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SSM Perspective

Background
No guidance documents for risk-informed analysis and assessment of 
changes in Limiting Conditions for Operation (LCO:s) in TS (Technical 
Specifications) have been available in the Nordic countries. In the U.S. 
several guidance documents, primarily developed by the owners groups 
for PWRs and BWRs, exist. Guidance for analysis of TS changes in this 
report generally follows the U.S. Regulatory Guide 1.174.

The TS are developed for assuring safety during all operational modes 
and are part of the licensing basis for the plant. The original TS were ba-
sed on deterministic analyses and engineering judgments (and to some 
extent risk evaluations). Existing PSA (Probabilistic Safety Assessment) 
studies are not primarily developed to be used for assessing TS condi-
tions. Therefore it is important that all aspects valid for conditions in TS 
are either included in the plant specific PSA-study or taken care of by 
complementary means. 

As the PSA has developed over the years, it has demonstrated to consti-
tute a useful tool for evaluating many aspects of the TS from a risk point 
of view. However, PSA is only one of the tools that ought to be/can be 
used in an evaluation process of the TS conditions. It is an excellent tool 
to be used to verify the risk importance, and thereby possibly relaxation, 
of TS conditions. PSA is not sufficient in itself for defining which equip-
ment that shall or shall not have TS conditions. 

The basic objectives in a PSA based evaluation of modifications of  
TS conditions can be summarized as follows [1]: 

•  To assure that any changes in the TS do not compromise the basic 
intent of the TS in assuring margins of safety during normal and 
accident conditions

•  To obtain a quantitative assessment of the risk impact of the chan-
ges and to provide a quantitative basis as a justification 

•  To make it acceptable and defensible to regulatory authorities 
whose approval is usually required

Members of the Nordic PSA Group (NPSAG), in which SSM is an asso-
ciate member, has initiated the preparation of this report.
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The aim of SSM and of the report
The Swedish Radiation Safety Authority (SSM) strives in its research 
activities within the research field ”Safety Analysis” to establish harmo-
nized guidance documents within the Nuclear industry, for a variety of 
analysis and applications. This report represents such a guide. This re-
port describes what the expected requirements on quality of a PSA mo-
del used for the purpose should be and gives guidance on how changes 
in LCO in the Technical Specifications (TS) should be evaluated when 
TS conditions are changed and evaluated with PSA.

Results
The report presents a harmonized Nordic country view on what the 
requirements on a PSA model ought to be, when it is used to evaluate 
changes in the TS requirements. The report also describes the accep-
tance criteria NPSAG members believe is feasible for Nordic conditions, 
including how these should be used in the analysis of TS conditions.

Effect on SSM activities
The report provides further directions and a good basis for risk-infor-
med decision making. The outcome of the project together with the 
outcome of several other NPSAG projects, forms an excellent base for 
maintenance and development of the principles of enforcement strate-
gies and systematic safety work at SSM.

Possible continued activities within the area
The guidance document is new and therefore its applicability should be 
tested and evaluated in real applications. SSM recommends that mem-
bers of the NPSAG initiate evaluations.

Also, a continued development of a framework for quality in PSA is an 
area that is jointly pointed out by several research projects.

Project information
Project responsible at SSM:  Ralph Nyman
Project number:  1090-01
Diary number:  SSM 2008/304
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SSM perspektiv
Denna rapport utgör en analys utförd för Strålsäkerhetsmyndigheten 
(SSM). Slutsatser och åsikter som presenteras i rapporten är författarnas 
egna och behöver nödvändigtvis inte överensstämma med SSM:s upp-
fattningar

Bakgrund
Inga nordiska riktlinjer har tidigare funnits tillgängliga för risk-informe-
rade analyser och för utvärdering av ändringar i STF krav (säkerhetstek-
niska driftförutsättningar). I USA har flera riktlinjer, som främst utveck-
lats av ägargrupperna för PWR och BWR, tagits fram. Vägledningen för 
analys av STF ändringar i denna rapport följer principiellt de amerikan-
ska riktlinjerna i Regulatory Gguide RG 1.174. 

