplitude that excuds the mechanical clearances in increasing drag force is another consideration There is
the snubber's end attachments. This type of vibration some juulfication for periodic drag force testing of
can result in localized fictting and wear of mating parts, representative snubber sampics from the pencrat snub.
such as the lead r crew, thrust bearing, capstan spring, bcr population. An evaluation of the cifccis of service
pins, and attachtnent lugs, it can also result in an time on mechanical snubber drap force is discuurd in
increase in drag force, an increase ir. mechanical clear- the following subsection.
antes, jamming, and'or an increase in the acceleration
threshold. .u2.1 Aseruge Drug lbr(e Versus ' lime . Different

Nnubber Samples
Imw. amplitude uhration is defined as s ibration with a n
amplitude less than the met hanical(learances in the for She D (two plants), data wrre available for snubbots
snubber. This type of ubration can lead to loosening of of the same sire that wcre testid on the same test
fasteners and,in combination with the weight of the machine. Unfortunately, no snubber had been leucJ
snubber, can cause wear of (levis pins and attachments, more than once to date (i.e., there were no repeat tests
resulting in clongated attachraent holes. Continuous for an) one snubberL iIowevct,it was antiupr mi ti.at,
high.lrequeng, low. amplitude ubt ation can cause if service time significantly alfccis drag force, then an
internal wear, which may increase drag force. average of the inervured drag force ulues for the same

si/c snut bcr for sA osuse reluchng outapes mightt
3.3.1.2 1:les uted Temperuture indicate such a tre$d.

Elevated temperature has of ten caused solidthcation of Data from both units for hve succesuve ref ueling out.
'2ricants used in muhanical snubbers. This ettect apes a cre truewed for two sues of mechanical snubbers
increases friction and results in an increase in drag fotte. The data were evaluated for both peak and aserage drag

M rste imJ trmenn m actmed as raqendy munir.g ima
tranuenn that are icw non Ibe reed op.u dy or n't snuWr, aut h as
uuse tnurong durmg purop stari up
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Evaluation

force in tension and turnplession. De number of sam- As can be observed from ligurc 313, there appears to
ples for each site at cach Reac tor Fuel Outage (RFO) be a slight trend toward increasing dlag force with
ranged from 4 to 26. senice time, at least for one mechanical snubber model

.

and site at this particular plant. De data support the
Anociated data and plots of drag force versus time need to monitor snubbers in moderate ernironments,

are included in Appendix E. As may be obsentd in the possibly using a selected number of representative snub-
time plots, the results of the evaluation are inconclusive. bers. Iloweser, the magnitude of the drag force value is

generally small,it,less than 2"c of rated load for all
3.3.2.2 Ascrage Drug i orre Versus Time . Same but four snubber samples, and len than 3% of rated

Snubber Samples load for all but one snubber sampic.

For Site F, data were available for a total of 3.3.3 Dynamic'lYansients ,

47 mcchanical snubbers of the same size that had been t

tested on at least two and sometimes three occasions A significant number of cases of documented degrada.
'

using the same test machine. Peak and averige drag tion or failures in mechanical snubbers have been
force values for cach RFO were plotted versus time (see associated with dynamic transients. Some transients,
Figurc 3.13), Awociated data and trending plots for such as those caui.ed by water or steam hammer,can sig.

,

individualsnubbers areincludedin Appendix E As nificantly overload a snubber and result in irntantaneous
with Plant D, both average drag force and peak drag failure. Other, lower load transients such as those due
force for both the tension and compteuion directions to sudden valve opening may result in progressive

,

were evaluated.'It should be noted that all snubbers had degradation depending on the number of load cycles i

been in senice for approximately five years before the
initial test data point was obtained. lypical failure mechanisms anociated with overload

involve fracture of the thrust bearing and/or buckling of i

the ball screw or slender attachment hardware. Inabilitya

j of the snubber to provide free motion in the passive
mode is often the result of such damage (i c., jamming'

f ot high drag).
" ~

!

*------e'',,
"* W =* Failure mechanisms associated with lower load tran.a - '

3 sients generally imuhe wear or h> cal f retting similar to,
,

. j ,, ,' that resulting from high-amphtude vibration. Such-

< e------om'a= degradation can result in an increase in snubber drag.y "; "*~,. . ._ # -~ *** force. Many plants hase implemented procedures
''

~

whereby snubbers that are potentially subject to
-

" ' * * * * transients are identified and evaluated using augmented
impection methods (Section 3.1.5A).s -

,

I i. .

'. e a t- e e io
s,= to w

I'igure 3.13 Ascrage drag force sersus sersice time for
= 47 rucchanleal snubbers
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4 Conclusions

4.1 Snubber Perfornmnce illstory 4.2 Service Life Monitoring

For most plants, the greatest number of snul+ct failures The following wncluskms are drawn from the in-plant
has been associated with nonservice-related influences, snubber rescarch and provide the basis for !.civice lile.,

L
such as mishandling damage and manufacturing defects monitoring guidelinca:
that were detected during initial plant operation. After
identifying isolated severe environments during initial Many plants utillic an automated database that $1m-*

plant operation, plant personnel have modified the plifies tracking and retrieval of pertinent informa-
,

snubbers' environment, replaced snubbers with more tion that inay be used for monitoring snubber serv. i

durable models, or eliminated the saubbers as part of a ice life. An example of a snubber data $heet awoci.
snubber reduction program. Snubber functional test ated w1'.h such a system is included in Appendix lt
acceptance limits have also been generally broadened.1
These methods of snubber management have $lgnifi. Plant data indicate that a significantly large portion*

cantly reduced Anubber failure rates. of the total number of snubber failures have
resulted from nonservice-related influences.1his

Aging inanagement for snubb(ts involves 1) identifying supports the need to distinguish between service-
snubbers susceptible to rapid degadation and minimit. related and nonsenice related degradation or fall-
ing their potential for failure by conducting augmentt d uses to ensure that nonservice related fattures ate i

inspections or by requiring frequent Inalntenance or excluded from the database that is used to monitor ,

replacement, and 2) monitoring for progressive degrada. snubbcr senice life.
tion in the remaining plant snubbers and sched uling
preventive maintenance accordingly Many plants have Wriations in snubber degradation rate due to s@*

implemented clastomeric scal life monitoring progrann nificant variations in environment hom one area in
for hydraulle snubbers. Beyond seal life studies, how- inc plant to another may watrant establishing sepa-
ever, most plants have yet to implement a formal rate service life categories for different snubber
service life m!mitoring program for snubbers. populations.

In general, approximately one half of all recent snubber 'lhe primary degradation influences for both*

failures for the key planu evaluated have been caused by hydraulle und mechanical snubbers nre elevated
aging-related service influences. By contrast, review of temperature, vibration, and h>ad transients.

,

failure evaluation data for one plant indicated that only
25% of the evaluated seat failures weic aging related. Moisture can cause corrosion of both internal and*

external snubber parts. Such degradation is more
The most significant influences resulting in snubber deg. prevalent for mechanical snubbers. External cor- '

radation are clevated temperature, vibration, dynarnic rosion is casily detected during visual examination
transients, and moisture. The cifcets of radiation, on and may be an indicator of internal corrosion.
the other hand, appear to be significantly less than- Methods used to identify internal corrosion include
originally anticipated. This is probably because of the boro copic exarnination, hydraulic fluid analysis.
relatively low actual radiation levels, the shielding and snubber disassembly,
effects provided by the snubber body, and the frequency ,

of seal replacements.
~

Snubbers are partleularly susceptible to sersice*

I
Some plants itutially apphed manurxturri's praluction acceptote

hmits, which are periernDy much rnore narrow than hmits requard f. t
._ snubivt operaNhty.
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Conclusions

Plants should make a con (cried effort to idenufyon small piping branching from large piping *-

applicatlom involving sescre operating environ-
- near high tempetature coruponents monts. Snubber f ailures in such applications inay be

mitigated by augmc nted suncillance,Ir(quent
in congested areas with significant personnel maintenance or replacement, retrofit with inore-

traffic durable snut bers, or by climinating the snubber in
an approved design review.

near wnneettom to rotating equiprnent.-

Augmented surveillance may be appropriate for*

Plant-specific seallife evaluation studies have been snubbers in severe opes attag environments and inay*

conducted at several plants. Some plants are trend- involve attributes that tire not normally h -luded

ing drag forec data in a telected number of mechani- d uring inseniec inspection (151) visual etan.' nation.
cal snubbers. Realistic senice life projections have

'llands-on' surveillance methods may be used ninvolved the use of trendable degradouon para- *

meters that relate to the antleipated degradation addition to visualinspections. Such methods ca $ be
mechahlsms, used to detect vibration and elevated teinperature

and to identify froien snubbers. They can also be

Plant systems for wtich snubber degradation used to identify nnomalies that may indicate the*
Nappears to be prevalent include need for preventive maintenance.

Evaluation of functional test traces is very usetulincomponent cooling *.

identifying the cause of snubber failure, or in identi.
reactor coolant fying anomalies indicative of impending snubber-

f ailur e.
- safety injection

Diagnostle tests may be used to augmer t irmnice*

steam generator blowdown test data in identifying the (ause of snubber failure-

or degradation. Snubber test equipment that pro.
- high pressure core spray vides a time traec of test parameters is useful for

evaluating snubber degradation or failure. Varia-
- low pressure core spray tion of test parameters is of ten accessary for diag- -

nostic testing. Test machine a(curag and
residual heat removal nepeatability is required for trending.-

Elastomerie seallife evaluations include analyticalmain steam. *
-

methods, e.g. Arrhenius projections and methods

'Ippleal failure mechanisms and causes are listed in based on seruce data. Any seallife evaluation*

'lhbles 3.3 and 3.7. method for snubbers should be based primarily on
predicting low-pressure seal performance and

Mechanisms and root causes for iailure and degra- should be updated based on senice data,*

dation should be determined (where practical).
Monitoring of snubber tesermir fluid levelis theThis requires experienced personnel. *

most practical method for vetifying fluid leakage.
Plant operating environments inay differ from the*

Snubber damage due to mishandling or personneloriginal design specification. General area opetal- *

ing parameters, therefore, should be measured oser traffic may be ininirni/cd by inspection of sut h
time and documented. snubbers just befote start-up following an outare
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Conclusions f

f
One plant has reported that acceleration thresholds 4,3 EITects of Conipression Set on*

- have decreased for some mechanical snubbers as a
,

g.f Elastoriteric '

. result of internal corrosion that effectively decreases :

the clearance between the capstan spring and the Seal Perfornlunce
1

braking surface (See Apnendix A). As a result, this j
plant has established minimum and maximum Static seah in hydraulie snubbers can seal adequately,
acceptance lim!ts for acceleration threshold. In the even at a compression set of 100%. Ilowever, gern tal !

absence of baseline data, howeser,it is difikult to limits used for most seallife evaluations are Wf for '

#

determine whether of not the acceleration threshold static seals and 80% for dynamic seals These limits
has actually decreased or whether it was low to were substantiated to some degrec using compreulon -

begin with, in areas where basellne data are avail- set data obtained in this study. Ilowever, further !
able, acceleration threshold may be an elfcctive research involving rnore substantial data is needed in
parameter for identifying such degradation. this arca. [

Critical snubber parts should be identified and 4,4 Serv |ce Aging ol'+

may vary depending on the environmental &chn| Cal SHUOerSstressor involved. Snubber service life should '
*

be based on the part anticipated to have the
shortest life for the primary environmental Mechanical snubber performance can be progressivdy
stressor, af fccted by aging particularly wh(n snubbets are j

exposed to one or more environmental stressors. Per. -

* Snubber test parameters generallyinclude acti- forr*~ne is telated to drag force, breakaway force, and

valion level, release rate, and breakaway or drag nacierattan threshold. Primary influcinn affecting
force %ese parameters are useful for both ISI degradation arc elevated temperature, s ibration, mois-

and for service life monitoring. A dear defini- ture, and dynamic transients.

tion of any parameter should be established by
- each plant. This definition r.hould be consis. ' Snubbers subject to severe environments should be

tentlyapplied thereafter. Parameterdefinitions identified and managed with appropriate preventive

for ISI purposes may differ from the corre, maintenance. l.ong term service in moderate operating

i. sponding definitions used for service life environments may also affect snubber performance.

monitoring. Mech nical snubbers in moderate opesating environ-I

ments should be tuonitored by testing representathe
samples; baseline data are extremely important in this
regard,

a

1

l
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5 Recommendations

5.1 Service Life Monitoring = d,% *
t

Recommendntions non
r- %

rewm Own L>se w ,

The following recommendations for service-life moni- I r- in n a r< n e a... w
toring r.re based on the results and conclusions of the in- I I Io. %

| _-_ m. .
'"" ~

plant tesearch activities. Ra
,

u,.mm ,

~ ~* ***
5.1.1 Determinntion of Snubber l'nllure or

ae-. -
nmw.

Degrndntion Causes na i

I u. ,a
~ ~

n .-.

| j;",,,,
"" ""A principal goal of a senice. life monitoring program

should be to develop means for separating service- p-
related and nonsenice related failures. It is important I g, g g,%,

- that the root cause of snubber failure or degradation 1 v=-.w - u--

"""*-(e.g., snubber overload due to dynamic transient, high. |

d2.1.amplitude vibration beyond the design capacity of the '-

$nubber, and app!! cation temperature exceeding that :

specified for continuous use) be identifled along with
_ 7 g pg. g , ;g g

the failure mode (e.g., high drag force or low activation)
detenninadon

and the failure mechanism (e.g., deformation of the ball
r.ctew shaft or solidification of grease). full range of plant environments (benign to sevetc).

Indicators of severe operating conditions can of ten be
Failure evaluation data sheets should include key cate- identified during snubber overhauls and other
gories such as failure mode, failure mechanism, failure maintenance related acthities. t

cause, environment, senice time, abnormal conditions,
|, visual observations, test data, and test observations. It is Determining specific environmentalinformation of ten

important that personnelinvolved in failure evaluation involves specialized instrumentation and equipment
'

be adequately trained in correctly tracing a failure to its that would be impractical for use at every snubber loca- *

| - cause. Failure evaluation data sheets should be tion. Such equipment, therefore, should be used in
designed and formatted in a manner that encourages applications where moderate to severe environments are
systematic and thorough analysis, anticipated or as a diagnostic aid in determining the

cause of snubber degradation or fallute. %rious
. Figure 5.1 illustrates a systematic analpis approach to methods and equipment used to identify or measure
root cause failure identification. 'lhble 5.1 hsts typical specific environmental parameters are described in Sec-

_

frregularities that may be observed during visual exami- tions 5.1.2.1 through 5.1.2.4. Additionalinformation in
nation or during snubber disassembly. The table charac- this regard is included in Appendis B.
terizes features of snubber degradation and may be use-
fut in pinpointing the potential cause. 5.1.2.l Temperature

5.1.2 Determinntion nnd Documentntion of Continuous temperature recordinJ; devices are available

Opernting Environment to indicate the general area temperatures within the
plant (which of ten vary by clevation) or to me sure local

Service-life monitoring takes into consideration the snubber or compsncnt temperaturcs. 'kmperature-

- capability of the various snubber models to endure the sensitive tape may be placed directly on the snubber to

25 NUREO;CR,5870
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Table 5.1 'l)pical indicators of snubber degrudution originally antleipated radiation effects were based+

upon a 40-pal dose;in actuality, snubber parts that -
"Olsenatkm potentialIndkator of:

at intervah that are $lgnificantly le.ss than 40 yeart
Dark hydrauhc fluid . llish-amphtude Obrathm

luad insterial on paton red 1tigh amphtude Canon Data pertaining to plant iadiation levels can generally
be obtained from health physics area surveys. Measure.f.tcculve piston and qtinder wear lh h amphiude vibratmt

Worn esptan Spnns tanp lbghephtude vumn monitoring is not recommended except in evaluating the
< tretting . Ihgh senphtude ubration cause of rbnubber degradation in cases where other

cauws haw been ruled onUnsymmetrical wear of tievis pns thsh smphtude w,runon .

Elongstkm of attachment holes Ibgh.or km amphtade 3,g,73 ygg.ation
v* ration

loor,e fastenm thgh or km amphiude Vibration inay be continuous, in w hich case snubbeth
'*'''k* may degrade in as little titue as one operating interval.

symmetrical wear of rinia pins twephtude chauon Vibration may ako be inictmittent (e.g., during pump
Discoloration or rnetalhc paru - liigh temperature Startup),in %hich case it snay be undetected for long

periods and result irt long-term degradation of the
- l'rnbrinted piston rod m1per 1bgh temperature snubber.
Rod wiper adhered to patan tid 1hgh temperature

_ _

lbgh acal tornpreuion het lbgh temperature The availablC methods for detecting and measuring
vibration vary from simplc visual observation, deicction

. seat surtace cracks lhgh temperature in Mr
y cel,portableviblation measuringinstrumentation,

tack of (1uid pigmentatkm thgh radatkm inct and remote vibratk>n tucasutitig equipment. Iiatnples
Corradon of rnetaHic pard - }hgb humidity 1calmg of some alternatives to ddect vibration, along With

commnents actualinservice applications are described m Appen-
' INnt piston rat or attachments overkuJms .dit A (Site G) and Appendix IL

Changes in eritoMot pration increned drog or Snubbers subject to vibration can often be detected byaciting ' .pmmmg g g g
fluid, deformed connecting pins, elongated attachment ;

determine maximum temperature. One shortcoming of holes, and fretting of mating parts are all signs of vibra.
this approach, however,is that a timc/ temperature pro. tion effects.
file is not provided. Contact and noncontact tempera- r

ture measuring devices (e.g., infrared type) are also 5.1.2.4 Transients
available.

As with vibration, the existence of dynamic load transj.
5.1.2.2 Radiation ents may often be identified during routinc snubber

_

inspections, augmented inspections,and failure esalua.
- Normal radiation levch of im operating plant do not tion. Deformed structural members jammed snubbers,
. usually contribute significantly to snubber deptadation. and deformed internal paris are all potential indicalors
This is probably due to the following considerationt of dynamic overloading. In situ devices such as load-

_

measuring clevis pins are available for monitoring snub-
'

actualin-plant radiation levels are, in most caser her loads in applications w here such transients are suwa

. less than was originally anticipated preted ( Appendh 11). .,

4 the snubber body provides a significant amount of
shielding

; NUREG/CR $870 26
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5.1.3 Managing Snubbers in Seserr Operating auompanied by a thauing sound for cat h revolution of
Ernironinents the inerna mass,indicau, binding caused by lac t of wn.

(chtrhily of totating parts. Irregular, intermittent noise
Significant environmental stressors that can afIcct snub anJ tesistata,on the other hand,indic&te surface dir
ber perfor man (c include overloading, vibration. cle. continuitics on the Icad scicw.
vated temperature, rnoisture, chemicals, and radiation.
Dcspite the best design and post.startup inspections, El.4.2 Rotation of Snubbers in Pla(e
isolated cases of snubbers operating in severe environ-
ments inay be identified ns plant operation continues. Jammed snubbers (i e., snubbers unable to allow f ree

Unfortunately, such app!! cations are of ten not identified thctmal motion) may of ten be identified by attempting
until the snubbers are functionally tested. 'lh supports to rotate the snubber about its sphericad end attathment
the need for sorne random functional testing; however, bearings. If the snubber is not frce to rotate,it is ju.

? bit that axialloadmg csists that is the result ofithe extent of functional testing currently required by
technical specifications may not be necessary as plants pmnung or prematute lod up. It should be noted, how.
gain empirical knowledge pertaining to the plant eser, that this rathod is most effective for snubbers with
operating environments and the awociated snubber a load (apauty of 3/100 lb, or less. Nortnal friction in
capabilities, the bearings often presents rotation of largcr sites.

Snubber failures in applications involving sescre operat. El.4.3 Ilund Detettion of Vihrution
ing envitanments may be mitigated by conducting aug-
mented inspections, periodic maintenance, periodic Detection of sibration by placing a hand on the snubber
replacement with like kind, rettolitting with snubbers during operation is a useful technique for evahating

- more suitable for the environment, or climinating the au csuble s n ubbers.

snubber by approsed engineering analysis methods.
$d.4.4 1:nd of Outage In< [metion

5,1.4 Augmented Suncillance
Just before Martup, reinspntion of snubbers that are

A number of practices may be used for evaluating snub, sumpHNe to dainage dw to outagmlated anvines
w te et probability of plant operation withbcrs for degradation and for identifyinc operatinr, enti.

ronments. Sinec evaluation methods of ten do not inoperable saubbers. Future verification that consc.

employ quantifiable parameters, judgment is tc quired quent Wures wre not the rewh of miuwlated
inHucnus would otherwise be more dif ficult.on the part of the inspector. Faperience c'mspection

personnel is therefore important.
5.1.5 Treruling

5.1.4.1 Iland Stroking
Note: Demhn g of rat data inhscussedfw ther in

Probably the most common '' hands-on* evaluation S"*" M M
method is hand 4troking of mechanical snubbers. Ttus
method is often uwd to identify snubbers that are dam. Propiessive degradation in the general snubber popu.
aged or jammed due to transients. In this method, the lahon (i e , those snubbers not subject to rapid degra.
inspector removes the connecting pin at one end of the dation) should be monitored by trending applicabic
snubber and slowly strokes the snubber while feeline degradation parameters for a selected number of snub-

'

and listening for abnormalities such as intermittent or bers that are representative of the plant operating envi.
continuous escess noise or resistance. ronment. Such degradation parameters might include

wmpreuion set for clastomeric scals (Section 3.2.2) or

Using this method, an experienced inspector can often drag force for mec hanical snubbers (Section 3.3.2).

identify impending f. ilure. For example.whea a Some important con (iderations in this regard arc listed
mec hanical snubber is handatroked, periodic resistance, below :

27 N U R EGTR.5x70,
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Activation Ievel: Inking wlocity for pop [wt vahe'Ihc establishment of baseline data is essential for **

identifying trends. Data to be used for identil)ing hydraulic snuthrs. Acniciation threshold for
trends should be sufficiently accurate to accc.eration hmiting mechanical snubbels.
demonstrate trends.

Release _}. tate: Snubber velocity at a given load.*

Tiending parameters that Iclate directly to the*

JMEom:; Snubber resistance load at a giu nanticipated aging failure mode should be used. Suih *

parameters might include drag force for rnes hanical stroke velocny.
snubbers or clastomeric seal compression set for

Itreakaw av lbtce: 1 orce required to initiate snub-hydraulic snubbers. *

ber motion.
Note: An important c2 ample ofinwpprornate moni.
Ionng parameters is the use effimctional trst data, i.c.. ~1hese parameters are also usefulin identilying potential
locking vclocity and release ratefor monitonng or degtadation or in detetmining the cause of snubber
trendingsealdegradation. Althoughfunctionaltest fallurc.
results can be afJccred to some essent by scaldegrada-
tion, the pnmary agingfailure mode for snubber scals 5.1.ts.1 Dalnation of Insenice Ten itesults
(i c., loss oflow-pressure scalintcyrity) would not be

reflected in ftmcnonal test data. Since existing IST plans are statistically hased on the
number of failurcs, test results oc of ten evaluated on

Acceleration threshold (activation level) in only a pawhil basis. Most test inat hines, however, pro-*

acccleration limiting mechanical snubbers is a vide a continuous trace of load and schicity for both

potentially trendable parameter that may indicate attivation tests and drag force t(sts. Such trates of ten
internal snubber degradation, A decrcasing accel- contain information useful in identifying snubbet depra-
eration threshold may indicate internal corrosion dation. l'or example, during mechanical snubber drag

(Section 4.2) or increased friction between the force testing,such characteristics as the number of load
inertia mau and its spindic. An increasing accel. spit es, consistency of load spikes, duration of load
cration threshold may indicate weakening of the spikes, noise, variations in drag force with stroke posi-
capstan spring tangs as a result of wear or a decrease tion, and dit(clional sensitivny are all usclul in identity
in fliction between the capstan spring and its brak- ing potential snubber degradation or impending snubber
ing surfacc. failure (sce Figures 5.2 through 54). For hydrauhc

snubbers, traces can be used to identify air in the snub.

