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ABSTRACT

This report presents an evaluation of the core-melt frequency contiibutions
associated with Allowed Outage Times (AOTs) and Surveillance Test Intervals
(STIs) at Arkansas Nuclear One - Unit 1 (ANO=1).

The results show that the core-melt frequency contributions frum present
AOTs and STIs vary by more than four orders of magnitude (a factor of 10,0u0).
This wide range of variation indicates the wide range of the risk importance of
present AOTs and STIs. The core-melt contributions from specific AOTs and STIs
can be used to prioritize those components which should be focused on for in-
spection activities, personnel training, and reliability program activities that
are involved with surveillance testing and corrective maintenance.
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EXECUTIVE SUMMARY

This report provides a risk-based evaluation of two aspects of the techni~
cal specifications (TSs) requirements at the Arkancas Nuclear One - Unit~l|
(ANO~1) nuclear power plant., These two aspects of technical specifications de~
fine the allowed outage times (AOTs) and the surveillance test intervals (STIs)
for the safety system components. The AOT of a component is the period of time
during the plant operation in which the component may be inoperable, f.e., if a
component is found failed, it should be repaired within the defined AOT or
otherwise the plant must be brought to a shutdown state without the approval of
a walver request, The STIs define the maximum time intervals between required
testing of the standby safety system components.

The establishment of AOTs and STIs within the TS was primarily based on
engineering judgments and many of these requirements are currently considered to
be unnecessarily burdensome to the extent that their enforcement may be divert~
ing attention from important safety operational aspects of the plant, This re-
port uses a risk methodology to identify the risk contributions, which are de=
fined below, associated with AOTs and STIs. Such an evaluation, besides provid-
ing a risk perspective, demonstrates the usefulness (or lack of it) of the many
requirements i{n the current form,

The operating risk of a plant due to an AOT is the riek associated with the
component being down and unavailable were it needed if an accident occurred.
Measured at core-melt frequency level of a plant, it can define the core-melt
probability for the downtime when the component is down for the AOT (called
single downtime risk) and also the cumulative risk from projected downtimes
which a component can suffer during a reference period of one year (called
yearly AOT risk). Figure i shows the profile of the yearly AOT risk for the
components in the ANO=] plant measured at core-melt level., The results show
thas a large percentage (*80%) have a small core-melt contribution (bcsov
10°°)s Also, 37% of the AOTs have negligible contributions (below 10°")., A
similar profile for single AOT risk shows that about gox of the components have
significant core-meit contributions (greater than 10™7), given the component is
down and unavailable to perform {its function for the AOT period,
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Figure 1. Yearly AOT risk impact of ANO~]l maintainable components
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The risk impact of a surveillance test consists of the risk reduction due
to the test and risk increase by the test., We consider the risk reduc.ion due
to the test to determine the risk impact of the test. Any risk caused by the
test will lower the benefits of the test, In considering only the risk reduc-
tion, we are bounding the net benefits of the test. At the core-melt frequency
level, the risk impact of a surveillance test is the decrease in core-melt fre-
quency due to the test., Figure i{i shows the decrease in core-relt frequency
from current STIs for the surveillance tests in the ANO-l plant., The §clu1tn
show that 53% of the surveillance tests hcvg saw 'l benefits (below 107") and 14X
have significant benetits (greater than 1077)

AT, lo"u '
car g 10°% 10 10"*
bl eary 10°" 101070 -
cate 0% 910"
CALS lons then 107

20 - 19% %

PERCENT OF TESTS

CAT A
SURVEILLANCE TEST Risk MPacy

Figure i{i, Risk Impact of ANU~1 Surveillance Test Requirements

This wide range of variation in the core-melt frequency contribution from
present AOTs and STIs indicates the wide range of the risk importance of present
AOTs and STIs, The core-melt contributions from specific AOTs and STIs can be
used to prioritize those components which should be focused on for inspection
activities, personnel training, and reliability program activities that are
involved with survelllance testing and corrective maintenance.

Risk considerations can be used to provide a sound basis for the objectives
and scope of AUTs and STIs as well as providing a sound basis for acceptable
values of AOTs and STIs., From a risk standpoint, the objective of AOTs 18 to
allow on=line repair to be performed while at the same time acceptably control=
ling the increased risk during the period the component is down, The objective
of STls is to allow zomponent failures to be detected in order to control risk
while at the same time controlling any risk caused by the test. The analyses in
the report demonstrate how these objectives can be addressed in determining
present AOT and ST! risks and in assessing proposed modifications.
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l. INTRODUCTION

This report provides a risk-based evaluation of two aspects of the techni-
cal specifications (TSs) requirements at the Arkansas Nuclear One = Unit-l
(ANO=1) nuclear power plant, These two aspects of technical specifications de~-
fine the allowed outage times (AOTs) and the surveillance test intervals (STIs)
as a part of the limiting conditions of operations (LCOs). The AOT of a compo-
nent is the period of time during the plant operation in which the component may
be inoperable, i.e., if a component is found failed, it should be repaired with-
in the defined AOT or otherwise the plant must be brought to a shutdown state
without the approval of a waiver request, The STIs define the maximum time
intervals between required testing of the standby safety system components. The
establishment of AOTs and STls within the TS was primarily based on engineering
judgment, In this report a risk-perspective is provided for these aspects of
the technical specifications.

The objective of this report is to evaluate the AOT and STI requirements in
a nuclear power plant, to provide a methodology for evaluating the requirements
from a perspective of risk, to demonstrate whether the various requirements are
consistent from the point of view of their risk implications, and finally, to
rank order the requirements on a scale of risk.

Such an evaluation, besides providing a risk-perspective demonstrates, the
usefulness (or the lack of it) of the many requirements in the current form.
Many elements of the technical specification requirements are currently con=
sidered to be unnecessary as opposed to conducive to the safety of the plant,
Accordingly, these requirements become burdensume to the utilities to the extent
that their enforcement may be diverting attention from important safety opera-
tional aspects of the plant, In addition, the bases for a llgnit}cant number of
the specifications within the LCO requirements are not explained, The result
has been inadequate implementation, and, at the same time any necessary changes
have been difficult, The risk consideration presented here can be used to pro-
vide a sound basis for the objective and scope of AOTs and STIs as well as pro-~
viding their acceptable values,

The risk impact of AOT and STl requirements are determined using the prob=
abilistic risk assessment (PRA) of the ANO-l nuclear power plant performed as a
part of the Interim Reliability Evaluation Program (IR!P).2 The risk impacts
are calculated using the core-melt frequency as the measure of risk, i.e,, the
core~melt frequency contributions associated with AOTs and STIs are evaluated.
Other measures at the total risk level such as the expected fatalities, man-
rems, etc,, also could be used. However, the AOT and STI requirements, in gen=
eral, directly influence the core-melt frequency and extending the analysis at
the total risk level (expected fatalities, man~rems, etc,) will not change the
relative ordering of the requirements unless the consequence aspect is affected.
The requirements addressed in the study do not impact the consequence aspect and
accordingly, there was no need to pertorm any further analysis to obtain addi-
tional insights, The core-melt frequency incorporates various interactions
associated with and resulting from the AOT and STI requirements,
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In performing this risk-based evaluation, the objective has been to ohtain
realistic but conservative results, For a comprehensive risk-based evaluation
of technical cpecification elements, many issues must be resolved.” The intent
of this analysis, however, was to obtain a bounding evaluation of the risk asso=-
clated with AOT and STI requirements. This was obtained considering the i{mpor=-
tant influencing issues 1in the risk measures. In addition, the risk measures
are chosen to be conservative i.e.,, the calculated risk contributions are
siightly higher than actual due to various assumptions. These bounding evalua-
tions still allow AOT and STI risks to be effectively discriminated while not
requiring justification for detailed data or models. This approach of realistic
but conservative measures of risk contributions is considered adequate in ob=-
taining a relative ranking of the TS elements, Moreover, the decision required
to improve technical specifications without undue safety implications is safer
with conservative analyses. These bounding evaluations can provide tech spec
relief and {mprovement while simplifying the regulatory review process, It
must, at the same time, be emphasiz-! that in establishing AOTs and STIs, a more
refined, comprehens’'ve analysis must be performed considering various issues im-
pacting their evaluation., The Procedures for Evaluatiug Technical Specifica~
tions (PETS) program, being conducted by Brookhaven Nationai Laboratory (BNL)
for Nuclear Regulatory Research (RES) has an objective of defining the analyses
requirements in using risk basis for establishing such requirements.

