; -~
"...'_'/// e~ e S -

o AL G2 e TS

BNL-NUREG-42727

DEVELOPMENT OF A4LTERNATE VISUAL EXAMINATION REQUIREMENTS
FOR DYNAMIC RESTRAINTS (SNUBBERS)*

Reeuiin &
M. Reich, G. Breidenbach, W. Grossman
Structural Analysis Division I
Department of Nuclear Energy e
Brookhaven National Laboratory
Upton, New York 11973
BNL-NUREG--42727

DE89 014711

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thercof, nor any of their
employees, makes any warranty, cxpress or implied, or assumes any lcgal liability or responsi-
Yility for the accuracy, completeness, or uscfulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinmons of authors expressed hesein do not necessarily state or reflect those of the
Unmited States Government or any agency thercof. iiz a

DISTRISUTICN OF TH.5 LDOUUMENT 1S UNLIMITED



vl

ABSTRACT

Current plant technical specifications require an
initial inservice visual examination of safety related
equipmant dynamic rastraints (snubbers) to provide
assurance of sperability. The tiwe to the next exami-
nation 1s as short as 1 month 1f 8 or more snubbers
are found to be {noperable. Plant operators have
observed that as the snubber population of a plant
increases, the current plan becomes burdensome by
requiring frequent shutdowns for examination of snub-
bers. The Nuclear Regulatory Commission (NRC) has
recognized the need and has sponsored a program to
develop alternate visual examination criteria which
would require examinations at constant intervals such
as at refueling outages. Brookhaven Nacional Labor-
atories (BNL) was selected by the NRC to conduct this
progras. Based on the review and evalustion of ths
information gathered to date, and the conclusions
drawn from plant visits and the Snubber Utility Group
(SNUG) data base, BNL has developed an alternate
statistically-based plan which provides the perais-
sible nunber of inoperable snubbers for constant and
twice conscant visual examination fntervals for
various snubber population groups.

NOMENCLATURE

Snubbers of the same design and
sanufaccurer irrespective of
capacity.

Snubber Type -

Snubbers are further categorized
into inaccessible and accessible
groups. Each of these groups
3ay be 1inspected independently
according to Cthe scheduie 1in
the technical specification.

Snubber Group -

A device in which the load is
transaitted through a hydraullic
fluld as shown in Figure 1.

Hydraulic Snubber -

*This work was performed under the auspices of the
U.S. Nuclear Regulatory Commission, FIN aA-3863.

Mechanicsl Snubber -

A device {n which the load is
transmitted entirely through
mechanical components as shown
{n Figure 2.

Inaccessible Snubber - A snubber that i{s in a high

[noperable, Failed,
Iapaired and
Unacceptable
Snubbers -

Examination and
Inspection -

radiation area or other eavi-
ronment that would render (it
impractical for the snubber to
be examined during normal plant
operating conditions without
exposing plant personnel to
undue hazards.

Inoperable, falled, 1impaired
and unacceptable are essen-
tially identical teras and are
used interchangeably by plant
personnel to indicate a snubber
which does not wseet the plant
technical specification re-
quirements for visuval exaai-
nation. Snubbers which appear
inoperable, failed, impaired or
unacceptable as a resulrt of
visual examinatfon aay be
deterained to be operable as
provided for {a the »plant
technical specification.

Examination and inspection are
essentially identical terms and
are used {nterchangeably by
plant personnel to 1indicate
visual observation in coapli-
ance with the visual inspection
tequiremsents of tre plant tech-
aical specification.




INTRODUCTION AND OBJECTIVE

Periodic {nservice visual examinacion of safecy
related nuciear power plant equlpment dvnamic re-
straints (snubbers) 1s required to be conducced
throughout che life of the plant by each planc-
specific cechnical specification to provide assurance
of operability. An  equipment dynamic rescraint
(snubber) is a device which supports the equipment
during a seismic event by mechanical or hydraulic
resiscance to sudden wmotion but permits free motion
due to the slow displacement of cthe equipment during
thermal expansion/contraction. Examination consists
of visual observation of the snubbers and 1is (ntended
to detect failed, unacceptable, impaired and/or fn-
operable snubbers. Typically, checklist items require
observation for: leakage; paint and/or corrosion;
correct ianstallation; broken, bent, loose or missing
parts; binding; nisalignment; deformation; and., for
hydraulic snubbers, fluid supply.