Althongh changes in active hydraulic snubber ber or a cloeged bleed orifice.*

parameters (i c., locking velocity and bleed (release)
rate] can indicate snubber degradation, these """

parameters are not considered practical trending n - - - - - - - - - - - - - - - . . - - - - - - -

parameters for monitoring progressise degradation.
_

Reservoir fluid levclis the most appropriate pararn- [
-- g- ghA/*

cter for monitoring snubber fluid leakage. *

S.I.6 Testing

~ ~ ' ~ ~ ~ ~ ~ ~ ~ ' ~ ~ " ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ '

The following functional test pararneters are normally "

measured during inservice testing (IST): - , , , , , ,,~,u,

l'igure 5.2 Mechanical snubber with oormal drag fm re
tr' ace

NUREG/CR-500 M
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l'igure 5.3 Mechanical snubber drag force with l'igurc 5.5 Mechanical snubber drug force with
consistent spikes occasional spikes
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Figure !.4 Mechanical snubber drag force with I'igure 5.6 Mechanical snubber with high drag
noise at one end

5.1.6.2 As.l'ound Testing - 5.1.6.3 Diagnostic Testing

- As with IST tesults, a considerable amount ofinforma- Diagnostic tests (see Section 7.0) are specifically
tion can be obtained by conducting post service func- designed to obtain usefulinformation about the con-
tional test.s on snubbers removed from senice. In fact, dition of a particular snubber, beyond what may be -
as a general rule,such tests are recommended any time a available from routine IST or as-found tests. For fail.
snubber is removed from service, regardless of whether ures, diagnostic tests arc often helpful in identifying the
or not the snubber is to be reinstalled. failure mechanism before disassembling the snubber,
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Repeat tests are helpfulin determinmg the tcpeatabihty if te~st di ta are obtained for a dillerent set of snubben at

of a given anomaly, For crample,a load spike observed cath a fuchng outare, the n is r results are not appropri-
during a me< hanical snubber drag force test that repeats ate for trendmr. Nmdatly,if snobbets are tested on dif-

in the same location for sescral tests would indicate the tcrent typts of test inachmes, then test data are rencially
existence of a surface imperfection at onc point on the not adequate for identitying tu ndt
Ic.ad screw. llowescr, a spike that does not teptat in the
same location or does not repeat at all indicates particu- Another important consideration u.sobes detining the
late contamination, e g , dirt or sand. test patameter. For esample, for 151 putposes, diag

force may be dehned as the highest (pcak) reststance

11 may sometimes bc desirable to vaty test parameters irrte when stroLing the sr'obber lium end to end. On
such as applied load, drag. force vehicity, or test time the other hand, for trending, drag lonc may best be

duration in order to obsene the effect on snubber per- measured as an f oot mean square (RMS') ascrape of the _

formance. For cxample.cxtending the time dura..an for measured reshtance fonc throurhout the sirote ranpc.

a hydraulic snubber bleed rate test h a good method for A test parameter, therefore, must be defmod both frorn
identifying bleed orifice blockage as the cause 01 an the standpoint of snubbtI operabihty (i e , for 151) and
observed low bleed rate. ! rom the standpoint of service-hfe monnoring (i e , lor

ianding

5.1.6.4 'Irtnding Test Results
!.l.6.5 lest lyulpment

Trending is a useful tool for monitoring progresshe
snubber degradation. If test data are to be used for Notc Lyr mm hmo <n Jot nucJ hric m term s of thor
trending, the following should be considered in addition ofphc atton f< r scrun -h!c momformg

to those considerations listed in Section 5.15:
The types of snubbet test equipment (unently used m

Because tbc prevalent failure mode is failure to the industry varv considerably. Some provid< only a*

dlow tree thermal motion, a potential trending single value for a yht n test parametu sus h as load or

parameter for mechanical snubbers is drag lotcc. selocity,while othen proudt a continuous trate of the
This is supported by test data obtained that suyyest parameter senus tirne. The op(iation of some tcst f

/an increase in drag fotcc with senice time for (quipmt nt is totally manual,while otht n are f ully auto-
mechanical snubbers.1 mated. In rencrat. it b ruummended that funuional

test equipment be providcd with a data a(qubition sw -

lt is important that test data to be used tot trending tem Icither analog or digitah that is capable of plusid-*

are consistently obtained using the same type of test ing a continuous trace of load and ulout) sersus time
machine, under the same test conditions. Idcally, for the duration of the tot. As dig uv.cd in hoc.

the data from the same snubber should be used for tion 5.1.61. Information ttom such trau s is ou tul m
comparison purposes. detecting degradation and idenutying tailure

mes hanisms.

Administrative limits for functional test results arc*

intended to ensure replacement or repair of a phen Some test equipment is of a "go no-yo" nature,in whn h
snubber before 'ailure. Ilowever,it is important to the snubber is determined to be cither opt table or

have a reasonable indication that the selected test inoperable; howevct, thh incthod neither accounb los
parameter is progreeing toward the f ailure hmit. sariations in test results nor mceuies t uo values f or
Overly restrictis e administrath e limits can has t the the riven test parameter. Such cqmpnn nt is not melui
negative effcet of limitmp the amount of data as all- for tcst interpretation, diagnostic testing, or trendtna
able for trending. They can aho encourage replace- $nubbers that t.nl f unctional tests using tho equipment

ment of reliable snubbers. are often rctested usmg a moic au utatt test mas hmc

I Such a trethi n yt to N hdh et m i M

suRmcRuo 3o
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Many test machines are totally automatie. Automatie 5.1.8 Visual Eumination
test machines may be adsantageous for ISI because
operator bias 13 niinimi ed. 'lhus, data from automatic Snubbers are normally sisually examined durin:' cacht

testers are generally acceptable for tiending purposes. refueling outage in c7mpliance with technical specifica.
Howes er, for diagnostic testing, the test eperator should tion 151 requiremeatt Ilowever, the intent of these
be able to vary the lesel of various test parameters for examinations is to identify characteristin that rnight
exploratory purposes. indicate snubber inoperability. Several visual examina-

tion attributes included in ISI visual examinations are
it should be noted that wheneser a snubber is tested in a not related to senice degradation. Service life rnonitor-
different type of test rnachine than the one previously ing examinations may be conducted at the same time as
used, a number of new variables are introduced that may those required for ISI of separately, llowever, qualifi-
complicate the identification of trends. Such vatlables cation of personnel for such exarninations is critical (sco
includc test control methods and parameters, data Appendix 1 ).
acquisition s.ystems,etc. For this reason, trending tests
ate most effectively conducted using the same tes Visual characteristics that would provide information in
machine as well as the same test rnethods. regard to service degradanon are hsted below. 'These

snubber auributes may be used to define a visual exami-
5.1.7 External Seal leakage Detection and nation c hecklist for senice life rnonitoring.

Irakage Rate 1)ctermination
deformed structural member or pisP'n rode

Minor sealleakape is common for many snubber types
.

and applications. A number ofinfluences can cause seal loose or missing threaded fasteners*

leakage. A leaking snubber, howcw r, does not neces.
sarily imply inoperability nor does it necessarily require cold or hot position varies Irom speuhed value*

immediate snubba:t over haul.
evidence of corrosion*

Measurement and trending of reservoit fluid leselis
probably the most practical approach to monitoring for evidence of solid deposits (e p., botic acid) frome

external sealleakage. For this reason, reservoir fluid leaking components

level should be recorded wbuever fluid is added. An
example of this method is discoued in Appendit A for lo"of hydraulic fluid sinse presious visual*

Site A. examination

The location of seal leakage in many cases may be obsi. metal filings on or in the vicinity of the snubber*

ous by visual observation. However,in some cases the
obsened fluid leakageprecise location of the sealleakage may require a time *

*
consuming follow-up evaluation. ,

lt should be n: led that in many cases,sealleakage can brow n) material deposit on piston rod
be the result of improper snubber assembly, defective
parts,etc. A practical method for (heckmp for seal rod wiper adhered to piston 101* +

leakage tollowing snubber overhaul is to place the
snubber on an absorbent (paper) pad where it can be abnormal color of hydraulic fluid*

obsened for a period of time before installation.
*wear or deformation of Nis pins*
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clongation of attachment holes a&found testing* *

* evidence of wear on support cylinder trcadinge

augmen'ed surveillance methoth !cracked or deformed fluid resenuir* e

cvidence of foreign material (e.g., water, solid parti. cstablishment of senue.hfe estegories.* *

cles,etc.)in hydraulle fluid
5.2.2 Visunl Esninination Attributes

dismloration of metallic parts due to elevated*

temperature. 'l)picalvisual examination attributes that may t>e used
to update the Subsection ISTD, Appendit il, * Dynamic

5.2 Recommendations for the Working Restraint Examination Checklist items,' ate suggested

Group on Mechanical Equipnient for mnsider tion by the Working Group on Mechanical
Equipment Restraints. Recommended attributes are

Restrainis listed separately in the following categories:
,

Dased upon the results of the NPAR research, a number preservice exarnination attributes only*

of suggestions are made in regard to the OM Code, Sec-
tion IST, Subsection ISTD, part 4 ( ASME IVXI). Thesc preservice and insenice examination attobutes*

suggestions are to be recommended to the Working
Group on Mechanical Equipment Restraints for con- service-life monitoring examination attributes.*

sideration in the next revision of Sutnection ISTD.

In general, recommendations pertain to senlee-life
monitoring, visual examination attributo, and failure Subsection ISTD currently requires that any snubber
grouping. A detailed discussion of these recommenda' that falls to meet functional test acceptance criteria be
lions is included in Appendix K. The recommendations classified into one of the following failure mode groups
are summarized in the following sections. (tyo.).

5.2.1 Service Life Monitoring design / manufacturing*

Reconunendntions
application induced*

Service life monitoring recommendations proposed for
maintenancc/ repair / installationconsideration in Subsectitai ISTD are generally based *

upon the recommendations discussed in Section 5.1.
transient dynamic esentSpecifically, they include: *

isolated* determination of snubber failure causes e

unexplained.* determination and documentathm of the snubber *

Operating environment
Depending up(m the failure mode group.various correc-

1- evaluation ofinser'. ice test results tive actions may apply. Recominendatior 1 are made in
the following areas pertaining to failure grouping and

diagnostic testing associated correctise action.*
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5.2.11 1ecrdnology accewible or inaccessible anJ to curnine them as sepa-
rate populationt 'This approach is generally the result

it. is G xmmenced that the iolkning terms (as defined of practical considerations in order to minimite inspec.
le Suttort 70r, gitalning to c.ging be incor porated into tion activities during sciulling outages, rather than hav.

. the pmpesed ISTD &O, Sers ke-Life Monitoring: Ing anything to do with susccpilbility to degradation.

failure inode From the St .ndpoint of senice-life monitoring, a pi-
*

mary umsiderhiion for pre grouping should be tesed on
fatiute mechanism anticipated variations in s.cnice Efe. Snubbert in iso-

*

lated scw te envireaments, e.g., those with high tem-
failure cause peratures and vibration operating conditions, should bc

* #

separnted from general population and rnanaged on a
-

* toot cause. case by-case basis. For plants with generalenviron-
menal extremes, set.h as teroperature,it m3y oc desira-

5.2.3.2 Isolated Iallurr Mode Group ble to group the general snuhber population into two or

it is recommendca that theisolated FMG be climinated.

FA Snubber Maintenance
5.2.3.3 Failura Categories g g
liased up9n the to Jits of root cause evaluations,it is
recommended that snubbers with a simi'ar propensity A number of maintenance recommendations were iden-o

for failure be grouped together to heilltate corrective tified during the NPAR in. plant research. Recommen-
action. Ilow such root failure cause groups are defined dations pencrally are awoelated with the service life

Irwolves judgment on the part of the owner; a failure monitoring guidelines discuned in Section 5.1. A
group should be defined after a falinte has been identi, detailed discuuion of maintenance recommendations ist

fled. However, for purposes of determining follow up presented in Appendix 1+ Specific topics in this regard
. action in Subsection ISTD,it is sugge'ted that failures are listed below;

need only be identiSed as senice related, nonservice
Ocneral Maintenance Practices. related, or unexplained. *

5.2.3.4 Replacement or Mmtified Snubbers Identification of the Operating Environment*

it is suggested ' hat some flexibility be provided in Snubbers Prone to Rapid Degradation in Severc*

ISTD 1.11.1 to allow for continued use of existing snub, Environments

ber models in cases where more compatible models are
Rdlure Evaluationnot available. *

5.3 ~ Utilforrn Snubber Population " "'' * ""Pi"8*

Classifications by Environment Modincation of operaiing F,vironment*

Many utilities have c!ccted to pre-group snubbers based Snubber Elimination*

on design differences foi purposes of ISI. This approach
presupposes that failure causes will be anociated only Augmented Inspections*

'
with knubbers in the predefined group.

Snubber Maintenance Frequency*

Another method of pre-grouping that is commonly used
for 151 purposes is to categorize snubbers as either Trending*

33 NUREO/CR 5870
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Rmimmendations

Personnel Qualificati'anIlascline Data **

Ar. Ibund livaluationSnubber Data liase **

C4xudination und CommunicationFunctional ~Iht liquipment **

Replatement Parts and MaterialsSparc Snubber Rotation **

_.

_
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I

6 Recommendations for Additional Sr.ubber Research !
i

!
:

Although compression set limits currently in use are become available regarding these critical environmental
supported by limited data available from this in plant influences and the associated age.related degradation of
research, additional compression set studies t hould bc . snubbers. Additional research would be required to
undertaken to strengthen the credibility of the compres. evaluate this information. ;

slon set limiti and to establish optimal compression set
limits. As plants accumulate service time,such data will Results of the work reported here should be transferred
probably become available, to industry in an actWe and assertive rnanner. A >

workshop / presentation developed from the in. plant
This rescarch has identified environmental conditions research is suggested. The workshop would be pre-
that are the most significant aging factors for snubbers. sented to engineering, quality assurance (QA), and .

Development of service-life monitoring programs that maintenance staff at the plant sites. The workshop
ascertain realistic humidity, vibration, and temperature should consist of two separate presentations, one for :

conditions are therefore encouraged within the industry, engineering and maintenance management staff and the '

As plants implement service. life monitoring programs, a 01her for the stafIwho perform the work: e.g..cratt '

*

: significant amount of additional service data will supervisors and craft workers.

,

b

!

V

,

L
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Ap[x milx A

Plant Visit Sunimary Reports

. This Appendtt includes trip repor ts for eight key sites - luformation pertaining to mechanical snubbers was
(one cach from site A through 0) visited as part of the obtained from P! ants C. D. E, F. and 11. Information
NPAR snubber aging study, Plants are assigned letter pertaining to in situ moriitoring of erwironmental

_codes from A through li. Information pertaining to stressors was obtained from Plant G.
hydraulle snubbers was obtained from plants A and B,

s
./

.

M
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Plant A
:

p To: D. P. Brown DATE: August 17, 1990 ;
;

FACH:- 3. Cole RE: |

*
.

The following att notes from my visit to the plant. j

1. Notified resident NRC Inspector of upcomidg plant visit and meetings.
!Notification dates - 7/31/90.
i

'

2. Arrived on site 8/8/90 and was escorted by the snubber engineer. In depth
discussion took place with the stubber engineer, and the snubber i

maintenance foreman. ;

3. General Plant-Information
~

'

A. _ The plant consists of two mid-sised boiling water reactors. The
plant began commercial operation in the mid-1970's._

B.- - tach unit has over 600 Bergen-Paterson snubbers of which about 550 !'

are safety related (most of the anubbers are the M77 model). In ,

addition to these, the plant has approrimately 350 hydraulic snubberc |

available as spares for hoth units. ;

D. _ The; plant _ utilises a seal life with several separate populations
based upon accelerated aging tests and modified on a regular basis by !

temperature for those suubbers in the drywell.
6

4.- ' Plant has instituted (atarting in 1986) a comprehensive maintenance 3

,

program vnich includes the following items
2 :* . .

.

Filtering of snubber fluid immediately prior to use with a 5 micron,'' o j

filter. -(Plant found it hard to keep pre-filtered fluid clean over'
,

long' periods of time.)>

Sand ' blasting (glass beads) to bare metal of all metalic parts,o

. Complete deconning of all metalie parts using a freon blaster.o

. Replacement (rather than repair) of most questionable parts.-o

Automatic replaenment of poppet springs and piston rings. =o

o _. Use of the same traioed persoc el to rebuild enubber each cycle.
-

All rebuilds take place in' a " clean" room used_ only for suubbers.o
L
g:

NUREO/CR.5mo A.2

..



- _ .

Appendis A

5. Plant is retro-fitting snubber poppets to a higher bleed rate poppet.
This never poppet still allows the snubber to meet bleed rate limits as
defined in the plant technical specifications wn11e suving the actual 1bleed rate more toward the middle of the allowable range (the plant
suffered significant number of funct.onal failures due to low bleed
rates in the past.)

6. Due to a combination of the changing of the poppets. improved aaintenance
and changing of the functional test procedure to allow 1/2" bleed testing
as opposed to full stroke bleod testing the number of functional f ailures
has fallen dramatically.

7. Fluid Leakane

A. Fluid leakage (as indicated by low reservoir level) during visual
examinations for the last thrae Unit 2 outages can be summariced as
follows:

Refuel Number Total Significant
Outare Inspected Lo.sking Lesks ,

7 131 50 ( 8.9%) 12 (2.1%)
8 553 49 ( 3.9%) 5 (0.9%)
9 553 59 (10.7%) 6 (1.1%)

OVFJ E L AVERACE: 0.4: 1.4:

Note: The number of leaking snubbers is not the actual total number
but rather those snubbers whose total indicated fluid Las f allen
below a given amount ($ 3/4) since the last outage. Significant
leaks are those who's total indicated fluid has fallen below
3 1/4.

B. Those snubbers with significant leakage were disascembled and
inspected giving the following results.

Number
Refuel Significant Aging Non-Aging
Outare Leaks Related Related

7 12 2 (16.6%) 10 (83.3%)
8 5 2 (40.0%) 3 (60.0%)

TOTAL 17 4 (23.5%) 13 (76.1%)

Notes Failure data was unavailable for those snubbers with significant
leakage from refuel outage number 9.

A.3 Nt!RIL CR NCO
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C. A taird eagegory of leaking snubbers are those snubbers which show'

visual signt of leakage but still have an acceptable reservoir fluid
level. These snubbero can be considered to either have a ;very slow
leakage rate or only started to leak just prior to their inspection.

Refuel Total Visual Indicated
Outage Lesks Lesks _ Lesks

8 66 17 (25.7%) 49 (74.2%)
9 87 22 (25.31) 65 (74.7t)

DVERALL AVERAGE: 25.4% 74.5:

Note: This data is not available from refuel outage no. 7.

8. Critical Snubber Parts

Snubber parts must frequently be replaced during rebuild (excluding thoce
parts automatically replaced) includet piston, cylinder tubes and piston
rods.

A. Pistons and Ovlinder Tubes

These parts are most frequently replaced due to scoring of the piston
and inner cylinder tube surface. This condition appears to be esuced
by vibration, with side loading being a significant degradati:n
accelerator. This condition is considered to be aging related.

B. Piston Rods

Piston rod degradation most of ten conoists of dings and scrateben.
These dings and scratches are nost of ten cauned by human error.
(Metal to metal contact with the piston rod). This ccadition Js act
aging related.

9. Snubber Fluid Degradation

iThe plant has a significant number of snubbers, vnich whenA.
disasse= bled, yield darkened fluid with globules of a black
grease-like substance. This effect is typical of snubber: that have
been subjected to extensive high amplitude vibration.

It should be noted that darkened fluid and particulate contamination
was found in a significant percentage of the low bleed snubbers that
were disassembled and inspected during RF0 7.

It should also be noted that due to changes in bleed rate testing
of these snubbers would no longer be consideredcriteria, macc

functional *ailures.

NUREG/CR 5870 AA
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3. Chemical Analysis

- Fluid was chemically analyzed from 10 snubbers found to have darkened
fluid following the most recent outage. Chezical_ analysis revealed
that the black globules were composed of silicon rather than grease.
Prior _ to being analyzed each sample was graded for visual clarity.
Analysis reealed that those samples which were visually darker /had

n - more black globules, and had a higher content of iron in the fluid.
The iron is attributed to wear products resulting from wear of the
cylinder tube and piston ae to vibration.-

Note: No particle counts where made from the' fluid sanples during
analysis.

-

10. Snubber Trending ,

The plant recently set up a computer based trending syste: that allows
sorting searching and seeking of any snubber attribute by any other. The
snubber engineer used this system to search snubbers with indicated
leakage vs. snuboer location (i.e. drywell and balance of plant).

Total # of Indicated of indicated
Area Snubbers Leaks Le aks

Drywell 263 39 14.3%
Balance of Plant 287 27 9.4%

Thus snubbers located in-the drywell showed a leakage rate $7.4% greater
than thosa in the balance of the plant. It shocid be noted that
temperatures in the drywell are significantly higher than anywhere else in
the plant._ Some correlation between plant operating temperature end seal
degradation race is, therefore, supported by this data. _

11. Rev!av of plant failure evaluations shows piston and cylinder tube scorin;;
(possibly accelerated by side loading) to be the single largest failure
cause. Scoring also leads to =etalie particles in the fluid wnich can
shorten seal life and foul the bleed poppets.

One unexpected failure cause that cropped up a significant number of times
was fouling of the poppet by pieces of lint. The frequency of this
failure cause has fallen off dramatically since the plant's adoption of
improved maintenance procedures.

A.5 NUREGiCR-5870
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' CONCL"SIONS

It is my opinion that the plant has a very ef f ective hydraulic snubber
program. The utility appears to not only strive to meet the intent of the
Codes, Standards and Technical Spctifications applicable to hydraulic snubbers
but often to surpass them.

Areas where I believe the plant to be particularly ef fective in the handling
of tneir snubber program include:

o The rebuilding of snubbers in s " clean room" atmosphere to prevent
the inclusion of f ora ign material in the snubber.

o The use of a 5 micron filter to filter snubber fluid prior to use.

o The plant having a flexible snubber trending system up and running.

The adjusting of snubber seal lif e up or down on a regular basiso
depending on ambient temperature.

The use of the same personnel to perform snubber testing ando
rebuilding each cycle. This is facilitated by the smooth transition
of personnel into and out of the snubber group coupled with a

'

relatively low turnover rate.

Areas wnere I consider there may be room for improvement in the plant's
snubber program loclude:

The plant's reliance on area te=perature monitors to track snubbero
environments rather than performing specific environmental surveys.

The need to go more in depth on root caue evaluations. This is
particularly important since there exists a significant nu=ber of the -

same types of f ailures whose root causes have been listed in the past -

aS unKnoVn.

3MC:aca:1125A
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Plant B
-

LAKE ENG1NEERING C0MPANY

0FFICE MEMERANDUM

TO: D. P. Brown DATE: July 16,1990

FROM: S. M. Coln FI:

The following are notcs from my visit to the plant:

1. Notified resident NRC Inspector of upcoming plant visit and meetings.
-Notification date: 7/3/90.

2. Arrived on site 7/9/90 and was escorted by the snubber engineer. In depth-

discussions took place with the current snubber engineer and the previous
snubber engineer. ,'

3. General Plant Information

A. The Plant is a mid sired boiling water reactor which began comnercial
operations in the mid-1970's.

B. Plant was originally supplied with approximately 350 hydraulic
snubbers, all of which were Grinnell Figure 200's.

C. Due to agressive and on going snubber reduction programs, the plant
now has 120 hydraulic snubbers (all Crinnell Figure 200). Of these,
64 are safety related. All hydtaulic snubbers are accessible. '

D. In 1990, the plant began 18 month refuel cycles; prior to 1990, the
plant was on 12-month cycles.

..

.E. Seal life is based upon an accelerated aging study that correlates
service time with operating temperature.

4. Snubber failures and rebuilds by outage:

Year Failures Rebuilds

1986 7(1) 34
1987 0 12
1988 2 27
1989 0 10
1990 0 app. 40(2)

Note: (1) Current plant theory is that these failures were caused by
incorrect test procedures (1.2. too high ramp rate, etc.) rather
than actual snubber failures.

(2) The reason for the high number of rebuilds in 1990 was to
prevent expiration of shelf life on seal kits in the warehouse.

A.7 NUREG CR-5570
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5. The plant has conducted specific area temperature surveys for all
hydraulic snubbers with the exception of those located near the ceiling or
the riester Bay. This area may be the harshest environment in the plant
consisting of tenperatures exceeding 1500F and a possibly sitrificant
amount of vibration.

A. The highest specific temperature surveyed was 1250F.

3. Looking into resurveytng snubber environments in nore detail
(possibly including vibration neasurements) because of changing
environments due to construction (outages).

6. A group of 15 snubbers in the Heater Bay regularly are found to have
darkened fluid. The darkened fluid often has gicbules of a black

grease-like substance dispersed throughout. _

A. These snubbers are visually inspected on a more frequent basis than
required by preventative naiutenance procedures.

3. Upon evidence of fluid darkening, snubbers are rebuilt as a natter of
course.

C. No failure or root cause exams or fluid testing performed because
these are all non-safety related snubbers. (Plans to fluid test
these snubbers in future?.

