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Abstract

This report presents guidance for evaluation of Technical Specification conditions with
PSA. It covers quality in PSA, how to verify that the PSA model is sufficiently robust and
sufficiently complete and general requirements on methods. Acceptance criteria for
evaluation of changes in the TS conditions are presented.

As the probabilistic safety assessment (PSA) has developed over the years, it has dem-
onstrated to constitute a useful tool for evaluating many aspects of the TS from a risk
point of view. and in that way making the PSAs as well as the decision tools better. This
also means that it will be possible to take credit for safety system overcapacity as well as
inherent safety features and strength of non-safety classed systems.

However, PSA is only one of the tools that shall be used in an evaluation process of TS
changes (strengthening/relaxation). PSA is an excellent tool to be used to verify the im-
portance, and thereby possibly relaxation, of TS requirements. But, since PSA is only one
tool in the evaluation, it is not sufficient in itself for defining which equipment that shall or
shall not have TS requirements.

The purpose of this guidance document is to provide general require-ments, require-
ments on methods and acceptance criteria on risk-informed evaluation of TS changes
based on PSA. The purpose is not to provide a single solution.

As part of the review of the TS conditions this guidance specify require-ments on:

- Quality verification of the PSA model

- Verification that the PSA model is sufficiently robust with regard to SSCs for which re-
quirements both are and are not defined by the TS

- Verification that the SSCs, for which TS demands are to be evaluated, are modelled in a
sufficient manner

- Methods for performing the evaluation

- Which evaluation criteria that shall be used (and how that is verified to be correct)

- Acceptance criteria

This guidance also briefly discusses the documentation of the analysis of the TS
changes.

This guidance document is to a large content influenced by the structure and guidance
given in the NRC Regulatory Guide 1.174.
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Foreword

This guidance document has been developed witkiptbject “Interpreta-
tion and Risk Evaluation of Technical Specificat@onditions”. The project
is financed both by the Nordic Nuclear Safety Regegroup, NKS, and the
Nordic PSA Group, NPSAG (project ID NPSAG #14-002).

Technical Specifications (TS) are part of the safleicumentation —
FSAR/SAR in Swedish and Finnish NPPs. Any changesefore have to be
reported to and approved by the respective regyléidy in these coun-
tries. Risk informed evaluation of TS conditionslamanges to these is an
area with increased interest.

Phase 1 of the project, finalized in mid 2008, &ddeveral risk-informed
TS evaluation projects performed internationallgv&al seminars with
participants from the Swedish and Finnish nucleanmunity discussed
methods and important aspects on risk-informedviEBuation.

This guidance document is compiled on the basikeotonclusions from the
seminars and answers to the questionnaires setu the participants during
the second phase of the project.

The report is reviewed by the members of the NdAB& group during
summer/autumn 2009.



SUMMARY

This report presents guidance for evaluation of Teical Specification
conditions with PSA. It covers quality in PSA, haw verify that the PSA
model is sufficiently robust and sufficiently comgik and general require-
ments on methods. Acceptance criteria for evaluatimf changes in the TS
conditions are presented.

| denna rapport presenteras vagledning for hur P&an anvandas vid
utvardering av villkoren i STF. Vagledningen tackdwalitetsaspekter pa
PSA, verifiering av PSA modellens robusthet ochlétdindighet och gene-
rella krav pad metoder. Slutligen presenteras aceakriterier for varder-
ing av forandringar i STF.

As the probabilistic safety assessment (PSA) hasldeed over the years, it
has demonstrated to constitute a useful tool fafluating many aspects of
the TS from a risk point of view. and in that wagking the PSAs as well as
the decision tools better. This also means thaillibe possible to take
credit for safety system overcapacity as well agiiant safety features and
strength of non-safety classed systems.

However, PSA is only one of the tools that shalubed in an evaluation
process of TS changes (strengthening/relaxatid@® iB an excellent tool to
be used to verify the importance, and thereby pbsseelaxation, of TS re-
quirements. But, since PSA is only one tool ingkialuation, it is not suffi-
cient in itself for defining which equipment th&tadl or shall not have TS
requirements.

The purpose of this guidance document is to progé&feeral requirements,
requirements on methods and acceptance critenigloinformed evalua-
tion of TS changes based on PSA. The purpose i®mobvide a single
solution.

As part of the review of the TS conditions thisdguice specify require-
ments on:
» Quality verification of the PSA model

m Verification that the PSA model is sufficiently nadt with regard to SSCs
for which requirements both are and are not defimethe TS

m Verification that the SSCs, for which TS demandstarbe evaluated, are
modelled in a sufficient manner

= Methods for performing the evaluation

= Which evaluation criteria that shall be used (aod that is verified to be
correct)

= Acceptance criteria



This guidance also briefly discusses the documentaf the analysis of the
TS changes.

This guidance document is to a large content initee by the structure and
guidance given in the NRC Regulatory Guide 1.174



Acronyms and
Abbreviations

AOT
BIR
CCF
CDF
LCO
LERF
LWR
PSA

RAMA
RG
SAR
SG
SR
SRP
SSC
STI
TS
URF

Allowed Outage Time

Burden-to- Importance-Ratio

Common Cause Failure

Core Damage Frequency

Limiting Conditions for Operation

Large Early Release Frequency

Light Water Reactor

Probabilistic Safety Assessment (aka PRA, Riitibtic Risk
Assessment)

Consequence mitigation systems (in SwedishFBUits)
Regulatory Guide (by NRC)

Safety Analysis Report

Safety Goal

Surveillance Requirements

Standard Review Plan (by NRC)

System, Structures and Components

Surveillance Test Interval

Technical Specifications

Unacceptable Release Frequency (exceedingrfielefined
as acceptable in case of a core damage)

Safety object Object part of safety class 1-3

Non-safety

object

Object part of safety class 4 (i.e. not pasafety class 1-3)

Organizations

ANS
ASME
IAEA
NRC
SSM

STUK

American Nuclear Society

American Society of Mechanical Engineers
International Atomic Energy Agency

Nuclear Regulatory Commission (US)
Stralsakerhetsmyndigheten (Swedish RadiatifetySAu-
thority)

Sateilyturvakeskus (Finnish Radiation and KaclSafety
Authority)



1. Introduction
1.1 Background

A nuclear power plant’s Technical SpecificationS)@efine the limits and
conditions for plant operation to secure the validf the assessment per-
formed in the Safety Analysis Report (SAR).

The SAR assessment is basically deterministic.a8sessment includes risk
insights for example by positioning different evertb different event
classes. Although the SAR assessments includge tergree of conserva-
tism, the conservatism can vary from case to cadesanot necessarily pro-
portional to the public risk (risk for core damagesadioactive releases).

The TS are developed for assuring safety duringatioe and are part of the
licensing basis for the plant. The original TS wieased on deterministic
analyses and engineering judgments (and to soreatextk evaluations).

Specifically, the TS present information on alloveedage times (AOT) and
surveillance Test Intervals (STI) for differentesgfrelated equipment. The
AOT and STI for specific equipment are dependertherimportance of this
equipment. The TS also present the actions tokemta case the AOT can-
not be met, e.g. shutting down the plant to hatadd standby conditions.

As said above, the main purpose of the TS is toagiee that the basis (ini-
tiating data) for the SAR assessment is valid. &ealso an expectation
that a plants TS conditions imply a certain riskele This means that the
different TS conditions shall represent a similsk to the public. However,
the different TS conditions developed strictly be existing SAR and its
event classification will not necessarily repredéistcore damage frequency
(CDF) and Large Early Release Frequency (LERF)balanced and pro-
portional way.

As the probabilistic safety assessment (PSA) hasloeed over the years, it
has demonstrated to be a useful tool for evaluatiagy aspects of the TS
from a risk point of view and in that way contribub the development of
conditions that are balanced and better reprekenetl risk.

Existing PSAs are not primarily developed to besi®for TS conditions
evaluation. An existing PSA may therefore not idelall aspects valid for
the TS conditions. It is very important that altkwaspects are either in-
cluded in the plant specific PSA study to be useti$ condition evaluation
or taken care of by complementary means.

PSA is an excellent tool to be used to verify ik importance, and thereby
possibly relaxation (or strengthening), of TS ctiodis. However, PSA is
not sufficient in itself for defining which equipmiethat shall or shall not
have TS requirements.



The basic objectives in a PSA based analysis amtificetion of TS condi-
tions can be summarized as follows [1]:

» to assure that any changes in TS do not compraiméskasic intent of the
TS in assuring the safety margins during normalawident conditions

m to obtain a quantitative assessment of the rislachpf the changes and to
provide a quantitative basis as a justification

m to make it acceptable and defensible to the reguyldtody whose ap-
proval is usually required.

