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MONITORING RELTARTT. TTY FOR THE MAINTENANCE RULE
'

;

,

1, John Giacion EPRI

i, novid Worledge ARM
j November,1996
}

|
L
; Background
j

Most nuclear plant licensees have chassa to monitor the number of functirmal failures or
i

i mentmance preventable functional failures for systems, structurcs, or components that
requins reliability to be maaisored underparagraph (a)(2) of 10CFR50.M, the:

! mamiensace rule. In four out of the futi rive mainaanance rule baseline inspections,

i potential violatinns of 10CFR50.65 have been found that relate to the way reliability is

|
being monitored. Specifically, the inspection Tuulings have found abat there is not an
adequale hnk betven the performance criteria expressed in terms of failures peri

i operates cycic, and IFF/PSA manmnpeians and dats. Licensees have apressed concem

j that the solution to this conflict will require them to trak the number ofdemands
experienced by each standby SSC with a failure perfonnance criterion, and to monitor the

{ probability of failure-on-demand, rather than simply to monitor the number of failurcs.
.

! This aschnical bullain describes a process, and its technical basis, that would address the
;

NRC concerns by establishing a quantitative relationship between the performance
{

criteria and PSA data, without requiring that demands be tracked, and which wouhljustify'

;

j

!
the practice of monitoring failures. The process has been describcd before, m the EPRI
report 'IR 106280, '' Insights From EPRI Maintenance Rule Projects, of May 1996,:

! Section 6. " Technical Basis for Perfonnance Criteria".
!

, Outline of the IJak to FSA
!

It will be demonstrated, below, that if is not techniently posssile to monitor an individual;
SSC's rehability by moniterug the number of failuies and demands that it expericaces!
over a thne as short u one operstmg cycle (exceptions: r.awy Diesel Ocacrators.!

!
because they are tested monthly, and other SSf"t with very frequent test or demand
achedules). De reason is that any estimate of the probability ur railureen-demand hasa

! such data will be too uncertain to draw useful conclusions hem it as to whether the
probabdity of failuro<m demand is in reasonable conenamace with the value used in the!
iPFJPSA. Renannable estimates can be made but only by increasing tbc time duration tu|

molude a groster number of tests, and/ur by including data on the performance of other!

similar SSC's froen other tratas, systems, or other units in the same plant (site). Suchj
estimates are very suitable for P.% unposes but will not serve 10CFR$0.65 whicht

;
requims individual SSC's to be mcuitored over single upcrating cycles.i

,

!

2

; I
,

:

,
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4 I De recent response Rom Mr. Frank J. Miraglia, NRC Acting thrector of the Office of

Nuclear Reactor Regulsion to Mr. Ralph E Beadle, Senior Vice President and (%ief.

!,
Nuclear OfEcer of tbs Nuclear. Energy institute, dated Ooinher 22,1996, contams a

!
manbar of quellficadons that indicate that the required consistency with IPHPSA

; assumpions can be achieved by the EPRI-recanunended process for establishing
;

is. ce criteria on reliability, despite the impossibility of darcerly monitoring the !! probability of failwo cuA-1
1

Mr. Miraglia notes that although a clear link to IPE/PSA assumptions is required, this
1 may be achieved by usmg the results of monitoring to confirm the i %ises or
j

condition in Ibe IPF/PSA. He also notes that the NRC does not expect highly
j

sophisticated or rigorous analynes in demonetrate this confirmation, but a reasonable and
; appropriate basis with some consideration of d-da for standby systems amt service
i

times for nortnally operatag systems
:

} Estimating the Probability of Failurton-Demaad
,

| If r failures arc cxperienced in n tests, the best estimate of the probability of failurr-on-
demand, P, is P=r/n. In a period of two years an SSC that is tested quarterly would

!

{
experience only 8 test doumuda. For longer periods between tests, the number of tests is
smaller. More tests might be included for operational reasons, for preparing the SSC forj
testing, or an post mintenance functional tests. Conseqs.ently, tbc sunber orlegitimate

i demands for an SL.: that is tested quartedy is not likely to exceed about 20 per cycle.
{ Some SSC's covered by 10 CFR 50.65 are tested much less frequently than quarterly soj

that their estimates ofreliability might need to be based on four em, or evan fewor.
I

Page 4 shows results calculated using the bmonual dtstribution foran SSC that

experiences up to 5 failures in 10 tests. Page 5 shows similar rer.tles for 20 tests. The
binomial distribution is universally scimowledged as the correct inodel for devices tint

experieuw sandum railures with a constant probability of failure at each demand (e.g.
tossing a coin), as assumed by many IPE/PSA's. He resuhs for hnth 10 and 70 tw

demands include two charta. The first chant shows the meio of the value "best estimate
plus two standard deviations" to the best endmate. De second shows the ratio of the
upper 80% and 90% confidence limits to the best estimate. Dese ratios indicate the

degree of precision with which statements can be made about tbs probability of failure-
on-demand.