Current plant-specific technical specifications
are similar with respect to examination methods and
acceptance criteria as shown below:

"Wisual inspections shall verify that: (1) there
are no visible indications of damage or impaired
OPERABILITY, (2) attachments to the foundation or
supporting structure are secure, and (1) fas-
teners for attachment of the snubber to the com-
ponent and ro the snubber anchorage are secure.
If all snubbers of each type on any sysiea are
found OPERABLE during the first inservice visual
{nspection, the second {inservice visual inspec-
tion of that systea shall be perfurmed at the
first refueling outage. Otherwise, subsequent
visual inspections of a given syster shall be
performed In accordance with cthe following
schedule:”

No. of Inoperable Saubbers
of Each Type on any Svstem
Per Inspection Period

Subsequent Visual
Inspection Period

0 18 months * 25X
1 12 months * 25%
2 6 months * 25%
3,4 124 days * 252
5,6,7 62 days * 25
8 or aore 31 days * 25%

The schedule {n the technical specifications for
subsequent visual Inspections was developed in 1975
and was designed to provide a confidence level of 95X
that 90X of the snubbers are operable during plant
operation. However, plant operators have observed
that as the snubber populatifon of a plant increases,
the subsequent examination period, which 1is based on
the absolute nuaber of {(noperable snubbers found
during the current examination period, becomes burden-
some by requiring fregquent shutdowns for examination
of snubbers.

The Nuclear Regulatory Commission (NRC) has rec-
ognized the need to develop alternate visual examina-
tion criteria which would require examinations at con-
stant intervals such as at refueling outages and, at
the same time, provide an equally reitadble method for
assuring snubber operabllity as that currently f{mple-
mented by the technical specifications. The Jjuscifi-
cation for development of a constant f{nterval snubber
examination plan {s also based on observations that:

a) Snubber wvisual {nspection requirements us
currently implemented 2appear o »e sverly
conservative especially for plancs with large
auabers of snubters.

b) Frequent snubbar wvisual ianspections are
costly in rterms of =onev and personnei
radlation exposure and rasult in poor plant
performance.

¢) The current visual inspection frequency table
has served a useful purpose by providing a
strong fincentive to Improve snubber nerior-—
sance and this has been accomplished by
design changes and augmented inspection
techniques and therefore the stringent f(n-
spection frequency requirements are no langer
necessary.

d) The current visual fnspection frequency
requirements result {n numerous licensee
requests for walvers which require NRC scarf
review., This 1aposes a significant burden on
the NRC by requiring expenditure of limited
budgerts and staff sanpower for Chese reviews.

e) In addition to visual examination, functional
teszing of a representative sample of snub~
bers is required by the technical specifi-
cations and typically involves remaving the
snubber and testing it on a specially de-
signed test stand to verify fes ability to
operate within specified performance limits.
Functional resting alone provides a 95% con-
fidence level that 902 of the snubbers are
aperable within acceptabie limits.

£) Current snubber visual 1inspection failure
rates are very low (less than 0.5% per vear)
as shown in Table ! which summarizes Che
significant visual 1inspection results froz
the Snubber Urility Group (SNUG) data base
for hydraulic, large hydraulic and aechanicai
snubbers.

A program to develop alternate snubber wvisual
exanination requirements was spnnsored by the NRC.
Brookhaven National Laboratories (BNL) was selected by
the NRC to:

a) Review and evaluate existing plant data and
reports on snubber performance {ncluding the
SNUG dacta base.

b) Obtain detailed {informaticn on snubber per-
formance and documentation by visiting
operating plants.

