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FOREWORD

This report is based on the snubber operating experience for the past
several years, primarily licensee event reports (LERs). Aging mechanisms that
influence snubber failures are assessed. The adequacy of current testing and
examination procedures is discussed, and suggestions are given for changes when
the procedures are considered to be inadequate. A conclusion from this report
is that many snubbers installed in nuclear power plants may be unnecessary and
could be removed. Work outside the scope of this report has confirmed that the
removal of many snubbers can be justified. An approved approach to evaluate
snubber removal has been incorporated into ASME III and approved by the U.S.
Nuclear Regulatory Commission (NRC) on a case-by-case basis.

This report constitutes an NRC special study of snubber experience from
the standpoint of reducing the number of snubbers currently in use. The study
includes a preliminary assessment of snubber aging characteristics and mecha-
nisms. However, a treatment of the snubber as an assembly and systematic
consideration of each component or subcomponent in terms of materials of con-
struction, stresses, failures due to aging and service wear, and measurable
functional indicators was not undertaken. Such work will be included in
Phase Il of this investigation.

This review was conducted under the NRC's Nuclear Plant Aging Research
Program; it is a transition report that may be modified in the future. In par-
ticular, the positions relative to examination and testing and the suggested
changes in these requirements may be modified. Obvious interfaces exist with
the ANSI/ASME OM4 Committee on Snubbers and ASME XI, Section IWF. Comments and
suggestions that could impact the Phase II study are welcomed. There is a
recognized need to develop a viable interface among the NRC, the relevant codes
and standards, and the nuclear industry with regard to the scope of the
Phase Il study. Currently, the scope of the Phase II study consists of: 1) a
comprehensive aging assessment of hydraulic and mechanical snubbers; 2) a
review and verification of inspection, surveillance, and monitoring methods;
and 3) establishment of application guidelines within appropriate codes, stan-
dards, and regulations. '

The information presented in this report was obtained from many sources
over a period of several years. Reference notations are given where possible.
A bibliography is also provided.
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ABSTRACT

This report presents an overview of hydraulic and mechanical snubbers used
on nuclear piping systems and components, based on information from the litera-
ture and other sources. The functions and functional requirements of snubbers
are discussed. The real versus perceived need for snubbers is reviewed, based
primarily on studies conducted by a Pressure Vessel Research Committee, Tests
conducted to qualify snubbers, to accept them on a case-by-case basis, and to
establish their fitness for continued operation are reviewed,

This report had two primary purposes. The first was to assess.the effects
of various aging mechanisms on snubber operation. The second was to determine
the efficacy of existing tests in determining the effects of aging and degrada-
tion mechanisms. These tests include breakaway force, drag force, velocity/
acceleration range for activation in tension or compression, release rates
within specified tension/compression 1imits, and restricted thermal movement.
The snubber operating experience was reviewed using licensee event reports and
other historical data for a period of more than 10 years. Data were statis-
tically analyzed using arbitrary snubber populations. Value-impact was con-
sidered in terms of exposure to a radioactive environment for examination/
testing and the influence of lost snubber function and subsequent testing
program expansion on the costs and operation of a nuclear power plant. The
implications of the observed trends were assessed; recommendations include
modifying or improving examination and testing procedures to enhance snubber
reliability. Optimization of snubber populations by selective removal of
unnecessary snubbers was also considered.
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'19705 may have an average of about 500 snubbers.

£ ‘ L 1.0 “INTRODUCTION

The first light-water reactors (LWRs) used few, if any, mechanical or:
hydraulic snubbers or pipe whip restraints. Most LWR piping designs were simi-
lar to foss11 p]ants which have flexible’ p1p1ng systems. During the 19705, an
1ncreas1ng concern was expressed by U.S. Atomic Energy Comm1ss1on and U.S.
Nuc]ear Regu]atory Comm1ss1on (NRC) regu]atory personne] concern1ng the
behav1or of p1p1ng under severe se1sm1c 1oads. Essent1a11y concurrent]y, the

large pipe break, or1g1na11y proposed as a mechan1sm ‘for sizing conta1nments
through back ca]cu]at1on ‘of pressure 1oads, emerged ‘as a des1gn-bas1s accident.

'Appropr1ate measures were requ1red ‘to prevent pipe wh1p. A 1og1ca1 extension
‘of the seismic and" p1pe break cr1ter1a was to cons1der that they occur

essent1a11y s1mu1taneous]y. _ T

* The piping failure mode proposed for severe seismic loads was p]ast1c col-
lapse. Although this failure mode had not been confirmed: experimentally -and
analytic va11dat10n was based on very conservat1ve assumptions, ]t became
accepted that p1ast1c co]]apse would be the contro]11ng pipe break mechan1sm.
A natura] consequence of this fa11ure mode was ‘a movement toward progress1ve1y

‘stiffer’ p1p1ng systems to prevent" p1ast1c co11apse. a

- Several assumpt1ons made during ‘seismic modeling further increased the

-tota] ‘number of supports on a piping:system. _Examples include the manner of

bounding the seismic: spectrum; assumptions ‘on"combining loads; the handling of
spectra broadening; and, in part1cu1ar, the use of conservative values for
seismic damp1ng. These assumpt1ons led” to more and more supports and snubbers
belng -added to piping systems. Nuc]ear p]ants in the near-term operating’

11cense stage may have more than 1000 snubbers p]ants 11censed dur1ng the

._v
i.

"As more snubbers were ‘used, severa] operat1ng prob]ems arose; ‘for ‘example,
degradat1on and leaking of tseals ‘on hydraulic ‘snubbers ‘and ‘functional’ fa11ures
of both hydraulic‘and 'mechanical snubbers. '‘These problems 1ed to increased
qualification and testing requirements. Thus, the original cost of a snubber
represents only ‘a 'small fraction of the overa]] cost ‘of qua11f1cat10n, 1nsta1-
lation, maintenance, and test1ng. “In ‘addition, ma1ntenance and test1ng resu]t
1n substant1a1 rad1at1on exposure in o]der plants. o

Another prob]em that was not recognIZed initially was the limitation on
in-service inspection (ISI) resulting from the large numbers of snubbers and
supports that prevent access to many welds in piping systems. A further
problem was the concern that stiff piping systems may be.inherently more .
susceptibleto overloading and .possible:failure -than flexible systems. .Obvious
examples ‘include Zimproper snubber installation and premature activation,:which
can result :in severe loads during héatup and cooldown. ' The possibility that

1.1



ratcheting may be a more probable failure mode than plastic collapse is another
factor to be considered. In fact, it has been reported that a stiff piping
system failed during an earthquake while a flexible system in the same p]ant
did not. :

As a result- of the preced1ng concerns, Technlcal and Steering Committees {
on P1p1ng were organlzed under the Pressure Vessel Research Committee (PVRC) |
with active industry and NRC part1c1pat10n. In the past two years, these ,
groups have developed a more relaxed interim position on seismic damp1ng,
modified and less conservat1ve position on spectra broaden1ng, and a document
on lndustry practice related to. design approaches. ]ead1ng to fewer snubbers.
These. p051t1ons have been accepted by the NRC on a case-by-case basis, and por-
tions have been 1ncorporated into Appendix N of ASME III (the reactor construc-
tion code). A task group on seismic design under an NRC Piping Review )
Committee has recommended that the case-by-case status be converted to generlc
positions. The NRC Executive Director for Operations has issued a directive to
develop. such generic positions as cited in NUREG-1061. . :

The 1mp11cat1ons of the preced1ng changes on a nuc]ear plant conta1n1ng a
1arge number of snubbers’ (for example 500 to 1000) are dramatlc. If a new .
design ana]ys1s is conducted, the number of supports could be reduced by 25% to
50%. These numbers have been confirmed by sensitivity studies conducted at
Duke Power Co. and Lawrence. Livermore National Laboratory (LLNL). Furthermore,
if the design suggestions presented in the industry practice document are util-
ized the number of remaining'snubbers could be further reduced.

, A recent document reports the results of the se?s1t1v1ty tests. us1ng the
PVRC-proposed damping values. and spectra broadening.' Three piping systems
were considered: aux1l1ary feedwater system (in part), reactor heat removal/
safety injection system, and reactor coo]ant systems. The auxiliary feedwater
system at the Zion 1 nuclear plant was modeled in depth. The original aux111ary
feedwater system contained. 25 vertical and horizontal supports or restraints
and two snubbers. Using the PVRC damping values would permit removal of both
snubbers and seven of the .horizontal restraints, based on the analysis.

“MWhile snubbers can prov1de a va]uable function where space is very )
restr1cted they often have been used instead of conductlng a more sophisti-
cated analysis. Somewhat belatedly, the 1mp]1cat1ons of excessive snubbers. in
terms of costs of orlg1na] purchase, qualification, installation, maintenance,

(a) - Chuang, T._ Y., et al. 1984, Impact of Changes in Damping and Spectrum :
" Peak Broadening on the Seismic Response of Piping Systems.” NUREG/
CR-3526, Lawrence Livermore National Laboratory, Livermore, California.

1.2



and testing (which requires removal_and_reinstallation) are being recognized.
A further factor is the cumulative exposure incurred during the maintenance and
testing stages.

At a recent conference, several papers were presented pertaining to the
removal of snubbers using appgoaches such as that of .,T. Y. Chuang et al. One
paper (Jimenez and Requena) @) discussed a.snubber opt1mlzat1on program based
on analyzing stress and damage ‘with a computer code.. The reanalysis permitted
removal of 95% of the snubbers and 25% of the supports: from an intermediate
energy line and 85% snubbers and 17% supports from'a high energy line.

A Babcock and Wilcox study(b) used a mu1t1p1e response spectra approach
with 0.5% and 5% (PVRC) damping on a high-pressiure spray line. The analytic
approach reduced stresses by factors of 2 to 3 compared with an enveloped
spectra. By evaluating primary and secondary stresses, the number of snubbers
on the system was reduced from 15 to 3 with 3 snubbers replaced by link-bars.

An Impell study(c) made several-suggestions, 1nc1ud1ng a change in Equa-
tion 9 of ASME III. Figure 1.1, which was taken from this study,( illus-
trates the snubber reduction procedure that has many aspects in common with
similar snubber reductions. Their best case--which combines PVRC damping,
multiple level response spectra, peak shifting, direct: generation of response
spectra, and fracture mechanics to justify” leak- before break--reduced "snubbers
on steam generator blowdown line to 1.,"

The PVRC actions cited in prev1ous paragraphs have not been described in
depth. The interested reader is referred to WRC Bulletin 300, which discusses
positions concerning damping, spectra] broaden1ng, ‘and industry practices.
This information provides the basis for comments presented in later sections
concerning reducing the number of snubbers._.

(a) Jdimenez, P.; and A’ Requena. 1985.' "Snubber 0pt1m1zat1on Program.
‘Presented ‘at ASME Pressure Vesse] and P1p1ng Conference, June 24~ 27 1985
“New- Orleans, ‘Louisiana. i+ '

(b) Tuttle, E. B., and A. D.'DuBose.’ 1985. "Snubber’ 0pt1m12at1on Us1ng
Multiple Response Spectra and Increased’ Damp1ng Techniques." Presented at
ASME Pressure Vessel‘and Piping' Conference, June 24-27, 1985."New Orleans,
Louisiana.

(c) Eidinger, J., and G. Hau. 1985. "Snubber Reduction.by Reduction of
Unnecessary:Seismic Margins." -Presented at:ASME Pressure Vessel.and:
Piping Conference, June 24-27, 1985, New Orleans, Louisiana.
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Step 1

Analysis Techniques

. Direct Generation of Response
Spectra

Primary- Secondary Interaction
PVRC Damping

Spectrum Peak Shifting
Multiple Level Response P> Snubber Reduction
Spectra Analysis - :
Break Postulation
Thermal Parameters
Support Optimization
Accurate Mode and Level
Combmatlons

For Remaining
: “Snubbers
Step 2

~ Snubber Testing
Acceptance Criteria More Snubbers
. Pass the Test

e :DragForce"
. Acceleration Threshold

For Failed
Snubbers
Step 3

Pipe Funétiénality

. Stress Limits —p ;Jnl’tzt:ifr'rfa(t)'°“ f‘t’."
e 'Strain Limits . peration

FIGURE 1.1. Snubber Reduction Procedure

While the purpose of this Pacific Northwest Laboratory (PNL)(a) review was
to consider the implications of aging and service wear of snubbers, an essen-
tial lead-in is to establish the need for the large number of snubbers now in
use, together with the implications of errors in design and installation. In
this report, available data on snubber behavior and operating .experience are
reviewed, together with the.current and proposed status of surveillance and
testing. Failure modes and mechanisms are also reviewed to assess the overall
contribution of aging in contrast to other failure modes.

(a) Operated for the u.sS. Department of Energy. (DOE) by Battelle Memorial
Institute under Contract DE-AC06-76RLO 1830. : :
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2.1 WHAT IS A SNUBBER" IS eI S S U
If one quer1es an eng1neer1ng based computer 1nformat1on system,‘thehword i
“snubber" somewhat surprisingly appears only when listed in titles or key .
words. -~ It  is not used-as an entry term in the. conventional -thesauruses used to
earch the literature. - .. 7 S T S A A ;'—;~: BN

+

%t Snubbers of the type d1scussed in th1s report have two funct1ons* 1) they
should.move freely. at Tow. accelerations. and 2) they. should lock up at’ h1gher ‘
accelerations. The valld use of snubbers TS in locat1ons of 11m1ted cTearance it
and possible high thermal expans1on. Unfortunately, des1gners have often ‘ '
specified snubbers instead of va11dat1ng a method that could perm1t the use of
convent1onal supports. i s o ;-3-5u: B T e e 3?‘r:9

Snubbers are ava11ab1e in a w1de range of sizes from very sma]] un1ts on {L
smal]er lines to un1ts we1gh1ng thousands of “pounds used on_ steam generators.,m
Two types of- snubbers are in, use. The hydrau]1c type depends on the flow. of a!
fIUTd through a. vaTve or. orifice until the va]ve c]oses or. the flow 1s choked )'
in the orifice. The mechanxcal type is a dev1ce where movement of a p1ston'_~~
leads to rotation of a screw or a roller in a screw. 'Again, rapid’ movement
results in activation. : Do

While essentially all: snubbers.on LWR systems.fall.into the.above cate-
gorles there are other. snubber dev1ces w1th no moving parts. ExampTes 1nc1ude
massive blocks, of; an elastomer1c materlal used to handle structural movement
Passive devices have been developed conta1n1ng no moving parts that absorb high
levels of.energy if. there is substant1a1 p1p1ng displacement; however, these .

devices are not used commerc1aTTy._, R T S IO

Recent emphas1s on max1m121ng the re11ab111ty of p1p1ng systems, the esca-
lating requ1rements for snubber IST; ‘and the field prob]ems that some snubbers
of dynamic load restraints. ' There are. def1n1te _econoric and’ rel1ab111ty 'qains
associated w1th 11m1t1ng the use of these dev1ces., The fTFSt and most obv1ous
is the’ e11m1nat1on of the cost of the hardware and 1ts 1nsta11at1on part1cu-
larly if the dynamic load: restra1ntt1s a snubber. Because the snubber is'a
mechanical or hydraulic device, installation procedures must’' consider the'
impact on operab1]1ty. Manjpulation or hand]lng of the dev1ce 1s‘more d1ff1-
cult than for a standard rlg1d-type support. That 1s, the’ 1nsta11at10n must
allow for traveT of the plston mak1ng 1t necessary to controT end to-end
dimensions. - Hydrau11c snubbers must be 1nstal]ed w1th the reservo1r in the
proper pos1t1on- "and p1ston rods must‘be free of pa1nt, n1cks, and weld s
spatter. An additional and’significant- probTem associated with ‘snubbers is the
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requirement for periodic inspection (usually visual). Present regulations for
testing hydraulic snubbers require removing the device from its installed loca-
tion, transporting it to a test fixture elsewhere in the plant, running the
test, and (if acceptable) reinstalling it. The potential for damage to occur
as a result of this additional handling is substantial if the snubber is )
removed.’ In situ testing is also an alternative under the regulations.

'The functional test is only a small part of the overall cost. The greater-
economic impact is associated with the removal and subsequent reinstallation-of-
the snubber, the radiation exposure of personnel, and the very real possibility
of ‘extended plant outages as statistical test’ samp1e sizes are increased due to
test fa11ures.. It is, therefore critical that the analyst recognize these
factors and make every effort to spec1fy as few dynamic load restraints that
will satisfy pipe stress and equ1pment 1oad criteria.

Qualitatively, re11ab1]1ty as related to snubbers is s1mp1e a system
without these devices is more reliable than a system with them., Anytime a
mechan1ca1 or hydraul1c device must be counted on to funct1on, reliability is
reduced Nonethe]ess, it must be recogn1zed that some snubbers are needed so .
that' piping systems in confined spaces can be designed to be flexible enough to
absorb thermal expansion loads and, at the same time, be ‘rigid enough to with-
stand the dynam1c loads lmposed on them.

In summary:

The snubber is a dev1ce'that relies on mechanical or hydraulic mecha-
nisms to function.” It is expensive to purchase, critical to install,
and requires 1nspect1on and testlng for the life of the p]ant

*Snubbers accommodate the dynamic loads’ 1mposed on the p1p1ng system
while allowing for free thermal motion during normal operation.

. Without such dev1ces, it would be difficult, if not impossible, to
de51gn for the myrlad of both real and postulated 10ad1ng events.

\\. .

Due to schedu]e pressures, the. 1n1t1a1 reaction is to deve]op a sys-
tem geometry that prov1des therma] flexibility and then. to use
snubbers to. accommodate the. dynam1c Ioad events. However, additional
t1me and effort on the part of, the analyst could provide the same
system protect1on whw]e 11m1t1ng the use. of snubbers.,

Severa] organ12at1ons have reported that a typ1ca1 1100 MWe capacity.
bo111ng-water reactor (BNR) can have 9, 000 to 10, 000 supports on
seismic. Category 1 p1p1ng {as, many as; 800 spr1ng hangers and 1500
snubbers) _An 1100-Mwe pressur1zed-water reactor (PWR) could have
s 7 000 to 10, 000 supports (200 spring hangers and 950 snubbers)
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[ -
o Engineering, fabrication, construct1on, and hardware costs will be
lower with fewer supports; however, when” the .cost; of items such as
analysis, computer time, and reconc1l1at1on are cons1dered the cost
difference in the two approaches may : not be s1gn1f1cant. The differ-
ence is heavily influenced by two factors 1) the installed cost per
support and 2) the total life (40 years) cost ‘per-support. The
second factor refers to. 1nspect1on and maintenanceicosts associated

- with snubbers--typ1ca1]y $5,000 to $10 000 per’ snubber on .small bore

,'.p'lp]ng' :.IL»' . FERR TP Se o= R o

AT : . B co il

e The spring sway brace (a standard component support) shou]d be- con-
sidered for ‘controlling v1brat1on if high amp11tudes are observed or
expected. Snubbers are not recommended for control]1ng v1brat1on.

~ ‘,‘\\\
PUSE

o In the analysis process, supports and restraints” are: requ1red to pro- -
tect the system against various types of 1oad1ng (from " as” 51mple as’
the we1ght of the piping to: as comp]ex ‘as the dynam1c ]oads asso-.z‘ ﬁ

”

‘tion; of supports and restraints contro]s a number of items other than
‘the acceptab111ty of the piping. For examp]e the use of snubbers 3*'
has “an -impact on-the 1nspect1on and exam1nat1on requ1rements for the
11fe of the p]ant. L iaae AL I T .

!
LV S U S N

2.2 TYPES. OF .SNUBBERS .

The two -basic :types:of snubbers are:hydraulic -and mechanical.- The hydrau-
lic snubber consists of a doub]e-acting cylinder, a flow control device, and, in
most cases, a hydraulic fluid reservoir (Figure 2.1). The reservoir of a
hydraulic snubber in the extended;"overextended, and retracted positions is
shown in Figure 2.2. An alternative to the external reservoir- -type snubber is
one using an orifice with high-fluid .resistance within the p1ston where . fluid
does not. pass through externa1 hydrau11c controls. or reservo1rs. Th1s des1gn is
s1mp1er and more compact]y constructed than the des1gn with- externa] reservo1rs.

In the 1nact1ve mode, free therma1 expans1on dccurs by the passage of
hydraulic fluid from. one,side of the piston to the other. In ‘the act1vated
mode, flow of fluid is restr1cted thus 1imiting piston motion. Release rate
velocities after activation of" hydrau11c snubbers -are. controlled by bypass cir-
cuits or through inherent leakage Hin the flow control:device. An external
reservoir serves a variety of purposes such as accommodat1ng the thermal expan-
sion of the fluid and volumetric changes dur1ng snubber motion and providing
reserve fluid. :

When app11ed to the snubber p1ston, any 1oad from.the p1pe or other com-
ponent will cause f1u1d to f]ow through the contro] dev1ce. “These-pistons may
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be either single-ended or double-ended. While the single-ended design is more
compact, it requires more careful bear1ng and seal design; and these components
have often been a source of prob]ems. ‘Also; the relative behavior in tension
may differ from that under compression. The ‘obvious-advantages of the double-
ended design include more stable bear]ng‘and -seal loads. A disadvantage is
that the overall assembly will be longer;‘

Hydraulic snubbers are velocity contro]]ed Acce]erat1on control is more
common in mechanical snubbers. F1gures 2.3 and 2.4 illustrate the more usual
mechanical snubber. Mechanical snubbers usua]]y consist of a motion-sensing
device, an act1vat1ng rod, and a braking mechan1sm. Braking devices may be
included to limit motions of the’ movable rod end. Such-snubbers are activated
by 1) a progressive increase in load (force) w1th “the increase of rod motions
through a gear mechanical escapement or ‘2):a braking action applied on a rotat-
ing mass threaded to the active rod. : ‘A1ternat1ve approaches employ friction,
wedging, or spring action for act1vat1on. N
i ‘

The snubber 111ustrated in F1gure ‘2. 3 ut1]1zes ar brake on a rotat1ng mass
and has a motion sensor that responds to changes in the rate of angular rota-
tion of the mass. Application of a dynam1c force or displacement activates an
internal brake or clutch and "locks" the snubber.‘ Figure 2.4 illustrates a
snubber that uses a recirculating ba]l assemb]y to convert the linear motion of
the piston rod to rotation in the brak1ng mechan1sm.

PR s
(IR A

An alternative to the acce]erat1on contro]led mechanical snubber is one
that is velocity controlled (Figure 2. 5)‘ KD1sp1acement occurs at a specified
constant velocity and activation occurs ‘at! h1gher values. An oscillating verge
(specially shaped cam) with connect1ng gear1ng 11m1ts the velocity of the gear
rack, thus controlling the rate of 11near d1sp]acement of piping or components.
During normal thermal transients, the ! ‘rack -isi free to displace w1th relatively
small resistance; however, a dynamic ; 1oad results;in oscillation of the verge,
which 1limits movement of the gear track to a ve]oc1ty proportional to the

applied load., On-line exper1ence w1th th1s spec1f1c type of snubber, appears to
be Timited. o e
2.3 FUNCTIONAL REQUIREMENTS ‘-_.‘ ~?;f‘f oo

o~ '\\' \\

Snubbers, whether hydrau11c or mechan1ca1 have two principal purposes:
1) they should move freely to accommodate therma1 movement of piping and
2) they should lock up if_piping: or. components are’ subJected .to rapid movement
and high amplitudes caused by a se1sm1c event- or dynam1c loads such as water
hammer. The hand11ng of dynamic loads’ at acce]erations and magn1tudes greater

T I U TN IR B R A T
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than those typically generated by seéismic ‘events is desired but may not be met
because of damage to the snubbers, particularly the mechanical type. There
have been several instances where severe-snubber damage and lockup occurred on
a system exposed to a water hammer. :

These functional requiréments are based on‘a premise that ‘may not be
valid; namely, that piping will fail in a collapsing mode when exposed to dyna-
mic seismic loads. Actual experience in piping systems under seismic loads has
not confirmed such a failure mechanism. In fact, there have been very. few
piping failures during seismic events, and these.failures have usua11y occurred
because the piping was tied to a structure that failed. 'The general failure
mechanism has been challenged and there may be a movement to return to a degree
to the flexible systems typical of fossil fuel plants and early nuclear power
plants. An extreme case might be the reanalysis of piping systems fo]]owed by
the removal of a substant1a1 number of snubbers. N

2.4 MATERIALS AND CONSTRUCTION

Although hydraulic and mechanical snubbers are relatively complex mecha-
nisms, the materials used are not exotic. The critical component in the
hydraulic snubber is the plastic seal. The current material-is a polyethylene
that has proved satisfactory. LT

Tables 2.1 through 2.4 present information on the various‘cdmponents of
hydraulic snubbers. Various control mechanisms, reservo1rs, cy11nders, and
seal materials are used (Table 2.1). Tables 2.2 and 2.3 illustrate where seal
materials are used and their associated prohlems and limitations.. Table 2.4
1ists measurements that are.used to characterize seal properties. Sea] mate-
rials are subject to the fol]ow1ng problems and should be selected carefully

e extrusjon (minimize w1th backup rings) "~ Py

IR

L nibb]ing,:wear, embrittlement, or roll

e 1installation error

L0 g ; CEG e e e
e poor manufactured finish or improper groove depth (manufactur1ng
error) mnele N I RUTTY
SEARR o

......

® design/application problems: fluid incompatibility; temperature
incompatibility; radiation incompatibility; steam/mo1sture 1ncompat1-
bility; vibration.

De .
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TABLE 2.1. Subcomponents in Hydraulic Snubbers

Item Equipment Piping
Control Valve:
Activation/bleed a,h,c,d,e,f a,b,g,h
Rleed orifice in poppet -- --
Fixed orifice -- o
Temperature compensating i --
Reservoir:
Nonpressurized (vented) b b,h
Pressurized a,c a,Cc,gJ
Remote i -
None
Cylinders:
Single-~-ended piston rod a,h,c,f a,b,h
Double~ended piston rod d,e,i a,c
Tie rod - -

Screwed end - -

Seal Locations:
Piston rod
Rod wiper
Cylinder end
Piston
Valves
Reservoir
Fi1l plugs

Seals:

Viton d,e ' -

Special i -

Polypak (EP) a a

Tee (EP) . - g .
EP b,f b,h
Tefzel c c
Metallic c ¢

Bergen-Paterson Pipe Support Corp.
ITT-Grinnell Corp.

Paul-Munroe Energy Products
Milwaukee

Anchor-Holth

Rexnord.

EP Systems

Basic Engineering

Taylor Devices

P~ i P P P P
~ 0 HD QO T
e S s S st s “a? g e
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TABLE 2.2. - Hydraulic' Snubber.:Seals

L _.. .. Location.. . ‘ .
. ‘ o 1" :‘Reservoir  Rod : Cylinder Plugs/ Threaded
Item/Factor Piston Rod Plunger Wiper End Valves Seals
Loading: Dynamic X X X 0 x o
Static L - o X X X

Seal Packing
Material/Type:

Polypak (EP)(a) X X. .. X

Miller . . X X

Vee (Chevron) . X '

0-ring S

Tee X X

U-cup X

Gasket X

Tefzel X X X

(a) Ethylene -propylene.