STF:na är utvecklade för att garantera säkerheten under alla förekom-
mande driftmoder och är en del av säkerhetsredovisningen för en 
kärnkraftanläggning. De ursprungliga STF:na var i huvudsak baserade 
på deterministiska analyser och ingenjörsbedömningar (och i viss mån 
även på riskvärderingar). Befintliga PSA (Probabilistisk Säkerhets Analy-
ser) är inte i första hand framtagna för att användas för att bedöma STF 
krav. Därför är det viktigt att alla aspekter som gäller för STF krav ingår 
antingen i anläggningarnas PSA eller är beaktade med kompletterande 
verktyg. 

PSA har utvecklats under årens lopp. Det har visat sig vara ett använd-
bart verktyg bland annat för att utvärdera många aspekter i STF ur ett 
riskperspektiv. Trots detta är PSA bara ett av flera verktyg som bör/kan 
användas i en utvärderingsprocess av ändrade STF krav. PSA är ett ut-
märkt verktyg som bör användas för att kontrollera riskbetydelse, exem-
pelvis av relaxeringar i STF krav. PSA är i sig inte tillräckligt för att avgöra 
vilken utrustning som skall eller inte skall ha STF krav.  Däremot kan 
probabilistiska kriterier användas för att identifiera vilken utrustning 
som bör ingå i en STF.

De grundläggande målen i en PSA värdering av modifieringar i STF krav 
kan sammanfattas på följande sätt [1]: 

• att säkerställa att ändringar i STF inte äventyrar det grundläg-
gande syftet med STF, nämligen att säkerställa säkerhetsmarginaler 
under normal drift och vid olyckor 

• att få en kvantitativ bedömning av riskinverkan av ändringar och 
att ge en kvantitativ grund för ett rättfärdigande 

• att göra det acceptabelt och försvarbart för tillsynsmyndigheter, 
vars godkännande vanligtvis krävs i denna typ av ärenden

Medlemmar i Nordiska PSA gruppen (NPSAG), som SSM är associerande 
medlem i, har initierat framtagandet av detta vägledningsdokument.
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SSM:s och rapportens syfte
Strålsäkerhetsmyndigheten (SSM) strävar efter i sin forskningsverksam-
het inom forskningsområdet ”Säkerhetsanalys” att bl.a. harmoniserade 
vägledningsdokument skapas inom kärnkraftindustrin, för flera olika 
typer av analyser och tillämpningar. Denna rapport representerar en 
sådan vägledning. Rapporten beskriver vilka krav på kvalitet som PSA 
modeller ska förväntas ha vid denna typ av tillämpning och ger vägled-
ning i hur ändrade krav i tillståndshavares STF skall värderas, då STF krav 
ändras och värderas med PSA.

Resultat
Rapporten redovisar en harmoniserad nordisk syn på vilka förutsätt-
ningar som bör ställas på en PSA modell, då en sådan används för att 
utvärdera ändringar i STF krav. Rapporten beskriver också de acceptans-
kriterier som NPSAG medlemmarna anser är genomförbara för nordiska 
förhållanden samt även hur dessa bör användas vid analys av ändrade 
STF krav med PSA.

Effekt på SSM:s verksamhet
Rapporten ger ytterligare vägvisningar och en god grund för risk-infor-
merat beslutsfattande. Rapportens budskap tillsammans med budskapet 
i flera andra NPSAG publikationer, utgör en utmärkt bas för underhåll 
och utveckling av principerna i SSM:s tillsynsstrategier och systematiskt 
säkerhetsarbete.

Fortsatt verksamhet inom området
Vägledningsdokumentet är nytt, därför bör nu dess tillämpbarhet testas 
och utvärderas i riktiga applikationer. SSM rekommenderar att till-
ståndshavares medlemmar i NPSAG initierar utvärderingar.

Vidare, fortsatt utvecklande av ett ramverk för kravställande avseende 
kvalitet på PSA är ett område som samstämmigt utpekas av flera forsk-
ningsprojekt.

Projektinformation
SSM:s handläggare:  Ralph Nyman
Projektnummer:  1090-01
Diarienummer:   SSM 2008/304
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Foreword 
This guidance document has been developed within the project “Interpreta-
tion and Risk Evaluation of Technical Specification Conditions”. The project 
is financed both by the Nordic Nuclear Safety Research group, NKS, and the 
Nordic PSA Group, NPSAG (project ID NPSAG #14-002). 
 