The reasons for making changes to the TS condititasbe several, for
example plant experience, adaption of standardridptimisation of TS
conditions with PSA. The purpose of this guidarsceiembrace all reasons
for an update and to provide a method to evallegenpact on safety.

1.2 Purpose

No Nordic country has yet developed guidance &k-imformed develop-
ment and assessment of the TS conditions. In thegv&ral guidance
documents exist. These are primarily developedhbyPWR and BWR
owners groups (BWROG, WOG etc). The NRC Regula@uide RG.
1.174 is applied for addressing changes in thecdrditions.

Several different approaches are used for quangfiie importance of
changes to the TS conditions. Definition of a nerywigid approach is
considered as a potential problem, since this meyemt development of
alternative approaches. It is however vital that¢haracteristics of any
method, its results and documentation meet cem@imum requirements.

The purpose of this guidance document is henceowde guidance and
requirements on how risk-informed methodologiestarige used to change
existing or specify new AOT and STI TS conditiohlke requirements cover
input data, methods, results and result presentadimcumentation and crite-
ria for introducing changes. The intent is that emthod meeting the re-
quirements shall be possible to use.

1.3 Scope

An approach for using PSA for evaluating propodsghges in the TS con-
ditions is described in detail in the RG 1.174 R 1.174 states the follow-
ing requirements for evaluation of TS condition rupes:

= The proposed change meets the current regulatidassuit is explicitly
related to a requested exemption or rule change

m The proposed change is consistent with the defamdepth philosophy

m The proposed change maintains sufficient safetygmsar



= When the proposed change result in an increaseréndamage frequency
or risk, the increase should be small and congisigh the Commission’s
Safety Goal Policy Statement

= The impact of the proposed change should be meuitosing perform-
ance measurement strategies

RG.174 then presents a process with four elemergb@wn in figure 1.

Tradltloqal PSA
Analysis
2. Perform 3. Deflne_ 4. Submit
1. Define . - Implementation/
Engineering o Proposed
Change ) Monitoring
Analysis Change
Program

Figure 1 Principal Elements of Risk-Informed, Plant  -Specific Deci-
sion-Making from RG 1.174 [2].

Briefly the different elements include:

= Element 1: Define the proposed change. All aspedise proposed
change shall be identified. All structures, systamd components (SSCs),
procedures and activities that are covered by tbpgsed change shall be
evaluated. Specifically the original reasons fer pnogram (the TS condi-
tions) shall be understood.

m Element 2: Perform engineering analysis. The aralyrsclude traditional
engineering analyses and PSA. The licensee shél #eat the funda-
mental safety principles of the plant are not camnpsed. Safety margins
and defence-in-depth may be affected by the praposange and the li-
censee should therefore re-evaluate these to duppedicensing basis
change. The PSA result changes shall meet deficegptance criteria and
uncertainties shall be evaluated.

m Element 3: Define implementation and monitoringgoean. The purpose
is to avoid an unexpected increase in number hfrés due to unantici-
pated degradation. An implementation and monitopitagn should be de-
veloped to ensure that the engineering evaluationducted remain valid.

= Element 4: Submit propose change.

The NRC procedure described above is considerbd togood outline of
the whole TS evaluation process.

The engineering analysis focuses on two main atesitional engineering
considerations and evaluation of risk impact. Tl engineering con-
siderations include verifying that the defence-apth principle is main-



tained and that the safety margins are as welltHeodefence-in-depth for
example it must be demonstrated that the balarteeeba prevention of core
damage, prevention of containment failure and oqunsece mitigation is
reasonably preserved after changing the TS. Thegesashould not render
simultaneous outages possible that would weakeprtheiples of system
redundancy and diversity.

Regarding safety margins, codes and standardstbdeemet also after a
TS condition change. The SAR acceptance criterist migo still be met. As
an example, a new AQT is not allowed to comproraisafety function suc-
cess criteria.

This guidance focuses on the use of PSA in theewsluation part of ele-
ment 2 in the process.

The use of PSA and PSA methodology can span maeg tyf equipment.
A plant specific PSA model is generally focusedtmntechnical safety of
the plant, and all equipment is therefore not medePSA can be used to
evaluate other types of equipment (not representdte PSA today). How-
ever, the risk measure to be used in the evaluiitikely to be different.
This guidance document is restricted to the evalnaif equipment in the
PSA that can have effect on the Core Damage Fregu&DbDF) and the
Unacceptable Release Frequency (URF).



2. Relation to Relevant
References

2.1 Relation to Swedish Legislation

The Swedish Radiation Safety Authority statutes 8SNM008:1 [3] (chapter
4 85 including its general recommendations), stéuaisall principal changes
in the safety documentation and also all consegqseattechnical and or-
ganizational modifications that can affect the dtads therein should be
analyzed with regard to safety. This includes ckartg the TS. The docu-
mentation to be submitted to the authority shontduide an assessment of
the safety related consequences. This implies use existing PSA or
adapted PSA application, to demonstrate the safgtgct of the change.

SSMFS 2008:17 [4], 8§16, also defines that exemptfoom deterministic
requirements only are acceptable if it can be destnated that the resulting
risk contribution is very small.

The general recommendations to chapter 3 81 aruteh& 58 in SSMFS
2008:13 [5], provides requirements on quantitatethods, e.g. PSA, and
describes how PSA can be used in the quantificatioalative risk.

2.2 Relation to International Guidance

2.2.1 NRC

The United States Nuclear Regulatory CommissionCN&tlopted already
in 1995 a policy statement that in broad outlingsghat the use of PSA
insights should be increased in all regulatory eratind be used in a man-
ner that complements the traditional determinigfiproach and supports
defence-in-depth. The most important Regulatoryd@siwith regard to risk-
informed TS condition evaluation are:

m RG 1.174 - An Approach for Using Probabilistic Risésessment in Risk-
Informed Decisions on Plant-Specific Changes td.ibensing Basis [2]

m RG 1.175 — An Approach for Plant-Specific, Riskaeimhed Decisionmak-
ing: Inservice Testing [6]

» RG 1.177 — Risk-Informed Decision- An Approach Réant-Specific,
Risk-Informed Decisionmaking: Technical Specificagd7].

RG1.174 forms the basis for risk informed decisitaking in the reports
1.174-1.177. The basis for evaluation of changdsSiconditions is pre-
sented, for example that both CDF and LERF shalldesl. It is stated that
the accepted changes in risk shall be small aricctimulative effects of
several changes shall be considered. The methedswsst be well docu-
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mented and it shall be possible to perform a normaéw of the method.
The whole process for evaluation of user initigtktht changes is presented.

Standard Review Plan (SRP) section 16.0 [8] prevgkneral guidance for
review of TS. Section 16.1 [9], is used as refeegnom the SRP 16.0 for
review of risk informed applications.

SRP Section 19.1 [10] provides general guidanceyatuating all types of
risk-informed regulatory changes and for deterngrthre technical adequacy
of PSA results for risk informed activities.

Appendix 3 to this Guidance presents a list of oth&erence documents
published by the NRC that contain interesting infation with regard to
risk-informed evaluation of TS conditions.

The guidance by ASME [16] sets requirement on P8A meference to
quality aspects on PSA. This is further discusseskition 3.1 of this Guid-
ance.

2.2.2 |IAEA
The International Atomic Energy Agency, IAEA, haveral publications
related to risk based/risk informed analysis of T&econditions.

IAEA-TECDOC-1200 Applications of probabilistic safety assessmentyPS
for nuclear power plantl1], has a section devoted to “Use of PSA in con-
nection with NPP technical specification (TS)” widéhe use of PSA to sup-
port modifications and to AOTs and STls are disedss

IAEA-TECDOC-729 [1] discusses how PSA can be usddprove techni-
cal specifications, presents an overview of mettaoakdata requirements
and provides examples of some applications. Thardeat vas published
already in 1993 though, and is considered mainlyrestation.

IAEA-TECDOC-1138 [12] includes several papers désing the use of
PSA for TS conditions evaluation and optimization.

In Safety Standard Series draft DS394 [13] requém@ision risk-informed
TS are briefly discussed.

A number of other reference documents publishelABA that could be of
interest with regard to risk-informed evaluationT& are listed in Appendix
3.

2.2.3 STUK

In Finland the Radiation and Nuclear Safety Auttysiregulatory guides,
the YVL-guides, present requirements on TS and FSA.-1.8 [14] pre-
sents how STUK regulates repairs, modifications anegdentive mainte-
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nance of SSCs at nuclear facilities during openafitne guide further de-
scribes the obligations related to this work immbse power companies.