¢ ... TABLE 2.3 Materials Used for.Seals. in. Snubbers
Material “7 ; " Advantages . " Disadvantages

Elastomers: . , - i S Poor silicone ‘fluid - .
Polyurethane = . - S L e compatibility.
Nitbiié_rubber :;, . '! | o . :»u“ ‘J,(Pdoﬁ,élevated temperature
(Buna-N) -~ o L A _properties.

Viton (fluoro- =~ Good elevatéd temperatire- Poor steam resistances.
elastomer) *+ . properties. ‘Resists ‘aging. ' Moderate radiation

resistance.

Ethylene propylene Good radiation resistance. Poor resistance to petroleum
(EP, EPDM) Good fluid compatibility. solvents. Moderate tempera-

ture aging resistance.

Thermoplastics: Inelastic; springs required.
Tefzel
Metallics: O-rings Limited springback.
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TABLE 2.4. Measurements to Characterize Seal Properties

Property - Measurement
Hardness ~ . Extrusion resistance (typically 70 to 90 Durometer)
Tensile Strength(a) Embrittlement
E]ongation(a) ' Typically 300% elongation at 2000 psi
Modulus: tensile
compression Modulus of elasticity
Compression set Low pressure sealing force; constant stress

(400 psi at 150°F for 30 min); constant strain
environment for environmental effects

(a) At room temperature.

2.5 SNUBBER LOCATIONS

Snubber locations vary substantially with the age of the plant. Typically
snubbers are used on large components such as steam generators, valves, pumps,
and pressurizers and on safety-related piping systems. Unrealistic design
approaches have resulted:in snubbers being used to control vibration, which is
a poor practice. Snubbers have been located at artificial benchmarks resulting
from computer -analysis and boundary limits set by the computer. Modifications
in seismic spectra criteria have greatly increased the numbers of snubbers to: °
where they may be located 10 to 20 ft apart on piping systems. This practice
is an outgrowth of the concept that a stiff piping system will not fail where a
flexible system will. Many snubbers are virtually inaccessible; they may be
high above floor level or within a maze of piping. Snubbers are distributed
throughout a plant on Class 1, 2, or 3 piping systems. There are no definitive
ground rules that permit the prediction of where snubbers will be in a specific
plant. o
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3.0 TECHNICAL SPECIFICATION REQUIREMENTS INCLUDING REVIEW OF
RELEVANT STANDARDS AND GUIDES

Snubber testing can be divided into three :categories: - 1) qualification .
testing, 2) acceptance testing, and 3) preservice and ‘in-service testing..-.
These three categories have been dea]t w1th to a greater or ]esser degree 1n a
spectrum of documents.

Qua11f1catlon testtng is performed on a sample ‘of snubber un1ts of each
size, type, and manufacturer to demonstrate compliance with design require-
ments. The draft Regulatory Guide Qualification and Acceptance Tests for. Snub-
bers Used in Systems Important to Safety deals primarily with qualification
testing, acceptance testing, ‘and functional specification.'?’ - The contents' of
this guide will be d1scussed more extens1ve1y later in thls sect1on, and
Appendices A, B, and C of the draft guide are attached to this report. o

Acceptance testing is briefly discussed in ASME PVP- 45.(b) However, no
other source with the except1on of the draft Regulatory Guide covers acceptance
testing. Pres? glce .and in- serv1ce testing has been addressed in ASME XI and
ANSI/ASME OM4.1¢) Pplant-specific or standardized technical spec1f1cat1ons also
deal explicitly with this area. -

The design criteria for snubbers were reviewed to determine what they need
to provide and to use these criteria as benchmarks to measure the adequacy of
qualification, acceptance, or in-service testing. Obvious sources of infor-
mation were ASME III, Section NF, and the NRC Standard Review Plan,

Section 3.9.3.(d

(a) U.S. Nuclear-Regulatory Commission.'February 1981, Qualification and
Acceptance Tests for Snubbers Used in ‘Systems Important to Safety. Draft
Regulatory Guide SC 708-4, Rev. 1, Nashlngton, D‘C., . '

(b) American Society of Mechanical Engineers. 1980. Criteria for ‘Nucléar
Safety Related Piping and Component Support Snubbers. PVP-45, presented
-at -the Pressure Vessel.-and Piping Conference, :ASME Century 2 - Emerg1ng
Technology Conferences, San Francisco, California.

(c) American Society of Mechanical Engineers. 1982. Examination and
Performance Testing of Nuclear Power Plant Dynamic Restraints (Snubbers).
ANSI/ASME OM4, New York. .

(d) U.S. Nuclear Regulatory Commission. July 1981. USNRC Standard Review
Plan for 3.9.3, ASME. Code Class 1, 2, and 3 Components, Component
Supports, and Core Support Structures. NUREG-0800, Washington, D.C.
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3.1 SNUBBER DESIGN CRITERIA

Section NF-3000 of ASME III covers design rules for supports. Specifi—
cally, NF-3411.3 covers concurrently acting loads stlpulated in the design
specifications. For example:

° Vtransmitted loads inc]uding dynamic loadings

e structural interaction of intervening element with the component and
component supports

¢ support 1oad path material requirements
e temperature. effects or other environmental effects

e design, fabrlcatlon examination, testing, and installation
requirements

‘e ‘documentation requirements
® connecting requirements of intervening element to bdi]dihg structure.

Section NF-3411.3 (c) gives explicit instructions for snubbers; namely,
that they must meet:

(1) the following occasional loads
(a) seismic.inertia
(b) seismic anchor displacement

(c) hydraulic transient loads resulting from but not limited to
water hammer, steam hammer, pump startup, pump shutdown, safety
and safety relief valve discharges as specified in the design
operations

(2) thermal expansion and thermal anchor displacement - The snubber shall
not resist the effects of thermal growth of the component, the piping
system, and the anchorage to the degree where it imposes a signifi-
cant load or stress on the piping or component.

' Section NF-3412.4 dea]s explicitly with snubbers. In addition to the

design loadings cited previously, the design specification should contain as a
minimum:
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(1)
(2)

(3)

(4)

the requ1red force t1me and d1sp1acement relat1onsh1ps o

the env1ronmenta1 cond1t1ons that the snubbers will be exposed to
such as temperature, 1rrad1at10n corros1ve atmOSphere mo1sture, and
airborne particles R

consideration of material: charaCteristics,‘sUchﬂas[compatibility;
stability, fire res1stance, wear, and ag1ng

tests that are required prior to 1nsta11at1on, des1gn ‘of funct1ona1
members- such as 1nterconnect1ons, tub1ng and f1tt1ngs, reservoirs,
and flow distributors 'shall cons1der ‘the’ effect of 1nterna1 pressure,
thermal expans1on, and v1brat1on 1oad1ng.

BT tm Corn

Section 3.9.3 of the NRC Standard Review Plan cites’ the criteria applied

by the NRC' for snubbers. Subsection I11.3b: 1 7 dea1s spec1f1ca11y with snub-
bers; that section 1s quoted be]ow '

Ar .

S -

(b) Where snubbers are ut111zed as supports for safety related
systems and components, acceptable criteria for snubber
operability assurance shou]d conta1n ‘the f0110w1ng
e1ements ‘ -f Ak

i

(1) Structural Ana]ys1s and Systems Eva]uat1on '

--Systems -and components which- ut111ze ‘snubbers as shock and
vibration arrestors must be analyzed to ‘ascertain the interac-
tion of such devices with the systems'and'components ‘to which
‘they are attached.”: Snubbers may be ‘used as shock and 'vibration

arrestors -and in‘:some instances -as ‘dual ‘purpose snubbers. - When
used as a 'vibration arrestor:or ‘dual purpose ‘snubbers, fatigue
'strength must be considered. ' Important ‘factors in the fatigue
" evaluation include: (i) :unsupported. system component movement
or amplitude, (ii) force imparted to ‘snubber and corresponding
reaction on system or component due to restricting motion
(damped amplitude), (iii) vibration frequency or :number of ‘lead
cycles, and (iv) ver1f1cat1on of system or component and snubber
L fat1gue strength i S LN ;
Snubbers used ‘as shock arrestors do not requ1re fat1gue
-evaluat1on if :it-'can be ‘demonstrated that:(i) the" number -of load
cycles which ‘the :snubber will exper1ence "during -normal: p]ant

> . operating conditions ds small“(<2500) or (ii) ‘motion ‘during
-normal p1ant operat1ng cond1t1ons does not exceed snubber dead
~band.:. © oo RPN T« SOV S
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Snubbers utilized in systems or components which may
experience high thermal growth rates either during normal
operating conditions or as a result of anticipated transients
should be checked.to assure that such thermal growth rates do
not exceed the snubber lock-up velocity. :

(2) Characterization.of Mechanical.Properties

A most important aspect of the structural analysis is rea-
listic characterization of snubber mechanical properties (i.e.,
spring rates):in. the analytical model. Since the "effective"
stiffness of a snubber is generally greater than that for the
snubber support assembly (1 e.,’ the snubber plus clamp, transi- .
tion tube extension, back-up support structure, etc.) the
snubber response characteristics may.be "washed out" by the
added. flexibility in the support structure. The combined effec~ .
tive stiffness of the snubber and support assembly must, there--

fore, be considered in evaluating the structural response of the
system or. component. ,

Snubber spring. rate. should be. determined independent of
clearance/lost motion, activation level, or release rate. The
stiffness should be based on structural and hydraulic compliance
only, and should consider the effects of temperature.

, . The snubber end fitting.clearance and lost motion must be
m1n1m1zed and should be considered when.calculating snubber
reaction ]oads,and‘stress,whjchhare,based,on,a,11near analysis
of. the system or component. This;is especially important in
-multiple .snubber applications where mismatch of end fitting
clearance has:a greater effect on. the load sharing of these
snubbers- than does, the mismatch of activation: level or release
rate. Equal- load sharing of multiple snubber supports should
not be assumed 1f mismatches in end fitting clearance exist.

(3) Des1gn Spec1f1cat1ons

The requ1red structural and mechanical performance of snub-
bers is determined from the user's system analysis described in
(1) and (2). The: snubber Design Specification is the instrument
provided .by -the purchaser to. the supplier to assure that the
requirements are met. - The Design Specification .should contain
(1). the general: functional requirements,: (ii) operating environ-
ment,: (11i) applicable codes and standards, (iv) materials of
construction and standards for hydraulic fluids and lubricants,
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f (5)-'Insgect10n and Test1ng o

- R N - EIEN 4-. - 4, I L.
“ FostEvE vh i ot

ol

(v) env1ronmenta1, structura]‘ and -performance .design’ ver1f1ca-
‘tion tests, (vi).production unit functional werification tests
and certification; -(vii) .packaging, shipping, handling, and

- storage -requirements, and (viii) descr1pt1on of prov1s1ons ‘for

-

"attachments .and 1nsta11at1on.» TS N LI

In add1t1on “ithe snubber manufacturer shou]d be requested
- to submit his quality-assurance and assembly -quality control

procedures for review and acceptance by the purchaser, .

(4) . Installation -and Operability -Verification -..> ...« _

. Assurance ‘that all snubbers are properly installed prior to
preoperational .piping -vibration:and plant -startup tests should
.. be provided. ~ Visual.observation:of piping systems.and measure-.
+ ment .of - thermal :movements during.plantistart-up:tests could :
verify .that snubbers.are operable (not:-locked:up).: Provisions -
for ‘such:examinations “and -measurements :shouldbe discussed in-
-the.piping preoperational vibration and p]ant startup test pro-f
grams :as described in-SRP -Section '3.9.2.,~ .. s N

(5) Use of Add1t1ona1 Snubbers

':‘ STy s . -y ‘y.f;\' (SO SR 4 Chy . =

¢ .Snubbers could in: somef1nstances be< 1nsta11ed ~during or

- after plant .construction-which may not:have been iincluded -inrthe~

‘designranalysis. - Thisicould:occur as.a result of unanticipated -

~piping vibration as discussed-in.SRP-Section-3.9.2 or -interfer-....-
ence problems during construction. - .The:effects of such-instal-«. ‘-

Tation should be fully evaluated and documented to demonstrate
that normal plant operations:and safety-are not-diminished.: .

! D R NS N L"' LR AP Fe.v,.é’:‘x!: N LR
o "In-serv1ce 1nspect1on and test1ng areéritical ‘elements- of .
" operability assurance’ programs “for mechanical: components. “The ’
applicant should provide a disciissionfof“accéssibility provi- -
sions for ma1ntenance, in-service 1nspect1on and test1ng, and

© <possible’Fepair-or ‘replacement “of “snubbers “consistent with' tHéC?

requirements of the NRC.Standard Technical Specifications.

(7) Classification and Identification

Al11 safety-related components which utilize snubbers in
_their. support systems should be identified.and- tabu]ated Pn the
FSAR. The tabu]at1on should 1nc1ude the fol]ow1ng 1nformat1on.i
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(i) identification of the systems and components in those sys-
tems which utilize snubbers, (ii) the number of snubbers uti-
“1ized in each system and on components in that system, (iii) the
type(s) of snubber  (hydraulic or mechanical) and the correspond-
ing supplier identified, (iv) specify whether the snubber was
constructed to the rules of ASME Code Section III, Subsection
NF, (v) state whether the snubber is used as a shock, vibration,
or dual purpose snubber, and (vi) for snubbers identified as
either dual ‘purpose or vibration arrestor type, indicate if both
snubber and component were .evaluated:for fatigue strength.

In addition, Subsection III.3 touches on operability, namely:

The reviewer should be assured that the applicant's PSAR con-
tains discussions ‘and commitments to develop and utilize a snubber
operability:assurance program containing-the elements specified in
paragraphs (1) through (6) of subsection II.3.b of the SRP section.

A commitment to provide in the FSAR the information specified in
paragraph 71 of subsection II.3.b of this SRP section is sufficient
for the CP review stage. During the Operating License review the
FSAR should contain summaries in sufficient detail to verify the PSAR
commitments.

The preceding quoted material states rather explicit criteria to be met;
however, snubbers:often do.not meet the cited criteria. For example, many
mechanical snubbers .fail to handle vibrations. or severe dynamic loads such as
water hammer. -(Tables 5.4 and 5.5 in Section 5:present data on dynamic
loads. - ‘Extensive-work related to the Fast Flux Test Facility has established
mechanical snubber degradation because of vibrations.)

3.2 QUALIFICATION VERSUS ACCEPTANCE TESTING

The draft Regulatory Guide and ASME PVP-45 deal with qualification test-
ing, and the same requirements can be applied to acceptance testing. In addi-
tion, DOE .internal standard.NE E7-9T(a) leans heavily on the .draft Regulatory
Guide. The draft. Regulatory Guide recommends that six functional parameters
used in the design of :systems .be measured:

~ e

* activation IévelééiThe axial veldcity or.acceleratioh that causes the
snubber to convert.to the restraint mode. '

(a) U.S. Deparﬁﬁénf*éf Energy. September 1984. Mechanical and Hydraulic
Snubbers for''Nuclear Applications. NE E7-9T, Washington, N.C.
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e breakaway force --The minimum app11ed force requ1red to beg1n exten--
s1on or retract1on of the snubber. Lo aoL e

e dead band - The free (or near]y free) axial movement of the snubber:
between the two activations of opposite directions. This 1s‘conf

's1dered to 1nc1ude ‘the’ effects of c1earance at the snubber "and"” con-‘
nect1ons as we]] as effects 1nterna1 to the snubber des1gn. ALY

"yl . P

) - v

e drag force - The force required. to maintain snubber movement at a.
specified constant ve]oc1ty pr1or to act1vat1on.. L '{"
° release rate - The ax1a1 ve10c1ty or. accelerat1on of snubber movement
under. a spec1f1c 1oad after act1vat1on., e

- AL S IR
e L ; : B S S LY oI SRS S
° spring rate - A linear approximation of the force-displacement
relationship.
The regulatory pos1t1on in the draft Regu]atory Gu1de recommends the
fo]]ow1ng ' R T U T ST P el

-

. et S - ey - - oo, -
[T . S . oy -

® 3 funct1ona1 spec1f1cat1on in conformance to Append1x A of the draft L B

Regulatory Guide o C L rant PR [EDEE S

O RTINS S R R

] \construct1on to ASME III Sect1on NF et ',’-«c" ;.f~,, ' ;Euﬁ

gy b C AR R

° estab11shment of the compat1b111ty of mater1a1 not covered in:. . . !&;f.?

Sect1on NF (for example, sea]s, 1ubr1cant)

> c D L RN N I

'Of'des1gns shou]d cons1der the recommendat1ons of Append1x B of the
draft Regulatory Guide . A

® A1l snubbers should be accepted from the production'1ine only after
meeting Appendix C requirements.

4o
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Meeting the requirements of Appendices A,.B, and C also. assures that both qual-
ification and acceptance requirements will be met. Because of their impor-
tance, Append1ces A, B, and C of the draft Regulatory Guide are attached to
this report.. ..

Qua]1f1cat1on test1ng as c1ted 1? ghe draft'Regdiétoﬁy Guide is discussed
in a number of papers in. ASME, PVP-42, A variety of qualification tests are
discussed; some are comparab]e to the draft Regu]atory Guide.

ASME PYP-45 covers much of same material as ASME III, Section NF, and the
draft Regulatory Guide. The des1gn criteria are cited, and several possible or
suggested criteria dealing with snubber installation and testing are discussed.
The document covers ISI'as well.” Appendix A of ASME PVP-45 covers the parame-
ters to be considered in a snubber design specification; these parameters are
discussed in substantially greater detail than in ASME III, Section NF.

3.3 TECHNICAL SPECIFICATIONS

The time period of th1s report is a time of transition for technical"
specifications. There is a conscious effort by the NRC to achieve un1form1ty
by removing the diff?rences»thatfexistvfrom plant to plant. For example, -
Generic Letter 84-13(P provides a suggested format for 3/4.7.9 snubbers.
Newer technical specifications (both plant-specific and standardized) follow
the suggested format closely; Palo Verde and Westinghouse's standardized
technical specifications are cited in the references. The Nestinghouse
specifications are shown in: Append1x D ST

Section 4,7.9(b) provides the fol]ow1ng cr1ter1a for modlfy1ng the inspec-
tion period as a function of the number of inoperable snubbers detected during
the usual inspections:

(a) American Society of Mechanical Engineers. 1980. Component Support
Snubbers - Nesign, Application and Testing. PVP-42, presented at
the Pressure Vessel and Piping Conference, ASME Century 2 - Emerging
Technology Conference, San Francisco, California,

(b) U.S. Nuclear Regulatory Commission. May 3, 1984, Technical
Specifications for Snubbers. Generic Letter 84-13.
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No. of Inoperable Snubbers.of Each Type . - . -Subsequent Usual
(on any system) per Inspection-Period Inspect1on Period(2)

0 18 months +25%
1 12 months +25%

2 SRR = ‘-'._"'"6 ant_hS 7‘.{:25%' R
3, 4 R o 7.0124 days +25% - ..
5, 6, 7 " 62 days +25%

8 ore . 31 days +25%

(a) The 1nspect1on 1nterva] for each type of. snubber (on a
-given system) shall not;be lengthened more than one step
at:a time.unless a gener1c problem has._ been identified
and. corrected, in that event, the inspection interval
may be lengthened one step’ the first time and two steps
thereafter if no 1noperab1e ‘'snubbers of that ‘type are

_ found (on that system). ‘ :

P
oo 2een

B O S U T ..

The technical specification establishes visual inspection criteria
requirements after potentially damaglng transients and explicit requirements
for functional tests.- These inspections- are condicteéd-at 18-month intervals
(see Appendix D for samp1e s1ze opt1ons) Both failure and acceptance criteria
are included. s - SR o

The technical specifications in Appendix D under "Funct1ona1 Test Accep-
tance Criteria" ‘and "Snubber Service Life- Program" are’ similar to the next sec-
tion on in-service test1ng.' The f1rst c1tes act1vat1on, bleed, or release
rates and force to initiate or’ ma1nta1n mot1on (for mechan1ca1 snubbers), all
within a g1ven range under tens1on and compress1on. ‘For’ snubbers that are not
required ‘to displace under continuous 1oad the ab111ty to w1thstand load with-
out d1sp1acement must be estab11shed P

With regard to snubber sea]s, the1r service ‘1ife is to be monitored to
ensure that they do not exceed the permissible Timits between surveillance
inspections. They: should .be rep]aced 1f the*11m1ts w111 be exceeded. The same
is true for spr1ngs, etc.-‘\ SIS ‘ i

7 P

In October 1984 Reg1on II cited inconsistencies in snubber technical
specifications. from plant.to.plant andirecommended changes. Generally, the
recommendations, would upgrade requirements on older plants;._Perhaps the most
significant change was the recognition of the effect of wisually testing plants
with many snubbers (1000 to 2000) versus plants with few (50 to 100) snubbers.
The probab111ty of detect1ng one or more 1noperab1e snubbers in a 10% sample of

many versus few snubbers is obv1ous (for examp]e, 1n ‘the case of loss of
hydraulic fluid). A shift “from’ abso1ute numbers to a percentage of the total
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was recommended. Another option was to retain the numbers as an incentive for
utilities to reduce the number of installed snubbers.

3.4 CURRENT PRESERVICE AND IN-SERVICE TESTING REQUIREMENTS IN RELEVANT
CODE/REGULATORY DOCUMENTS

The "official" testing document is ASME XI. 1In addition, there are ASME
OM documents. Section IWF of ASME XI covers supports in general, including
snubbers. Pertinent information is in IWF-2430 (c) and (d), which require
that hydraulic snubber fluid reservoirs be refilled if they are out-
of-specification. Section (d) requires readjustment of hot settings if out-
of-specification. ‘Table IWF-2500-1, Sect1on F 3.50, cites visual VT-4 for
snubbers as well as exam1nat1on requ1rements, acceptance standards, extent of
examination, and frequency of examination.

Section IWF-5000 relates directly to the testing of snubbers. Currently,
only snubbers less than 50 kips in size are covered in IWF-5400. Sections IWF-
5400 and IWF-5500 are repeated below:

INF-5400 In-Service Tests for Snubbers Less Than 50 kips

(a) In-service tests shall be performed either during normal
system operation or plant outages.

(b) A representative sample{@) of 10% of the total number of
nonexempt (IWF-1230) snubbers whose load rating is less .than

50 k1ps shall be tested each 1nspect1on period. Each represen-
tative sample shall consist of previously untested snubbers.
After all nonexempt snubbers in the plant have been tested, the
tests shall be repeated taking the same snubbers (or their
replacements) in the same sequence as in the original tests.
These tests shall verify that: :

(1) during low velocity displacements, the specified
maximum drag or free movement force will initiate motion of:
the snubber rod in both tension and compression;

-(2) activation (restraining action) is achieved within the
specified range of velocity or acceleration in both tension
and compression; -

(a) A representative sample shall include snubbers from various
locations, taking into consideration service and
environment.
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(3) snubber bleed, or, release rate where requ1red, is
within the specified:range in compression or tension. For
units specifically required not to displace under
continuous load, the ability of the snubber to withstand
load without displacement shall be demonstrated.

(c) Snubbers that fail the in-service tests of (b) above shall

be repaired in accordance with IWF-4000 and retested.  An addi-

tional sample of 10% of the total number of snubbers shall also

be tested at that time. Additional sample testing shall be con-
tinued until all units within the samples have met the require-

ments of (b) above. ;

(d) Components whose supports fail the test requirement of
(b) (1) above shall be evaluated to ensure that the supported
component has not been impaired.

(e) Inspectidn and test results sha]T‘be:Fecorded for each
snubber.

IWF-5500 Successive Testing

Any snubber that fails an in-service test of INF-5400 shall be
retested during the next test period.

ANSI/ASME QM4 expands substantially on the ASME XI requirements in terms
of degree of detail for both visual examination and testing, Similar items.in
ASME XI and ANSI/ASME OM4 are -compared in Table 3,1. Although the draft
Regulatory Guide on snubbers is a qualification/acceptance document, it covers
various testing criteria relevant to ISI. These criteria are summarized in -
Table 3.2.

3.5 EXISTING AND POTENTIAL TESTING PROBLEMS

There is evidence that so- called inoperable or out-of- -specification snub-
bers, based on bench testing, are often operable. Studies at Peach Bottom with
hydrau]}c snubbers indicated failure to meet: activation and bleed velocity set
points. ). However, these fa11ures were due to the 1nab111ty of the test oper-
ator to accurately determine the maximum values during bench testing because of

(a) Kohler, é:.é;;ﬂdlvd;‘Sﬁerke,jIif;fand H. F. Dobson. 1983, "Peach Bottom
Atomic Power Station Hydraulic Snubber Failures." ANS Trans. 45:565.
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TABLE 3.1. Significant Functional ParaTeSers Pertinent to Snubbers
(ANSI/ASME OM4 and ASME XI)'3

ANSI/ASME M4

Inspection . Preservice In-Service ASME XI
Breakaway force X X
Drag force X X X
Velocity/acce]erétion range for X X X
activation in tension or '
compressjon
Release rate within specified X X X

tension or compression

Visual X
Can carry load | | X
Does not restrict thermal movement : X
Fluid level/hydraulic X
Visual examination sample size 100% initial,

reduced to no
lower than 10%.

Operability X

Frequency ‘ 18 months >25%

Samplie ' 10%.or 35 (which- X
ever is less)

Failed test | 50% éf ofigina]

sample added

(a) A revision of ANSI/ASME OM4 is currently being drafted.
rapid changes in the read1ngs. Substitution of a peak. ho]d1ng velocity indi-
cator that retained the maximum reading led to decreased rejection rates.

Studies at Pacific Scientific (b,c) confirm that there are substantial
d1fferences in test equipment” and test procedures, both of which can indicate

(b) Pacific Scientific., August 1984, Nata Report 1700, Anaheim, California,
(c) Pacific Scientific., 1984. A Simulated 40-Year Service Life Test for a
~ PSA-3 Shock Arrestor with 2% to 3% Friction. .Test Report 871, Anaheim,
. California. , :
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TABLE 3.2. Significant Functional Parameters Pertinent to Snubbers Cited
in Draft Regulatory Guide o
Parameter Value

Breakaway force and drag force for range Limits speciffed
of piston velocities and strokes..

Dead band for range of work1ng Ioads and _ Linits.Specified

piston locations c S .
Activation level, or‘forisnubber:design Test both:directions - .
without distinct activation level,
limits: for force motion behav1or S .,“

’Release rate for range of work1ng Ioads “,:5% 10% 25% 50% 100%
rated and emergency loads

Spring rates for range of work1ng loads' By dynamic cyclic loading

and plston 10cat1ons ' LT equal’ to rated’ load, 1/4,
Coovn ‘*175“ S I/? 3/4 stroke locat1ons

B e ,)..' : ‘f”'-}v,'-. 'n,',‘,u_,’ . ‘ [T
Above room or des1gn temperature, . Test1ng frequency of 3 to

vhichever is. lower. . .y . .. 33.Hz for at least:10 s
that snubbers are out of’ spec1f1cat1on when they are’ not The reverse is
acceptance of out- of- spec1f1cat1on snubbers,’ Spec1f1c concerns 1nc1ude
accurate measurement of drag force>and acceleration level, bothiof ‘which are
difficult to determine.: Pac1f1c Sc1ent1f1c has suggested spec1f1c ‘procedures.