D. Per former snubber angineer,18 these snubbers are left in place
after the fluid turns dark, the fluid will thicken and congeal.

7. Plant has an' extremely large percentage of spare snubbers to installed
snubbers. Total number of spares is about 80.

A. Spare anubbers are rotated to ensure those spares that have the
oldest rebuild dates are installed first.

'

B. Usually rebuilds nunber of snubbers required for replacement plus
about 50" for emergencies.

C. Extra snubbers may be rebuilt when the warehouse has seal kits
nearing the end of their shelf life to avoid having to dispose of the
kits.

8. Root cause evaluations indicate the plant has several snubbers that
regularly fail due to being stepped on (broken reservoirs and connecting
tubing). These are safety related snubbers, which per tech spec, require

failure and root cause evaluation. Even though being stepped on is a
non-service related root cause, due to the frequency of this problem the

plant is considering treating these snubbers as if they were in a severe
environment.

NUREG/CR-5870 A.8

__ ___________ _______ - _ __ -



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

,

+/

-.-

.
^

g_ . - Appendix d I

9. Failure evaluations are only perforced if they have au operability-
related f ailure of a tech opec (safety related) snubber. ~

.

-A. Root cause evaluations are'done automatically as part of failure. =I
. evaluations.''

3. Recent revisions to plant procedures require the taking of photos
during fallure evaluations. to aid in the ~docu=entation ofifailure
causes and-modes.

!

10 3 In-the opinions of both-snubber engineers, the plant experiences few to _ .

no age related snubber failures unless the snubbers are located in harsh
;

envirocments.

11. For the past . three years (3 cycles), the plant has performed all
hydraulic snubber testing in-house (both ISI and functional).

A. The plant also rebuilds hydraulic snubbers in-house.-
.

a3.. In process of buying'Bergen Paterson MK IV test machine (have been
, leasing this model) with upgraded computer and printer.

C. It is their belief that doing rebuilds and testing in-house allows
them tighter control of the snubber life cycle.

12. .The plant- currently uses two mainframe computer prograc 'utiD y owned
and: specific) to. track snubbers.

, .

A. The programs are reasonably comprehensive and include tracking of*the
fo11ow1ng fields: serial nunber, model, make, CIC (mark number),
last test-date, installed'date, maintenance history, class and
Comments.

B. The' single. biggest problem with this system is that it takes
approximately six nonths to update following an outage.

C. - Currently setting up a new system to allow better trending of snubber
: characteristics than current systems allow.

New system will allow search, sort and seek of any field by any-

other fields.
.

: New system should be operational in about si: months.-

:13. . The plant has found1the most critical (prone to failure) parts of
Grinnell snubbers to be thread seals and tubing connections. A

.

'isignificant percentage of leaking snubbers has been traced to thread
seals.: In the past,- tubing connections were a significant source of

: leakage in the snubbers. The piant replaced these connections with
:Svagelock fittings to mi c.1:e this source of-leakage.

A.9 NUREG/CR-5870
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- 14)., Specific concerns: of plant -personnel: '

A. - !!ot and cold setting of snubbers need to be reverified on a
semi-regular basis due to changing plant conditions.

3.=. Drawings must always be kept. updated.

C . -- Some plants were built to one spec and then changed to another
farther into their life (i.e. Section III vs. B 31.7). This makes it
difficult to rotate snubbers.

D.- Side-loading -resulting from the use of. long extension pieces may
accelerate snubber degradation caused by vibration.

.

9
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CONC!,USIONS

It is =y opinion that the plant has an effective snubber progran. There is
evidence that the utility is dedicated to not only neeting the intent of the
Codes, Standards and Technical Specifications applicable to hydraulie
snubbers, but to surpassing them when possible.

Areas where I believe tne plant to be particularly effective in tne handling
of tneir snubber program include:

The use of the same personnel to perform rebuilds and visual inspectionso

each outage. This is facilitated by the smooth transition of in going
and out going snubber personnel coupled with a relatively lov turnover
rate. -

o Iae perforsing of an enviro = mental survey to define snubber environments,

o Aug=ented inspection of snubbers in harsh environments.

Paocograpaic documentation during failure evaluations.o

Utility leasing / buying their own state of the art snubber test nachine.o

o Good snubber traciting syste up and running.

Currently setting up a system to allow the trending of snubbers.o

Areas wnere I consider there may be roos for i=provement in the plant's
snubber progras include:

o Perfor=ing more frequent and nore in depta failure evaluations.

Finding and correcting the root cause of failing non safety related
.

o
snubbers.

Perfor=ing specific environ = ental surveys for all snubbers.o

Mini =1:ing the ti e needed to update the computeri:ed snubber databaseo
following outages.

SMC :aca:1110 A
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1

Notes from investigation and information reviewed
during the visit and subsequent discussion with plant Personnel
whia:h includes; (Tech S taf f) , (Tech
Staff) and- (Tech Staf f) and myself.

1. (NRC Sr. Resident Inspector) was notified of
the impending visit to the plant and subsequent sectings. -

Ext. 2490, called in en 7/3/90 at 10:30 AM.

2. Arrived at the plant on July 5, 1990, AM and was escorted by
with whom 1 met with for the rest of the

day.

General Plant Information:

a. There are BWR Units of M.W. sizes - Unit 1 vent
into operation in and Unit 2 vent into cperation
in Both units have been through refueling

.

outages with #2 unit just completed this past spring.

b. The units were constructed with P.S. A snubbers ranging
fr0m PSA 1/4 through PSA-100. The total pcpulation for
the two units at start was 2384 which was divided as
1244 each for Unit 2 and 1140 each for Unit 1. Of this
populatir a total of 2265 snubbers were tested by the
end of tue first refueling cutage for both units, with
the remaining snubbers being deleted and 3 being
ex'e=pted from ISI.

c. The testing of all snubbers was . precipitated by the
high percentage failure rate encountered during ist
R.O. for Unit #1 which began and continued
through During this first outage 104

.

snubbers had failed in Unit 1 and 53 snubbers would
fail in the first Unit 2 refueling course which started

-

on Jan. and centinued through April During.

the second R.O. for both units, a massive snubber
reduction program had brought down the total pcpulation
from 2384 to a total of 487 snubbers. This process was
completed with full calculation review and necessa y
design changes,

d. During units 2 refueling outage all snubbers in service
were again tested and a total of 8 snubbers for unit i
and 1E for Unit 2 f ailed the functional test.

e. Failures are categorized by 1) Installation and

Handling, Deficiencies, - 2) Environmental Failure, - 3)
Failure e%c transient or vibration load, 4)-

Manufacturing defects - Snubbers failed in categories 2
& 4 were relatively few in nu=ber, representing less
than 1% of the tctal population by group si::ing (1/4 &
1/2) small and (1 through 100) large. Failure
attributed to Categorf i 3, which indicated transient
or vibration or both, were given greatest attention as

NUREG!CR 5870 A.12
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these were'the ones most likely to fail again. Aside
from -the system -operating low level vibration
(amplitude._and frequency), some systems had special
problems requiring engineering review, such syste=s
were;

1)-High Pressure-Core Spray ( ) venting relocation
(Failure _f5)

2) Low Pressure Core Spray ( ) High Point Venting
-(11, 12, 50, 59)

3) Residual Heat Removal ( ) suction lines from
vessel to RHR Pump (71.79). ,

4) Residual Heat Removal (P2R) discharge lines outside
primary containment. (Tailure 58,60,61, 66, 74, 82 for .

A Loop) , . (Failure 62, 63, 64, 72 for 3 Locp).

All the=above systems required engineering evaluation and or
plant modification -in order to eliminate transient load and
low level vibration causing snubber failure.

_f. Other snubbers failed in various system where small_

drain and vent lines were connected to large lines and
forces induced from the large piping, although not
having detrimental effect on the larger snubbers
directly connected to the main system, they were
effecting the smaller supports by. induced vibration and
transients. The system was modified to avoid future
failure.

3) A 100% testing of the 238 snubbers left in service in Unit 1
second R.O. and a total of 8 snubbers failed to meet -

functional test limits. A tear-down and inspection was
-. conducted to deter =ine the cause of failure which were
categori::ed as follows:

a. 6 each due - to installation and handling deficiencies,
2 each manufacturing defects.-

It is evident that the snubber reduction program through
elimination and modification was proved very effective
considering the failure of the 8 units during the second
R.O. Vere attributed to causes other than fatigue related.

-4) During the third R.O. .the eight snubbers which had failed in
the previous outage were ratested, in addition a 10% test
sample was implemented with the snubbers divided into - two
groups:

1) Small, consisting of PSA 1/4 and PSA 1/2 (3 tested),
2) Larger, consisting of PSA-1 through PSA-100 (22 tested) -

_ two failures in this surveillance, one was fromThere were
the retest group and one PSA 1/4 from the sample plan.

A.13 NUREGCR-5870
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.Therefore,- 3 additional snubbers were tested withou. >

failure. There was_no failure in the large group.

It:is evident'that-failure rates have decreased drastically
by- addressing- system leads, _ transients, environment,

;

location and other' factors contributing to past failures as '

2.,

experienced during 1 R.O. -

The- classification 'of- primary causes .'of failure and ;

consequent evaluation is an ef fective method #of separating '

snubber units which would_have-a repeatable failure as it is
caused by' -environ =ent- and/or lead,- -_other . failures
attributed to handling or installation deficiencies,
=anufacturing defects, are considered random failure and are '

addressed- separately. - Safety analysis and necessary
corrective -actions were perfor=ed for. each Jindividual
failure and.at a system level.

5)- The same events were noted _ and addressed for Unit 2 with
'

comparable results. .. The nu=ber of failures are somewhat-:

different,|however the investigation and corrective actions
were conducted with the same diligence-and thoroughness.

LThe failures occurred as follows:

53 total failures with .19 each -in Oategory 1c 61 R .' O'. : -

_ each - in - Category 2, 23 each in category 3 and 5 each in
category 4.

. .

2 R.O. - 18 total failures with 16 each-in category 1 and 2
*

each-in category-4.-
,

'3 R.O. - No failure recorded
i

6) An overall' view of failures for the
Unit :1 & 2 listed -by f allure cause and - si::es - (small &
large) :

1 R.O. - 157 total failures of which 74 each were snall 1/4
& 1/2g 83 each were large 1 through 100.

2.R.O.--_26 total failures of_which 6.a were small, 20 ea'

were:large.

-3 R.O.- 2. total failures, of which both were-small snubbers
(PSA-1/4)

_Further_ grouping _by_.fallure cause as- defined by plant-
_

-engineering:

Category 1: Installation and Handling-Deficiencies
Total failures 100 units (46 large bore, 54 small
bore) . These failures ranged frem poor handling,
storage or lastallation practices.

L __
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Categorf : Envircnnental Failures
Total failures 17 units (1 large bore, 16 small
bore)
These failures appeared divided into two groups,
a) small snubbers failed due to grease drying out
and causing excessive drag, b) units correded
internally due to being sprayed er dripped upen by
water while in service.

Category 3: Syste: Transient and/or vibration leads
Total failures 46 units (40 large bores, 9 small
bores) These failures are a tt ribu t +.d primary to
syste: transient leads during service, suen as
pu=p start-step, valve opening - closing, causing
snubber internals te degrade. The failed parts
are listed as a) Thrust bearing races damaged or
broken, b) Capstan spring damaged, c) ball
screw bent er stripped.

Category 4: Manufacturing Defects
Total Failures 19 units ( 14 large bere, 5 s=all
bore) These failures are attributed to asstnsling
or manufacturing proble=s existing as unit was
reviewed frc: PSA - The most ce==on being improper
installation c: capstan spring (to locce or to
tight) and excessive grease. - Since most of these
snubbers failed activation limits, these defects
are net noted with hand stroke.
stated that since PSA performed a functional test
en representative nn-her for each site of snubber,
it is very possible to install a defective unit as
new snubbers are not functionally tested before
installatien.

There was also a very informative meeting between .

myself and and
of the plant technical staff ** h o

have been involved with the snubber program far an
extended pericd. The folleving is a su==ary o.'-

their perscnal views and concerns based on passed,

experience.

It is cc==only agreed that centinucus and/or
periedic 1cw level (a:plitude and frecuency)
vibraticn has the =nst damaging effect en
rechanical snubbers. This vibration =ay be
induced by cceponents change of state, like valves
opening and closing, pumps starting and stepping,
or it may be inherent to syste: design, as precess

7 flow, personnel have aggressively
e attacked the prcble=s concerning supper system in

eliminating or minimicing failures by evaluating
and resolving rcet cause. For exa ple replacing
snutbers with rigid support by verifying
calculation, =cdifying syste=s in crder to

A 15 WRForRJSm
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eliminate transients, rev.ising systems ISI
procedures, moving snubber supports to more
effective and less damaging location. Also
considering the replacement of so=e mechanical
snubbers with lisega hydraulic as no other options
were available. Heat shields are used in
locali:ed high temperature and additional chiller
installed to lower ambient temperature in the
upper part of the containment done, changing

'
procedure for venting system during test and the
training of personnel in the handling of snubbers.

8) Standard Procedure is employed in snubber
inspection which include visual, hand stroking, _

performance testing and failure evaluation. If a
snubber falls, it is disassembled, inspected,
identify f ailed part or parts and determine root
cause. A report is written with the above
findings which also includes system, location and
conditions that may effect snubber performance.
Where perfor=ance test results are marginal, good
work practice is c= ployed. Spikes of high
a=plitude, however of short duration may be
considered acceptable. Grease has been the cause
of high drag where the te=perature is above 140 F.
It has been noted that where the temperature for a

0component reached 400 F and sustained for 36
hours, the adjacent snubber failed because of
grease failure. A snubber also had - a marginal ,

C
performance test after being subjected to 300 F
for 48 hours.

Where temperature and vibration are suspected for
the f ailures thermoccuples and accelerometers arrt
utili:ed in evaluating working conditions and -

environment.

NUREG/CR-5870 A. M
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conclusion:

it is cf ny opinion that the perscnnel at
- have a

very effective - ongoing sur /elllance and testing snubber program.
This is evident in the tremendous reduction in snubber failure

~

since -the first R.O.. This was accomplished through
investigation of component, system, environment and failure
analysis. Resolution- utili::ing analysis by the architect
' engineer suppor a calculation- by the A&E and special testing by
the -system engineer were used to determine if system
modification, . snubber relocation ~ or support redesign was-

warranted,- which-also led to a very extensive snubber reduction
4program.- Personnel training and effective work practices were ~

also implemented. in order to eliminate or reduce failures due to r

handling.

Due to grease failure, I would think a qualification test may be
warranted to determine lubricant requirementsf elassification of .

snubbers by system, size and ' environment may facilitate the
possibility of necessary auy=enced inspection for specific
application.

'Edf
John Mucci
Wyle-Laboratories
Huntsville, Alabama'35807
-(205) 837-4411 ext. 583:

L

_.
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Plant D

BATTE1.1.E NPAR RESEARCll

MEETING NOTES 5/1/90
Attachment 1

Page 1

John Mucci and David Brows met with for evaluation of
er.sdag plant data on =echanical snubben (Obje:dvs IB)-

Unit I went on line in 19 . Unit 2 wat on Eme in 19 . Bresidomu of snubbers is as foDows:

829 (Grinnen) _Usit 1: HydranSc -

Mi(Paci5c Sdenti5e)Mehanical -

TOTAL 1573

115 (Grinn:U)Unit::: Hydraulic -

2 (Pad 5e SdendEe)Mechanical -

TOTAL: 1656

Plant has limited failure evaluation data. Just initiated faDure enlaation (root cause analysis) years ago.

Plant has some aubbers located on the top of the steam generetors (highest temperature area) that are buried
in insulation and that have consistentlyjammed (du. covered by hand stroking).

So far, for both units there are approximately 11 mu%neal snubbers that have failed functional tests. They
have had numerous others that have faded hand suoking (coeduced for all snubbers on high energy lines).
Plant has had no failed hydraulics.

Current drag acceptance Emits are 2% (administradve) and 3% (faI!cre Ecsit). For acceleration the limit is
0.C::5g.

Plant has no PSA 1/4's (those that they did have, have been replaced with PSA 1/:: s).
-

to provide a brecidown of the snubber populaden by si:c.

On
is the snubber cuy at He should be ecetaced in rei;2rd to a previous high fai:ure rate

that tney encountered on PSA 1/:'s. -

Reviewed some of their failure analyeis sheets. P! ant has a tendency to attribute fatures to snubber overload.
His may be reasonably valid sinen failures ssre discovered by hand stroking on high ener57 11305 (I: U:05
known to have transients).

Ucy have recently implemented a plan whereby any snubbc.s that are removed as a part of their mubber
reductica pregam are funcionauy te:ted to obtain a ter.t bench mark. ney also hand stroke any re=*4g ;

snubbers on that system. Any snubbers that are u:cd to replace snubbers that failed the hand stroke, are aho
func:ic ally tened to obtain a bench mark. Replacement mubbers would also get tested again during the nex:
outage. This data is used for trending,

NUREG/CR-5870 A.18
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BATTELLE NPAR RESEARCll

MEETING NOTES . 5/1/90
Attachment 1

Page: s

C.trrendy, their serv >cc life monitoring pregam just involw.s hand stroking, but wi!! eventuaUy involvt bench'e
s Sem:= life monitoring is currently limited orJy to those systems to which they predously had problems.

They wG phase in sp- that they andeipate they may have problems on.

D=hg their last octage, they hand stroked all snubbr.rs ou high energy Enes (i.e those Enes tson to have
tr= ~4- n),

Their Teckmc 1 Speh% allow them to exdude hand stroked failures from having to be considered as ISI
faDures. However, they hawn1 had any that have coincided with their funcdonal test sample. Had they, they -

- wuld hree considered them to be ISI faGures eves though they are not obligated to do this.

The following aEaca items for the Battene evaluada vert estr.bEshed

o For evahadoa of drag force :resds:

Evaluate data for si:ss in, and 1-

Measure drag force for various amounts of senice time (exdude data from test plots
-

-
indicatmg abnortnal resuhs such as uneven load patters).

Record serial no., sice, unit no, tens, drag, comp. crag, service time (RFO no.), and
-

location ( to provide endronmental'u1 formation),

Get femnal test printouts for all functional test failures for which a failure evaluation saso

m*~i (both units).

Try to obtain functional test printouts (from previous ter.ts) for snubbers that faued the hando
. stroke evaluaden.

o Get a copy of failure evaluation format. "

J

A.19 NUREG CR-5870
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Plant E

TRIP REPORT.
.

. John Mucci 8/23/90

Notes frotn . . Investigation and Information reviewed during the visit and
>

subsequent discussion with of the Engineering Staff assigned to
support systems.

* General Plant Information:

a. There are two units of 1150 M.W. sizes - Unit #1 went into operation in
and has been through . refueling outages. Unit #2 went into operation

in - , and is now going througn its third refueling outage.

' b. The units were constructed with mostly PSA ranging from 1/4 KIP to 100
KIP. - The total poonlation for the two units are 1720 all mechanical with
hydraulic (8 each) LESEGA used on the steam generator for Unit #1, and a -
total of 1100 mechanical witt'(8 each) hydraulic LESEGA for Unit #2.
There has been a removal or replacement of 120 snubbers in Unit #1
through a' snubber reduction program. During the first 3 RO a total of over
1000 snubbers had been tested through ISIfor Unit #1 with a total of 85
failures during performance test. There were also over 500 tested in Unit #2 -

with a total ot 09 failures during the first two refueling outages.

- c. ' ~ Failures are categorized by: -

1) Environment
2) Overloading
3 Handling or mishandling
4 - Manufacmring Defects

-5 Vibration-
16 Unknown

As for percentage of the total failures, Cat #1 with 20%, Cat #' with 17%, Cat-#3t

with 28%, Cat #4 with 22%, Cat #5 with 8% and Cat #6 with 5%. This would
account for 28% as aging related,67% as non-aging related and 5% unknown.

- d. As for systems having the most failures e en identify and classify them as
follows:

1 Component Cooling System (.))2 Reactor Cooling System (
3 SafetyInjee: ion System ( ')
4 Steam Generator Blowdown Recycle ( )

: The above systems exhibited the highest snubber failures with approximately 55% of
the total with the remaining 45% being distributed among more than 20 other
systems which experienced snubber failures.

1) The snubber reduction program is not in full swing as result of timing
and priority. They have also purchased some Teledyne Load Pins
with which to monitor continuous or transient loacs in separate
systems with overload failures. They have also replaced some PSA
with corrosion problems, with A/D because of unit construction.

|- : NUREG/CR 5870 A.20
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.2T ~Dey have a formal failure analysis program addressing each faQure
. with respect to failure mode, failure cause and corrective action.

They had a photo of a snubber destroyed by overload, and also a
metallurgical analysis of identifying material stress which is included
in the data collected.

3) Failures have occurred on all systems, however, the steam generator
blowdown system has had a higher number of failures than any other

_ system. : - Supports on primary system have less failures due to
contamination or' leaky cornponents as in general leaks are less likely
to, develop and when they develop they are addressed with higher
pnonty.

4) The plant has a tracking program in their computer sprem called-
ASIS, which addresses snubbers and support systems. They have
divided the snubbers in three groups, Small. Medium, and Lvge and
includes all relevant data assoc:sted with och unit. The systets is not ;

complete, as much of the necessary dat has not been entered
' addressing past test data, failure causes, failure mechanism, t.mbient -
environment, which would be used eventually to establish service
trend. It is the opinion of snubber personnel that because of basic
design and lay out differences which exist benveen plants, a standard
approach to service life monitoring would not be entirely practical as
each plant would have their own peculiarity associated with system
desip and operation. -- however, some basic surveillance and
momtoring standards may be decided.

5) They identified the most critical snubber parts as the screw-shaft,
: thrust bearing as the items which exhibit load related failures.

6) It is of the opinion of the snubber personnel that the test machine
should have the automatic capability to test snubbers, however, it
should allow the operator to vary input parameters without

, - complicated procedure. This would allow the evaluation of snubber
L performance at levels different than the _ preset Tech. Spec.

regturements.

.
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Plant F

TRIP REPCRT -
g Jchn Mucci

Job 17131

A discussion was conducted between J. Mucci of Wyle and
Snubber Engineering Central Support.

o The plant has been in operation since the early 80's
however, the testing program for snubbers was initiated
during the forth refueling outage (2R4) which took
place in April

o Since then all the snubbers have been tested twice and ~

=any have been tested nere than twice,

o This effort was cencentrated on Unit 12 Mechanical i
Snubbers and in particular, pSA-1, which had an
original population of 60 ca., however, several have
been since replaced with AD-501 in cases where the
inherent design was more suitabic.

o has also replaced all of their PSA-1/4 and PSA-1/2
with AD-41, AD-43 and AD-71R because of a high f ailure
rate of the original PSA caused in most part by miss-
handling during inspection and testing.

o A total of 47 exam data was collected all frcm Unit #2
as Unit #1 only had a total population of 3 in PSA-1
Mcdel,

o All data was reviewed and 16 exams were selected for
trending based on in-service-time. Data frc= these
exams were grouped together, separated by tension run, -

compression run, which included average and peak values
graphs have been created in order to identify any-

possible trend or trends.

o The exams used in the evaluation are from snuhbers
installed at different locations in the plant, inside
and outside containment, at elevations fron 370' to
420' with temperature ranging from 140 F to 90 F.0

These tempe.ratures are not considered accurate as we
were unsuccessful locating operating temperature ranges
for Unit #2. A temperature study was conducted of Unit
il in 1987 for justification for continued operation,
and it is geaerally assumed that temperatures for Unit

C#2 are approximately 20 F lower at respective
locations. It is roted however, that varying
temperatures do not reflect major changes in service
performance.

NUREG/CR-5870 A.22
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= Plant C'

TO: . _ File- RI -Visit at
_ _

-for
,

dhcussion of in-situ monitoring equipment ' I
-

'

FROM: D. Brown 1 DATE: ' August 24, 1990

On 8/17/90, I visited and met with the following ;
I. personnel:i

. ISI ,
"

__
- Nuclear Engineering

We discussed vibration problems they had experienced on the mainsteam
hypass piping. Vibration frequency was approximately 400 Hz. and was actually-

the result;of radial pulsationsLof-the pipe wall.- The vibration was causing
;-locali=ed: cracking in the vicinity Lof' interval attachment lugs used for the

,

snubber pipe clamp.- -Vibration was monitored.using ctrain gaugest data was -
retrived resor v.-_ i The vibration problem was, for the nose part, resolved by

" - Lincreasing' ent pipe' wa11' thickness and by installation of two multiple orif'.:e
plates vitain the pipe. Vibration amplituf vas reduced by a factor of 10.