¢) Evaluate the data obtained and assess whether
modifications of the current visual 1inspec-
tion frequency requirements in the technical
specifications are feasible based on impruved
performance trends.

d) Develop an alternate plan regalring visuai
examination of snubbers at constant intervals
such as at refueling outages.

Based on rthe review and evaluatfor of the infor-
motion gathered to dJdate, and the corclusions dJdrawn
from the plant visits and the 5NUG data base, BNL has
developed an alternate plan which replaces the



schedule in the technical specificattons with a table
which orovides the permissible number ot inoperable
saubbers Ior constant and twlce consta:t visudl exami-
ratton inrtervals for various snubber population
groups.

VISUAL SXAMINATION RESULTS

Operating Plant Experience

Visits were made to three operating plants in
order ro obtain first-hand, current snubber infor-
zation which would be useful {n developing alrer-
natives ta the snubber visual {nspection frequency
schedule (n the olant technical specificacions.

The following snubber {nformatfon was reviewed
during the plant visicts:

a) Pertinent sections of the Technical Specifi-
cations .

b) Iaspection procedures

¢} Maintenance procedures

d) Inspection reports

e) lInspection, test and maintenance history for
each snubber

f) Record of snubber faillures {ncluding service
life, operating enviroament and type of
failure

3) Resolution of specific failures, t.e., root
cause deteraination, failure mode grouping,
engineering evaluation

h) Service life monitoring program

1) Input to SNUG data base

j) List of snubbers including ctype, manufac-
turer, capacity and, location

The first plant visited had 2 units with a total
of 1569 snubbers of which 923 are hydraulic and 646
are =echanical. The nuaber of snubbers which have
falled as a result nf visual examination are shown in
the table bdelow.
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The second plant visited has two units with a
total of approxiamately 2900 Pacific-Scientific (PSA)

sechanical snubbers. The size distribution of the
mechanical snubbers is:

1979
19€0
1981
1982
1983
984
198%
1986
1987
1988
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40T small - sizes 1/4 and 1/2
55% aedlum - sizes 1, 3 and 10
5% large - sizes 15 and larger

The nuaber of failed snubbers which have been
found during visual examination are:

The technical specifications €£ar this plant
require that snubbers located on systems which have
the potential for severe dynamic events (water hammer,
ete.) be inspected at each refueling outage by adanu-
ally “stroking” the snubbers through their full range
of travel. On Unit 1, there are 624 snubbers located
on these systeas. This {nspection {s independent of
any other {nspections or tests. If a saubber {s found
to have failed, {t 1s replaced before returning to
power. Out of the total of 624 Unit ! snubbers that
were checked by stroking, there were 7 fallures (n
1986 and 4 fallures 1in 1987,

The twc units of the third plant visited use
Pacific-Scientific mechanical snubbers for piping and
[TT-Grinnell, Paul-Munroe and Taylor hydraulic swub-
bers for steam generators and reactor coolant puaps.
fach unit has 220 mechanical and 20 hydraulic snub-
bers.

No snubbers have ever been declared {noperable ac
tnis plant due to visual examinatlon and therefore the
increased frequency of visual examinati{on required by
the technical specification has never been invoked.

The plant visual 1inspection procedure requires
that each accessible mechanical snubber be manually
exercised through Lts full range of travel (limited
operability testlng) at each inspection period. For
large snubbers, a mechanical force aultiplier (s used.

Every significant failure, even it the snubber is
not declared inoperable, is reported on a nonconfor-
aance report. If a fatlure occurs a second tize at
the same location, engineering is required to forzally
evaluate the snubber application.

BNL's review team was provided with visual exami-
nation results from twc additional operating plants.
The first plant has two units which have a total of
3441 snubbers of which 1035 are hydraulic and 2406 are
nechanical (1040 are PSA-1/2 mechantcal). The number
of snubbers which have failed during visual exazi-
nation and "stroking” are:

B PRI b Uar: I
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*Al1l mechanical snubbers were “ctroked” to deteraine
freedom of motion. Two~thirds of the “stroking~
failures were small-s{ze PSA snubbers.

