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Abstract

This report describes the aging research results and
recommendations for snubbers used in commercial
nuclear power plants. Snubbers are sufety-related
devices used 10 restrain undesirable dynamic loads at
various piping and equipment locations in nuclca(
power plants (NPPs). Each snubber must accomindate
a plant’s normal thermal movements and must be cap-
able of restraining the maximum off-normal dynamic
loads, such as a seismic event or a transient, postulated
for its specific loca*‘on. The effec s of snabber aging
and the factors that contribute to the degradation of
their safety performance need (o be better understood.

i

Thus, Phase 11 of Nucleu: Plant Aging Rescarch was
conducted 10 enhance the understanding of snubber
aging and its consequences. Pacific Northwest Labora-
tory staff and their subcontractors, Lake Engineering
and Wyie Laboratories, visited eight sites {encomi-
passing thirteen plants) to conduct interviews with NPP
staff and 10 collect data on snubber aging, testing, and
maintenance. The Phase 11 research methodology, eval-
uation, results, conclusions, and recommendations are
described in the report. Effective methods for service-
life monitoring of snubbers are included in the
recommendations.
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Summary

Snubbers are safety-related devices used 10 restrain
undesirable dynamic loads at various piping and equip-
ment jocations in nuclear power plants (NPPs). Snub-
ber operability is mandated by the Code of Federal
Regulations (CFRs). The CFRs stipulate that systems,
structures, and components (SSCs), e.g., snubbers, shall
be designed to withstand the effects of normal and of(-
normal dynamic phenomena.’ In the mid 1980s, the
U.S. Nuclear Regulatory Commission (NRC) recog-
nized the need to enhance snubber performance
through aging studies and improved service-life moni-
toring technigues. The NRC's Nuclear Plant Aging
Research (NPAR) Program Plan provided the vehicle
and the logical sponsorship to undertake preliminary
investigations into snubber performance and aging.
Pacific Northwest Laboratory (PNL) and its subcontrac.
tors, Lake Engineering (Greenville, Rhode Island; and
Wyle Laboratories (Huntsville, Alabama), performed
the snubber research.

This report describes the Phase 11 NPAR in-plant aging
research conducted to enhance the understanding of
snubber aging and its consequences. The in-plant aging
research was based on a research plan by Brown et al.%,
which clarified the relationship between snubber aging

and snubber degradation and identified additional infor-

mation on aging hydraulic and mechanical snubbers that
requit:  ther ym estigation and analysis.

This report presents snubber aging rescarch, testing and
failure data, and service-life monitoring recommenda-
tions that distinguish between aging- and nonaging-
related snubber failures. The graphics, wables, and
supporting text illustrate this distinction. The report
supports the perspective that snubber failures are
closely related to age-relsted degrad: ‘on caused by

'Normal dynamic reactions are those associnted with thermal expan
sion and contraction of plant systems during normal startups or
shutdowns. Off- normat dynamic reactions involve loads not associ
aled with normal operations such as postuliated seismic events,
Mrown, D2, G. R. Palmer, E V. Werry, and . £ Biahaik. 19%
Basis for Snubber Aging Research: Nuclear Plant Aging Research
Program. NUREG/CR-3386 (PNL 46911), prepared for the .8
Nuglear Regulatory Commission by Pacific Nortbwest Laboratory
Richlang, Washington

inservice operational environmental influcnees, ¢ g
vibration and clevated temperature. Due to the lack of
service-related information pertaining to mechanical
snubbers, special emphasis was placed on gathering such
information for these devices.

The following objectives were developed for the aging
investigation of mech=nical and hydraulic snubbers:

« enhance the understanding of how snubbers
degrade due to aging

+ enhance the understanding of snubber failure
characteristics

* determine the technical information needed 1o
improve the level of snubber performance.

To meet these objectives, in-plant research was under-
taken with cooperating nuclear utilities. Two
information-gathering methods were used during the
research. The first method included interviews with
plant maintenance and engineering staff. The second
involved analysis of plant operating data, including
maintenance records and inservice testing and exami-
nation records. Plant selection was based on several fac-
tors, including availability of staff, plant procedures,
snubber types and length of service, and plant types
(BWR and PWR). [t should be noted that the in-plant
research was conducted on generic types Gf shabbers, (e
acceleration-limiting mechanicals and lockup/bleed
hydraulics. These generic types constitute a majority of
snubbers installed in U.S. NPPs,

Thirteen plants at eight different sites were visited dur
ing a three-month interval, Snubbers used at five of 8¢
sties were primarily mechanical; snubbers at the remain-
ing three sites were primarily hydraulic. [n addition 10
the site visits, over 70 telephone interviews were con-
ducted with knowledgeable staff at NPPs throughout the
LLS. Snubber "hands-on” research was also conducted at
Lake Engincering's facilities; this work involved the
disassembly, examination, and measurement of mating
parts associated with hydraulic snubber seals.

NUREG/CR-SR70)







‘machines used for treading are accuracy and repes
ability. Another important feature, especially for
diagnostic testing, is the ability of a test machine 1o
vary the magnitude of test parameters such as velo-
city and load.

Service-life projections based on data from snubbers

exposed 1o the actual plant operating envirc . nemt
are gencrally preferable to analytical s~rvice-life
projections,
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Summary

Owerall, the nuclear industt v is making progress in saub-
ber inspection, testing, main tenance, and reduction pro-
grams. These activities prov ide a basis for an improved
undersianding of snubber p rlormance. Plant staff have
identified severe environm ats and have modified the
environment or replaced ' nubbers with more durable
madels. Additionally, rrore effective and realistic
functional test accept-.ace limits have been develaped o
significantly reduc failure rates. Although many plants
routinely eva'uate srubbers for failure causes, the
researey, indicates that many plants have yet 10
implement formal service- life monitoring programs.
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Activation:
Aging:
Aging management:

Aging mechanism:

As-found testing:

Bleed rate:
Breakaway force:

Compression set:

Degradation:

Degradation cause:
Degradation mechanism:
Degradation mode:
Diagnostic testing:

Drag force:

Dynamic seal:
Examination:

External seal:

Definitions

The chunge of conditions from passive 10 active, in which the snubber resists the rapid
displacement of the attached pipe or component,

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

Engineering, operations, and mainterance activities 1o control aging degradation and
tailures due o aging of snubbers 1o within acceptable limits.

Process that gradually changes the physical characteristics of a snubber with time or
use.

Testing before conducting any activity that could affect test results ( usually applies 10
snubber testing after removal of a snubber from service, but before any maintenance
activities are conducted).

(See "Release rate.”)

The minimum applied force required 1o fnitiate extension or retraction of the
snubber.

The amount of permanent deformation of a seal expressed s a percentage of the
initial seal deflection.

Immediate or gradual deterioration in the physical characteristics of 4 snubber, which
could impair performance of any of its design functions,

The circumstances during design, manufacture, or use that have led 10 degradation.
Physical process that results in degradation.

The manner or state in which a snubber degrades.

Testing to determine the cause or mechanism associated with degradation or failure.
The force required (o ‘naintain snubber movement at a low velocizy before activation.
A seal used where there is relative motion between the scal ar 1 its mating surface.
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.

A seal used w0 isolate the hydraulic system from the surrounding environment.

XV NUREG/CR-587()






Position setting:

Post-maintenance testing:

Predictive maintenance:

Preventive maiatenance:
Release rate:

Root cause:

Seal life;

Service life:

Service lite population:
Static seal:

Stressors:

Surveillance:

- Synergistic effects:

Trending:

Measurement that indicates stroke location as measured from the snubber's fully
retracied position.

Testing afier maintenance for component functionality and for verilying correct
maintenance.

A form of preventive maintenance performed periodically or continucusly to monitor,
inspect, test, diagnose, or trend a snubber's performance or condition indicators;
results indicate or forecast functional abiity or the nature and schedule of planned
maintenance prior 1o failure.

Periodic, predictive, or planned maintenance performed before failure of a snubber in
order to extend its service life.

The rate of the axial snubber movement under a specified load afier the snubber is
activated

The fundamental reason(s) for an observed condition, which when correcied prevents
ils recurrence,

The amount of time that a seal is allowed to remain in service without replacement.
Seal life begins at the time that the seal is installed and continues for a pre-established
period based upon expected performance.

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

A population of snubbers having the same service life.

A scal application where there is no relative motion between the seal and its mating
surface.

Factors tha* promote degradation,

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

Changes in the physical properties of a snubber or a subcomponent caused by two of
more stressors interacting so that the total change is different from the changes
caused by each stressor acting independently.

Recording and analyzing in service data with respect 10 some independent parameter
(usually time or cycles).

xvil NUREG/CR-5870
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1 Introduction

Mechanical and hydraulic snubbers are safety-related
devices designed 10 restrain undesirable dyvnamic loads
at various piping and equipment locations in nuclear
m plants (NPPs). Snubber operability in Nuclear
Plants (NPPs) is mandated by Tide 10, Part 50 of
the Code of Federal Regulations (CFRs), Appendix A
and Appendix B. These regulations stipulate that
systems, structures, and components (SSCs), which
includes snubbers, shall be desigr.ed to withstand the
effects of normal nd off-normal dynamic phenomena !
Each saubber must accommodate normal thermal
movements of plant piping or equipment and be capable
of restraining the maximum off-normal dynamic loads
postulated for its specific location. However, snubhers
are subject 1o the effects of aging. and the factors tha
degrade their safety performance need 10 be better
understood. This report describes the Phase 1 NPAR
in-plant aging research conducted 10 enhance the under-
standing of snubber aging and 10 mitigate aging effects.

In the mid 19805, the U.S. Nuclear Regulatory Commis-
sion (NRC) recognized the need to enhance snubber
performance through aging stugies and improved
service-life monitoring techniques. The NRC's Nuclear
Plant Aging Research (NPAR) Program Plan, Rev |
(USNRC 1987)* provided the vehicle and the logical
sponsorship to undertake preliminary investigations
into snubber performance and aging.

The NPAR Program Strategy has traditionally specificd
@ two-phase approach. Phase 1of the NPAR snubher
research was undertaken by the Pacific Northwest
Laboratory” in 1985 and resulied in an initial aging
assessment of snubbers and a snubber reduction evalua-
tion study by Bush ct al. (1986). The Phase 1| snubber
research was conducted by PNL with support from Lake
Engineering (Greenvilie, Rhode Bland) and Wyle

'Normal dynamic reactions are those assceiated with thermal eXpun
sion and contraction of plant systems during normal startaps o shut
downs. O normal dvnamic reactions invalve londs pot associated with
normul operations such as postulated seismic events

NRC's initin] version of the NPAR program plan was issued in
Juiy of 1985
TPacific Novihwest Laboratory 1 operatesd by Battelle Memoriai
Institute for the US. Department of Energy under Conteact
DEACHG 76RO 1330,

Laboratories (Huntsville, Alubama). The imenm

Phase 1 study by Brown et al. (1990) resulted in prelimi-
nary investigations that further clarified the aging ques-
tions and identificd additional information on aging that
should be assembled and analyzed for Foth hydraulic
and mechanical snubbers. Twenty-Tour nuclear power
utilities were @lso surveved for information on snubber
Operating experiences.

The preliminary Phase [T investigations defined the
snubber in-plant research scope and derermined that a
special research emphasis should be placed on mechan-
wal snubbers. The following objectives provide the
scope of the Phase 11 rescarch described in this report:

¢ determine how snubbers age and degrade
*  define snubber failure characienistics

* determine the technical informanion needed 10
improve snubber service-life performance

T meet these abjectives the tn-plant research imvolved:
* reviewing existing service data

*  evaluating the effects of compression sei of
hydraulic snubber seals

*  developing service-life monitoring guidelines

* improving the understanding of aging in mechanical
sniubbers.

The research stalf planned and conducted im-plam
research that involved sclecting the sites for research,
visiting the sites, and gathering and analyzing dati on
snub! “* performance,

Then Wology of the snubber in-plant rescarch is
described 1o Section 2.0, Sections 3.0, 4.0, and 5.0 dis-
Cuss the results, conclusions, and recommendations
from the in-plant research, respectively. Section 6.0)
includes recommendations for additional snabber
rescarch, In addition 1o supplementing investigations by

NUREG/CR-S870
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2 Methodology of Snubber Aging Research

This section describes the site selection process and the
in-plant research methodology used 1o determine the
effects of aging on snubber erformance.