Technical Specifications (TS) are part of the safety documentation –
FSAR/SAR in Swedish and Finnish NPPs. Any changes therefore have to be 
reported to and approved by the respective regulatory body in these coun-
tries. Risk informed evaluation of TS conditions and changes to these is an 
area with increased interest. 
 
Phase 1 of the project, finalized in mid 2008, studied several risk-informed 
TS evaluation projects performed internationally. Several seminars with 
participants from the Swedish and Finnish nuclear community discussed 
methods and important aspects on risk-informed TS evaluation. 
 
This guidance document is compiled on the basis of the conclusions from the 
seminars and answers to the questionnaires sent out to the participants during 
the second phase of the project. 
 
The report is reviewed by the members of the Nordic PSA group during 
summer/autumn 2009. 
 
 
 

SSM 2010:16



 
 

3 
 

SUMMARY 
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 require-
ments on methods. Acceptance criteria for evaluation of changes in the TS 
conditions are presented. 
 
I denna rapport presenteras vägledning för hur PSA kan användas vid 
utvärdering av villkoren i STF. Vägledningen täcker kvalitetsaspekter på 
PSA, verifiering av PSA modellens robusthet och fullständighet och gene-
rella krav på metoder. Slutligen presenteras acceptanskriterier för värder-
ing av förändringar i STF. 
 
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 re-
quirements. But, since PSA is only one tool in the evaluation, it is not suffi-
cient in itself for defining which equipment that shall or shall not have TS 
requirements. 
 
The purpose of this guidance document is to provide general requirements, 
requirements on methods and acceptance criteria on risk-informed evalua-
tion 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 
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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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Acronyms and 
Abbreviations  
 
AOT Allowed Outage Time 
BIR Burden-to- Importance-Ratio 
CCF Common Cause Failure 
CDF Core Damage Frequency 
LCO Limiting Conditions for Operation 
LERF Large Early Release Frequency 
LWR Light Water Reactor 
PSA Probabilistic Safety Assessment (aka PRA, Probabilistic Risk 

Assessment) 
RAMA  Consequence mitigation systems (in Swedish BWR units) 
RG Regulatory Guide (by NRC) 
SAR Safety Analysis Report 
SG Safety Goal 
SR Surveillance Requirements 
SRP Standard Review Plan (by NRC) 
SSC System, Structures and Components 
STI Surveillance Test Interval 
TS Technical Specifications 
URF Unacceptable Release Frequency (exceeding the limit defined 

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 part of safety class 1-3) 
 
Organizations 
ANS American Nuclear Society 
ASME American Society of Mechanical Engineers 
IAEA International Atomic Energy Agency 
NRC Nuclear Regulatory Commission (US) 
SSM Strålsäkerhetsmyndigheten (Swedish Radiation Safety Au-

thority) 
STUK Säteilyturvakeskus (Finnish Radiation and Nuclear Safety 

Authority) 
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1. Introduction 
 

1.1 Background  
A nuclear power plant´s Technical Specifications (TS) define the limits and 
conditions for plant operation to secure the validity of the assessment per-
formed in the Safety Analysis Report (SAR).  
 
The SAR assessment is basically deterministic. The assessment includes risk 
insights for example by positioning different event into different event 
classes. Although the SAR assessments include a large degree of conserva-
tism, the conservatism can vary from case to case and is not necessarily pro-
portional to the public risk (risk for core damages or radioactive releases). 
 
The TS are developed for assuring safety during operation and are part of the 
licensing basis for the plant. The original TS were based on deterministic 
analyses and engineering judgments (and to some extent risk evaluations).  
 
Specifically, the TS present information on allowed outage times (AOT) and 
surveillance Test Intervals (STI) for different safety related equipment. The 
AOT and STI for specific equipment are dependent on the importance of this 
equipment. The TS also present the actions to be taken in case the AOT can-
not be met, e.g. shutting down the plant to hot or cold standby conditions. 
 
As said above, the main purpose of the TS is to guarantee that the basis (ini-
tiating data) for the SAR assessment is valid. There is also an expectation 
that a plants TS conditions imply a certain risk level. This means that the 
different TS conditions shall represent a similar risk to the public. However, 
the different TS conditions developed strictly on the existing SAR and its 
event classification will not necessarily represent the core damage frequency 
(CDF) and Large Early Release Frequency (LERF) in a balanced and pro-
portional way. 
 