The three units at the second plant have a tocal
of 785 snubbers of which 340 are hydraulic (Grinnell)



and «<«S are mechanical (PSA). So saubhers have been
declared inoperable at cthis plant 4§ a3 resuit ot
visual iaspections in the last 1 vears.

‘Year -

R R FRUEDS
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87 | 2 | 3 i 0 N [ a
188 | 9 | 3 3 | ] [ J

SNUG Data Base

A better perspective of the Industrv-wide visual
fnspection results can be obtained from the data base
maiatained by the Snubber Utility Group (SNUG)- A
suamacy of the significant results obtained from the
data base for hydrauliz, large hydraulic and mechan-
tcal snubbers 1s shown in Table 1. The resules for
hydraulic snubbers extend from 1977 to the present and
show that the average rate at which snubbers failed
visual examination is 0.3Z. Large hydraulic and
mechanical snubbers have an essentially zero percent
failure rate due to visual exaaination.

Conclusions

Evaluation of the snubber examination records
obtained from operating plants and the SNUG data base
revealed that:

1) In recent vears, relatively few snubber fail-
ures have been found as a result of visual
examination as shown {n the SNUG data base
summary, Table 1. Even fewer snubbers have
been classified as “inoperable” in the sense
of requiring Increased frequency of exani-
nation.

2} Visual exaasination is generally not effective
in finding failed or inoperable mechanical
snubbers. Therefore, other examinations are
required to assure operability of these snub-
bers and are in fact done at some plants.

}) Small-size mechanical saubbers exhibit a high
failure rate in functional and limited opera-
bility (stroking) testing, particularly in
vibration environaents such as near rotating
equipment.

4) Formal snubber maintenance prograas, other
than seal replacement schedules, do not
generally exist. However, the visual exami-
nation 18 performed by the Yaintenance Group
{n aost plants and is therefore considered as
part of the maintenance program.

PLAN DEVELOPMENT

Methodology

Based on protabilistic and scatistical methodol~
ogles, the permissible nuaber of {noperable snubbers
for various saubber populations and constant {nspec-
tion intervals was calculated while nmaintaining the
reliability of the snubber population at a 95X confi-
dence level that a ninfamum of 90% of the snubbers of
each type are operable at all times.

The fallowing probabdbility model amd assumpiions
were used la the calculations. Let n denote e total
number of saubbers in the rouv. Lat X leaote the
random variable representiag time~to~-rtailure {ar
operable life span) of any individual snublter 1a the
ATOUp. Let Py denote the probanilievy that any
individual saubber In the aroup tfails in cthe next

fnspaction c¢ycle with (inspection period Tf. Thar
is:
Pg = P (X < T¢) (@8

Let 2 be the rardom variable denoting the number of
failed snubbers in the group in the next inspection
cycle with inspection period Tg. Since the Ctime-
to-fallure of each 1individual snubber 1in the group
takes place independently of the other, the random
variable Z follows the binominal distribution:

) . z n 1 a-i
Plzz = 1)9f 1 - rp 12)

The snubber reliability criterion of having a 953
confidence level that there are a minimum of 907 of
the snubbers (of the type) operable in the next in-
spection cycle with inspection period T¢, 1s equiva-
lent to having a 95% confidence level that there are
less than 10% of the snubbers (of the type) Inoper-
able. Therefore we require that:

_ .8 [y 1 o-i
Pt z<Ks = | it /e (1 - Pg) > 0.95, (3
=0

where s 1s the largest integer that 1is less than
n/10. Equation (3) will be the basis for the reli-
ability analysis to develop the maximum peraissible
nuaber of 1inoperable snubbers for various snubber
populations ard constant Inspection intervals.