YVL-2.8 [15] sets requirements for the use of P8Ahe safety manage-
ments. The Guide states thdihe technical specifications shall be reviewed
by PSA in such a way that the coverage and balahtechnical specifica-
tions are ensured. The review must cover all opegadtates of the plant.
Especially such failure states, in which the chaofjyeperating state of the
plant may result in a greater risk than the repairthe plant during opera-
tion, shall be reviewed with PSA. The results efrdview shall be submitted
to STUK in conjunction with the application for aoceptance of technical
specifications’

As such, the STUK guidance does not recommendqoiinespecific meth-
ods for the risk-informed TS conditions evaluatibmthis way the operators
have some flexibility in developing the analysisthoelology, but the pro-
posals for any risk-informed TS condition changaturally are assessed and
evaluated by STUK.
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3. General Requirements on
the PSA model

The PSA model has to meet certain general requiretonde suitable for TS
condition evaluation. Quality of the PSA and requaients on modelling of
SSCs are discussed below.

3.1 Quality of the PSA

The quality of a PSA analysis used to support guliGation is measured in
terms of its appropriateness with respect to sdepe| of detail, and techni-
cal adequacy. The scope, level of detail, and ieahadequacy of the PSA
are to be commensurate with the application forchviii is intended and the
role the PSA results play in the integrated denigimcess. The more em-
phasis that is put on the risk insights and on R&Allts in the decision-
making process, the more requirements have todoeglon the PSA, in
terms of both scope and how well the risk and ttenge in risk is assessed.

One basic requirement is that the PSA shouldstéadily reflect the actual
design, construction, operational practices, aretaipnal experience of the
plant and its owner. This should include the lies's voluntary actions as
well as regulatory requirements, and the PSA usadipport risk-informed
decision-making should also reflect the impactrefypus changes made to
the licensing basis.

The documentation of the risk-informed TS conditewaluation should
include:

m A description of the PSA used, in terms of the pescto ensure quality
and the scope of the PSA, and how limitations ialigy scope, and level
of detail are compensated for in the decision-nmkirocess. (List all
known conservatism in the study and grade the &ffefcthe conservatism.
If the existing conservatism give significantly iroper risk estimate for
certain functions in the risk evaluation this ha®¢ considered.)

m Reference to process or system based instructiahsoaitines that the
licensee follows for risk-informed applications

Neither Sweden nor Finland strictly follows any cfie PSA model stan-
dard today. In the US the American Society of Medtal Engineers,
ASME, has published thétandard for Level 1 / Large Early Release Fre-
quency Probabilistic Risk Assessment for Nucleavd?d?lant Applications
[16], applicable for internal events during fullvyper operation. Draft guides
for external events and low power and shutdown itimmd are under devel-
opment by ANS, the American Nuclear Society.
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NRC has issued a regulatory guide, RG 1.200 [1&§¢dbing one accept-
able approach for determining whether the tech@idabjuacy of the PSA, in
total or partly, that are used to support applioat] is sufficient to provide
confidence in the results, such that the PSA camskd in regulatory deci-
sion-making.

IAEA-TECDOC-1511 [18] describes an approach foed®ining the qual-
ity of PSAs for various applications, includingkdgformed evaluation of
Tech. Specs. condition changes.

3.2 Requirements on PSA Modelling

One of the requirements for risk-informed TS cdpdi evaluation is that
the PSA model must reflect the SSCs concernedfiitismt ways to be able
to use it.. The discussion of SSCs are dividedtimedfollowing groups:

» SSCs represented in the PSA model
» Safety SSCs not explicitly represented in the P®4&eh
m Non-safety SSCs not explicitly represented in tBé Phodel

3.2.1 SSCs Part of the PSA

It is obvious that only SSCs that are represemtékdé PSA model can be
evaluated. It is however not sufficient that theCS@re represented in the
PSA model to state that the SSC is representedurffigient way. The rep-
resentation may be partial, and this must be censttiwhen a TS condition
change is being evaluated.

The following questions need to be answered:

m Does the PSA model, with regard to the SSC, reptedkfunctions which
are relevant in the SAR? E.g. are isolation vatepsesented for contain-
ment isolation or are they represented only in ciggpe rupture outside
the containment? If no, remodel or make separatesaments.

- Are all functions for the SSCs as stated by SARasgnted by the PSA
model? If no, is it of significant importance?

- Is the object(s) being evaluated represented iarner that is consistent
with the SAR? E.g. the consequence mitigation systeay be taken
into account in a way that is not in line with thaR.

The evaluation of the TS conditions shall includewmented answers to the
above questions.

Some objects are more likely to be consistentlyasgnted by the PSA
model than others. Normally active components epeasented in a detailed
way, e.g.

= Pumps

14



= Motor operated and Pneumatic Valves
» Diesel generators
= Fans

m Compressors

Some objects may only be represented in the PSAhfiodlimited parts of
the functions they represent. These are usuallyetetant to analyze with
PSA. Examples of such objects are :

= Instrumentation
= Indication

= Relays

This equipment can be analyzed with PSA but thatldvoequire a thorough
investigation to verify that the functions for tblsjects are represented in a
sufficient way. Example, level measurement is usdbtle control room by
the operators and this is generally not represemale PSA model (in a
quantifiable way).

Passive components can also be analyzed with R&Ahdy are normally
only modelled indirectly and would require an anbdial effort. Testing of
passive components is not part of the TS conditions

3.2.2 Safety Objects Not Part of the PSA

Generally, if an object is not part of the PSAahnot be evaluated with
PSA.

However, the PSA model normally groups several raedal ob-
jects/components into larger groups of objects inegamponents), e.g. die-
sel generator. If the subcomponent is part of arffrmamponent” then the
evaluation can still be performed as describetiéngrevious section. The
subcomponent shall be represented by one main cwnpand it must be
clearly stated which main component that is used.

In some cases it is also possible to group a sefiesmponent as one com-
ponent. An example is a set of valves in a purmgp, kivhere the PSA does
not explicitly represent these objects individualyso in this case it is
needed to define and describe which main compdhahtan be used and
why it is relevant to use that main component.

3.2.3 Non-Safety Equipment and Not Part of PSA
Non-safety equipment (safety class 4) is not nec#gpart of the TS.

There are also cases with non-safety systems thabaered by the TS con-
ditions due to their overall importance for saféfyamples are the conse-
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quence mitigation systems. Non-safety systemsatteggpart of the TS shall
be evaluated with the same requirements as aregedgpl the evaluation of
safety related objects/equipment.

3.3 Summary — Component
Categorization

The first step in the component categorizatiomw kst all SSCs being ad-

dressed in the evaluation. This list gives an aesnof the scope and will

also facilitate the review. It must be possiblegaiew the evaluation with-
out being familiar with the PSA models’ limitations

The list(s) is used in support of verifying robiesa and completeness.

1. Robustness:There is a risk that TS conditions are relaxedmihe
analysis is based on the assumption of availalafitgertain SSCs that
not have any TS condition (operability requiremetdst frequency, al-
lowed outage time).. The results of the Tech. Spaeduation can then
be questioned. The basis for the evaluation musblings.

2. Completeness with regard to the evaluated SSThe SSCs being
evaluated requires all relevant aspects to be taiteraccount in the
analysis, i.e. the SSCs are represented in a guffimanner (see de-
scription in SSCs part of the PSA section 3.2.1)

Some more comments on robustness and completeesgiven below.

Robustness of the analysis

Generally, the evaluation of the TS conditions lsbalbased on the full
scope PSA, including safety and non-safety sys{emkiding mitigation
systems). However, this requires that the robustoéthe model can be
verified.

This means to verify that changes in assumptiofis nggard to system
availabilities will not significantly change thestdts of an evaluation. The
list of important SSCs gives an overall overvievilad content in the current
PSA and also an indication of which SSCs that &stgmificance for the
overall plant safety level from a PSA point of view

The evaluation shall be made on a sufficiently itkeddevel to determine if
the relevant SSCs of importance are covered by &$heonditions. This
means for example that an evaluation can first @demon system level, and
if a system has a significant safety importancevyalil% importance with
regard to the chosen risk measure) a refined ssudquired of the system.
This refined study of the system (and functiongimithat system) should
ensure that relevant requirements are set on gieray(parts of the system).

The evaluation may show that SSCs being part oP®w but not the TS
have a high safety significance. It should therdmgsidered to add these
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SSCs to the TS. If this is not done — the analysist be complemented with
a justification with respect to that SSC and tHaustness of the model used
for the TS condition evaluation.

Completeness with regard to the evaluated SSC

When the robustness of the PSA model is establithedcompleteness of
the model with regard to the current TS conditivaleation must be shown.
This means a verification that all relevant funeta@escribed by the TS
conditions for the SSCs, are represented by theiR@&Aufficient manner.
This can be very difficult for a reviewer to verifjithout a significant effort
and hence this information must be provided indbeumentation of the
analysis.

The definition of the SSCs being evaluated mudugethe following:

The functions for which it is required accordinglte TS
Which of these functions that are represented &yPtBA model.