2.1 Methodology

Plant selection and the method of on-site visits are dis-
cussed in the following sections

2.1.1 Key Site Selection

Selecting the cooperative key sites was an important
preliminary step of the in-plant rescarch. Key sites are
defined as those plants that participated directly in the
research by providing their facilities and making avail-
able appropriate engineering and maintenance staff for
on-site interviews by NPAR staff wad subcontractors.
Plants with effective inspection and testing programs
and staff with experience in root cause analysis were
primary candidates.

The following criteria were applied in the site selection
process:

* willingness to participate

¢ sauvbir type, L.e., mechanical or hydraulic
* plant type, i.., BWR or PWR

¢ snubber service time

¢ knowledge anu/or available information in the
foilowing areas:

- failure evaluation
o0t cause evaluation

- identification »f operating environment and
measurement of the level of environmental

SIressors

- effects of environments on snubber
performance

e

< testing
snubber tracking
snubber trending

*  experience in utilizing in situ environmental
monitoring instrumentation.

2.1.2 In-Plant Research Methodology

Alter the key sites were selected, site visits were planned
and scheduled. Technical staff at cach plani devoled
two 1o three days o assist in gathering relevant infor-
mation during the site visits, and extensive snubber
documentation was made available for review by the
in-plant mvestigators. A otal of thirteen plants at cight
sttes (A through G) were visited during a three-month
‘mterve! (see Figure 2.1). Five sites were designated as
key sites in evaluating mechanical snubbers. Of these,
three (six plants) are of PWR design and two (four
plants) arc of BWR design. Two sites were designated
as key sites in evaluating hvdraulic snubber aging. Both
of these sites (4 plants) are BWR design. One site was
visited for information pertaining to m sita monitoring
of cavironmontal stressors; the plant is a BWR design

r Hydraulic YT Mochanicel Snubbers
Soubbers

I.;.] e L”:-;E

1 Sty Monforing

ol Environmental

Bwn

2Pty 2 Piante | | 2 Plaite
o anen | [ amr
{ VP L":"_] !*?1':_
ameenae e <
]
1 Plani
—

Figure 2.1 Scope of Snubber In-plant Research at
Fight Sites (A through )
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L’}_z‘ The research methodology used during the site visits « approximately 70 telephone contacis made with
'Q; ~ consisted principally of the following: various operating plant personnel
~* on-site interviews with knowledgeable plant o specific rescarch involving snubber disassembly,
- personncl examination, and measurement of parts. The activ-
L - ity occurred both on-site and off-site. {This activity
-+ review of plant operating history was conducted at Lake Engineering Company's,
. Rhode Island, facility for the evaluation of compres-
- - snubber tracking databases sion . of hydraulic snubber seals. This work is dis-
v ~ ssed further in Section 3.2.3 of this report.)

faflure evaluation reports
use of “in-house” ‘nformation available 10 Wyle
« functional 1est data Laboratorivs, Lake Enginecring Company and PNL.
(Personnel from Wyle Laboratories and Lake Engi-
© MEINIeRInce practices. ncering Company have many years of experience
working with NPP snubbers and supporting
Other methods used during 1he in-plant research equipment.)
consisted of the following:
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Table 31 Meclunical snubber failures by category

Number
of

Caegnty Failures
wmhuonmundﬁwmimnm 143
Environment
Transients and vibration
Manufacturing Defects
Unknown
Total Number of Failures

Rile 2 £ 2

“,
.;::t%iii

Figure 3.1 Mechanical snubber failures by category

{ailure cause category in Table 3.2, Thas 15 graphically
illustroted in Figure 3.2.

3.1.2 Agiag-Related Versus Nonaging-Related
Failures

As shown in Figure 3.1, for mechanical snubbers,

59 failures were attribuied 10 the environment Calegory
and 94 were attributed o the ransienss and vibration
category. Thus, approximate'y 43% (153 out of 357) of
the failures were asso #ted with actual plant service and
are classified as aging-related failures {se¢ Figure 3.3),

NUREG/CR-587u

T e A2 Hydraulic snubber failures by category

Number
of

Category Faitures
Installation/mishandling maintenance 16
Environment 26

Transients and vibration IR
Manufacturing Defects 4
Unknown 22
Total Number of Failures K6

;ﬁ:l
__ i
s
N ?J |

—
Figure 1.2 Hlydraulic snubber failures by category

As shown in Figure 3.2, for hydraulic snubbers, 26 fail-
ures were attributed 1o the environment catcgory and

1% were attributed 10 the fransients and vibrafion cate-
gory. Plant service influences, therefore, sccounted for
approximately $1% of the total rumber of aging-refated
tatiures (see Figure 3.4).

Note: Data for both hydraulic and mechanical snubbers
reflects failures identified berween 1984 and 1990
The majority of mechanical snubber Jata reflect
Jaitures identifiesd during the first tiree v four
refucling outages. The hydraulic snubber Jaia
reflect failures entified herveen the wenth ane
fifteenth years of plant operation.
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Figure 3.3 Aging-related versus nonnging-related
failures in mechanical snubbers

6% Unknown ! 23% Nenaging Reinted
/‘T\\
| \

§1% Aging Rolated

Figure 3.4 Aging-related versus nonaging-related
failL. es in hydraunlic snubbers

313 Eanvironmental Effects on Elastomeric
Seal Degradation Rate

The number of leaking snubbers noed in the drywell
dnring & recent visual examination for one plani at

Site A was compared with those found in the remainder
of the plant. The results are tabulated in Table 3.3 As
indicared *1 the data, the ncidence of leakage was sig-
nificantly greater for those snubbe:s installed in the dry-
well (see Figure 3.5). This indicates thay, at least {or this
plani, monitoring a separate population (by plant arca)
for purposes of establishing seal life may be practical.

3.1.4 Seals and Leakage
The following subsections discuss maintenance practices

and aging phenomena that are associated with hydraulic
fluid lcakage.

Evaluation

Tuble 3.3 Hydraulic snubber leaks versus plant
location in a BWR plant

Tental No. of % of
Snubbers Indicated Indicated

Area Inspected  Leaks Leaks
Drywell 263 39 14.8
Remainder of 287 27 9.4
the Plam

184 l
§| e
M.:g i !
123 | l
i1
Percentage 10f! ; !
of Leaking . | | |
Snubbers ? : |
%1 |
a3 | '
1 {
zgl | J
F= =

Cr el " Balance of Plant
Snubber Location

Figure 3.5 Leaking hydraulic snubbers by location in a
BWR plant

3141 Aging Versus Non-Aging Kelated Seal
Degradation

Most cases of hydraulic snubber seal leakage are not
directly attributable to long-term environmental effects.
This conclusion ts besed, in part, upon data collecteu in
the research as well as discussions with plant personnel
and the fivld experience of the authors, This is ilius-
trated by the maintenance observation data presenteu in
Table 3.4, Table 3.4 indicates that from a total of

15 hydraulic snubbers at Site A removed from service
because of significant leakuge, there was very little
evidence of seal degradation due 10 aging (sec Fig-

ure 3.6, However, most operating plants have identi-
fied a limited number of snubbers in isolated areas
{generaliv invoiving high temperature) where seal

NUREG/ICR 587
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&  Tuble 5.4 Maintenance observations for 15 leaking
L snubbers ut Site A

:
18

[1 ~ Snubber Obseivations

F‘ L | Finger-tight fill plug No thread scalsnt.
: 2 FElevated wemperature affected paint. No
& thread sealant, 1/72-dismeter tear in the
. accumulator piston seal. Particles in the
fluid.

1 3 No thread sealant. Loose fill plug.

o Thread damage. Pinched O-Ring in the
r main cylinder head (gland arca). Residuc
s from pinched O-Ring on the main ¢ylin-

der. Also, residue on cylinder head.

Nu thread sealant. Main ovlinder O-Ring
pinched on gland end. Seal was cut during
: assembly. Thread damage at fil! plug. Fill
plug tight.

No thread sealant. Discoloration of fluid.
Loose fill plug. No thread sealant,

No evidence of reason for fluid loss.
{Bergen original).

Loose fill plug. No thread sealant. Main
piston backing ring slight wear.

9 No thread sealant. Loose [l plug.
Thread damage accumulator head.
Pinched main cylinder seal.

10 Loose fill plug.

U _Poor O-Ring installation in accumulaior
cap/accumulator cylinder. Loose fill plug.

12 Loose fill plug. Damaged fill plug threads.
13 Torn accamulator piston seal.

14 Loos fill plug. Wear on fill plug hold
thre s,

15 No thread sealant. Fill plug tight.

~3 o

o0

NUREG/CR-5870

uﬂhll."‘"/—v-\
§ )
8. 7% Nonaging Reiated
w——

Figure 3.6 Aging versus nonaging-related seal leakage

degradation has resulted in leakage in a relatively shon
period (1 10 2 operating intervals). Management of
these snubbers generally involves augmented inspec-
tions and/or frequent seal replacements.

As noted in Section 3,1.3, a comparison of the
percentage of leaking snubbers observed in the drywell
for Site A with the percentage of leaking snubbers for
the balance of plant indicates a higher incidence of
leakage in the drywell (see Table 3.3). Operating
temperatures in the upper levels of the drywell for this
plant are known (o have exceeded 220°F, short-term
degradation of ethyicne propylene (less than two years)
can be expected under such conditions. Operating
temperatures for most plants, on the other hand, are
significantly less than this, i.e., 150°F or less. The higher
incidence of leakage for the Site A drywell snubbers is
probably the result of a combination of seal degradation
and a lower fluid viscosity at elevated lemperatures.

A rumber of plants have implemented programs Jor
monitoring elastomeric seal degradation in the general
snubber population. Such programs can extend or
reduce seal life bused on operating experience. They are
described in more detall in Section 3.2.3 of this report.

3.1.4.2 Thread Seals

Thread scals used with the control valve screws for some
hydraulic snubbers have commonly exhibited low-level
fluid leakage that is generally not sufficient to render
the snubber inoperable between refueling outages
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mu‘» are anticipated or where the equipment 1s
used as a diagnostic aid 1o identify the cause of service

degradation.

Some plants have obtained localized area temperature
data, for example, at various levels in the dryweli, using
portable temperature monitoring devices. In cases of
rapid snubber degradation resulting from high tempera.
tures, procise temperature information has been limited.
In general, more precise information s needed in this
regard 10 establish practical lemperature-time limits.

Area radiation information is typically available from a
plant’s radiation protection department. Since there is
little documenied evidence of degradation due 1o radiis-
tion (see Section 3.2.1.1), radiation monitoring of spe-
cific snubber locations is not common.

Most plants ha - identified the exisience of high samph
tude vibration (see Appendix B) from information
obtained during visuai examination, testing, ot failure
evaluation. Metal filings, darkened hydraulic fluid,
delormed connecting pins, clongate d attachment hales,
and fretting of mating parts are all signs of vibration
effects. Some plants have instrumented snubbers (9
order 10 obtain more specific information in this regard
(see Appendix B). In addition to loosening of threaued
fasteners, significant wear of connecting pins and attach-
ment ha dware can result from low amplitude vitration
in com.  ‘tion with snubber weight forces, A photo of
& worn clevis pin damaged from low amplitude vibration
is iliustrated in Appendix J, Figure J-9

3.1.5.3 Transients

As with vibration, transients, such as those caused by
water of stcam hammer, turbine trip, el can induse
loads that are beyond the snubber s design capacity,
often rendering the cnubber immediately inoperable.
Some snubbers are exposed o periodic load transients
that are within the rated capacity of the snubber;
however, if such transients are not mitigated, snubbers
might undergo progressive degradation that can also
result in failure.

NUREG/CR-5870
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3154 Management of Snubbers Snhject to Rapid
Degradation

Many plants have augmented inspection procedures [or
evaluating snubbers that are susceptible 1o rapid
degradation dug 10 8 $¢ €r¢ Operating environment o1
dynamic transients. For example, freedom of movement
for snubbers suspected of having experienced a dynamic
transient 1s often verified by hand stroking or rotation of
the snubber aboul its sphencal end Learings.