As the probabilistic safety assessment (PSA) has developed over the years, it 
has demonstrated to be a useful tool for evaluating many aspects of the TS 
from a risk point of view and in that way contribute to the development of 
conditions that are balanced and better represent the real risk. 
 
Existing PSAs are not primarily developed to be a basis for TS conditions 
evaluation. An existing PSA may therefore not include all aspects valid for 
the TS conditions. It is very important that all such aspects are either in-
cluded in the plant specific PSA study to be used in TS condition evaluation 
or taken care of by complementary means. 
 
PSA is an excellent tool to be used to verify the risk importance, and thereby 
possibly relaxation (or strengthening), of TS conditions. However, PSA is 
not sufficient in itself for defining which equipment that shall or shall not 
have TS requirements.  
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The basic objectives in a PSA based analysis and modification of TS condi-
tions can be summarized as follows [1]: 
 
� to assure that any changes in TS do not compromise the basic intent of the 

TS in assuring the safety margins during normal and accident conditions 

� to obtain a quantitative assessment of the risk impact of the changes and to 
provide a quantitative basis as a justification  

� to make it acceptable and defensible to the regulatory body whose ap-
proval is usually required. 

 
The reasons for making changes to the TS conditions may be several, for 
example plant experience, adaption of standard TS or optimisation of TS 
conditions with PSA. The purpose of this guidance is to embrace all reasons 
for an update and to provide a method to evaluate the impact on safety. 
 

1.2 Purpose 
No Nordic country has yet developed guidance for risk-informed develop-
ment and assessment of the TS conditions. In the US several guidance 
documents exist. These are primarily developed by the PWR and BWR 
owners groups (BWROG, WOG etc). The NRC Regulatory Guide RG. 
1.174 is applied for addressing changes in the TS conditions. 
 
Several different approaches are used for quantifying the importance of 
changes to the TS conditions. Definition of a new very rigid approach is 
considered as a potential problem, since this may prevent development of 
alternative approaches. It is however vital that the characteristics of any 
method, its results and documentation meet certain minimum requirements. 
 
The purpose of this guidance document is hence to provide guidance and 
requirements on how risk-informed methodologies are to be used to change 
existing or specify new AOT and STI TS conditions. The requirements cover 
input data, methods, results and result presentation, documentation and crite-
ria for introducing changes. The intent is that any method meeting the re-
quirements shall be possible to use. 
 

1.3 Scope  
An approach for using PSA for evaluating proposed changes in the TS con-
ditions is described in detail in the RG 1.174 [2]. RG 1.174 states the follow-
ing requirements for evaluation of TS condition changes: 
 
� The proposed change meets the current regulations unless it is explicitly 

related to a requested exemption or rule change 

� The proposed change is consistent with the defence-in-depth philosophy 

� The proposed change maintains sufficient safety margins 
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� When the proposed change result in an increase in core damage frequency 
or risk, the increase should be small and consistent with the Commission´s 
Safety Goal Policy Statement 

� The impact of the proposed change should be monitored using perform-
ance measurement strategies 

 
RG.174 then presents a process with four elements as shown in figure 1.  
 

 
 

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 aspects of the proposed 

change shall be identified. All structures, systems and components (SSCs), 
procedures and activities that are covered by the proposed change shall be 
evaluated. Specifically the original reasons for the program (the TS condi-
tions) shall be understood.  

� Element 2: Perform engineering analysis. The analyses include traditional 
engineering analyses and PSA. The licensee shall verify that the funda-
mental safety principles of the plant are not compromised. Safety margins 
and defence-in-depth may be affected by the proposed change and the li-
censee should therefore re-evaluate these to support the licensing basis 
change. The PSA result changes shall meet defined acceptance criteria and 
uncertainties shall be evaluated.  

� Element 3: Define implementation and monitoring program. The purpose 
is to avoid an unexpected increase in number of failures due to unantici-
pated degradation. An implementation and monitoring plan should be de-
veloped to ensure that the engineering evaluations conducted remain valid. 

� Element 4: Submit propose change.   

 
The NRC procedure described above is considered to be a good outline of 
the whole TS evaluation process.   
 