S T INSF SR AL ST N . [ AR ST
]

3.6 SUGGESTED CHANGES IN SNUBBER.TESTING AND EXAMINATION PROCEDURES

The foIIow1ng cr1ter1a or mod1f1cat10ns to cr1ter1a were cuIIed from
several sources. It is assumed that '

® The snubbers meet. ASME III nondestruct1ve examination (NDE)
requ1rements._pjg

SRR TN !'(\‘ {"'f'.',,’,?;";,!;",;' A R P vy

¢ A functional specificatIoniwas‘deueiebed:%n;cehfermance W%thiApBenQ
dix A of the draft Regu]atory Guide., -

St e . .
PRI AP [V S

e The snubbers have been qua11f1ed to Append1x B of the draft Regu]a- -
tory Guide,’ 1nc1ud1ng environmental” qua11f1cat1on.

the requ1rements of Append1x C of the draft Regu]atory ru1de. T

cooa ;n;' v’l fre o i

PRI
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Tests to establish compliance with the draft Regulatory Guide measured the
following functional parameters:

e activation level, outside 1imits (tens1on° compress1on- velocity;
acceleration)

breakaway force, outside limits (tension; compression)

drag force, outside limits (tension; compression)

dead band, exceeds 11m1ts (tension; compression)

release rate, outside 1imits (tension; compression)

spring rate, outside 1imits (tension; compression).

The acceptance/rejection limits for each of these parameters will be a
function of type and size of snubber. These 1imits help establish the design
modeling assumptions since they are specific; only general comments are given
below:

e Linear modeling is the usual approach in dynamic system analysis.
Therefore, parameters such as activation level and dead band, which
contribute to nonlinear behavior, should be minimized.

e The activation level should be greater than the maximum thermal
growth rate combined with minimum breakaway and drag forces so that
there is minimal resistance to normal thermal movement. The
undesirable cond1t1on would be a substantial force so that thermal
growth builds up_forces within the system until-the breakaway level
is reached,. If the forces are high and breakaway is abrupt, the
snubber could be activated and cause undesired resistance.

e Some parameters are sensitive to the specifid snubber application.,
For example, the release rate determines snubber motion after acti-
vation occurs. The value would be sUbstantiql]y different for a
relief valve snubber than for a seismic snubber.

e Dead band is sensitive to factors such as installation tolerance, air
in hydraulic fluid, and manufacturing tolerance; therefore, it is
better to determine dead band through testing.

® Breakaway force is sensitive to hoth vibration and extended periods
of inactivity; inactivity may increase breakaway force levels sub-
stantially. Both conditions may exist and should be considered.

¢ The usual tendency is to minimize the dead band level to minimize
impact loads in the snubbers and attached components. This tendency
needs to be counterbalanced against the increased tolerance to h1gher
vibration levels at higher dead band levels.
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e The spring rate or load displacement "is’ ‘an indication.of the stiff-
ness in the snubber; however, stiffness is controlled by the asso-
ciated hardware attached to the structure, the snubber, and the
- component. Therefore, the spr1ng rate of -the snubber is only a part

. of the p1cture and eva]uatlons based on the c1ted va]ues may not be
 valid.

e The var1ous measured parameters are quite sensitive to the test and ‘
the test procedures. An acceptable snubber may be rejected or an
unacceptable snubber may be accepted due to variability in test
equipment and procedures. .This factor is not recognized in the - ;
various codes and standards. A definitive set of criteria should be
developed to control this variable.

e In some snubbers there is no distinct activation level and release

rate; thus, .it -is necessary to define the force-mot1on re]at1onsh1p
««over the appropr1ate range. Tl ' :

L Snubbers should be tested by free (w1thout act1vat1on) exerc1s1ng for )
not less than five full-stroke cycles to establish that they are in
workIng order. . R :

. Exper1menta1 ev1dence conflrms that the activation 1eve1 of
mechan1ca1 snubbers is insensitive to load over a wide ran? thus,
1t is not'necessary to conduct a fu11 range of load tests. )

0 Cyc11c 1oads as such- have a m1n1ma1 effect on 105t mot1on and accel-
erat1on based on tests to: 40 000 qyc]es, however, ‘the’ drag force is
changed substant1a11y. For example, the drag force is reduced by
nearly 50% under room %emperature cyclic loads without simulation of
environmental effects. SR :

The: concern: with regard to aging of.’snubbers: re1ates to the 0pt1mum tests
for detecting various degradat1on ‘modes ATable 3.3 is: taken from the NOE
Nuclear Standard NE E7 9T and 111ustrates some of these 1nterre1at1onsh1ps.

The parameters in Table® 3. 3 such’ as corrosion and’ v1scos1ty are strong]y
influenced by temperature and irradiation. Thus, times to failure may differ
markedly from one portion of.the plant to another. This is of concern because

BRSNS Rl ¢ T

~ - f
P

(a) Pacific Scientific., August 1984, Data Report 1700, Anaheim, California.

(b) Pacific Scientific., 1984, A Simulated 40-Year Service Life Test for a
PSA-3 Shock Arrestor with 2% to 3% Friction. Test Report 871, Anaheim,
California.
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TABLE 3.3. Common Causes for Degradation in Snubber Operating

Characteristics
Measured Parameter(2)
Stiffness ~ Activation Release Dead Friction
Cause (spring rate)  Force Rate Band (drag/breakaway)
Wear - - - M M
Corrosion - - - - H,M
Viscosity H - - - -
Temperature H H H - -
Entrapped air H H H H -
- - - - HM -

Contam1nat1on

(a) M - mechanical; H - hydraulic.

an inherent assumption.in. test1ng a small sample is the homogene1ty of the-
population. Snubbers taken from one region of a reactor (for example, a.cooler
region) could display a markedly different failure history than ones removed
from another region (for example, a BWR dry well).. This issue could warrant .
consideration in selecting the sample to be tested.

It is apparent that acceptance and qualification of snubbers is based on
some or all of the following parameters: activation, breakaway, dead band,
drag, release rate, and spring rate. Therefore, any consideration’ of preser-:
vice and in-service:testing should consider these same parameters and determine
if they will detect the various aging/degradation. mechanisms to which snubbers
are subjected. As can be seen from the preceding table, measurement of these
parameters can. detect wear, corrosion, contamination, and changes in hydraulic
fluid caused by temperature, changes in v1scos1ty, or entrapped air. Loss of
fluid in hydrau11c snubbers is obvious, and mechanical snubber Tockup' can be
detected by several tests, '

In hydraullc snubbers

e -The hydraulic. fluids:should have adequate lubricity to minimize gall-
ing, be compatible with other materials (e.g.;;seals), be stable
under operating conditions, provide corrosion protectlon, resist .
fire, resist radiation damage, and be capable of cleansing by filtra-

-tion. The effects of entrained or dissolved gases should also be
" considered.’ e

e - Seal materials should be selected considering the effects of radia-
tion, humidity, temperature, possible incompatibility, aging, and
resistance to abrasion.
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e Snubber spring materials .should.be selected.on the ‘basis of elevated
.. temperature stability, corrosion resistance, ‘friction and galling
effects, and minimization of structural defects (also mechanical
snubbers) , , : ‘

o Leakage rates should be determ1ned throughout 11fe.

Append1x B of the draft Regu]atory Guide suggests testing over a frequency
range of 3 to'33 Hz at 5-Hz steps from the 1/2 stroke:position, -iThis testing:
could be appropriate dur1ng in-service testIng under -some circumstances. . ..

ANSI/ASME OM4 is more exp11c1t concern1ng v1sua1 exam1nat1ons (both pre-
service and in-service) and should serve as a model. This also applies to
validation of thermal movement and swing clearances.

If multiple small snubbers are used in lieu of a larger snubber, the DOE
standard suggests specific values for load sharing, which is a strong function
of mismatch, lost motion, and end fitting clearances as well as a lesser func-
tion of mismatch of activation level and release rate. The following values
are suggested:

e Differential clearance/lost motion between any two snubbers should be
less than or equal to 0.02 in, .

e Differential in activation levels between any two snubbers should be
less than or equal to 10 in./min., or 0.005 g, or 50% of smallest
activation level,

e Differential in release rates between any two snuhbers should be less
than or equal to 10 in./min, or 0.005 g, or 100% of snubber release
rate., Maximum rate should be greater than or equal to 10 in./min or
0.001 g.

e load sharing-peak load should be 1.2 times average load.
Types of test conditions versus specific tests or examinations are com-
pared in Table 3.4, The information in the table was taken from ASME PVP-45
and gives some idea of the scope of tests and examinations as well as where

they are applied. Basically, the information agrees with the draft Regulatory
Guide, ANSI/ASME OM4, and ASME XI., °

""""""
U
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Recent studies(a’b) su?g?st approaches to relaxing current testing cri-
teria. A paper from Impell1'?/ .suggests both a generic improvement of accep-
tance limits (Phase 1) and detailed computer evaluations (Phase 2). They
expect that the drag/breakaway 1imits and acceleration 1imit could be increased
substantially. A Babcock and Wilcox paper b) deals specifically with accelera-
tion limits and dead-band displacement. They used sample problems with a mul-
tiple response spectra approach to indicate that acceleration limits could
increase from 0.02 to 0.26 g without exceeding design stresses. Dead-band dis-
placement proved to be snubber specific. In some instances, only limited
increases from the usual 0.030 to 0.040 in. were possible. In others, a three-
to four-fold increase was possible.

(a) Eidinger, J., and G. Hau. 1985, "Snubber Reduction by Reduction of
Unnecessary Seismic Margins." Presented at ASME Pressure Vessel and
Piping Conference, June 24-27, 1985, New Orleans, Louisiana.

(b) Gurdal, R. J. 1985, "Snubber Lockup Accelerations and Acceptable Dead-
Band Displacements by Extension of the Response Spectra Method,"
Presented at ASME Pressure Vessel and Piping Conference, June 24-27, 1985,
New Orleans, Louisiana.
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TABLE 3.4. Types of Test Conditions(3)

Hot Functional
and Startup

Specific Testb?r Qualification Acceptance Testling In=Service
Examlnation Testing Testing Installatton (preservice} Testing
Drag force X
Breakaway (RT, Top, friction) X X X
Activatton level (RT, T° ) X X X
(v or a) P
Release rate (RT, Top) X X X
Dynamic characteristics (1/4, X X
1/2, 3/4 stroke faulted one-
cycle dynamic: - .. -
Abnormal environment.tran- X
slents (repeat others at RT)
PRI L L3, )
Static test: (maximum rated X
load)
Dead band:(RT,~T°b)' X X
Marglin to fallure at faulted X
LoQ amplifude égial X
vibration (5x10° cycle)
Sprlng rate (if applicable) X X
Fluld pressure Integrity X X
Full . stroke - 7 X .
X X

Freedom of mo+!on ‘
VT for lnsfaliaflon defects
6orrect_|ocafion~A U e
Correct 1ine of action and

swing clearance. i




ce°e

Specific Test or
Examlnaflontb?

Qualification Acceptance
Testing Testling

TABLE 3.4, (contd)

Instal lation

Hot Functlonal
and Startup
Testing In-Service
(preservice) Testing

Hydraul lc chambers without
leaks, cracks

Hydraul ic snubbers correctly
orlented and seals intact

Slidlng -surtace free from
burrs, weld spatter, paint,
etc.

Connecting plns present and
locked

Structural and piplng con=-
nectlons correctly oriented
to handle lateral movement

Cold posltion wlill handle
maximum thermal travel

Shlpping installation
locking teatures removed

Visual examlnation at refueling

Hydraulics - vents OK;
fluid level.OK

X

(a) Sources: ANSI/ASME OM4; ASME PYP-45,

(b) RT - room temperature; Top

X

X

- operating temperature; Y - velocity; a - acceleration.




4.0 OPERATIONAL 'STRESSES *

Mechanical loads are the primary operational stressors that contribute to
the failure of mechanical snubbers. To a lesser extent, mechanical Joads may
also impact the life of hydrau11c snubbers. The primary operational stressors
that impact hydraulic snubbers are therma], chemwca]/env1ronmenta1, and radia-
tion effects (separately or in. comb1nat1on) These, stressors may a]so degrade
mechanical snubbers. N e 4 S

4.1 MECHANICAL

Snubbers are installed to handle a spectrum of dynamic mechanical”loads on
piping, steam generators, pressurizers, pumps, valves, etc.. The major des1gn
load is usually seismic; however, snubbers’ are also used for 1oads such’ as
valve opening or closure. These 1oads are ant1c1pated w1th1n the des1gnr,‘
envelope; of greater s1gn1f1cance are mechanical ‘loads outéide the design
envelope such as water or steam hammer and water slugging. Such loads have
caused mechanical snubbers to lock up, which can severely load piping during
thermal movement. Essentially all snubbers on a given piping system have been
locked up hy water hammer loads.

Other mechanical loads not normally considered may render snubbers inac-
tive. For example, there have heen several cases where snubbers have been used
as a ladder, Other mechanical loads include twisting or bending during instal-
lation or incorrect installation so that a hending moment occurs.

4,2 THERMAL

Temperature changes can have two effects on snubbers. If incorrectly
installed, piping movement may render them inoperable because of hending. A
more general effect is degradation. FElevated temperatures age and degrade the
plastic seals in hydraulic snubbers, change fluid viscosity, and may lead to
high corrosion rates or to distortion of components in mechanical snubbers.
Continued snubber operation in BWR dry wells is doubtful if temperatures are
high enough to lead to premature aging,

4.3 CHEMICAL/ENVIRONMENTAL

N\

Obvious long-term aging/degradation mechanisms related to chemical and
environmental effects include a combination of high humidity and temperature.
This combination can lead to oxidation and possible loss of function in
mechanical snubbers and in various components of hydraulic snubbers. The
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preceding conditions exist; if other chemical contaminants are inadvertently
introduced, the degradation could be accelerated.

4.4 RADIATION

Radiation shortens the 1ife of the seal materials used in hydraulic snub-’
bers. However, radiation is only one parameter contributing to seal aging;
temperature will have the same effect over an extended period. Radiation can
influence viscosity and may change operating characteristics of hydraulic
snubbers.

4.5 SYNERGISTIC EFFECTS.

Thermal, chem1ca1/env1ronmenta1, and radiation effects tend to interact.
It is possible that the 1ife of some components, particularly seals, cou]d be
dramatically reduced. These effects have not been guantified.



5.0 REVIEW OF LICENSEE EVENT REPORTS FROM 1970 TO 1983

- The licensee event report (LER) literature pertinent to snubbers has been
quite voluminous over the past 10 to 15 years. Earlier reactors used hydraulic
snubbers almost exclusively. Surpr151ng1y, the number of snubbers used in some
plants in the late 1960s and early 1970s was quite high. For example; Indian
Point 2 used 540 snubbers, of which 356 were inside containment (inaccessible);
and Fort Calhoun is cited as having 324 snubbers outside containment (acces-
sible). Apparently, some early plants  have continued to add snubbers or to
switch from one type to another, as 1nd1cated by comments 1n the LERs. _(‘

This review makes an effort to stat1st1ca11y analyze ‘the trends. Some
obvious perturbations will be cited to permit a relatively broad overview of
snubber experience. Because of the ambiguity in citing failures, :the cited
numbers ‘should be considered to represent approximate and not absolute values:
Three areas will be discussed: 1) where snubbers are used;.2) numbers of
"failures" per year; and 3) various. fa11ure mechanisms and the annual trends
observed within these mechan1sms.(,'

5.1 PIPING SYSTEMS .. T S

~ The LERs vary widely with respect to c1t1ng p1p1ng systems where snubbers
are used; however, virtually a11 safety-re]ated piping systems have snubbers.
Systems cited again and again in the LERs . 1nc1ude the main steam, feedwater, ‘
high pressure core injection, Tow pressure core 1nJect1on, reactor heat '
removal, decay heat, chemical volume control, core spray, and conta1nment
spray; many other systems are noted. There does not appear to be an obv1ous
trend insofar as including or echud1ng systems.

5.2 SNUBBER FAILURES

' Hydrau11c snubbers are the maJor type belng used (see Tab1e 5 1) which. f
accounts for the preponderance of failures in such unlts. "The "not defined"
category in Table 5.1 covers cases where the LERs were not exp11c1t because the
type of snubber was not a factor (for examp]e, a water hammer incident where
supports were damaged). In many. such‘cases,kthe,ut111ty d1d4not cite the.type
of snubber. . . R PR S .- i

The 1973-1974 f1gures are not typlcal because severe sea1 degradatlon
occurred and repet1t1ve 1nspect1ons were requ1red over short.time intervals (IE
Bulletin 73-3). 1In essentially all of the older un1ts, the polyurethane sea1$
were replaced with ethylene propylene seals.
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TABLE 5.1. Snubber Failures from 1973 through 1983

Type 1983 1982 1981 1980 1979 1978 1977 1976 1975 1974 1973
Hydraulic ~ 223 135 >255 130 >374 197 510 152 49 177 7
Mechanlcal 86, 24 71 46 11 - 21 17 - e -

Not defined 6 18 .30 16 35 21 15  -- a 7 -

-

" Snubber failures by year ‘and ‘operating reactor are presented in Table 5.2
The figures represent the number of failed snubbers cited in one or more LER.
The Crystal River 3 value of 110 represents a one- time case. It was not
possible to discern any obvious trends from these data.

5.3 _FAILURE MECHANISMS

_ Tables 5.3, 5. 4, and 5.5 detail snubber failure mechanisms. These data
will almost certa1n1y correlate to some degree with the statistical ana]yses.
There is an attempt to mirror annual trends by classes of snubbers and failure
mechanisms.

Table 5.3 covers failure mechanisms for hydraulic snubbers. The seal
failures due to selection of an improper material were cited previously. Loss
of f1u1d remains a prob]em with very little improvement observed from year to
year. The seal "degradation/aging prob]em is less severe; however, leaking ."
fittings, damaged seals,’ etc., are still problems. A simple problem such’as
keeping the oil’ reservoir uprlght has not been solved in 10 years, although
this problem is less significant with pressurized reserv01rs. The number of
mechanisms leading to loss of fluid are not all-inclusive, but they are
indicative of the causes.

Major attention has been given to keeping hydraulic snubbers within speci-
fication bands for activation, bleed rate, etc. These factors are influenced-
by loss of fluid to.a major degree. In addition, several other factors also
play a role, inc]ud1ng f]u1d viscosity and valve settings, An attempt has been
made’ ‘to mirror the reportlng of snubbers that are outside the spec1f1cat10n
band but st11] ‘generally operable. -As noted the numbers are large.

" A problem almost generic-in nature that does not surface in Table 5.3 is
contaminated fluid, which can cause seal degradation, severe leakage, valve
plugging, etc. Many units were not adequately cleaned prior to leaving the
factory, and the problem of contam1nated fluid has continued for many years.
The authors are aware of such 1nc1dents that have not been reported in LERs,
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TABLE 5.2,

Snubber Incidents by.Plant and Year from LER Reviews

ce 1974 or
Plant: -~ 1983 1982 1981 1980 - 1979 . 1978 1977 - 1976 1975 -Earller
Arkansas .1 B - - - 3 | 18 -— . =
Arkansas 2 -— = - - - (8) 1 le- - - -
Beaver Valley 1 - == - - 23/221 -— 1 13 - -
B81g Rock Polnt 1 1 1 - - 8 -- -— == - -
Browns Ferry 1 - 1 - - - -— == - 4
Browns Ferry 2 ° - -3 - -— 1 - c—-— 2 am— i 4 .
Browns Ferry 3 -- -- -- - - - ;- 6 -— . ==
Brunswick 1 - - - 27 7- 13 - 8 3 - -
Brunswick 2 -- 1 132/640 1 44 - -13 9 - 15. -
Calvert Clifts 1 1 1 1 5 -- -  — - - -
Calvert Clliffs 2 - - -- 2 1 -~ 1 8 8 -
Cook 1 o - - 1 -- 2 -- 10 ! 13 =
Cook 2 - - - 3 - -- - 1 - - -
Cooper Station 6 4 *3 2 - - 1 1 17 -
Crystal River 3 -~ 110 3 12 13 1 - T 1 1 -
Davis-Besse 1 1 - - 12 1- - - 5 - -
Diablo Canyon 1 45 - - - - - - 8 - 1
Dresden 1 - - - - - 1 - -— - a- 3 -—
Dresden 2 8 - 5 - - - -- -2 2 -8 .
Dresden 3 1 1 -2 1- - - 8 - 2. 12,
Duane Arnold 16 2 - - 21 - -2 44 - 1
Farley 1 - 1 1 135 - -— - -— -—
Farley 2 - - 2 1 - - - - - -— -
Fitzpatrick 1 - 2 2 1-- 2 - -4 158/23 - 4
Fort Calhoun 1 -t 5 - 8 — R, 16 - 12- -
Fort St, Vraln 7 s 16 26 - 4® - -9 3 -
Glnna : 1 - - 1 - ] 2 D —
Haddam Neck - -~ - - - - 9 - 1.
Hatch 1 - LI -5 48/61 - -- -7 55 = - 1
Hatch 2 - 2 4 1- - == -1 v - 2 -
Indlan Point 1 - -- - - -- - C - - 40
Indian Polnt 2 - - 3 2 1 37 40/115 - -3 1 - -
tndian Point 3 - 3 3 - - -— - - -~ —
Kewaunee - - - - 3 - - -— -
La Crosse - - - - - -- -— - == -—
LaSalie 1 5 4 - - - - - - - -
Malne Yankee -- 2 -- - -- - - 1 4 -
McGuire 1 -~ 7 - - —— ime - - - - -
McGulre 2 2 - - - - - - - . -—
Milistone 1 2 4 - = - - = 2 1 Y
M1 listone 2 1 1 89 3 1 - -2 1 -
Monticello . - - -- - - 1 - - - 1
Nine Mitle Point 1 . [ == - DI LD e 2 - 4¢ .. 4 iaa - —-—
North_Anna 1 A == 4., 1 | 5 - — - -
NorthAnna 2 1 = 27 T A - -— - - - -
¢ - . . “~e . o S .I‘
Oconee 1 . . L2 == Sm— - S -- - - - -
Oconee 2 a Camt ia - 4 - 5 - - - -
Oconee 3 L7 JI7"0 | «= o= I S e B B T v . -
Oyster Creek 1 e 302100 14 70 L0 T -_— . - -— . == 3
Palisades’ % 6 87 5 » o 3 1 - "7’ 8
sl : : REEEREN i sl
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TABLE 5.2. (contd)

: 1974 or
Plant 1983 1982 1981 1980 1979 1978 1977 1976 1975 Earller

Peach Bottom 2 2 2 4 - - 5 6 26 7 1
Peach Bottom 3 3 2 1 ~- - - 16 10 2 41
Pilgrim 1 1 - 6 6 - 1 - - 14
Polnt Beach 1 1 1 - 2 - 4 1 - -— -
Polnt Beach 2 2 - - - 2 - 1 - - -
Pralrie lsland 1 - - - - - - - - - -
Pralrie Istand 2 - - -- - - - -- - -- ==
Quad~Citles | - - - ~- - 2 - 4 - -
Quad-Citlies 2 - - - - 3 2 6 5 4 4
Rancho Seco 1 10 3 12 8 5 14 36/81 -~ - -
Roblnason 2 - - 2 - 2 3 - - - 1
Salem-1 —-— 16 2 - 3 - - 12 - -——
Saftem 2 6 4 - -— - - - - - -
San Onofre 1 - 5 4 2 1 9 .

San Onofre 2 - 5 - -— - - - -~ - -
San Onofre 3 3 - - - - - - - — . ==
Sequoyah 1 - 3 - - - - - - - -
Sequoyah 2 - 3 - - - - - -~ - -
Ste. Lucle 1 - 12 -— - - - - 6 - -
St. Lucle 2 - -- - - - - - - -— -
Summer 1 5 hind - - - - - - - -
Surry 1 30 11 1 4 22 12 4 - - ==
Surry 2 28 3 2 1 19 36 1 — - -
Susquehanna 1 - -— - - -— - -— -— - -
Three Mite Island | 1 - 3 1 - 2 45/259 2 4 5
Trojan 1 - - - - - - - - -
Turkey Polnt 3 - - - - 1 - - - -~ -
Turkey Polnt 4 - - 1 - 2 20 - -- - -
Vermont Yankee 1 - - - 3 2 -— 31 3 - -
Yankee-Rowe 1 - - ! - - - - - 8 -
Zion 1 - 1 " 1 - 5 8 - - -

Zlon 2 30 - - - 3 22 1" - - -

(a) In some Instances, fallures were clted as well as the number of snubbers tested.
(b) One LER sald most snubbers were out-of-specification.

It is apparent from the number of incidents that hydraulic snubbers have
had many problems. Many utilities are changing to mechanical snubbers; how-
ever, it is too early to tell if they are simply switching problems.

Far less failure data are available on mechanical snubbers (Table 5.4).
The corrosion/oxidation category in Table 5.5 primarily applies to mechanical
snubbers. One type of mechanical snubber has been particularly susceptible to
failure by corrosion. A major problem with mechanical snubbers is that they
fail in an unsafe fashion; they lock - up and represent a rigid constraint that
could lead to failure of the mounting or pipe (IE Bulletin 81-01). While
hydraulic snubbers are somewhat susceptible to dynamic loads such as water
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TABLE 5.3. Failure Causes and Mechanisms for Hydraulic Snubbers

Fallure Mechanism . 1983 1982 1981 1980 1979 1978 1977. 1976 1975
Design Weakness: ‘ ' 7 -
Leakage/loss of. fluid (cause often -- - 9 15 .8 25 27f 1 26 13
not glven)
Cracked/failed/damaged O-ring/bushing/ - 3 14 7 4 15 7 .26 5
seals/gaskets
Fitting leak 2 2 4 6 ] 6 38 24 4
Seal degradation/aging (wrong maferlal). 6 1 15 4 - 16 12 17 3
Scoring of piston/body - 1 -— - -— 2 — em 1
Worn out O-rings/bushings - 2 2 3 3 21 3 1 -
Seal fallure/particulates remaining after -
fabrication
O-rings or seals Installed incorrectly - —~— 2 - 1 4 i 1 1
Broken/cracked fluld reservolr 2 1 2 i i 1 3 --
Loose packing nut/screw - - - 1 - 13 11 3 1
Sight glass leak - - - - — - 1 - -
Heat damage to fluld reservolr ;- -— 'ih 1 - 1 - - —-—
Scored bushlng/worn threads 65 plsfbﬁ shaft -- - 1. ] - - - - -
Rod end cylinder seal - - - - - —-— - - -
Piston rod seal worn - - 2 1 - - - ;- -
Scored/broken poppets, poppet springs - - 2 3 2 1 4 - 3
Valve leakage - - - 1 - - - -— -
Falture to lock up or‘cufslde'speclflcaflons - ~— 3 1 115 59 IZO x19 8
Faulty closure shuttle valve - - - - - - - ;- -
Poppet springs out of place B, — = - - - -— -
Scored poppet seats - - - - - - - - -
Outside of speclfications - - " - - - - -— L --
Did not meet activation or bleed rates
(high or low) - - - 3 - - - - -
Length of stroke - - - - 5 - -_— - — -
Outside Design Envelope:
Reservolr upside down/improperly installed - - 25 6 7 3 7 5~‘ -
Reservolr tube cut - - 2 - - - i - “—
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TABLE 5.3.

Fal lure Machanlsm

1983

(contd)

1982

1981

1980

1979

1978

1977

1976

1975

Outslide Deslign Envelope: (contd)

Fo}elgn materfal plugging bleed screw
activation valve

Maintenance error
Out of adJustment
DId not meet acceleration test

{mproperly lubricated with grease fluld,
contaminated

water

Solid debris

Unknown:
Prtobhiblnditb

Cause not stated

TABLE 5.4. Failure Causes and Mechanisms for Predominately

-—

Mechanica] Snubbers

Fal lure Machanlsm

1983

-

-

1982

3

1981

1

1980

1979

1978

-

1977

Deslgn Weakness:

Microcrackling of capstan springs{®)--
generic frozen and/or broken components
!