3155 Other Useful Monitoring Considerations

A number of additionsl considerations and maintenance

practices identified in the plant research are d’scussed in

Section 5.4, These are used 1o form a basis for the
ervice-life monitoring recommendations in Section 5.1,

1.2 Evaluation of Hydraulic Snubber
Aging

The following subsections discuss the primary aglag fuc
tors associated with degradation in hydraulic snubber
performance, such as, elevated temperature, vibration
and moisture. Tvpical failure modes for the majority of
hydraulic snubbers, and associated failure mechanisms
and causes, are shown in Table 3.5, Separate subsce-
tions arc also included pertaining to the effects of losd
transients, service-life evaluation technigques, and the
effects of compression set on low pressure seal perform-
ance. Elastomeric seals most affected by aging are also
discused tn a separate subsection

3.2.1 Aging ¥actors for Hydraulic Snubbers

3211 Radiation

During the course of the snubber aging research, no
cases of snubber degradation were identified that were
specifically attributed to radiation. However, this may
be partially due to the lack of in-depth failure analysis
duta. Although the effects of radiation on snubber
degradation are probably less than was originally antic-
pated, radiation cannot be totally dismissed s a con-
tributor 1o seal and fluid degradation.






3214 Vibrution

High-amplitude vibration, 1.¢., vibration with an mph
tude greater than the clearances in the end attachments,
can result in wear and localized overbeating of mating
parts. Such wear can result in particle generation,
potentially effecting control valve performance. The
incidenve of seal wear due 10 vibration is surprisingly
low. Applications involving continuous high- or low-
amplitude vibration can result in loosening of threaded
fasteners and/or weer or deformatios of clevis pins and
attachment holes (see Appendix J, Figure 1.9).

* High amplitude vibration has aiso resulted in deforma.

tion of poppets and poppet scats in hydraubic snubber
control valves. However, the incidence of such degrada-
tion has been mitigated by the incorperation of
improved materials.

In many cases, extreme high-amplitude vibration can
result in gelation of the hydraubic fluid (see Appendix ),
Figure 1.2). The exact cause of this gelation is not
known, however, it is speculated that the gelation is
caused by localized mechanical working of the hydraulic
fluid due to continuous motion of the piston, resulting
in changes in the fluid’s physical properties.

3.2.2 Transient Loads

Snubbers are subject 10 trunsient dynamic koads duc 10
abnormal Sperating conditions such as water hammer,
turbine trip, etc. Such transients occasionally exceed the
rated load capacity of the snubber, in which case signifi-
cant damage can result, rendering the snubber immedi-
ately inoperable, Such damage is typically in the form of
& bent piston rod for compressive loads and sheared
piston/piston rod threads for tensile loads

Hydraulic snubbers are a'so subject 10 transient dymamic
loads that are less than the design capacity of the soub-
Ler. Such ransients can cause excessive wear of mating

“parts, fatigue of structural members, and getation of

hydraulic fluid.

NUREG/CR-587

123 Elastomeric Seal Life Evaluation
Tecuniques

Seal replacement intervels vecommended by snubber
manufacturers have generally been conservative due 1o
the lack of service data at the time of the recommenda-
tions. Recent experience with seals manufactuted from
environmentally suitable elastomers such as ethylene
propylene and flucrocarbon rubber (Viton)! has
indicated minimal degradation.

Mcthods used to predict seal life fundamentally involve
cither accelerated aging studies or actusl inservice data,
these are discussed below,

3231 Accelerated-Aging Studies

Seal life for some plants is based On 4 mathematical
model (Arrhenius) (Gitlen 1980) that correlates a given
degradation paramerer, ¢.g., stress relaxation, with a
given environmental stressor, ¢.g., temperature and
tume. Scal life is then monitored based on recorded lime
at various operating emperatures. An example of this
approach, used at Site A, is included in Appendix C.

The acecterated-aging model and associated analyvtical
seal lite projections are useful design 1ools for selecting
aptimum materials and designs. However, 1o predict
seal hife from this approach alone--without substanti-
ation by service data--is impracucal becanse of the
number Of variables involved. Such variables include

* seal material or compound

*  seql configuration, €.g., O-ring, Hip scal, tec seal,
boss seal, thread seal and spring-energized seal

o sedl thickness

o fluid mediuvm
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Furthermore, the accelerated-aging model becomes
overly complicated and unreliable when more than one
envirenmentai stressor is involved, e.g.,

* temperature
¢ radiation
¢ moisture
¢ air exposure
*  fuid effects.

3222 Pvaluation of Seals Removed from Service

Many plants monitor seal life based on data from seals
removed from actual service in the plant. With this
approach, a practical seal life may be projected and
periodically updated for the general snubber popuiation.
Snubbers needing more frequent attention in particu-
larly severe environments may also be identified and
managed on a case-by-case basis.

The most commonly used seal life projection method is
extrapolation of compression set (which is directly
related to seal relevation). The basis for this approach is
illustrated in Figure 3.7,

For example, for a static seal that had been in service for
seven years with a measured compression set of 309,
using a compression set limit of %0%, seal life, 1, may he
caleulated using the following equation:

f.=1 X ,L = L'T)f;((?]) = 12.6 voars

seal life (in years)

accumulated service time (7 years ;
compression set limit (%)

measured compression set value (507

%]
=
" Ronu

¥
L-i-—a-i-ﬁn-.r. B e R e e i [ i =
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e =
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Figure 3.7 Compression set exaapolation

3.2.3.3 Other Flastomeric Seal Life Evaluation
Methods

A number of other approaches have been used 10 sub-
stantiate seal life for snubbers. These include seal life
projections based upon available laboratory data and
evaluation of trends in snubber functional test data.

Accarate determination of seal life based on laboratory
test data is difficalt. Conclusive lahoratory data sup-
porting the long-term effects of temperature aging on
scals is limited. This is primarily due to the difficulties
encountered in simulating the effects of time. Although
some information is available pertaining to the effects of
radiation on elastomeric sezling materials, it is
extremely difficult 1o apply this information 1o establish
a practical seal life for snubbers in service (see Section
3211

Since the incorporation of eovironmentally suitable
clastomers, there has been little evidence of seal failure
when a snubber is activated, i.¢., pressurized. Moreover,
the primary aging concern is gradual relaxation of seal-
ing force when the snubber is not activated. Therefore,
a substantiation of seal lite based solely on functionsl
test results 8 not appropriate.

3.2.3.4 Piant-Specific Seal Life Considerations
Seal life evaluations, for the most part, have been plant

or site-specitic. Due to the lack of precise environ-
mental dati, the potential for combined environniental

NUREG/CR-5870
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~ influences and variations in seal compounds and con-
figurations, it is difficuli 10 generically categorize seal
life for hydraulic snubbers (e.g, eight vears for an appli-

cation ure of 140°F). Another difficulty in

- applying peneric data is that the levels of environmental

stressors at various snubber locations often differ from
the levels specified in the plant ucsign specifications. (Tt
should be noted that environmental parameten
included in design specifications are generally specified
as maximum values; acival operating levels may be
lower, or occasionaily highet, than the specified value.)
Various plant-specific seal life studies have in”icated
variations in scal degradation from one plani 1 another
with similar design specifications.

Plant-specific seal life evaluations are appropriate for
most hydraulic snubbers. However, it may be gencrally
stated that seals manufaciured from most ethylene pro-
pylenc compounds, in mild operating environments (low
temperature, low humidity, low radiation level) will
likely exhibit little or no degrdation over extended per-
iods of time. More precise plant data is needed, how-
ever, in order 1o quantify seal life in this regard.

Ultimately, seal life should be based on successiul of
operating experience in the actuai plant environment.
Seal life extension evaluations should be considered as
interim site-specific methods for progressively extending
seal life from current conservative limits.

3.2.4 Effects of Compression Set on Low-
Pressure Elast ‘meric Seal Performance

The purpose of this portion of the in-plant rescarch was
10 verify practical compression set limits for the arious
seal configurations that are commonly used in hvdraulic

"

The chief concern regarding aging of hydraulic snubber
seals is relaxation of scaling force under low-pressure
conditions. Compression set is most often used as a
direct indicator of the level of seal relaxation. Seal 7
projections are often based on comparisca 0f a pre-
dicted compression set level with an established com-

pression set limit.

NUREG/CR-3870)
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Compression set, C, may be defined by the following
equation:

where W = onginal seal thickness
W, = compressed scal thickness as it is
installed in the seal gland
W, = recovered seal thickness after the seal is
removed from the gland,

Most static seals (seais where there is no relative motion
between mating parts) will still perform adequately
under Jow pressure conditions at 100% compression set.
For a degree of conservatism, & ¢ mpression set limit of
K% is typically used for projecting scal life in static
seals used 1in hydraulic snubbers. For an additional
degree of conservatism, a compression set limit of 80%
15 typicaily used for dynamic seals, 1.¢., seals where there
15 relative motion between mating parts,

Note: As a design tool, when selecting an oprimum sea!
material based on laboratory-aging simulation,
mare conservative limits may be specified, due to
the absence of actual service datq,

3.2.4.1 Methodology to Collect Compression Set Data

The basic approach was to obtain nonleaking snubbers
with seals that are expecied to have i high level of
compression set. Snubbers with extended service 1n a
high-i:mperature crivironment were priority candidates.
It was anticipaied that such snubber samples could be
found in either nonsafety-related applications in nuclear
plants or in fossil fuel plants, Although snubbers in
high-temperature environments were sought tor their
higher pronensity for compression set, correlating
operating temperatures with compression set is not 4
part of this study,

The selected snubbers were then subjected 1o a pre-
liminary evaluation. The purpose of the preliminary
evaluation was to determine, by measuring compression
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leaking, would result in loss of flusd from the snubber,
are considered 10 be the most eritical in this regard.

The propensity of seals 10 age-related degradation may
be characterized as follows:

¢ In general, the higher the surface area 10 volume
ratio, the greater the propensity for a seal to take a
set. Seals with a small cross-section thickness,
therefore, are more susceptible 10 compression set
inducement.

¢ Seals installed near of on the snubber surface
appear 10 be more affectod by the service environ-
ment (in terms of embrittiement and high compres-
sion set) than seals that are installed deeper within
the snubber,

¢ Seals that are exposed 10 ait are prone 10 degrada-
tion due to oxidation, particularly at clevated
temperatures. Although seals also degrade due (0
radiation, signigicant effects in this regard have not
boen substantiated by the service data.

¢ Dymamic seals are gencrally more susceptible 1o
leakage duc to the relatively low initial squeeze that
is characteristic of such seals, continuous changes in
the seal-gland interface, and the potential for wear,

¢ Thread seals used 10 seal straight thicads on some
sthubber models are particulary prone 1o service
degradation, generally in the form of increased
hardness and high set. It should be noted that
thread seals are instulled ut the surface of the
snubber and are exposed 10 air.

3.3 Evaluation of Mechanical Snubber
Aging

The purpose of this evaluation is 10 develop an
improved understanding of aging of mechanical
snubbers based on recent operating experience.

Systems typically identified as problem safety related
systems for mechanical snubbers are listed in Table 3.7,
Snubbers used on non-safety-related systems are also
subject 1o degradation  However, plant data in this
regard are not as comprehensive.

M i -

Evaluation

Tuble 17 Typical problem systems for mechanical
snubbers

PWR Plant BWR Plant

¢ Component Cooling ¢ High Pressure Core Spray
Laonw-Pressure Core Spray
* Safety Injection ¢ Residual Heo! Romsoval

¢ Steam Generntor Blow ¢ Main Steam (parucularly
Down botween wolstion valves snd stop
vitlves )

-

+ Resctor Coolant

Snubbers on small piping branching from relatively
latge piping (c.g., drain lines and instrumentation lines)
are particularly susceptible 10 ovetloading caused by
dynamic transients. Snubbers instalied at pipe locations
near connections Lo rotating equipment are suscoptible
to degradation due 1o vibration,

Until recently, service data on mechanical snubbers was
limited because mechanical snubbers were not used on a
large scale in nuciear plants until the late 1970s. A
significant portion of the data that have been available
pettained to some of the carlier problems encountered
during pre-operational tests and initial 1IS1. Many of the
reported failures were associated with construction dam-
age. manufacturing defects, and isolated severe environ-
ments that have since been corrected

Failure modes of mechanical snubbers may be grouped
in three basic categories:

¢ high-drag or high-breakaway force (this includes
frozen snubbers)

+  high-acceleration threshold
o low-acceleration threshold.!