One remaining strut that was located upstream of the orifice _ plates - -3

remained - subject _ to high' amplitude vibration. The strue was instrumented with
! strain gauges for monitoring: load; substantial loads were documented.

LVDT's.(linear variable differential transformers) generally are not
acceptable .for. monitoring vibration. They are, however, useful for wesuring

,

[ thermal displacement and_ have been used in this' respect at this' plant.
! .

Vibration can also be monitored using portable vibration monitoring-

- instrumentation.- Two devices that were discussed.in -his regard are:
~

4 .o : Arkania- hand-held' vibration monitoring equipment.

This instrument has a circular chart that provides . direct readinp of !i

--vibration. amplitude. Frequency can be determined based'en chart-

speed..

:o- B"& K-hand-held accelerometerg

.This instrument has the capability of providing vele :lty and
-displacement data vs. time integrating'by acceleration . '

yy
.. ,

>>~p'
. Both of: the above' described instruments are acceptable for monitoring

' accessible systems,t but must be hard-wired for use with remote data retrieval
J ' systems for -inaccessible systems,

s
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The plant.had also experienced transients in the HPSI systen where they
were experiencing back flow through the check valves. .0ther types of
transients they have experienced are caused by turbine trip, SRV venting,- pump *

start, etc. '

Force measuring p' ins are probably -the most pradtice? .2y to measure axial
loads -on- snubbers and struts due .to system traus5nnts. Such equipment was
-particularly useful for axial suppouts'en the mainstent piping system for
straight runs of pipe.

In general. cdue to extironmental considerations such as heat, wear, etc.,
: monitoring -instrumentation is not readily practical for continuous use on
various systems.- Load pins had to be considered as temporary nodifications of
suppo rts.

They had also experienced problems with high frequency vibration
.(approximately 800 Hz.) on mainsteam piping with a secondary vibration at

.

10 Hz. The high frequency vibration appeared to be due to palsating radial
- pipe expansion and contraction similar to that experienced on the .mainstean
bypass system.' The 10 H:. vibration appeared to. involve gross movement of = the .

.

piping system as opposed to the pulsating wall; in this case, they were able
to use -a spring loaded LVDT to. measure vibration. In their opinion, the low
frequency vibration was the result of smn11 pressure pulses within the reactor
which were also monitored at 1011:.

~

In-their opinion, accelerometers are not really a good choice of
.

instrumentation:for measuring piping or support response to dynamic
transients.- However..their erparience has been positive in using these
devices for measurids steady; state vibration.

. , _
'

Snubbers ' installed on~ severely vibrating piping systems have, for the most
; part, been removed as part of:a snubber reduction program. However, two

50 KIP anubbers remain and are continuously degraded. These snubbers are .

=onitored and replaced frequently.

. Plant personnel provided-an extensive amount of back-up data including-

- isometrics, instrumentation specifications etc., that apply to the ' subject of
this me=o.-

1

i

b

...

|-
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Plant H

@Battelle
Pacific Northwest (.aboraront s
tlatteile $vvevard
P O Sci 949
L ;ni4^u A aning 39g
t...onor .wnAugust 2, 1990

4

Dave Brown
Lake Engineering Ccmpany
P.O. Box 296
10 Austin Avenue
Greenville, RI 02828 -

Subject: Snubber Test Data from

Dear Dave,

Attached is the test data'that we received from . Also included is a
portion of the plant's Technical Specifications, snubber acceptance criteria
and the validator acceptance criteria.

The test data does show a number of repeat tests for various sizes. The
' results shown are for a validator, not a test machine.

- I have reviewed most of the data; however I haven't completed a summary for
all sizes. For the repeat tests of 1, 2, and 3 year intervals, the sizes
.. 1/2, 3, and 10 (all PSAs), according to my analysis, show the following
results:

for the PSA size 1/2...out of a total of 18 repeat tests,
_

a

5 indicate an increase in drag
8 indicate an improvement or less drag
2 indicate the same status

-3 snubbers failed

for the PSA size 3...out of a total of 6 repeat tests,e

4 indicate an increase in drag
2 indicate an improvement or less drag
0 failures

for the PSA size 10...out of a tctal of 25 repeat tests,e

12 indicate an increase in drag
-13 indicate an improvement or less drag

0 failures

r - 4 w m s we,ce $P tw oct a ow mr

-
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August 2, 1990'
Dave Brown ~
Page 2-

~Also. included in the data are 1/4, 1, and 35 size snubbers, I haven't i
summarized all of these at'this time. For the 1/2s, 3s, and los the test data
is not conclusive ~in showing increasing drag over time, i.e., the los and 1/2s
show improvement over time. If you have_any questions give me a call.

Sincerely,
A .

-

f /

r.i:(ood v..Wer y
|Senior Development Engineer >

Energy Sciences Department

- EW/cdr

Enclosures

es: Mike Kimel- .. .

-Scott Cole w/o. enclosures
John Mucci w/o enclosures
Don Blahnik w/o enclosures

. NUREO!CRe5870 A26
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Appendix B

in Situ Monitoring Methods and Equipment for Snubbers
,

This section includes a discussion and examples of in surveillance or emironmental modifications. The data
situ monitoring methods and equipment for snubbers. can also help improve senice-life predictions in suchs;, < *

"
_ _ applications,

Methods and equipment are available to monitor snub-
,_

bers periodically or cor.tinuously for senice stressors 'lbmperatures can be accurately monitored, even in dif-
and degradation. Snubbers can be monitored either ficult access areas, using portable, non-contact infrared
individually or collectively on a sptem basis. In situ temperature measurement tools on a spot or amtinuous
monitoring is commonly used to confirm design loads basis. Where practical, thermocouples and R1Ds can be
and to help analyze problem snubbers located in severe used to provide continuous data on the snubber at the
em-ironments. Stressors commonly monitored are load, heat source. Thermometers are used for measuring

. vibration, and temperature Snubber stroke position temperatures where access is possible. Tbmperature-
can also be monitored to verify thermal movements; dis- sensing tape can be used to register peak temperatures
placement transducers are often used for this purpose. on the snubber during operations. A shortcoming of the

latter two alternatives, however,is that a continuous
Load Monitoring record is not provided.

Snubber loads can be monitored when the ca!culated Vibration Monitoring
design loads are to be verified or when piping and equip-
ment adjustments need to be made. Loads can also be Where vibration is suspected, snubbers can be moni-
monitored on specific snubbers where overloading or tored using state-of-the-art vibration monitoring equip-
excessive drag force is suspected. Snubbers placed in ment. Characterization of these conditions can help

-. locations subject to water and steam hammer or flow mitigate vibration effects through corrective action, such -

stratification can be m mitored for excessive loading. as system modification.

Loads are commonly measured using shear pin trans. Wrious remote and local vibration monitoring equip-
ducers that replace the snubber clevis pins (Figure B.1) ment is available. Hand-held instruments are easier to

- during the monitoring procedure. The shear pin trans- use, but are limited to use only in those locations that
ducer uses a strain gage element that is sensitive to areaccessible during plant operation. Remote monitor-

. shear loads (Figure B.2). Bi-axial shear pin transducers ing of vibration is another alternative; this approach -
are available where two components of the load med to generally involves instrumenting the pipe or snubber
be measured. The measurement.: can be read ot. a real with accelerometers. Dpical acceleration monitoring
time or recorded basis. instrumentation is shown in Figure B3, Acceleration

location isometrics are shown in Figure B.4. Frequency
-- Temperature Monitoring and amplitude are the most important parameters for

characterizing vibration.

Snubbers subjeu 16 Jotentially hig* Mmperature
environment can t+ evaluated by monhorine the snub- Notet Displacement transducers are gercrally nor

ber's 1xal temperature, The monitoring data can Practicalfor usdn monitonng snubber vibration due to
' dentify applications that require augmented theirlack of adequate response.i

R1 NUREG/CR-5870
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g
Base

Centerline

: U2 : : U2 :

+ g. +y
.

O }6 J 5
)r tont

&
-

Back

Place Two (2) 2 Element 90* Tee Rosettes at
Mid Span of Strut 180' Apart.

A B For Shunt
Calbration

+
*'V *V= wte

.

D C

.

A - Front Axial
: B - Front Poisson
C - Eack Axial
D - Back Poisson

Strain Gagt Bridge Connection

R9106142.1

Figure B.2 Stain gage element for load monitoring of snubbers
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*1ANS IT N* 'J131A7!CM O AI A

Test Modet Turbine Stop Valve Trip
Systen Main St eam

I i 1.IVIL 1 i LIVIL : i man n'M a 10 m i |

| | AL1.0VA312 l IIFICTID | PIAI IIADINc*H V nIN U7E; il Vin:N 1.I7t; :j
| !IN50R l (Xils ,1be ,] (Xils , | (Milt , lbs, | ALLOVA31.2 | E1?IC*I3 l

| 10 Ior 5:1) iIbe, e s t 'i esi) I (Tee /Nel 1 (Tee /Mol 1

i A-009t MA 4 RA i "U. 2 I NA I RA i

| A-010l NA | MA 1 V l. L 1 RA | RA 1

| A-011l MA 1 MA l ' 7. 7 i MA | MA i

| A-4312 I NA 1 MA 1 33 7 | XA l MA l

| A-013I NA I MA I 2!/ \ MA 1 MA 1

| A-014 | NA I RA l 7 ',"7 | MA I RA l

| A-015i MA 1 NA 1 241 l NA l NA l

l A-0161 RA I MA 1 2. l O I MA I MA i

1 T-001A 15300 l 13900 I 64/o1 I '/E 1 I Y s C. I

| T-00: 1 33:00 1 30100 l i W We ! 1 I i-

1 T-0031 36400 1 33100 I l '7 G id I I | | 1

i T-0044 38900 l 35300 1 M ik l i l | I

| T-0071 17400 l !!800 I '70 11 1 I I i ,1

1 T-0081 38000 1 3A500 l 1418 i i l l |

| T-0091 19800 1 18000 1 f bbl I i l i Ie

| T-010| 37100 1 33700 1 7 $ F- 1 I I I I

jl T-01: 1 81400 1 74000 l 1.97'l I i l i

l T-0131 57300 1 52100 i ~L4 0% 1 'I I *f I

| P-005i RA 1 MA 1 f o i(, 1 MA I RA |

llCT"13 : *A - Accelerometar, vibration in mils sero peak
T - Torce, Static Force in 1bs
? - Pressure, Static Pressura in pel

** Maximum positive or negative deviation from initial, bassline value.

KA - llot Applicable - Measurements for information only.

NUl .liO/CR-SS70 11 X
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TRANSI!NT VI1RA7!ON ,DA*A

Test Mode Turbine Stop Valve Irlp
Systen Main Steam

| 'l LI7LL 1 i LIVIL 2 i MAMEM ::10 9 Win.A LIVIL M W131N LIVIL ;j
| 5IN$02 | ALLDWA3LI | KI?EC ED | 71AK I.EADIAH ALLOVA3LI | ZI?IC*ID ]
I _ ID* I (Mits) l (Mits) | (Mils) l (Yes/Ro) l (Yes/Ro) |
[~D-0011 MA ~ i RA ( 31 i MA I MA ) ;

| D-002I RA I RA I 26 i RA I RA I
'

| D-003i RA I RA | L, !> l RA l RA I

l D-004i RA I RA | E4/L6D l RA | RA l
| D-005i RA i RA | 17 1 1 RA I RA I

| _D-006i RA I RA I 2. * I RA I RA |

| D-007|- RA | RA | J '*, | RA i RA l

| D-005I RA | RA l 36 I RA 1 RA |

|_D-0091 R_A | RA i 31.- I RA I_ NA I

-1 D-0101 RA l RA I t i, I RA I RA l

|_ D-011i NA ! MA | N 1 NA l RA |

| D-012I RA | RA I Ifi 1 RA | RA l

| D-013i RA I RA 1 % | RA l RA I

I D-014I 402 1 366 I 16 I 7c5 I NLt I
,

1 D-015I KA I RA I 11:> l RA I RA l

| D-016| NA I RA | N | RA | RA l

1 D-0171 404 1 367 1 21 1 '/ G7 i NE5 l

I i A-001l RA | RA | La. 4 i RA | RA |

| A-002i RA 1 RA l 64 i RA I RA |

| A-003| RA I RA | 12.[ l RA | RA I

I A-004| RA | RA I 885 l RA | RA I

l_ A-0051 RA I RA I JI.5 1 RA 1 RA |

-| A-006| RA I RA i 11 1 | RA l RA I

| A-007i RA | RA | C.7 1 MA | MA |

| A-008i RA | RA | ''.3 | RA | RA |*s

3CIIS: *A - Acceleremeter, Vibration in mils sero peak
D - Displacement, vibration in mils sero-peak

** Maximum positive or negative deviation from initial, baseline value.
M - Not Applicable - Measurements for information only.

1
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^ b"' """Pe i' 8 "$' '"1 *"'" '"' i "'' ' ""I '* ""IOtlicr Monitoring Meilio Is aiul *

esatnination of snubtwis. lhis apparatus can tw
Equi iment used to dc ret esidence of wtar or other internall

Other methods and equipment are available for cs alu-
ating speelfic snubber (haracteristics that may r(late to bpectropaphic analysis equipment is of ten used toe

sen 'e degradation- identify the source of contaminants in snubbers.

Fluid particle analysis equipment can be used to Ae,orn(tcrs are used to determine the level of* .

identify and to establish the density and site of entt.iined and dissolved alt in the hydraulic fluid.
solid partkles in the hydraulic fluid. Suth-

equipment is particularly uteful for evaluatir.; Various types of(quipment are also available for.

potential degradation in snubbers that are k f t determining the moisture content of hydraulic fluid.
In place for extended periods, e g., snubbers that
are not remosed for refurbishment or Iunctional Acoustic emissions technolory of fer', some potential.

testir.g. Partkle contamination can result from f or in situ monitoting (e.g., vibration) of snubbers.
internal corrosion products or fiom wear due to This mt thod shoid be evaluated Iurther.

'
vibration.

_
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Appendix C

1)pical Arrhenius Seal Life Extrapolation (Plant A)
i

'

This Appendix generically illustrates an empirically relationship between seallife and temperature. A
deshed scallife curve reflecting an Arrhenius type mathematical representation in this regard is also

included.

,

l
|

.
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Empirically Derived Seal Life Curve
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L = life
Q" Constant
T = Temperature
n = constant
b = constant
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Effects of Compression Set on Low Pressure Seal Performance
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Effects of Cornpresslati Set on Low Pressure Seal Perfortnance

This Appendix contains procedures and results for clastomeric seals, inspection data sheets are included to
evaluation of seals removed from nonicaking snubbers show snubber conditions and as found scal dimensions.
that were anticipated to have high compression set. The = Due to the limited amount of data in this regard, opti-
goal of this evaluation was to obtain data that could be mum compresvon set limits could not be totally
used to substantiate compression set !!mits, based upon confirmed.

. Iow pressure performance, for various condgurations of j
t

;

I
|

.

.
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1Rr. LIFT 1 NARY SEAL IVALUATimi SNfMRY

COMPPISSloN SET I.1MITS sit'DY

Preliminary evaluations were perfotmed on sit snubbers with no visible algns of
leakage. For the preliminary evaluation. easily accessible face seals were
chosen. These are located between the valve body and reservoir on Bergen-Fatet sen
snubbers and between valve body and cylin ter cap on Grinnell model FH-74 anubbers.

To justify a secondary evaluation, a minimum compression set level of 45% was
entablished. Only two of the six preliminary evalunt!ons yielded a high enough
level of compression set to justify secondary evaluitions. The tenults of the
preliminary evaluations were as follows:

Sample Snubber Plant
N um be r. Type Type _ Comments

1 Bergen-Patersoo fossil This snubber had been in service for a
relatively short time period, reportedly
in a neve re environment. Evaluation did
not, however, renuit in enmpression set
levels high enough to jantify continuad
evaluation.

2 Grinnell PH-74 Tossil This snubber had been in service for
approximstely 15 years. This snubber had
been shipped with no fluid and was removed
from further consideration.

3 Crinnell TH-74 Fossil This nnubber had been in nervice f er
approximately 15 years under high -

temperature (a) conditions. Visual
inspection revealei na signs of leakage.
Compression set evaluation resulted in -

levels that were high enough to justify a
secondary evaluation.

4 Be rge n-Pa t e r son Fossil This snubber had a long service life in a
relatively moderate environment. Visual
inspection revealed no signs of Irakage.
Preliminary evaluation did not justify a
seconda ry evaluation.

5 Bergen-Paterson Nuclear This snubber had a short service life in a
high temperature (a) environment. Visual
inspection revealed no signs of leakage.
Preliminary evaluation did not justify a
seconiary evaluation.

6 Bergen-Paterson Nuclear ibderste service life (6 years) in a high
temperature (a). No leakage. Secondary
evaluation conducted.

(a) Greater than 1500F.

NUREO/CR 5870 D.2
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SECONDARY COMPRESSION SET EVALUATION _

1.0 BACKGROUND

This procedure delineares the methods used to measure compression set in
sesis removed from snubbers selected for compression set evaluation for
the NPAR Snubber Aging Study,

2.0 EVALUATION PARAMETERS -

Notes Values for the below described parameters are included in Table 3
for_Grinnell snubbers and Table 4 for Bergen-Paterson snubbers.
Where more than one measurement was obtained for given seal or
gland, average-values are listed.

2.1 _ Original Seal Thickness

Since original seal thicknesses (W ) were not measured, thickness
9values are based upon manufacturer s information (nominal values).

2.2 Recovered Seal Thickness

- Recovered seal thickness (W ) is defined as the post-service1thickness of the seal after removal from the gland.

2.3 Compressed Thickness (Simply Compressed Seals)
.

Compressed. thickness (W ) is the thickness of the seal when it iss
installed in the.glande. The compressed thickness for each simply
compressed seal was determined from snubber dimensional data obtained
during the evaluation, Specific equations used in this regard are

-listed below for each seal.
.-

Note Dimensional variables are identified in Figures 1 through 4
and Table 1 for Crinnell anubbers and in Figures 5
through 7 and Table 2 for Bergen-Paterson snubbers.

'.

9%
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2.0 EVALUATIO 1 PAP,.U!ETff,S

2.3 Compressed Thickness (Sig ly Comoressed Seals) (Cont'd)
_

2.3.1 Cogrer, sed Thickngns (Bergen-htcrnon Snubbe s),

2.3.1.1 It em 3 - Recerv31r rist on Seal

I - ll
y ,

s -

2.3.1.2 It.r n 4 - Valve /Renervoir Mounting. Sent

Y
a J*

2.3.1.3 Item 13 - Piston Rod Seni

S-R
W 2-

3

2.3.2 Compressed Thickness (Orinnell Snubbers)_

2.3.2.1 Item 1 - Picton Rod Seal

W 3 |I=

2.3.2.2 Item 2 - Piston Seal

P-Q
W 2-

3

2.3.2.3 Item 11 - Vaive Mounting Seal

W F=
3

NUREG/CR-5870 D.4
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2 .0 EVALUATION PARAMETEPS
o

2.4 Compression Set

Compression set is defined as the amount of per nanent deformation
expressed as a percentage of the initial seal compression.
Compression set (C) was calculated using the following formula:

W,-Wy
W -W x 100C =

o s -_

--where W,- initial seal thickness=

W) recovered seal thickness af ter rernovel from the=

gland

W- s- gland width (or compressed thickness of the seal=

when Installed)

2.3 Instrumentation and Test Equipment

Dimensional data was obtained using calibrated measuring devices *
such as micrometers, depth gages, calipers, feeler gages, etc.

_

D.5 NUREO/CR-5870
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Appendit D

TABLE 1

LIST OF SEALS AND STAL RTJATED I ARTS

FOR GRINNELL MODEL fil-74 SNUBBER Wi!H MILLER CYLINDE.R

Part Quantity Per
Nu:nbe r _Pa r_t Snubbert

1 Miller Piston Rod Seal 1

2 Miller Piston Seal 2

3 Miller Cylinder Tube End Seal 2

4 Reservoir Tube End Seal 2

5 Valve Barrel seal (External) 2

6 Valve Barrel Seal (Internal) 2

7 Fitting Seal 4

8 Reservoir Connecting Tube Boss Seal (Pil-74 only) 2

9 Valve Body Plug Seal (PH-74 only) 1

10 Miller Fill P?ug Seal (Pli-74 only) 2

11 Valve Mounting Sesi (Pil-74 only) 2

12 Thread Sesi - Valve Connecting Tube (Pil-74 only) 2

13 Thread Seal - Locking Velocity Screw 2

14 Thread Seal - Bleed Rate Screw (Pil-74 only) 2

18 Miller Rod Bushing 1 _.

19 Miller cylinder Tube 1

20 Reservoir Tube 1

21 Reservoir End Cap 2

22 Valve Barrel 2

23 Valve / Reservoir Conn. Tube (Pil-74 enly) 1

26 Miller Piston / Piston Rod Assetably 1

27 Valve Body 1

28 Valve Block (PH-74 only) 1

29 Miller Cylinder llead 1

30 M311er cylinder Cap 1

31 Pfl-74 Tube Fitting 2

NUREG/CR-5870 D.6

. . . . . . . . . .
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Appendbt D

TABLE 2

LIST OF SEAL REl.ATED PARTS
.

Part- Quantity Per
Number Part Snubber

1 Reservoir Bleed-off Screw Seal 1

2 Reservoir Tube End Seal 1

3 Reservoir Piston 3eal 1
-

4- Valve / Reservoir Mounting 5esi 2

5 Connector Tub =/Gtop Pluf Boss Seal 2

6 Port Plus Seal (2)
-7 . Relief Valve Plug Internal Seal 1

8 Relief Valve Plug Boss Seal 1 (1)
9 Back up King 1

' 10 . Connector Tube Sliding Seal 1

.11 Cylinder Tube End Seal -1
12 A11estte Fitting Seal 1

13 Piston Rod Seal 1

14 Reservoir Bleed-off Screw 1

11 5 Reservoir Tube 1

16 Reservoir Cap i

17 Reservoir Piston 1

18. Control Valve body 1

19 Poppet Stop Plug. 1
.

20 Port Plug i

21' Relief Valve Plug - 4

22 - Connector Tube 1

'23 Cylinder Head 1

24 ' Piston- 1.
25 Piston Rod 1

26 Rod Bearing 1

27 Cylinder Cap- 1

28 . Cylinder Tube l'

'29 _ . Reservoir Head 1

NOTE: -(1)' Manifold configuration only -

(2) .- Quantity. varies depending upon snubber size and configuration

.

D,7 - NUREG/CR-$870
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i
I

h

i

TABLE 3
|

CRINNELL EVALUATION PARAMETERS !

I

i
Wo W1 . Ws Comprassion Set

;

Seni No. -(luches) (inches) (inches) (%)
,

i .128 .103 .101 93%
1

2 .330 .276 .250 69% ,

11 .070 .061 .050 52% i

:
1

$

I

i

- 1

TABLE 4 i

!
BERGDI-PATERSON EVALUATION PARAMETERS t

r

- .
;
*

Wo W1 Ws Compression Set
Seal No. (inches) (inches) (inches) (%)

-i

.3 ~.312 . .276: .250 50:

4 -.103'- -.098 .078- ~20%. !

.

_13 .312 . 273 .250 63%

.

!

i

P

.

I

_ _ _ _.

Y
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Ap}<ndit D

DATA SIIEET 1 Fage 1 of 1

GPJ N!Wl.L

Snubber Sample Numbert 3
~

Size (Bore X Stroke): pH 14
Configurationt M;llu

GUILRAL ColefRTSt

-

* Anahber in e& hyal'1 r>^d;4:sn-
W1ervady I > t/3 CatL*

* %_dh&lt sinna af_le.ahte-

kl_lcrtf,[ym blerl Lthen (# mpute]0

'tdipel brd mnd b[ NIL Ibl k 4rmpg.ct.IgrupcAutt h- y

Mn sty * af hgh. -ell je umcation dpjdip .- o t

~

-

7b OInsp. byt [ [I) c Date

NUREG/CR-5870 D.16
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Appendix D

_t%TA SilEET 2 Page 1 of 1

CRINNELL

Snubber Sample Numbert 3 I
Model Pw-79 )

Cylinder Typet Mater '

|

' POST-SERVICE $EAL DIMENSIONAL DATA i

IRef. ,

Part Radial / Loc. '$equence Meas. (Wl) 1

No. Face Code ._ Number . (inches) Comments i

2 R B 1 .275
- 2 a yo :

3 _,n_ op,

4 .,2 '19
. ,

i 1- 11/A 1 .a 61+

2 ,om |
3 j it L

4 .h I,I

11- F A 1 .1 ol
2 .Ma
3 ./h%
4 .toq

..