Ahbough tbc tables and charts show results for up to i failures it should be remembered
that the expected nanber of failures for nuclear plant SSC's over a period of a yasr or two
will be close to azu. The expected nustber of faumes isjust the IPE value for the
probabihty of faGure onanamt tunos the .. umber of demsads. 'his numhcr win
typically he of order 0.1 (~ 0.01x10), or less. This means that, in agreement with
experience, the actual number of raiturw on a specific SSC overone operstmg cycle is

2

,,yase sgg %g 9 ea W 99% . 4 mh - '" ^ '
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mostly zero, with occasionally one, or possibly two (silures occumng it is the resuhs,

.

for one failure that are the main focus of attention here her.aue two railures will be'
-

rocosmnsadod as being uncooptable and constituting an execedance of the perfonnance
critenon..

|

|

1

|

i

|
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Samadard Deviatives and Ce="d=* Beneds for i to 5 Fagsw in 10 Test

.

!
, Dessads

i
!
I

it Testa (am) r a Perin r (P+e)# r P+3ep
Number of failurea = r 1 0.095 0.1 1 1.949 1 2.897; Eeumate of prob. of 2 0.126 U.2 2 1.632 2 2.265} failure on demand a 3 0.145 0.3 3 1A83 3 1.986i P = rin 4 0.155 0.4 4 1.387 4 1.7751

e is lhe standard 8 0.158 0.4 5 1.316 5 1.032denotion in P
1

i
.

l
.

i r L80% U S0% Parin ' U8e%/P Use/L50 Ut9% Perin U98%IPs
i

1 0.01 0.337 0.1 3.370 33.70 0.394 0.1 3.9402 0.065 0.45 0.2 2.250 8.18 0.907 0? 2.5353 011 A 0.552 0.2 1.840 4.74 0.807 0.3 2.0234 0.188 0.646 0.4 1.015 3.44 0.697 0.4 1.143
,

; S 0.267 0.733 0.3 1.466 2.75 0.778 0.5 1.556
i
8

|
:

I

!

Ratio of MeanJ%s.2.Staedere Itdie of Upper Confidense Soundr
Deviations to the Mean Value to the Mean Velue,

e
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Standard Devistless and Consdence Bonads for I e 5 Fauurs in 20 Test
-

! Dessands

! l.
!

!

| 20 Testa (an) r a Par /n r (PuyP r (Pt2s)/P
'

{ Number of fadures = r 1 0.049 0.05 1 1.975 1 2.949
i Es6 mats of amb. of 2 0.067 0.1 2 1.871 2 2.342
i 'milure on dementf = 3 0.080 0.15 3 1.822 3 2.085
! P = r/n 4 0.089 0.2 4 1.447 4 1.894
! s in the utendenf 8 0.097 0.25 3 1.387 5 1.7 roj devotion in P|

I
!

i
i

!

j r L 80% i U gg% Par /n U591WP USOILSO U90% Pw/n U90%/P
1 1 0.006 0.182 0.1 1.820 30.33 0.215 0.1 2.150
| 2 0.027 0.246 0.2 1.226 0.07 0.203 0.2 1.410
: 3 0.050 0.304 0.3 1.0 la 3.43 0.344 U.3 1.147

4 0.0W 0.361 0.4 0.903 4.01 0.401 0.4 1.003
5 0.127 0.415 0.5 0.830 3.27 0.456 0.5 0 A12

Ratio of MearePlue 2-Standard. Ratio of Upper Confidence Sounds
Deviations to the Mean Value to the Mean Value

AG
1 300
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If aero, one, or two failures occur, both the mean plus-two standard deviations limit, ==.

well as the upper confidence limits, permit estimates of the pmbability of failuse-on.

demand that extend a lhetor of 2 to 4 above the best estimate. Even wider constrants
apply below the best estunate as can be secn fmm the ratio of the upper 80% bound to
the lower 80% bound, which is groster than 30 if one f.milure is observed, and is 8 or 9 if 2
failmes are observed.