The engineering analysis focuses on two main areas; traditional engineering 
considerations and evaluation of risk impact.  Traditional engineering con-
siderations include verifying that the defence-in-depth principle is main-
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tained and that the safety margins are as well. For the defence-in-depth for 
example it must be demonstrated that the balance between prevention of core 
damage, prevention of containment failure and consequence mitigation is 
reasonably preserved after changing the TS. The changes should not render 
simultaneous outages possible that would weaken the principles of system 
redundancy and diversity. 
 
Regarding safety margins, codes and standards have to be met also after a 
TS condition change. The SAR acceptance criteria must also still be met. As 
an example, a new AOT is not allowed to compromise a safety function suc-
cess criteria. 
 
This guidance focuses on the use of PSA in the risk evaluation part of ele-
ment 2 in the process. 
 
The use of PSA and PSA methodology can span many types of equipment. 
A plant specific PSA model is generally focused on the technical safety of 
the plant, and all equipment is therefore not modelled. PSA can be used to 
evaluate other types of equipment (not represented in the PSA today). How-
ever, the risk measure to be used in the evaluation is likely to be different. 
This guidance document is restricted to the evaluation of equipment in the 
PSA that can have effect on the Core Damage Frequency (CDF) and the 
Unacceptable Release Frequency (URF). 
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2. Relation to Relevant 
References 

 

2.1 Relation to Swedish Legislation  
The Swedish Radiation Safety Authority statutes SSMFS 2008:1 [3] (chapter 
4 §5 including its general recommendations), states that all principal changes 
in the safety documentation and also all consequences of technical and or-
ganizational modifications that can affect the conditions therein should be 
analyzed with regard to safety. This includes changes to the TS. The docu-
mentation to be submitted to the authority should include an assessment of 
the safety related consequences. This implies use of an existing PSA or 
adapted PSA application, to demonstrate the safety impact of the change. 
 
SSMFS 2008:17 [4], §16, also defines that exemptions from deterministic 
requirements only are acceptable if it can be demonstrated that the resulting 
risk contribution is very small.  
 
The general recommendations to chapter 3 §1 and chapter 3 5§ in SSMFS 
2008:13 [5], provides requirements on quantitative methods, e.g. PSA, and 
describes how PSA can be used in the quantification of relative risk.  
 

2.2 Relation to International Guidance 

2.2.1 NRC 
The United States Nuclear Regulatory Commission, NRC, adopted already 
in 1995 a policy statement that in broad outline says that the use of PSA 
insights should be increased in all regulatory matters and be used in a man-
ner that complements the traditional deterministic approach and supports 
defence-in-depth. The most important Regulatory Guides with regard to risk-
informed TS condition evaluation are: 
 
� RG 1.174 - An Approach for Using Probabilistic Risk Assessment in Risk-

Informed Decisions on Plant-Specific Changes to the Licensing Basis [2] 

� RG 1.175 – An Approach for Plant-Specific, Risk-Informed Decisionmak-
ing: Inservice Testing [6] 

� RG 1.177 – Risk-Informed Decision- An Approach for Plant-Specific, 
Risk-Informed Decisionmaking:Technical Specifications [7]. 

 
RG1.174 forms the basis for risk informed decision making in the reports 
1.174-1.177. The basis for evaluation of changes in TS conditions is pre-
sented, for example that both CDF and LERF shall be used. It is stated that 
the accepted changes in risk shall be small and that cumulative effects of 
several changes shall be considered. The methods used must be well docu-
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mented and it shall be possible to perform a normal review of the method. 
The whole process for evaluation of user initiated plant changes is presented. 
 
Standard Review Plan (SRP) section 16.0 [8] provides general guidance for 
review of TS. Section 16.1 [9], is used as reference from the SRP 16.0 for 
review of risk informed applications.  
 
SRP Section 19.1 [10] provides general guidance for evaluating all types of 
risk-informed regulatory changes and for determining the technical adequacy 
of PSA results for risk informed activities. 
 
Appendix 3 to this Guidance presents a list of other reference documents 
published by the NRC that contain interesting information with regard to 
risk-informed evaluation of TS conditions. 
 
The guidance by ASME [16] sets requirement on PSA with reference to 
quality aspects on PSA. This is further discussed in section 3.1 of this Guid-
ance. 