Within the boundary of the analysis, the resuits ohtained have a signifi-
cant bearing on modification, The results can be used ia 4 number of ways in
seeking improvements in TSs of nuclear power plants, The risk-based methodology
using PRAs of nuclear power plants can be used to develop consistent bases for
technical specifications relating to AOTs and STIs, thus resulting in better
clarity in the specifications. This evaluation process can be used to seek per-
tinent changes to many unnecessarily restrictive AOT and STl requirements re=
sulting in fewer unscheduled shutdowns and requests for one~time extensions or
exemptions., Specifications whose risk impacts are found to be insignificant can
also be considered for removal from current TSs to some other form of control,
if necessary., The evaluation can also be used to tighten requirements where the
risk contributions are unacceptably high,

The report is organized as follows: Section 2 provides the measures of
risk impacts of AOT and STl requirements used in this analysis, The determina-
tion of these measures using an existing PRA and the limitations are also dis~
cussed, Section 3 provides a brief description of the ANO-l PRA and the techni~
cal specifications analyzed. The application of risk measures and the results
of the study are presented in Section 4, Summary, conclusions, and the utiliza-
tion of the resulis in the decision making process fur improving technical spec-
ifications are discussed in Section 5, Appendices provide the detailed results
for each maintainable component for which the AOT risk was svaluated and for
each test requirement whose risk impact was evaluated. Appendix A presents a
detaied derivation of the survelllance test interval risk measure, Appendix B
provides the maintenance requirements for the on~line maintenance performed in
the ANO=] nuclear plant and Appendix C provides both the single and projected
yearly AOT risks for each of the maintenances., Appendix D defines the various
surveillance test requirements, the components tested in each test and the risk
fmpact or benefit of these tests,



-s-
2+« MEASURES OF RISK IMPACTS OF AOT AND STI REQUIREMENTS

In this section the measures of risk impacts of AOT and STI requirements
are defined, The definitions, the development of these measures, the underlying
assumptions and limitations are provided, The utilization of PRAs in calculat~-
ing these measures is also explained.

2.1 AOT Risk Measure

The operating risk of a plant due to an AOT is the risk associated with the
component being down and unavailable were it needed if an accident occurred.
The risk can be any risk characteristic such as core-melt frequency or expected
fatalities or sy<stem unavailability-depending upon the level of defirition used,
These definitions of AUT risks are further explained in Refs., 5 and 6,

Single Downtime Risk

Let :?01 define the core-melt probability for the downtime when the com=

ponent i is down for the AOT. The quantity rlo is sometimes called the single
downtime or conditional risk since it occurs when the component i{s known (given)

to be down for the one AOT. The risk rioIa the pertinent risk fto consider
when the component i{s found to be down and a decision needs to be made on the

allowable AOT., The risk (the core-melt probability heres) r?or when the compo~
nent is assumed down for the entire AOT period is given by tne siuple product:

AOT

5y

. c:-(uor) i (1)

B
where C{ is the (increased) core-melt frequency when the zomponent is down.
The increase in core-melt probability due to the AOT is then:

AOT + 0
or, " = (C‘ - C1)°(AOT) . (2)

(s

where Hf is the core-melt frequency when the component { is not known to be
down, This is the representation of the "differential single downtime risk” and

is one of the AOT risk measures calculated in Chapter 4 and also preseated in
Appendix C,

The conditional or single downcime AOT risk definition applies to the situ=-
ation where the component is detected to be down and repair or maintenance is to
be performed for the entire AOT period. This definition does not directly ac~
count for the frequency of maintenance or repair; rather, the ifmplicit assump~-
tion in this measure 1is that the frequency is wme per year, and the component is
unavailable for the entire AOT period. In another point of view, this measure
provides the incremental risk for a component unavailable for one AOT period
over one year, The actual AOT risk, on the average, may be lower than that cal~

culated from the conditional risk measure, since, in reality, the average repair
time of a component is less than the AOT,



Yearly Downtime Risk

The risk rAUT does not cover all the risks associated with the AOT. The
other measure of AOT risk is the risk assocliated with the future occurrences of
the component being down, This risk is sometimes called the yearly AUT risk and
is the expected cisk which will accumulate over some future time period.

Let .QOT be this cumulative risk from downtimes which :ofonpooent i can

suffer during a reference period of one year, This risk Ry  accounts for
the downtime for a given AOT as well as the number of downtime cccurrences. The

risk ltOT is given by:

AOT

R

- NeC] +(AOD) (3)

where N 1s the number of projected downtime occurrences during a defined time
period of | year., The number N is an expected number and can be ka;l than or

greater than |, For core-melt probability as the risk measure, R is the pro=-
jected core-melt probability during the downtimes which are cxpcc!nd t9 occur,

The increase in projected risk is given by

RAOT

o,

. N'(CI-C:)‘(AOT) (4)

+ 0
= (w)e(C =C)e(ArT)

where @ {s the maintenance frequency (per year) of component { and N=uy for a

time period of | year. This "differential yearly downtime risk” i{s calculated
and presented in Chapter 4 and Appendix Cs The maintenance frequency is usually
higher than the failure rate of the component since it accounts for the mainte~-
nances to be performed for many degraded and incipient failure conditions of the
component, The projected risk increase will be higher compired with the dif~
ferential single downtime risk when the number of projected downtime occurrences
over a year is greater than one and vice versa.

This definition of yearly downtime risk increase also assumes that every
time the component is taken out for service, the entire AOT period is used, As
explained before, the expected AOT risk in a plant can be lower since many re-
pairs can be completed in shorter time periods and the average time {s less than
the AOT defined, Using the average repalir time, one can obtain the expected
differential yearly downtime risk as:

+
u‘: “ ey, (5)

where d {8 the average repair time and is typically less than the AOT for the
compenent, This measure {s also calculated in Chapter 4, The use of Eqn, (4)
or (5) in obtaining the projected yearly downtime risk depends on the interpre-
tation provided to the measure, Obviously, Fgn., (5) provides the expected risk
and evaluating the risk with the entire AOT (as in Eqn, (4)) gives the risk
which is allowed by the AOT,
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2+:101 ncreased All Risk Due to Change in AOT

In determining the risk impact of changing an AOT for a componert, one can
obtain the changes in hoth the single downtime risk ind yearly downtime risk.

For a new AOT, termed as NAOT, the single downtime risk can be obtained
using Eqn. (1) as:

r:AOT a CI * (NAOT) ,

and the change in the single downtime risk measure is ypiven by

¢ (AOT+NAOT) = :2‘°’ : rf”’ - C}e(NAOT-AOT) . (6)

Similarly, the change in the differential single downtime risk is

NAOT AOT

5% (AOTSNAOT) = ary """ = 8¢y = (cI—c:)-(naor-Aor) . (7)

Eqns. (6) and (7) present tne additional single downtime risk allowed by a new
AOT, The changes in the single downtime risk should be evaluate. tor each com~

ponent separately since the single downtime risk is a4 conditional risk and is
not additive.