Tuble 3.8 represents a consolidation of typical mechani-
cal snubber failure causes associated with the thice
failure modes described above A more detailed class-
ification of faiture causes, as determined by failure
analysis for Site C, is included in Appendix G.

Some plants have a lower linit for pocelerstion  Alhaugh a low socel
eration by itsell & nol 8 midor concern, {1 may indicale o problom
within the snubiber thit could lead 1o inoperatiiing
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Inarvia mass rubbing agninst dust cover Overinad
Forgign materinis on screw shafl Dusty Bovir
Foteign materials on indieator tube Dusty Faovar,
Cracked thrust bearing Overioad
Dry hibticast Flev, Temp.
Cortosion of torgue drum Maousture
Ciorrosion of papaian spring Moisture
Reugh spots on planciary pears Handling Damage
Theust bearng fretting Vibration
Capslen spriag wound oo tight Mig Def.
Binding ol telescaping mombers High Side Load
Laxose beanng retmner nut Mg Hand. Del
“Telescoping roembars not concent ne Mig Det.
Weld spatier on (ndicator 1ube Conat. Damage
Bent gukde rods Owerlosd
Plaked planing on bail screw Mig. Def
Fxceeded Maximum Capsan spring nol wound 1ght ennugh Mig Def
ABII L Cupstan spring not mstalied correctly Mig Del.
Worn capstan spring Viteation
Keeper ning not installed correctly Mig Lief.
Fxcessive lutavcant on lotgue drum Mig Def
Lubticant of inortis miss Mig Del
Beut cluteh tanyg Mig Dof
Fractured ball sorew shaf Onverlond
Capstan spring weat Vibration
Helow Minimum Corrosion of capatan spring Maisture
ACRIST s Comosion of glutch spring Maisture
Dnimbged capstan spring Mig Def Vit
Damaged st bearing Overioad/Vibr
Torque drum retamet boni Owerlopd
15
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foree in tension and compression. The number of sam-
ples for each size at cach Reactor Fuel Outage (RFO)
ranged from 4 10 26,

Associated duta and plots of drag force versus time
are included in E. As may be observed in the
time plots, the results of the evaluation are inconclusive.

L322 Averuge Drag Force Versus Time - Same
Snubber Samples

For Site F, data were avatlable for a total of

47 mechanical snubbers of the same size that had been
tested on at least two and sometimes three occasions
using the same test machine. Peuk and aversge drag
foree values for each RFO were plotted versus time (see
Figure 3.13). Associated data and trending plots for
individual snubbers are included in Appendix F As
with Plant D, both average drag (oroe and peak drag
force for both the tension and compression directions
were evaluated. It should be noted that all snubbers had
been in service for approximately five years before the

initial test data point was obtained.
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Figure 313 Average drag foree versus service time for
47 mechanical snubbers
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As can be observed from Figure 313, there appears 10
be a slight trend toward increasing drag force with
service time, at least for one mechanical snubber model
and size at this particular plant. The data suppor: the
need to monitor snubbers in moderate environments,
possibly using a selected number of representative snub-
bers. However, the magnitude of the drag foree value is
generally small, e, less than 2% of rated load for all
but four snubber samples, and less than 3% of rated
load for all but one snubher sampie,

333 Dynamic Transients

A significant number of cases of documented degrada-
tion or failures in mechanical snubbers have been
sssocimed with dynamic transients. Some transients,
such as those caused by water or steam hammer, can sig-
nificantly overload a snubber and result in instantancous
fullure. Other, lower load transients such as those due
to sudden valve opening may result in progressive
degradation depending on the number of load cycles

Typical fatture mechanisms associated with overload
invalve fracture of the thrast bearing andor buckling of
the ball sorew o slender attachment hardware Inability
of the snubber 10 provide free motion in the passive
mode is often the result of such damage (Lo, jamming
or high drag).

Failure mechanisms associsted wath lower load tran-
sients generally involve wear o local fretting similar 1o
that resulting from high-ampliiude vibration. Such
degradation can result in an increase in snubber drag
force. Many plants have implemented procedures
whereby snubbors that are potentially subject 1o
transients are identified and evaluated using augmented
inspection methods (Section 3.1.5.4),
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4 Conclusions

4.1 Snubber Performance History

For most plants, the greatest number of snubber fatlures
has been associated with nonservice-related influences.
such as mishandling damage and manufacturing defects
that were detected during initial plant operation. Afier
identifying isolated severe environments during initial
plant operation, plant personnel have modified the
snubbers’ environment, replaced snubbers with more
durable models, o eliminated the saubbers as part of a
snubber reduction program. Snubber functional test
acceprance limits have aiso been generally brosdencd '
These methods of snubber management have signifi-
cantly reduced snubber failure rates.

Aging management for snubbers involves 1) identifying
stiubbers susceptible 10 rapid deg-udation and minimiz
ing their potential for failure by conducting augmentcd
inspections o1 by requiring frequent maintenance o
replacement, and 2) monitoring for progressive degrada-
tion in the remaining plant snubbers and scheduling
preventive maintenance accordingly. Many plants have
implemented clastomeric seal life monitoring programs
for hydraulic snubbers. Beyond seal life studies, how-
ever, most plants have yet 10 implement a formal
service-life monitoring program for snubbers,

In general, approximately one-half of all recent snubber
failures for the key plants evaluated have been caused by
aging-related service influences. By contrast, review of
failere evaluation data for one plant indicated that only
25% of the evaluated seal failures were aging related

The most significant influences resulting in snubber deg.
radation are elevated temperatute, vibration, dynamic
transients, and moisture, The effects of radiation, on
the other hand, appear to be significantly less than
originally anticipated. This is probably hecause of the
relatively low actual radiation levels, the shiclding
effects provided by the snubber body, and the frequency

of seal replacements.
Some plants initially applied manufactirss's production acceplance

emits, which are generally much more raenos than hmits reguired for
snuhber operability

4.2 Service-Life Monitoring

The following conclusions sre drawn from the in-plant
snubber rescarch and provide the basis for service-lie
maonitoring guidelines:

¢ Many plants utilize an avtomated database that sim-
plifies tracking and retrieval of pertinent informa-
ton that may be used for monitoring snubber sorv-
ioe life. An example of a snubber data sheet assodi-
ated wi h such a system is included in Appendix H

¢ Plunt data indicate that a significantly large portion
of the total number of snubber futlures have
fesulted from nonservice-related influences. This
supports the need 1o distinguish between service-
related and nonservice-related dogradation of fafl-
ures 1o ensure that nonservice-related fatlures are
exciuded from the database that is used 1o monitor
snubher service lie

*  Variations in snubber degradation rate dut 1082
nificant variations in environment from one area in i
ine plant 1o another may warrant establishing sepa-
rate service fifo cateponies for different snubber
populations,

*  The primary degradation influences for both
hyvdraulic and mechanical snubbers ate olevated
temperature, vibration, and load transients

¢ Moisture can cause corrosion of both internal and
external snubber parts, Such degradation is more
prevalent for mechanical snubbers. External o
rosion is casily detected during visual examination
and may be an indicator of internal corroson.
Mathods used to identify internal corrosion include
horoscopic examination, hvdraulic fluid analysis,
and snubber disassembly.

¢ Snubbers are particularly suscoptible 10 service
degradation when installed
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One plant has reported that acceleration thresholds
have decreasnd for some mechanical snubbers as a
result of internal corrosion that effectively decreases

ihe clearance between the capstan spring and the

braking surface (See Aprendix A). As a result, this

plant has established minimum and maximum

Hmits for acveleration threshold In the
absence of baseline data, however, it is difficult (o
determine whether of not the acecleration threshold

has actually decreased or whether it was low to

begin with. In areas where haseline data arc avail-

able, acceleration threshold may he an effective
parameter for identifying such degradation

Critical snubber parts should be identified and
may vary depending on the environmental
stressor involved. Snubber service life should
be hased on the part anticipated to have the
shortest life for the primary environmenial
stressor.

Snubher 1est parameters generally include acti-
vation level, relcase rute, and breakaway or drag
foree. These parameters are useful for both 18]
and for service-life monitoring. A clear defini-
tion of any ; should be established by
cach plant. This definition should be consis-
tently applicd thereafter. Parameter definitions
for ISI purposes may differ from the corre:
sponding definitions used for service-life
momtoring.

Conclusions

4.3 Effects of Compression Set on
Low-Pressure Elastomeric
Seal Performance

Static seals in hydraulic snubbers can scal adequately,
even at a compression set of 100%. Howover, genoral
Litrits used for most seal life evaluations are W% for
static seals and 8% for dynamic seals. These fimits
wore substuntiated 1o some degree using compression
set daty obtained in this study. However, further
research involving more substantial data is needed in
this srea.

4.4 Service Aging of
Mechanical Snubbers

Mechanical snubber performance can be progressively
alfected by aging, particularly when snubbers are
exposed 10 one of more environmental stressors, Per.
forr=ac is telated 1o drug force, breakaway foree, and
acceleratn g threshold. Primary influcnces affecting
degradation are elevated temperature, vibration, mois.
ture, und dynamic transienis

Snubbers subject 1o severe environments should be
identified and managed with appropriaie preventive
maintenance. LONE-1Erm service in moderale operating
environments may also affoct snubber performance.
Mechanical snubbers in moderate aperating environ-
ments should be monitored by esting representative
sumples; baseline duti are extremely important in this
regard.
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& Recommendations

&1 Service-Life Monitoring
Recommendations

The following recommendations for service-life monj.
toring are based on the results and conclusions of the in-
plant research activities.

5.1.1 Determination of Snubber Failure or
Degradation Causes

A principal goal of a service life monitoring program
should be 10 develop means for separating service-
related and nonservice-related failures. 1t is important
that the root cause of snubber failure or degradation
{€.g., snubber overload due 10 dynamic transient, high-
amplitude vibration heyond the design capacity of the
shubbet, and application temperature exceeding that

for continuous use) be identified along with
the failure mode (¢.g., high drag force of low activation)
and the failure mechanism (¢.g., deformation of the hall
screw shaft or solidification of grease).

Fatlure evaluation data sheets should include key cate-
gories such as failure mode, failure mechanism, failure
cause, environment, service time, abnormal conditions,
visual observations, test dnta, and test observitions. 1t is
important that personnel involved in failure evalustion
be sdequatcly trained in correctly tracing a failure 1o its
cause. Failure evaluation dats sheets should be
designed and formatied in a manner that encourages
systematic and thorough analvsis.

Figure 5.1 illustrates & systematic analysis approach to
o0t cause fuilure identification. Table 5.1 lists typical
irregularities that may be abserved during visual exami-
nution or during snubber disassembly. The tahle chatic.
terizes features of snubber degradation and may be use.
ful in pinpointing the potential cause.

£.1.2 Determination and Docamentation of
Operating Environment

Service-life monitoring 1akes into consideration the
capability of the various snubber models (o0 endure the
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Figure 1 Flow chart - typical root cause
determination

full range of plant environments (benign 10 severe ).
Indicarors of severe operating conditions cap often he
identified during snubber overhauls and other
maintenance -related activities.