A statement whether the function is representedotetely or only
partially by the PSA.

4. The type of criteria that have to be used to vetifysystem function,
I.e. the PSA end state (CD/UR) that representfuhetion in the
evaluation.

Using the containment isolation valves as an exar88C, the functions

are:):

m Isolation of containment in case of feed water piggure outside the
containment

= Isolation of containment in case of core damage\(le8el 2)

It is not necessary that all functions , for whiblh SSC is used, are repre-
sented in the PSA model. A decision to leave onttions shall be justified
in the documentation of the analysis. An examplaésented below:

SSC TS Function | In PSA [Consequence Comment

415Vx | Main feed X Core damage
water isola-
tion (pipe
rupture)
Containment X) Unacceptable | Not fully represented,
isolation release only in case if pipe

rupture in 415.

No release through
system is assumed
in PSA (if no pipe
rupture). PSA is
therefore acceptable.
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4. Properties of Methods for
Risk Informed TS Condi-
tion Evaluation

First some general requirements on methods arasdisd and then specific
requirements for evaluation of Surveillance Tegtnvals (STIs) and Al-
lowed Outage Times (AOTS) respectively are disallsse

Examples of methods for STl and AOT analysis aesg@nted in appendix 1.

4.1 General Requirements on Methods

An evaluation of TS condition changes must meetesbasic requirements:

m The evaluation shall be transparent and easy torconcate.
» The evaluation shall be based on known principles.

» The model must reflect the different aspects rdlatghe TS condition
being evaluated

This means that the method(s) used for evaluatialt ke based on known
principles and possible to understand and commteyibath for plant man-
agement and the authority. If the methods are ndedxloped a sufficient
time must be considered for the acceptance of #thad.

The method must also be able to calculate the &amnidpe overall plant risk
taking into account all concurrent changes to this &nd AOTSs.

4.1.1 Plant Operating Mode (POM)

Normally the plant operating mode for which a ctataga STI or an AOT is
proposed should be evaluated. TS condition chamdeied to full power
should be evaluated using the full power PSA arahghs related to shut-
down using the shutdown PSA. However, if for exaamphanges are pro-
posed for any SSC with significant importance fothbfull power and shut-
down, the effect on both operating modes must blecaded.

4.1.2 Initiating Events (IE)

Generally all initiating events in the full scop84should be included in the
evaluation. This means a full set of internal, exdé and area events. How-
ever, if there is a large contribution to the olle@dF/unacceptable release
frequency from area and/or external events, atbé@hsstudy may be per-
formed covering these issues instead. Conservaiisthe area and/or ex-
ternal event analysis should then be evaluatedteideffect on the result
commented.
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A screening approach may be used to screen oiattang that have no effect
on the results. This screening process shouldlibetocumented.

4.1.3 Sensitivity and Uncertainty Analyses

Sensitivity studies are required. An important duthe TS condition
evaluation is to identify the areas for which stvisy studies are required.
A decision to not perform sensitivity studies ahd fustification shall be
stated in the documentation of the evaluation.

Parametric uncertainty analyses are not required.

For STI changes, the possible effect on failura daed must be addressed,
see section 4.2 below.

4.2 Evaluation of Surveillance Test Inter-

vals

When evaluating a STI the significant SSCs thaiffiexted by that test
shall be listed. The SSCs in the PSA model that lzarelation to the test
shall be stated. Example:

STI SSC PSA model Comment Can be evalu-
affected | representation ated

Start 323P1 323P1 Yes

test

ECC

Capacity | 323P1, 323V1, 323v3 | 323P1is No (without fur-

test 323V1, represented | ther justification)

ECC 323v3 by start test.

The following should especially be considered whealuating changes to
the STls:

= Modelling of test types

For an evaluation of a STI the test must be reptesan the PSA model
in a sufficient way. Normally one test is chosemegsesentative in the
PSA and this is hence the one that can be evalwatiedut further evalua-
tion (see table above for example and next butletelation between dif-
ferent tests).

» Relation between different test types

In cases where there are several different teststigr a component where
only one is represented fully in the PSA, a justifion of changes in the
test types that not are represented by the PSAlsharovided (e.g. the
relative displacement of the tests must be preddrvease of a prolonged
interval).
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m SSCs with small importance in the PSA model

If the object(s) involved in a test has a low sfigaince in the PSA, the test
interval can be prolonged indefinitely with veryaireffect on the PSA
results. The evaluation should therefore consiteiuse of an appropriate
maximum test interval. This issue is also relatedffects on failure data,
see below.

Effects on failure data

A change of a test interval must include an analgseffects on the fail-
ure data used. If the failure data not is affegtbén prolonging or short-
ening an interval, it must be clearly stated wrg/ dlata is still applicable.
Prolonged intervals for example can have an etieatomponent lubrica-
tion while shortened intervals, on the other hanay lead to test wear-out
of the component. If the test types are changskduld be demonstrated
that the new test types are at least as efficetit@ previous and that
component availability not will be degraded. Prptes for experience
feedback and collection of new empirical data htaviee documented if
new data are used during the evaluation.

m Effects of Common Cause Failures, CCF
The potential effect on common cause failures dfatliscussed.
= Unavailability during test

Unavailability during test should normally not bensidered as a reason
for prolonging the test interval without a sepaidigeussion. Personnel is
available and it can be assumed that the equipoaenibe made operable if
needed. However, if a SSC is tested very oftenvaitability during that
test might be relevant to consider.

» Influence on initiating events

The possibility that certain tests may have infieeon initiating events
and initiating event frequencies must be taken aatasideration when
proposing changes to STIs.

m System configurations

If different system configurations are possible #malysis shall take this
into consideration.

m Testing schemes

The use of sequential or staggered testing schehadisbe reflected in the
analysis.

4.3 Evaluation of Allowed Outage Times

In the evaluation of an AOT the SSC outage mustpeesented in the PSA
model in a sufficient way. It must be demonstrdied this is represented
and also how the length of the outage time has bsttmated and the effect
the change has on the SSC unavailability.
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Shutdown with component unavailable

Continued power
operation with component

/ unavailable

Start-up from forced outage

fcor

Unavailable)

outage
restored

Component
Component

Time

Figure 2 Two different strategies with component un available illus-
trated, continued power operation or shutdown and r epair at forced
outage and then start-up again. The total riskist  he accumulated risk
below each line (area).

The evaluation shall focus on the risk of continopdration at the same
plant operating mode (see figure 2 above). If domged AOT means an
increase in risk that is small (see section on@tecee criteria), then the
change in AOT is acceptable. If the change in A®mdt acceptable only by
looking at continued operation of the plant, tharape may be justified if it
can be shown that the increase in risk during paperation can be moti-
vated by a decrease in risk taken in the low pgase. This will however
require that the low power include LCO induced dbutn. It shall be possi-
ble to quantify a total risk measure (e.g. core agarfrequency) for all op-
erational modes separately before and after thegasa

As a sensitivity analysis a bounding assessmenguke full AOTs should
be considered. This might be a somewhat conseevapiproach but will
give an upper-bound estimate of the risk impaahfAOT changes.

Some areas that need special attention are:
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» Evaluation of expected real outage times

Prolongation of AOTs must include an evaluatioeffécts on the ex-
pected real outage times in case this is basethtostEs in the PSA. A
prolonged AOT may for example involve changes atlstkeeping of
spare parts.

= Mitigating/compensating actions

Compensating actions may be taken into accounampensating action
may for example be a redesign of the system oofastdundant equip-
ment. The importance of compensating actions sleadliscussed.

= System configurations

If different system configurations are possible #malysis shall take this
into consideration.

s Effect on Common Cause Failures, CCF

The potential effect on common cause failures siatliscussed, so that
the risk for a situation where redundant equipnenhavailable due to
the same reason can be ruled out. This is e.geamthiby testing of redun-
dant equipment.

= Simultaneous AOTs

Cases where the proposed change in AOT significémtlreases the risk
for simultaneous failures (and thereby force tlampinto shutdown with
more than one component unavailable) shall be séstli

4.4 Define Risk Measures to be Used

For each STl or AOT (and hereby SSC) included énahalysis the evalua-
tion criteria must be defined,i.e. if the changallsbe evaluated with regard
to its impact on CDF, URF or other PSA model resulhis is decided in
accordance with section 3.3.