Wee restdts show that the observance ofmem, one or two failums in 10 or 20 tests

'

provides a poor capability to conskain the value of the prehability of fWlure-en damand;

the discrumnating power is so weak that it could not be used sensibly in any monitarring
scheme. Ifmore than 20 tait dennands are acetanulated the pmeieion improves, so that at

least the occurronce of two failurcs begins to be a practical predictor of the piububility of
fkilu!Nin-demand.

The conclusion is that even if demands wore tracked, they could not be used to provide
useful estimates of the probability of fa; lute on-demand in the monisonng plucesses of
the maintenance tule. Of course, after several operating cycles have passed the precinian
for any individual SSC will improve if all the dass for the whole period since the start of

the rule is pouled Lugedwr . However, this will only pfm11de an estimate of the averag,

;'

Performance over the whole period and still will not indicate the performance over th: I

most recent cycle.
]

Expected Number ofFaMares

The situadan is not quite hopelen, however, because a quantitative link with the

iPE/PSA value can be obtained by asking wlmt that value implies about the probability of
actually observing a specifx: msnber of tailutes, rather than asking the question the other
way found, as above. The binomial dennity function gives a simple way to calculate the

l

probability of 0,1,2, or more failuss. For r failurcs in n denwnis elds function is (note i
that P is distinct Dom P,(r));

P.(r) - g . P' (1 - P)*l
r!(a r)!

So that: P.(0)- (1 - P)"

P.(1)- nP(I - Pf**

P,(2) = n(n - 11. P . (1 - P)'**
A

whcre P is the probability of f41urs-un-demand used in the PSA.

6
.
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The following table shows the pmhability of observing zero thilures when 10 and 20 tests|
.

! areluformed.
|.

|

! Nassber of Prelmsbuity of Zero FsGaras
Tem I._______________.,__________________.

j - -
When1PE/PSA Valueis Whan IPE/PSA Valueis

!
P=0.01 PM).001

| 10 90.4*4 90.0%
; 20 Al.8% 98.0 %,

,.

!

! The following table shows the probability of observing a sinste failure when 10 sad 20
ltests are g;f. .ed.

1
; Number of Probabuityof One FaBare
.' Tests

, _ , , , , _ _ _ _ _ _ _ _ _ _ _ , , _ _ _ _ _ _ , , , , _ _ _ _ _ _ _ _ _ , ,

| WhenIPE/PSA Valueis Wnen IPE/PSAValueis
; P=0.01 P=0.001
. 10 9.1% 1.0%1

j 20 16.5 % 2.0%
|

i

| Although the first table above shows that zero failures is by far the ruost likcly outcome
in nach case,it can be sceu that there is a 1*4 to almost 20 % chance of observing one

; latlure.

"mc chance of observing two failurcs, however, is much smaller than the chance of
2

, obsemng a single failure. The following table shows the pmbebility ofobserving exactly
4

two failures when 10 and 20 tents are performed.

Noseber of Probabaleyof Two Fagares
Tests.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
WhenIPE/PSA Valueis WhenIPFJPSA Valueis

P=0.01 P=0.001
: 10 0.4% 0.0045 %1

20 1.6% 0.019 %;

The results show that for most cases ofinterest a sinzic failure is many times more likely
; h m fdm.

We have seen that even when the underlying probability of faihme-on<lementi is iri the3

rang * 0.01 to 0.001. one failure will be experier.nd by 1% to 16% of SSC's in one cycle.
We beve also seen that the best estimatos of the pmbability of failure-on.dsmmul hum.

'

this experience arc in the range 0.05 to 0.1, and reasonable upper bounds are 0.2 to 0A .

.

|

,, . , , . . . . . .
,,-.
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| I .I nis means that a monitormg procom that tried w untiumte P on the basis of these staults. .
,

; can be incorrect by a factor of 20 to 400. This is further evidence that trying to estimate
- the reliability fann the number of faGures and demands is an unsuitable way to address

'

| maintanance effcetivencum.

:

; Peeformasca Critesion on Failures

!

] Frorn tius analysis it can be seen that single failtuts can casily occur given the likely PSA
input values and the large number of SSC's tha: are being monitored, but that two failures4

| simuld be quite rarc. This conclusion applics for a wide range ofvalues of the number of
tests and IPE/PSA values of the probability of Odlure on<lemand. The conclusion

'

! becomes less valid as the probabihty of failure-on demand approaches 0.1 (the chance of 1

; two imihuss becomes signi6 cant), and as it decreases below 0.001 (the chance of one I

i ththnc becomes loss than 1%). However, the conclusion will remam valid for a large
fraction of the SSC's in the .. ; . ..cc ru'c.