Scored components
Corrosion/oxidation

Outside speclflcations

Did not meet drag force criterla
Fal led stroke test

Outside Design Envelope:

One-time dynamic {oad
Water hammer
Steam hammer

Unknown:

No reason given

(a) Microcracking clted; no speclfic numbers.

(V]
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TABLE 5.5. ‘Failure Causes and’ Mechan1sms for

Y Mechan1ca1 Scrubbers
£ i ‘ L
Fal ture Mechan!sm 1983 1982

19é1

1980

Hydraulic and

[

1979 1978 1977 1976

Design Weakness:

R o
Loose sef(scnews - -
~ 4y

Oxldaflon/cormslon (prlmary mechanlsm) - -

Deslgn/lnsfallaflon errors SR Tt Cee T em
wOrn/broken componen'rs_ s - L — =

Extruded bearings . - R L e e

Loose end clamps, etc. - - -
Exces’,slva wear - . T T AP -
Outside Deslign Envelope: z, TR
Improper installation = - i T.H;;f;‘ leaem
Out of atlgnment/Inadequate clearance/ AL -- -—
_r'ofafed/mlsslng anchors/bo Its .

Loose clamp = .~ A ' L . ‘ ‘: ' T-‘-\"" -
One end dlisconnected Sii SHpees 200
Rod end bu;hlng not sfakeq o= LT ST ==
Bushling missing or dlsengaged NS . o L Waral --- -
"Bracket pin missing R .

Missing load pin - -—

Malntenance error . e . 02 e
Comp‘o;l‘eixf fal lureE . ‘ : --‘,:-..

Benf/damaged/brokan componenfs ST ‘..u.',l
|nsfallaﬂqn/malnfenance efror - .4 T oLl il =

Mechanlcal 'blﬁﬂlng, ho detall ' STl e
Excessive lateral loads (themmal) - -
Probably used as a ladder - -

Maln?enance m!shand llng s

. - L~

Vibration '~ ‘¢
Missing pins 'f.‘“~-'7
Water hammer (see mechanlcal)

Support ‘damage -+ o l1 jﬁlj”""”
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hammer, mechanical snubbers are much more susceptible. They suffer severe
internal damage, remain in a locked position, and may damage the piping system.
Since water hammer is more probable than a seismic event, it will remain a
problem.

A study supported by the Electric Power Research Institute (EPRI) on
mechanical snubbers removed from Thre? Mile Island Unit 2 (TMI-2) supports the
failure mechanisms cited in the LERs. ). Some snubbers locked up. Examination
of the disassembled snubbers revealed substantial damage to the internals in
the form of bowed or twisted torsion rods and screw shafts. The postulated
damage scenarios included water hammer or high vibrations during an accident
from causes such as cavitation of the primary pump or blow off of the pressure-
operated relief valve.

Loss of function of mechanical snubbers. at other reactors has been attrib-
uted to both water hammer and high vibration; thus, the scenarios are convinc-
ing. An undetected water hammer has led to snubber lockup, and subsequent
heatup and cooldown tore the snubber mounts out of the wall by thermal
expansion. Vibration may act similarly.

ASME pvp-55(b) includes a series of papers on factors leading to a loss of
function. Some obvious examples include low level vibrations, lateral loads,
and environmental effects, particularly salt air.

An NRC repoft(C)_discusses mechanical snubber failures. The impetus for
the report was the lockup of five safety-related mechanical snubbers in 1983.
While these conditions appear to indicate severe loads such as water hammer, no
such incidents were known to occur.

The search was extended to other reactors. For example, seven mechanical
snubbers were found to be inoperable at another plant; the probable failure
cause was mishandling and/or abuse during construction or installation. Fail-
ure incidents at some other facilities were believed to be due to pipe vibra--
tion with thermal effects possibly contributing to slow deterioration. At
another plant, lockup was attributed to maintenance misuse (for example,

(a) Wadsworth, F. L., et al. 1983. Examination of Mechanical Snubber from
TMI-2. EPRI-NP-2966, Electric Power Research Institute, Palo Alto,
California.

(b) American Society of Mechanical Engineers. 1981. Snubber Design
Application and Minimization Methods. PVP-55, New York. - :

(c) Hsu, C. March 23, 1984. Mechanical Snubber Fajlure. AEOD/E406, Office
of the Analysis and Evaluation of Operational Data, U. S. Nuclear
Regulatory Commission, Washington, D.C.
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stepping on the snubbers or using them as rigging points). At another plant,
several snubbers failed to meet the functional stroke test. .

These incidents appear to indicate that several mechanisms can lead to
mechanical snubbers locking up or.being out. of specification. The problem
could be more widespread than recognized. The responses to IE Bullet1n 81-01
have been assembled and reviewed (AEOD/E406), which may lead to further
clarification. _ P S

Failures not unique to a class of snubbers are listed in Table'5,S. '/
Installation and design errors often lead to failure of snubber supports
because thermal expansion is not accounted for supports have. literally been
torn apart under such conditions. A recurring prob]em that is often linked to
vibration is the loss of funct1on because one end is disconnected. Vibration
may lead to total loss of funct1on, unscrew the pistons, extrude the bearing
and shake out the retaining pins. A source of vibration relatively near a
snubber can result in loss of function. Loss of function can also occur
because snubber parts are bent or broken when used as a ladder or due to
lateral loads from thermal expansion.,-;

Table 5. 5 11sts severa] failure mechan1sms. In turn, these mechan1sms can
be grouped into modes related to underlying causes of failure such as errors in
design, installation, or operat1on. It is possible to corre]ate fa11ure causes
into the specific categories of des1gn, installation, and operat1on.

Rece?t IE Information Notices--IN 84- 67(3) or IN 84-73(P)__as well as
AEOD/E423 . cite functional failures of both hydrau11c and mechanical snub-
bers. IE IN 84-67 mentions the Palisades plant where 5 of .14 large hydraulic ..
snubbers were tested on the steam generators and failed to lock up. The cause
was attributed to insufficient counterboring of valve .block end ‘caps, which
inhibited the shuttle valve from properly closing the port blocks. .The root
cause was a-nonstandard spring that gave high activation velocities and pre--
vented proper :shuttle valve positioning.. Subsequent testing confirmed .that all
14 snubbers failed to lock up.. AEOD/E423.expands on this case, citing other
plants -and other manufacturers whose large hydraulic snubbers that .are

(a) 1E IN 84-67. August 17, 1984, Recent Snubber Inservice Testing with H1gh
Failure Rates. U.S. Nuclear Regulatory.Commission; Washington, D.C. ‘

(b) .IE IN 84-73. September 14, 1984, Downrating of Self-Aligning Ball

' Bush1ngs Used in Snubbers. U S. Nuc1ear Regu]atory.COmmission,
Washington, D.C. ;

(c) ‘Brown, E. J., to K. V. Sefr1t memo. September 20 1984 Fa11ure of ,
Large Hydraulic Snubbers to ‘Lockup. AEOD/E423 Off1ce of the Ana]ys1s and
Evaluation of Operational Data, U.S. Nuclear Regu]atory Commission,
Washington, D. C.
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typically used on steam generators had malfunctioned. Causes included:
inadequate design, inadequate control of design changes, inadequate control of
manufacturing procedures to implement design changes, inadequate functional
specifications, lack of requirements for functional qualification testing,
derating of subcomponents after equipment was placed in service, component
aging during service or shelf life, questionable’ qualification testing, and
exemption of large’ snubbers from surveillance testing requirements in the
technical specifications. The preceding l1ist covers snubbers that probably
never functioned correctly.as well as snubbers that suffered aging.

IE IN 84-67 also discussed hydraulic- and mechanical snubber failures at
Surry Power Station Unit 1. Hydraulic snubbéer failure modes and causes and
mechanlcal failures modes are shown in Table 5.6. Several failure mechanisms
are related to ag1ng/degradat10n. More significantly, a substantial number of
both hydraulic and mechanical snubbers failed to lock up; 30% of the hydraulic
snubbers and 32% of the mechanical snubbers failed activation tests. Some
snubbers failed in more than one mode.

Turkey Point's mechanical snubbers exhibited similar behavior; about 40%
of those tested failed to meet specifications. In addition, 17 snubbers were
not staked at the ball nut’ thread joint. At Braidwood, the steam generator
hydraulic snubbers failed to pass the qualification test. These units would
not hold hydraulic fluid at’ loads of 10% to 33% of stated capacity because the
mechanical seals failed.

IE IN 84-67 citééiarguhents that drag/breakaway tests and acceleration
tests at rated load may actually accentuate failure. The NRC does not agree
with this supposition.

IE IN 84-73 .describes -another problem pertinent to both hydraulic and
mechanical snubbers. Self-aligning ball bushings are used in both types of
snubbers. At one plant, one such bushing failed at a static load below the
rated load and rendered the snubber -inoperable. At least two manufacturers had
downrated-such bushings, which originally had been used in the aircraft indus-
try, on the basis that snubber specifications exceeded the ideal conditions of
the aircraft industry.

5.4 STATISTICAL ANALYSES OF FAILURE DATA

Three sets of data were complled from LER abstracts stored in the RECON
Information Retrieval system maintained by the DOE Technical Information Center
at Oak Ridge. The 0ak Ridge data base contained approximately 650 LER
abstracts relevant to snubber fallures from 1973 to 1983. Each of the three
sets of data was complled by different researchers using essentially the same
LER data base.
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‘ TABLE 5.6. Failure Modes a?dICauseS‘for surryipbwer Station
~ ' Unit 1‘Snubbers ’ ‘ '

a) HYDRAULIC SNUBBER FAILURE MODES(a)

‘ | 4 . No..of P of Snubbers % of. Snu?g?rs
Mode Failed Snubbers _Tested f Failed
Low activation in tension o 213 -8 2 :
Low activation in compression 3 2 6
Low bleed in tension SR 11 a1 23
Low bleed in compression - 100 ;6. 21 :
High activation in tension Losed7 11 35
High activation in compression 710 =~ 6 21
High bleed in tension 6 4 13
High bleed invcompression . . 3 2. 6

b) HYDRAULIC SNUBBER FAILURE CAUSES

No. ofiﬁ.e ~%-of Snubbers: % of ‘Snubbers. .

Mode Failed Snubbers Tested Fa1]ed
No observable ‘defect 6 i 4T e 26
Degraded EP seals ) 3 2 13
Polyurethane piston seals: 7 4 30
Poppet upside down 3 2 13
Debris in fluid 1, - BB 4
Poppet stuck D ST R U 4
Activation adJustment screw broken 1 1 4
A 1 9..

P1ston/cy11nder scor1ng

c) MECHANICAL SNUBBER FAILURE MODES(C)
o No. of : % of Snubbers "% of Snubbers
Mode . " Failed Snubbers Tested  Failed = -,

High drag ‘ 14 21 66

Locked up 5 8 24 .

High acceleration 1 2 5

Locked up in compression - ' 1 - L2 5 oo

SN

(a) A total of 160 hydraulic snubbers were tested; 48 snubbers” (or 30%) '
failed.

(b) Failures total more than 100% because some snubbers exhlblted .
more than one failure mode or cause. ‘

(c) A total of 66 mechanical snubbers were tested; 21 snubbers (or 32%)
fa11ed. g A i rog ; -

o
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These three compilations.are compared in Table 5.7. This table illus-
trates some of the difficulties in using LER information. A more detailed
plant-by-plant comparison of the three compilations is presented in Table 5.8.
These tables indicate an important source of errors in snubber failure calcu-
lations. Using present LER information, it is frequently not possible to
unambiguously categorize snubber failures according to a consistent scheme.
Consequently, the number of failures that are assigned to a certain category
might differ markedly from one study to another.

Data Set A is the result of an exhaustive computer search of the LER
abstracts; Data Sets B and C result from manual reviews of the data. _
Therefore, in most of the following tabulations of LER failures, Data Set A
will be used.

Tables 5.9 and 5.10 1list failure modes and causes extracted from the LERs;
not too surprisingly, the operational modes tend to control in total numbers.
This relates back to Tables 5.3, 5.4, and 5.5, where the large spectrum of
aging/degradation mechanisms are cited. It is obvious that correcting a single
problem will not solve the entire problem.

Tables 5.11 and 5.12 permit an analysis of failures by reactor by year
from 1973 through 1984, A summary of the failures by snubber type is shown in
Table 5.13. The higher levels of hydraulic snubber failures relate to the

TABLE 5.7. Comparison of the Number of Incidents by
Year for Three Data Sets

Snubber ‘ No., of Snubber Failures .
Type 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983

Data Set A:

Unknown -- 25 30 1 12 7 75 5 12 23 67
Hydraulic 272 472 54 161 385 248 308 114 330 134 66
Mechanical - 14 -- 17 21 - 11 46 83 20 49

Data Set B:

Unknown - 18 193 - 7 3 - -—- 35 25 54
Hydraulic 267 324 82 169 441 133 306 82 341 133 89
Mechanical - 11 2 5 13 - 57 45 9 18 26
Data Set C

(through 1984):

Unknown ~- 7 4 -- 15 21 35 16 30 18 6
Hydraulic 7 177 49 152 510 197 374 130 255 135 223
Mechanical - -- - 17 21 - 11 46 71 24 86
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TABLE 5.8.

Comparison of Snubber Incidents by Plant for Three Data Sets

Power Plant Data Set A " -Data Set 8 Data Set C
Arkansas 1 24 23 22 '
Arkansas 2 24 24 38
Beaver Valley 1 24 24 38
Big Rock Point 1 10 10 10
Browns Ferry 1 62 11 55
Browns Ferry 2 31 28 19
Browns Ferry 3 6 p 12 11
Brunswick 1 44 46 58
Brunswick 2 221 188 221
Calvert Cliffs 1 9 iy 19 8
Calvert Cliffs 2 20 . 1 20
Cook 1 32 . 18 27
Cook 2 4 4 4
Cooper 1 43 38 40
Cooper 2 - 2 _—
Crystal River 3 107 90 141
Davis-Besse 1 19 5 19
Diablo Canyon 1 8 45 67
Oresden 1 4 3 7
Dresden 2 26 82 25
Dresden 3 46 47 30
Duane Arnold 47 72 87
Farley 1 137 136 137
Farley 2 9 3 3
FFTF - 43 --
FitzPatrick 73 76 126
Fort Calhoun 1 77 67 49
Fort St. Vrain 147 136 144
Ginna 6 6 6
Haddam Neck 12 - 10
Hatch 1 117 126 118
Hatch 2 8 5 11
Humboldt Bay 4 - --
Indian Point 1 1 . - 40
Indian Point 2 197 26 90 -
Indian Point 3 38 39 8
Kewaunee 2 2 3
La Cross -- -- -
LaSalle 1 25 8 o -9
Maine Yankee 8 7 T
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TABLE 5.8. (contd)

Power Plant Data Set A Data Set B Data Set C
McGuire 1 3 2 7
McGuire 2 - -- -
Millstone 1 101 79 17
Millstone 2 84 24 93
Monticello 55 57 2
Nine Mile Point 1 25 7 7
North Anna 1 14 . 8 11
North Anna 2 3 4 3
Oconee 1 8 10 7
Oconee 2 19 8 9
Oconee 3 - 3 3 3
Oyster Creek 1 142 160 44
Palisades 26 213 167
Peach Bottom 2 41 50 53
Peach Bottom 3 177 177 75
Pilgrim 1 26 7 28
Point Beach 1 4 23 g9
Point Beach 2 2 2 5
Pairie Island 1 -- - --
Pairie Island 2 -- - -
Quad-Cities 1 13 13 6
Quad-Cities 2 35 34 20
Rancho Seco 1 85 95 88
Robinson 2 7 7 8
Salem 1 39 33 33
Salem 2 . 15 10 10
San Onofre 1 20 19 21
San Onofre 2 5 7 5.
San Onofre 3 3 1 3
Sequoyah 1 3 3 3
Sequoyah 2 3 3 3
St. Lucie 1 23 23 18
St. Lucie 2 - -- -
Summer 1 5 4 5
Surry 1 78 50 84
Surry 2 97 65 90
Three Mile Island 1 86 122 63
Three Mile Island 2 2 - -
Trojan 1 2 1
Turkey Point 3 34 6 1
Turkey Point 4 34 24 23
Vermont Yankee 1 40 12 39
Yankee-Rowe 1 -- 8 9
Zion 1 23 26 24
Zion 2 39 1 39

5.14



TABLE.5.9. -Failure.Modes for Data:Set A (1973-1984) :

o I :Number of. -
Faijlure Mode~ o Fa11ed Snubbers
Unknown - - - 49
Locked up - S 255
Out of to]erance - 9723
Would not activate - 1835

TABLE 5.10. Ultimate Failure Causes for Data Set A (1973-1983)

Number. of
Ultimate Fa11ure Cause Failed Snubbers
Unkmown - . - - - 25
—De51gn a - 886
Installation S 257
Operépjon’ N 1894

numbers in a given plant, 1t is a fair assumption that the number .of mechani-
cal snubber failures will increase in the future because of the large numbers
being used. ~The ‘data from Tab1e 5. 13 are expanded in Table 5.14,. show1ng
plant-specific failures.

Table 5.15 gives failure proportions.by year, calculated using the ratio
of the number of failures reported to the total number of snubbers inspected.
Only a fraction of the LERs (~8%) reported the number of snubbers that were
inspected; thus, the proportions calculated in Table 5.15 may be biased.
Similar_data are .given in Table.5. 16 by plant The.data- are summarized in
Tables 5.17 and 5.18 according to very broad failure mode and fa11ure cause
categories, . In Table 5,19, the.mean failure rates-by manufacturer and:failure
cause are compared as re]ated to design, 1nsta11at1on, and operat1on.{.

N

Failure rates have been ca]cu1ated and categor1zed in Tables 5 20 through
5.23. The fa11ure rate is: ca]cu1ated using the ratio: :

| _— No. of reported- failures-
- ' . Total no. of snubbers in operation
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TABLE 5.11.

Plant

Snubber Incidents by Plant and Year for Data Set A

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

Arkansas 1
Arkansas 2
Beaver Valley 1
Big Rock Polint 1
Browns Ferry 1

Browns Ferry 2
Browns Ferry 3
Brunswick 1
Brunswick 2
Calvert Cliffs 1

Calvert Cliffs 2
Cook 1

Cook 2
Cooper Station
Cooper 2

Crystal River 3
Davis-Besse 1
Diablo Canyon 1

Dresden 1|
Dresden 2

Dresden 3
Duane Arnold

Farley 1
Farley 2

FitzPatrick

Fort Calhoun 1

Fort St. Vrain
Ginna

Haddam Neck
Hatch 1

Hatch 2
Humboldt Bay

Indian Point 1
Indian Point 2

Indian Point 3

Kewaunee
LaCrosse
LaSalle 1
Maine Yankee
McGuire 1

McGulre 2
Mitlstone 1

Milistone 2
Monticello
Nine Mile Point 1

North Anna 1
North Anna 2
Oconee |
Ocones 2
Oconee 3

15

18

5.16
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8
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TABLE 5.11. (contd)

Plant™ . - 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
Oyster Creek 1 73 34 - - - - -7 3 13 10 2

-Pallsades - 1 - - 1 3 3 3 8 6’ 1
Peach Bottom 2 —— 1 - 24 6 4 - - 4 2 - =-
Peach Bottom 3 -~ 148 2 -9 14 - - - 1 3 -
Pilgrim 1 : 1 14 - -— - 6 5 - _— = e-
Point Beach 1 - - -— - R 1 - 1 -~ 1. -
Point Beach 2 - - - - 1 1 - -— - - -

-Pralrie Istand 1 - - - - - - - - - —_— -—
Pralirle Island 2 - - - - - - — - - - -
Quad-Cities 1 7 - - 4 - 2 - -~ - - -—
Quad-Cities 2 - 9 4 5 5 2 3 - - - 7
Rancho Seco 1 - - -- - 36 14 5 8 9 3 10
Robinson 2 - 1 - - - 3 1 2 - - .
Salem 1 - - - 12 - - 3 -~ 2 22 -
Salem 2 - - - - - - - - - 4 n
San Onofre 1 - - - - - 9 1 2 3 S5 e
San Onofre 2 . - - - - - ~-— - - - 5 -—

7~ San Onofre 3 — - - - - - - -~ - - 3

- Sequoyah 1 - - -— - - - - — — — 3 -—
Sequoyah 2 - -— - - - - —-— - —— _— 3 _—
St. Lucle 1 - - - 1 - - - - 8 4 - --

- St. Lucle 2 - - - - _— - - - - _— -
Summer 1 - - - - - - - - - - 5
Surry 1 - - -— - 1 12 22 4 1 n 27
Surry 2 - - - -— - 36 19 1 9 8 24
Three Mile Island 1 == 15 16 2 45 2 - 1 3 : 2
Three Mile lsland 2 -- - - - - - - - - - .2
Trojan - - - - — e m- - - 1 -
Turkey Point 3 - 7 - 25 - - - 1 - - 1 -
Turkey Polint 4 - B 5 6 -— - - 20 2 - 1 -
Vermont Yankee 1 - - - -3 31 - 2 3 1 - -

- Yankee~Rowe 1 - - - - - [ — - - - _—

- Zion 1 - - - - - 6 5 - - 1 1 ~-
Zion 2 : : — m= e= = 1 22 - 3

The LER data provided no information about the total number of snubbers.in
operation and no comprehensive 1ist of-the snubber population was available.

It was, therefore, necessary to estimate this population. Five sets of
assumptions were used to estimate the population. The most conservative: -set of
assumptions assumed that an average power plant. commissioned before,1977 .
contained’ 100 snubbers while-a plant commissioned after 1977 contained 300.

The least conservative set of assumptions assumed 1000 snubbers were present in
a pre- -1977 plant and 2000 in a post-1977 plant.

.In Tables 5.20 and 5. 21, on]y the most- dangerous types of failures (1ock
up and would not activate) are included; out-of-tolerance failures have been
deleted. In Tables 5.22 and 5.23, all different types of failures are listed.
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TABLE 5.12.

Hlant

Snubber Incidents by Plant and Year for Data Set B

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

Unknown
Arkansas 1
Beaver Valley 1
8ig Rock Polnt 1
Browns Ferry 1

Browns Ferry 2
Browns Ferry 3
Brunswick 1
Brunswick 2

Calvert Cilifts 1

Calvert Cliffs 2
Cook 1

Cook 2

Cooper Station
Cooper 2

Crystal River 3
Davls-Besse 1
Diablo Canyon 1
Dresden !
Dresden 2

Dresden 3
Duane Arnold
Farfey |
Farley 2
FFTF

FitzPatrick
Fort Calhoun 1
Fort St. Yraln
Glnna

Hatch 1

Hatch 2

Indian Polnt 2
indlan Polnt 3
Kewaunes
LaSalfe 1

Malne Yankee
McGul re 1
Milistone 1
Ml llstonse 2
Monticello

Nine Mite Point 1

North Anna 1§
North Anna 2
Ocones 1
Oconee 2

Oconee 3
Oyster Creek 1
Palisades
Peach Bottom 2
Peach Bottom 3

4

10

18

5.18

10
1

-
-

22
4

3

23

135

- A -

: -
& o\ —

-
-
-

-

1

5
132
R

]
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.- TABLE-5.12." (contd) .- - - AN

P lant .o 1973 1974:_-1975 1976 - 1977 1978 - 1979 --1980 1981 1982 1983 1984
Pilgrim 1 ) - . 4 - - = == - 3 - - —-- -
Point Beach 1. . 19 . == = - A e 1, == 1 == ==
Polnt Beach 2 - == -— = ] - 1 - -~ - -, =
Quad-Citles 1~ 7 - - 4 -2 -- - -~ -, = e
Quad-Citles 2 8 -6 5 5 5 -- 2 3 - -- -l
Rancho Seco 1 - 21 - == 36 . 2 4 8 n .3 ;10 -
Roblinson 2 - 1 -— == - 3 1 2 =, = = ==
Salem 1 - - - 12 -l == 3 - 2 - 16 == -
Salem 2 - - -- - - - - - - 4 6 -
San Onofre 1 - == —— == -9 1 1 3> 5 - -
San Onofre 2 - = -— == - - -, - -- 7 - =
San Onofre 3 - - == -l e - e- = == - -1 -
Sequoyah | - -— == =il SN - -- - 3 - --
Sequoyah 2 ) - .- == -~ = -— - - -3 - ==
St. Lucle 1 - - - U -- - - - 8 4 - -
Summer 1 -— - - - St - - - - 4 -
Surry 1 . - - -— - 8. .. 4 3 2 2 10 21 -
Surry 2 - e em. e= == 419 1 9 8 24 , --
Three Mile Isfand 1 -~ "5 7. 2 9 . 2 - ! 4 - 1 --
Trojan ' -~ == - - i em - - 1 1 - -~

. . S + . ?
Turkey Polnt 3 5 - - - - - 1 -~ - - - -
Turkey Polnt 4 ik S - = -~ 20 2 -- L L
Vermont' Yankee 1 — e 3 3 - 2 3 L
Yankee-Rowe | - - - 8 - .- Te= - -~ - - -l el
Zlon 1 . - = -l - 7.5 - 2 1 1 - --
Zion 2 - == - == 1, -- - -- - - - -

TABLE 5.13. Snubber-Failures by Year-and Snubber Type for Data Set A’

. 1 )

‘Type of Snubber

Unknown - Hydraulic . Mechanical o

Year Number  Rate(@) Number  Rate Number ~ Rate  Rate
1973 - e L2722 710.88 . -- 2L 10.88
1974 25 2.78 . 472 8.5 14 14.00 .- 7.86
1975 30 3.75 54 T2.84 . -- N N
1976 . 1 ~1.00 - 161 ..3.43 0 17 8.50 - :-3.58
1977 12 1.20 385 - 6.42 21 10.50 5.81
1978 . 7 1.00 - 248 -.3.76 . - == 0 03449
1979 75 5.36 . 308 --5.92 .. 11 “2.753 .. 5,63
1980 ... 5 11,00 Lo 114 .<2.,843 . 46 23:00. -:3.06
1981 12 11,71 ¢330 --6.47 - 83 . 9.,22° - .6.34
1982 23 1.77 134 --3.35 -- 20 1.67 +:i2.72
1983 67 5.15 66  2.00 49 2.88 - 2.89
1984 .. - Vel i_=- L am e __~-1>‘La;i
Total . 257 2.95 2544 5,14 . 261 5.33 i 4.85
(a) No. of failed snubbers reported per LER. : Lo
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TABLE 5.14. Snubber Failures by Plant and Snubber Type for Data Set