For most SSCs the CDF constitutes the main risksoreaand the proposed
changes can be considered acceptable if they dsigroficantly affect the
CDF. It then has to be demonstrated that these 88@et perform or sup-
port a safety function of importance to the prei@nof radioactive release
during severe accidents. If they do, the URF mast\aluated as well (see
discussion in section 3.3). The unacceptable relsais Sweden defined as
a release larger than 0.1 % of the core inventbeyX800 MW reactor. This
criterion was originally established when desigramgl installing the conse-
guence mitigation systems in the Swedish BWR umite corresponding
requirement in Finland is expressed as 100 TBq37s-1

SSCs only relevant for severe accident managerhentdbe evaluated

with URF as the main risk measure and if the freagués not significantly
affected, then the changes accordingly can be deresi acceptable.
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It is not certain that the CDF or the URF representelevant risk measure
for the actual SSC being evaluated. Other risk omegsmay therefore have
to be defined, for example in an STI evaluationigotation valves the
availability of the system function may constittlie main risk measure.
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5. Change Acceptance Ciri-
teria

If it can be demonstrated that the proposed chatge®st significantly af-
fect the identified risk measure (i.e. in most sabe core damage frequency
(CDF) or Unacceptable Release Frequency (URF)nhygosed changes can
be considered acceptable.

» The definition of a significant change is based/alue of the absolute
frequency and the change in frequency.

Generally, a best estimate of the CDF less thatimiés of the safety goal

for the core damage frequency per year is congidsreeptable from a PSA
point of view. Accordingly, a best estimate of thRF less than 10 times the
unacceptable release frequency defined as they gfat is considered ac-
ceptable. The acceptance criterion applies todtad CDF/URF, i.e. includ-
ing all plant operating modes and all initiatingeets Any missing contribu-
tors to the total CDF/URF, for example excludedhard/or external events,
have to be estimated and added or their exclusorghustified.

There may be cases with frequencies above the ORFFdrget values
(safety goals). One reason for allowing that tlegjfiencies exceeds the
safety goals for core damage and unacceptablesesteapectively is that all
changes are not possible to quantify with the P®thodology. Not all
safety improvements are possible to represent®#A. The documentation
of a TS condition change therefore also has toidensther relevant quali-
tative and quantitative information — e.g. improvedintenance and test
instructions and other compensatory measures.

In addition to the absolute frequency, the changeésk shall be presented.
The change is quantified as the risk after the gbaubtracted with the risk
prior to the change(s). If there is an increasiéskabove 10% of the safety
goal for CDF and URF, the increase is considergaifstant. An increase in
risk is acceptable if it can be based on othervastthan PSA. That is, an
increase in risk solely based on PSA optimizatioganerally not accept-
able.

This combination of absolute risk and relative gsikeria is similar to what
is stated in RG 1.174 [2]. The limits have howeween adapted to what is
considered acceptable in the Nordic countries).idiea is to have both an
absolute criterion, so that many small steps vatlautomatically be consid-
ered acceptable and also so that the initial Satdne plant is taken into

! Safety Goal — in this guidance document the safety goal numbers are those that are officially declared by
the management of the Nordic NPPs and those declared by the regulatory bodies SSM and STUK. This
guidance does intentionally not interpret the safety goals described in INSAG 3, INSAG 8, INSAG 12/75
INSAG 3 and in the older CB3 and CB5 documents of IAEA.
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consideration, and a delta criterion, to identifyem one change is very sig-
nificant and may require a thorough discussion.

The figures 3a and 3b below presents the acceptaitega.

VN

Changes may be
acceptable — if the
change is very limited
and can be well
motivated

Generally, changes are
not acceptable

R

Changes are generally Generally, changes are
acceptable not acceptable

98 10 %01l 5 400V

CDF <10-SG

| Absolute Risk >

Figure 3a Acceptance criteria for CDF (core damage  frequency). SG
means Safety Goal for CDF.
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Changes may be
acceptable — if the
change is very limited
and can be well
motivated

Generally, changes are
not acceptable

R

4NV

=

Changes are generally Generally, changes are
acceptable not acceptable

9S 10 %01

URF <10+ SG

| Absolute Risk >

Figure 3b Acceptance criteria for URF (Unacceptable  Release Fre-
quency). SG means Safety Goal for URF.
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6. How shall an Analysis be
Documented

The requirements on documentation stated in thidagige are only for the
process element that is related to the PSA evaluati

The documentation of a TS evaluation with PSA stahprise at least the
following:

= Description and background to the proposed chapglte presentation
should cover the present and changed TS conditioved as the stated
demands in the SAR and possible changes in thty skdeumentation.

» Statement on the applicability of the PSA for thiended evaluation
= Verification of important SSCs (see section 3.3)

» Analysis of relevant SSC implementation in PSA (sedion 3.3)

m Definition of risk measure to be used (based oripus)

= Presentation of method

m Discussion about important issues for the evalogisee examples in sec-
tion 4.2 and 4.3)

= Pre-analysis (including effect on data, CCF, mede). Special emphasis
shall be put on verification of data when e.g. Sirks changed.

m Analysis, considering the issues discussed.

m Sensitivity analyses (if considered not necesghry shall be stated, and
the reasons for this)

» Evaluation of results and comparison with accepamiteria. The result
presentation should show the result before and tféeTech. Specs. con-
dition modification.

Guidance on what a US licensee is expected to mres&RC in a risk-
informed application is presented in Standard Rewé&an section 16.1 and
19.1 ([9] and[10]).
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/. Requirements on Im-
plementation and Moni-
toring Program

It is important to closely monitor components fdrigh the STIs are
changed when a new test plan is implemented. Thetanmg program shall
be able to detect, as early as possible, anyyek related effects on the
performance of the components.

Significant changes in AOT shall be monitored vigearly risk follow up.

Specifically changes that are related to the mslcbmmon cause failures
(CCF) shall be monitored.
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Appendix 1 — Description of Technical
Specifications and definition of terms

Information summed up in this attachment is written by the Dept. of
Nuclear Power Plant Safety at Swedish Radiation Saf ety Authority
(SSM)

Technical Specifications (TS) for the Nordic lighater reactors (LWR)
define the limits and conditions for operation, @asdure that they fulfil the
safety levels for which they were originally desdnThe current TS were
originally developed using engineering and deteisti;iconsiderations.

TS are part of the safety documentation — FSAR/8ARwedish and Fin-
nish NPPs. Any changes have therefore to be reptwtand approved by
the respective regulatory body in these countries.

The Swedish and Finnish BWR TSs are built accortbragtraditional
Swedish TS standard, developed at the time whefirthtdSEA ATOM
reactors were designed.

The Swedish PWR TSs are nowadays built accorditiget@Vestinghouse
standard TS (STS), documented in the NUREG-143 Appendix 3 for
information about reference).

The TS for the 8 Finnish NPP will also be built according to a S8nat.

Structure of Nordic conventional LWR TS is to praste licensed re-
quirements for:

m safety limits

= limiting conditions for operation (LCO), which inmdes the AOT or CT
for required actions for maintenance, repair andellance requirements
(SR)

m design features

= administrative controls

TSs of today are increasingly being adjusted usisights from probabilis-
tic or risk-based analysis. Risk-based applicatams reviews have mainly
focused on risk evaluation of LCOs and SRs, whiehimportant part of the
TS requirements to ensure safe operation and tieegiso more prone for
risk evaluations than other parts of the TS.

At modernization project of e.g., Swedish NPPstduequirements in the
SSMFS regulations on defences against CCFs, irentessdety redundant



and/or diversified trains are installed. These phaadifications will affect
the content of the present TSs, especially theirements on AOTs and
STls due to that more components have to be tesiédnaintained and also
that there might be multiple unavailabilities doddsting and equipment
failures.

PSAs for the shutdown operating mode performedsarfdicates that the
CDF is at about the same level or above as the f6btRe full power mode.
This fact stresses the need of a good PSA for lowep modes and that
LCOs in the TSs for all operational modes are thghty analyzed with
regard to risk. It can therefore also be assumaittiie risk impact of LCO
changes important for low power modes also willehhigh risk impact. The
TS for low-power and refuelling mode should therefalso reflect all safety
important LCOs, AOTSs, STls and administrative colstr

This guidance explains how an affected LCO requamns risk evaluated
with PSA methods, e.g., which risk measures aremewended, risk evalua-
tion of the LCO condition for all plant operatingpdes, data impact, CCF
considerations, needed qualitative informationdalbcumented.

At the time for a TS application e.g., in Swedethi® SSM, the application
has to include a preliminary documentation andsiewi pages on the af-
fected FSAR/SAR and TS chapters describing thegdsof e.g., require-
ments, systems analyses. The IAEA TECDOC-1200¢ids a good ex-
planation of what is basically ruled in TS. If ridéarly stated elsewhere, the
Standard Review Plan (SRP) section 16 [9] and @Pdilve good informa-
tion on what should be submitted in a risk-infornf&lapplication.