Le cunclusiva supports perforumace critsiin >uch as "I failms an uccm,2 failmcs is au
execcdance", or"2 faihncs can occur,3 fadures are an cW===". The ph of such
criterin should always be checked assinal the netual IPE/PSA value and the munber of

legh-'- demands to be expected in one operstag cycle. This is the vital link with the
IPE!PSA assumptwn. However, it must be stressed that if the critena are set accordsg to
thene requirements they will remain apperpriate entmafor a wide nunge ofvaknes ofthe |
number ofdemands (e.g.from 0 to more than 20 demands). %csc will be no addod valuc {
in closely monitoring the number of demands unless it excoeds a minsnum of at least 20 I
(the minmuss numbcr daaaade on the JPE/PSA value; for P=0.00I the minimum would

4

he many hundreds of demands). As shown earlier in this paper, for small numbers of l

demands there is no way to make use of the exact number when only 0, I or 2 failures are
likely to occur.

Summary

it is not pasible to monitor the reliability of most SSC's over a period as short as two
years. %is is because, even if the exact number ofdemands wo = known, a sesult ur 0, I,

or 2 failures would not pemut meanagtul bounds to be placed on the probability of
failuro on demand for the purpose of compariann with the IPF/PSA inpst value his
conclusion depends mostly on the low values of the number of failurcs involved, and
much less on the number of demands, providag this is below about 20. %e conclusion is

not sensitive to whether standard deviations or con 6dcoce bounds are used. It is not
eensitive to the value of con 6dence assumed (two. sided 80%, and 90% bounds in tbc
calculation abuse), mud thus in uut scusitive to whether one sided or two sided bounds
are used.

.
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! Insisad, the chance of A ving 0,1, or 2 failunn un be calculated who the IPE/PSA

,

input value, and the expected number oflestitimate demands. A failure siterion should be
'

.

selected that acknowledges that possibly 1, or in some instances 2 failures might occur,

: consistent with tbc IPE/PSA inpat value, but that the chance of additional failures should
.

i be very much less. One failure can occur randomly within an operatag cycle evon when
preventive maintenance is perfortned effectively, beenuse many factan crmeeming nervicei

condidcas and rates of degradation can not be known with censinty. However, if two
'

: failures occur, such performance enteria would mdicate that these failures are '.ory
unlikely to he random events, and probably represent a trend toward poor performance

4

j regarms appropnato cause analysis and corrective action.
4
4

! In most cases the e.itunated number of demands is quite sufficient for this calculation

because the above conclusions will romain true for a wide range of nanbers of demands.
'

; No added value is provided to the maintenance rule muniioring procen by deriving a
j detailed knowledge of the number of demands.

.
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'' j j NUCLEAR REGULATORY COMMISSION> * -

*
; (.' % 2 WASHINGTON, D.C. mWIH001

>s*****/; t

June 29,1994

Mr. Ray Ng, Manager
Licensing and Performance Based Regulation
Nuclear Energy Institute
SUITE 300
1776 EYE ST NW
WASHINGTON DC 20006-3706

SUBJECT: FINAL NRC STAFF REVIEW OF QUESTIONS AND ANSWERS FROM THE AUGUST 1993
NUMARC MAINTENANCE WORKSHOPS

The NRC staff has completed its review of the questions and answers documented
by NEI from the Maintenance Workshops held in Atlanta and St. Louis in August
1993. Based on the staff's attendance at the workshops and subsequent
discussions with NEI representatives, the staff agrees that the written
answers prepared by NEI are app.apriate responses to the questions from the
workshops.

The NRC staff believes that making these questions and answers available to
the industry will promote a better understanding of the maintenance rule.
However, licensees using these questions and answers as guidance should
understand that because some of the questions were very specific in nature the
answers to those questions may be very limited in their applicability to other
licensees with different plant or equipment configurations. Licensees are
cautioned to use the entire set of questions and answers as an aid in
understanding the intent of the maintenance rule and not rely on individual
answers to provide the final determination of acceptability.