>

. COMMEllTS t_

L

b

.

?

.

queme - -

Insp.'bya /// Datea 7/3/901

.

D.17 NUREG/CR 5870
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L

DATA SilEET _3 Page 1 of 1

GRINNr1L

Saubber Sample Numbe*: 3 i

Modeli PH 74 '

Cylinder Types M |tt er
f

i

POST-DISASSEMBLY PART DIMENSIONAL DATA

Part 1.oc . Sequence Hess. (W1) ;
.

No. Code Dim. Number (inches) Comments f

la ~ 11 1 Jo# !
-

2 .vn
t,_

3 .fcl '

4 . rot

19 P-
(4.ph.1___-

i

3

A T 1 . 11 9
t

2 ,-

. i;t,t,,,,, !

3_ .... 1PA
4 .us;n

_ _

B T~ 1 N1
_

2
.3 -

,

4 o ,

i

. -

. . _

27- -F 1 . om
-

2 .68:
3 .oys
4 _ oco , . _

C019ENTSt -

R-

_Insp. by: Y Date t ,7/3/9d -a
.

NUREO/CR 5870 D 18

h

. .. - . . - . - . - . . . - -. - - . . - . - .. . . . - . . - . - . . . - - - - . . - . . . - - - - .



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

Ap;wndix D

DN/A SHEET 6 Tage 1 of 1

BERCUJ-PVfERSON

Snubber Sample Number (_ _ ,

Stee (Dore X Stroke): so
Configuration _gmW

CEf(ERAL CotMJfTS:

_.

* Snuune 'a 3n~J y.kys : rznan .

pe.-esgeIg ,1- Ts,,yj Q w a_ce,1 uft.uinn 'W ".

* Na v ale._M .6 e4leakaje-
_

$

o Fi- 5,1 verv clarlt m;4k bbth clnhulf.b. f.

a s

o McA v _% rin tvliader 3abf..And_IaE b -a en
I y '

e h . er os*r n;4.nmal Gtern M he_*_ _f em, ,or#Aa u ntug _ alma
%dIld d aar.$r.r..Anddtp b M. ~

o'4cn.auLc.ngiur_Alu shes Qas o(n rkins.~
a

no4*d d a b e4 al k _ & y414t~l eppurmIu
,

.

.

|
_

4 TLahca br nde.cL._%ai.only f fal Jo Ayladz hhx.adP*
clarkue . Flo.,) 'in_Je,mA, uAuelibrJQcao

Insp. by: - * h Date 7/14 f 40
_
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Appendix D

DATA SHEET 5 Page 1 of 1

BEF4EN-PATERSON

Snubber Sample Number . fo
Site (Bore X Stroke): An

Configurationt Man; fold

POST-SERVICE SEAL DDENSIONAL DATA

Red.
-P.tc Radial / Loc. Senuence Mess. (W1)
No. Face Code ' Inimbe r ~ (inches) Cocznen t s

, _ _

3 R 1 . 2M-

2 .an
3 .mn
4

. . ,2n__

4 F A. 1 .aw
2 .ma_

3- .mt
4 .m1

^ 13- R
'

1 Jm-

2 .an s

3- .cw _

4 ';m

COMMEXIS:

,

.ses q yw

6 '@ - gN

.er % , _me

Insp. by: b i_ Date: - 7//s/?O
i

NUREG/Ch-5870 D 20
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DNt'A SHEET 4 Page 1 of 1

8ERGC1-PYTER50tl

Snubber Sample Number _ (,

SL:n (Bore X Stroke): 30
Configuration Meg,

JEffERAI. COMMENTS:

* Snuhhne 6 gam) ght ear.J:h.
. .

Re s-run;c . ltvel - Ts m.<ks 'R. don enel .de aslon Vsf*

* Na vN le_ n'$. s rJl.ahje.h t

o F1..i A vtcv. clar k m;4b blehlabuks. V
i s

Hmy <<^4g on e yLdez_4abC_AncLpAfsa .*

* Reseruele pialett_ seal Glem 3) h u_.seair ruefe u...u eci b ni e t
" '

a Alide._oharne.fre And_dop_Iaf._tr #1
e

* O' Man af.A1 Enf.43 2ArJ * n AkneA Men * n[ r/aeItI AA .1

-oubidt ernm,b_ ofags) 6 4 6 4 kte[ eppea s t
t-- !

.

+ T4 sk~i A be. noirA % i_na1 1]n'.J in e_vimdef + uke uns7
..

ebek m d. Fluud_.in_Jescudtr_WA.LCelididly cir@-

!

!

. _-

.Insp. by: Id [ 7[14 /9 0Date:

D 19 NLREG/CR-5870

;

.- - , _ . n



Appendix D

DATA SHEET 5 Page 1 of 1

BEROEN-FATERSON

Snubber Sample Number: 6
Site (Bore X Stroke): An

Configurations t%;LIJ

POST-SERVICE SEAL DIMENSIONAL DATA

Ref.
-

Part Radial / Loc. Sequence Mess. (W1)
No. Face Code Number itnehes) Cocnen t s

3 R - 1 1-
2 . 2m _

3 .n g___
4 .2v

4 F A 1 .ow
2 g
3 .ms
4 ,ng

13 R 1 .21-

2 .an
3 .w
4 .gt

_

COMMENTS:

_7//S/90Insp. by: / _ Date:^

NUREG/CR-5870 D.20
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Appendix D

+ DATA SHEET 6 Page 1 of 1.

BEttGEN-PATE:tSON

Snubber Sample Number: O
Size (KIPS): ._ 3 o

Configuration: M u ;cmid

,

'
- POST-DISASSDiBLY PART DIMENSIONAL DATA

Part ~ Loc.- Sequence Meas.~(Wl) .

No. -Code D! i . Number (inches) Comments- :

15 1 1 1.m-

2' .1 Am

17 11 -- x mo-

18= !A J '. 1 .o7s
2 . on
3 .nn

- + - - - 4 33

23' S~ - 1 500-

-25 - R. 2.00 0-

COMMENTS:

Insp. by: M /// / c Date: 7 13/90
,. ,

D.21 NUREGICR-5870
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Appendix E

Evaluation of Drag Force Versus Time (Plant D)

This Appendix includes drag force data obtained from machine. No snubbers were tested on more than one
Plant D for two sizes of mechanical snubbers. The data occasion. Averag( Grag force (i.e., average of the drag
were used in an attempt to cortvlate drag force with force values for several snubbers) is plotted versus
time. Allsnubbers were tested on the same test service time. No trends are evident.

|

|
,

F
- }?

.
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' Appendix E

!

Table E.1 llistorical drug force data for snubbers ut Plant 1), Unit 1 (l'WR)

Average T Average C - Peak T Peak C

_
433 433 8.0 ~ 7.0 >

1 3.24 2.48 5.0 3.2
2.16 2.7 3.24 3.6
1.62 1.62 '237 2.4
2.2 2.2 33 33

1984 1,7 - 1.1 2.5 2.0
-- PSA-1/2 1.1 2.0 2.2 3.0

1.9 1.65 2.7 2.7 -

2.0 2.-2 3.2 3.8

2.2 2.7 3.25 43
.t 2.24 230 3.57 3.53

3.75 6.3 7.5 12.5

I- 5.0 5.0 10.0 11.5

1984 5.0 3.75 10.0- 8.0
PSA.1 3.1 5.0 7.5 10.0

,! 4.21- 5.01 8.75 10.5

_
2.0 1.7 2.66 2.2

t 2.2 2.2 33 3.3

4.5 6.5 9.0 13.0

1985 13 1.4 2.8 2.65

PSA-1/2 - - 3.75 4.65 4,7 6.0 )
4.85 2,65 10.8 4.8 1

3.0 2.55 4.9 6.5

- 3.08 - 3.09 5.45 5.50

2.75 5.0 9.2 -10.0
P5A.1- 2.70- 2.5 6.25 6.0

1 2.72 3.75 7.72 8.0

~ Note: numbers in hold indicate averages.

T = tension drag force (Ib).
C = compression drag force (Ib).

,

a

|

|
,

NUREGICR-$870 - E.2
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Appendix E

- Table E.1 (Continued)

. Average T Average C ' Peak T Peak C

; x_ _ 2.0- 2.5 . 4.4 4.5
_ _.

-t- -1.65 1."iS 3.25 3.20
~

2.0 2.2 3.50 3.75

. 7.7 10.25 12.0 15.5

3.1'- 3.0 4.8 4.3
- 1.60 - 2.05 3.85 3.90

1986 3.10 2.10 5.50 3.50
PSA-1/2 1.60 1.90 3.20 3.3

2.10 3.3 3.3 5.1-

1.70 1.8 3.0 3.0.

1.60 2.0 2.2 3.0,

1.75 1.0 3.25 2.0
0.9 0.9 1.80 1.5

1 2.37 2.67 4.20 4.35
t 3.75 - - 2.2 6.5 6.2

3.3 - 2.5 6.25 7.0
E 2.0 = 5.0 6.25 7.0
. ' PSA-1 5.0 - 4.0 11.5 8.0
i 2.5 3.0 5.0 8.75 -

. 3.75 - : 3.75 8.75 8.75

1 - 3.38 3.40- 7.37 8.53

_
1.3 1.6 2.0 2.75 ~

!- 1.25 1.6 2.25 2.2 -

1.2 1.7 -1.95 2.7
1.1 1.1 - 2.0 2.15

1987 17 1.85 -3.0 1.0 -

PSA-1/2 1.25 .9 2.16 1.0-
2.3 1A : 3.85 3.40
6.5 7.8 8.2 9.75

- 1.5 1.1 2.1 1.6

1.6 ; 2.6 - 2.6 3.2

-1 _

l.9^ - 2.18 - 3.01 3.26
--| PSA-l' 3.3 _ -3.0 6.3 7.0

1

E.3 NUREG/CR.5870
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Appendix E

i

Talite F.1 (Continued)

Average T Average C Peak T Peak C

_
2.89 2.11 5.55 4.12

4.60 2.35 6.95 4.80

3.37 3.10 6.5 6.15

2.45 2.75 60 5.62

1988 2.95 2.75 6.10 4.45

PSA-1/2 2.37 2.75 4.40 4.35

1.78 2.45 4.20 4.65

3.30 1.92 6.25 3.92

2.76 5.20 5.10 7.05

2.95 2.82 5.67 5.01
_

5.56 4.55 10.95 11.671

5.79 5.71 13.27 12,(Xi

6.75 4.15 11.02 8tw
PSA-1 5.17 6.53 11.17 15.99

6.24 9.42 13.52 22.98

7.63 5.64 13.30 13.30

5.63 5.36 12.12 11.55

7.25 5.91 13.42 12.75

1 6.25 5.M) 12.35 13.73

1

_
7.40 5.20 13 0 11.0

1 5.20 4.50 S.30 7.80

1989 3.75 2.75 6.0 3.75

PSA-1/2 5.25 3.25 7.0 5.40

1.60 1.10 3.10 1.90

0.85 1.25 1.75 2.10

2.0 2.25 3.50 4.25

1 3.72 2.90 6.09 5.17

2.5 2.75 5.0 7.50

PSA-1 9.0 2.50 17.5 6.25

5.0 6.25 10.0 12.0

5.5 3.83 10.8 8.58

NUREG/CR-5870 E.4
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h

5

UNIT I
PLANT 0 PSA-1/2
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Table E.2111storical drag force data for snubbers at I'lant D, Unit 2 (l'WR)

Average T Average C Peak T Peak C

1985= 2.00 1.60 3.20 3.25
1.56 1.00 2.20 - 2.10
1.25 1.75 3.20 3.75
1.60 1.40 3.25 2.35
3.20 2.70 5.40 5.30
1.50 3.00 3.25 6.50
2.25 2.45 3.25 3.25
1.90 1.80 3.10 3.00 ~

1.80 1.45 3.25 2.50
- PSA 1/2 2.70 1.60 3.75 2.60
(26)- 2.20 1.75 3.75 3.25

'~

4.85 - 1.60 9.30 2.90
1.68 1.75 3.20 3.25

e: '1.95 2.85 3.00 4.20-
2.20 1.45 3.50 2.65
2.60 2.75 5.90 4.60
1.70 1.45 2.70 2.25
3.40- 3.24 5.40 5.20
2.00 2.10 2.70 3.10
2.00 3.70 4.30 7.58

1985 3.10 3.00 3.85- 4.35
2.10 1.70 3.25 2.40
3.40 3.60 5.65 7.10
1.00 1.10 2.15 2.16
1.80 - 1.70 - 2.90 2.70
1.15 1.40 2.25 2.20
2.05 2.07 3.75- 3.6_

8.20 9,50 15.00 26.00
"

,7.50 3.00 17.50 12.50
6.00 = 4.00 12.50 10.00
3.50 3.75 10.00 8.75
5.00 5.20 -11.00 - 11.50
5.50 4.50 11.50 11.25

PSA-1 3.00 3.75 7.50 11.00
-(15) _3.75 3.95 10.00- -12.00

- 6.00 2.50 13.00 11.00
4.00 4.50 17.50. 12.50

11.00 8.50 18.50 17.50
4.85 11.00 10.50 24.00-
6.00 3.50 12.00 15.00
3.50 4.50 8.50 11.50

-5.43 6.01- 12.50 13.90

T = tension drag force (1b).
C = compression drag force (lb).

E.7 NUREG/CR 5870



_

.
. .

__. _

Appendix E

Table E.2 (Continued)

Average T Average C Peak T Peak C

1.30 1.30 2.40 3.00
1986 1.10 1.50 2.00 3.20

1.05 21 0 2.20 3.25

1.20 1.85 2.00 2.65

1.70 2.40 3:25 3.75

1.85 1.10 3.85 2.40

1.10 1.60 1.60 2.50
1.55 4.80 4.00 13.00

-

PSA-1/2 2.20 2.70 3.50 5.40

(19) 1.00 1.60 1.75 3.00
1.20 1.65 2.45 2.75

1.10 90 2.05 1.55

1.35 1.95 2.55 2.35
3,40 2.75 4.75 3.85

1.20 1.20 2.20 1.95

0.95 1.45 1.65 2.20
2.35 1.65 3.70 2.60
2.25 1.00 3.20 3.25

1.62 1.95 2.87 3.60
,

3.45 3.25 6.90 7.00

4.25 6.30 111)0 14.00

PSA-1 3.75 2.50 6.25 6.75

(6) 3.40 4.45 8.25 9.00

3.50 3.60 7.50 11.25

5.10 3.75 16.0 15.0

_
3.90 3.97 9.31 10.5

1.70 1.60 3.00 4.80
~

2.00 2.85 3.50 4.30
2.40 3.50 6.50 4.50
3.30 1.J ') 2.40 S.50

1.60 5.40 7.00 4.32

1987 2,50 3.15 7.40 3.00

PSA-1/2 1.00 2.25 4.80 2.65

(14) 1.90 3.25 2.70 2.4

2.40 3.00 3.00 4.3

3.25 2.20 4.30 6.4

1.60 4.80 5.40 2.2

4.40 2.15 3.20 10.0

3.00 2.00 3.60 4.7

3.20 1.55 2.20 4.2

,
2.44 2.80 4.21 4.5

5.00 4m 10.00 S.75

3.75 2.75 7.00 6.50

NUREG/CR-5870 E.8
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Table E.2 (Continued)

Average T Average C ' Peak T . Peak C

PSA-1 5.00 3.00 11.00 7.50
(6) 2.50 3.00 6.00 7.50

2.50 3.75 5.10 8.75
3.00 3.70 8.20 20.0
3.62 3.36 7.88 9.8
2.62 6.07 6.10 8.69
3.07 4.08 5.58 7.44
1.65 1.66 2.85 5.70
2.92 2.63 5.44 6.73
5.03 4.26 7.33 6.94
1.73 3.33 3.08 6.40
3.55 2.05 5.38 3.63

1988 1.43 3.05 2.% 5.11
(21)' 3.65 2.48 6.06 5.50

4.26 2.64 5.64 6.37
8.62 4.74 16.30 8.63

PSA-1/2 2.53 1.85 3.75 3.08
4.39 4.72 11.20 12.70
3.69 2.47 6 25 4.95
138 2.90 2.92 4.41
4.49 3.85 7.55 9.43
3.72 1.9I 6.01 4.54
3.74 1.81 6.20 3.76
3.99 2.30 6.14 5.52
1.66 3.14 3.95 6.74
2.54 2.27 5.29 4.30

| i: _ 3.36 3.05 6.0 - 6.21
- 6.19 5.67 11.00 11.96

6

4.69 5.99 10.24 1034
5.61 5.01 11.92 10.15
6.42 5.63 13.93 -12.64
6.43 4.51 14.63 11.99

- PSA-1 3.68 6,08 6.95 12.87
(11) .16.68 9.12 37.13 21.52

11f>4 7.90 22.74 15.68
9.76 10.18 18.59 13.30
6.85 6. I8 15.71 12.00
6.49 8.45 21.29 23.97-
7.67 6.79 16.74 14.66_

4.20 2.70 8.66 4.32
1.90 :1.20 3.70 3.25
4.32 3.25 6.80 7.00
0.85 3.25 2.00 4.85

-

3.25 3.25 a.10 5.40
4.60 5.40 7.60 7.60

E.9 NUREG/ '%5870
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|

'lhble l' 2 (Continued)

Average T Ascrage C Peak T Peak C

PSA 1/2 1.10 1.10 2M IM
1989 1.70 1.20 2.20 1.80

(16) 2.30 2.00 4.32 3.30
1.20 1.60 2.25 3 (K)

2 (K) 1.00 3.25 2.(0
2.25 3.10 4.05 6.10
1.35 1.40 2.70 2.50

3.10 3.20 5.40 430 -

1.70 1.95 3.25 3.25

1.15 1.65 2.20 2.30

_
2.31 2.32 4.21 3.

2.00 2.25 72 5.10
2.00 2.00 5.00 4M)
5.00 4.50 11.00 12.(K)

PSA1 3.75 3.10 8.50 7.00

(11) 5.30 3.M) 18.tX) 11.lX)

3.00 5.00 7.50 10.50

4.45 3.20 7.00 72
3.75 3.00 8.50 7.00

3.75 2.50 8.55 6.20

2.50 3.20 7.50 7.00

3.75 5.00 10.50 9.25

3.56 3.42 H.91 7.96

.
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Appendix F

Evaluation of Drag Force Versus Time (Plant F)

This Appendix contains drag force data from site F for - drag force (average for all snubbers at each refueling
one size of mechanical snubber. The data were used in outage)is plotted versus service time. Individual snub-
an attempt to correlate drag force with service time. All ber drag force is al;o plotted versus service time for five
snubbers were tested using the same type of test . typical snubbers, samples A through E. Some trend
machine. All snubbers were tested on a minimura of toward increasing drag force with service time is,

two separate occasions (refueling outages). Average observed.

El NUREG/CR-5870
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Table 1 111storical drag force data, I'lant F

llam

NumN-t _
2 R 4'') 2R5 2R6 2R7

7 Av. I 1.6 + 7.0 - 4.3 3.7 + 7. 8 - 6.8
k. C 12.9 + 15.2 - 14.1 15.1 + 12.4 - 13.8
1k. I 6.0 + 12.5 - 9.3 8.4 + 11.3 - 9.8

?k . C 18.0 + 20_0 - 19.0 23.3 + 19.3 - 21.3

8 Av. T 5.5 + 3.3 - 4.7 4.0 + 5.3 - 4.7 4.8 + 9.8 - 7.3

Av. C 10.1 + 10.9 - 10.5 8.9 + 8.1 - 8.5 11.1 + 8.1 - 9.6
Fk. 1 10.0 + 0.1 - 8.0 11. 6 + 10. 0 - 10. 8 12.7 + 21.6 - 17.2
Fk. C 14.0 + 14.0 - 14.0 15.1 + 13.9 14.5 20.5 + 17.2 - 18.8

IJ Av. 1 3.1 + .8 - 2.0 1.9 + 5.2 - 3.6 8.3 + 4.1 - 6.2

Av. C 6.6 + 7.4 - 7.0 9,4 + 7.6 - 8.5 8.8 * 11.8 - 10.3
Pk . T 6.0 + 4.2 - 5.1 5.3 + 8.5 - 7.9 11.8 + 10.2 - 11.0
Pk. C 13.0 + 13.0 - 13.0 14.2 + 12.0 - 13.1 14.2 + 17.8 - 16.0

14 Av. I 1.6 + 3.5 - 2.6 7.5 + 5.7 - 6.6
Av. C .4 + 4.7 - 2.6 7.3 + 6.2 6.8
Fk , T 6.2 + 7.0 - 6.6 12.6 + 10.4 - 11.5
Pk. C 6.0 + 10.0 - 8.0 12,8 + 14.6 - 13.7

15 Av. T 4.7 + 59- 5.3 8.1 + 7'- 7.6 9.71 + 10.74 - 10.2
Av. C 2.7 + 2.0 - 2.4 9. 6 + 8. - 9,1 15.52 + 16.76 16.1

FL 1 9.5 + 13.0 - 11.3 16.9 + 16. - 16.5 15.66 + 17.01 - If .3
Pk. C 9.0 + 8.0 - 8.5 16.6 + 14.t - 15.5 20.28 + 2110 - 20.8

16 Av. T 4.3 + 3.9 - 4.1 4.0 +
Av. C .8 + .4 - .6 10.4 +
Pk. T 10.0 + 9.0 - 9.5 8.5 +
Tk. C 5.0 + 6.0 - 5.5 16.0 +

17 Av. T 5.1 + 3.1 - 4.1 6.3 + 7.3 - 6.8
Av. C 3.1 + 5.5 - 4.3 10.1 + 9.6 - 9.8

Fk. * 10.0 + 6.6 - 8.3 9 9 + 10.9 - 10.4
Fk, C 8.0 + 10.0 - 9.0 13.3 + 17.2 - 17.1

18 Av. I 2.0 + 1.2 - 1.6 6.2 + 6.4 - 6.3

Av. C 12.5 + 12.9 - 12.7 10.8 + 8.5 - 9.7
Pk. T 6.0 + 7.0 - 6.5 10.8 + 10.3 - 10.6
Pk. C 19,0 + 17.5 - 18.3 17.8 + 14.3 - 16.1

24 Av. T 9.0 + 9.0 9.3 + 1.5 - 8.4 14.8 + 9.2 - 12.0

Av. C 9.4 + 11.7 y .6 + 10.2 - 5.4 14.2 + 4.7 - 9.6

Fk. T 32.0 + 35.0 4 14.7 + 10.9 - 12.8 23.0 + 16.3 - 19.8
Pk. C 30.0 + 35.0 9.4 + 21.1 - 15.3 29.3 + 22.5 - 25.9

26 Av. T 7,0 + 11.3 8.4 + 21.5 - 14.9 4.2 + 3.4 - 3.B
Av. C 7.0 + 15.2 y 15. 5 + 15.1 - 15. 3 10.1 + 9.5 - 9.8

Fk. I 19.0 + 24.0 % 13.3 + 26.3 - 19.8 10.8 + 11.6 - 11.2
Pk. C 22.0 + 28.0 23.7 + 22.7 - 23.2 17.1 + 11.1 - 17.1

(a) 2 = unit 2(l'WR). R = refudmg outage number,T = tenuan drag force Otu, C = compressmn drag torce Chs i

NU REG /CR-5870 ES
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; Table 1 (Continued)

Exam i
Number 2R4N 2R5 2R6 2R7

42 Av. T ~6.2 + 5.1 + .5.6 3.5 + 7.3 - 5.S
Av. C ~4.7 + 5.9--- 5.3 7.3 += 6.6 - 6.9
Pk, i 11.0 + 12.0 --11.5'- 8.8 + 12.8.- 10.8
Pk. C 10.0.+ 12.0 - 11.0: 12.4 + 11.8 - 12.1

43. Av. T 3 9 +1.5.1 - 4.5 4.8 + 5.1 4.9
Av. C- -7.4- C-7.4 8.0 +- 9.4 - 8.7---

Pk. T 7.0 + 9.0 - 8.0 9.1 + -8.3 - 8.7
Pk. C 13.0 + 13.0 13.8 + 14.6 - 14.1

I

44 Av'. . T 4.7 + '4- 2.6 8.5 + 4.7 - 6.6
Av. C 10.1.+ 10.9 - 10.5 10.4, + 12.0 - 11 2

Pk/ T 7.5 + c 5.0 - 6.3 ' 11.7 + 8.2 - 9.9 -

Pk. C 15.0 + 16.0 - 15.5 17.0 + 17.8 - 17.4

45 Av .: T- 2.8 + 4.3 - 3.6 3.3 + 3.1 - 3.2
Av. C 9.8 + 10i1 - 9.9 6.6 + 9.9 - 7.8
Pk. T 6.0 + 8.0 -- 7.0 7.5 +' 9.6 - 8.6
Pk.' C 14.0 + 15,0 - 14.5 12.9 + 15.9 - 14.4'

46- Av. T '5.1 + 4.3 - 4.7 10.4 + 5.3 - 7.9-

Av. C 4.7 + 3.9 -: 4.3 14.1 + 8.9 - 11.5
Pk. T ,10.0 + 9.0 - 9.5 '14.2 + 9.1 - 11.6
Pk.'C 24.0 + 18.0 - 21.0 27.1 + 17.0,- 22.0

.