The projected yearly downtime risk allowed by a new AOT, NAOT, can be ob-
tained using Eqn, (3) as

n:“or . N‘CI'(NAUT) ,

where N, the expected number of outages in a year, is assumed to remain the same
under the new AOT, This assumption is conservative when NAOT is greater than
AOT since, with longer available times, repairs are expected to be performed
adequately = rnducing the number of fallures of the component,

The change in the differential yearly downtime risk is given by

NAOT AOT
{ o,

« u (C]=CD)e (NaOT-AOT) (8)

AR‘(AOTONAOT) = AR

where wy, like N, is assumed to remain unchanged for same arguments,

The net effect of changing wmore than one AOT can be obtained by combining

the yearly downtime risk, The cumulative impact of changes in AUTs of n compo~
nents can be expressed as

n
aR"(AOTSNAOT) = | w (C=CT)*(NAOT =AOT,) . (9)
1]



It 1s calculated in Chapter 4 in presenting the total impact of core-melt fre-
quency for changes in AOTs of the maintainable components. This measure is the
risk being allowed by the new AOTs additional to that being allowed by the pre~
vious AOT,

2.1.2 Discussion of AOT Risk Measure

Two types of AOT differential risks are discussed here: the differential
single downtime risk, ArAUT, and the projected differential yearly downtime
risk, ARAOT, Both need to be considered since both types of risk will be gen=-
erated hy the AOT, Both risks need to be controlled {if AOTs are to be deter~
mined using risk as a guideline, In practice, one risk will often dominate the
other and the dominating one will control the other.

The risk wmeasures are determined here in a conservative manner by focussing
on che risk being allowed by an AOT., This resulted in calculating the risk
associated with the entire AOT period. In addition, when the AOT is increased,
the frequency »f maintenance is kept constant, even though it may decrease due
to the avallability of additional time for more thorough repair, As discussed,
these bounding evaluations are sufficient for our purpose of relative ranking of
risks associated with different AOTs.

2.1.3 Calculation of AOT Risk Measures

The determination of AOT risk measures is performed utilizing the PRA of a
plant to calculate the core-melt frequencies CI and C:. C: is obtained by
assigning a zero value for the AUT, C?¥ is calculated using the following

i
inputs:

ls The component i is assumed to be down, This is equivalent to setting
the component unavailability equal to 1.

24 Other components that must be reconfigured for the repair are i{denti~
fied and thelr unavallabilities are modified to represent the recon=

figured state,

3. Other components or system trains that are required to be operable are
identified and are assumed not to be down for testing or repair, since
that would violate the technical specification limitations,

The representation of reconfigurations and operability requirements of
other components during maintenance requires a reevaluation of the system fault
tree models, Reconfiguration of components may eliminate certain unavailability
contributions because of the new state of the coamponent, In addition, the re~
quirement of availability of redundant trains and components imply that these
are checked to ensure they are not down, Human errors following previous test
will therefore be corrected before the repair is begun and these human errors
are eliminated for the evaluation, The dependent failures due to human errors
will no longer be applicable and are also eliminated, The remainder of the in=
puts are the same as that used for PRA calculations for. Using the above input,
the calculation of the core-melt frequency CI incorporates pertinent system and

component {nteractions,
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Representation of the reconfigured state requires an evaluation of human
errors associated with the failure to reconfigure and failure to maintain the
operability requirements. However, the possibility of such errors are con=-
sidered to be rather low in this study and are nrt considered. Many times re-
dundant trains are tested before a repalir is begun and their unavailabiiities
will be lower than the average unavailabilities. In essence, the AOT risk de~-

pends on the effectiveness of the tests. But, this aspect is not 1included in
the analysis.

The calculation of eot risk using ‘“a {nput requirements defin:d above re-

quires certain cautions, When a cov. navailability is equal to | in min-
imal cut sets, the resulting cut scts ‘nger be minimal and may need to
be transformed to th' minima] form. 9 - ‘e minimal cut sets truncated at
a certain value (10" or 1077 ., othe sher of minimal cut sets may be~-
come unmanageably large. Tf ri 4~ are used to calculate the risk
during AOT, care should b. ken . v containing the AOT component are
nct prematurely truncated. ‘ay ~ % low magnitude containing the AOT
component may become a do L1 sthen the component unavailability is
equated to 1. Fallure to ac p ( the significant cut sets contain-
ing the AOT component, when the v {ty is set to |, results in under-
estimation of the AOT risk. In uty, the accident sequence models were
recalculated using the WAMTAP co et code to avoid any error in estimation

efither due to truncation or due to changes in minimal cut sets.

2:2 STI Risk Measure

The risk ifmpact of a test consists of the risk reduction die to the test
and the risk increase caused by the test., The risk reduction of a test of a
component {s the reduction {n risk due to the ability of the test to detect a
failure that may have occurred during the standby period and may otherwise nave
gone undetected. The risk Increase due to the test {s the risk caused by down-
times required for the test, test-caused degradation, and test-caused fallures.
The risk impact or the risk benefit of testing can be Interpreted in a probabil-
fstic sense to be the difference in the expected risk before and after the test.

We will only consider the benefits of the test to determine the risk impact
of the test, Any risk caused by the test will lower the benefits of the test.
In considering only the benefite, we are bounding the net benefits of the test.
Tests which have (low benefits) low risk impacts in this bounding evaluation
will have even lower {mpacts when any risks caused by the test are considered.
The sample bounding approach we use here is conservative and adequate for evalu-
ation and the relative categorization of the risks associated with STIs.

Risk Benefit of Surveillance Test on

The risk benefits ry of 1 test on single component { can be simply de~
fined to be the risk Ry before the test minus the risk Ry after the test

ft - lb-.. . (IO)



We shall use core-melt frequency as a risk measure and hence ry is the
decrease in core-melt frequency due to a single test, Note that the risk impact
ry is positive since ry is the decrease in risk and is the risk benefit of
the test.

Consistent with the bounding approach of the benefits of the test, we shall
assume that after the test, the component is in an up state and has an availa~-
bility of one (unavailability of zero);

M R(0) (1)

where R(U) is the risk (core-melt frequency) evaluated with the component un=
availability set to zero, i.e., the component assumed to be up.

As stated, Eqn, (11) represents the maximum benefit of the test in that it
is the lowest risk that can be achieved after the test, In actuality, the com=
ponent will have a residual unavailability which is unequal to 22ro and rep~
resents the per cycle contribution,

Consider now the risk (core-melt frequency) Ry before the test. If the
component is up, the risk is (0), The probability that the component is up is
l=q where q is the component unavailability. [f the component 's dow., the risk
is R(1), t,es, the risk evaluated with the component unavailability set to 1;
the likelihood of this occurring is q. The expected value of Ry is thus

nb = (1=q)R(V) + qR(1) (12)

Using Eqns, (11) and (12), the risk impact of the test is then

s ™ (1=q)R(0) + qR(1)=R(0) (13)

or

£, = q[R(1)=R(0)) (14)

i

where [R(1)=R(0)] is known in reliability literature as the risk importance or
Birnbaum Importance of the component,

R [ [ v

In performing a surveillance test, in many instances, a nuaber of compo~
nents are tested together, For example, the monthly test of the HPL pump will
draw water from the BWST tank and will deliver it back to the tank through the
minimum recirculation flow line, Thus, the survelllance test will detect fall~
ures in all the components in the path and the risk impact of the surveillance
test snould account fo- 1 the components and failure modes tested, The risk
benefit of a surveilla test considers all the components tested {n & test,
and provides an appropr. (e measure for declding the effectiveness of th e tast
and the assoclated (nterval,
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For n components tested in a test,
‘_0
Ryt ° 1)31 9 (R (=R (O)] (15)

where qq is the unavailability for the ith cowponent,

Ri{(1) is the core-melt frequency evaluated withk the ith component
assumed down, and

Ry(0) is the core-melt frequency evaluated with the ith component
assumed up.,

The risk associated with a surveillance test is measured in terms of its
benefit using Eqn. (15) and is presented in Chapter 4 and Appendix D, This mea~
sure is used to differentiate between risk important and unimportant tests and
is also used to study the effect of increasing the test intervals., The risk
benefit of surveillance test on a component, as presented in Eqn, (l4), is use-
ful in obtaining Eqn. (15), but cannot be used for deciding the appropriateness
of & surveillance test, Consider a surveillance test involving three compo=
nents, and consider also that the risk benefit of testing two of the three com~
ponents %s swall, but the risk benefit of testing the third component is signif=-
fcant, This means that the test is risk important as calculated using Eqn.
(15), However, if Eqn, (14) is used, it will appear that test on two of the
components is unnecessary, and requiremeuts for the test can be chgn(od. In
reality, this test will need to be performed because of the third component.