Determining specific environmental information often
involves specialized instrumentation and egquipment
that would be impractical for use at every snubber loca
tion. Such equipment, therefore, should be used in
applications where moderate 10 severe cnvironments are
anticipated or as a diagnostic aid in determining the
cause 0f snubber degradation or failure. Various
methods and equipment used (o identify or measure
specific environmental parameters are described in Sec-
tions 5.1.2.1 through 5.1.2.4. Additonal information in
this regard i3 included in Appendix B,

£1.2.10 Temperature

Continuous wmperature recording deviges are available
10 indicate the peneral arca iemperatures within the
plant (which often vary by elevation) or 1o me: sure local
snubber or component temporatures. Temperature.
sensitive tape may be placed directly on the snubber 1o
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Table 5.1 Typical indicstors of snubber degradation

= Obwervation Potential indicator of:

Dark bydtauhc fuid Migh-ampiitude vibeation

Biack material on puston rod High-amplitude v .avion

Eacessive piston and oylinder wear  High amplitude vibvation

Watn capstan spring tangs Figh smplitude vibetion

Freuting High-amplitude vibsation

Unsymmetrical wear of clevis pins  High amplaude vitration

Elongation of attachment holes High- or low amplitade
vibration

Lasse: fusteners High or low-anyphiude
vibration

Symmetrical wear of clevis pias Lt atiplitude vibration

Discolorstion of metallic parts High wmperatire

Embrrittled pision rod wiper High wmperature

Kot wiper adhered (o piston red High temperature

High seal compression sl Migh emperntyure

Seal surface oracks High temperature n wi

Lack of fuid pigmenation High esdistion level

Cotroson of metalhc parts High humsidity Aeaking
COMpRnents

Bent piston rod or sttachmenis Overionding

Chianges in coloot position Horeased drag of

eiting jusuning

determine maximum temperature. One shoricoming of

this approach, however, is that a timelemperature pio-
file is not provided. Contact and noncontact tempers-
m measuring devices (¢ g, infrared type) are also

Normal radiation level: of an operating plant do not
usually contribute significantly ‘o snubber degradation

This is probably due 10 the following considerations:

©+ actual in-plant radiation Jevels are, in most cses

less than was onginally anticipated

*  the snubber body provides a significant amount of

shielding

NUREG/CR-5870
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¢ onginally anticipated radiation effects were hased
Upon & 40-year dose; in actuality, snubber parts that
are sensitive 10 radiation degradation arc replaced
atintervals that are significantly less than 40 vears,

Data pertaining 10 plunt radiation levels can penerally
be obtained from health physics area surveys. Measure
ment of radistion levels specifically for service hife
monitonng is not recommended except in evaluating the
cause Of snubber degradation in cases where other
Causes have been ruled out,

£1.2.3 Vibration

Vibration may he continuous, in which case snubhbers
raay degrade In as litte time as one operating interval
Vibration may also be intermittent (e.g, during pump
startap), in which case it may be undetected for Jong
periods and result in long-torm degradation of the
snubber.

The available methods for detecting and measuting
vibration vary from simple visual observation, detechion
by foel, portable vibration measuring instramentation,
and remote vibration measering equipment. Exampies
of some alternatives 10 0 ect vibration, alang with
actual inservice applications, are described in Appen-
dis A (Site G) and Appendix B

Snubbers subject 10 vibration ¢an often be detected by
visual examination. Metal flings, darkened hydraulic
fluid, deformed connecting pins, clongated attachment
holes, and fretting of mating parts are all slgns of vibra.
ton effects.

£1.24 Transients

As with vibration, the existence of dynamic load rransi
ents may often be identified during routing stnubber
nspections, augmentod mspections, and fatlure evalua.
tion. Deiormed stractural members, jammed snubbers,
and deformed internal parts are all powential indicators
of dynamic overloading. In sttu devices such as foad-
measuring clevis pins are avatlable for monnoring snub-
het loads in applications where such LHansivnts are sys-
pecied (Appendix B)
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§.16.2 As-Found Testing

As with IST results, a considerable amount of informa-

tion can he obtained by conducting post-service func-

tional tests on snubbers removed from service. In fact,
as a general rule, such tests are recommended any time a
snubber is removed from service, regardless of whether
Of not the snubbcer is 10 be reinstalled.
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Figure £.58 Mechanical snubber drag force with
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Figure £6 Mechanical snubber with high drag
at one end

5.1.6.3 Diagnostic Testing

Diagnostic tests (see Section 7.0) are specifically
designed 1o obtain useful information about the con-
dition of a particular snubber, beyond what may he
available from routine IST or as-found 1esis. For fail-
ures, diagnostic tests are often helpiul in identifying the
faiture mechanism before disassembling the snubber.
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+ clongation of attachment holes

¢ evidence of wear on support eylinder
*  cracked or ¢ formed Nuid reservoir

¢ evidence of forelgn material (e, water, sohd parti-

¢ discoloration of metallic parts due to clevited
temperature.

5.2 Recommendations for the Working
Group on Mechanical Equipment
Restraints

Based upon the results of the NPAR research, a number
of jons are made in regard 10 the OM Code, Seo-
tion Subsection ISTD, Part 4 (ASME 1990). These
suggestions are 10 be recommended 10 the Working
Group on Mechanical Equipment Restraints for con-
sideration in the next revision of Subsection 1STD.

in general, recommendations pertain 1o service-life
monitoring, visual examination attributes, and failure
grouping, A detailed discussion of these recommenda-
tons is included in Appendix K. The recommendations

are summarized in the followinge sections.

£.2.1 Service-Life Monitoring
Recommendations

Service-life imonitoring recommendations proposed for

consideration in Subsectic. ISTD are generally basod
upon the recommendations discussed in Section 5 1.

Specificatly, they include:
s determination of snubber failure cavses

& determination and documentation of the snubher
operating enviranment

*  pvaluation of inser ice 1est results

¢ diagnostic testing

NUREG/CR-5870
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+ as-lound esling

* lrending

¢ sugmen’ed surveillance methosds

¢ ostablishment of service-lile categories,

£.2.2 Visual Examination Attributes

Typical visual examination attributes thet may be used
10 update the Subsection I1STD, Appendix B, "Dynamic
Restraint Examination Checklist Items,” ate suggesied
for consideration by the Working Group on Mechanical
Equipment Restraints,. Recommended attributes are
listed separately in the following categories:

¢ preservice examination attributes only

¢ preservice and inservice examination aributes

¢ service-life monitoring examingtion attributes,
£.2.3 Failure Grouping and Corrective Action
Subsection ISTD currently requires that any snubher
that fails 10 meet functional test acceplance criteria be
classified into one of the following failure mode groups
(FMCGis):

* design/manufacturing

¢ application mdnoed

¢ maintenance/Tepairinstallation

s transient dynamic event

¢ isolated

¢ unexplained.

Depending upon the fallure mode group, various corec-

tive actions may apply. Recommendation are made in
the following areas pertaining 1o failure grouping snd
associated correctve aotion.



¢
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S Uniform Snubber Populatior
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6 Recommendations for Additional Snubber Research

Although compression set limits currently in use are
supported by limited data available from this in-plant
rescarch, addinonal compression set studies should be
undertaken (o strengthen the credibility of the compies-
sion set limit: and 10 establish optimal compression sel
limits. As plants accumulate service time, such data will
probably become available.

This rescarch has identified enviconmental conditions
that are the most significant aging factors for snubbers.
Development of service-life monitoring programs that
ascertain realistic humidity, vibration, and tempesature
conditions are tkerefore encouraged within the industry.
As plants implement service-life monitoring programs, a
significant amount of additional service data will

3%

hevome available regarding these critical envirohmental
influences and the associated age-related degradation of
snubbers. Additional research would be required 10
evaluate this informaton.

Results of the work reported here should be transferred
10 Industry in an active and assertive manner. A
workshop/presentation developed from the in-plant
research s suggested. The workshop would be pre-
sented 1o engineering, quality assurance (QA), and
maintenance staff at the plant sites. The workshop
should consist of two separate presentations, one for
enginecring and maintenance management staff and the
other for the staff who perform the work: e.g.. craft
supervisors and craft workers.
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INTEROPTIICE TEMO

T0: Ds P, Brown DATE: Auvgust 17, 1990

FAOM: 3. Cole RE:

2.

‘.

The following axe sotes from my visit to the plam..

Notified resideant NRC lInspector of upcomidg plant visit and seetlings.
Notification date: 7/3L/90.

Artived oo site 8/8/90 and was escorted by the suubber eagineer. lu depth

discussion took place with the suubber engineer, and the snubber
maintenance foreman.

Geseral Plast laforsatics

A. The plast consists of two mid-siced bolling water reactors. The
plant began commercisl operation in the mid=1970's.

B. LCach unit has over 600 Bergen~Paterson snubbers of which about 550
are safety related (most of the snubbars are the M77 model). In
addition to these, the plant has spproximately 150 aydraulic snubbers
available as spares for hoth units.

D. The plant utilizes a seal life with several separate populations
based upos accelerated aging tests and modified on a regular basis by
tenyerature for those suubbers in the drywell.

Plant has instituted (starting in 1986) a comprehensive maintenance
prograam which iscludes tha following items:

° Flitering of saubber fluld immediately prior to use with a 5 aleren
filter. (Plant found it hard to keep pre-filtered fluid clesn over
long periods of time.)

° Sand blasting (glass beads) to bsre metal of all metalic parts.

o Completa deconning of all metalic parts using & freon blaster.

o Replacesent (rather thas repair) of most questionable parts.

o Automatic replacement cf poppet springs and piston rings.

a Use of the same trained persoc-el to rebuild roubber each cycle,

0 All rebuilds take piace in a “"clean” room used oaly for suubbers.

NUREG/CR-5870 A2

B






















!1
I
3

pad Sl skl

9.

10.

11.

13

ML B e L e p amame o e e e e L e e L B e e e e

Appendix A

Failure evaluations are only performed if they have an operability
related failure of a tech upec (safety related) saubber,

A. Root cause evaluations are done automatically as part of failure
evaluations.

B. Receat revisions to plant procedures require the taking of photos
duriag failure evaluations to aid in the documentation of fallure
causes and modes.

In che opinions of both snubber engineers, the plant experiences few to
00 age related saubber failures unless the snubbers are located in harsh
eaviromments.

For the past three years (J cycles), the plaat has performed all
hydraulic soubber testing io~house (both ISI and functional).

A. The plant also rebuilds hydraulic saubbers ias-house.

B. In process of buying Bergen-Paterson MK IV test machine (have been
leasing this model) with upgraded computer and priater,

C. It is their delief that doing rebuilds and testimg ia-house allows
them tighter control of the snubdber life cycle.

The plaat currently uses two mainframe computer prograc 'uti. 7 “waed
and specific) to track soubbers.

A. The programs ave reasosably compreheasive and include tracking of the
following filelds: serial aumber; model, make, CIC (mark gumber),
last test date, installed date, maiatenance history, class and
comments.

B. The single biggest problem with this systes i{s that it takes
approximately six moanths to update following an outage.

€. Curreatly setting up & 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 {a about six moaths.

The plant has found the most critical (pronme to failure) parts of
Griaonell snubbers to be thread seals and tubing comnections. A
significant percentage of leaking snubbers has been traced to thread
seals. In the past, tubing comnections were a significant source of
leakage in the suubbers. The plant replaced these conmections with
Swagelock fittings to miafmize this source of leakage.
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| 16, Specific concerns of plaat persomnel:

A

5.
<.
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Hot and cold setting of snubbers need to be reverified on a
seai~regular basis due to changiang plant counditions.

Dravings must always be kept updated.

Some plants were built %o one spec and then changed to another
farther iato their life (i.e. Section III vs. B 31.7). This makesa it
difficult to rotate saubbers.

Side-loading resulting from the use of long extension pieces may
accelerate saubber degradation caused by vibrationm.
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Therefore, 3 additicnal 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 loads, transients, environment,
location and other factors contributing to past failures as
experienced during 1 R.O. =

The classification of primary causes of failure and
conseguent evaluaticon is ap effective method of separating
snubber units which would have a repeatable failure as it is
caused Dy environment and/or lcad, =~ Other failures
attributed to handling or installation deficiencies,
pmanufacturing defects, are considered random failure and are
addressed separately. Safety analysis and necessary
corrective actions were performed for each individual
failure and at a system level,

S) The same events waere noted and addressed for Unit 2 with
conmparable results. The number of failures are somewhat
different, however the investigation and corrective acticns
were conducted with the same diligence and thoroughness.

The failures cccurred as follows:

1 R.0. = 353 total failures with 19 each in Jategory 1. 6
each in Category 2, 23 each in categery 3 and 5 each in
category 4.

2 R.0. = 18 total failures with 16 each in category 1 and 2
each in category 4.

3 R.0., = No failure recorded

6) An overall view of failures for the
Unit 1 & 2 listed by failure cause and sizes (small &
large):

1 R.0. = 157 total failures of which 74 sach were small 1/4
& 1/2, 83 each wers large . 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 failure cause as defined by plant
engineering:

Category 1l: Installation and Handling Deficiencies

Total failures 100 units (46 large bore, 54 small
bore). These failures ranged from poor handling,
storage or i~stallation practices.