''

47 .Av. T -4,3 +- 3.5 . 3.9 -2.0 + 5.1. .3.5
Av. C 12.9 + 12.9 .12.9 9.4 + 9.9 - 9.7-
Pk. T 10.0 + 10.0 - 10.0 7.6 + 10.1 - 8.3-
Pk C -18.0 + 18.0 - 18.0 16.8 + 17.7 - 17.2.

62 Av. T - 5.9 + 3,5 - 4.7 2.8 '+ 3.7 - '3.3 5.22 + 5.90 - '5.5
Av. C 7.B'+ 4.3 - 6.1 -10.5 + 6.3 - 8.4 10.44 + 12.20 - 11.3
'Pk. T 14.0 + 11,0 - 12.5- 10.8 + 12.3 - 11.6 13.22 + 14.91 - 14 l'.

Pk C 12.2 + 8.5 - 10.4 17.3 + 11.2 _14.3 17.86 + 17 86 17.86

88 Av.- T 6.2 + - 5.5 5.8 3.5 + 2.7 --3.'l
'

Av. C 2.7 + 7. 4 ._ 5.1_ 5.5 + 5.0 - 5.3
Pk. T 12.0 + 12.0 - 12 0 10.3 + 11.1 - 10.7
Pk.-C 15.0 +-24.0 - 14.5 17.5 + 30.7 - 24.1 '

.

-- 89' : Av. T 5.1 + 3.9 -- 4.5 .!$.6-+ 16.1 - 15.8.

Av.~C' 14.0 + 7.4 i 10.7 6.5 + 17.7 --12.1--

<

Pk. T ~28.0 + 24.0 - 26.0K $5.0 + 49.9 - 52.5
Pk. C 22,0 + 16.0 - 19.0 25.2 +-37.3 - 31.3

90 Av. T 1 17.9 + 8.6 _15.l'+ 10.0 - 12.8
~

Avi C 20.3 + 21.1 y 21.3 + 28 3 - 24.8
Pk.-T >30.0 + >30.0 g '27.9 + 25.9 - 26.9-
Pk.- C . >30.0 + >30.0 37.5 + 45.6 - 39,0

.

(a) 2 = unit 2 (PWR). R = refuelmg outage number. T = tension drag force (Ibs.), C = compression drag force (Ibs.)

-E9- NUREG/CR-5870 -
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Table 1 (Contlnutd)

Exam .
~

- Number iRhN 2R$ 2R6 -2R7

95 . Av .~ T - - 2.3 + 3,9 - 3.1 4.5 + 5.5 - 5.0 4.7 + 5.3 - 5.0
Av. . C - 8.6 + 11.3 - 9.9 .8.2 + ~4.2 - 6.2 6.8 + 9.1 - 8.0
Pk._T= 10.0 + 11.5 - 10.8 11.4 + 14,2 - 12.8 -15.1 + 15.8 - 15.4
Pk. C_. 13.0 + 16.0 - 14.5 17.3.+ B.8 - 13.1 14.5 + 18.1 - 16.3

.96- Av. T 3.1 + .39 - 3-5 3.4 + 8.8 6,1 8.5 + 5.4 - 7.0.

-Av. C 9.0 + 5.1 + 7.0 12,2 + 13.4 - 17.8 15.8 + 14.0 - 14.9
Pk T 7.0.+ C.0 - 6.5 ~7.1 + 11.4 - 9.3 12.9 + 10.4 - l'. 7

Pk. C 13.0 + 10.0 - 11.5 ' 13.3 + !?.0 - 15.2 '22.1 + 20.7 - 21. -

93- Av . T 7.8 + 7.6 - 7. 7 -- -15.5 + 25.4 8.3 + 7.1m m
Av_. C 70+._7.6 7.3 31.1+43.7<g. 7.1 + . 9. 8 Q Changed to A3453

:Pk. 1 20,0 + 23,0 - 21.5 _ 39.7.+ 49.8 m 15.3 + 13.7 v
'Pk, C 17.0 + 26.0 --21.5 50,0 + 30.0 21.0 + 20.4

108 Av.~ 1 ;4 + 2.05 1.2 4.8 + 3.4 9.3 + 11.6 - 10.4
Av. C _8.2 + 9.0 - 8. 6 _ _5.9 + ?.9 -y 15.3 + 11.1 - 13.2
Pki T - 4.0 + 7.0 _-._ 5.5 8.1 + 6.5 :i|; 20.2 + 22.1 - 21.2

_

Pk. C 14.0.+ 14.0 - 14,0 11.3 + 13.1- 29.3 + 22.8 - 26.0--

--109 -Av. I 2.3 + -3.5 - 2.9 10.1 + 10.9 10.5
'

Avi C 13.7 + 14.0 113.9 14.9 + !$.1 - 15.0 Changed to AD-151
Pk. T 7.0 + 8,0 - 7.5 -15.1 + 18.0 - 16.5
Pk ._- C 20.0 + 20.0 - 20.0 ?!.2 + 24.0 - 22.6

110 'Av. T- 5.5 + 5.1 5.3 10.3 + 6.3 - 8.3 ~ 7.98 + 8.52 - B.2
. Av. C . 9.4 + -7.0 - 8.2 11.9 + 9.8 - 10.9- 10.35 + 5.27 - 7.8

Pk. T 9.0 + 10.0 _9.5 15.7 + 11.9 - 13.8 -12.52 + 13.13 - 12.8-
--Pk;- C.'14.0 + 12.0 - 13.0 18.8 + 15.5 - 17.2. 17.40 + 10.05 - 13.7

'111 -Av.-T 4.3 + 2. 7 . 3.5 8.8 + 8,6 - 8. 7 - 6.20 + 4.73 - 53
~

Av.' C 1.8 + 9,4 . 8.6 10.1 + - 9.0 9. 5 6.56 + 5 61 - 5.1
JPk. 1 .-8.0 + 8.0 - 8,0 ' 14.8 + 16.0 - 15,4 12.66 + B.69 - 10.7
Tk. C 14,0 + 14.0 - 14.0 16.0 + 17.2 -:16,6 11.39 + -9.37 - 10.3

112 ' AC - T ---4.7 + 6.6 ' 2.5 + 13.3 + 13.2
Av. C 4 + 12.1 M 1.9 + !?.2 + 11.8 . Changed
Pk[1. .8.0 + 230.0 6 5.7 + 20.1 + 19.2 to
Pk C--.. 6.0 + 19.0. 12.2 + 18.3 + 16.9-- AD-71R

113 - Av .~ 1 3.5 +-~2.0 ---2.8 11.5 + 4.8
.,

Av. C 3.9 +1 2.0 - 3.0 10.9 + 13.6 -y Changed to AD-71R
Pk. T 10.0 + 8.0 - 9. 0 . 16.7 + 9.3 4

-Pk.-C. 14.0 + 9.0 - 11.5 19.5 + 21.3

116 . Av. T. : 3.5 + _3.5 3.E- 3.1 + 3.4 - 3.3
Av. C 1.6 + 2.0 - 1. 8 - 7.3 + 5.4 - 6.4
Pk..T -6.0 + --6.0 4 6.0 6.5 + - 7.6 - -7.0

-Pk, C 6.0 + 7.0 - 6.5 11.7 + 11.6 - 11.6

- (a) 2 = unit 2 (PWR), R = retuCing outage numtvr.T * tension drag force (lbs ), C = comprenion drag force (Itn.)
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hble 1 (Continued)
!

laam
|&gn 2R4% / 2R6 W ;

i
117 Av. t 5.1 + 4.3 - 4.7 148 + 3.2 - f.$ ;

Av. C 1.2 4 5.9 - 3.5 4.3 4 9.6 - 7.0
M i 8.0 + 8.0 -8.0 5.6 + 1.1 - 6.4
Pk. C 9.0 + 11.0 - 10.0 9.1 + 15.0 - 12.0 I

141 Av. 1 ).1 + 3.5 y; 2.3 + 5.7 - 4.0
- Av. C .8+ 2.0 C 5.8 + 6.4 - 6.1 .

'rk, 1 1.0 + 1.0 8.7 + 9.1 - 8.9
Ph. C $30.0 + $30.0 10.0 * 10.7 10.4 l

142_ _ Av. 1 7. 0 +. 4.7 5.8 13.t + 4.6 * 8.8 f

Av. C 8.6 + 3.1 - $.8 14.8 + 16.2 15.6
Pk. I d 0 + 10,0 - 11.0 19.6 * 13.6 16.6

..

Pk C 17.0 + 10.0 - 13.6 21.4 + t3.7 - 22.6
.

*

;- ;

144 Av. T 1.9 + !.3 - 3.1 5.9 + 17.8 - 9.4 8.1 4 6.6 4.56 + 4.81 + 4.7
Av C i* 3.1 - 1.8 20.6 + 16.3 - 18.4 12.5 + 9.6 7.93 + 2.51 - 5.2
Pk 1 s.0 * 6.0 - 6.5 17.7 * F3.1 - 20.4 15,7 + 18.0 j 8.59 + 11,05 - 9.8 !'

Pk. C -'4.0 + B.0 - 6.0 29.3 + 23.5 16.4 17.9 + 18 5 10.93 4 9.09 10 3 !

lab Av. 1 2.3 + 1,2 - 1,8 4.4 4 9.3 - 6.9 i
Av. C ?.3 + 4.7 - 3.5 10.1 4 7.7 - 8.9 '

l'k . 1 -8.0 + $.5 + 6.8 7.9 + 13.0 10.5 !
Pk C 1.0 + 10.0 - 8.5 15.7 + 13.4 + 14.5 '

t
141 Av. i 5.5 + 3.5 - 4.5 5.1 + 5.6 - 5.4

iAv. C 1.4 + 9.4 - 8.4 4.0 + 13.3 - 8.6
Pk - l . 9.0 +" 8,0 - 8.5 11.1 + 9.9 + 10.5 k
Pk. C !!.0 + 13.0 12.5 11 * + 19.5 - 15.5 *

153 Av.1 - 2.0 4 'F.7 - 2.4 3.3 + 1.8 - 2.5
Av. C 10.9 4 8.6 - 9;8- '9.54 9.1 * 9.3 I
Pk.1 - 8.0 * 8.0 - 8.0 1.0 4 6.3 - 6.6 ',

Pk. C 18.0 + 18.0 18.0 16.4 + 16.0 '6.2

182 Av. T- 9.0 + 6.7 - 1.6 13.9 11. 0 + 11.9 Feplaced with AD.153
Av. C 10.1 + 8.6 - 9.3 IF.9 10.0 + 13.8 M
Pk, i 16,0 + 15.0 - l$.$- 41.8 45.9 + 49.9 - k '

Pk C 16.0 4 16.0 16.0 32.$ 27.9 + 30.0

184 Av . 1 7.8 + l.2 .4.$ 10.1 + 6.2 - 8.1 2"+ 1.8 - 5.4
Av. C 10.5 + 15.6 - 13.0 16.0 + 12.8 4 14.4 9.9 4 14.3 - 12.1 I
l'k .. T 13.0 4 7.0 - 10.0 17.2 + 14.3 - 15.6 11.8 + 9.3 - 10.5 ,

Pk. C 14.0 + 21.0 - 17.5 23.0 + ??.0 - 22,6 15.3 + 15.1 - 15.2
>

188 Av. T 6.2 + .2.7 --~4,5 8.6 + 4.6 - 6.5 3.44 + . 3.44 - 3.4 I

Av. C '2.3 + 5.5 -' 3.9 7. 2 + 10. 0 ~ - 8.6 10.30 + !?.54 - 11.4
- Pk ' i 10.0 + 10.0 10.0 !?.8 + 8.1 -_10.4 9.71 + 9.71 - 9,7
' Pk.- C 8.0 + 15.0 11.$' 13.2 * 16.6 - 14.9 16.54 + 17.45 - 17.0

(a) 2 = unit 2 (PWit). !( = refochng outage number.T = tendon drag iorce (lh), C = comgw.uon drag fone (Ibs.)

i
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1able 1 (Continued)
.

Enam '
tN w ber 2R4 ') 2R5 2R6 2IU

i

19? Av. 1 .7.0 + 7.8 - 7, 4 .8 + 1.8 - 1.3 13.74 + 10 tG - 12.3
Av. C 18.' * 18.7 10.7 11.8 + 14.6 - 13.2 20,57 + 10,5? !$.5

,

,

Pk . 1 14.0 + t8.0 Pl.0 14.? * 7.3 - 10.7 14.70 + 17.67 - 20 9_ !

tk . C 76. 0 * 29. 0 + F1. 5 19.2 + F5.3 - 77 3 27.91 + 400 - 36.8
%

19' Av. t 4.7 + 10.1 - 1.4 4.4 * 7.1 - 5.8 9.52 + 10.35 - 9.9
Y

;Av. C 3.5 + 3.5 - 3.5 14.1 + 9.6 * 11.9 9.98 + 10.0 - 10.0 '

Pk. i 11.,0 + 17.0 * 14.0 10.6 + 14.0 - 17.3 18.14 + 17,54 - 18.1
Pk, C ll40 * 16.0 - 14.0 31.7 + 30.9 - 34.4 17.52 + 17.30 - 17.4

(
195 Av. I !.T .39 - 1.5 6.2 * b.8 - 6.0 1,59 + 5.8) - 6.7

}Av. C 6.2 5.9 - 6.0 17.? + 9.6 10.9 ti.M + 10.37 - 11.6 w

Pk, I 6.0 4. 3.0 . 4.5 11.7 + 10.4 11.1 12.03 + 10.69 - 11.3 . i
l'k . C 17.0 + 13.0 - 15.0 ~ 25. 7 + 16.2 - 11.0 17.98 + 16.f2 - 17.3'

tot Av. 1 3.1 e 16.6 6.7 + 4.8 - 5.? 3.7 + 3.0 - 3.1 '

Av. C 12.1 + 10.5 0 4_? + 6.3 - 5.3 7.7 + 5.5 - 6.6
Pk.1 ' 38.0 4 *)0.0 h 11.9 + 9.3 - 10.6 11.6 * 7.4 - 9.5! - PL C ??.0 + 18.0 10.8 + 11.7 - Il f 13.? + 10.7 *!.9. .

705 AO i 5,9 + 4.3 - 10.1 6;4 + 11.3 - 8.9 7.7 + 9.5 - 816
Av. c 6.2 + 5.9 - 6.0 14.5 + 14.8 - 14.6 6,9 + 10.5 - 8.7 '
Pk.-T 10.0 + 10.0 - 10.0- 13.7 + 16.9 - 15.3 17.2 + 14.5 - 13.3
Pk. C !?,0 * 10.0 + 11.0 9.9 + 20.7 - 20.3 13.3 + 10.3 - 14.8

. ;

244 Av. 1 3 9 + -9.0 e'6.5 8.1 + 10.7 - 9.7 4.1 + 6.6 *
Av, C 1,8 + !?.S - 10.1 14.7 + 11.4 - 13.3 7.9 + 5.1 Replaced with AD 501
Pk . ' l - 8.-0 * 14,0 - 11.0 !?.7 + 14.8 - 13.7 9.3 + 10.0 4

- PL C 18.0 + 18.0 18.0 Ft.5 + Fl.6 - 27.0 10.? * 10.4

'245 'Avi 1 3,5 + . 6.6 10.0 1.5 + 5.7 - 6.5 7.3 + 3.5
~

Av. C !?.9 + 14.0 - 13.5- 17.4 + 3.1 - 7.7 - 4.5 + 4.4 9 Replaced with AD-t0!
Ph. I 1.5 + 12. 0 - 9.8 11.9 + 8.9 - 10,4 - 5,5 + 6,9 E4

' l'k , C 18.0 + ??.0 - 70.0 18.8 + 9.7 14.4 10.5 e 11.3

4 47 Av. I 3.1 + 1. 6 - 2.3 8.3 +- 6.1 - 7,2 13. 7 + - 6. 7 - 10. 0
Ay, C 4. 7 + 3.9 - 4.3 5.8 + 9.5 + 7.6 7.5 + 1.5 - 7.5
Pk. I !?,0 * 8.0 - 10.0 17.1 4 10.5 -11.3 19.5 + 13,4 11.4
P6. C 10.0 + 10.0 - 10.0 15.3 + 14.9 - 15.1 15.5 + 16.0 15.8

748 Av.1 1,6 + 3.1 - 2.4 6.0 + 3.? - 4.6
Ev. C -3.1 * 1.? 2.7 8.7 + 5.1 - 6.9
Pk. 1 8.0 + 10.0 - 9.0 15.7 * 9.6 - !!.4
l'k . C 10.0.+: 8.0 - -9.0 15.3 + 13.8 - 14.5

254 Av. T 4.3
~

4.3 . 6.4'+ .0,4 - 7.4-

- Av. C 5.5 + 9.8 - 1.7 8. 7 - + - 9. 0 + 8.8
Pk . 1 8,0 8.0 22.5 30.? - 26,3-

Pk. C 16,0 + 14.0 15.0 33.3 + F5.4 - F9.3

(n) 2 = unit 2 (PWR),it * tefueling outage number. T = ierem drhg fon e(th ). C = o mpremon drag force (its)

. .
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Fun $ct ?H4 o ;Rt ;R6 247

-255 Av. 1 3.5 + 3.1 - 3.3 4.4 + 9.0 - 6.7
Av. C 9.4 * 8.2 - 8.8 11.8 + 15.2 - 13.5
PL 1 10.0 + 10.0 - 10.0 10.3 + 16.4 + 13.4
rk. C 17.0 + 16.0 4 16.5 18.3 + 73 2 - 20.7..

209 Ay, 1 90+ 6.0 + 8.2 -8.7 + 3.3 - 6.0
Av. C 1.2 + 6.6 - 3.9 16.8 * 10.5 - 13 6

'

4tk. I ?0.0 * 25 0 11.5- 21.6 + 13.5 - 20.5 '

Pk. C 1.0 e'15.0 - 11.0 24.2 + 18.3 - 11.2

273 Ay, 1 3.9 4 5.5 - 'd 7 2.1 + 4.4 - 3.3 4.1 + 2.7
Av. C F.0 + 3.9 3.0- !!.6 + f.1 - 10.3 5.8 e 6.0 M Replaced with AD-501
Pk . ' 1 8,0 + 11.0 - 9.5 5.9 + 8. 5 - 7.2 7.0 + 1.1 k
rk, C 13.0 + 17.0 - It.5 18.1 + 15.6 - 16.8 10.1 + 17.2

.

293 Av. 1 5.5 + 7.8 -- C.6 4.2 + 6.2 - 5.2
Av. C 14.8 + 14.0 - 14.4 If. 5 + 17.6 - 14 6
Pk. 1 '0.0 + 13.0 - 11.5 9.3 * IP,1 - 11.0-

M4 C ?).0 + 21 0 - 20.5 17.? + 43.9 - 35.6 ,

-795 Av. 1 2.3 + 3.1 - $.7 7.3 + 4.4 - 59
Ay, C. 1.4 + 10.1 - 8.1 17.1 + 10.0 - 13. 5
Pk. I 9.0 4 8.0 * 8.$ .? + 4.9 - 2.5
Pk, C 14.0 + 16.0 - 15 0 6.6 + 12.7 - 9.7

L
393 'Av. T- 4.1 + 5.1 - 4.6 12.27 + 6.78 - 9.5

Av. C 14.1 + 6.7 - 10.4 f fL t5 4 8.M - 12.3
Pk, i 9.4 3 10.1 - 9.7 17.59 + 11.91 - 14.7,.

Pk. C 19,8 + !?.8 - 16.3 21,70 + 12.47 - 16.8

(a) 2 = unit 2 (PWid, R = refuchng outage numter,T = tenuun drag fortx(Itw) C = compreuion drag iorce (its)

- 1

1
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Appendix G

lypical Mechanical Snubber Failure Causes (Plant C)
I
,

This Appendix contains a list of mechanical taubber high drag force*

failure causes documented by plant personnel at
Plant C. Failure causes are categorized in accordance exceeded maximum acceleration limite

with the following functionalicM falhnt categories:
below minimum accelerationlimit.'

)

;-

G.I NURGG|CR.5370
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TYFICAL MECilANICAL SNUBBE FAILURE CAUSE3 Page 1

TLANT C

fi1Gil DRAG FORCE

o Lubricant dried out internally. Unit e.< posed to radiant heat from
reactor retirculating pump.

Significant corrosion of torque drum and Capstan Spring. Torqueo

carrier screw shaf t tend enuned when Unit tried to stroke under
thermal expansion.

o k* eld slag spattered on indicating tube caused binding during stroke.

o Guide rods and bearir* assembly bent. Unit improperly twisted with
wrench to align ps th lurt*; inst allation.

o Capstan Spring ear w i,16 .it- * indow. Uutt improperly pulled
apart while dust to e,e' & Posened to align Unit pad eye
during installation,

o internally corrode!. Insta.' led in norm 111y dry area of primary
containment. Ety have been isrroperly stored durine, initial plant

construction.

Repetitive vibratory loads on Unit caused balls in thrust bearing too
cut groove la its races.

o Capstan Spring wound too tight by manufacturer. Rubbed on Ur.it .,

cylinder during normal stroke instead of rpinning freely caused
breaking action of Unit.

Unit mounted vertically and housing became filled with water.o
Internals neverely corroded. Poor protection during maintenance -

activitlen in the area.

o Telescoping members binding due to high side load of unit.

Rough spote on planetary gears and shaft of unit due to poor handlingo
of large snubber.

o Bearing retainer nut became loor.e which occured due to handling or
was loose at fabrication,

o Fouling of snubber internals with dirt and metal filing causing
binding.

o Screw shaft aheared in two places. Unit overloaded due to system
transient.

o Poor machining of inner and outer telescoping members at factory.
Pieces not concentric, causing a rub on one side.

NUREG/CR-5870 O2
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i

TYPICAL MEQIANICAL SRUBBER FAILURE CAUSES Page 2 !
l

PLANT C !

HIGil DRAG FORCE (Cont'd)
- !

o Slight bend in screw shaft near inertia areis. Inertia mass rubbing !

inside of dust cover.
i

o Dirt and dust on screw shaf t thereby restricting movement. :

i
o Adhesive on indicating tube causing binding of telescoping member. *

(Adhesive was left from tape used to cover unit with plastic during
plant construction). .

Damaged inner race of thrust bearing (cracked in several places) dueo
to transient overload forces.

,

;

EXCEEDED HAXIMUM ACCELERATION LIMIT
7
,

Spring not' wound tightly enough at factory. Would not tighteno
against cylinder at required accaleration.

,

o . Capstan Spring not properly installed. Spring ears outnide clutch
window, unit could not activate. '

o Small retaining parts of snubber luternals were loose, Capstan Spring
worn when unit was rattled during service checka. *

| o Improper assembly of internals did not allow Capstan Spring to
| tighten fully to activate Unit. ,

;

o' Manufacturer's defect. Keeper' ring not installed properly.

o Snubber. ws damaged during handling. Stroked too hard causing it to-
lock.

Dirt between inertia mass and lead screw caused mass to slip duringo
activation.

o Capstan. Spring not property placed in unit at factory. Spring ears
outside clutch window so unit could not activate. -

*

o Dried dirt and arease in torque drum and inertia mass area, causing-
high acceleration.

t

G.3 NUREG/CR-5870
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TYPICAL MECilAff1 CAL StPJBBER FAILURE CAUSES Page 3

P1 ANT C -

BELOW KINIMUM ACCELERATION L1 HIT

Capstan Spring installed crooked at factory. Bound up on dust covero
during cycling.

o- Dirt and grit was caked on seat area of Capstan Spring, causing it to
activate too low.

o- Snubber inner thrust bearing race chipped, torque drum retainer
bent., Subjected to frequent transients within design limits. -

,_

-o ' Excessive' grease placed in inertia mass area at factory causing
slippage of internal parts durlog activation test.

o- Severe corrosion of Capstan and clutch spring area. Onit was leaked
upon by damsged pump seal.