In comenting on the answers to the questions, the staff used the best
information available at the time of its review. The staff's responses could
change as more experience is gained during the implementation of the rule.
Therefore, licensees should understand that these answers represent the
staff's current thinking and that information gathered during future site
visits, future workshops, or other activities prior to the implementation date
of the rule, July 10, 1996, may affect these answers. Licensees who need
guidance should refer to the rule,10 CFR 50.65, and the Regulatory Guide
1.160, which represent official NRC positions and to NUMARC 93-01, which was
endorsed by the staff in Regulatory Guide 1.160.

Licensees should note that some questions have been revised or combined with
other questions from the workshop to clarify or illustrate an isst. .
Therefore the questions may differ slightly from those asked at the workshops.

.
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scheduled surveillance, the structure may not meet its design basis. The
! structure should remain in the (a)(1) category until the degradation and its
'

cause have been corrected.
t

i NEI stated that they plan on revising their own industry guidance document,
i NEI 96-03, " Industry Guidance Document for Monitoring Structures," in the near

future.
,

! Perceived Prescriptiveness in MR Inspections
#

Some licensee representatives initially thought that MR baseline inspections
| would only look at performance issues. After several NRC MR baseline

inspections, they understood that the NRC staff's MR baseline inspection4

efforts were focused on program and performance issues. NEI has the4

perception that MR implementation was not going as smoothly as anticipated.
NEI stated their desire to make MR implementation an excellent example of a,

'

successfully implemented risk-informed, performance based rule which other
a rules in the future could follow. They expressed concern that NRC inspectors
j are questioning expert panel decisions,

i The NRC staff stated that the MR has both performance based and compliance
! based aspects. The staff agreed that MR baseline inspections have focused on
| MR program issues as was always intended and necessary. Licensees were using
i the guidance contained in NUMARC 93-01, Rev 0; however, some licensees took
) certain exceptions to NUMARC 93-01 to implement their program and each of
i these MR program exceptions had to be reviewed based on its own merits. The
i inspectors are appropriately questioning the bases for expert panel decisions
: and other MR related decisions. The headquarters oversight of MR baseline

inspections is meant to ensure inspectors permit licensees maximum flexibility
in implementing the MR.

;

The NRC staff stated that the MR is one of the first performance based
i regulationt. Industry and the NRC have very little experience with these type

of regulations. The MR baseline inspections have been somewhat focused on
program issues because the staff believes that it needs to assess whetheri

licensees have established adequate programs to consistently implement MR
requirements. The staff expects that once a licensee has demonstrated that.

their MR program implementation is adequate, then NRC inspections would focus,

on performance issues. This is also the current inspection method employed by<

NRC site resident inspectors to verify compliance to the MR.
,
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scheduled surveillance, the structure may not meet its design basis. The
i structure should remain in the (a)(1) category until the degradation and its

cause have been corrected. '

NEI stated that they plan on revising their own industry guidance document,
NEI 96-03, " Industry Guidance Document for Monitoring Structures," in the near
future.

Perceived Prescriptiveness in MR Inspections

Some licensee representatives initially thought that MR baseline inspections
would only look at performance issues. After several NRC MR baseline
inspections, they understood that the NRC staff's MR baseline inspection
efforts were focused on program and' performance issues. NEI has the
perception that MR implementation was not going as smoothly as anticipated.
NEI stated their desire to make MR implementation an excellent example of a 4

successfully implemented risk-informed, performance based rule which other
rules in the future could follow. :They expressed concern that NRC inspectors
are questioning expert panel decisionst '

TheNRCstaffstatedt'hattheMRhas60t'hperformancebasedandcompliance
based aspects. The staff agreed'that MR baseline inspections have focused on
MR program issuesias was always intended and necessary. Licensees were using
the guidance contained'in'NUMARC 93-01, Rev 0; however, some licensees ~took
certain exceptions to NUMARC 93-Oljto implement their program and each of
these MR program exceptions''had to be reviewed based on its own merits. The
inspectors are appropriately questioning the bases for expert panel decisions
and other.MR ~related decisionsi .The~ headquarters oversight of MR baseline
inspections is' meant to ensure, inspectors permit licensees maximum flexibility
in implementing the MR.

'

,

The NRC staff stated'that the MR is one of the first pc-formance based
regulations. Industry and the NRC have very little experience with these type
of regulations. The MR baseline inspections have been somewhat focused on

,

program issues because-the staff believes that it needs to assess whether
,

licensees have established' adequate programs to consistently implement MR i

requirements. The staff expects that once a licensee has demonstrated that
their MR program implementation is adequate, then NRC inspections would focus
on performance issues. This is also the current inspection method employed by
NRC site resident inspectors to verify compliance to the MP,.
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