Definition of TS terms
Some of the most common terms expressed and uslee TS are described
below.

allowed outage time Allowed outage time (AOT) gives the maximum time fo
repair of safety related equipment in a given ofp@nal state. The plant must usu-
ally be placed to in safer operational state,&f dperability of the faulty equipment
is not reached within its AOT. For the faults dételcin the power operation state,
any repair time exceeding the AOT will require atrolled shutdown in order to
complete the repair (usually cold shutdown sta8€)T is often also called for the
allowed completion time (CTBource: IAEA TECDOC 729

baseline risk. This is the risk level of the plant during powgxeoation assuming
that no failures are detected in safety systemsiarglibsystems are isolated for
maintenance. If a demand occurs during the basstate, the latent or undetected
faults in the standby period and failures during thission time still contribute to
the overall system failure probability, and to Haseline risk level. Temporary out-
ages of equipment in safety systems will increheetdtal plant risk level over the
baseline risk levelSource:IAEA TECDOC 729



corrective maintenance Corrective maintenance (CM) is unscheduled maaree
to repair any random failures or degradati@wurce: IAEA TECDOC 729

in-service inspection Inspection of structures, systems and componerdsrtaken
over the operating lifetime by or on behalf of theerating organization for the
purpose of identifying age related degradationomditions that, if not addressed,
might lead to the failure of structures, systemsamponentsSource: |IAEA Safety
Glossary 2007

inspection Actions which by means of examination, observatio measurement
determine the conformance of materials, parts, @mapts, systems and structures,
as well as processes and procedures, with defegdrementsSource: IAEA

Safety Series Report nr 110

item important to safety. An item that is part of a safety group and/or seheal-
function or failure could lead to radiation expasof the site personnel or members
of the public.Source:IAEA Safety Glossary 2007

limiting condition for operation (LCO). The limiting conditions for operation
(LCOs) are a part of the plant's technical spediitns. These rules are designated
to maintain the plant operation within the bountisadety analyses. The LCOs
specify requirements on the number of subsysteatsstiould be operable at differ-
ent operational states and the allowed outage tiaréeoperable equipment. These
also define specific action statements if suchiregquents cannot be m&ource:
IAEA TECDOC 729

Limiting Conditions for Operation (LCOs) specify minum requirements for en-
suring safe operation of the unit. The ACTIONSoagsted with an LCO state Con-
ditions that typically describe the ways in whible requirements of the LCO can
fail to be met. Specified with each stated Conditire Required Action(s) and
Completion Time(s)Source NUREG-1431

maintenance The organized activity, both administrative aachinical, of keeping
structures, systems and components in good opegretimdition, including both
preventive and corrective (or repair) aspestaurce: IAEA Safety Glossary 2007

operation. All activities performed to achieve the purposewhich a facility was
constructed. For a nuclear power plant, this inefuchaintenance, refuelling, In-
service inspection and other associated activilesrce IAEA Safety Reports
Series 110

operational limits and conditions A set of rules setting forth parameter limits th
functional capability and the performance levelgegfiipment and personnel ap-
proved by the regulatory body for safe operatioa oticlear power plangource
IAEA CB5

periodic maintenance Form ofpreventive maintenan@nsisting of servicing,
parts replacement, surveillance or testing at gezdened intervals of calendar
time, operating time or number of cycles. Also tedtime based maintenance
Source IAEA Safety Glossary 2007



planned maintenance Form of preventive maintenance consisting ofnt@fihment
or replacement that is scheduled and performed frionacceptable degradation of
a structure, system or compone®urce IAEA Safety Glossary 2007

plant equipment.

plant equipment.

Flont equipment

1 1
ltems Important to saf=ty ft=rna mod Enportant to safety
Sofety reloted itams Safety systems
Protection Safety ooumton Safety oystem
aywiem mystem support femiunes

In thia context, an ‘ibem’ i o struchure, Sysiem of componenl

Source: IAEA Safety Glossary 2007

preventive maintenance Actions that detect, preclude or mitigate degtiadeof a
functional structure, system or component to snstaiextend its useful life by con-
trolling degradation and failures to an acceptddlel. Source IAEA Safety Glos-
sary 2007.

protection system System which monitors the operation of a reaatamt which, on
sensing an abnormal condition, automatically itéSaactions to prevent an unsafe
or potentially unsafe conditio®ource IAEA Safety Glossary 2007

safety actuation systemThe collection of equipment required to acconfptree
necessary safety actions when initiated by thesptimn systemSource IAEA
Safety Glossary 2007

safety related item An item important to safety which is not parteo$afety sys-
tems.Source IAEA Safety Glossary 2007

safety system support featuresThe collection of equipment that provides sersice
such as cooling, lubrication and energy supply iregiby the protection system and
the safety actuation systen8ource IAEA Safety Glossary 2007

safety systemA system important to safety, provided to enshessafe shutdown

of the reactor or residual heat removal from thecor to limit the consequences of
anticipated operational occurrences and desigrs laasidents. Safety systems con-
sist of the protection system, the safety actuagimtems and the safety system
support features. Components of safety systemsh@gyovided solely to perform
safety functions, or may perform safety functioms@me plant operational states



and non-safety functions in other operational st&@eurce IAEA Safety Glossary
2007

surveillance requirements (SR)Surveillance requirements (SRs) in nuclear power
plant technical specifications define the testsagerformed on safety system com-
ponents and specify the intervals at which theykhbe performed. But the strat-
egy to be followed in scheduling the tests, i.e.dbtual placement of tests in rela-
tion to each other, is often not specified. In de@ on modifications to surveillance
test intervals (STIs), the test strategy to be eyed also needs to be considered as
it is an important element in defining the riskttisabeing accepted due to the modi-
fications.Source IAEA TECDOC 729

technical specification.The technical specifications (TS) are safety rugproved
by the regulatory authority, defining the limitsdaconditions for safe operation of a
nuclear power planSource IAEA TECDOC 729

test strategy or schemeThe test strategy is concerned with the choicguofeil-
lance test methods and placement (relative timihgme) of the tests within a
group of redundant components or in relation tacfiomally related systems. In the
test scheme, also the relative timing with resp@stheduled maintenance or over-
haul outages may be defined. In many cases, sadiffeakent types of tests are used
in combination with a specific timing scheme in@ardo cover different kind of
components in a system, and their different faimmeles. The test strategy may
define also the procedure for additional testeedfindant equipment in a failure
situation until the elimination of the root causeverified.Source IAEA TECDOC
729



Appendix 2 — Example of Methods for Ana-
lysing of TS Changes

1. Example of Methods for
Analysing TS Changes

There are different methods to be used when amgjydianges to the TS
requirements. There is a distinction between arsbimisation and
evaluation. This appendix is describing methods¢ha be used both for
optimisation and evaluation. The guidance is fodusethe evaluation and
the methods presented in this appendix may thexrefor necessarily be
fulfilling the requirements.

The analysis/optimization may be done in diffensays, and with different
goals, and most methods presented are mainly fdaus¢éhe analy-
sis/optimisation phase. The analysis and optintagthase is in most cases
performed before this guidance is relevant.

It has been considered relevant to present sortge ghethods available for
analysis/optimisation. It should also be emphasihatithe methods pre-
sented in this appendix only is a selection fromilable ones. Other meth-
ods exist and may be used.

Evaluation means a verification that all of theetént changes do not affect
the overall risk. The evaluation requires thah#lkbe possible to quantify
the situation before the change(s) and after thegé(s) for the whole plant.
It is not acceptable just to look at each individtienge. Based on this re-
quirement, it can be concluded that, some of teegnted methods may be
useful in the process, but is not sufficient in ¢évaluation phase in the end.

The method applied by TVO recently is presenteskeition 2 of this appen-
dix.

The methods that are recommended by this guidante ievaluation phase

are:

m STls: Evaluation on Plant Level. Change all affddtst intervals and
quantify the top CDF/URF.



m AOT: Quantification of the total CDF/URF at contatipower operation.
Each change in AOT affects the change of compamegwailability due to
maintenance and hence a total CDF/URF is possildeantify. If the in-
crease in risk, considering only continued powaarafion, is too high, it
can be acceptable to also consider the changskinvhen performing
shutdown to forced outage. The method shall betalpeesent a total
CDF/URF frequency.