Use of the risk benefit of a survelillance test as opposed to the benefit asso=-
ciated with individual component avoids these ambiguities.

The risk benefit of a surveillance test depends upon the interval at which
the test is performed., Both Eqns. (14) and (15) can be expressed in terms of
test intervals when qy is approximated as fullows:

“1'*‘1’ '

vhere A( {s the hazard rate of the {th component and T is the test interval,
The risk benefit of a survelllance test can be written using Eqn. (15) as

n
Repy * y L AP IC W{) (16)

This expression assumes that component failures are all standby time related,
Treating all failures as standby time related will result in & bounding, conser~
vative estimate of the rigk be ‘it of the surveillance test since it calculates
the maximum risk benefit assc . ' with the test, A detailed derivation of the
risk benefit of a survelllanc, considering the separation of time-related
and demand “related failures ana . _aer aspects associated with a test is pre-
sented in Appendix A,



2.,2.1 [Increase in Risk Due to Change 1. STls

The change in the risk benefit of a surveillance test due to a change in
the interval at which the test is performed can be obtained, using Eqn. (15), as

n
- 1 . ™
BRgpy ® 121 3 A (1=1,) ¢ (R C1)=R (0] for AT ,A T 0ul an

n
= (1,01,) L F A (R (D)=R(0)
t=1

where T, s the new test interval and Ty is the current test interval. Here,
ARgry is the decrease in the risk benefit of performing the test., Equiva-
lently, &Rgypy is the increase in risk from increasing the test interval.
Using the bounding evaluation, ARgry; is the upper brund on the risk increase
from increasing the test interval.

The above expression has an {mplicit assumption that the hazard rate re~
mains unchanged with the change in the test interval, as evidenced by the use of
same Ay for T; and Ty, There is reason to believe that unless the component
is experiencing weir-out and the new test interval does not violate the manu~
facturer recommended value resulting in degradation of the component, the hazard
rate (A) will remain constant, This assumption, if invalid, will introduce non=
conservativeness in ARgyr. Another approximation that requires attention is
that when test intervals are increased, A(T; may become greater than 0,1 and
the approximation for qy will rrquire higher order terms.

2.2.2 Discussion on STI Risk M-isure

The above formulation of risk impact of surveillance testing in terms of
risk benefits associated with the testing does not consider many factor associ~
ated with a test, The possibility of degradation due to testing, the effect of
waar-out of components, separation of standby time related vs demand related
fatlure, the test-caused transients resulting in the possibility of unscheduled
shutdown can reduce the risk benefit from a test whereas the appropriate con~
sideration of relative placement of other tests can further improve the risk
benefit, Incorporation of these parametery will require much more complex
evaluation and is facilitated by the use of computer codes like FRANTIC®, Such
detatled evaluations are necessary when considering modifications to rlll*‘.pot-
tant tests and when establishing STIs using risk arguments, Vesely et al,” dis~
cuss the detatled evaluation approach to define STls for diesels, The analysis
presented above for evaluating the risk benefit of surveillance tests is a con-
servative, bound ing approxivation to more complex models and is useful for
screening purposes, In many cases, the bounding evaluations are sufficlient to
Justity the needed improvements in the tech specs. For example, survelllance
tests which have low impacts will have even lower {mpacts {f more precise evalu~
ations are performed and modifications to these STls can be performed based on
these evaluations. However, the determination of the specific tests to be per-
formed in a plant and the test strategies frow risk consideration will require
more complex evaluations,
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24243 Calculation of STI Risk Mezsure

The Jdetermination of STI risk measure requires the evaluation of the condi~
tional risk, in this case core-melt freguency, assuming the tested components to
be up, R(0), or down, K(1). Both rheces nganiities can be calculated using the
PRA of a plant, When the risk (s evaluatad at the core-melt level, R(0) is ob-
tained by calculating the core-melt frequency by assigning an unavallability
equal to O tc the tested component, R(i) 1is similarly obtained by assigning an
unavailability equal to one tc the component, Similar calculations are per=-
formed for each of the coaponents tested in the surveillance test.

The calculction of R(1), when the component unavailability is equal to I,
requires care similar to that used for calculating the AOT risk., Namely, the
cut sets generated may need to be transformed to tue minimal form and the mini~

mal cut sets used for the evaluation must not be truncated so as to eliminate
cut sets containing the component in guestion,

The additional parameters needed are the unavailability of ¢ ch of the com=

ponents ing tested by the test and their assocliated test interv 1, This in=-
formation is obtainable from the PRA of the plant

2.3 Differerice Between AOT Risk lmpact and STI Risk Im act

The differer-es between the AOT risk impact and the STl risk impact need to
be highlighted., 7%.is is important particularly 1if risk evaluations are to be
used to help ju' 1fy AOT or STI modifications, The principal differences are:

le AOTs, in gineral, ivcrease risk and hence the risk impact is an in-
crease in risk,.

24 STIs, in general, decrease risk and hence the risk impact is decrease
in risk.

3. AOTs cause the risk to iacrease (e.j., the core-melt probability to
increase): the risk is the accident frequency time the downtime,

4 STle cause the risk frequency to decrease (e.g., the core-melr fre-
quency to decrease),

Even though STIs in (jeneral decrease risk, in certain cases they may actually
cause the risk to nurease (i.e., the net risk benefits ar. negative) owing to
the test's deficiencies, The projected risk increase caused by the AOT can be
translated to an average risk frequency increase by dividing oy some reference
time period., For example, the increase in projected core-melt probability can
be translated to an increase in projected core-melt frequency by dividing by one
reacto” vear, This translation is sometimes useful to have AOT and STI1 impacts

on the # ~e scale. For the projected AOT risk increase using Ak:?run use tha
reference timer period of | reactor year to make the scales comparable,



3. ANO=1 PRA AND DETERMINATION OF RISK M SURES

3.1

'ine plant analyzed in this report is the Arkansas Nuclear One = Unit 1,
which is a 836 MWe Pressurized Water Reactor (PWR). The plant is a Babcock and
Wilcox (u&W) design and has been operating since 1977,

This study utilized the Probabilistic Risk Assessment (PRA) of the plant
performed under the Interim Reliability Evaluation Program (IREP). The IREP
analyses reyresent an integrated plant system analysis. Detailed analyses were
performed of those systems trequired to respond to a variety of initiating events
end thooe systeams supporting the responding system, The analysis included un-
availabilities during test and maintenance activities, human errors which could
arise in restorinrg the systems to operability following test and maintenance and
in response %o accident situations, and a thorough investigation of support sys-
tem faults which could affect oper.*ion of more than one system, Event tree/
fault tree methodology was used to study the accident sequences that could lead
to core melt, The initiating events considered consisted of eight different
types of transients and loss~of-coolant accidents of six different break sizes.
Seismic, fire and flood-related events were not considered, The detailed de-
scription- of the systems, their interfaces, and the sequences leading to core
melt are ,rovided in the document "Interim Reliability Evaluation Psogrun:
Analysis of the Arkansas Nuclear One - Unit | Nuclear Power Plant”,

3.2 ANO-l Technical Specifications

The ANO-1 technical specifications associated with the AOT and STI require- |
ments of the safety systems were thezfocua of this study., These requirements
were obtained from the IREP Jocument®, The ANO-1 PRA identified the maintain=-
able components in the safety systems, the AOT and the requirement of operabili-
ty of redundant trains/components., Appendices B and C summarizes these require-
ments for each maintenance act delineated so as to define the input requirements
for the calculation of the conditional core-melt frequency. The STl require=-
ments are presented in Appendix D. Each surveillance test identified in L‘he
ANO=] PkA was analyzed to determine the additional components being tested. A
list of these additional comonents also is given in the appendix. Test inter~-
vals of many of the componenis were obtained froer the fault exposure times pro-
vided in the fault summary sheets for the systems,

3.3 3sco

Tne current LCO requirements, i.e., the AOT requirements, the surveillance
test requirements, and the requirement of system operability during mainctenances
are evaluated for their risk fmpact, The systems evaluated are those studied in
the ANO-1 PRA, and include the High Pressure Injection/Recirculation Systu:, Low
Pressure lunjection/Recirculation System, Core Flood System, Reactor Building
Spray System, Emergency Feedwater System, Reactor Bullding Cooling System, Reac-
tor Protection System, Service Water System, Engineered Safeguards Actuation
System, Class lE AC Power System, 125V DC System, Battery and Switchgear System,
and Emergency Cooling System, and Emergency Feedwater Initiation Control System.