Type of Snubber

5.20

Unknown Hydraulic Mechanical
Plant Number Rate{)  Number Rate Number Rate
Arkansas 1 - - 24 4,00 - -
Arkansas 2 -- - - - - -
Beaver Valley 1 -- -- 24 12.00 - -
Big Rock Point 1 - -- - - 10 3.33
Browns Ferry 1 4 4.00 58 9.67 - --
Browns Ferry 2 2 2.00 14 2.33 15 7.50
Browns Ferry 3 -- -- 6 6.00 - --
Brunswick 1 18 2.25 26 2.89 - -
Brunswick 2 5 1.00 216 7.45 -- -
Calvert Cliffs 1 -- -- 9 1.80 - -
Calvert Cliffs 2 1 1.00 19 4,75 - -
Cook 1 2 2.00 30 3.75 - -
Cook 2 - - 4 1.33 - -
Cooper Station 1 1.00 33 2.36 9 2.25
Crystal River 3 2 2.00 105 13.13 -- --
Davis-Besse 1 - - 19 3.17 - --
Diablo Canyon 1 - - - - 8 8.00
Dresden 1 - - 4 2.00 - -
Dresden 2 - - 20 2.86 6 3.00
Dresden 3 9 4,50 34 3.09 3 1.00
Duane Arnold 6 1.20 28 3.11 13 13.00
Farley 1 - -—- 137 45,67 - --
Farley 2 6 6.00 3 1.00 - --
FitzPatrick 5 1,67 68 1.00 - --
Fort Calhoun 1 11 5.50 66 9.43 - -
_Fort St. Vrain 5 2.50 142 4.44 -~ --
Ginna - -- 5 1.50 -- -
Haddam Neck - -- 12 4,00 - -
Hatch 1 - -- 72 8.00 45 45,00
Hatch 2 - -~ 4 1.33 4 2.00
" Humboldt Bay -- -- 4 4,00 - --
- Indian Point 1 - - 1 1.00 - --
“Indian Point 2 - -- 197 10.37 - -
- Indian Point 3 10 - 38 9.50 -—- -
" Kewaunee - - 2 1.00 ~ -
LaSalle 1 : - 3.33 1 1.00 14 2.33
“Maine Yankee 1 1.00 7 1.40 - --
McGuire 1 | e- - -- - 3 1.50
Millstone 1 3 1.50 98 9.80 - -
Millstone 2 - - 10 1.25 74 24.67



TABLE'5.14.-A(contd)‘ .
fype of Snubber'

o Unknown Hydraulic .. :- Mechanical
Plant - Number - Rate'9/ . Number Rate - Number Rate

Monticello 1 S 13 4,33 - 42 . 21.00 - lea
Nine Mile Point 1} - - 25 2.50 - S -
North Anna 1 2 2.00 -12 1.20 - C -
North Anna 2 - - 3 1.00 - -
Oconee 1 - -- -7 1.40 1 1.00
Oconee 2 1 1,00 9 3.00 - -
Oconee 3 1 1,00 1 1.00 1 1.00
Oyster Creek 1 3 3.00 137 6.52 2 . 2.00
Palisades 2 1.00 24 1.41 - -
Peach Bottom 2 2 - 2,00 39 3.00 °  -- -
Peach Bottom 3 3 3.00 174 8.29 -- -
Pilgrim 1 2. - 1,00 .:24 . 3.43 - -
Point Beach 1 - - 4 1.00 -- -
Point Beach 2 B -—- -—- 2 1.00 - -
Quad-Cities 1 - - 13 3.25 - -
Quad-Cities 2 . - - L - 28 2.15 7 - 7.00
Rancho Seco 1 1 1.00 84 - 4.67 - -
Robinson 2 1 1,00 6 - 2.00 T
Salem 1 3 3.00 22 - 22,00 14 4,67
Salem 2 4 2.00 2 2.00 9 9,00
San Onofre 1 1 1.00 17 - 4.25 2 - 2.00
San Onofre 2 5 5.00 -- -- -- R
San Onofre 3. 2 2.00 - - 1 1.00
Sequoyah 1 -- -- -- - 3 3.00 -
Sequoyah 2 -- -- -- - 3 3.00
St. Lucie 1 - - 14 7.00 9 3.00
Summer 1 5 1.00 -— =~ -- o=
Surry 1 45 7.50 33 2.36 -- -
Surry 2 : 44 11,00 53 ;4,82 - -
Three Mile Island 1 12 2.40 74 3.89 -- -
Three Mile Island 2 -- -- - == 2 2,00
Trojan 1 1.00 - - -- -
Turkey Point 3 1 1.00 32 - 10.67 1 1.00
Turkey Point 4 11 3.67 21 ' 10.50 . 2 1.00
Vermont Yankee 1 -- -- 40  4.44 - -
Zion 1 - - 23 2.56 - -
Zion 2 _1 1.00 38 7.60 -
Total 257 2.95 2544 5.13 261 5.33

(a) No. of failed snubbers reported per LER.
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TABLE 5.15. Proportion of Failed Snubbers in Operating Nuclear Power
Plants for Data Set A

Hydraulic Snubbers . Mechanical Snubbers
- No. No. -+ ~-Failure -. No. No. Failiure

Year  Failed Inspected Proportion, ¥ Failed Inspected Proportion, %
76 44 531 8 -- -- -

17 178 702 25 -- -- --

78 91 652 14 -- - - -
79 24 231 10 -— -= -

80 7 58 12 45 61 74

81 214 912 - 23 54 152 - 36"
82 5 20 25 5 227 2

83 = _-- = s .2 37 2z
Total 563 3106 18 112 477 23

TABLE 5.16. Snubber Failure Data by Plant for Data Set A

No. of lInspectlions

No, of . No. of Fal lure - B
Fal led Snubbers Proportion, Snubber Type Hydrauile Mechanlical
Plant Snubbers . Inspected £ Unknown Snubdber Snubber
Beaver Valley 1 23 221 - 10 1 '
Big Rock Polnt 1 2 . 26 8 2
Brunswick 1 2 310 1 2
Brunswick 2 145 783 19 3
Cafvert Cliffs 2 16 - 32 5 2
Cook 1 19 . 156 12 2
Cooper Statlon 6 200 3 !
Crystal River 3 75 261 29 1
Dresden 3 . ! 4 25 1
FitzPatrick 57 230 25 1
Fort Calhoun 1 25 184 14 2
Glana 2 8 25 1
Hatch 1. ‘ 45 61 74 !
Indlan Polnt 2 38 125 30 2
Ml tistone 1 2 10 20 |
MIllIstone 2 54 . 152 36 2
Oconee 3 1. 1 100 1 :
Oyster Creek 1 12 99 12 1 1
Quad Cities 2 7 24 29 t
Rancho Seco 1 52 198 26 4
St. Lucle ! : 4 i 214 2 2
Surry 1 . 47 199 24 2 1
Surry 2 19 30 - 63 1
Three Mile Island 1 45 259 17 1
Turkey Polnt 4 20 20 100 !

Zion 2 20 . 24 83 2

5.22



TABLE 5,17, Snubber Failure Data by Failure Mode for Data Set A

No. of Falled Snubbers/No. Inspected

No. of No. of Fallure Snubber
Faliled Snubbers Proportion, Type Hydravlic Mechanical
Fal lure Mode Snubbers Inspected b4 Unknown Snubber Snubber
Unknown 3 88 - 3. . 3.8 4.50 1.67
Locked up 103 427 247 "0 5,83 1.33 7.20
Out of tolerance 312 1363, .23 . 7.00 . ... 11,27 4,75

Would not lock up 321 1953 . .16 _ 1.95 - 4,08 1.75
= ’ . t

i
' —

TABLE 5.18. Snubber Failure Data by Failure dausg‘fof Data Set A

fNo;lo%.Falled Snubbers/No. Inspected

t

Ultimate No, of No, of * Fallure'  Snubber -

Fallure Fal led Snubbers Proportion, Type:~ | Hydraullc Mechanlical

Cause Snubbers Inspected 4 Unknown Snubber Snubber
Unknown 1 85 A | .- 3,00 ' 4.50 1,33
Deslgn 74 176 ¢ 42 1.75 8,02 11,36
Installation LA 67 16 T 2,30 : 2,73 1.70

Operation 653 3503 19 3452 , 4.77 4,60
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TABLE 5.19. Number and Proportion of Snubber Failures by Manufacturer for Data Set A

Fallure Cause Fal lure Mode
Instal |- Out of Would Not
Manufacturer Unknown Design atlon Operatlon  Unknown Frozen Tolerance Lockup
Unknown 22 (15) 104 (6%) 168 (10%) 1450 (83%) 45 (3%) 150 (9%) 648 (37%) 901 (52%)
Bergen-Paterson - 425 (63%) 46 (7%) 207 (31%8) 1 ) 1 (%)Y 57 (8%) 619 (91%)
Blaw Knox - 1 (255 3 (715%) - - - - 4 (100%)
ITT-Grlnnell Corpe. - 256 (51%) 33 (71%) 217 (43%) -- -— 215 (42%) 291 (58%)

Paclfic Sclentific 3 (9%) 9 (27%) 6 (18%) 15 (45%) 3 (9%) 13 (39%) 3 (9%v) 14 (42%)

Anchor=Holth - - - 3 - - - 3
International - 91 - - - 91 - -
Nuclear Safeguards

Cor‘p.

ITT Barton - - - 1 - -— - 1
McDowell Welmon - -- 1 - - - - 1

Power Plping Co. - -- -- 1 - - -~ 1




TABLE 5.20. Snubber Failure Data by Year for Data Set A,
Assuming a Snubber Population

: - 100/300(b) 300/500 500/800 800/1000 1000/2000
No. of Snubber Snubber  Snubber Snubber Snubber

Year Failures(d) Plant Plant’ . _Plant - Plant __Plant
1973 272 77.71 . 25.90 © - 15.54 9.71 7.77(¢)
1974 370  77.08 25.60  15.42 . 9.64  .7.71
1975 78 13.68 4.56 2.74 171 1.37
1976 126 18.26 6.60 3.97 2.54 1.94
1977 164 19.29 . 7.63°  4.62  3.08 2.19
1978 156 16.08 6.64  4.03 2.69 1.88
1979 146 .- 1417 - 5.9  3.62 2.43 1.68
1980 142 12.03 5.26 3.21 2.18 1.46
1981 406 32.74 14.71 8.98 6.19 4.06
1982 . 146 11.50 5.20 3.17  2.19 1.43
1983 133 _9.78 4.49 - 275 191 123
Total - 2139 21.41 8.81  5.35 3.56  2.50

(a) No "out-of-tolerance" failures are included. .
(b) 100/300 means 100 snubbers in 1973-1976 'and 300 snubbers in 1977-1983.
(c) Failures/1000 snubber-years of operation.
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TABLE 5.21.

Assuming a Snubber Population

Snubber Failure Data by Plant for Data Set A,

' - 100/300 300/500 500/800 800/1000 1000/2000
: .No. of,: Snubb?B Snubber Snubber  Snubber  Snubber
Reactor Fai]ures(a) . Plant ) Plant Plant Plant Plant

Arkansas 1 -9 9.00  3.00 1.80 1.13 0.90(¢)
Beaver Valley 1 _ 1 - 0.42 0.25 0.16 0.13 0.06
Big Rock Point 1 9 8.18 2.73 1.64 1.02 0.82
Browns Ferry 1 ‘ 62 62.00 20.67 12.40 7.75 6.20
Browns Ferry 2 ., 29 32.22 10.74 6.44 4.03 3.22
Browns Ferry 3 : 6 2.86 1.71 1.07 0.86 0.43
Brunswick 1 44 20,95 12.57 7.86 6.29 3.14
Brunswick 2 218 242.22 80.74 48.44 30.28 24.22
Calvert Cliffs 1 8 8.89 2.96 1.78 1.11 0.89
Calvert Cliffs 2 12 5.71 3.43 2.14 1.71 0.86
Cook 1 ‘ 13 14.44 4,81 2.89 1.81 1.44
Cook 2 4 2.22 1.33 0.83 0.67 0.33
Cooper Station - 41 41.00 13.67 8.20 5.13 4.10
Crystal River 107 50.95 30.57 19.11 15.29 7.64
Davis-Besse 1 5 2.78 1.67 1.04 0.83 0.42
Diablo Canyon 1 8 -- -- -- -- --
Dresden 1 4 5.00 1.67 1.00 0.63 0.50
Dresden 2 22 20.00 6.67 4,00 2.50 2.00
Dresden 3 44 40.00 13.33 8.00 5.00 4.00
Duane Arnold 46 51.11 17.04  10.22 6.39 5.11
Farley 1 2 0.95 0.57 0.36 0.29 0.14
Farley 2 9 10.00 6.00 3.75 3.00 1.50
Fitzpatrick 16 17.78 5.93 3.56 2.22 1.78
Fort Calhoun 1 61 61.00 20.33 12.20 7.63 6.10
Fort St. Vrain 131 87.33 52.40 32.75 26.20 13.10
Ginna 6 5.45 1.82 1.09 0.68 0.55
Haddam Neck 4 10.00 3.33 2.00 1.25 1.00
Hatch 1 58 64.44 21.48 12.89 8.06 6.44
Hatch 2 5 3.33 2.00 1.25 1.00 0.50
Humboldt Bay 4 5.00 1.67 1.00 0.63 0.50
Indian Point 1 1 1.25 0.42 0.25 0.16 0.13
Indian Point 2 156 156.00 52.00 31.20 19.50 15.60
Indian Point 3 3 1.25 0.75 0.47 0.38 0.19
Kewaunee 2 2.00 0.67 0.40 0.25 0.20
LaSalle 1 25 -- - -- - -
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TABLE 5.21. - (contd)

T : 100/300: = 300/500 .500/800 800/1000 1000/2000
- . .No. of Snubber . - Snubber Snubber  -Snubber  Snubber

Reactor ;Failures(a) _Plant b Plant . Plant ..., Plant - Plant.
Maine Yankee = 8 7.27  2.82 . 1.45  0.91 0.73(¢) -
McGuire 1 : 3 3.33 - 2.00 - 1.25 1.00 ~ : ;0.50
Millstone 1 - 93 84,55  28.18: 16.91.- 10.57 - -.;8.45
Millstone 2 84 .. 93.33 -  31.11 18.67 ¢ 11.67 . : .:9.33 -
Monticello 1 .. B85 . 50.00: 16.67 10.00 - 6.25 5.00 .
Nine Mile L U . , .

Point ‘1 ot 220 20.00 6.67 - 4.00°  2.50 2.00
North Anna 1 11 6.11 3.67 2.29 1.83 0.92
North Anna 2 3 2 2.50 : .1.50 ., 0,94 .- 0.75 .. . 0.38
Oconee '1 . - . 8 ' 7.27. .. 2.42 1.45.. . 0.91. ~0.73
Oconee 3 2 . 2.00 0.67 0.40 0.25 0.20
Oyster Creek 1 133 120,91 40.30 24.18 15.11 12.09
Palisades - = 23 20,91 .= 6,97 4,18 - -2.61 2,09
Peach Bottom 2 32 32.00 10.67 .. i6.40 . 4.00 "3.20°
Peach Bottom 3 39 39.00 13.00 7.80 4.88 3.90
Pilgrim 1 .. .22, . 20.00.; 6.67. -4.00 2.50 2.00
Point Beach 1 2 1.82.. 0.61 . 0.36 . 0.23 0.18
Point Beach 2 .. =~ 2~ 1.82 , 0.61 | 0.36  0.23 . 0.18
Quad Cities-1 - ~*"=713 - - 11.82°/ -3.94 ' -2.,36 1'1.48 - -.1.18 -. -
Quad Cities 2 <. . 28 25.45- 8.48 © 5,09 .= 3,18 2.55.
Rancho Seco 1 - = 48 ¢ .. 53.33. 17.78 . 10.67 "= 6.67 . -5.33- .-
Robinson 2 e 7¢ = 6.36 2,12 . 1.27 7' 0.80 .:. 0.64 @ ¢
Salem 1. S 17 8.0  4.86  3.04 . . 2.43 1.21.
Salem'2° 4 4,44 - 2.67 - 1.67 1.33 0.67 °~
San Onofre 1 20 18.18 6.06 3.64 2.27-- - - 1.82 - -
San Onofre 2- 5 16,67 .- :-10.00-1: - 6.25 ..i- 5.00 .- .« "2.50
San Onofre 3 3 - - il mm L e o -
Sequoyah 1 3 3.33 2.00 1.25 1.00 0.50
Sequoyah 2 3 5.00 3.00 1.88 1.50 0.75
St. Lucie 1 9 3.75  2.25 1.41 1.13 0.56
Summer 1 3 -- -- -- -- -
Surry 1 30 27.27 9.09 5.45 3.41 2.73
Surry 2 45 40.91 - 13.64 8.18 5.11 4.09
Three Mile

Island 1 37 37.00 12.33 7.40 4,63 3.70
Three Mile

Island 2 2 2.22 1.33 0.83 0.67 . 0.33
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TABLE 5.21. (contd)

100/300 300/500 500/800 800/1000 1000/2000
No. of Snubber  Snubber Snubber Snubber Snubber

Reactor Fai]ures(a) Plant b) Plant Plant Plant Plant
Trojan 1 0.42  0.25 0.16  0.13 0.06(c)
Turkey Point 3 34 30.91 10.30 6.18 3.86 3.09
Turkey Point 4 30 27.27 9,09 5.45 3.41 2.73
Vermont Yankee 1 9 8.18 2.73 1.64 1.02 0.82
Zion 1 22 " 20,00 6.67 4.00 2.50 2.00
Zion 2 39 39.00 13.00 7.80 4,88 3.90
Total 2139 21.41 8.81 5.35 3.56 2.50

(a) No "out-of-tolerance" failures are included.
(b) 100/300 means 100 snubbers in 1973-1976 and 300 snubbers in 1977-1984.
(c) Failures/1000 snubber-years of operation,

TABLE 5.22. Snubber Failure Data by Failure Mode for Data Set A, Assuming a
Snubber Population

100/300(3) 300/500 500/800 80071000 1000/2000
Snubber Snubber Snubber Snubber Snubber

No. of -Plan Plant Plant Plant Plant

Failure Mode Failures (99.914P) (242.9) (400.1) (600.4) (857.0)
Unknown 49 0.49 0.20 0.12 0.08 0.06
Locked up 255 2.55 1.05 0.64 0.42 0.30
Out of tolerance 923 9.24 3.80 2.31 1.54 1.08
Would not activate 1835 18,37 7.55 4,59 3.06 2.14
Total ) 3062 30.65 12.61 7.65 5.10 3.57

(a) Failures/1000 snubber-years of operation.
(b) Total number of snubber years of operation for each scenario measured in
units of 1000 snubber-years.
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TABLE 5.23. Snubber Failure Data by Failure Cause for Data Set A, Assuming
a Snubber Population

1007300(2)  300/500 500/800 80071000 1000/2000
Snubber Snubber Snubber Snubber Snubber

No. of Plan% Plant Plant Plant Plant

Failure Mode Failures (99.9) b) (242.9) (400.1) (600.4) (857.0)
Unknown 25 0.25 0.10 0.06 0.04 0.03
Design 886 8.87 3.65 2.21 1.48 1.03
Installation 257 2.57 1.06 0.64 0.43 0.30
Operation 1894 18.96 7.80 4,66 3.15 2.21
Total 3062 30.65 12,61 7.65 5.10 3.57

(a) Failures/1000 snubber-years of operation.
(b) Total number of snubber years of operation for each scenario measured in
units of 1000 snubber-years.
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6.0 PERSONNEL EXPOSURE TRENDS

The fo]]ow1ng section is a synthesis of actual rradiation exposure data
occurring during the maintenance and testing of snubbers, plus exposure !
occurr1ng during the 1SI of piping and other components-in nuclear reactor
systems. The data are insufficient to permit stat1st1ca1 analyses; therefore,
only qua11tat1ve trends are possible (see Tab1e 6.1). . , :

The advantages and disadvantages of snubberi Y1th emphas1s on the va]ue of
flexible systems are discussed in NUREG/CR-2136. The :impact of removing
half of the snubbers from relatively new BWRs and PWRs is postulated. A basic

assumption is that the more flexible:systems will: have: -a-25% lower probability
of failure. The vital statistics of the two classes-of plants are shown in
Table 6.2. This table:-has been included-for information only, and no attempt
has been made to validate it. .

TABLE 6.1. Personnel Exposure Data o
: T L TR T v 0ccupat1ona1 Exposure
_ Reactor - ¢ Initial:.: - No, of" ':' S Tests, rem .. ..

:Plant . TJype .. Criticality- /Snubbers 100% Visual Funct1ona1
H. B. Robinson PR - 9220270 . 20 - 0,50 Combined,
Maine Yankee PWR 10-23-72 . .:-75 - 3.6 ~ Comhip ed( a).
Calvert Cliffs 1 PWR 10-07-74 352 N0.30 0.10
Monticello BWR - -:12-10-70. - .92 - . 0,31 - 1l.0est.:
Vermont Yankee 1 =~ BWR 3-24-72. - - 50 . 1.2 , o Comhined -

Cooper, Station.  BMR. . 2-21-74 269 - n.50(¢) A

(a) 41 snubbers tested,
(b) 33 snubbers tested.
(c) Dosage received each time on two 1nspect1ons of dry we]l snubbers

(5/75 repa1rs on 5/76) S , :

-

I [

(a) Landers, D. F., R. D, Hookway, and K. D. Desai. 1981. Effects of Postu-
lated Event Devices on Normal Operation.of Piping Systems in Nuclear
Power Plants. NUREG/CR-2136, Teledyne Engineering Services, Waltham,
Massachusetts.

6.1



TABLE 6.2. Relevant Snubber Data in NUREG/CR-2136

_PWR_ _BWR
Average snubbers per.plant 800 950
50% of the snubbers removed 400 475
Removal time for average snubber, man-hour 6 6
Removal time per plant, man-hour 2,400 2,850
Assumed exposure/snubber during removal, R/h 0.25 0.25
Exposure per plant, man-rem 1100 1100
Annual man-hour savings because removed snubbers 300 360 -

do not need to be examined

Improved ISI due to removed snubbers, man-hour 410 580
Maintenance and repair-savings, man-hour 400 480
Cumulative savings, man-hour 1,100 1,420
Exposure savings/year for operation and 278 385

maintenance, man-rem

The preceding numbers can be adjusted for all plants now operating. For
example, at the time of this study, 41 PWRs and 16 BWRs were operating. If a
simplistic assumption is made that all classes of plants have the same number
of snubbers and exposure per hour, a value of 6.8 x 10% man-rem is obtained for
the removal. of 50% of the snubbers from all plants. Similarly, the annual
savings would be about 1.5 x 10% man-rem.

Similar calculations can be made for plants under construction in terms of
man-hours for removal and savings in exposure. In 1981, 43 PWRs and 20 BWRs
were under construction. Obviously, these numbers have changed over the past
several years. A prerequisite to removing snubbers is a prior analysis to .
reestablish the design base; this analysis would require about 10,000 man-hours
per plant.

In early 1984, three utilities provided exposure information on their
plants over a period of years. One utility provided exposure figures covering
the maintenance and testing (5%) and removal and reinstallation (95%) of
snubbers on three plants. The following is a tabulation of annual exposure:

Annual Exposure Related to Snubbers, man-rem
Year Plant 1 Plant 2 Plant 3 Total

1983 47 42 29 118
1982 29 9 4 - 42
1981 122 56 9 187
1980 65 42 105 212
1979  _8 _9 _0 7
Total 271 158 147 576
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Another utility provided similar data for two plants for annual snubber
testing and maintenance.

Annual Exposure
Related to Snubbers, man-rem

Year Plant 4 - Plant 5
1983 34 « No data
1982 75 1.0
1981 158 0.1
1980 No data 1.0
1979 No data 1.0
1978 No data 2.0

A th1rd utility provided data on one p]ant in 1ts first cycle of opera-
tion. The cumulative exposure was less than 1 man-rem for 100% visual “inspec-
tion and 10% functional testing. These figures may be representative of a new
plant; however, they should be dlfferent for older p1ants.

Exposure incurred in the NDE of welds or in the rep1acement of piping
should be reasonably representative of snubber maintenance and testing. Data
from the recent BWR intergranular stress corrosion cracking incidents were used
for comparison. Exposures incurred during both examination and removal were
collected from several sources and are summarized in Table 6.3. These data
were presented at a Committee on the Safety of Nuclear Installations-sponsored
meeting related to intergranular stress corrosion cracking and have not been
pub11shed
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TABLE 6.3. Exposure Values (in man-rem) Cited by Country for BWRs in Past 2 to 3 Years

Country NDE Replacement - Comments
u.s. 0.5 to 0.75/weld <2000/plant  Replacement assumed
Japan 3.8 to 4.5/recirculation 752 Fukuéhima
weld
141 Tokai 2
- ‘ Man-rem/h
Recirculation loop 100 to 300
‘Reactor water. cleanup 200.to 700
Reactor heat -removal 100 to 400
Reactor pressure vessel nozzle 20 to 10,000
Sweden 22.5/plant 91 Plus 18 for isolation, etc., or 130 total
Italy 120/1 plant (Garigliano) 60 for support activities
1984 85 Caorso 145 estimated '
1983 16 Caorso 18
1981 6.5 Caorso 26
Finland TVO Loviisa TVO Loviisa
1983 90 130 1982 100 230
1981 60 110 1980 50 220
1979 20 140 1978 3 110
Switzerland 2.2 to 3/weld 30? per weld?
1.1 to 1.5/weld repeat
Spain 30/plant 27 repair 53 auxiliaries?
Germany Plant B. 170 Includes dismantling (20% to 30%), construction
Plant C 570  (45% to 65%), inspection (5% to 10%), mis-
Plant E 650

cellaneous (10% to 15%). Typical collective
dose/plant is 400 to 500 man-rem. -




.- 7.0 - COSTS AND VALUE-IMPACT .., -
The 1nformat1on in Sectlon 7. 1 was gathered dur1ng a pre]1m1nary study
conducted in 1982-1983. : :The data are presented, to show the diversity and range
of information that has. been compiled in: the 11terature.“ The data are typi- i
cally presented in the raw or “as-reported" form, and no -attempt was made. to ‘
justify the data. In Section 7.2, selected data are organ1zed in a cons1stent

format to enab]e a va]ue impact- ana]ys1s to be performed a :

~yt

7 1 PRIOR VALUE IMPACT STUDIES ST
. i ; b
The fo]]ow1ng 1nformat1on was supp11ed -in, response -to the draft Regu]atory
Guide. on .snubber. test1ng, no attempt has been made to .confirm .or, va11date the
information: . -« . e gt . .

® snubber costs: 1,000 to 10,000 1b $1000 to $2000

R 10 000.to 20,000 :1b: -~ . ‘::<ﬁ‘$2000 to $2500 -
I “_.<'f 120,000 :to 30,000 3b . - - - 5 $2500:to $3000+ ‘
Sr T 30 000 to 50'000 1b:ﬂt;~'?‘f: ':“'$3000 to $6000 o
L 1nsta11at1on costs per . snubber ¥ i:- R R $16 000

® annual ma1ntenance 1nspect1on costs; , y
650-snubber plant - = < - " = "$250,000
1000 snubber p1ant - :-"dﬁf' SR ”ﬂf.f'$1,000;009 :

One source compares two p]ants as fo]]ows
‘e Plant A - 10 years ‘old. T AN hydraulic shubbers ?’ Inspected every
' 6 months, requiring 600 man-hours plus 20 man-hours to relnspect
questionable snubbers. Maintenance and inspection costs ‘for a
1000-snubber plant were $1,000,000 per year or about $1000/snubber.”
Assumed that enough snuhbers were stockp11ed to perm1t rep]acement
_without extended shutdown.;;

¢ . Vet - l
? EILE B3 L [ NI, P -
~

e Plant B - .6 years o]d A m1x of hydrau]1c and mechan1ca1 snubbers
(650) Ma1ntenance and repa1rs costs per year est1mated to be .i' ’

e

It should be emphas1zed that these numbers were prov1ded by 1nd1v1dua1
utilities as rough estimates only. ..Therefore, care should be ; taken -when ‘
extend1ng these ‘costs™to’ other" p]ants. Th1s fact .becomes ev1dent 1n the -
maintenance and inspection costs.cited. above.‘ The -older. p]ant (a1l hydrau11c
snubbers) reports an annua1 ma1ntenance and 1nspect1on cost of $1000/snubber.