1.1 Evaluation of STls

1.1.1 Evaluation on Component Level
According toHandbook of Methods for Risk-Based Analyses ofnieah
Specificationg19] the total risk impact from a test can be esged:

Rr=Ro+Re
Where:

Rr = Total risk for the test

Rp = Risk contribution detected by the test (testtkah risk)
Rc = Risk contribution caused by the test (test-cduisk)

The risk contribution caused by the test can b&ldd/in several parts ac-
cording to:

RC = RTrip + RWear+ I:\)Config + I:\)Down

Where:

Rrrip = Risk that the test causes an initiating event

Rwear= Risk of wear out of the equipment

Reonfig = Risk that the plant configuration is incorredtem the test has
been performed (causing an increased risk)

Roown = Risk due to component unavailability during test

By comparing the risk contribution detected byt with the risk contri-
bution caused by the test the effectiveness afiglestest can be evaluated,
ie. if:

Rp > R- the test is risk-effective
Based on this an optimal test interval

MINRT =R, + Rc

In figure 1 a plot of the risk contribution detattey the test, caused by the
test, and their corresponding total risk is depicte
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Figure 1 Risk contribution of surveillance testing
RD is denoted Demand, RC Maintenance and RT Total [

1.1.2 Evaluation on Plant Level

The other perspective is to view all changes iesaprogram in one analysis
on plant level. The methods for this are norma#igda on the formula for

Rr above. In most cases ® neglected, i.e. the risk for shutdown, wear out
etc. is considered not to be affected by the tegency. Prolonging of one
component/system STI may for example be accepibat®ther compo-
nent/system has a reduced STI. This idea is based o

n
RTot = z RDj
j=1
Where:
Rrot= Total change in risk of a complete test program
Rpj = Change in risk due to change in one test interva

It can be noted that the above formula is simplifi@nce relations between
different tests are not taken into account. The ithat is shown by the for-
mula is that tradeoffs can be made between diffdests. If Ry is zero,
then the new test program neither increases noedses the overall risk.
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1.2 Evaluation of AOTs

1.2.1 Methods for Evaluating Single AOTs
There are several methods that may be used fonat@h of the specific
AQOTSs. Three main methods are:

1. Risk of continued operation with objects unavadatmpared with an
accepted frequency

2. Risk of continued operation with objects unavaiatbmpared with an
accepted probability (risk budget)

3. Risk of continued operation compared to plant shwtd(with objects
unavailable)

These are the three main alternatives, but thereereral variants based on
these two methods.

The methods are described briefly by following dbes

1.2.1.1 Frequency that May not be Exceeded

The methods that use this approach indicate whidfi#that may be rele-
vant to be considered in further studies. The nreasused can e.g. be the
risk increase factor or an absolute risk increasguency, compared to the
nominal risk.

The method does not give any guidance to the leoigine AOT, but it can
be an indication where it might be acceptable tfope maintenance at
power operation (preventive or corrective). Thehmdtcan hence be con-
sidered a way to avoid risk peaks at power operatioe to maintenance
activities.

The guidance on AOT length is simple: if the riskgfuency is close to the
nominal risk frequency, the AOT can be long, anithéf risk is increased
significantly the AOT must be short.

1.2.1.2 Risk Budget

There are some alternative ways to use a risk hudgthod, but the basic
idea is to compare the conditional risk probabilifyh an accepted risk
probability. There are two main principles:

= AOT based on a single event in a system

m AOT based on accumulated risk contribution fronystem

In the first case a single repair is studied (agglito occur) and compared
with the accepted risk probability:



P _ _
_ ' Acceptedskprobabit
AQT, = —Accertedieronably

f

power, x

In this case the Reptedriskprobaviigneans the accepted probability per occur-
rence. If the expected number of occurrences &emtimto account the for-
mula would be:

AO'I; — I:Accepted|s‘skprobabilty

f A

power, X X

In this case EceptedriskprobabiigNeans the yearly accepted risk probability and
the, means the failure rate of the equipment.

The acceptable, e.g., conditional core damage pititigacan be determined
by different methods. For example, the acceptatnhelitional core damage
probability due to maintenance can be distributedrag all possible main-
tenance activities.

It can be noticed that the method described in RBL[2] constitute a com-
bination of a frequency that must not be exceedeldaaconditional core
damage probability.

1.2.1.3 Continued Operation versus Shut Down

The previously described methods presuppose cattioperation of the
plant. These methods do not take into accountstinattdown may be a risk
itself. Shut down from power operation with unaahle components is
normally though not to be insignificant from a rigérspective.

A method taking this into account is the comparigbthe risk for continued
operation with unavailable equipment versus theafshutting the plant
down (degraded).

Figure 2 below describes a risk curve for staymgawer operation condi-
tions with unavailable equipment and a risk curespnting the shut down
risk with unavailable equipment.
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Figure 2 Example of two risk curves: One representi  ng continued
power operation with unavailable equipment (solid) and one represent-
ing shut down with unavailable equipment (dashed).

In its simplest form, the AOT could be computedarding to:

AOTF oery = Papy +P

power, x

+P

forcedoutge * ° startup

Where fouer, xrepresents increase in risk at power operatioh witwvailable
equipment x, Eh « represents the shut down risk with equipment waita

able, RycedoutagedNd Ruaruprepresents the frequency at cold/hot standby and
start up risk respectively.

A development of this method that has been usdibby TVO and Ringhals
(not exactly in the same way, but similarly) isriolude the probability of
repair into the equation. The equation could themwltten as:

ACDAOT = P>aot,x [QPSD,X +P P

forcedout@e+ startup)+ fpower,x DA‘OT

WhereACDF5or means the total increase in core damage probyalbis ,
ProrcedoutagedNd Riarup@s in previous formula.sRy x represents the probability
that AOT cannot be met and the plant needs todshwib.

In this case the By «needs to be determined. One proposed way of doing
this is do analyze the existing statistics for nepand to develop a repair



time distribution. The length of the AOT and thelmability of shut down
will hence be dependent. The formula will henceehaminimum. This can
be exemplified with Figure 3, which shows the miaimfor two and three
diesels unavailable.
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Figure 3 Risk curve for two and three diesels unava ilable [20]

1.2.1.4 Comment to Methods
It can be realized that the formula

ACDAOT = P>aot,x [QPSD,X +Pf0rcedout@e+ Pstartup)+ fpower,>< DA‘OT

is a generic formula representing the various nuthmwesented above. The
difference lies in the treatment of,R

The difficulty is hence to determing R «in an acceptable way. It is not
obvious how this probability distribution should ¢éeculated. There are
many different aspects to this, for example ifntyas the repair time of the
component that should form the basis for the uségige AOT and how the
repair time is affected by changes in the AOT.



2. Method applied in com-
plete TS update by TVO

In recent years TVO has performed risk informedwatéons of both the
STl and AOT requirements in the technical spedifice for the BWR units
Olkiluoto 1 and 2. The methods used for the evanatare described here,
based on a paper [21], presented at ANS PSA 2@d8ianeeting.

2.1 Method overview
Risk informed evaluation of the TS covered thregpthrs of the Olkiluoto
TS:

» Allowed outage times for power operation (AOTS)
m Surveillance test intervals (STIs)
» Requirements for shutdown states (for refuellintagas)

Each of these chapters was analyzed independettitiyavgimilar overall
analysis methodology and process. The processilisied evaluation con-
sisted of seven steps:

1. TVO specificmethod description(including objectives and limitations
of the analysis).

2. Screeningof the contents of the TS chapter from a PSA poiiview
to select items for PSA calculations. Evaluationhaf PSA’s suitability
for the analysis and required modifications andriompments to the
PSA are included in this step.

3. Quantitative assessmentasing the plant-specific PSA. The specific
gquantitative methods and risk measures are detailda following
section below.

4. Preparation of the material for an expert panel This includes pre-
paring concrete options for the panel with theik insights and basic
information about the test burden defined in the TS

5. Expert panel to comment the results and to propose changézim$
During commenting rounds a range of factors, incgaperability,
testability and maintainability are considered wifie quantitative risk
results to form a comprehensive basis for riskxmied decisions.

6. Documentationof the results in a working report. As this pheseften
left too short and shallow, the basis for any dhdexision shall be
documented as well.

7. Preparation of the TS change proposal® be discussed with the
regulatory body.



Olkiluoto 1 and 2 have different methods for evélwaof STls and AOTSs.
Both methods are described below.

2.2 Quantitative assessment method for
allowed outage times

There are several ways to perform comparison kfaigontinued operation
to risk of shutdown, and it was decided to use mvathods to reflect differ-
ent aspects of AOTs:

1. An evaluation of the duration of the continued @pen when its risk is
equal to risk of shutdown.

2.  Minimisation of the maximal AOT from risk point wieby assuming
that the AOT will be fully used and that if the a&pwill take longer
time than AOT the plant will be shutdown.

In the method 1, the AOT is evaluated by the foanul
= (AP + P(SD | X)Y Af(X), (1.

if the component can be repaired during full poayeration, or:
T = AP/ Af(X), 2.)

if the component cannot be repaired during full poaperation, i.e., a shut-
down cannot be avoided.

Af(x) is the momentary risk increase caused by the goration x [1/time-
unit]. P(SD | x)is the shutdown risk given the configuratiom\® is a risk
parameter to account for the economical benefitonfinued operation. A
small additional riskAP can be temporarily accepted. The valu® ef 1E-7
(core damage risk) was chosen equal to the risériom used for plant
modifications in an internal TVO guide for PSA dpations.