NUREG/CR-5870 Ald

Ty

e ——

Baion









VI P SR TTET PR T
Wy 3

Conecluaicu:

<t is ¢ my opinien that the perscnnel at have a
very effective ongoing surveillance and testing snubber prograa.
This is evident in the tremendcus reduction in snubber failure

since the first R.O.. This was accomplished through
investigation of component, system, environment and failure
analysis. Resolution utilizing analysis by the architecs

‘engineer suppor. calculation by the A&E and special testing by
the system engineer were wused to determine i7 systen
modification, snubber relocation or support redesign was
warranted, which also led to a very extensive snubber reducticn
progran., Personnel training and effective work practices were
also implemented in order to eliminate or reduce failures due to

handling.

Due to grease failure, I would think a gualification test may be
warranted to determine lubricant requirements,classificatiocn of
snubbers by system, size and environment may facilitate the
pessibility of necessary aurmented inspection for specific
application.

Mucei
le Laboratories
Huntsville, Alabama 35807
(205) 837~4411 ext. 583
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Appendix A

Plant £
TRIP REPORT
John Mucci 8/23/90
Notes from ~ lavestigation and Information reviewed during the visit and
subsequent discussion with of the Eagineering Starf 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 through its third refueling outage.

b. The units were constructed with mostly PSA ranging from 1/4 KIP to 100
KI?. The total population for the two units are 1720 all mechanical with
bydraulic (8 each) I.ESEGA used on the steam generator for Unit #1, and a
total of 1100 mechanical with (8 each) bydraulic LESEGA for Unit #2.
There has beea a removal or replacement of 120 snubbers in Unit #1
through a saubber reduction program. During the first 3 RO a total of over
1000 snubbers had been tested through ISI for Unit #1 with a total of 85
failures durin crmance test. There were also over 500 tested in Unit #2
with a total of 69 fallures during the first two refveling outages.

¢ Failures are categorized by:

%g Eanvironment

3 Handling or mishandling

4 Manufacturing Defects

-} Vibration

6 Unknown
As for percentage of the total failures, Cat#1 with 20%, Cat #% with 17%, Cat #3
with 28%, Cat #¢ 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 3% unknown.

d. As for systems having the most failures we can identify and classify them as

follows:
1 Component Cooling System ()
2% Reacgg:Cooﬁng System ( )

3; Safety Injection System ( )
B 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 soubber failures.

1) The soubber reduction program is not in full swing as result of timing
and priority. They have also purchased some Teledyne Load Pins
with which t0 monitor continuous or transient loads in separate
systems with overioad failures. They bave also replaced some PSA
with corrosion problems, with A/D because of unit construction.
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3)

4)

)

They have a formal failure analysis program addressing sach falure
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 coilected.

Failures have occurred on all systems, however, the steam generator
blowdown system bas had a higher number of failures than any other
system. Supports oa primary system have less faillures due to
contamination or leaxy componeats as in general leaks are less Likely
to deveiop and when they develop they are addressed with higher
priority.
The plant has a tracking program in their computer system called
ASIS, which addresses snubbers and support systems. They have
divided the snubbers in three groups, S Medium, and Large and
includes all relevant data associated with vach unit. The system is not
compiete, as much of the necessary dai. has not been eatered
dressi test data, falure causes, failurc mechanism, wmbieat
eavironment, <hich 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 between plants, a standard
approach to service life monitoring would not be eatirely pracucal as
each plant would bave their own peculiarity associated with system
design and operation, however, some basic surveillance and
monitoring standards may be decided.

They identified the most critical spubber parts as the screw shaft,
thrust bearing as the items which exhibit load related failures,

It is of the opinion of the snubber personnel that the test machine
should bave 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
performance at levels different than the preset Tech. Spec

requirements.

Appendix A
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Appendix A

QFFICE MEMORANDU M
Plant G

TO: File Visit at for
dizcussion of in-situ monitoring equipment

FROM: D. Brown : August 25, 1990

On 8/17/90, I visited and met with the following
personnel:

= I8
= Nuclear Enginsering

We discussed vibration problems they had experienced on tle mainstean
typass piplag. Vibration frequency was approximately 400 Hz. and was actually
the result of radial pulsations of the pipe wall., The vibration was causiag
localized cracking i{n the viciniry of {aterval attachment lugs used fnr the
soubber pipe clamp. Vibration was monitored using ctrain gauges; data was
retrived vemor v. The vibration problem was, for the most part, resolved by
increasing the pipe wall thickness and by i{mstallation of two pultiple orif’.e
plates witain the pipe. Vibrationm amplitud was reduced by a factor of 10.

One remaining strut that was located upstream of the orifice plates
{ ramained subject to high amplitude vibration. The strut was lastrumented with
! strain gauges for mouitoring load; substantial locads were documented.

. LVDT's (linear variable differeantisl tracsformers) generally are not
| acceptable for monitoring vibratioan. They are, however, useful for \-asuriag
' thermal displacement and have been used {n this respect at this plamnt.

| Vibracion can also be monitored using portable vibration monitoring
instrumeantation. Two devices that were discussed Ia ~his regard ave:

o Ackania hand-neld vibration mouitoring equipment.

This instrument has a circular chart that provides direct readizgs of
vibration amplitude. Fraquency can be determined based on chart
speed.

o B & X nand-neld accelasromatar

This instrument has the capablility of providiag vel ity and
displacement data vs. time incegrating by acceleration .

Both of the above described instruments ars acceptable for monitoring
accessible systems, but must be hard-wired for use with remote data retrieval
systems for inaccessible systems.

A.23 NUREG/CR 5870
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The plant had also experienced transiests in the HPSl systen where they
vere experisncing dack flow through the check valves. Other types of
transients they have experieaced are caused by turbine trip, SRV ventisg, pump
stare, etc.

Force measuring pias ave probably the sost practies) * .v to peasure axial
loads on snubbers and struts due to systes trausisais. Juch equipment was
particularly useful for axial suppo.ts on the malnstear piping system for
straight runs of pips.

In geueral, due to ecvirommental considerations such as heat, wear, etcg.,
monitcring instrumentation i& not readily practical for contiucous use on
vazious systems. Load pians had to be considered as teamporary =odificatiocns of
supports.

They bad alsc experienced problems with hign frequency vibratisn
{approzimately 800 H2,) on mainstean piping with a secoudary vibration at
10 Hz, The high frequeacy vibration appeared to be due to pulsating radial
pipe expansion and contraction similar to that experienced on the mainstean
bypass system. The 10 Hz. vibration appeared to involve gross movesent of the
piping system os opposed to the pulsating wall; in this case, thev were able
to usa & spring loaded LVDT to measure vibration, In their opinionm, the low
frequency vibration was the result of small pressure pulses within the reactsr
which were alsc monitored at 10 Hz.

In their opinlon, accelerometers are not really a good cholce of
instrumentation for measuring piping or support response to dysamic
trassients. However, their experience has been positive in using these
devices for peasuring steady state vibration.

Snubbers installed oo severely vibracting piping systems have, for the most
part, been removed as part of a snubber reduction program. However, two
50 RIP saubbers remais and are continuously degraded. These saubbers are
ponitored and replaced frequently.

Plant personnel provided an extensive amount of back-up data including
isometrics, instrumentation specifications, ete., that apply to the subject of
this memo.
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August 2, 1990
Cave Brown
Page 2
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Alse included in the data are 1/4, 1, and 35 size snubbers, I haven't :
For the 1/2s, 3s, and 10¢ the test data A
is not conclusive in showing increasing drag over time, i.e., the 10s and 1/2s '
show improvement over time. If you have any questions jive me a call, :

summarized al)l of these at this time.

Sincerely,
-3 .
/ %
Tiwood V., We

Senior Development Engineer
Energy Sciences Department

EVW/cdr
Enclosures

¢c:  Mike Kimel
Scott Cole w/o enclosures
John Mucsi w/o enclosures
Don Blahnik w/0 enclosures
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In Situ Monitoring Methods and Equipment for Snubbers
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Load Monitor ing

Vibration Monitoring
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BCTLS:

TRANSIENT TVINRAUION DATA

Test Mode: Turbine Stop Valve Trip

Systes Mois Stess

[ T EVES T | LEVEL § MALMUN H08 = WiTh.A LEVIL L VITHIN LEVEL &
ALLOVA3LE

| SENSOR | ALLOVADLY | EXPECTID | PLAL READING™

(Mils) |

(Mils) {

(Yes/Ne)

g
g

o~
-
-
-
~
-
o
o=

Appendix B

g2

| ggs f} tqﬁ;;)
[_P=002

|
|

[ _D=003 !

|_D=004 |

(p-s03 ]

[_D-006 |

L D=007 |

!2!!;!!'!#

(_D=008 |

| _D=009 |

-
>

| D=010 |

[ L D=011 1

D012

el lelrlmlnlele

L p-oi3 |

zlelz etz e lele ol p e
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=014 ]

>

-
.
N

L

[_D=-018 !

=12

| D016 |

zE

-
o
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| 2=017 |

> EFE

~8

§

|_a=001!

|_A=007 |

|_A=003 |

[_A=004 |
| _A=00S |

[_A=006 |

|_A=007 |

| _A=-uo8 |
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i
|
|
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"A = Accelerometer, Vibratios {n mils sero~peak

D ~ Displacement, Vibration in wils zero=peak
**Maximum positive or negative deviation from initial, baseline wlve.

W = Rot Applicable = Measurements for lnformation enmly.
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Ivpical Arrhenins Seal Life Extrapolation (Plant A




r Appendix C

Ty pical Arrhenius Seal Life Extrapolation (Plant A)

c . This Appendix generically illustrates an empirically relationship between seal life and temperature. A
g derived scal life curve reflecting an Arrhenius type mathematical representation in this regard is also
' included.
|
CAa NUREG/CR-5870
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| Appendix D

l This Appendix contains procedures and results for

ol evaluation of seals removed from nonleaking snubbers

- that were anticipated w have high compression set. The
K goal of this evaluation was 10 obtain data that could be
3 used 10 substantiute compression set limits, based upon

| low pressure performance, for various configurations of

D

Effects of Compression Set on Low Pressure Seal Performance

clastomeric seals. Inspection data sheets are included to
show snubber conditions and as-found seal dimensions.
Dug 1o the limited amount of data in this regard, opti-
mum compress'on set limits could not be totally
confirmed.
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FIGURE 1

GRINKELL Fil=74 VALVE AND RESERVOIR ASSEMBLY
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|
s
i |
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| |
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E:
| \
| N '
ALVE PORT (TYR) |
| (MODEL PH-T4 ONLY) DETAIL K |
| |
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i FIGURE 2 :
}l: GRINWELL MILLER CYLINDEK ASSEMBLY .
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TABLE 3

GRINNELL EVALUATION PARAMETERS

Wo Wl s
Seal Noo, {iuches) {inchos) {inches)

i
2
11

.128
330
070

BERGEN~PATERSON EVALUATION PARAMETERS

103
276
061

TABLE &

Wo Wl
Saad No. {iaches) {igches)

3
-
13

312
103
312

276
098
273

DS

.101
250
050

ws
{iaches)
.250
078
.250

Compression fet
(%)

938 |
69%
522 |

Compression Set
(%)

50%
202
$3%
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DATA SHEET 2 Page 1 of 1
GRINNELL
II:.j:-
e Snubber Sample Number!
i Model: Py~ |
; v'.' Cylinder Typet ™ jler |
|
4 - S 1
i' Ref. |
i‘, i Part Radial/ Loe. Sequence Meas. (W1) |
! No. ~ _Face Gode Muaber {doches) Comments ,
iy
i 2 R ] i 418
! 4 ﬁ
‘ 1 N/A - i Q. lal
2 .
3 —iOlal
4 Ll ‘
11 F A 1 JOA. ‘
2 0A |
4 —ll
"-.,-”‘ :!
® |

lasp. by: EM&‘ pate: V= /S0
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w . Ma
s
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18
19
26
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Sl e

BERGEN~PATERSON

Snubber Sample Number!:
Slze (Dore X Stroke):

Configurationt
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Page 1 of 1

e

Insp. by: .ﬁnﬂﬂﬂ——

Date:
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DATA SHEET 5 vage ? of 1
BERGEN-PATERSON

Saubber Sample Number:

S R et
Size (Bore X Stroke): :
Configurationt gi;lzﬂ

s
g FOST-SERVICE SEAL DIMENSIONAL DATA
R Re.
Ii‘f." Pazc Radial/ Loe. Secuence Meas. (W1)
oy S, e ofe  _wmsbey.  _(inshes) Comments

3 R - 1 Peet

2 AT
3 eI e

| * An.
: 4 F A 1 %
A 3 m
H * 01
.. 13 R - 1 .
7 2 an
D‘.. 3 Am
k 4 p—
[ COMMENTS :
£ -~
i - &
#‘z ; Insp. by: M&. pate: 7/is/ev
! _ NUREG/Ch-5870 D20
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DATA_SHEET &

BERGEN~PATERSON

Snubber Sample Number:
Size (Bore X Stroke)t
Configurationt
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Page 1 of 1
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DAIA SHEET 6 Page 1 of 1

e BERGEN-PATERSON

EIJ:

.'J“" Snubber Sample Number: "
" Size (KIPS): 3o

Configuration: Manifald

.] POST-DISASSEMBLY PART DIMENSIONAL DATA

'i“ Part Loc. Sequence Meas. (W1)

: No. Code Div. Number (iaches) Comments
i R =omments
; 15 - 1 1 2,398

} 2 e W B

17 - i - 2500

15 18 A J 1 018

iy 2 RIS Gl

iy 3 Q18

£w y s

i 23 - 5 - __a.500

y

] i - -

| 25 R 2.000

| COMENTS:

Insp. by: ﬁ/ﬂ;&i Date: 7/;&/?0
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Evaluation of Drag Force Versus Time (Plant D
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Appendix E

Evaluation of Drag Force Versus Time (Plant D)

This Appendix includes drag force data obtained from
Plant D for two sizes of mechanical snubbers. The data
were used in an attempt to corrvlate drag force with
time. All snubbers were tested on the same test

E.l

machine. No snubbers were tested on more than one
occasion. Average Jrag lorce (i.e., average of the drag
force values for several snubbers) is plotted versus
service time. No trends are evident.
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Table E.1 Historical drag forve data for snubbers at Plant 1), Unit 1 (PWR)

3 Average T Average C Peak T Peak C

g 433 4.33 8.0 70

f ! 3.24 2.48 50 32

- 2.16 2.7 324 36

o 1.62 1.62 27 24

- 22 22 33 33
1984 1.7 1.1 25 2.0

K PSA-12 L1 2.0 2.2 30

i 19 1.65 9 27

! 20 22 32 18

,' 22 2.9 3,25 43

'_ i 224 2.30 157 353

- ol 3,78 6.3 75 125

: t 5.0 5.0 10.0 1.5

l 1984 30 3.75 10.0 80

‘ PSA-1 31 5.0 75 10.0

; 1 421 501 875 108

20 1.7 2. 22 |

# 1 22 22 33 a3

) 45 6.5 9.0 13.0

= 1985 1.3 1.4 28 265

£ PSA-12 375 4.65 o 6.0

‘ 4.85 265 10.8 48

; 3.0 2.55 49 6.5

:‘. 108 309 245 550

t -1 2.78 50 9.2 10.0

| PSA-1 2.70 2.5 6.25 6.0

& 1 27 378 792 8.0

:

s& Note: numbers in bold indicate averages.

T = tension drag force (1b).
C = compression drag force (Ib).
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Appendix E

Table F.1 (Continued)

)
i Average T Average C Peak T Peak €
8. 20 23 4.4 45
o 1 165 195 32§ 3.20
2 20 22 3.50 375
i 7 10.25 12.0 15.5
4 ER| 3.0 48 43
' 1.60 2,05 385 3.90
1986 3.10 2.10 5.50 3.50
: PSA-172 1.60 1.90 3,20 33
- 2.10 33 33 5.1
| 1.70 1.8 3.0 3.0
1.60 2.0 22 30
| 1.75 1.0 3,28 20
l 09 0.9 1.80 1.5
; i 237 2.67 4.20 435
: ' 3,78 2.2 6.5 6.2
| 33 2.5 6.25 7.0
‘ 2.0 50 6.25 7.0
: PSA-1 50 40 1.5 8.0
2 2. 3.0 5.0 8.75
: 375 378 875 875
5 i 338 3.40 7.37 8.53
E 1.3 1.6 20 295
1 125 16 2.25 22
12 1.7 1.95 27
1.1 L1 2.0 2.15
1987 1.9 1.85 3.0 1.0
f PSA-172 1.25 9 216 1.0
: 23 1.5 385 340
6.5 78 8.2 9.75
1.5 11 2.1 1.6
1.6 26 26 32
i Ly 218 101 3.26
PSA-1 33 30 6.3 7.0
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Appendix E
'|I.'_“s:
el
N Table E.2 (Continued)
B —
! I — -
Eﬁ; Average T Average C Peak T Peak C
i PSA-1 S.00 300 11.00 7.50
A (6) 2.50 3.00 6.00 7.50
2.50 375 5.10 R.75
o 300 30 820 20,0
& 362 336 7.88 98
Bl 262 6.07 6.10 8.69
, 3.07 4.08 5.58 7.44
o 1.65 1.66 285 5.70
o 292 263 5.44 6.73
i 5.03 4.26 7.33 6.94
-!'f' 1.73 333 308 6.40
3.85 2.08 5.38 163
! 1988 1.43 308 296 511
(21) 365 248 6.06 5.50
: 4.26 2.64 564 6.37
h 8.62 474 16.30 8.63
E PSA-12 253 185 375 308
439 an 11.20 12.70
3 369 247 625 495
] 1.38 2.90 29 441
449 385 7.58 9.43
AN 1.91 6.01 4.54
l 374 181 6.20 3.76
! 399 2.30 6.14 5.52
i 1.66 3.14 395 6.74
| 254 227 529 4.30
[ . 336 305 60 621
| 6.19 567 11,00 11.96
| 4.69 599 10.24 10.34
, 561 5.01 11.92 10.15
| ' 6.42 563 1393 12.64
b 6.43 151 14.63 11.99
PSA-1 168 6.08 6.95 12.87
(11) 16.68 9.12 3713 21.52
11.64 7.90 274 15,68
9.76 10.18 18,59 18.30
: 6.85 6.18 15.71 12.00
6.49 845 21.29 23.97
. 7.67 6.79 16.74 14.66
o 4.20 2.70 8.66 4.32
e 1.90 1.20 3.70 3.25
g 4.32 325 6.80 7.00
s 0.85 3.25 2.00 4.85
3.25 3.25 210 5.40
4.60 5.40 7.60 7.60
EY NUREG/ "R-5870
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Appendix |

Evaluation of Drag Force Versus Time (Plant |
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Appendix F

Yvaluation 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 1o correlate drag force with service time. All ber drag foree is al-o plotied versus service time for five
snubbers were tested using the same type of test typical snubbers, samples A through E. Some trend
i machine. All snubbers were tested on a minimum of toward increasing drag force with service time is
two separate occasions (refucling outages). Average observed.
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Figure F3 Drag force vs. service time, Plant F sample B (# $6)
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Appendix G

Typical Mechanical Snubber Failure Causes (Plant C)

‘This Appendix contains a list of mechanical snubber * high drag foree
failure causes documented by plant personnel at
Plant €. Failure causes are categorized in accordance ¢ exceeded maximom acceleration limit

with the following functional test fai’un categories:
*  bhelow minimum acceleration limit.

G NUREG/CR-5870

e i i T e 1 e e e 5 S e S R— — ——






Appendis ©

TYPICAL MECHANICAL SNUBBER FAILURE CAUSES fage 2
! PLANT C
[.'_ H#1GH DRAG FORCE (Cont'd)
EF o Slight bend ln screw shaft near inmertia areis. loertia mass rubbing
FR inside of dust cover.
?w ) Dirt and dust on screw shaft thereby restricting movement.
- 9 Adhegive on indicating tube causing binding of telescoplag member,
) (Adhesive was left from tape used to cover unit with plastic during
[ plant construction),
Ll ] Damaged iloner race of thrust bearing (cracked in several places) due

to transient overload forces,

EXCEEDED MAKIMUM ACCELERATION LIWIT

!
.
i o

Spring aot wound tightly enough at factory. Would not tighten
against cylinder at required asccaleration.

Capstan Spring not properly installed., Spring ears outuide acluteh
window, unit could not activate,

Small retaining parts of snubber internals were loose, Capstan Spring
worn when unit was rattled during service checks.

Improper assembly of i{ntarnals did not allow Capstan Spring to
tighten fully to activate Unit,

Maoufacturer's defect. Keeper ring not installed properly.

:aubbar ws damaged during handling., Stroked too hard causing it to
ock.,

Dirt betwean (nertia mass and lead screw caused masse to slip during
activation.

Capstan Spring not properly placed i{o unit at factory. Spring sars
outside clutch wirdow so unit could not activarte,

Dried dirt and 3jreade in torque drum and Ilnertia mass area, causing
high acceleration.

.3 NUREG/CR-5870
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‘MMM mechanical snubber
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Sample Mechanical Snubber Failure Evaluation Report



Appendix |

Sample Mechanical Snubber Failure Evaluation Report

This Appendix contains a failure evaluation report that This Appendix also includes a failure evalustion report
reflects comprehensive evaluation of a mechanical snub- associated with failure of two mechanical snubbers due
bet that was found to be frozen in service. The report 10 overload {n the compression direction.

reflects the methods used to identify and verify the prob.
lem and to determine the cause of failure.

1] NUREG/CR-5870






S—

n

-y

o ee—— Y e | L e
3 . ¥
B e
N
M rom Y s
WYhads o 7 Sy W
et WS FELES
N2 DR ey
W N e
CID SUwe TR SRTTLN
PR AT T, Tl
e
WL AU e ¥ OEW BT e
ST T T
L e WCTED e wees oW
)
| "
i 4
] e

v e






















Appendix |

~
(,ng

(Faom

£L1ALIRE A . " f i

A As ~gived view of snubber ballescrew shaft and torgue transfer
"y Ehafey fad - - ekl r ;
drum Shafy fatled puchiing as the resuit of a fudden
gompressive load Fracture octurred at twa jecations Ma-&61.

- 2 Can s .
MEDE & Cecoeng snubber ba)l-screw shaft which fail
490 A c ft whig & d b :
vinse ingpection of capstan spr s T

bali=scre hat !
| Crew shaftl twisted 4 14
9 oyt © the key siot Ha-db

NUREGAR-S870 i

{ng housime b
¢ housing stiows the key %o the



Appendix |

The chemical analysis of the shaft materfal is consistent with that of 17-4
precipitation hargensd stainiess steel.

LONCLUS JONS :

The ball=screv shafts of the Pacific Scientific size 1 snubbar falled in

butkling s & result of a sueden compressive overioad force applied axternally r

to the saubber. The keys between the Balli<screw shaft and capstan spring

housing were twisted out of the key slot by a sudden application of Lorque.

The fracture faces are characterized by & combination of tensile ana compres~ |

sive fracture indicative ef buckling The material fs in the hargened E
r
i
;

gS condition and Lhe chemistry appears to be correct. The load required to
buckle the BaAll~screw shaft has not been getermined.

If the Metaliurgy Lab can be of further assistance, pleace call,

i
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Appendix )

Typical Visual Indicators of Snubber Degradation |

This Appendix contains pnotographs of snubbers and snubber parts associated with various types of degradation.

J.1
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Figure £ Section photograph - o-ring with extensive set (left side removed from

snubber with 1-1/2 vears service in higt temperature environment o5 )

A




Figare 1.7 Embrittled o-ring with surface cracks (removed from snubber witl

1/2 rs Of se hioh { t 1)
i « Yeai Moservice in nigh iemperatare enva Hment PAL !
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Appendin K

Recommendations for Subsection ISTD

This appendix includes recommendations identified Subsection ISTD, Examination and Performance
from the NPAR In-plant Research for the Operations Testing of Nuclear Power Plant Dynamic Restraints
and Maintenance (OM) Part 4 Code, Section 18T, (Snubbers),

K1 NUREG/CR-5870
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| NPAR Snubber Aging Research Recommendations for ISTD

Service-Life Monitoring Recommendations

2.2 Determination and Documentation
of the Operating Lnvironment
2.1 Determination of Snubber Failure

or Degradation Causes
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3.3 Recommended Examination
Checklist Attributes (Service-Lifi

Monitorin

| iAlté'\fi' (s ipine and Corrects AL




SEeTrvice

1.3 Distinction Between
Related and Nonservice-Related

Failures

4.2 Elimination of the Isolated Fatlur

‘\1H(h (-'HU'!