SR
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The newer plant (mixture of hydraulic and mechanical snubbers) reports an
annual maintenance and inspection cost of only $385/snubber. There are several
possible explanations for this difference in costs; however, a probable factor
is the early problems that hydraulic snubbers had with polyurethane seals.
Although the seal problem has apparently been alleviated, the earlier high
failure rates for hydraulic snubbers may still impact the inspection and
replacement schedules for older plants.

In NUREG/CR-2136, three plants were examined with regard to snubbers. A
figure relevant to value-impact is the estimate pertinent to removal, testing,
and rebuilding. It was estimated that two 4-man crews would spend a 12-h shift
to remove 8 snubbers; a 2-man crew could test and rebuild about 12 snubbers per
shift. Thus, about 13 man-hours per snubber would be required for removal,
testing, rebuilding, and replacement. In terms of exposure, each man would
spend about 1.5 h in a field of 250 millirem/h, which would amount to
375 millirem/man.

A Battelle, Pacific Northwest Laboratories study assessed the implication
of removing some snubbers as an end product of a decoupling loss-of-coolant
accident plus a safe shutdown earthquake. The implications of reducing snub-
bers appears to be quite arbitrary. For example, such reductions in numbers
were assumed to reduce the probability of pipe failure by 25%, which probably
has no basis in fact.

Miscellaneous cost and quantity estimates relevant to snubbers are
compiled in Table.7.1. The information in Table 7.1 (which is an expansion of
Table 6.2) was drawn from various sources, primarily NUREG/CR-2136, NUREG/CR-
2800,(2) and NUREG-0933.(DP) A “typical®™ PR containing 800 snubbers and a
"typical" BWR containing 950 snubbers cited in NUREG/CR-2136 were used. A
removal time of 6 man-hours/snubber was assumed. Pipe restraints (100 per PWR
and 140 per BWR) were also considered; pipe restraint removal was assumed to
require 40 man-hours.

At best, the figures in Table 7.1 are averaged estimates; however, there
are obvious trends related to reduced exposure for snubber testing as well as
fewer snubbers and restraints. Results would depend on a particular model and
the age of that model. For example, testing of an older hydraulic snubber con-
taining the early type of seals would confirm that they degrade rapidly; how-
ever, active programs on hydraulic snubbers resulted in regular changes in seal
materials and any conclusions drawn would be invalid for current snubbers. A
similar situation could exist with mechanical snubbers. Those of one

(a) Andrews, W. B., et-al. 1983. Guidelines for Nuclear Power Plant Safety
Issue Prioritization Information Development. NUREG/CR-2800, PNL-4297,
" Pacific Northwest Laboratory, Richland, Washington.
(b). - Emrit, R., et al. 1983. A Prioritization of Generic Safety Issues.
NUREG-0933, U.S. Nuclear Regulatory Commission, Washington, D.C.
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TABLE 7.1. Value-Impact Data for Snubbers

] Assumptions PHR BWR
'50% of pipe snubbers removed o o 400 ' 475
50% of pipe restraints removed - v - 50 - 70
Shdbber removal time, han-ﬁours R 2;400»: 2,800
Restra1nt remova1 time (above. backf1t' 2,000'\‘ Alﬂ 2,800:
forward fit represents similar sav1ngs), o ' )
man-hours ‘
Exposure per plant, man-rem =~ . - 1,100 © 1,400
Man-hour savings/year from changes:
For in-service testing 300 360
For pumps and valves (restraints) 410 . 580
Maintenance/repair 400 © 480
:P1p1ng reana]ys1s item (backf1t p]antS), . 10;000 ‘10;OQOP
man-hours . o _ ‘ o
Overall design and 1ncorporat1on SR _18,000; 12,500

(50 h/week), man-hours -

Cost savings from removal/plant (assumes
savings of about $10, 000/snubber or

restraint): .

Backfit plants $8.2 x 105 ss 9 x 102
Forward fit plants $4.5 x 10°  $5.2 x.10
Improved in-service testing and © $53,800/yr  $69,000/yr

maintenance ' o

Man-rem savings/year: )
Operation and maintenance P v 280 - 390
Improved - 1n-serv1ce test1ng( a) . L 1,100 1,400

(a ) May be for p]ant 11fe.

manufacturer did not operate correctly from initial installation; however,
extrapolation to other manufacturers is not Just1f1ed because the failure
behavior was unique to one company. . . :

A co]]ect1on .of cost data was prov1ded 1n response to the request for
comments to the draft Regulatory Guide. Not. all people agree that the costs
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cited for testing snubbers will be so high. Because of their variability and
incompleteness, they are not cited here. .

A recent paper(a) cites cost factors on hydraulic snubbers using ethylene-
propylene seals. The authors examined the economic impact of the snubber test-
ing program in the Technical Specifications. Assuming $250,000/day power
replacement costs for the 690-MWe plant and outages of 2.5 to 3 days, costs
were estimated -at $325,000 to $500,000 for the testing phase. The utility
estimates personnel exposure costs of $6000/man-rem, which is higher than some
other utilities. Costs of rebuilding and testing snubbers were set at
$4500/snubber. This BWR has substantial changes in ambient’ temperature,
depending on location. For example, the impact on seal life as a function of
temperature is: 150°F, ~10 years; 200°F, ~3 years; and 250°F, ~1.5 years.
These values indicate that relocating snubbers may have substantial cost
advantages.

7.2 VALUE-IMPACT ANALYSIS

This value-impact analysis examines the per unit costs associated with
snubbers installed at nuclear power plants. Due to the limited available data,
the costs used in this analysis must be regarded as rough estimates. The cost
of snubbers over -the expected operating life of the plant is evaluated, and the
impact of reducing the number of these dynamic restraints is briefly discussed.

7.2.1 Snubber Unit Costs

The costs that are considered in this analysis include:

initial or capital cost
installation cost |

inspection and maintenance costs
employee exposure cost.

A1l costs are reduced to-unit costs using weighted averages to account for cost
variations due to snubber size and type differences. ‘When evaluated on a per
unit basis, cost savings that may result from manufacturer quantity discounts,
increased efficiency, and learning curve effects are ignored. For this analy-
sis, these costs will be considered variable (i.e., directly proportional to
the number of units.) This approach will provide a good estimate of the direct

(a) Roberts, K., R. N. Kelly, and T. R. Branca. '1983. "Overview of a
Comprehensive Snubber Surve111ance Program Implemented at the Pilgrim
Nuclear Power ‘Station." Presented at' 6th International Conference on

Z.NDE in the Nuclear Industry, November 28-December 2, 1983, Zurich,
Switzerland.
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cost associated with increasing or decreasing the number of snubbers at a
nuclear plant and is consistent with the overall accuracy of the rest of the
analysis.

Cap1ta1 Cost

To est1mate the 1n1t1al cost of snubbers, letters were sent to the 62 for-
eign ‘and dome§t1c companies listed under “"SNUBBERS" in the Nuclear News Ruyers
Guide 1984, (a requesting vendor data. A copy of the letter is shown in Fig-
ure 7.1. Responses were received from 18 domestic companies and 5 foreign =
companies. O0Of these 23 responses, 16 indicated that they did not manufacture
snubbers. The seven remaining companies are listed in Table 7.2. These five
domestic firms and two foreign firms provided data on a total of 75 snubber
models (Table 7.3). One manufacturer estimated the size distribution of
snubbers in nuclear power plants to be as shown in Table 7.4, Using the.data:;
from Tables 7.3 and 7.4, the estimated average per unit cap1ta1 cost is $3 ?50
using a s1mp1e we1ghted average cost : : . STt

An -inventory of spare snubbers is typ1ca1]y ma1nta1ned to m1n1mlze the
risk ‘and duration of ‘unscheduled plant outages due to snubber fa11ures. ‘The
inventory cost may be considered a part 'of the capital cost for the in- place
snubbers. An.inventory of 30% raises the.total capital cost per snubber to
$4, ?25 Warehous1ng and 1ncrementa1 adm1n1strat1ve costs for maintaining a
spare inventory will be ignored in this ana1y51s.

Installation Cost

Because snubbers are dynamic devices, installation requires more effort to
ensure proper placement and alignment. Improper installation has been a major
cause of snubber failures. It has been estimated that 200 man-hours are
required to install a typical snubber. A burdened: 1abor rate of $25/h(b
(based on Meane's .Guide to Labor, Rates -in the Construction Industry-Pipe Fit-
ters) results in an installation cost” of $5 nOO/snubber., This study ignores -
ancillary costs (such as special tooling requirements) because it was fe]t that
they were beyond the accuracy of the analysis. .

Inspection and Maintenance Costs

The costs associated with inspection and maintenance of snubbers in two
plants were given in "Snubber Cost and Test Information" (Guzy:June-4; 1982).
One of the plants had only hydraulic snubbers, and the second had both mechani-
cal and hydraulic snubbers. The second plant appears to be more typical in" -
quantity.of snubbers :(650):and: incorporates. both- types. of snubbers. Therefore,

(a) Volume 27, No. 4.

(b) D1scuss1ons with an engineer for the Washington Public Power Supply System
indicated that this value may be low by as much as a factor of two.
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< Baltelle
Pacific Northwest Laboratories
7.0. Box 999

Richland, Washinuton U.S.A, 99352
Telephore 1509)

Telex 15-2874

October 4, 1984

Dear Mr.

Battelle-Northwest has undertaken a project for the United States Nuclear
Regulatory Commission that involves gathering data on snubbers currently
available to the U.S. commercial nuclear power industry. Data from the
major manufacturers of snubbers will be assimilated to provide a data base
of equipment characteristics.and suppliers.

To assist us in this project, and to have your equipment included in the data
base, please send information describing your snubber product line, including
load capacities and prices to:

Battelle, Pacific Northwest Laboratories

P. 0. Box 999

Richland, Washington 99352

Attn: Ryan E. Dodge
Research Engineer

We appreciate your assistance in this effort and look forward to hearing from
you in the near future,

Sincerely,

Ryan E. Dodge
Research Engineer

RED:ri
FIGURE 7.1. Sample Letter Sent to 62 Companies Requesting Snubber Information
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TABLE 7.2. Snubber Manufacturers Responding to Request for Information

Manufacturer .. Address
Bergen-Patebson Pipe Support Corp. 74 Commerce Way
. (BPPC) - P.0. Box 4011
. Woburn, MA 01888
Lisega-Kraftwerkstechnik GmBH (LIS) Postfach 1340, D-2730
: : Zeven, Germany
Western Piping & Engineering Co., Inc. 1485 Yosehite Avenue = | .
(WP&E) i San Francisco, CA 94124

Saﬁwa Tekki Corporation (STC) | 6-5-19, Minami Sh1nagawa-ku
. . Tokyo, Japan

Paui—Munroe Energy Products (PMEP) 1701 Y. Sequoia Ave.
Orange, CA. 92667

Anchor/Darling Industries, Inc. (ADiiy’g Wambold Rd,-
| - -7 . P.0. Box 300
’ ‘ Kulpsville, PA 19443

Pacific Scientific - Kin Tech D1v1s1on‘“ 1346 S. State College R]vd
(PSA) . Anaheim, CA 92803

data from that plant were used in this analysis. The plant.reported a total °
cost of $250,000/year for inspection and maintenance of 650 snubbers
($385/snubber/year). When reducing the total cost to a per unit cost, it may
be helpful to think-of the reduced value as the sum of the inspection costs ‘and
the average maintenance costs times the probab111ty of requiring ma1ntenance
for a s1ng1e snubber, :

.

Emp]oyee Exposure Costs

It is difficult to associate do]]ar costs with 1ncreased employee expos-.
ure. The actual costs that might be 1ncurred due to worker "burn up," 1ong-»~
term medical expenses, and unfavorable public opinion are: amb1guous and not:
amenable to quantification. A rule of thumb that is often used to eva]uate the
cost effectiveness of 1mp1ement1ng exposure ‘mitigation measures is that a:
$1 »000/man-rem reduction in exposure is:cost effective (see, for example,
10 CFR 50, Appendix- I) Determining the: appropr1ate cost to assign to employee
exposure is certainly a subjective process. However, it is important to
recognize employee exposure as a true cost to the utility and to include it in
the value-impact analysis. The $1,000/man-rem rule of thumb is reasonably
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TABLE 7.3. Manufacturer 'Data on Snubbers

Model Manufacturer(a) Load, 1b Type(b) Stroke,in Price, $
AD-40 © ADII 400 M 3 790
AD-70 ADII 700 M 4 815
AD-150 ADII 1,500 M 4 1,200
AD-500 ADII 5,000 M 5 1,565
AD-1600 ADII 16,000 M 6 1,860
AD-5500 ADII 55,000 M 6 6,100
AD-12,500 ADII 125,000 M 6 11,160
PMH 2101 PMEP 1,000 H 5 . NA(c)
PMH 2103 ‘PMEP 3,000 H 5 NA
PMH 2200 PMEP 10,000 H 5 NA
PMH 2300 PMEP - 35,000 H 5 NA
PMH 2400 PMEP 53,000 H 5 NA
PMH 2500 PMEP 105,000 H 5 NA
SMS-01K STC 110 M 4 575
SMS-04K STC 400 M 4 600
SMS-1K STC ‘ 1,000 M 4 625
SMS-3K STC 3,000 M 4 815
SMS-9K STC 9,000 M 4 865
SMS-16K STC 16,000 M a 1,205
SMS-25K STC 25,000 M 4 2,140
SMS-40K STC 40,000 M 4 2,745
SMS-65K STC ' 65,000 M 4 3,790
SMS-100K STC ' 100,000 M 4 7,400
SMS-160K STC 160,000 M 4 12,400
SMS-250K STC 250,000 M 4 18,400
WPE 50 WPAE 50,000 M 6 NA
WPE 100 WP&E - 120,000 M 6 NA
WPE.35 WP&E 350 M 4 NA
.WPE.65 WP&E . 650 M 2.5 NA
WPE 1.5 WP&E 1,500 M 4 NA
WPE 6.0 WP&E 6,000 M 5 NA
WPE 15 WPAE 15,000 M 6 NA
303251 LIS 1,800 H 5.9 NA.
304251 LIS 3,600 H 5.9 NA
305251 LIS 7,200 H 5.9 NA
306251 LIS 22,500 H 5.9 NA’
307251 LIS 45,000 H 5.9 NA
308251 LIS 78,700 H 5.9 NA
309259 LIS 112,400 H 5.9 NA
300259 LIS 225,000 H 5.9 NA
322259 LIS 900 M 5.9 NA
323253 LIS 1,800 M 5.9 NA
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-TABLE7.3. " (cContd) " ¢ .o nidan

Hode] Manufacturer(a) Load, 1b Type(b) Stroke, <in. -.: Price, %

325251 . . LIS - 7,200 Mo 59 0 . NA
326251 © . - LIS 22,500 ' M 5.9 ) NA |
311153 © - - ‘LIS © 281,000 ‘H "-3.93% “NA
312153 LIS © T 562,000 - OHT e 030937 T P NAe
313153 LIS 843,000 H 3.93 ~NA
2500-3-6" - . ' BPP 3,000 - T HY 6 T 03,355
2500-10-6 - BPPC 10,000 .~ .« - H 6 - o 3,590 .
2500-20-6 - BPPC o..o20,000 0 ¢ Hoo .6 .- .. 4,964 -+
2500-30-6 . . .. BPPC = .. 30,000 . . H L6 5,619
2500-50-6 BPPC 50,000 H 6 8,236
2525-3-6 . BPPC . . . . 3,000 .~ t., H- 6 3,624
2525-10-6 . . . - BPPC. . .. 10,000..... H 6 ‘3,880
2525-20-6 .  BPPC . . 20,000 . H . 6. . 5,303,
2525-30-6 BPPC - 30,000 . H. 6 6,173
2525-50-6 - " BPPC" ‘ 50,000 “HH 6 9,278
2530-3-6 BPPC ™ - 3,000 “-H 6 3,874
2530-10-6 = - - BPPC .- ~10,000 ¢ H 6 © 4,222
2530-20-6:: - * “.BPPC T 20,000° - H- 6 - - 5,887
2530-30-6 . . - ..BPPC ..30,000 . --. H 6 - . 6,776
2530-50-6 .. BPPC : ..50,000, .- - H S 6 11,098
PSA 1/4 PSA 350 M a4 845
PSA 1 PSA 1,500 M 4 1,276
PSA 3 PSA 6,000 M 5 1,665
PSA 10 PSA 15,000 M 6 1,975
PSA 35 PSA 50,000 M 6 6,473
PSA 100 PSA 120,000 M 6 11,838
(a) See Table 7.2 for manufacturer names.
(b) M - mechanical; H - hydraulic. .
(c) NA - not available.
B T I LT
TABLE 7.4. Estimated Size Distribution of Snubbers
Size, kips % of Snubbers
1 8 i
3 40
10 28
25 10
.. 45 o . 5 . ST T -
oL 270 e N 3."\ : B
RS TS B 110 o ) '2 . A .:.‘d,.-'.?'
200 to 2000 4 o
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conservative and provides consistency with some other published reports. This
number was therefore used in this analysis to quantify the exposure costs
relevant to snubbers.

Employee exposure presents an additional level of uncertainty into the
analysis. As before, the direct costs must be estimated. In addition, the
number of snubbers to be inspected must be estimated.

Table 6.2 indicates an average removal time of 6 man-hours per snubber and
an.-average exposure level of 0.25 rem/h during removal.\3) If it is assumed
that a similar effort is required to reinstall snubbers, then the average
exposure for removing and replacing a single snubber is 3.0 man-rem,

However, not every snubber will need to be removed for inspection. A
simplified version of the testing schedule outlined in ASME/ANSI OM4 is used in
this analysis to estimate the fraction of snubbers that would be inspected each
year. It was assumed that 10% of the snubbers must be inspected each year. If
a failed snubber is found ;t must be repaired or replaced; and a second sample
of 10% must be inspected.( If a failed snubber is found in the second
sample, it must be repaired or replaced; and another sample of 10% must be
inspected. This sampling inspection is repeated until a sample passes
inspection with no failures or all snubbers have been inspected.

The average sample size each year may then be estimated as:

s =z F0 (xn)]

where x = sample size = 10%
N = total snubber population at a given plant
f = failure rate/snubber/year.

Several assumptions and simplifications are incorporated into the above
estimate including:

e failures occur randomly

e samples are chosen randomly

(a) Discussions with an engineer for the Washington Public Power Supply System
indicated that this man-hour estimate may be high by as much as a factor
of two.

(b) A proposed revision to ANSI/ASME OM4 would require a reinspection sample
size of half the original sample size (or 5%).
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®
account.

‘A mean failure rate of 1.91 failures/100
Table 5.20 for 1983, assuming a population of
Using an annual per snubber failure rate of f
average annual sample size is approximately 1

impact of fa11ures ‘found in preced1ng samples .are not taken into

BSTY4
0 snubbers/year is..given in,. - "
800 to 1000 snubbers per plant. -:
= 0,00191 and population, the

24 snubbers (12.4%). -The.result-

ing annual exposure rate per snubber can therefore be estlmated as "the product

of the average -exposure per snubber removed t
(3.0 x 0.128), g1v1ng an annua] exposure ‘rate
Using the $1000/man-rem rule of thumb dtscuss
wou]d be $370/snubber/year. ' e

Unit ‘Cost Over the: Operatlng L1fe of the P]ant

imes the average samp]e size
-of -0.37 man- rem/snubber/year.v-*-
ed ear11er the exposure cost '

F

-The snubber unit costs over the operat1n
culated using the preceding cost estimates. . -
will be assumed and the present value of the-
dtscount rates of 2%, 5%, and 10% (Table 7. 5)

TABLE 7.54

g 11fe of . new plant may be ca1-~
A -plant operat1ng life of . 40.years
cash flow will be eva]uated -using:

s [SREaEd

Summary of Snubber Costs Assum1ng a 40 Year Plant»L1fe and
- Discount Rates of 2%; 5%; and 10% ‘

DL B e,

.-2% Real - Discount ‘Rate

Cost Category

Cost $

“Tota] Cost $

T1m1ng
Capital cost LT ’ 45225 - ¢ 0 © 4,225"
Installation cost 5,000 0 5,000
Inspection/maintenance costs 385 Annual 10,532
Employee exposure cost 370 ¢ _Annual 10,1225 .
Total L } o 29 879 ,
- “5% Rea] D1scount Rate: ‘
" Cost $ . Timing:" ' = Total Cost,-$.
' Capital cost 4,225 00t 4,208
Installation'cost  ~ % - °'5,000° "% 0t " U5,000 " -
Inspection/maintenance costs 385 " Annual ¢ " “'i 6,606
Employee exposure cost . 370 Annual 6,349
Total . Ea R "22,180" -
T _10% Real ‘Diséount Rate” "'
Y o v Cost,$ - Timing Tota] Cost,’$ *
“Capital cost a5 0 ol 4,225
Installation cost 5,000 0 5,000
-.Inspection/maintenance costs.;:; , 385-. _.Annual 3,765
Employee exposure cost T30 zAnnpalu;_“. 3,618 °
Total E : R 16 608 -
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Based on the estimates and assumptions discussed in this report, the. total
discounted cost per snubber over the operating 1ife of a reactor is between
$29,879 and $16,608, depending on the applied discount rate. For a plant using
1000 snubbers, the total cost of the installed snubber would be from $16 to
$30 million.

' 'Other Factors

The risk of 1ncreas1ng the number or length of plant outages is another
factor that impacts the total cost of snubbers. The NRC has stated that when .
inoperable snubbers are found they must be replaced in a timely fashion or the
plant must be shut down. In addition, the various inspection schedules pro-
posed generally require testing more samples at shorter intervals when inopera-
ble snubbers are found. These schedules could conceivably require testing all
snubbers in a plant. For a nuclear plant designed with 1000 snubbers, such a
requirement could represent a sizable endeavor. With an approximate cost of
$1,000,000 per day for plant shutdown, any downtime imposed due to snubber
inoperability would seriously impact the above analysis,

The potential for failed and locked snubbers to cadse a pipe failure was
another factor that was not considered in this analysis. The potential for
damage to the plant and/or for plant shutdown could result in very high costs.

A factor that could decrease the estimated snubber costs is the advent of
in situ- testing equipment for snubbers. Although several manufacturers are
currently offering such equipment, in situ testing has not yet been approved by
NRC.

7.2.2 Reducing the Number of Snubbers

Much attention has been given to the possibility of decreasing the number
of snubbers used .in nuclear power plants. The number of snubbers could be
reduced through increased attention to design and through a relaxation in
design requirements. Several studies, including recent work by Lu and Chou( a)
at LLNL, have indicated that appropriately decreasing the number of snubbers in
use at nuclear power plants may actually increase piping reliability.

Savings from Reducihg the Number of Snubbers

Since the above analysis was done on a per snubber basis, cost savings
attributable to snubber reductions can be evaluated directly. For example, if
a proposed plant with 1000 snubbers were to reduce the number of snubbers by

(a) Lu, S. C., and C. K. Chou. 1984; Reliability Analysis of Stiff Versus
Flexible Piping ~ Interim Project Report. NUREG/CR-3718, Lawrence
Livermore National Laboratory, Livermore, California.
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30%, a cost savings of $9,732,900 would be indicated.. However, this savings
would be expected only for plants not yet des1gned or built because no redes1gn
or backflt costs have been cons1dered. -

Cost of Reduc1ng the Number of Snubbers in Ex1st1ng P]ants N va'ﬂw

For backfit applications, the cost of redesigning .and implementing a more
flexible system must. be estimated and -then subtracted from the predicted cost
savings. The cost of backfitting plants to reduce the number .of snubbers has
been estimated to be from $820,000 to $890,000 per -plant. This cost does .not -
include the increased employee exposure -that would result from repiping and
removing unnecessary snubbers. However, this exposure rate might be expected
to be on the same order as that incurred from inspecting and maintaining a
snubber (estimated to be 2.5 -man-rem/snubber). As before, the $1000/man-rem
rule of thumb was used to quantify -this coSt. -The cost savings would be
$2, 500/snubber for each snubber eliminated. - T :

[

Present Va]ue of Reduc1ng the Number of Snubbers

In a.plant containing 1000 .snubbers,-a- 30% reduction in the number of
snubbers could be expected to result in a total cost reduction of from $526,000
to $3,500,000 (Table 7.6). All of. the previous caveats regarding the impact of
hidden costs such as increased plant downtime or damage to piping still
apply. "The exposure/implementation costs were obtained by multiplying the unit
cost ($2,500) by the reduction in snubbers (300).

In Situ Testing

The implications of in situ testing of .Jlarge snubbers that are not amena-
ble to removal ‘have been recognized in the context of valye-impact. Informa-
tion on in situ testing is currently being compiled and- ‘evaluated.

TABLE '7.6. Estimated Cost Savings Resu1t1n? from Reduc1ng the Number of
Snubbers 1in an Existing P]ant

) Total Costs. $ o
t 2% Dlscount 5% Discount 10% Discount

.. Cost Cateqory . Cost, $ ‘iTimling Rate * Rate ’ " Rate'' -
Capital 0 VOl - [o} 0 o
imp lementation. .- 855,000 0 855,000 © | 855,000 7, - 855,000
lnspecflon/malnfenance. (115,100) Annual (2,577,832). (769,369) . (1,085,038)
Exposure/lmplemenfaflon - 750,000 0 -‘750 000 .1150,000 ; 750 000
Exposure savings " (111,000) Annual (2,486,007) (1,706,342) (1,046,388)
Total ‘ (3,458,839) (1,870,711) (526, 426)

(a) The following assumptions were used: 30-year remaining plant life; 2% real
discount rate; 300 unit reduction In snubbers (and a representative
popu lation), .
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7.2.3 Increasing Snubber Reliability

The savings that may he realized through improved snubber reliability can.
be estimated, or, equivalently, the sensitivity of the current analysis to the
estimated mean failure rates may be investigated.

~Reducing the mean failure rate for snubbers will primarily impact the
average sample size that must be inspected. In the preceding section, an
average sample size of 1.8% was estimated for a mean failure rate of 0.0036.
If the mean failure rate is reduced by 25% and 50% (to 0.0027 and 0.0018,
respectively), then the corresponding sample sizes may be calculated
(Table:7.7).

The average sample size should impact the inspection/maintenance and
employee exposure costs directly. If these costs are scaled directly with the

sample size, the net present value of the total costs of snubbers can be
estimated assuming a 40-year plant life. These results are shown in Table 7.8.