4. RESULTS OF EVALUATION OF ANO=1 AOT AND STI REQUIREMENTS

In this section, results of the evaluation of AOT and STl requirements are
presented. The components of the safety systems analyzed in the ANO-l1 PRA are
evaluated for the various AUT and STI requirements based on ANO=l technical
specification requirements. The impact on risk from chang’ng the AOT and STI
requirements are discussed and also the implications of the action statements on
current specifications,

4.1 alys f Risk act o irement

As discussed in Section 2,0, the AOT risk impact is the i{ncremental risk
when a repair {s performed on a component for the entire AOT period, and depends
upon the state-of-plant during maintenance, the maintenance frequency for the
component, and the AOT., Appendices B and C provide the detailed results of the
analyses, Appendix B identifies the components in each safety system for which
on=line maintenances are performed, tho type of maintenance performed, the re-
configuration performed, and the requirement of operability of alternate trains
or components based on the plant technical specifications. Appendix C presents
both the single AOT risk given a downtime and the projected yearly AOT risk in-
corporating the maintenance frequency of the component,

A summary of the results on AOT risks for the various maintainable compo-
nents is presented in Tables 4.1 and 4.2 and also in Figures 4.1 and 4,2, The
tables present, for selected components, the single AOT risk, the projected
yearly AOT risk, and the average yearly risk due to repair. The average yearly
risk due to repair represents the current repair contribution since it uses the
average repair time for the component, The measure is similar to the projecred
yearly AOT risk exzept that the average repair time, ar opposed to the AOT, is
used, For any of the measures used, tne results show a wide variation, spanning
over seven decades, in the risk impact of different AOT requirements. For

example, the projected yearly AUT risk varies from 6.,7E~6 to the order of
1.,0E=12 or lower,

Table 4,1 presents "he ANO-l maintainable components with highest projected
AOT risk »ver one year period. The components are ranked by their projected
yearly risks, The table also contains the average repair time and correspond-
ingly, the average risk due to repair under the current AOT reauirement, For
the majority of maintenance conditions, the entire AOT period is not used and
the average repair time is considerably less., Accordingly, the average risk due
to repair is lower than the projected yearly AOT risk, In that sense, the pro-
jected yeariy AOT risk calculated in this study is the AOT risk that is allowed
by the requirements. The table shows that the major components of the front~-
line safety systems and the components in the support system have the highest
AOT risk impact. in these situations, the projected risk is less than 2% of the
base-line risk from the core-melt frequency of the plant,

The table also presents the single AUT risk, i.e., the increase in risk
when the component is down for an entire AOT period. As evident from the table,
this is typically higher than both the projected yearly AOT risk and the average
yearly risk due to repair, This is because the frequency of repair for the






019-

Table 4.2, Selecr:d ANO=] Maintainable Components with Low AOT Risk Impact
Average
Average| Repair Yearly
Repair |Frequency| Risk Single |Projected
AOT | Time |(Events/ | Due to AOT Yearly
Component (Hrs)| (Hrs) Hr) Repair Risk AOT Risk
1|HFL Pump P36A 60 7 301 E~5[1s1 E-9 3,42 E-8 |9.3 E-9
2|RPS Channel A Bypass 4 4 led E-«3]1s1 E=9 |9.0 E=11]1.s1 E-9
3|RBSS Pump P35A 36 ? 3ol E~5]644 F=11]1.21 E=9 3.3 E~IO
4|HP MOV CVI1220 60 - “ E«7|1.9 E~11({8.28 E~8 |2.9 E~I0
S|LP MOV CVI1400 60 - - E~7|8.,0 E=12[3,42 k=8 |1.2 E~1U
6{VUCI4A 24 - “ E~7[8.2 E~12]1.40 E~8 |4.9 E~11
7|Bus RS4 R " I E=6]3.2 E<11(9.13 &-9 [3.Z E-11
8| SW MOV 3640 36 “ “ E«7|3.2 E~12]|8.28 E-9 |2.9 E~-1]
Y| RBSS MOV CV2400 36 o e E=7]4.0 E~13:1.03 E~9 |3.6 E~-]12
10| ESAS Logic LI35 12 “ le3 E=6|1.6 E~12]4,13 E~10]4.7 E~]2
(1 |EFW MOV CV2626 36 4 1.8 E-6 € € €
12|EFW MOV CVY=30 36 - 1.8 E=6 € € .
13{A/C Unit VEIA - 7 6.2 E-5 € £ (3

€ signifies negligibly small value
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ANO=1 components is less than l. It should also be noted that the ranking of
the ANO=1 components based on the AOT risk will change {f single AOT risk is
used as the measure. The projected yearly AOT r'sk of a component is lower be-
cause the frequency of maintenance is lower, but these components can pose high
risk when down for repair. An example will be the Bus DOl Circuit Breaker 01228
whose single AOT risk is over two orders of magnitude higher than the procjected
yearly AOT riok.

Table 4,2 presents selected ANO~]1 components with low projected yearly AOT
risk across a one year period., The components in this table were selected ran-
domly over the systems to show that under the current requirements many compo-
nents across the safety 'yocoun pose minimal risk due to their AOTs. The pro-
jected risk is below 10™° and the AOTs of these components could be extended
without any undue risk impact on the plant, The extensions cculd be granted in
a marner such that the risk impact will still be low when taking into account
the uncertainties of the calculation,

The ranking of the maintainable components on their AOT risk impacts de~
peids on the incremental risk during the AOT, the frequency of maintenance, and
the AOT. The high or low value of the risk impact is attributed to any one or a
combination of the above parameters., An important illustration .s provided by
the risk measures obtained for high-pressure system pumps P36A and P36C, The
AOT risk impact of Pump P36C is much higher than that for Pump P36A. The AOT
and the maintenance frequency of the pumps being the same, the difference *=«
attributed to the conditional core-melt frequencies for these pumps in mainte~
nance, Based on th: FRA model, during the repair of Puamp P36A, the high~
pressure injection system is able to deliver water to all four RCS cold legs
using Pumps P36B and P36C, However, during the repair of Pump P3I6C, {f two
cross over valves (MUL223 and MUL1224) are not open, two of the four ACS legs
cannot receive water through Pump P36A and P36B., This results in a higher value
for the conditional core-melt frequency when Pump P36C is in maintenance.
Another interesting comparison will be between EFW Pump P7A and Battery Charger
D05, Both components have a comparable single AOT risk even thuugh the AOT for
the EFW Pump {s over 3 times higher compared to the battery charger. However,
the projected yearly AOT risk for the EFW pump is over an order of magnitude
higher than the battery charger since its maintenance frequency is over an order
of magnitude higher, Similar explanations based on the PRA model and the system

designs can be obtained for the quantitative measures of risks obtained for
other components.