_ _. _

NUREO/CR 5870- O.4
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A 'inendix 11l

"lypical Meclianical Snublier Exaniination Iteconi ;

'ihis Appendix Contains a typleal rucchanical $nubber
exarnination secord. This record was not obtained frorn
one of the key study plants.

i

i

!

:

i.t.
P

,

P

,

&
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Apperidh 11

N :te* fissitati:n Pe:cet
......... .... .. - .. - - ...... ..... .... .... ......... . . .. - .. .. ..

1:ee % eter it rete *tailen it ' tee 50 HC L ite* 1 e.a!.;'t

Frier hete* 41sn htratt r* a lettte al

trope'eet %ete* i 'e% ire tene' et r e l'! tese

te*iel bete * 16:91 r6ei$nte. !'e Line n.ete* 1 at Meaf

e :tstica tentit m ! 4 4 Late * !!!111tile, P!4 t/4 s

I tet (tef M0 Attenti!!!!!* Cete. 4 iceffeld 8etoire4+ 6
t

teitt* 1.te % igilsi Uttee 4M ?tfete (less a4

fu cticati tire el !!tvetsen 113 beles* (1est.n

!ste tests feeleted i I / tovell fre. 10 M t fitten !*t ; t/16

!ste nev teels h t. ! I tric tov. I'% 18 (cid Pisten tet. 1 7/16

!ste !*stelles. 2|:li!4 f,'lt Cel m . !' ' t Pavend *1 !!l.

ve*ti:el C+1eatstl e: 90 tesvint teste* t ut it tete til 2/tt

(tt tt len lettrit tim: List f'l felv!t 1P
.- .. ......... ................ .......... ................. ........ . . . ..,... ...... ._

Perf ors Vinel 1:se? Y tets f erf ereet: Ot/MIf 9 Wes ilt i !:eeiter:

btet (M er/w*4 1: Date Inittstes: I / t.e t t 8enivet: / / failure Coeft
te s t- it t t en :

8eso!Cle:
6ttestemet (cie: tete te-! esieti: 10/11/19 Petult: 1 (sestner:

- -. . . . .. .... . . .... - .- . . - . .

rvnctlensi felt (ciet F tale Perfornec: 09/;2/l1 tesett: P titelt er t

tete A64 eft tent Perforett; / / 8esalt: [seether:

As found in Left
Pe:Famical Snutter A:rettsace feesten (coerestien attertatte feasien teocression

treekster Orel . EtttMet, it?'l 1,11 4,66

treets.ee Dres . Pldstrett (Lt?) 040 0.00

treets.se tres Retracted (t!F) 0 *0 0 00

Initial tunnirt t>res (L!f i 1.3% !.12
accelerstion tinit 16'11 * *073 0.0074, ,

Fital Nunting Dres (Ltf) 4 67 6.78

tens A:hteve1. h!') :15 !!?, ,

Wet Orcer/kOA la tote initiated: / / tete pesolves: / / f ailure tece:
testrittien:
Eenelut(M:

Accettence Ceden failure snelesis tede:
.. . .. . - .: . ~ . .... . ....... . . .. .... . . .. . .

$ st w seetatenert teet: Incestri trute,r free tee'ei =

Aetilagesent (see Aster: 0 (ettenent Later: Sertel hett eet $(te:
tete lattelles: / / bl ueittien of Reisves seveter:

Wt*4 P d tle Ievlete$ l'.d Attette?: Y tevithe*;l
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Alipendix I

Sample Mechanical Snubber Failure Evaluation Report
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Appendix 1

Sample Mechanical Snubber Failure Evaluation Report

-This Appendix contains a failure evaluation report that This Appendix also includes a failure evaluhtion report
reflects comprehensive evaluation of a mechanical snub- associated with failure of two mechanical $nubbers due
bet that was found to be frozen in senice. The report to overload in the compression direction.
reflects the methods used to identify and verify the prob-
lem and to determine the cause of failure,

i
I

1

;

!

[

l
|

1.1 N UREG/CR-5870

. .. . -- -..- ..- .-. ..-., .. .. , ,. ..-. . .. . -. .. . -. .- .- ... . -.. .,



. _ _ __ _ _ _ _ _ _ _ _ _

Ap[endix 1

SYNOPSIS OF EVENTS

The following is a brief recount of the events surrounding
the failure of high temocrature snubber Serial No.

car the reovirements tf Technical Specification
a VT-3 examination was cerformed on support no.

on 10/10/96. The exam, sited
two conditions: the insulation for the reactor vessel head

~

appeared to be binding the snubber extension tube. and Daint
on the lower bail bushing was hindering fren rotation in the
cone of action. Condition Report (CR) was written to
evaluate these findings.

While reviewing the CR. Oosign Engineering found the field
setting to be over 1 1/2 off the design setting. HR''

was generated to address this additional concern. At this
time the operability of the snubbe'r was not believed to have
been comoromised, and on 10/28/86 Maintenance work Order
(HWO) was written to correct the conditions noted in
the field. .

On 11/04/06, MR. was work released to change the
snubber setting in the field. CR was written on
11/05/86 as a means of documenting the events prior to the
discovery of the incorrect field setting.
On 11/06/86. Design Engineering was informed that the line to
which the suject snubber was attached shifted over 1 1/2 "
when the clamo was removed. This was the first indication -

that the snubber was damaged. FCN 1 to MR was then
gen 9 rated to document the snubber failure analysis (but was
later cancelled as not recuired), and FCN 2 was generated to
replace the failed snubber with one already installed just a
few feet away,

was brought to the site on 11/09/B6 to perform the
snubber failure analysir.. The cause of failure was determined
to be from foreign matter lodged in the screw Sh%d '. assembly.

NUREG/CR-5870 1.2
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VISUAL INSPECTION VT-3 Ill5FECTICH REFORT
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Appendix 1

Subjeett Prelltninary flepntt of Test rtnd Tailure Anslysis Perfortned on pS A liigh
Tempernture SnuSher $/N , November 9 and 10,1986, at the

flueleer 5tstico

1. On November 9 and 10,1996 'tr. and Mr. ,both
of , amsted Station pers?nnel in a test and
disamernbly for failure nnelysis of the subject PS A liigh Temperature Snubber. The
snubber ned been found in a lock ed-up, fully compteurd pesitions and, when
removed, could not be hand stroked. A deter r.ination wu rnade to perforra en e3
found breskaway test at the lo%ed-up position, modifled such that a lead over 600
lbs-force (10% of full rated lend) would not be exceeded. This limit,10 times the
minimum dreg, wM lmpnsed to avoid potentiel further damttge. The test W P3
conducted and no movement was noted at n lond of lets than 400 lbs-feree. A
deeltlen was made that no ndditional Innd would be applied and that the snubber
would be disnuembled for (tilure nnnlysis.

2. Disti.sembly was performed by stntion personnel ming teth the station prnecdure
and the Paelfie Scientific Document No. PS-193 Itev. 4, Mnreh 1996. As ench step
was performed, components were irspected tiy Mr. All steps thrnugh.

step All of parngraph 4-3 of pS-193 were performed, except that the anti-totation
key was not removed, per step 7.. The bnll screw ntsembly was not removed from
the ball screw thnf t. phctogrnphs we. . ken throughout the 41sattembly.,

3. The following unutunt conditions were noted during disntsemblyt

n. All parta were noted to be in g,,1 condithn with very little sigm of went et
bearing or other moving contact arens. Except f or the locked-up ball sarew
sha f t, all moving parts 9ppenrad to function normnlly. There were no bright
metal centnet points en the enpstan spring and spring tan 7s.

b. The fine white powder end residoni gree umally f ound in FS A rnubbers was
not evid m . Insteed, a black powder w$r found whleh was believed to be
carb:nitel grense resulting from the high temperature applientien. This tieck
powder could be wiped from mrf aces and was not built up eseept en the
bearing ,urf acts for the inerth mnu The inertia mnts did net bind en these
bentmg surf nees,

e. The telescoping cylinier was eserved to bnve three bands of discoloratien en
its circumf erence. These bands "hd not exhibit sig'u of heavy wear or plttirig
and we.re only vinble over nn are of anout 120 degrees. The longitudinal

NUREG/CR.5870 16
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Appenda I

spacing of these bands was rn e n sure d. It was found that relative to the
loantion of tha Up on the topport cylin@r tuba, the three bent corret;mnded
to the snubber si cold, het. and ns found settings. The btnds appected to be
the result of a steady side Innd on the snubber,

d. The snubber did not show evidence of unjocking until the ball screw auembly
was removed from the telescoping. tube. When the end plug was removed, ente
was taken to empty the tuba on a cletn cloth. This was itiso secomplished
w hile unstnhng the telvsmping cylinder from the ball screw C.s e m bly.
Several particles of grit were noted on the cloth. Two bright metal particles
eppeered to come from the tmstaking procets. The other partleles end were
not ensity identified na to sour ce. Upon irrpection a similnr pnrticle wns noted
inside the telescoping tube. Ihat particle did not jnt loose end was lef t tri
pince. In service tha *nuSher wns mounted in a vertical pMition with the end

_

.

plug up. In this peution tha snubbar would be tusceptible to lock-up In temion
if a pntticle in the tube had fallen into the t'all screw.

When free of nti other avemblies, the ball screw would move hesitatingly upe.
and down the 59tl s-rew shnf t under its own weight. A slight touch would re-
initiate motion. Tha trait appenred !ntisf actory, but lacked rigm of move-
ment and went. The ball screw appenred satisf actory, but would not sustain
motion fnr mere then two er three revnlutions up or down the thsit under |t3
own weight. As the ball screw wc3 worked f rom end to end, this conditlen
improved, but not to the extent of free metion frorn end to end,

f. Prior to testing end disanembly, plant personnel he d Indicated that the
hanging pcsition cf the tnubber was In nn axlelly displaced resition 'o ene side,
such that npherical beartr4 movernent would be required. They further
indiented that the spherieel tiemring on tne housing end we3 fro?en by paint,
and that this beering motion hed bean freed only af ter decenning hnd removed
the pnint. Evidence of this paint in nnd around the benring was noted.

Conclusions reached from the above and other conditions found are R.S follows:

a. The snubb *r had been subjected to very little motion and apparently no
vibration. All perts appented in good condition.

b. Lack of lubricant did not appear to restrict motion of the inertia mnu, thrust "

bentmg, or other moving parts, except for the ball screw end shef t arsemDP/.

c. The bnnds on tha telemp ng tube are elent evidence of side lendirc nt the
three poedtions of extention noted by mensurament. This evidence of side
loading is supported by the froren spherical beating.

d. Evidence of some grit in the teleserting tube was found af ter some shock to
the avemblies during removal of the end cep, and unstaking the brd! rcrew
enembly Other evidence of grit wns found on the tubes inside wall. The ball
screw w as leexed until theu disnnembP/ steps were performed. As the
snubber was hung vertically, any grit in the tube could have f allen into tr.e badl
screw.

la NUR1RCR&70
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e. The screws securing the Menting t*e to the end plug were found firger
tight. Lik e wis a, the tat terew s bnlow were founJ finger tyht. The end plug
was mitaligned apptcometely 10 degtecs from the rear housing, indienting
possitle resdjustment nr rarnovnl during tratallatin for alignment purpcoe3.

f. The ball screw r.*aemNy eptanred reconnbly frae in full length actlen only
af ter removal from the tel"w' pin.: t ube. The noted hetitntion in the travel of
the ball Screw on the setow the f t muy heve cauted lock-upt however, only a
light touch was required to initinte enntinued motion.

OVEllALL CONCLUSION

Most probable esuse of lock-up was from grit wedged in the t>nll screw nr.sembly. Tids
cause is not eensidered generic to the high temperature type snubber.

RECOM MEND ATIONS

1. Iltnd stroking other similntly installed snubbers would indleate no lock-up eenditlen
exists and prohnbly Icw thnn minimum ruttning drag of 60 lbs-P . Ensed upon the
excellent condition noted in the ditusembled snubber, a high pr +ctillity exists these
snubbers are fully functional

a. Although evidenea of side leadicg wes found, this did not apptar to te the esuse of
lock-up. llowever, spherient bemncs should be kept free from paint, etc., to allow
complete freedom of motion.

3. The loose serews In the end plug showed no evidence of " lock tite," and were in fact
barely finger tight. Tnis, plus the vPuble realignment of the end plug indlestes a
pessible removal at one tim e, and a roaree of particle contamination. PSA
installntion instructims should t e followed.

4. The ball : crew and stCt e .sembly should be repInced and the snubber rebuut per
PS-193 (with special intetions regarding parts and grense required fer the high
temperature snuil>et obtained from pneifle Scientifle Co.). The removed tall screw
and shaf t should be returned to pacific Scientific Co. for further analysis.

..
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January 19, 1987

-

The cause of failure of ball * screw shafts frem two - system snubbers
is attributed to sudden loading of the snubber resulting in buckling of the
shafts. The fracture mode of the precip.itation hardened stainless steel
shafts is combined ductile and brittle fracture. $eams and. cracking at the
crowns of the threads are attributed to thread ro)1ing during the
manuf acturing process and are not related to the snubber f ailures.
Confirming chemical analysis shows the ba)1-screw shaft material to be 17*a
FH stainless steel.

INTRODUCTION.

The f ailed snutbers are Pacific $cientific site 1 snuoters with a lead
rating cf 1500 pounds. The service location of the snubbers was the
auxiliary steam itne for the Unit 1 auxiliary feed.ater turbine. Failure
of the snubters was detected during routine surveillance required by

technical specifications.

FACRO-!XAMINATION

The damaged ball screw shaf ts and capstan springs are shown in Figures 1
and 2. The shaf t from sample 4051 f ractured at two locations while 40$-12
fractured at a single location. The ball screw shafts plastica 11y ceforeta
adjacent to the fracture locations by bending prior in fracture. A tensile
shear lip and compressive shear lip on both shafts indicated the-shafts "

buckled under compressive Icading. The specific location $nd site of the
shear lips varied from fracture to fracture. The major portion of the
f racture f ace possessed-a shiny, brittle appearance (Figure 3). The key
between the ball screw shaf t and capstan sprir,g housing was twisted out of-
the key slot in both snubbers indicating the thaf t expertenced a sudden
torsional load. $eams formed during the threno rolling process are visible
at the crowns of the threads,

UJ NtJREGICR-5870t
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FIGURE 1 As received view of shubber ball-screw shaft and torque transfer
drum. Shaf t f ailed th buckling as the result of a 6udden
compressive load. Fracture occurred at two locations. Ma-661.
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,

f.lGyURI { 3econd snubber ball screw shaf t which f ailed by buckling.
Close inspection of caotten spring housing shows the key to the
ball-screw shaf t twisted out of the key slot. ,Ha- 6 62.

NUREG/CR-5870 1,10
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i

The chemical analysis of the shaft esterial is consistent with that of 17-4 I
precipitation hardened stainless steel.

(OHCltf5!ONS f,
.

The ball-screw shaf ts of the Pacific Scientific site 1 snubber f ailed in |
buckling as a result of a sueden compressive overload force applied externally i
to the snutber. The keys between the bal1+ screw shaft and capstan spring '

housing were twisted out of the key slot by a sudden application of torque, t

The fracture faces are characterited by a combination of tensile and compres'* t

'sive fracture indicative of- buck 11og. The eaterial is in the hardened- [condition and the chemistry appears to be correct. The load required to '

buckle the ball screw shaft has not been determined, '
,

If the Metallurgy Lab can be of further assistance.,please call. i

!

i

i
.

f

?

>

f

i

4

:
t
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Appendix J ;

;

'lypical Visual Indicators of Snubber Degradation ;

This Appendix contains pnolographs of snubbers and snubber parts associated with various types of degradation.

i
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Figure J.5 Sution photograph - o-ring with extensive set (left side) (removed from
snubber with 1 1/2 years senice in high temperature emironment > 250' F)
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s
Figure J.6 Embrittled rod wiper (remmed from snuhber with I-1/2 years

senice in high temperature emironment, > 250' F)
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Figure J.7 Embrittled o-ring with surface cracks (removed from snubber with
1 1/2 years of senice in high temperature ensironment > 250' F)
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Figure J.8 Section photograph damaged thread seal (right side) (scal i

damaged due to failure to utilize flat washer with nut)
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_

l'igurt J 9 Uniformly worn elevis pin (snubber subjected
to continuous, low amplitude sibration)

-
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APliendix K
t

Recommendations for Subsection ISTD

This appendix includes recommendations identified Subsection ISTD, Examination and Performance '

from the NPAR In-plant Research for the Operations- 'Ibsting of Nuclear Power Plant Dynamic Restraints
- and Maintenance (OM) Part 4 Code, Section IST, (Snubbers).

.

.
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1 NPAR Snubber Aging Research Recommendations for ISTD

As a result ofinformation obtained during the NPAR Servicc-Life Monitoring*

Snubber Task research, recommendations are made in
the three following areas for the next revision of the Visual Examination Attributes+

| ASME OM Code, Subsection ISTD:
Failure Grouping and Corrective Action..

2 Service-Life Monitoring Recommentiations _.

Senice-life monitoring rec mmendations were devel- For effective determination of failure cause and root
oped from the results of the NPAR research. Major cause, it is important that personnelinvolved in failure
recommendations are highlighted below for considera- evaluation have adequate experience. Failure evalua-

tion in the next revision of ISTD (Section 8.0 and tion data sheets should not be formatted in a manner
Appendix F). that might lead the examiner to a potentially incorrect

failure cause,

it should be noted that suggestions pertaining to
service-life monitoring include a number of tecommen- Table 1 lists typical irregularities that may be observed
dations for testing in addition to that specified in ISTD, during visual examination or during snubber disassem-
Section 7.0, Such testing includes trending tests, diag- bly. These items characterize Icatures of snubber degra-
nostic tests,and post-service as-found tests. If such tests dation and may be useful to pinpoint the potential
are included in ISTD, a statement should be included to cause,

specify that the results of such tests will not require test-
ing of additional snubber samples in accordance with 2.2 Determination and Documentation
ISTD Section 7.9 or 7.12. of the Operat.mg E,nvironment

2.1 Determination of Snubber Failure ~

Service-life monitoring techniques take into considera.
or Degradation Causes tion the capability of the various snubber models to

endure the full range of plant environments (benign to
A senice life monitoring program will be most effective severe). Previously unidentified severe environments
ifit distinguishco between service-related and- may often be identified by root cause evaluation of -
nonservice-related failures. It is important that the root failed or degraded snubbers. Information regarding the
cause of snubber failure or degradation (e.g dynamic snubber endurance capability is often obtained from
transient, vibration, excessive temperature, etc.) be iden- operating experience (i.e., from failure data or by moni-
tified along with the failure mode (e.g., high drag force, toring degradation).
low activation, etc.) and the hilure mechanism (e.g.,
deformation of screen shaft, solidification of greasc, Determination of specific environmental information

.- etc.). - often involves specialized instrumentation and equip-
ment that would be impractical for use at every snubber

11is suggested that failure evaluation data sheets pro- location. The use of such equipment, therefore, would
vide key information, including failure mode, failure be most practical for those applications where moderate
mechanism, failure cause, environment, service time, to severe environments are anticipated or as a diagnostic
abnormal conditions, visual observations, test data, test aid in determining the cause of snubber degradation.
observations, etc.

K.3 NUREG/CR-5870
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Table K.I 'l)pical lndicators of snubber degradation

Indicator Possible Cause

Dark hydraulic fluid High amplitude vibration

Black material deposit on rod High amplitude vibration

Excessive piston and cylinder wear liigh amplitude vibration

Worn capstan spring tangs liigh artplitude vibration

Localized ball screw fretting iligh amplitude vibration

Unsymmetrical wear of clevis pins liigh amplitude vibration
~

Elongation of attachment holes High and/or low amplitude vibration

Loose fasteners High and/or low amplitude vibration

Symmetrical wear on clevis pins Low amplitude vibration

Discoloration of metallic parts Excessive temperature

Hardened piston rod wiper Excessive temperature

Rod wiper adhered to piston rod Excessive temperature

High compression set Excessive temperature

Cracked seal Excessive temperature

Lack of fluid pigmentation High radiation level

Corrosion of metallic parts High humidity;1eaking components

Bent piston rod or attachments Overloading

Changes in cold / hot position setting increased drag or jamming
-

Various methods and equipment used for measurement 2.2.2 Radiation
of specific environmental parameters are described
below. Normal radiation levels in operating plants do not

usually contribute significantly to snubbei degradation.
2.2.1 Temperattire Pertinent data pertaining to plant radiation levels can

generally be obtained from health physics area surveys.
Temperature-sensitive tape is useful for identifying Measurement of radiation levels specifically for service-

hot spots. Ideally, however, to monitor environmental life monitoring does not seem justified, except in cases
temperatures, a time / temperature profile is most useful. of snubber degradation where other potential causes
Chart recorders or digital data acquisition systems (e.g., have been ruled out.
bit loggers, computers, etc.) may be used for this
purpose. 2.2.3 Vibration

A number of methods and equipment for detecting and
measuring vibration are available. They vary from
simple visual observation, delcction by " hands on"

NUREG/CR-5S70 K.4
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inspection, portabic3ibration measuring instrumenta- 2.5 As-Found Testing
tion, and remote sibration measuring equipment.

.

Vibration can often be identified during routine snubber Considerable information can be obtained by conduct-
visual examination or during failure evaluation. Charac-

ing post sersice tests on snubbers removed from service.
teristics such as metal filings, darkened hydraulic fluid,
deformed connecting pins, clongated attachment holes, 3
and fretting of mating parts are indicators of vibration. "*g ,MMinE

2.2.4 'lYansients Trending is a useful tool to monitor progressive snubber
degradation. Trending has a number of important
mn ra@nsAs with vibration, dynamic load transients that exceed

_

the snubber load capacity may often be identified during
The establishment of baseline data is essential for*

routine mspections (e.g., observation of deformed strue.
tural members), augmented inspections (e.g., d uring trending.

hand stroking of the snubber),and failure evaluation
(e.g.. deformed internal parts). In situ devices, such as ,llending data should be sulficiently accurate so that -,

. load measuring clevis pins, are also available to monitor trends may be identified.

snubber load in applications where such transients are
smpected .nending parameters should relate directly to the,

anticipated aging failure mode. Such parameters
include, but are not limited to, drag force for2.3 InserTice Testing Results
mechanical snubbers and seal compression set for

. Evaluation of time traces (e.g., load and velocity)
obtained during routine functional testingis usefulin Note: An important example ofimippropriate moni.
identifying degradation that could lead to functional formg parameters is the use offunctional test data for
failure iinot corrected For example, an unusual monitoringortrendingsealdegradation. Although

- number of load spikes .may indicate the presence of dirt seal degradation can affectftmetional test results to
or ether solid particles in the snubber; a single load - some ettent, loss oflow pressure sealing integrity-the
spike may indicate local fretting of the ball screw. primary agingfailure modefor snubber scals-.would

~Follow-up diagnostic tests (see below) are useful for
nor be re]7ected in femctional test data.

further evaluating such anomalies.

If test data .we to be used for trending,it is recom.*

2.4 Diagnostic Testing mended that the data be obtained consistently by
the same type of test machine, under the same test

Diagnostic tests may be used to obtain information conditions, ideally, the same snubber should be
beyond that available from routine functional test data. used. Snubbers selected for trending should be
Results from diagnostic testing can be helpful in identi. representative of the service environment relate j to
fying the failure or degradation mechanism. For exam. _the snubber population to be monitored.
plc, a progressive decrease in the " bleed" velocity of a

- hydraulic snubber during a sustained load can be indica. lleservoir Guid levelis the most appropriate*

- tive of particulate contamination of the hydraulic fluid. trending parameter for monitoring snubber leakage.
Test equipment used for diagnostic tests should be
configured to allow the application of various levels of Trends in average drag force are generally more
controlled test parameters such as load and velocity, detectable than for peak drag force.