TABLE 7.7. Average Total Sample Size for Specified Mean Failure Rates

Mean Failure Nominal Sample Assumed Snubber Average Sample

Rates Size, % Population Size, %
0.0036 10 90n 14.8
0.0027 10 900 13.2
0.0018 10 900 11.9

TABLE 7.8 Summaby of Net Present Value of Snubber Costs for Various Mean
Failure Rates

Assumed Failure Rate

Cost Category Timing 0.0036 0N.0027 0.0018
Capital 0 4,225 4,225 4,225
Installation 0 5,000 5,000 5,000
Inspection/Maintenance Annual 385 343 310
Exposure ' Annual 370 330 298
Net Present Value,. 2%, 40-yr life 29,879 27,635 25,857
Net Present Value, 5%, 40-yr life 22,180 20,773 19,658
Net Present Value, 10%, 40-yr life 16,608 15,806 15,171

7.14



8.0 IMPLICATIONS OF AGING AND DEGRADATION OF SNUBBERS

A review of Tables 5.3, 5.4, and 5.5 reveals the large number of failure
mechanisms, ‘many of which are related to-aging/degradation. = In the case of
Rydraulic snubbers, several of the failure mechanisms: result in a loss of . fluid
and a consequent loss of function. sThis:ioccurrence.will be a fail-safe-mode in
that there should be no lockup and overstressing of the pipe. Based on early
arguments on flexible versus stiff piping, the lack:of operation.of hydraulic
snubbers during a seismic event should have limited effects. Whether the same
can be said concerning more severe dynamic loads depends on- analysis or test-
ing. It can be concluded that the loss of function of some hydraulic:snubbers
should have a limited effect on the probab111ty of failure of p1p1ng dur1ng a
seismic event (see Section 1)

[

With mechanical snubbers the s1tuat1on is not as clear. One obv1ous -
ag1ng/degradat1on mechan1sm--corros1on of internals_over_a period of time--has
been known to lead to loss of function and lockup. 1In this instance, the ‘
situation is not fail-safe; and mechanical snubbers located in regions of high
thermal expansion of-piping during heatup and cooldown may. severely stress.
snubbers or piping or both., If sufficiently high stresses occur, the snubber ., -
may be:torn from the wall or the pipe may be damaged. . In regions of lower
thermal expansion, the locked up snubber may exist for a substantial time.  If
a dynamic load occurs, the snubbers.will behave as rigid members and they or ‘
the pipe may be damaged. Mechanical:snubbers have locked up without. being .
detected for, several days or weeks. Obviously, this condition is not
desirable. :

:Several ytilities have extensive :snubber replacement programs,. replacing
one form of hydraulic for -another or replacing mechanical for hydraulic. Thus,:
the age -factor cannot be quantified using an assumption that the same. snubbers
were originally -in the system. The same can be said for seals and seal mate-
rials in hydraulic snubbers where several changes have ‘occurred -in or1g1na1
materials as well as replacement mater1als. ~

0bv1ous degradat1on mechan1sms 1nc1ude sea1 au1ng_ln_hydnaulac_snuh\_ns\
and vibrations in mechanical, snubbers. Several load. conditions, such as waten,

and-Steam hammer; or valve closure, can render .snubbers 1noperable. Under these
condwtlons, loss of function can occur whether the snubbers are new or old.

The following paragraphs represent suggested actions that could, in the
opinion of the authors, improve the status of snubbers. These suggestions
should not be considered to be current ASME or NRC positions,

If the following three questions can be answered affirmatively, there is
some assurance that snubbers will function as desired:
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e Has an adequate inspection program been conducted to assure that the
snubbers funct1oned correctly when installed?

e Has there been an approprlate environmental qua11f1cat10n program
carried out that establishes the aging/degradation mechanisms in
snubbers or the anticipated-life span before loss of function?

e Does an adequate ISI and testing program exist to permit the detec-
tion of loss of function in a reasonable time frame or, more impor-
‘tantly, the detection of the onset of generic failure mechanisms at
an early stage. ,

If the draft Regulatory Guide were converted to an active Regulatory
Guide, the aspect of an inspection program should be resolved. While it could
be argued that further modifications could result in improvements, it appears
that the draft Regulatory Guide covers the salient aspects pertinent to an
1nspect1on program,

Environmental qua11f1cat1on has been handled on a case-by-case basis, and
there is no assurance that a generic program exists. Furthermore, there are
several aspects for such a program, Under normal operating conditions, an’
ocean site will require a different environmental qualification program than an-
inland site. In-addition, a high-temperature dry well of a BWR will be
markedly different from reactor regions near ambient temperature. In essence,
the areas of environmental qualification are not well defined and specific
criteria are needed.

With regard to ISI and testing, there should be a reassessment of existing
requirements to establish what modifications may be necessary. The existing
visual examination in ASME XI may not be adequate,-and the bench testing pro-
gram probably requires: review and modification. Currently, only smaller
snubbers are covered by ASME XI; expansion will be required due to the failures
of larger snubbers, particularly hydraulic ones. - It may be necessary to test
in situ in recogn1t1on of the massive size of these larger snubbers. In this
case, a simpler test.may be necessary to determine. the functionality of these

snubbers. ASME OM4 represents a positive step toward improving testing; how-
ever, it may not be totally adequate. Some of these aspects are discussed in
Section 10.
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9.0 PHASE_II STUDY

Severa] gener1c aglng prob]ems ex1st that prov1de a bas1s for a Phase 11

program. . There is a fine line-between true aging effects_and_aggravated
effects tha ot_cepnesentatlye_ot_ag1ng- Some obv1ous effects would be

mechanical snubbers in a vibrating env1ronmen§, where ‘snubbers could fail in
less than 100 h. - While vibratory failure is important, the mechan1sm is
directly related to amp11tude and number of cycles. :

Table 3.3 is an obv1ous bas1s for deve]opxng a program on older hydraulic
and mechan1ca1 snubbers. It conta1ns the parameters cited.in the draft
Regu]atory Gu1de, ASME 0M4 and ASME XI. The table’ is-a qua11tat1ve presenta-
tion of aging factors 'such as wear, corros1on, and contam1nat1on. A selection
of both hydraulic and mechan1ca1 snubbers cou]d have a series of tests covering
spring rates, release rates, ‘dead band, drag, etc., that wou]d note deviations
from normal. The snubbers ‘could then be d1sassemb1ed to ascertaln the causes
for the dev1at1ons. Any quant1f1cat1on will depend on the snubbers that are
se]ected. ASME 0M4 1s suggested as a benchmark for such testlng.

A spec1f1c pos1t1on has been 1ncluded in the NRC' NPAR Program. It is
repeated below as an appropr1ate scope for a Phase II study

Aging Assessment and Analysis ‘of Snubbers and: Recommendat1ons for
Inspect1on, Surve111ance and Ma1ntenance

ObJect1ve "To'evaluate and assess ‘the performance of hydrau11c ‘and
mechanical snubbers., Establish failure ‘mechanisms and causes and
provide recommendations for pract1ca1 and cost effective inspection,
surveillance and maintenance of - snubbérs in‘nuclear power plants.
Conduct a Phase 11 assessment of snubbers ‘in accordance with the

NPAR: strategy and 1nvo1v1ng the fo]]ow1ng spec1f1c research
e1ements

A. Comprehens1ve Aging Assessment ‘- Based upon the rev1ews of the
operating experiences and analysis performed in Phase T
(NUREG/CR-4279) conduct a comprehensive aging-assessment
including, as necessary, postservice examinations and labora-
tory testing of naturally-aged snubbers. To be included are
effects of accident conditions (e.g., seismic and LOCA effects)
on the behavior of aged snubbers. Both mechanical and hydrau-
lic snubbers will.be included in the assessment. Effects of
aging factors such as wear, corrosion and contamination will be
assessed in snubber examination and testing., Testing consid-
erations will include spring rate, release rate, dead band and
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drag, assessing deviations from expected norms. Effects of
size and manufacturer will be considered in selection of
snubbers for testing, recognizing the limitations to address a
major cross ‘section of the potential alternatives. A signifi-
cant task during the testing phase will be to evaluate poten-
tial performance indicators for snubbers.

Review and Verification of Inspection, Surveillance and Moni-
toring Methods and Technologies - The Draft Regulatory Guide,
"Qualification and Acceptance Tests for Snubbers Used in Sys-
tems Important to Safety," deals primarily with qua11f1cat1on
testing and acceptance testing. Pre-service and in-service
inspection aspects for snubbers have been addressed in codes
and standards ASME- XI and 'ANSI-0M4-1982, “Exam1nat10n and Test-
ing of Nuclear Power Plant Dynamic Restraints (Snubbers)."
Also, the plant specific or standardized technical specifica-
tions deal explicitly with this area. Based upon the reviews
and analysis performed in Phase I (NUREG/CR-4279) and in con-
junction with the aforementioned codes and standards identify
and recommend inspection, surveillance and monitoring methods
and techno]og1es cons1dered useful in detect1ng and trending
aging and service wear effects in snubbers, which will remain
in use on safety related piping and components. The recom-
mended methods must-complement the present practices and
requirements. The study should further consider whether
advanced methods for snubber maintenance and in-service evalua-
tion are feasible and cost effective.

Application Guidelines - The recommendations for 1nspect1on,
surveillance and monitoring methods and the, guidelines for
their app11catlons will be based upon a coordinated effort with
the codes and standards committees and through proper interac-
tion with the NRC staff. Application guidelines will also ”
include considerations for maintenance and service Tifetime
prediction methods for snubbers.
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10.0 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The Nuclear Plant Aging Research (NPAR)'program strategy (Figure 10.1) is
used to determine the current status of ‘these. 1nvest1gat1ons and to determine

additional requirements. The current status is:

Select Equipment and Define BoUﬁdary - Expert opinion has been
applied; specific suggestions have been made concerning a redefini-
tion of how many snubbers should be used. As indicated, there could
be a substantial reduction in numbers using the current state-of-the-
art. In the context of a prioritization study, systems, risk, and
aging-effects have been considered. The first priority is to reduce
the number of snubbers. The second priority is to place definitive
tests such as those cited in Section 3 into pract1ce to evaluate
ag1ng before it becomes a controlling factor.

Evaluation of 0perat1ng Exper1ence - A major effort has been expended
evaluating operating experience. Several sources were examined to be
sure that the most significant information was reviewed. The
principal source was the LERs; however, other -sources were checked
and app]icable industry practices were examined.

Comprehens1ve Aging AsseSSment - -The LERs were used to establish
aging/degradation mechanJSms. While it is possible that some fa11ure
mechanisms were missed, we are confident that most were detected.
Parameters such as design specifications, operation, and to a 1imited
degree ongoing research were examined. It appears that more work is
required. :

Review and Recommendat1ons for Inspect1on, Surve111ance and
Monitoring - This aspect has been examined in the context of ex1st1ng
and proposed codes, standards, regulatory gu1des, and industry
practice. These factors have. been examined in considerable depth.

The aspect of cost- effect1ve performance indicators has .been con-
sidered, primarily with respect to its implications to snubbers.
There is very little guidance that‘appears relevant to the review and
verification of advanced methods such as in situ testing.,

Application Guidelines - Most factors have been considered to some
degree; for example, a value-impact analysis was conducted, We have.
had active interactions with ASME XI and the Board of Nuclear Codes
and Standards as they re]ate to snubbers.~ Furthermore ongoing :
activities within 'the PVRC and the NRC P1p1ng Rev1ew Committee relate

10.1



¢ 01

Knowiedge

IPRDS, NPROS, LERs,
NPE, stc.

National Standsrds
Licensing and Inspection
Experiences

Interim Assessment
Aging Characterization
and Review of . S,
snd MM

Practicsl, Cost
Ettective
Performance
Indicators

Phase Il

Comprehensive Aging

Assessmant and
Recommaendations for
1, S, and MM

Review and Reviaw of
Prioritization Experts’ Analysis of Current Methods Appiied Ressarch
Study Knowiedge | | = Designs | ] end Yechnology for — Post Service Review and
— Systems and = Specificstions — lnspection Exsminstions Verification of
- Industry - g‘p«nw - .S.uvvoilonco — Lab. Tests and Advanced
Za P — Mal Analy Mathad.

oing Practice ~ Ongoing — AnificisliAccelersted ’
Research Aging

with
NAC Staft

FIGURE 10.1.

Phase |

Phase il

Innovative
Materisls
and
Designs

Nuclear Plant Aging Research Program Strategy




directly to snubbers. With regard to 1ife extension, there has been
substantial progress in the past 10 years. Further work is requ1red
and should be pursued.

Maintenance is a significant issue. While progress has been made ‘main-
tenance often leads to further degradation rather than improvement (see
Table 5.5).. . Obviously, this area requires further act1on. No attempt has ‘heen
made to deve]op guidelines to pred1ct service life. . The diversity of failure
mechanisms militate against a definite position. The recommendation section
notes further suggested actions with regard.to codes and standards.

This report is,an extensive overv1ew of the status of snubbers,_and as
such, it represents a dissemination of techn1ca1 resu]ts. With regard to inno-
vative materials and designs, efforts were limited to the existing status.

As cited previously, there have been extensive interactions with NRC staff
either with regard to techn1ca1 spec1f1cat1ons through the Piping Review
Committee or d1rect1y with the author of the draft Regulatory Guide. Finally,
interaction with the nuc]ear 1ndustry has occurred through the _Titerature,
through direct contacts regarding ongoing snubber activities, or through a
series of contacts related to the reduction of the number of snubbers., An
obvious interface is the PVRC Steering Committee on Piping, which permits
interaction between NRC, utilities, and nuclear, steam supply system (NSSS).
suppiiers. The NPAR program strategy has been conswdered and actively used in
developing and enunc1at1ng this program, .

The following major recommendatibns are made:

e The PVRC suggestions include incorporatibn into ASME III as well as
approval of NRC on a case-by-case basis and ultimately on a generic
basis to provide ut111t1es the opt1on to marked]y reduce the tota1
number of supports, part1cu1ar1y snubbers now used on p1p1ng.

'o';A large number of ag1ng/degradat1on mechan1sms have been c1ted In
fact, there are far too many to perm1t concentratlon on any one . :
mechan1sm. Therefore, it is 1mperat1ve to’ pursue qua11f1cat1on test-
4ng to m1n1m1ze fa11ure and to prov1de an ear]y warn1ng of fa11ures.

e The draft Regulatory Gu1de on shubbers should be act1vated as 'soon as
possible to provide a definitive basis for quatification testing.
Existing criteria w1th1n ASME XI are 1nadequate with regard to test- ..

~ing of ‘'snubbers-and are nonexistent for larger snubbers. Further-
more, the criteria for exam1nat1on may not be suff1c1ent Technical
spec1f1cat1ons should be standard1zed ‘and’ the suggest1ons included
in the report 'should meet this" requ1rement.
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A definitive standard is requ1red for environmental qualification
testing.

The following additional recommendations are specific to given tests:

e Breakaway force is sensitive to both vibration and extended periods
‘of inactivity; 1nact1v1ty may increase breakaway force levels sub-
stantially. Both conditions may exist and should be considered.

® The usual tendency is to minimize the dead band level to minimize
impact loads in the snubbers and attached comporents. This tendency
needs to be counterbalanced against the increased tolerance to higher
vibration levels at higher dead band levels.

e The spring rate or load displacement is an indication of the stiff-
ness in the snubber; however, stiffness is controlled by the asso-
ciated hardware ‘attached to the structure, the snubber, and the com-
ponent. Therefore, the spring rate of the snubber is only a part of
the picture and evaluations based on the cited values may not be
valid.

e The various measured parameters are quite sensitive to the type of
test and the test procedures. An acceptable snubber may be rejected
or an unacceptable snubber may be accepted due to variability in test
equipment and test procedures. This factor is not recognized in the
various codes and standards. A definitive set of criteria should be
developed to control this variable.

It is apparent that acceptance and qualification of snubbers is based on
some or all of the following parameters: activation, breakaway, dead band,
drag, release rate, and spring rate., Therefore, any consideration of preser-
vice and in-service testing should consider these same parameters and determine
if they will detect the various aging/degradation mechanisms to which snubbers
are subjected. Measurement of these parameters can detect wear, corrosion,
‘tUﬁfEﬁTﬁEETEﬁ:‘and changes in hydraulic fluid caused by temperature, changes in
viscosity, or entrapped air. Loss of fluid in hydraulic snubbers iS obvious,
and-mechdnical snubber Tockup can be detected by several tests,

e

In hydraulic snubbers, the hydraulic fluids should have adequate lubricity
to minimize galling, be compatible with other materials {e.g., seals), be
stable under operating conditions, provide corrosion protection, resist fire,
resist radiation damage, and be capable of cleansing by filtration., The
effects of entrained or dissolved gases should also be considered.
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An analysis of the impact of in situ testing of large snubber should be
completed, and the results should be compared with the current ASME XI position
of not requiring testing. The position developed should be made available in
an appropriate document.
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APPENDIX A -
CONTENTS OF A FUNCTIONAL SPECIFICATION FOR SNUBBERS USED.IN SYSTEMS
- IMPORTANT TO SAFETY -

Al

1. SCOPE

This document establishes requirements for a functional specification for
mechanical and hydrau11c snubbers for app11cat10ns in systems 1mportant to the.
safety of nuclear power plants. : ' '

2. - DESIGN SPECIFICATION RELATIONSHIP

The functional spec1f1cat1on prov1des deta11ed def1n1t1on of funct1ona1 \
requ1rements app11cab1e to snubbers for components and p1p1ng systems 1mportant
to safety. The requ1rements of the funct1ona1 spec1f1cat1on may be prov1ded
as part of the snubber design spec1f1cat1on or as part of an equipment or pur-
chase specification that also includes the de519n spec1f1cat1on If this func-
tional specification is prepared by the snubber manufacturer an app11cat10n
report prepared for the licensee shall be made part’ of the ‘design specification.
The ‘application report shall be reviewed and certified by one or more registered
professional engineers to be correct and complete in accordance with ‘the func-
tional parameters developed from the safety-related functional requirements with
those in the functional specification prepared by the manufacturer. ' Compliance
with these requirements for this functional specification is intended to ensure
that the operating conditions and safety-related functions of the snubber have
been adequately defined; permitting the snubberfmanufacturer to demdnstréte the
adequacy of both the desxgn of the ‘snubber and the materxa]s used in 1ts con-
struction for the intended serv1ce R '

3.  DEFINITIONS

N - A
- I

Act1vat1on level = The ax1a1 ve10c1ty or acce]erat1on that causes the actl-

vation of the snubber. "7 * - ' M T
Dead band - The free axial movemént:of the" snubber between the two dctiva-
tions in opposite directions. e '
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Drag - The breakaway load that overcomes the internal snubber friction or
the load maintaining the snubber movement at a specific velocity.

Emergency load - The design load capacity for the snubber based on the
use of Level € Service Limits defined by Section III of the ASME B&PV Code.

Faulted load - The design load capacity for the snubber based on the use
of Level D Service Limits defined by Section III of the ASME B&PV Code.

Rated load - The design load capacity for the snubber based on the use of
Level A Service Limits defined by Section III of the ASME B&PV Code.

Release rate - The rate of the axial snubber movement after the activa-

tion of the snubber under a specified load.

Spring rate - The linear approximation of the relationship between the
peak force range and the peak displacement range. The peak displacement range,
including the dead band, should be obtained during the dynamic cyclic test
through the peak force range. The peak force range should include the rated
load or emergency load apﬁ]ied in opposite directions.

4.  FUNCTIONAL SPECIFICATION

It is the responsibility of the owner or his agent to identify the safety-
related functional requirements of the snubber and provide for the delineation
of the following:

a. App]icatiqn.characteristics (see Section 4.1),

Design requirements (see Section 4.2),
Operational requirements (see Section 4.3),
Functional parameters (see Section 4.4),

Special material requirements (see Section 4.5),
Installation requirements (see Section 4.6),

.

Maintenance and inspection requirements (see Section 4.7),

?(Q‘SS'DQ.OF'

Other requirements (see Section 4.8).

4.1 Application Characteristics

The application characteristics of each snubber shall be identified by
listing whichever of the following descriptive terms are appropriate:

a. Seismic restraint,

b. Dynamic force restraint,
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c. Pipe whip restraint,
d. Relief valve restraint,
e. Others, including combinations of the above.

4.2 Design Requirements

The following information shall be specified: -

a. The design operating temperature, .

b. Time-temperature data for design thermal transients w1th the number
of cycles indicated, : . :

c. The seismic acceleration and dynamic loadings. that the snubbers must
be capable of withstanding transverse:to the line of action without loss of
functional capability, ‘ : , ,

d. The seismic acceleration and dynamic loadings that the snubbers must
be capable of withstanding along the line of action without loss of functional
capability, , y .

e. Limits on the acceptab]e range of the fundamenta] frequency of the
snubber assembly, '

f. Limits on acceptab]e angu]ar offset from the line of action of -the
load.

4.3 Operational Requirements

‘Anticipated modes of snubber operation, including those related to seismic
events, water hammer, etc., shall be specified.- The operating conditions and
environmental conditions shall be identified.

4.3.1 OQOperating Conditions.  The number of operational cycles, the imposed
loading or movement (number, amplitude, and direction), and the environment,
including temperature, for each of the following operational categories shall
be specified: : . . U : -

a. Installation testing, -

'b.  System hydrostatic testing, .

~ €. .Preoperational testing, . -

d. - -Startup testing, - R L RS :

e. Normal and abnormal plant operations. (including postu]ated accident
conditions, shock, or pulsating loads),
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f. Inservice testing,
g. Vibration,
h.  Others.

4.3.2 Environmental Conditions. A histogram of the environmental condi-
tions that are postulated to exist shall be provided.

The need of snubbers to survive normal and abnormal environmental condi-
tions with or without maintenance shall be stated. Since the attaching hard-
ware can influence the survival of the snubber, it shall also be considered.
The following factors are considered relevant:

“a. The atmosphere, including chemistry, temperature, humidity, and radio-
activity, in which the snubbers will be installed and must operate under normal
plant conditions.

b.-. The atmosphere, including chemistry, temperature, humidity, and radio-
activity, in which the snubbers must operate under upset, emergency, and faulted
plant conditions. The duration of these conditions shall be specified.

c. The vibration environment under normal, upset, emergency, and faulted
conditions.

4.4 Functional Parameters

As a minimum; the following functional parameters shall be specified.
~a.  Acceptable limits for both the breakaway drag force and the drag
force associated with moving under a specified velocity at the maximum and
minimum working temperatures,
b.  Acceptable limits for the dead band at the maximum and minimum working
temperatures for the range of working loads and piston locations,
“c.  Activation level (when applicable) and tolerance at rated load at
the maximum and minimum.woirking temperatures,
d. Release rate and tolerance at 5%, 10%, 25%, 50%, and 100% of rated
load and at emergency load for the maximum and minimum working temperatures,
e. Acceptable range of spring rates at the maximum and minimum working
temperatures and the frequency, the load range, and the classification of the
load (i.e., normal or emergency) at which the spring rate is to be determined
with piston locations at 1/4, 1/2, and 3/4 stroke locations.
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4.5 Special. Material Requirements

Special material requirements of the snubber shall be specified. Items
to be considered shall include, but not be limited to, the following:
Hydraulic fluid (including its potential for electrolytic corrosion),
Seals, )
Springs,
Special surface preparations or coatings,

P op o ow

Lubricants.

4.6 Installation Requirements

The following requirements for the installation of the snubber shall be
specified:

a. Orientation of the hydraulic snubber and relative position of the
hydraulic reservoir to the snubber if any limitations exist,

b. Orientation of the mechanical snubber installation if any limitations
exist,

c. The available space for installation and removal if any limitations
exist, .

d. Piston location in the snubber as installed,

e. The range of transverse movement provided,

f. Any special mounting provided or required.

4.7 Maintenance and Inspection Requirements

An acceptable hydraulic fluid leakage rate shall be specified for hydraulic
snubbers. Other special provisions for snubber maintenance shall be specified.
Where requirements are established for in situ inservice testing, requirements
should be included for demonstrating the feasibility of performing the required
inservice tests (i.e., drag test, activation level test, and release rate test)
with specific test equipment.

4.8 Special Performance Requirements

Other requirements for special performance or loading conditions, as appli-
cable, shall be specified.
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APPENDIX B . -

QUALIFICATION OF FUNCTIONAL PARAMETERS
FOR SNUBBERS USED IN SYSTEMS IMPORTANT T0 SAFETY

1. SCOPE

This document describes the basic requirements for the qualification of a
design for snubbers used in nuclear power plant systems important to.safety.

2.  PURPOSE

The purpose of this document is to provide guidance for demonstrating the
capability of a snubber design to satisfy the specified functional requirements.
Testing is required to demonstrate, the capability. of the design to satisfy all
specified functional requirements except .the ability to withstand ultimate load,
for which an analysis may be used:instead of testing.

3.  QUALIFICATION PLAN

A qualification plan shall be developed for each snubber design-and rating,
and this plan shall be submitted to the owner or his agent to be reviewed for
consistency with the design specification and for_ approval or:acceptance as
tﬁe basis for an application report. The-qualification.plan for functional
parameters for snubbers shall, as;a minimum, contain the following information:

.a.-  Snubber descriptions and‘§pecifieations (see Section 3.1),
~ Snubber sampling requirements (see Section.3.2),
Material. data requiremenyei(see_Secpion;3,3),
Mounting. requirements:(see Section 3.4), . L e
-The .aging- s1mu1at1on .requirements (see Section 3.5), ... . .
‘The service condition simulation requirements (see Sect1on 3. 6),

@ - ® a0 o

.-Functional parameters and epy;ropmenta}.yar;ab]es to be measured
.y -(see Section.3.7),.. . . . . .. o e
- . :h. Test and mon1tor1ng equipment requ1rements (see Sect1on 3 8),
i. The test sequence (see Section 3.9),
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j. Special tests (see Section 3.10),
k. Limits or failure definition for the test (see Section 3.11),
1. Ultimate load capacity (Section 3.12).

3.1 Snubber Descriptions and Specifications

The snubber design to be qualified shall be described in full by its model
number, drawing numbers, and total weight. Serial numbers of tested snubbers
shall be recorded. The qualification requirements shall be specified in the
functional specification that covers the functional parameters described in
Appendix A.

3.2 Snubber Sampling:Requirements

Two snubbers, either two prototypical units manufactured for qualification
purpose or two proddttion units selected randomly from a population of not less

than four, shall be used to qualify a specified design and rating. This includes

the use of the same materials, parts, and general arrangement. Snubbers used
for qualification testing shall not be used for functions important to safety
in.nuclear power plants.

3.3 Material Data Requirements

" The following material data shall be included to ensure that the snubber
was manufactured according to the specification:

a. The data from or reference to tests conducted to prove the adequacy
of the basic material selection, including, for example, tests for compatibil-
ity between the seal material and the hydraulic fluid and between the seal
material and the working environment with special consideration given to the
combined effects of temperature and radiation on material performance.

b. The data on material and process traceability for the snubber. These
data shall be included to demonstrate that the material of the snubber that
was tested and the materials called out in the manufacturing specification have
the same specification as the materials whose selection was justified in 3.3.a.
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3.4 Mounting-Requirements

The qua11f1cat1on plan sha]] spec1fy the way . the snubber is to be mounted
for testing. The plan shall requ1re that the snubber unit be. mounted in a manner
1(pins bolts, .welds, clamps, etc. ) and pos1t1on (or1entat1on w1th respect to
grav1ty) that s1mu1ate 1ts expected 1nsta11at1on w1th attachments for service
-~ application when in actua] use un]ess an ana]y51s can be. performed to show that
its performance would not be a]tered by other means of mount1ng Such an
analysis should be based on a demonstration using service exper1ence and previous
test results that all relevant failure modes re]ated to mount1ng have been .
adequate]y considered in the ana]ys1s and ‘that assumpt1ons made to prov1de a
'bas1s for the ana]ys1s are reasonab]e S

$ . o S i~

3t5 Ag;;g S1mu]at1on Requ1rements‘

The qua11f1cat1on p]an sha]] spec1fy the ag1ng s1mu1at1on for the snubber

. ,ddes1gn based .on requ1rements 1n the funct1ona1 spec1f1cat1on Ag]ng s1mu1at10n

_procedures to put the snubber un1ts in a cond1t1on equ1va1ent to the end of life
‘condItlon sha]] be conducted 1nc1ud1ng sand and dust s1mu1at1on and a sa]t
spray test s1m11ar to Mil-E- 5272c* if the spec1f1ed work1ng env1ronment requ1res
it.