The maximum permissible number of 1inoperable
snubbers was calculated for different populations and
for next inspection intervals equal to 2/}, 1 and 2 of
the past Lnspection lnterval and the results are shown
in Columns B, A and C respectively in Table 2. The
results shown Iin Table 2 are based un the assumptions
that the distribution of the failure time random vari-
able X of the snubbers does not change over two con-
secutive cycles, and that the distribution of the ran-
dom variable X follows an exponential distribution.

Both assumptions are reasonable since the failure
rate can always be assumed to be constant over a short
period of time (that is the distribution of X is expo-
nential). It is eaphasized that based on the reli-
ability analysis in this sctudy, the maximua permis-
sible number of inoperable snuhbers satisfying the
relitabllity criterion depends on the group size and
the future inspection interval.

Outage Based Plan

In Table 2, Column A represents the baseline
results for the permissible number of inoperable snub-
bers for constant inspectlion periods, e.g., inspec-
tions each outage. Column B represents an increased
permissible number which may be used i{f the subsequent
{nepectlon interval 1s 2/) of the past 1nspection
fnterval, e.g., If the past operational cvcle was 18
months long and the next outage 1s scheduled to occur
in 12 months. Column C 1s a decreased permissible



number which @mav be used if the suhsequent inspeczion
interval 1s twice the past inspecrzion laterval, e.3.,
if the past overational cvcle was 13 znonths long and
the next inspection 1Is to he performed in 36 months
thereby skipping an iaspection durinyg the next outage.

1f the number of inoperable snubbers for the group
exceeds the value given in Col. {A) but is ecual to or
less than the value in Col. (B), then;

{a) the inoperable snubbers are to be repaired or
replaced, and an engineering review and eval-
uation is to be performed to justify contin-
ued use of the snubbers; or

(b) the inoperable snubbers are to be repaired or
replaced and the next inspection period shall
be decreased. Col. (B) represents 2/3 of the
past i(nspectivn period; interpolation between
Cols. (A) and (B) (s permissible.

If the nuaber of f(noperable snubbers for the group
exceeds tte value in Col. (B), then both 2(a) and 2(b)
shall be performed.

If the nuaber of inoperable snubbers for the group is
equal to or leas than the value in Col. (C), then the
inoperable snubbers shall be repaired or replaced, and
the nex: inspection period may be increased to twlce
th¢ past inspection period, i.e., the next inspection
way be skipped, and the snubbers in the group shall be
visualiv examined only every other outage as long as
the results of the visual examination meet the re-
quirements of Col. (C). No more than one outage aay
be skipped in visually examining any snubber popula-
tion group.

1f the nuaber of i{noperable snubbers exceeds the value
in Col. (C) but is equal to or less than the value in
Col. (A), then the inoperable snubbers are to be re-
paired or replaced, and the next visual (nspection
shall be conducted at the next outage {(constant in-
spection period).

RECGMMENDAT LONS

1) Consider the use of Table 2 for visual examinaction
on an lnteris basis.

2) <ontinue work on the final phase of this prograa.
The tasks during the final phuse will consist of:
(a) a more detailed review of the SNIC data base;
(b) a detalled review of snubber failure by type
and cause; (c) a review of the technical specifi-
cation differences with respect to the require-
ments for declaring srubbers i{noperable and re-
porting visual examiration resgults; (d) develop-
ment of a service life monitoring program; and (e)
a study tn determine if there is an adequate and
reliable sutsritution for visual examination of
sechanical snubbers. The objective of the flnal
phase work (s to determine the feasibflity of
fyrcther decreasing or eliminating snubber visual
examinations and to evaluate the possibilizy of
sybstituzing alternate and equally (or more)
reliable aethods for assuring snubber opera-
bility. Methods to be considered include service
i{fe monitoring, sample stroking plans for mechan-
ical snubbers, root cause determiration and
englaoeering evaluations of suftability for the
intended service.
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Snubber valve
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TABLE I

Qutage-Based Visual Zwaminatton Tadle

Permiasidle Numbar cf Inoparable Saubbers for Various Snubber Populsciane
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