For maintainable components with low risk impact it is interesting to note
that all three measures = single AOT risk, projected yearly AOT risk, and the
average yearly risk due to repair are low., This implies rthat the increar . in
core-melt frequency when any of these components are down is insignificant and

other parameters (repair time, maintenance frequency) cannot cause the risk to
be significant,

4¢lel Pisk lmpact of Ertensions in AOTs

Based on the discussion of risk impact of current AOT requirements, it is
evident that extensions could be granted for many components without undue im-
pact on risk, Figures 4.1 and 4,2 show the current risk profiles of AOT



requirements based on single AOT risk and projected yearly AOT risk, respective-
ly. Figure 4.1 shovo‘chut for 57% of the maintainable components, the single
AUT risk is below 10" and Figure 4.2 ,hovl that for 794 of the same components,
the projected yearly risk is below 107", These figures demonstrate that, based
on risk arguments, there is a wide disparity in current AOT requirements.

In this study, the i{mpact of changes in AOT requirements were studied to
analyze how the AOT risk profile would be altered. Components with low AOT risk
impacts are candidates for extensions from the potgt of view of risk analysis,
The AOTs of components with risk impacts below 10™' were increased by a factor
of two and the resulting risk profiles are presented in Figures 4,3 and 4,4, In
this calculation, the other conditions were maintained unchanged in terms of
operability requicements of alternate trains and components. The totcé cumula=
tive risk increase due to the extension of AUTs i{s appruximately Ix10™", {,e,,
about 0,25% of the beseline risk due to core-melt frequency. A comparison of
Figure 4,3 with 4,2 shows that the ifmpact on the risk profile is also minimal,
As expected, there is a slight shift towards higher risk catogortnc, neverthe-
less, the risk impacts of 73% of the components are still below 107", However,
the impact on single AOT risk, presented in Figure 4,4, shows that about 10X of
the component: have shifted to the high risk category. The single AOT risks of
components are not additive, but the individual single AOT risks must be taken
into consicderation in deciding AOTs, A more conservative approach to AOT exten=-
sion wonld ellow an extensions of a factor of two for components with current
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Figure 4,3, Yearly AOT risk of ANO-l maintainable components for
factor of two 1n$rcaoc in AOTs of components with risk
impact below 107
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Figure 4,4, Single AOT risk impact for a factor of two increase in
AOTs of components with yearly AOT risk impact below 107,

risk impacts below 10°%, This approach would allow extensions of 52X cf the
maintainable components and the net iu-ulatlvc risk increase due to the exten-
sions would be of the order of 4x10"°, i.e., U,01% o1 the baseline risk due to
core-melt frequency. Figures 4.5 and 4,6 show the AOT risk profile with such an
extension and the change ln,tha risk categorization would oe limited to essen~
tially categories below 10", The high risk categories would remain unper-
turbed, In this case both single AOT risks and yearly AOT risks would have
insignificant changes,

Various other approaches of changes in AOTs of the components that would
incur small incremental risk to the plaut is possible, In the atove approaches,
a group of componeuts within the safety systems would be allowed extensions,
whereas ANTs of selected components with higher risk impacts would remain un=-
changed. The majority of the safety systems have few selected components for
which the AOT risk impact is higher, An extension of AOTs of the maintainable
components in a sarfety system can result in higher incremental risk than that
cotained in the other two extension approaches discussed above. F¢r example, an
increase in the AOTs of the High Pressure System Components by a factor of 2
(from two and half days to five days) would result in a net increase in the pro-
jected yearly AOT risk of the order of 5,2 E~6, i.e., 1.3% of the baseline risk
due to core-melt frequency., However, in many systems, a similar AOT extension
can be performed with minimal impact on risk. A factor of two increase in the
AOTs of the maintainable components in the Low Prco,utc System would result in a
net incremental cumulative risk of the order of 10™°,
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4.1.2 Evaluation of Action Statements

The action statements for limiting conditions of operations define the
obligatory action if the requirement of the TS are not met., For AOTs, actions
are defined if the componeut is not returned to operational status within the
AOT defined. Usually, the action statements will requiie a change in the opera-
tional mode of the plant. For example, if a component in the low-pressure in-
jection system train A {s found inoperable and not repaired within 45 hrs, the
plant should be in hot shutdown condition within the next 12 hrs and if not cor=-
rected, in the cold shutdown condition within the following 72 hrs.

Based on the risk fmplications of the AUT requirements, the action state~
ments appear unnecessarily severe, For example, the maintenance of LPIs,pu:p
P35A for an additional 60 hrs results in an incremental risk of 3,43x10%", The
expected frequency of maintenances requiring longer repair times compared to the
AOT is lower than the maintenance frequency of 3.1 E~5 events/hr assumed for the
punp. The additional risk is thus not expected to be m.re than 9,3 E~-8, Under
these circumstances, changes in the operational mode of the plant are unneces=
sary and possibly introduce more risk to plant operation than that incurred
through allowing additional outage times, Alternate means of risk reduction,
through monitoring and testing of alternate failure paths, may further reduce
the risk of additional outage times. In addition, the punitive action state-
ments may result in incomplete repair of components, thus increasing the fr:-
quency of maintenance, Similar risk arguments can be made for many of the
action statements based on violations of AOTs. The appropriate action state~-
ments for enhancing the long-~term safety of the plant would be the requirement

of proper repair to reduce future occurrences of similar problems and assurance
of availability of alternate means of risk reduction,

4,143 Transferring of AOT Requirements From Technical §

ecifications

The results of the risk impact of the ANO-1 AOT requirements demonstrate
that many of the AOT requirements are unimportant, The expected frequency of
maintenance of many of these components is low and a large increase in their
AOTs would not impose undue risk, For example, a factor of ten increase in the
AOT of shc RBSS pump will contribute an additional risk of the order of
3.5%107", These components are candidates for removal from technical specifica-
tions to some alternate means of control, A review of Figure 3.2 shows that the
risk impact of 521 of the maintainable components is below 10", and these would
not necessarily require the strict control of technical specifications.

From a risk control point of view, technical specifications should focus on
components and conditions that are significan: contributors to risk, Risk and
reliability analyses provide evidence that it critical combinations of compo-
nents are simultaneously unavailable, this may cause a large increase in risk,"
Cuorrent technical specifications do not always control these critical combina~-
tions of component- which are identifiable through risk analysis. In consider=~
fug removal of AOT requirement from TS, assurances must be provided that outage
of critical combinatisns of safety significant component outages do not overlap.
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is minimsil except for small rearrangements between the third and fourth cate-
(oric'. The incremental risk impact due to such an extension is of the order of
I1x10°%, 1.es, “0.25% of the baseline risk due to corc--,l: frequency, and

still 50% of the tests will have risk impacts below 10°', The risk impacts of
many of the surveillance tests are so small that a much larger extension could
easily be granted from risk considerations, Figure 4.9 presents the risk pro-
file with a factor of four extensions in STIs with a risk impact below 107",
Such an extension would significantly reduce the burden of testing in the plant
and wouid not result in an unacceptable risk,
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Figure 4,7, Risk Impact of ANO-| Surveillance Test Requirements

4242 Transferring of STI Requirements From Technical Specifications

Risk analyses of surveillance test requirements provide insights in decid~
ing whether unimportant STIs should be transferred to some other form of con-
trol. As presented in Figures 4.8 and 4.9, a significant increase in the test
intervals of a large fraction of the £Tls would have negligible incremental risk
impact, However, risk impact for at least 29% of the tests are significant and
assurances are necessary that these tests are performed to detect any failures
occurring in the standby period, In addition, manufacturer~recommended test in-
tervals should not be violated, 1if they arv necessary to malntain the integrity

of the coaponent,
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The transfer of STIs from te~hnical specifications can be performed in a
variety of ways., The results of this study indicate that integral tests, i.e.,
tests of systems or system trains detecting fallure modes of a jJroup of compo~
nents, are more risk effective, Risk insights can be used to develop fewer in-
tegral tests to control the risk and the remaining test requirements can be
moved to other forms of control. Removing the entire STI requirements from
technical specifications, where the test interval of risk important tests is
significantly increased, may require an alternate form of risk control activity,
e.f., condition monitoring of risk important fallure modes of selected

components,
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APPENDIX A

DETAILED DERIVATION OF ST1 RISK MEASURE

The risk ifmpact of a surveillance test is defined Iin terms of risk benefit
of the test; and a bounding, conservative evaluation approach is presented in
the main report (Section 2,2) for quantifying this aspect, In this section, a
further detailed derivation of the risk benefit of a surveillance test on a com=
ponent is presented to clarify the (nfluence of some of the factors, This de~
rivation will include the following additional considerations:

I+ The separation of demand ve standby time-related failures,

Component unavailability can be considered to be couposed of a demand
fatlure contribution and a standby time-related failure contribution, The de~
mand fallure contribution is associated with a demand on the component and the
component is susceptible to the same fallure probability every time a demand is
made on the component, Thus, a surveillance test does not influence this por-
tion of the unavailability, Standdy time-related failures are detected and cor=~
rected by surveillance tests, The risk benefit of a surveillance test will de-
pend on the portion of the component unavailability that is standby time-re-
lated, However, the use of this definition requires a proper partition of the
fatlure data into standby time-related and demand~related fallure modes. An
evaluation of each fatlure, as to whether its cause is demand or time related,
is necessary to develop the data base for precise evaluation of risk benefit of

a4 survelllance test, An example of such detalled data evaluation is presented
in Ref, 9,

)

Human error associated with a test,

Survelllance testing of a component is assoclated with human errors,
Lee,, errors which can cause & tested component to be left in a falled condi~
tion, 1In many situations, this type of husan error can be the dominant contri-
butor to component unavailability, The derivation presented here considers
human error and it will show that the risk benefit of & surveillance test is not
influenced by the human errvor, f,e,, (ts effect is negligible,

3. Downtime associated with a test,

Many surveillance tests are assoclated with downtimes during which the
component is unavailable 1f a demand occurs, The derivation of the risk benefit
presented here Includes the risk due to such downtimes, MHowever, since the test
downtimes are significantly smaller than the test interval, its effect on the
risk benefit of a test 1s usually negligible,

4, Non-detection probability,

Another consideration in the deternination of the risk benofit of a
test 18 the possibility of non-detection of component failure, The non-detec~
tion of component fallure during a test will reduce the risk benefit of a test,
In the derivation presented, the probability of passing a test in a fatled con+
ditional was assumed to be zero,



5. Test-cause degradation

Surveillance testing can cause wear-out of a component, resulting in
test~caused degradation, The benefit of surveillance testing will be reduced (f
the test itself is causing wear-out of the component, When test intervals are
{ncreased, the effect of this contribution is expected to diminish, In the de~
rivation of the risk benefit presented below, such effects are not considered,
t.e., the degradation of the component due to test i{s assumed negligible.

In carrying out the derivation, the risk before a test (Rp), the risk
after the test (Ry), and the risk during the test (Ry) are defined separate~
ly to obtain the risk benefit of the test, The risk benefit of a test on a com~
ponent is:

ok R R (A=1)

Risk Before the Test of Componsnt, Rb

The risk posed by a component is due to the possibility that the component
is fatled, The risk before the test of a component is due to the probability
that the component, due to the following three reasons, may already be in a
fatled (down) stale or may fail during the test,

I, From the previous test, the component may have bren left in a falled
condition due to human errors. Let hy define the human error proba~
bility assoclated with a test,

2. The component may have failed during the standby-time period following
the previous test, The hazard is represented by it, where A is the |
fatlure rate of the component and t is the exposure time (where the ex-
posure is on the average equal to half the test interval, T). |

3+ The component may fail with a probability gqo, vhere q  is the
desand~failure probability, A component is alvays susceptible to this
fatlure probablliity anytime the component (s demanded,.

Mathematically, this can be expressed as:

R, * r::wnm . r::u-qa)-m) o %,

- % * R(1) (A=2)

where

Ptg is the probability that the compouent is up going into the test,

P!g.“ - (1-r1:). is the probadility that the component i+ down going
into the test,

Qo is the demand failure probability,



Pt:°q° is the probability that the component will fail due to demand~
related failure causes even 1f it enters the test in an up state,

R(O) signifies the risk vhen the component {s in an up state, and
R(1) signifies the risk when the component is in a down state,

in
P"gu is given by:
’ta

dous h° * (!-h‘)lt

in

* I={h_ + (1=h )it}

where

hyo 18 the human error assoclated with the test and signifies the proba-
bility that the component was left in a failed state, from the previous
test,

A 1is the failure rate of the component, and
t 1is the exposure time equal to half the test interval, T,
Using Eyns, (A=2 and A=3), Ry can be expressed as:

R, lq¢¢(x-q°){u°o(|-ao)At}lu(x) * ll-{h'O(l-h.)xtrl(l-qo)l(O) . (A=4)

Risk After the Test of s Cosponent, Ry

The risk following the test of a component is due to the possibility that
the component may fail due to causes not correctable at the test (demand~related
fatlure), or the test itself may have caused a fatlure or the test may have
falled to detect a failure,

Mathematically, this can be expressed as:

out | _pout
R, ® Piown ' R+ (1 ¥ o R

where P:::u is the probability that of the component may fail after the test and

is given by

out

'dovn

-aov(Lmoha

It is assumed here that the probability of non-detection of failure of the com=
ponent at the test is negligible,







A=5

Typlcally, v/T » 0 and q4, hg € |, and
£, % ACIRCL) = RCO)) = [i={h, + (1= )At}lq, * § * RCD)

A bounding approximation to the above equation is
" qlR(1) = R(0) (A=8)

where q is the component unavallability and is assumed to be purely time-related
failures, which also eliminates the contribution from demand~related downtimes,
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MAINTENANCE REQUIREMENT SUMMARY OF ANO=| SAFETY SYSTEMS
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Vo lves CvI4Q? or
Cvle0e

M iatenance reQuiring
dlsassemt iy

Close Bw)
(Portormed dur (ng shuteoen)

Toble 8,1, Maintenance Requirement Summary
System: WP|5/WPRS
r—
Component Unger Type of Components Aligned Away Systen/Component
My intenance Maintenance from £5 Position Fequired to be Operable
WP pump PIsA Ma Intenance requiring Close valves: MU20A & MUIBA [P pump train P68, PI6C
disassemply [Open circyit bresner ASOS ESF vaive CV1227, COVI228
valver Cvi2ie Ma intenance requiring Close valves: MW1223 WP pump train PGB, P60
disassemdiy 204 ESF vaive Cv1227, CvI228
20
Qpen clircui? breskers: 89152
s
Close valve CYI220 It open
Open vaives MUZY & W24
valve Cv1220 Mg intenance requiring Close valves: M2 WP pump PME, PAeC
olsassembly U20A ESF veive CV1227, Cv1228
Qpen cirguit breskers: 83182
5
Close valve CY1219 It gpen
Open valves MUZY & W24
we | pump PIC Mainterance reqyiring Close valves: WX WEL pump train PISA, PIeR
disassemtly R E5F valve CVI219, C¥I220
Open ¢ireylt breaker; AMOS
valve CYI1227 Maintenance requiring Close valves, W20 WPl pump train PASA, PieS
disassembly LI E8F valve CVI219, CVI1220
1223
Close Cv1228
Open cirduit breskers: B85
a8
valve Cv127% Mainterance requiring Close valves: WU WEL pump train PI6A, Pled
isasaently w2 E5F vaive CVI21S, V1IN0
LAY
(Close CV1227
Opan girguit preasers: 86152
AL
WP pump Pie8 Mg (nrerance requiring Close valves: W88 W pumg train PRSA, PNC
Gisassemd iy LS E8F valves Cwi20e, OV122C
Opea Cirguit Sreshers: AMN? Cvi22?, Cvi2e
YIRS




Table 2.2,

Component U-der
Maintenance

valve CY1440

valve Cv'429

Pump P348

valve CV14(%

valve Cv1401

valve Cv1423

Pump P34A

valve Cv1405%

Cvi41%

Cvl414

diss

Maintenance
disassembly

Ms intanance
disazsembly

Maintenance
disassembly

Maintenance
disassembiy

Maintenance
disasrembly

Maintenance

Disassemr v

Not al luwed

Not allowed

Mainterunce Req

B-2

ant Summary
LPIS ‘LPn.