Method 2 is an optimization problem, where thedeihg equation is mini-
mised with respect to the AQT

AP(x, ) =Af(X)*z + (1 — G(x7)) P(SD | x)). 3.

The first term of the formula represents the riskantinued operation and
the second term the risk of shutdown of the refpaie being longer than
G(x,7) is the cumulative probability distribution of thepair time for the
configuration x. Assuming an exponentially disttéxirepair time with
mean repair time MTTR and including the acceptable continued operation
risk parameter P, the following equation is obtdif@ an optimal AOT

7A(x) = max{—In{A f(x) - MTTR,/ P(SD | x)} MTTR, AP/A f(x)}. (4.)



Method 1 gives longer AOTs than the method 2. $inigple and it reflects
well the operative decision making situation whdaikre situation is ob-
served. The drawback is that the method 1 doeacomunt uncertainties in
the repair time.

The benefit of the method 2 is that it controlsiteeximal risk allowed by
the Tech. Specs.. Since, in reality, AOTs are alty fised, the method does
not reflect the reality. Therefore the method 2 saggest quite short repair
times for small risk increase configurations. AQpfeposed by the method 2
should be considered bottom lines, and shortetdistiould not be proposed
from risk point of view.

AQOTSs proposed by methods 1 and 2 can be usededsrance range in the
assessment of the appropriateness of Tech. Specéraments. The range
[2, 1] can be broad but is sufficient to detectraabes in the TS.

2.3 Quantitative assessment method for
surveillance test intervals

The assessment of surveillance test intervalsssdan the use of the Bur-
den-to- Importance-Ratio (BIR) —measure, develdpeWesely [22], to
identify which components have too long or too shest interval relative to
the risk importance of the set of components setefdr the assessment.
BIR-measure is the ratio of relative resourCeand relative risk importance
R of the itemi:

Ci/ch
RER

where the sum is over all the components and sgstémch are part of the
STl requirements.

BIR(i) = (5.)

In the case of surveillance test intervals, theusses are assumed to be
equal to man-hours spent for testing, which is ddpat on man-hours per
test and test interval. In certain cases, a teglimes reduction of reactor
power causing production losses, which must belwatted for as well. Test-
ing of isolation valves in the steam lines andftreal water lines are exam-
ples of tests with production losses.

A suitable measure for risk importance of a teghésFussell-Vesely (FV)
risk importance measure. FV measure is approximétearly dependent
on the test interval of a component, at least éongonents for which the so
called “g +A-TI” unavailability model is applied. In few caséisere may be
a transient risk associated with the test, whiclstrbe accounted for as well.
Testing of scram system valves is an example ef thi
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In an optimal situatioBIR(i) is equal to 1 for all item®IR > lindicates
too much testing with respect to the risk imporggrand vice versa f@IR
<1.

In the practical application, BIR-measures areaattulated for individual
components but for a group of components whosmggist performed si-
multaneously, e.g. a pump and a motor-operated\valthe system. The
component groups are defined in the testing praesdu

In order to further assess the risk importancéefpossible imbalance in the
test interval, the absolute impact on CDF of chaggif the test interval to
two times longer (if BIR > 1) or two times shor{drBIR < 1) was calcu-
lated. The idea here is that the test interval shoat be changed by more
than a factor 2. These changes were used as phg options presented for
the expert panel.
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Appendix 3 — Reference Documentation

1. Introduction

In addition to the reference documents listed enreiport, this appendix lists
some other references that could be of interest seijard to risk-informed
evaluation of TS.

2. Publications from the
NRC

NRC 10CFR50.36, “Technical Specifications on Efflissfrom Nuclear
Power Reactors”

NRC RG 1.70, “Standard Format and Content of Safeslysis Reports for
Nuclear Power Plants”

NRC RG 1.93, “Availability of electrical power sa@s”

NRC Information Notice 84-42, “Equipment Availabjlifor Conditions
During Outages not Covered by Technical Specificei

NUREG-1024, “Technical Specifications — Enhancing Safety Impacts
"NUREG 1024, November 1983”

NUREG/CR-4810, “Evaluation of Diesel Unavailabilaypd Risk Effective
Surveillance Test Interval, W.E. Vesely et al., NEERCR-4810, Brook-
haven National Laboratory, May 1987”

NUREG/CR-5200, “Evaluation of Risks Associated W@ T and STI Re-
quirements at the ANO- Nuclear Power Plant. P.Kn&#a, S. Wong, and
J.Carbonaro, NUREG/CR-5200, BNL-NUREG 52024, Audi988”

NUREG/CR-5425, “Evaluation of Allowed Outage Tin&®Ts from a
Risk and Reliability Standpoint, W.E. Vesely, NURIEXR-5425, Brook-
haven National Laboratory, August 1989”

NUREG/CR-6141, “Handbook of Methods for Risk-Bagethlyses of
Technical Specifications, Rep. NUREG/CR-6141, Wagtan, DC (1994)”



NUREG/CR-6172, “Reviewing PSA Based Analyses to Modflechnical
Specifications at Nuclear Power Plants, Rep. NUREG6172, Washing-
ton, DC (1995)".

NUREG/CR-4810, “Evaluation of Diesel Unavailabilaypd Risk Effective
Surveillance Test Interval”

NUREG/CR-5425, “Evaluation of Allowed Outage Tin&®Ts from a
Risk and Reliability Standpoint”

NUREG/CR-6172, “Reviewing PSA Based Analyses to Modflechnical
Specifications at Nuclear Power Plants”

The NRC has also published standard TS. in the U.S.

s NUREG-1024, “Technical Specifications — Enhancing Safety Im-
pacts”

» NUREG-1430, “Standard Technical Specifications Balcand Wilcox
Plants, Specifications”

s NUREG-0452, “USNRC, Standard Technical Specifiaatitor Westing-
house Pressurized Water Reactors, NUREG 0452, iRe\891980)”

m NUREG-1431, “Standard Technical Specifications \Mgstouse Plants
Specifications”

» NUREG-1432, “Standard Technical Specifications Costion Engineer-
ing Plants Specifications”

» NUREG-1433, “Standard Technical Specifications Gainglectric Plants,
BWR/4 Specifications”

» NUREG-1434, “Standard Technical Specifications Galnglectric Plants,
BWR/6 Specifications”

3. Publications from IAEA

IAEA-TECDOC-599, “Use of Probabilistic Safety Assegent to Evaluate
Nuclear Power Plant Technical Specifications”

IAEA-TECDOC-699, “Case study on the use of PSA rodt Assessment
of technical specifications for the reactor pratisystem instrumentation”

IAEA-TECDOC-729, “Risk Based Optimization of Techal Specifications
for Operation of Nuclear Power Plants”



IAEA-TECDOC-740, “Modelling and data prerequisifes specific applica-
tions of PSA in the management of nuclear plargtgaf

IAEA-TECDOC-873, “Application and Development ofdPabilistic Safety
Assessment for Nuclear Power Plant Operations”

IAEA-TECDOC-1138, “Advances in Safety Related Maimince”

IAEA-TECDOC-1436, “Risk informed regulation of nealr facilities:
Overview of the current status”
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Abstract This report presents guidance for evaluation of Technical Specification
conditions with PSA. It covers quality in PSA, how to verify that the PSA
model is sufficiently robust and sufficiently complete and general
requirements on methods. Acceptance criteria for evaluation of changes in
the TS conditions are presented.

As the probabilistic safety assessment (PSA) has developed over the years,
it has demonstrated to constitute a useful tool for evaluating many aspects of
the TS from a risk point of view. and in that way making the PSAs as well
as the decision tools better. This also means that it will be possible to take
credit for safety system overcapacity as well as inherent safety features and
strength of non-safety classed systems.

However, PSA is only one of the tools that shall be used in an evaluation
process of TS changes (strengthening/relaxation). PSA is an excellent tool
to be used to verify the importance, and thereby possibly relaxation, of TS
requirements. But, since PSA is only one tool in the evaluation, it is not
sufficient in itself for defining which equipment that shall or shall not have
TS requirements.

The purpose of this guidance document is to provide general require-ments,
requirements on methods and acceptance criteria on risk-informed
evaluation of TS changes based on PSA. The purpose is not to provide a
single solution.

As part of the review of the TS conditions this guidance specify require-
ments on:

- Quality verification of the PSA model

- Verification that the PSA model is sufficiently robust with regard to SSCs
for which requirements both are and are not defined by the TS

- Verification that the SSCs, for which TS demands are to be evaluated, are
modelled in a sufficient manner

- Methods for performing the evaluation



- Which evaluation criteria that shall be used (and how that is verified to be
correct)
- Acceptance criteria

This guidance also briefly discusses the documentation of the analysis of the
TS changes.

This guidance document is to a large content influenced by the structure and
guidance given in the NRC Regulatory Guide 1.174.
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