A number of plants have established administrative*

limits for functional test parameters in order to
prompt the repicement or repair of a given snubber

K.5 NUREG/CR-5S70
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before failure. This approach assumes that the spherical bearings as a check for jamming, hand detec-
parameter in question (e.g., drag forcc) is progress- tion of sibration, and hand detection of high
ing toward the failure limit,which may or may not temperature,
be the case. It is therefore recommended that
administrative limits be established at a level that is 2.8 Service-Eife Categories
outside the range of normal variations for the given
parameter. Premature replacement or maintenance Depending on the significance of environmental
can increase the probability of snubber failure by extremes from one area in the plant to another, separate
introducing potential maintenance or manufac- and distinct senice-life populations may be practical.
turing defects and reduce the potential benefits of For example,it may be practical to establish a separate
the trending analysis- senice-life population for snubbers in the upper level of _

the drywell for some BWR plants, due to relatively high
2.7 Augmented Surveillance Methods temperatures in that area that may result in more rapid

seal degradation. On the other hand, isolated applica-
Various " hands-on" methods may be used to identify tions involving sery severe environments (e g., steam
snubber degradation and to detect severe environmental tunnel, pressuri7er cubical, etc.), should be managed
conditions. These include hand stroking for verification separately on a case-by4ase basis,
of free movement, rotation of the snubb r about its

3 Visual Examination Attributes

snubber installed in wrong locationMany attributes that should be included in snubber pre- a

service examinations need not be checked again during
protective coscrings or shipping plugs not removedinservice examination. Snubber characteristics that are a

'

potential indicators for inoperability, e.g., empty reser-
snubber freedom of movement impaired byvoir, missing clevis pin, etc., are normally evaluated dur- a

ing inservice inspection (ISI). For service-life monitor- interference with adjacent equipment
ing, characteristics that relate more to degradation prior

-

other one-time pre-service checks recommended byto failure are emphasized. it is, therefore, *

recommended that Appendix B (Recommended the manufacturer.

Examination Checklist Items) be divided into three
basic checklists: one for pre-service examination only, 3.2 Recommended Examination
another for insenice and pre-senice examination, and gg gg g g .g
another for service-life monitoring.

,
and Inservice Examination)

3.1 Recommended Examination
"""I" *i""'I n auributes that may indicate snubber

Checklist Attributes (Pre-Service inoperability dur?ing pre-service msemce exammations'~

Examination Only) are listed beiow:

non pressurized resenoir oriented such thatIt is recommended that snubbers be visually examined *

for the following unacceptable attributes during pre- hydraulic fluid cannot gravitate to snubber
service examination only:

severe corrosion or solid deposits that could impair*

snubber installed with preset locking scre vs (used snubber performance-

for shipment only)

NU ? EG!CR-5870 KA
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inadequate swing clearance esidence of cot rosion* *

paint on piston rod (could cause a frozen condition) esidence of solid deposits (e.g., loric acid) from* *

leaking components
permanent deformation (e.g. bending) of the*

snubber or its structural attachments loss of hydraulic fluid since previous visual*

examination
inadeouate reservoir fluid level*

metal filings on or in the vicinity of the snubber*

clevis pin not installeda

observed fluid leakage*

wcld arc strikes, weld slag, adhesive, or ather*

deposits on piston rod or support cylinder (could cvidence of significant dark (i.e., black or dark*

cause a frozen condition) brown) material deposit on piston rod

loose or missing fasteners tod wiper adhered to piston roda *

cold or hot position setting varies from specified* abnormal color of hydraulic fluid*

value

wear or deformation of clevis pins*

spherical bearing not fully engaged in attachment*

lug elongation of attachment holes*

3.3 Reconintended Exainination cvidence of wear on support cylinder*

Checklist Attributes (Service-Life cracked or deformed fluid reservoir*

Monitoring)
cvidence of foreign material (e.g., water, solid*

Typical attributes that should be noted for service-life particles, etc.)in hydraulic fluid
monitoring purposes are as follows:

_

discoloration of metallic parts due to heat.*

w 4 Failure Grouping and Correctl2 Action

Subsection ISTD currently requires that any snubber 4,1 [)efinit[ons
that fails to meet functional test acceptance criteria be
classified into one of six Failure Mode Groups (FMGs) It is recommended that the following definitions be
(see Figure K,1) Depending on the FMG, various cor- included in Subsection ISTD. These definitions are
rective action alternatives may apply, consistent with those proposed by the Technical

Committee on Common Aging Terminology (CAT):
The following recommendations pertain to the classifi. "

cation of failures and follow-up corrective action. Failure Mode: The manner in which the snubber*

failed (e.g., high drag force, high acceleration, high
bleed rate, low locking velocity, etc.).

K.7 N UREQCR-5870
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i

Failure

Design / Applications- Maintenance / Transient isolated Unexplained

Manufacturing induced Repair / Event
IInstallation

A or C A, B, or C C D E

A: Replace all FMG snubbers with compatible snubbers: no additional testing.
B: Change the environment; no additional testing.
C: Additinnal testing in FMG.
D: Test or stroke all FMG snubbers; no additional testing.
E: Continue testing in sampling plan.

Figure K.i Current Iallure categorization and additional testing requirernents

Failure Mechanism: The physical process that 4.3 Distinction Iletween Service-*

resulted in failure (e.g., deformation of screw shaft, Relate (1 an(1 Noitservice-Reltitetl
thermally induced compression set, etc.).

Failures
Failure Cause: The circumstances during design,*

manufacture, or use which led to failure (e.g., exces- A snubber failure that is associated with a manufactur-
sive temperature, defective plating process, vibra- ing or design deficiency could nonetheless be service
tion, side loading, etc.). related. For example, the root cause for a seal failure

resulting from the inadvertent use of a seal material that

Root Cause: The fundamental reasca(s) for failure is less resistant to heat than the material specified by the*

which,when corrected, presents its recurrence, manufacturer may be identified as inadequate material
control (a manufacturing related failure cause).

4.2 Eliniination ol'tlie Isolate (I Failure Although the seal may not have endured for as long as
*'in nuf ctured Imm thc'specified material,it is likelyMotie croup that it did provide some amount of sersice prior to fail-

ure. The option should be allowed, therefore, for conti-
Isolated failures should be identified by root cause nued use of additiomJ. snubbers that may utilize this

~

evaluation. However, due to their singular nature, such material, provided that the environment is adjusted to
failures cannot represent a group. It is therefore be compatible with the seal material.
recommended that the isolated failure mode group be
eliminated.

NUREG/CR-5870 K.S
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Snubbers with a potential for failure trom the same root in general, and would allow flexibility in establishing
cause should be assigned to the same root cause group various RCOs in an industry data base without concern

(RCG)in order to take steps that would reduce poten- over conflict with ISTD.1
tial failure during future operation. However,in order
to establish additional testing requirements (ISTD), it By comparing Figures K.1 and K2,it can be seen that
need only be determined whether or not the failure is additional testing requirements associated with the pro-
senice-related, nonsenice-related, or unexplained (see posed classification system are consistent with those
Figure K2). Therefore,it is probably not necessary to currently in the ISTD standard. One change, however,

pre-establish failure cause groups in Subsection ISTD. is that the option to replace, modify, or repair all
snubbers in the RCO (failed and unfailed) without

Categorization using the snubber grouping plan in Fig- requiring additional testing would be allowed for all
~

ute 2 would distinguish between service-related and failures. This option was previously allowed only for
nonsenice-related failures. This is important for two design, manufacturing, and application-induced failures.
reasons:

1. Tb monitor the rate of occurrence of sen ice-related
failures. Snubbers are occasionally subject to operating environ. ,

ments for which they have not been qualified. Such
2. Tb provide the option to modify the environment environments include dynamic load transients, high

for allsnubbers subject to senice-related failures arnplitude vibration, high temperature, etc. Paragraph
without having to test additional snubbers. (This ISTD 1.11.1 of the standard requires that replacement
option is currently allowed for '' applications- or modified snubbers have a proven suitability for the
induced" failures only.)

l he Snuth r tiuhty Group (SNUG) has encountered diHicuhies in
Resulting data would facilitate the compilation of useful esta%hing failure categories for the SNUG data base doe to potential

failure statistics, both plant-specific and for the industry inconsinencies with FMGs curren0y incladed in ISTD.

Failure _

Service-Related Nonservice-Related Unexplained

A, B, C, or D A or C E

A: Replace all RCG snubbers with compatible snubbers; no adlitional testing.
B: Change the enviranment; no additional testing.
C: Additional testing in RCG.
D: Test or stroke all transient event snubbers; no additional testing.

E: Continue testing in sampling plan.

l'igure K.2 Preposed failure categorization and correctise action

KM N U R EG:C R-58'70
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application'or emironment. Because environmentally It is suggested, therefore, that some flexibility be
'

compatible snubbers are not available for all such appli- provided in ISTD 1.11.1 that would allow for continued
cations, utilities often have no alternative but to con, use of existing snubber models in such cases. For exam.
tinue to use the same snubber model or another plc, requirements for augmented inspections for these

, unqualified model, applications would ensure that snubbers would tw
replaced or maintained before failure.

!
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Appendix L

Snubber Maintenance Recommendations

This appendix includes a number of recommendations pertaining to snubber maintenance that were developed duiing
the NPAR research,

t;|
,

!
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Appendix L-

1 General Maintenance Practices

.In general, the effects of aging on snubber performance condition,it should not be repaired, modified, or altered
may be mitigated through the impicmentation of sound before determining its operability,in compliance with

' maintenance practices, including an effective service-life current insenice inspection (ISI) requirements. How-
monitoring program. The goal of snubber aging man- ever, this does not include snubbers not suspected of
agement should be to ensure that snubbers are removed being in a failed condition that are subjected to preven-
from service or maintained prior to failure. In this ~ ive maintenance (e.g., the nddition of hydraulic fluid tot
regard,if a snubber is suspected of being in a failed a low fluid reservoit).

2 Identification of the Operating Environment

Stressors of primary concern for snubbers are heat, as a diagnostic aid to verify the cause of degradation or
vibration, transient loads, and moisture. Measurement failure, Characteristics noted during visual examination
of temperature and humidity levels in various plant or testing of degraded snubbers are often helpful in
areas is recommended; such information is useful in pre- identifying the existence of severe operating environ-
1eting snubber senice life and for identifying possible ments. A number of instruments and techniques are

r :rvice-life populations. However,somejudgement available to measure environmental parameters,includ-
1. ust be used in deciding the number and location of ing temperature sensitive tape, thermocouples, portable
areas to be monitored, area temperature and humidity monitors, hand-held and

remote vibration measuring equipment, load measuring ;

Measurement of environmental parameters for specific clevis pins, strain gauges, etc. Wrious data acquisition
snubber locations should be limited to applications foc systems are available for use in obtaining a time profile
which severe operating conditions are suspected or used for environmental parameters.

- 3- Snubbers Prone to Rapid Degradation in Severe Environments

Snubbers in isolated applications that are prone to rapid ~ c.g., above 250*E Such applications may require aug-
degradation,i.e,.within two to three operating cycles, mented inspections (Section 8.0) or maintenance or fre-
should be identified and managed on a case-by-case _ quent replacement with new or refurbished snubbers.

- basis. Such applications frequently involve small capac. Other alternatives include replacement with snubber
ity snubbers installed on piping that is attached to large models or materials that are more compatible with the
capacity, high energy systems. Snubbers with particu- environment, e.g., Viton seals for high temperature
larly long ext:nsion pieces appear to be vulnerable to applications, modification of the environment (Sec-

. such degradation. Environmental stressors that can tion 6.0), or climination of the requirement for a
cause rapid degradation include high amplitude snubber at that location (Section 7.0).
vibration, dynamic transients, and high temperature,

NUREG/CR-5870 L4
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- 4 - Failure Evaluation

Determination of the cause of snubbe; failures or degra. visual examination -*

dation is essential for adequate management of snubber
aging. Separation of service-related and nonsenice- personnel training+

related degradation and failures is necessary to ensure
that nonsenice-related degradation is not included in * - diagnostic testing (Section 13.1)

, the data base used to monitor snubber aging. Also
- important is identificath af the root causein order photographic documentation of observations*

that conditions resulting in the degradation or failure
_

may be rectified. -a metallographic analysis

- Various techniques and considerations are recom. hydraulic fluid analysis (Section 8.6)*

mended for evaluating and documenting failure or
degradation causes. These include: chemical analysis*

pre-identification oflogical steps to be used in the physical property analysis.* - - *

evaluation

5 Failure Grouping

Failure grouping is a useful method for ensuring that all to leakage from that valve or other valves having poten.
snubbers subject to a particular root cause of failure are tial for the same manufacturing defect. Elimination of
identified and managed accordingly, implementation of the root cause, e.g., repair of defective valves, and evalua-
this method involves using insight and judgement to tion of all snubbers in the group would justify climina.
optimize its effectiveness. tion of the failure group as well as any augmented

inspection requirements. However, this would not
(Failure groups should be based upon the root cause of justify the elimination of special requirements for other

failure, not necessarily the simple cause, it may be snubbers that may be subject to high temperature
_

determined, for example, that the failure cause for a degradation resulting from another root cause,
given snubber was high temperature, and that the root
cause was a local steam leak associated with a valve hav- For the above reasons, failure groups should not be
ing a particular manufacturing defect. The failure group
should include only those snubbers that are subject to

.cstablished prior to the identification of a failure and its
subsequent nx)t cause analysis.

degradation from that root cause, i.e., degradation due

L5 NUREG/CR-5870
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6 Modification of tiie Operating Environinent

improved plant ventilation or coolingOne method for minimizing, snubber degradation in a *

severe operating environment is to modify that environ-
system modification to reduce vibration or dy namicment. Examples of this approach involve the following; *

transients
use of heat Gicids for high temperaturee

use of protective boots to minimite corrosion.applications *

repair ofleaking components in order to reduce the*

humidity or corrosives

7 Snubber Elliulnation

Snubber applications involving severe operating envi- in a snubber climination program. This supports the
ronments and snubber models that are particularly sus- need for close coordination between maintenance and

ceptible to service degradation should be priority targets engineering personnel (Section 17,0).

8 Augmented Inspections

Augmented inspections,i.e., inspections in addition to 8,2 ]lotation in Place

that required during routine IS1, are recommended for
snubbers in severe operating environments (Section 3.0) A useful method for evaluating snubbers that are sus-
and for snubbers susceptible to rapid degradation. A pected of being locked-up (or [ammed) is to attempt to
number of techniques and hardware that are useful for rotate the snubber about its loncitudinal axis within the
conducting such inspections are described in the follo"' physicallimits allowed by the clbvis attachments. If the
ing subsections. snubber can be rotated freely, the probability is low that

the snubber is locked, since lockup during thermal
'

8.1 Hand Stroking motion of the piping or equipment would have resulted
in a significant axialload, prohibiting free rotation of

Removal of one clevis pin and hand stroking a mechani- spherical end bearings. This method is most effectise
cal snubber while listening and teding for abnormalities for snubbers with a load capacity of 3JulIb or less. .

is a useful method for identifying degradation that could
lead to eventual snubber failure. This nethod requires 8.3 Aligniented Testing
some judgement on the part of the inspentor, supporting
the need for experienced personnel and adequate Snubber decradation may often be detected by evaluat-
training (Section 15.0). This method is also particularly ing functional test traces $ Diacnostic testine (See-

'

useful for identifying degradation due to dynamic tion 131)in which controlled test parameters are varied
transients. is also usefulin this regard.

NUREG/CR.5870 L6 )
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8.( Measurenient of Degradation example, significant wear of internal parts or the cxis.
''"cc f 5 N P "l'Ic5 ' "Scd bY ** ' "' i"'c'" IStressors corrosion.

'

Various degradation stressors such as operating emi- . .- -

,. csuN AnahSW,

| ronment, dynamic transients, etc., may be monitored
using sarious types ofinstrumentation or devices (Sec-
tion 2.0). Such methods are particularly useful far Microscopic evaluation of hydra ilic fluid samples can

monitoring snubbers subject to severe operating identify the existence of solid contaminants and can

conditions, often be used to identify the source of such particles,
e.g., particles generated during machining, corrosion
pr ucts,wm pm ucts,etc, M isture evaluation of the8.5 Boroscopie Evaluation iluid is also useful for evaluating fluid from snubbers

" " " " "
A boroscope is sometimes useful for internal inspection

' hydraulle snubbers. Such inspections may reveal, for

> Snubber Maintenance Frequency

- Scheduled maintenance sho'.td be based on nalistic snubbers in severe environments (Sectian 2.0). If degra-
considerations in regard te prcgressive degradation. It dation data from snubbers in senice are to be used to
should be noted that freq acnt, unnecessary mainte- establish the scheduled maintenance frequency, then
nance, e.g., seal replaceracnts, can actually increase the such data should be obtained from snubbers exposed to
probability of snubber failure due to damage or errors. operating emironments that represent the environ-

mental axtremes for the general population of snubbers,
Maintenance fregtency should be based on an assess- e.g., snubbers from the upper level of the drywell etc, in
ment of the degradation rate for the general snubber some cases, depending upon emironmental variations in
population in the plant.Lc., those snubbers in the the plant,it may be practical to establish more than one
normal plant operating environment, excluding isolated senice-life population.

1

10 Trending

10.1 Evaluating Trends in Test Results important. Such tests should be conducted separately'

from routine ISI tests.
'

In general, evaluations to identify trends in snubber
degradation should not rely on functional test data 10.2 Paranieters for Trending
obtained during ISI. Such data is often not useful for
identifying trends because more than one data point for Parameters to be used for trending should relate to the

the same snubber is often not available (i.c. the same anticipated degradation mechanism, e.g. compression
snubbers are not tested during each outage. For this set in seals or drag force for mechanical snubbers.

j reason,if test data, e.g., snubber drag force, are to be
. used for trending, representative snubbers should be 10.3 Reservoir Fluid Level
selected and tested periodically, using the same test
machine. For any trending evaluation, the establish- Rest oir fluid level for snubbers with a pressurized
ment of baseline data (Section 11.0) is extremely reservoir can be casily determined by observing the fluid

4
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' evel indicator. Ilowever, for vented reservoirs used on t!'ey I.hould not be too restrictise such that snubbers
'

l
many hydraulic snubbers the fluid level may not be that are not progressively degrading are urinecessarily
casily quantified. Verification of progressive fluid loss is replaced or refurbished.
therefore difficult. A method to verify fluid loss from
oac inspection to the next is to mark the fluid level on 10.5 liaseline Data
the reservoir and to compare the level with this mark

' during subsequent inspections, if degradation parameters, e.g. snubber drag force, are
to be monitored for trends, the establishment of base.

10.4 Administrative Acceptance Limits line data is essential (section 11.0).
.

If administrative functional test acceptance limits are
used to identify snubbers to be replaced or overhauled,

11 Baseline Data

For trends to be identifico, more than one data point for ]],2 Base [[ae Seal Data
a given parameter is required with respect to time (or
number of cycles). Therefore, attempts to identify Premcasurement of the section thickness of replacement
trends based on a single insenice data point, c g. drag seals beforc their installation in the snubber will provide
force, without the existence of baseliac (initial) values, baseline data that may be used for a more accurate (i.e.,
require unnecessarily conservative assumptions. Two

less conservative) evaluation of seal life at a future date.examples in this regard are the assumption that a meas- Similarly, baseline data for seal hardness would also be
ured drag force value of 2% indicates that drag forces is useful.
Increasing, and 2) the assumption,in calculating com-
pression set, that the initial seal thickness was the

Data from plant seal life evaluations have indicated
maximum value allowed by the manufacturer, variations in scal degradation for various plants and for

different seals in the same snubber in the same plant.
Il.1 Baseline Test Data unless the seal compound is documented, it is impossi.

ble to determine whether or not such variations are the
it is recommended that baseline test data for snubber result of differences in seal materials.
activation parameters (locking velocity, release rate,

: acceleration threshold, etc.) and drag force (for Documentation of seal compounds for replacement
mechanical snubbers) be obtained for plant snubbers, seals will provide a basis for evaluating the performance
whenever possible. Ideally, this data should be consis- characteristics of various seal compounds.
tently obtained under the same test conditions, using the
same test machine (Section 13.2). Baseline data would
be available for comparison with insen-ice data for iden-
.tifying degradation trends.

NUREG/CR 5870 LM
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12 Snubber Data Base

An automated snubber data base is strongly recom-
mended for managing snubber service data, document-
ing snubber installation locations, and documenting
rnalntenance aethities. It is important that such data
bases be updated regularly,

13 Functional 1bst Equipment -

It is recommended that a snubber test machine be main _ snubbers. Separate trending tests should be conducted
tained at the plant,in addition to any test equipment using the same test machine that was used to establish

. that might be temporarily located at the plant during baseline data (Lection 11.0) for the selected snubbers.
ISI. The plant test machine should be available for The test machine should have some automated capabil-
diagnostic testing, trending, and verification of ity to minimize operator influence during trending tests.
degradation. ' Since average drag force is generally more meaningful in

identifying trends, a data management system capable of
- 13.1 Diagnostic Testing calculating average drag force would be useful.

Diagnostic tests are extremely useful for verifying test 13.3 Verification of Degradation
results obtained during ISI and for determining the

_ mechanisms associated with any failures or degradation. The operability of snubbers for which degradation or
For diagnostic testing, the test machine should be capa- failure is suspected, e.g., unacceptable snubbers identi- 3
ble of producing a time-related trace of test parameters, fied during visual exatninations, may be evaluated by
e.g., velocity and load. Manual operation of the tester is functional testing. The availability of an in-house
also important as well as the ability to vary the level of test machine will allow for expeditious evaluation, in .

controlled test parameters. lieu of shipping the snubbers off-site or postponement
of testing until ISI tests are conducted.

- 13.2 1Yending

.lSIdata is generall: 't usable for identifying degrada-
tion trends, such as increasing drag force in mechanical

14- Spare Snubber Rotation

Replacement (rotation) of snubbers removed from Judgement should be used for snubbers with a sig-+

' service with spare snubbers is useful in reducing the nificant amount of remaining sersice life that are
need for snubber refurbishment during refueling out- removed for reasons other than maintenance, e.g.,

_

ages. The following suggestions pertain to spare for functional testing. Arbitrary replacement of
snubber rotation: such snubbers will reduce the amount of service data

L.9 NUREG!CR-5870
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ihat will be available for uiln the senice life data - *
'

A data base for tracking the various installed
- base, and possibly increase the probability of snub- locations for each snubber should be maintained
- ber failure due to the introduction of maintenance (Section 12.0).
cr manufacturing deficiencies that may exist in the -

If snubben with remaining service life are removedreplacement snubbers. *

__

and then reinstalled without refurbishment, every
Seal life begins when the seals are installed. There- effort should be made to install the snubbers hnhe :*

fore, in order to optimize senice life, seal replace- same kwations from w hich they were removed. ~1hc
ments for spare hydraulic snubbers should be sche- cause of failure or degradation of snubbers that
du_ led so that the period of time between seal were installed in various plan, 'ocations would
replacement and anticipated snubber installation is. Otherwise be extremely difficult to determine.

15 Personnel Qualification

snubber visual examination and recognition of: A key maintenance consideration in managing snubber +

- aging is the qualification of maintenance personnel.- mean.ngtul visual anomatics
Adequate training is obviously important, but since

snubber rebuilding and recognition of meaningfulgood maintenance practice im otves cor.siderable judge- +

ment, experience is of equal importance. Steps should anomalies during overhaul
therefore be taken to minimize turnover of experienced
maintenance personnel. determination of failure or degradation causes-

(Section 4.0)
As a minimum, training in the following areas is

snubber handling, installation md storagerecommended: *'

*: . snubber testing, diagnostic testing, testing for -
trends,and recognition of test anomelics

16 As-Found Evaluation

J As-found evaluations may preside infot uation that is examined and functionally tested before reinstallation in
~

usefulin identifying and managing degradation that the plant and before performing any maintenance.
might otherwise have gone undetected. It is recom- . Hand stroking of mechanical snubbers is abo
mended that snubbers removed from senice be visually recommended.

17 Coordination and Conununication

Coordination with 151 staff can eptimize serviceOmtinuous coordination between ISI, maintenance, *

engineering, quality assurance, and engineering staff is data for both ISI and senice-life monitoring use.
Important. For example:

= NUREG/CR-5870 L10
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* [ Coordination with engineering staff can ensure Communication with operations staff will aid in the*

c'imination of problem applications in a snubber identification of dynamic transients.
reduction program.

18 Replacement Parts and Materials

The use of replacement parts that are most resistant to use of temperature-resistant seal materials, e.g.,+

degradation due to the service environment are recom. Viton
mended. Examples here include:

_

use of corrosion-resistant materials for snubbers in+

use of temperature-resistant lubricants high humidity emironments.+

.

t
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and their subcontractors, Lake Engineering and Wyle Laboratories, visited eight sites
(encompassing-thirteen plants) to conduct interviews with NPP staff and to collect data
nn snuOer aging, testing, and maintenance. The Phase 11 research methodology, evalu-
ation, results, conclusions, and recommendations are described in the report. Effective

- methods 'ar service-life monitoring of snubbers are included in the recommendations.
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