9t components Al igned Away System/Component
L from £S Position Required to he Operaole
alring Circult breaker BL16! open LP pump train P3GA

valve BW8B closed ESF valve Cv1401
Circult breaker A405 open

requiring Circult breaker B616!1 open LP pump train P34A
valve CV1400 closed ESF valve CY1401
valve BWBB closed
Circult breaker A405 open

requiring Circult breaker A405 open LP pump train P34A
valve CV1400 closed ESF valve CY1401
Clrcuit breaker B6161 open
vaive BW8B closed

requiring Circuit preaker 86161 opan LP pump train P34A
Valve BwAB closed ESF valve CV1.0!
valve Cv1408 closed
Clrcult breaker B6164 open
vailve Cv1415 closed
Circuit bresker B61£3 open

requiring Clrecult oreaker B51114 open LP pump train P348
valve SWBA closed ESF valve Cv1400
Circult breaker A30S open
vaive CV1401 closed LP pump train P34B
Circyit B51114 open ESF valve CV1400
Valve BWBA closéd
Cireult breaker A30S5 open

cequiling Circult broaker ALQOS open LP pump train P348
valve Cv140) c¢closed E5F valve CY1400
Circult broakar BS1114 onen
Vaive BWSA closwd

rec.iiring Circult breaker B571112 cpen |LP pusp train P348
vaive BWBA ¢losed ESF vaive CV1400

renuiring valve CY1414 closed
Circult breaker B51113 open
valve CY1407 closed
Circult bruaker B5164 open

at power

at power
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Table 8,3, Maintenance Requirement Summary
System:

Reactor Building Spray

Component Under
Maintenance

Type of
Maintenance

Components Al igret Away
from ES Position

System/Component

Pump P158

Pump P35A

Valve (V2400

Yalve Cv240)

Meintenance requiring
disassembly

Maintenance requiring
disassembly

Maintenance requiring
disassembly

Maintenance requiring
disassemdly

Valves:

8518 closed
BWS8 closed
P358 circult breaker open

valves: ’

BS1A closed
BW5A closed
Circult breaker A405 npen

valve BS1B closed
P358 circuit breaker closed

Valve BSIA Closed
P35A Circult breaker closed

RBSS oump train P35A
ESF valve Cv240!

RBSS pump train P358
ESF valve Cv2400

RBSS pump train P35
ESF valve CY2400

RBSS pump train P358
ESF valve Cv240!

Table 8,4, Maintenance Requirement Summary

Emergency Feedwater (EFWS)

Component |inder
Maintenance

Type of
Maintenance

Components Aligned Away
¢rom ES Position

System/Component

Pump P78

Pump P7A

Vaive Cv2803

Maintenance requiring
disassembly

Maintenance requiring
4lsassembly

Maintenance requiring
disassembly

Close valves: Cv2800
Cvx=3
CyXx=2
Disable breakers: 5333
A3
Close valves: Cvas0z
Cvx=1
Cvx-4
Disable breavers: Y|
Y-2
8533
618!
Clese valves: Cv2800
CVx«2
Cvx~3
Disable broakers: A1)
5193
5194

EFW pump train PIA

EFW pump train P78

EFW pump train PIA

Required to be Operable

Required to be Operable
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Table D,

0-1

Risk Impacts of Survelllance Test Requirements In
High Pressure Injection/Recirculation Jystem

Test
Designator

Component
Undergoing
Test

Type of
Test

Additional

Component
Tested

Component
Allgned
Away tr
ES
Position

Expected
Test
Frequency

Expected
Test
Duration

Risk
Impact
of Test

HP=T1

HP=T2

HP-T3
HP=T4

HP=T5

HP=T6

HP=T?

HP=T8
HP-T9
HP=T10
HP=T11
HP-T12
HP-T13

Pump P36C &
Sw Cv3810

Pump P36C

Sw Cv3sio

Pump P36A A
Sw Cv3808

Pump P36A

Pump P368 A
Sw Cv3209

Pump P368

cvian
Cv1228
cvi219
Cy1220
Sw Cv3808
Sw Cv3809

Flow
Stroke

Flow

Stroke

Flow
Stroke

Flow

Flow
Stroke

Flow

Stroke
Stroke
Stroke
Stroke
Stroke
Stroke

Bwix
Cv14088
Bw2x
MU18C

Sw Cv3810
Sw Cv18C

BwiX

Cv 14088
Gw2
MU1BC

Sw CV18C

Bwix
CV1407A
Bwix
MUIBA

Sw Cv3808
SW Cv018A

Bwix
CY1407A
Bwix
MU18A
BWiX
CY1407A
Bwix
MUE
M7

MU 188
SW Cv3iag
Sw Cv188

Bwix
CY1407A
Bwix
L VALY
w17
M 188
None
None
None
None
None
None

None

None

None
None

None

None

None

None
None
None
None
None
None

Annual

Monthly

Annual
Annual

Month |y

Annyal

Monthly

Quarterly
Quarterly
Quarteriy
Quarteriy
Quarterily
Quarteriy

1 hr

30 min,

10 min,

30 min,

30 min,

min,
min,
min,
min,
min,
S min,

L R AR R

60. E',

4,4 E-5

2.‘ E"
'.’7 ",

1,36 E-5

E-5

€+3

8 E=7
8 €7
9 E-7
9 E-7
0 E<?
0 E-9
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Table 0.8 Risk Impact of Surveillance Test Requirements in Englineered Sateguards Actuation

Component
Allgned
Component Additional lAway from| Expected |Expected| Risk
Test Undergoing Type of Component ES Test Test Impact

Designator Test Test Tested Position |[Frequency [Duration|ot Test
ES=T16 Channel 2 Open Circult None None Each Shiftt| None |4,8 E-8
ES~T1? Logle L2-12 Proper Operation None None Montth |y None |[3,6 E-8

Channe! 4
€s-T18 Logic LI=13 Proper Operation|None None Month |y None |3,4 E-8

Channel 3
ES-T19 Power Supply Callibration Channels 1,3 None Monthly None |[2.6 E-8

$,7
ES=T20 Callbration cu:nolo 2,4 None Month |y None |1,2 E-8
6,

ES-T2) Channe! 4 Open Clreult None None Each ShItT] None (4,7 E-9
ES~T22 Channe! 3 None None Each SAItY] None [4,5 E-9
ES-T23 Logic Butter A1 Proper Operation|None None Month |y None |2,8 E~9
€S-T26 Lu,ic Butter A216 Proper Operation|None None Monthly None |[2,8 E<9
ES-T25 Loglic Butter A31S Proper Operation|None None Month ly None |2,8 E~9
ES-T26 Pressure Sensor Callbration and |None None Each Shitt] None |0,.8
£S-T27 Pressure Sensor Calipration and |Butf , Amp,Al17] None Each SAIfY] None [8,8 E-10

PT2406 Proper Operation
£5-T28 Preassure Sensor Calipration and |Butft Amp,A217| None Each Shitt| None 8.8 E<10

PT2407 Proper Operation
ES- 29 Logle Butter A122 Proper Operation|Butf Amp, AN17] None Month iy None | 3,7 E-10
£S-730 Loglc Butter A222 Proper Operation|None None Month iy None |3,7 E«10
ES-T3 Loglc Butter A322 Proper Operation|None None Month iy None |35,7 E«10
ES-T32 Logle Rutter A123 Proper Operation|None None Month iy None |3,7 E-10
ES-T3) Loglec Butter AN22 Proper Operation|None None Month |y None |3,7 E~10
ES~T34 Logle Butfer AN23 Proper Operation|None None Month iy ] None | 3,7 €«10
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