1.4 Replacement 01 Moditied Snubbers




~ application or environment. Because environmentally It is suggested, therefore, that some flexibility be
i tible snubbers are not availabie for all such appli- provided in ISTD 1.11.1 that would allow for continued
~ cations, utilities often have no alternative but 1o con- use of existing snubber models in such cases. For exam-
~ tinue 10 use the same snubber model or another ple, requirements for augmented inspections for these
~ unqualified model. applications would ensure that snubbers would b
L EHE 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 during
the NPAR research,

| NUREG/CR-5870
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1 General Maintenance Practices

In general, the effects of aging on snubber performance
may be mitigated through the implementation of sound
maintenance practices, including an effective service-life
monitoring program. The goal of snubber aging man-
apement should be 1o ensure that snubbers are removed
from service or maintained prior 10 failure. In this
regard, if a snubber is suspected of being in a failed

condition, it should not be repaired, modified, or altered
before determining its operability, in compliance with
current inservice inspection (IS1) requirements. How-
ever, this does not include snubbers not suspected of
being in a failed condition that are subjected 1o preven-
tive maintenance (e.g., the addition of hydraulic Nuit 10
a4 Jow fluid rescrvoir).

2 ldentification of the Operating Environment

Stressors of primary concern for snubbers are heat,

vibration, transient loads, and moisture, Measurement
of temperature and humidity levels in various plant
arcas is recommended; such information is useful in pre-
“inting snubber service life and for identifying possible

¢ rvice-life populations. However, some judgement

L. ust be used in deciding the number and location of
areas to be monitored.

Measurement of environmental parameters for specifi.
snubber locations should be limited 1o applications fo
which severe operating conditions are suspected or used

as a diagnostic aid 1o verify the cause of degradution or
failure. Churacteristics noted during visual examination
or testing of degraded snubbers are often helpful in
ilentifying the existence of severe operating environ-
ments. A number of instruments and techniques are
available to measure environmental parameters, includ-
ing temperature-sensitive tape, thermocouples, portable
area temperature and humidity monitors, hand-held and
remote vibration measuring equipment, load measuring
clevis pins, strain gauges, etc.  Various data acquisinon
systems are available for use in obtaining a time profile
for environmental parameters.

3 Snubbers Prone to Rapid Degradation in Severe Environments

Snubbers in isolated applications that are prone 1o rapid
degradation, i.e, within two 10 three operating cycles,
should be identified and managed on a case-by-casc
basis. Such applications frequently involve small capac-
iy snubbers installed on piping that is attached to large
capacity, high energy systems. Snubbers with particu-
larly long ext :nsion pieces appear 10 he vulnerable 10
such degradation. Environmental stressors that can
cause rapid degradation include kigh amplitude
vibration, dynamic transients, and high wemperature,

NUREG/CR-5870

.8, above 250°F. Such applications may require aug-
mented inspections (Section 8.0) or maintenance or fre-
quent replacement with new or refurbished snubbers.
Onther alternatives include replacement with snubber
maodels or materials that are more compatible with the
environment, €.g., Viton seals for high temperature
applications, modification of the environment (Sec-
ton 6.03, or elimination of the requirement for 4
srubber at that location (Section 7.0)

4
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8.4 Measurement of Degradation
Stressors

Various degradation stressors such as operating envi-
ronment, dynamic transients, €tc., may be monitored
using various types of instrumentation or devices (Sec-
tion 2.0). Such methods are particularly uscful for
monitoring snubbers subject 10 severe operating
conditions,

8.5 Boroscopic Evaluation

A boroscope is sometimes useful for internal inspection
“hydraulic snubbers. Such inspections may reveal, for

B Y S S A S ———

Appendix L

example, significant wear of internal pasts or the exis-
tence of solid particies caused by wear o internal
corrosion.

e e Analysis

Microscopic evaluation of hydra Wlic fluid samples can
identify the existence of sohd contaminants ana can
often be used to identify the source of such particles,

e .8, particles generated during machining, corrosion
products, wear products, ete. Moisture evaluation of the
fluid is also useful for evaluating fluid from snubbers
with vented reservoirs in high humiuity environments.

7 Snubber Maintenance Frequency

Scheduled maintenance sho’ id be based on 1 alistic
considerations in regard ¢ pregressive degradation. It
should be noted that freq sent, unnecessary mainte-
nance, e.g, seal replaceraents, can actually increase the
probability of snubber fallure due to damage or errors.

Maintenance frequency should be based on an assess.
ment of the degradation rate for the general snubber
population in the plant, i.e., those snubbers in the
normal plant operating environment, excluding isolated

snubbers in severe environments (Section 2.0). If degra-
dation data from snubbers in service are 10 be used 10
establish the scheduled maintenance frequency, then
such data should be obtained from snubbers exposed 10
operating environments that represent the environ-
mental sxtremes for the general population of snubbers,
e.g., snubbers from the upper level of the drywell ew. In
some cases, depending upon #ovironmental variations in
the plant, it may be practical to establish more than one
service-life population.

10 Trending

10.1 Evaluating Trends in Test Results

In general, evaluations to identify trends in snubber
degradation should not rely on functional test data
obtained during IS1. Such data is often not useful for
identitying trends because more than one data point for
the sume snubbcr is often not available (1.c. the same
snubbers are not tested during each outage. For this
reason, if test data, e.g., snubber drag force, are to be
used for trending, representative snubbers should be
selected and tested periodicaily, using the same test
machine. For any trending evaluation, the ¢stablish-
ment of baseline data (Section 11.0) is extremely

L.7

important. Such tests saould be conducted separately
from routine 181 tests.

10.2 Parameters for Trending

Parameters to he used for trending should relate to the
anticipated degradation mechanism, ¢.g. compression
setin seals or drag force for mechanical snubbers.

10.2 Reservoir Fluid Level

Rese  oir fluid level for snubbers with a pressurized
reservolr can be casily determined by observing the fluid

NURBEG/CR-3870
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level indicator. However, for vented reservoirs used on
many hydraulic snubbers the fuid leves may not be
casily quantified. Verification of progressive fluid loss s
therefore difficult. A method to verify fluid loss from
one inspection 10 the next is to mark the fluid level on
the reservoir and to compare the level with this mark
during subsequent inspections.

10.4 Adiministrative Acceptance Limits

If administrative functional test acceptance limits are
used 10 identify snubbers 1o be replaced or overhauled,

they should not be 100 restrictive such that snubbers
that are not progressively degrading are unnecessarily
replaced or refurbished,

10,5 Baseline Data

If degradation parameters, ¢.g. snubber drag force, are
to be monitored for trends, the establishment of base-
line daty is essential (Section 11.0).

11 Baseline Data

For trends to be identifiea, more than one data point for
a given parameter is rejuired with respect 1o time (or
number of cycles). Therefore, attempts to identify
trends based on a single inservice data point, e.g. drag
force, without the existence of baseline (initial) valucs,
require unnecessarily conservative assumptions. Two
examples in this regard are the assumption that a meas-
ured drag force value of 2% indicates that drag forces is
increasing, and 2) the assumption, in calculating com-
pression set, that the initial seal thickness was the
maximum value ailowed by the manufacturer,

11.1 Baseline Test Data

It is recommended that baseline test data for snubber
activation parameters (locking velocity, release rate,
acceleration threshold, ete.} and drag force (for
mechanical snubbers) be obtained for plant snubbers,
whenever possible. Ideally, this data should be consis-
tently obtained under the same test conditions, esing the
same test machine (Section 13.2). Baseline data would
be available for comparison with inservice data for iden-
tifying degradation trends.

NUREG/CR-5870

11.2 Baseline Seal Data

Premeasurement of the section thickness of replacement
seals before cheir installation in the snubber will provide
baseline data that may be used for a more accurate (i.c.,
less conservative) evaluation of seal life at a future date
Similarly, baseline data for seal hardness would also be
useful.

Data from plant seal life evaluations have indicated
variations in seal degradation for various plants and for
different seals in the same snubber in the same plant
Unless the seal compound is documented, it 1s impossi-
bie 1o determine whether or not such vartations are the
result of differences in seal materials.

Documentation of seal compounds for replacement
seals will provide a basis for evaluating the performance
charactenstics of various scal compounds.



12 Snubber Data Base

13 Functional lTest Equipment

13,1 Diagnostic Testing

133 Verification of Degradation

13.2 Trending




Eamtir S b |

B B e e amty I 8 T

S ————
¢

Y T T N T = TIUR T S T y— -

Jhat witl be available for u.c in the service life data
‘base, and possibly increase the probability of snub-
ber failure due to the introduction of maintenance
Cr manufacturing deficiencies that may exist in the

replacement snubbers

*  Scal life begins when the seals are installed. There-
fore, in order 10 optimize service life, seal replace-
ments for spare hydraulic snubbers should be sche-
duled 50 that the period of time between seal
replacement and anticipated snubber installation is

e A N - & o i o e

¢ A data base for tracking the various instalied

locations for each snubber should be maintained
(Section 12.0).

*  If snubhers with remaining service life are removed

and then reinstalled without refurbishment, every
effort should be made 10 install the snubbers ©u he
same locations from which they were removed. The
cause of failure or degradation of snubbers that
were installed in various plan, ‘ocations would
otherwise be extremely difficult to determine.

15 Personnel Qualification

A key maintenance consideration in managing snubber
aging is the qualification of maintenance personnel.
Adequate training is obviously important, but since

good maintenance practice imolves considerable judge-

ment, expenience is of equal importance. Steps should
therefore be taken to minimize turnover of experienced
maintenance personnel.

As a minimum, training in the following ureas is
recommended:

* snubber testing, diagnostic testing, testing for
trends, and recognition of test anomalies

* snubber visual examination and recognition of
mean.ngtul visual anomalies

* spubber rebuilding and recognition of meantngful
anomalies during overhaul

= determination of faflure or degradation causes
(Section 4.0y

« snubber handling, installation ynd storage
procedures,

16 As-Found Evaluation

As-found evaluations may provide information that s
useful i identifying and managing degradation that
might otherwise have gone undetected. It is recom-
mended that seuabbers removed from service be visually

examined and funcuionally tested before reinstallation in
the plant and before perfarming any maintenance.
Hand stroking of mechanical snubbers is also
recommended.

17 Coordination and Communication

Continuous coordination between ISL maintenance,
engineering, quality assurance, and engineening staff is
important. For example:

NUREZ/CR-5870

«  Coordinaton with I1S] stall can eptimize service
data for both ISI and service-Hie monitoring use
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10 SUBPLEMENTARY NOTES

ACT (0 worm or wus

This r+ vt describes the aging research results and recommendations for snubbers used
in com fal nuclear power plants. Snubbers are safety-related devices used to restrain
undesi, s dynamic loads at various piping and equipment locations in nuclear power
plants | Ps). ECach snubher must accommodate a plant's normal thermal movements and be
capable of restraining the maximum off-normal dynamic loads, such as a seismic event or
transient, postulated for its specific location. The effects of snubber aging and the
factors that contribute to the degradation of their safety performance need to be better
understood. Thus Phase 11 of Nuclear Plant Aging Research was conducted to enhance the
understanding of snubber aging and its consequences. Pacific Northwest Laboratory staff
and their subcontractors, Lake Engineering and Wyle Laboratories, visited eight sites
(encompassing thirteen plants) to conduct interviews with NPP staff and to collect data
on snubper aging, testing, and maintenance. The Phase 11 research methodology, evalu
ation, results, conclusions, and recommendations are described in the report. [ffective
methods or service-life monitoring of snubbers are included in the recommendations.
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Seismic, shock absorber, pipe restraint, reactor coolant system |
restraints, service-1ife, dynamic loads, failures, pipe support, T

snubbers (mechanical and hyuraulic), inservice testing and Unclassified
inspection, equipment and component aging. T mam

Unclassified
ITTNumBtRor Pt 1

NAC FORM 138 a0