3.6 Serv1ce Cond1t1on S1mu1at10n Requ1rements

The qua]1f1cat10n p]an sha]l spec1fy a steam hum1d1ty s1mu1at1on of 350°F
- (177°C) saturated steam and for.a durat1on of 72 hours 1f ‘the snubber service
area is 1ns1de .the contalnment It sha]] specify a submergence in 200°F (93°C)
water for .a durat1on of 72 hours it the snubber serv1ce 1s ina water v

,renv1ronment e,

P N O ae . .
[ N SRR UL R S L2250l
s fv l“p.‘\l N ! P‘ oo

3. 7 Funct1ona1 Parameters and. Env1ronmenta] Var1ab1es To Be Measured '

“The qua]1f1cat1on;p]anxsha11 specifythe:functional -parameters and environ-
mental variables to be:measured ‘for the:snubber :test.. The-functional .parameters
7 shall include, as ‘a:minimum, :the:drag, the .dead band, .the:activation level (when

1y Nl L, - S ). S .e, . PR .
[ S A S « oo '~. i ot . ' PR S

-t . E] . - < -y .
R ol e g'.: ':,fn'”i‘..- DL

X .. . L L Y
"Environmental .-Testing; Aeronautical and Associated Equipment, -General :Specifica-
tions for" may be obtained from the Naval Publications and Forms Center,

5801 Tabor Avenue, Philadelphia, Pa. 19120, Phone: (215)697-3321. ' =
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applicable), the release rate and the’ spr1ng ‘rate. The ‘environmental vari-
ables shall include temperature hum1d1ty or steam-water’ condition, special
therma] trans1ents “and rad1at1on (when appT1cabTe) ' For hydraulic snubbers,
‘the hydrau11c fluid Teakage durlng tests shaTT be recorded. The appTication
"of a low-amplitude ax1aT vibration to snubbers for not less than 5 X 106 cycTes
shaTT be 1ncTuded as an env1ronmenta1 requ1rement

3.8 Test and Mon1tor1ng Equ1pment

The test shall be conducted and monltored using equ1pment that prov1des
resolution for detecting meaningful changes in the variables. The qualifica-
tion plan shall specify the test and mon1tor1ng equ1pment to be used for the
qua11f1cat10n of the snubber and describe the accuracy w1th1n the range antici-
"pated for use on the proposed tests. The test equipment and monltorlng equip-
ment shall be caTibrated'abaimst auditable calibration standards and shall have
documentat1on to support such calibration. The data-record1ng equipment’ shall
have sufficient speed and ‘capacity to permit the time dependence of each measured
variable to be determined.

3.9 The Test Sequence

e

The qua11f1cat1on test shall include the foTTow1ng tests 1n the described
sequent1a] ‘order as a m1n1mum requ1rement

a.‘ A1l five parameters described 1n Section 3.7 shall be determined at
the recorded room temperature (or the spec1f1ed Towest design service tempera-
ture +10°F (5.5°C), whichever is lower). Temperature ‘shall be recorded at the
beginning and end of each of the tests. The tests shall be performed with the
snubber at the 1/2 stroke location uniess otherwise required.

1. * The drag shall be datermined for both directions both for the
breakaway condition and for-the condition of moving-at a specified velocity.
The .values of the drag and the velocity shall be.recorded.

s 2. The activation level (when applicable) shall be tested for both
directions by rapid cyclic application of a force equal to 5%, 10%, 25%, 50%,
and 100% of the rated load. The acceleration and velocity of the piston motion
""shall:be'recorded as a functlon of time. The act1vat1on ]evel shall be deter-
mined from this . recordIng for each force Tevel o ‘
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3.  The dead band shal] be .recorded: ~during- the act1vat1on ]eve]
testing descr1bed in Sect1on 3 9. .a. 2 )

4. The release rate shal] be tested and recorded for both d1rect1ons
at 5%, 10%, 25%, 50%, and. 100% of rated 1oad and at the emergency oad. ‘

5. The sprlng rate sha]] be tested by a dynamlc cyc11c 1oad1ng equal
to the rated load or other spec1f1ed 1oad and w1th snubber movement centered
about the 1/4 1/2, and 3/4 stroke 1ocat10ns accordxng to the requ1rement of
the functional spec1f1cat1on The test1ng frequency sha]] be from 3 Hz to 33
Hz at intervals of approx1mate1y 3 Hz. Each frequency shall Iast not less than
10 seconds. Response at each frequency shall be. recorded as ]oad d1sp]acement
traces. _

6. One cyc]e dynam1c ]oad1ng tests w1th snubber movement centered
about the 1/4 1/2, and 3/4 stroke locations and a 1oad1ng amplitude equal to
the faulted loading shall be performed to demonstrate adequacy of the response
The force displacement, and veloc1ty shall be recorded for this test Any .
damage to the snubber resulting from this test may be evaluated separately or
by performance in tests of b. or c. below.

7. Hydraulic fluid leakage during the test1ng sha]] be recorded

b. Repeat tests'described in-a. but with ‘snubber temperature at’ 200°F
'(93°C) (or the spec1f1ed h1ghest design service temperature wh1chever is
'hfgher) g ‘ . L BN DR b

' “The ag1ng simulation’ procedure described in Sect1ons 3.5 and 3.6 shall
be conducted, including the application of at least 5 x 10 cycles of an axial
vibration with an amplitude not less than 100% of the dead band at the applied
frequency.

d. Repeat tests described in a. after completion of the aging simulation
procedures descrjbed_fn c.

;?I

3. 10 Spec1a1 Tests .' o :'jLU“ ' '

P 1 S
O A ! SO0 kL

‘The: qua]1f1cat10n p]an shall specify special tests_for the snubber des1gn
according to the -design specification requirements.:- These are the tests .
demonstrating the ability of the snubbers to meet special specified requirements
such as load-sharing arrangements or an in situ inservice activation test.

Test setup and equipment used shall closely simulate the required condition.so
the feas1b111ty can. be 111ustrated and corre]at1on between resu]ts can be

estab11shed L
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3.11/Limits or Failure Definition:for the Test

The snubber de51gn sha]] be cons1dered to have falled the qua]1f1cat1on

‘ test if any one of the fo]]ow1ng occurs

a. The drag exceeds the spec1f1ed limits in e1ther direction.

'b. The dead band exceeds the specified 11m1t

cTA ‘The'act1vat1on 1eve1 exceeds the spec1f1ed range in either d1rectlon
d. The re]ease rate exceeds the specified range in either direction under

the specified loadlngs ' ‘

"e. The spr1ng rate 1s less than the spec1f1ed range for all frequenc1es
at the spec1f1ed stroke locat1on
f. The hydrau]1c f]u1d leakage rate exceeds the spec1f1ed limit.
"'g. Any fa1]ures except those caused by test1ng equ1pment or procedure
abnorma11t1es oceur.
Revisions to the des1gn must be made before the new design can be qualified
1n accordance w1th th1s Appendix.

3. 12 U1t1mate Load Capac1ty

- The ultimate load capac1ty of a snubber design shall be determined by anal-
ysis. The analysis. report shall follow the stress report requirement described
by Section III of the ASME B&PV Code. The mode of failure, whether the snubber

. movement will be. frozen or free after an ultimate failure, shall be determined

by the analysis.

4.  DOCUMENTATION

4.1 General

The qualification documentation shall provide a basis for demonstratinQZY
that the snubber design is qualified for its application and meets its specmj
fied performance requirements. The basis for the qua11f1cat1on shall be des-
cribed to show the relationship of all facets of ‘analytical and test results
to the specified requirements’ in order to support the adequacy of the snubber

e

design.

4; 2 .Documentation Files. = - ." . ' Stz

The manufacturer sha]l ma1nta1n a file of the qua11f1cat1on plan and test

data for each specific snubber design tested. The file shall contain the infor-
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mation listed in Section 3. Test data shall be recorded as_described in Sec-:
tion 4.3. = .

-, .- L . . L. ooy o .- . ., = i e T

4.3 Test Data

T . . -
- - . : e et e D e

The test data shall contain: . czo vl riran -0 o oo n L na

a. “-The 'snubber .functional specification, - - .: -
b. The qualification plan, R B

c. Identification of the specific functional parameter(s) to be demon-
strated by the test,
d. The relative position of the test in the test sequence,
e. Report of test results. The report shall include:
1. Objective of the test,
2. The snubber tested,
3. Description of test equipment (fest setup) and instrumentation
used including calibration records reference,
Deviations from the qualification plan, if any,
Test procedures,
Test results,
Summary, conclusions, and recommendations,

P\IO’\Ul-h

Approval signature and date (certification by a professional
engineer competent in the field of functional and environmentail
testing).

4.4 Test Evaluation

After the snubbers have successfully passed or failed the qualification
tests, a posttest analysis shall be conducted. The results of this analysis
shall be a part of the report of test results and shall contain the following
information:

a. Identification of the snubber tested,

The last test conducted on the snubber in the test sequence,

Analysis of the posttest snubber condition,

Summary, conc]usions; and recommendations,

Approval signature and date (certification by a professional engineer
competent in the field of functional and environmental testing),

f. Disposition of snubber.

o o 0 o
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4.5 Other Information

The following information, as applicable, shall be included in the report
of test results:
a. A statement of inapplicable portions of the specification,
b. A description of any conditions peculiar to the snubber test that
are not covered above but that would probably affect the performance
of the snubber during testing.

B.8



APPENDIX C

ACCEPTANCE TESTING CRITERIA FOR THE PRODUCTION OF

SNUBBERS USED IN SYSTEMS IMPORTANT TO SAFETY




APPENDIX -C - .

" ACCEPTANCE TESTING CRITERIA FOR THE PRonuéfIBN";

OF SNUBBERS USED IN SYSTEMS IMPORTANT TO SAFETY
1. SCOPE S R SR
o ’ i K oo BHRETT : frre B

Th1s document descrlbes the bas1c reqq1rements for the eeceptance test

for the product]on of snubbers used in systems 1mportant to safety 1n nuc]ear
power plants. S e e et e . -
2., PURPOSE .
.. The ‘purpose of.:this document is;to provide. guidance for demonstrating-the
adequacy of fabrication in light :of:functional .requirements for.the-acceptance
of snubbers.from;the-production.Iine:, Acceptance testing is required. for all:

snubbers that are used in systems important to safety. r

S T R T S
Tl TLaTony T

3. PRODUCTION:-ACCEPTANCE TEST PLAN:... iyt

vl

A production acceptance test plan shail be deveioped ‘for ‘each model “and
size of snubber by the snubber manufacturer and shall be submitted to the owner
or his agent to be reviewed for consistency with the ‘design specification and
for.‘approval.- .The:production acceptance test plan for snubbers shall contain
the following:information: : ..o 5 sniv ~y. - 3

;. aJt v Snubber descriptions andispecifications (see:Section 3.1), °

© b * Manufacturing data :(see-<Section-3.2), «: AT ot
o €. 7. Test mounting:requirements ‘(see:Section:3:3), - L .o T it
..-d.#-: :Functional parameters:.to be?measured;(see Section.3.4), - ' .
e. Test and monitoring equipment requirements (see Section 3.5),. -«
f. Test sequence (see Section 3.6),
g. Limits or failure definition for:tthe test (see-Section:3.7): ..
[ 17 T ! PRI e 4 ! . ' B N
MR ‘ ~ SN TeR S S ; r haT
Tt BT ATt MR I T groam oo o v o
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3.1 Snubber Descriptions and Specifications

The snubber §ha11 be described in full by its model number, serial number,
drawing numbers, and total weight.

3.2 Manufacturing Data

The manufacturing data identified below shall be included to ensure that
the snubber was ménufactﬁred-écéohding to the sbecfficatfon and that materials
and brocesses have the‘Séﬁe specification as those for the snubbers used in
the qualification tests (Appendix B).

a.. The data from or reference to tests conducted to prove the adequacy
of the basic design. This should include, for example, the compatibility test
between seal material and the hydraulic fluid and the working environment'with
special consideration given to the combined effects of temperature and radia-
tion on material performance. A master file of material properties can be
referred to. . ‘

b.  The data on material and process traceability of the snubber. These
data shall be included to demonstrate that the snubber has successfully met
the fabrication requirements.

3.3 Test Mounting Requirements

The test plan shall specify the way the snubber is to be mounted for testing.
The plan shall require that the snubber be mounted in a manner (pins, bolts,
welds, clamps, etc.) and position (orientation with respect to the gravitational
field of the earth) that simulate its expected service installation using stand-
ard interface hardware when in service unless an analysis can be performed and
justified to show that the snubber's performance would not be altered by other
means of mounting..

3.4 Functional Parameters To Be Measured

The test plan shall specify the method of testing for all functional param-
eters as specified in the functional specification. As a minimum, the following
four functional parameters shall be measured for the snubber test under a recorded
temperature ambient. They shall include the drag, the dead band, the activation
level (when applicable), and the release rate. The plan shall also specify
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that for hydraulic snubbers, the.hydraulic fluid leakage during tests shall be.
measured .and.recorded.

v TR S ot
L

BRI B o e - AT [
3.5 :Test.and Monitoring Equipment. . .= . .

«»:The test plan shall indicate the equipment-and types of ‘sensors used to
measure the parameters for the:test iand: describe the :accuracy within the range
anticipated for use'on the tests.””-They:should provide sufficient resolution
to detect meaningful changes in the variables. The test equipment and moni- :
“toring equipment:shall-be calibrated‘against ‘auditable calibration standards
and shall have documentation to support such calibration. The time interval .
i"between measurements.shall::be specified:in the test plan so that the time
dependence of each measured variable can be determined.: '

........
s v by

3. 6 Test:Sequence -~ . %f 4% npeoel 00y

The testlng sha]] 1nc1ude the fo]]ow1ng tests in the descr1bed sequent1a1
order as a m1n1mum requ1rement un]ess the deSIQn spec1f1cat1on requ1res ‘other-
1w1se Inserv1ce test” behav1or sha]] be cons1dered f itis a requ1rement

a. A free (w1thout 1oad) exerc1s1ng of not less than 30 full- stroke
ncycles shall be made to* demonstrate ‘that the snubber un1t 1s in work1ng order.

b.  A11'four parameters described in Section 4.4 ‘shall be ‘determined “and
ambient and snubber temperature recorded with the snubber movement centered
about the 1/2 stroke position. e

1. The drag shall be determined both for the breakaway condition
..and the condition of movingnynder a specified've1ocjty. Tests shall.be made
for .both d1rect1ons St as J;JL,; -t s e

2. The activation level shall be tested for 5%,Y10%,[25% 50% and
100% of the rated load for both directions.

3. The dead band of the snubber shall be measured and recorded .
dur1ng the tests descr1bed in Section 3.6.b.2. o
J ) “'4. “The re]ease rate sha]ilbe tested “at! 5% '10%, 25% 50% and '100%
of the rated load Tests sha]] be ‘madé’ for both d1rect1ons TR T

e g Hydxau11c fluid’ 1eakage dur1ng the test1ng sha]1 be recorded
oRnns oL apn r ey e et )

"v\'-
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3.7 Limits or Failure Definition for the Test -

a. As a minimum, the test plan shall specify the limits for the param-
eters identified below. The snubber unit shall not be accepted for applications
in systems important to safety if any one of the functional parameters fails to
meet the specified limits, in particular, if any one of the following occurs:

1. The drag exceeds the specified limits in either direction.

2. The dead band exceeds the specified 1imit value for the
associated loading.

3. The activation level exceeds the specified range in either direc-
tion. .

4. The release rate exceeds the specified ranges in. either direction
under the specified loadings.

b. The test plan shall specify a hydraulic fluid leakage limit for the
test of hydraulic snubbers based on the design specification requirements.

The unit shall not be accepted from the production line if the hydraulic fluid
leakage rate exceeds the spec1f1ed limit.

c. A posttest analysis shall be made for those snubber units that failed
the test. Rework to correct the deficiency identified by this analysis is allowed
only if the deficiency is not caused by the basic design. The reworked snubber
unit may be retested and accepted if it meets the test requirement.

4. DOCUMENTATION
4.1 General

' The documentation of the test results shall provide a basis for demonstrat-
lng that each snubber accepted from the production line has met its specified
performance requ1rements ’

4.2 Documentation Files

The manufacturer shall maintain a file with the production acceptance test
plan and test data for each specific snubber tested The file shall contain
the information 11sted in Sectlon 3 Test and ana]ySIS data sha]] be recorded
as described in Section 4.3. If a snubber falled to pass the test requirements,
a post-test analysis shall be conducted. The results of this analysis shall
be a part of the documentation as described in Section 4.4.
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4.3 Test Data and Records

4.4

The test data shall contain:

a.
b.

The reference production acceptance plan,

Report of test results. The report shall include:

1.
2.
3.

© N o » o

Objective of tests,

Identification of the snubber tested,

Description of test equipment (test setup) and instrumentation
used, including reference to calibration records,

Deviations from the test plan, if any,

Test procedures,

Test results,

Summary, conclusions, and recommendations,

Approval signature and date indicating acceptance or
nonacceptance.

Test Evaluation and Records

The posttest analysis data shall contain:

a.

™" o O T

Identification of the snubber tested,

Tests in which the snubber failed to meet the requirement,

Analysis of the posttest snubber condition,

Summary, conclusions, and recommendations,

Approval signature and date.
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APPENDIX D

WESTINGHOUSE STANDARDIZED TECHNICAL SPECIFICATIONS

PLANT SYSTEMS W-STS

3/4.7.9 SNUBBERS

LIMITING CONDITION FOR OPERATION

3.7.9 Al11 snubbers shall be OPERABLE. The only snubber excluded from the
requirements are those installed on nonsafety-related systems and them only if
their failure of failure of the system on which they are installed would have
no adverse affect on any safety-related system.

APPLICABILITY: MODES 1, 2, 3, and 4. MODES § and 6 for snubbers located on
systems required OPERABLE in those MODES.

ACTION:

With one or more snubbers inoperable on any system, within 72 hours replace or
restore the inoperable snubber(s) to OPERABLE status and perform an engineering
evaluation per Specification 4.7.9g. on the attached component or declare the
attached system 1noperab1e and follow the appropriate ACTION statement for that
system,

SURVEILLANCE REQUIREMENTS

4.7.9 Each snubber shall be demonstrated OPERABLE by performance of the fol-

lowing augmented inservice inspection program in lieu of the requ1rements of
Spec1f1cat1on 4.0.5.

a. Inspect1on Types

As used in this spec1f1cat1on, type of snubber shall mean snubbers of
the same’ des1gn and manufacturer, 1rrespect1ve of capac1ty.

b. Visual Inspections
Snubbers are categorized as inaccessible or access1b1e durlng reactor
operation. Each of these groups (inaccessible and accessible) may be
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inspected independently according to the schedule below. The first
inservice visual inspection of each type of snubber shall be per-
formed after 4 months but within 10 months of commencing POWER
OPERATION and shall include all snubbers. If all snubbers of each
type (on any system) are found OPERABLE during the first inservice
visual inspection, the second inservice visual inspection {of that
system) shall be performed at the first refueling outage. Otherwise,
subsequent visual inspections (of a given system) shall be performed
in accordance with the following schedule: :

No. of Inoperable Snubber of Each Type Subsequent Visual
(on Any System) per Inspection Period Inspection Period*, **
0 18 months 125%
1 12 months +25%
2 6 months *+25%
3,4 124 days +25%
5,6,7 62 days +25%
8 or more 31 days 125%

* The inspection interval for each type of snubber (on a given
system) shall not be lengthened more than one step at a time
unless a generic problem has been identified and corrected;
in that event the inspection interval may be lengthened one
step the first time and two steps thereafter if no
inoperable snubbers of that type are found (on that system).

** The provisions of Specification 4.0.2 are not applicable.

Visual Inspection Acceptance Criteria

Visual inspections shall verify that: (1) there are no visible indi-

~cations of damage or impaired OPERABILITY, (2) attachments to the

foundation or .supporting structure are functional, and (3) fasteners
for attachment of the snubber to the component and to the snubber
anchorage are functional. Snubbers which appear inoperable as a
result of visual inspection may be determined OPERABLE. for the pur-
pose of establishing the next visual inspection interval, provided
that: (1) the cause of the rejection is clearly established and
remedied ‘for that particular snubber and for other snubbers irrespec-
tive of type (on that system) that may be generally .susceptible; and
(2) the affected snubber is functionally tested in the as-found
condition and determined OPERABLE per Specification 4.7.9f. A1l
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.d.

e.

snubbers connected to-an inoperable common-hydraulic fluid reservoir
shall be counted as inoperable.snubbers. (For those snubbers common
to more than one system, the OPERABILITY of such snubbers shall be
considered in assess1ng the surve111ance schedu1e for each of the
related systems ) - :

Transient Event Inspect1on o

An inspection shall be performed of all.snubbers attached to sections
of systems that have experienced unexpected, potentially damaging
transients as determined from a review of operational data and a
visual inspection of the systems within 6 months following such as
event. In addition to satisfying the visual inspection acceptance

‘criteria, freedom-of-motion ‘of mechanical snubbers shall be verified

using at least one of the following:' (1) manually induced snubber
movement; or (2) evaluation of in-place snubber piston setting; or
(3) stroking the mechanical snubber through its full range of travel.

Functional Tests

During the first refueling shutdown and at least once per 18 months

" thereafter during shutdown, a representative sample of snubbers of

each type shall be tested using-one of the following sample plans.
The sample plan for each type shall be selected prior to the test
period and cannot be changed during the test period. The NRC
Regional Administrator shall be notified in writing of ‘the :sample
plan selected for each snubber type prior to ‘the test period or the
sample plan used in the prior test period shall be implemented:
1) At least 10% of the total of each type of snubber shall be
~ . functionally tested either in-place or in a bench test. For
.each snubber of a type that does not meet the functional test
-acceptance criteria of Specification 4.7.9f., an additional 10%
- .of that-type of snubber shall be functionally tested until no
more -failures are found or unt11 all snubbers of that type have
~-been functionally ‘tested; or: :

2) A representative sample of “each type of snubber sha11 be func-

tionally tested-in accordance with Figure:4.7-1. "C" is the
total number of snubbers .of :a type found not meeting the accept-
ance requirements of Specification 4.7.9f. The cumulative
number of snubbers of a“type tested is denoted by "N". At the
end of each day's ‘testing, the new values of "N" and "C" (pre-
vious day's total plus’current'day's increments) shall be
plotted on Figure:4.7-1, "If-at any time the point plotted falls

> 1in the "Reject" region, all snubbers of ‘that type shall be

. . functionally tested. 'If-at any time the-point ‘plotted falls in
the "Accept" region, testing of snubbers of that type may be
terminated. When the point plotted lies in the "Continue
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Testing" region, additional snubbers of that type shall be
tested until the point falls in the "Accept" region or the
"Reject" region, or all the snubbers of that type have been
tested; or
3) An initial representative sample of 55 snubbers shall be func-
tionally tested. For each snubber type which does not meet the
functional test acceptance criteria, another sample of at least
one-half the size of the initial sample shall of at least one-
half the size of the initial sample shall be tested until the
total number tested is equal to the initial sample size multi-
plied by the factor, 1 + C/2, where "C" is the number of snub-
bers found which do not meet the functional test acceptance
criteria. The results from this sample plan shall be plotted
using an "Accept" line which follows the equation N = 55(1 +
C/2). Each snubber point should be plotted as soon as the
snubber is tested. If the point plotted falls on or below the
“Accept" line, testing of that type of snubber may be termi-
nated. If the point plotted falls above the "Accept" region or
all the snubbers of that type have been tested.
Testing equipment failure during functional testing may invalidate
that day's testing and allow that day's testing to resume anew at a
later time provided all snubbers tested with the failed equipment
during the day of equipment failure are retested. The representative
sample selected for the functional test sample plans shall be
randomly selected from the snubbers of each type and reviewed before
beginning the testing. The review shall ensure, as far as practi-
cable, that they are representative of the various configurations,
operating environments, range of size, and capacity of snubbers of
each type. Snubbers placed in the same location as snubbers which
failed the previous functional test shall be retested at the time of
the next functional test but shall not be included in the sample
plan. If during the functional testing, additional sampling is
required due to failure of only one type of snubber, the functional
test results shall be reviewed at that time to determine if addi-
tional samples should be 1imited to the type of snubber which has
failed the functional testing.

Functional Test Acceptance Criteria

The snubber functional test shall verify that:

1) Activation (restraining action) is achieved within the specified
range in both tension and compression;

2)  Snubber bleed, or release rate where required, is present in
both tension and compression, within the specified range;
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3) For mechanical snubbers, the force required to initiate or
maintain motion of -the snubber is within the specified range in
both directions of travel; and -

4) For snubbers specifically required not to disp]ace under
continuous load, the ability of the snubber to withstand load
without displacement. -

Testing methods may be used to measure parameters indirectly or

parameters other than those specified if those results can be

correlated to the specified parameters through established methods.

Functional Test Failure Analysis

An engineering evaluation shall be made of each failure to meet the
functional test acceptance criteria to determine the cause of the
failure. The results of this evaluation shall be used, if appli-
cable, in selecting snubbers to be tested in an effort to determine
the OPERABILITY of other snubbers irrespective of type which may be
subject to the same failure mode.

For the snubbers found inoperable, an engineering evaluation shall be
performed on the components to which the inoperable snubbers are
attached. The purpose of this engineering evaluation shall be to
determine if the components to which the inoperable snubbers are
attached were adversely affected by the inoperability of the snubbers
in order to ensure that the component remains capable of meeting the
designed service.

If any snubber selected for functional testing either fails to lock
up of fails to move, i.e., frozen-in-place, the cause will be
evaluated and, if caused by manufacturer or design deficiency, all
snubbers of the same type subject same defects shall be functionally
tested, This testing requirement shall be independent of the
requirements stated in Specification 4.7.9e. for snubbers not meeting
the functional test acceptance criteria.

Functional Testing of Repaired and Replaced Snubbers

Snubbers which fail the visual inspection or the functional test
acceptance criteria shall be repaired or replaced. Replacement
snubbers and snubbers which have repairs which might effect the
functional test results shall be tested to meet the functional test

criteria before installation in the unit. Mechanical snubbers shall

have met the acceptance criteria subsequent to their most recent
service, and the freedom-of-motion test must have been performed
within 12 months before being installed in the unit.
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Snubber Service Life Program

The service life of hydraulic and mechanical snubbers. shall be
monitored to ensure that the service life is not exceeded hetween
surveillance inspections. The maximum.expected service life for
various seals, springs, and other critical parts shall be determined
and established based on engineering information and shall be
extended or shortened based on monitored test results and failure
history. Critical parts shall be replaced so that the maximum ser-
vice 1ife will not be exceeded during a period when the snubber is
required to be OPERABLE. The parts replacements shall be documented

and the documentation shall be retained in accordance with
Specification 6.10.3.
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