2.2.2 IAEA 
The International Atomic Energy Agency, IAEA, has several publications 
related to risk based/risk informed analysis of the TS conditions.  
 
IAEA-TECDOC-1200, Applications of probabilistic safety assessment (PSA) 
for nuclear power plant [11], has a section devoted to “Use of PSA in con-
nection with NPP technical specification (TS)” where the use of PSA to sup-
port modifications and to AOTs and STIs are discussed. 
 
IAEA-TECDOC-729 [1] discusses how PSA can be used to improve techni-
cal specifications, presents an overview of methods and data requirements 
and provides examples of some applications. The document vas published 
already in 1993 though, and is considered mainly as orientation. 
 
IAEA-TECDOC-1138 [12] includes several papers discussing the use of 
PSA for TS conditions evaluation and optimization.  
 
In Safety Standard Series draft DS394 [13] requirements on risk-informed 
TS are briefly discussed. 
 
A number of other reference documents published by IAEA that could be of 
interest with regard to risk-informed evaluation of TS are listed in Appendix 
3. 

2.2.3 STUK 
In Finland the Radiation and Nuclear Safety Authority’s regulatory guides, 
the YVL-guides, present requirements on TS and PSA. YVL-1.8  [14] pre-
sents how STUK regulates repairs, modifications and preventive mainte-
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nance of SSCs at nuclear facilities during operation. The guide further de-
scribes the obligations related to this work imposed on power companies. 
 
YVL-2.8 [15] sets requirements for the use of PSA in the safety manage-
ments. The Guide states that “The technical specifications shall be reviewed 
by PSA in such a way that the coverage and balance of technical specifica-
tions are ensured. The review must cover all operating states of the plant. 
Especially such failure states, in which the change of operating state of the 
plant may result in a greater risk than the repair of the plant during opera-
tion, shall be reviewed with PSA. The results of the review shall be submitted 
to STUK in conjunction with the application for an acceptance of technical 
specifications.” 
 
As such, the STUK guidance does not recommend or require specific meth-
ods for the risk-informed TS conditions evaluation. In this way the operators 
have some flexibility in developing the analysis methodology, but the pro-
posals for any risk-informed TS condition changes naturally 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 requirement to be suitable for TS 
condition evaluation. Quality of the PSA and requirements on modelling of 
SSCs are discussed below.   
 

3.1 Quality of the PSA  
The quality of a PSA analysis used to support an application is measured in 
terms of its appropriateness with respect to scope, level of detail, and techni-
cal adequacy. The scope, level of detail, and technical adequacy of the PSA 
are to be commensurate with the application for which it is intended and the 
role the PSA results play in the integrated decision process. The more em-
phasis that is put on the risk insights and on PSA results in the decision-
making process, the more requirements have to be placed on the PSA, in 
terms of both scope and how well the risk and the change in risk is assessed. 
 
One basic  requirement is that the PSA should realistically reflect the actual 
design, construction, operational practices, and operational experience of the 
plant and its owner. This should include the licensee's voluntary actions as 
well as regulatory requirements, and the PSA used to support risk-informed 
decision-making should also reflect the impact of previous changes made to 
the licensing basis.  
 
The documentation of the risk-informed TS condition evaluation should 
include: 
 
� A description of the PSA used, in terms of the process to ensure quality 

and the scope of the PSA, and how limitations in quality, scope, and level 
of detail are compensated for in the decision-making process. (List all 
known conservatism in the study and grade the effects of the conservatism. 
If the existing conservatism give significantly improper risk estimate for 
certain functions in the risk evaluation this has to be considered.) 

� Reference to process or system based instructions and routines that the 
licensee follows for risk-informed applications 

 
Neither Sweden nor Finland strictly follows any specific PSA model stan-
dard today. In the US the American Society of Mechanical Engineers, 
ASME, has published the Standard for Level 1 / Large Early Release Fre-
quency Probabilistic Risk Assessment for Nuclear Power Plant Applications 
[16], applicable for internal events during full power operation. Draft guides 
for external events and low power and shutdown conditions are under devel-
opment by ANS, the American Nuclear Society.  
 

SSM 2010:16



 
 

14 
 

NRC has issued a regulatory guide, RG 1.200 [17], describing one accept-
able approach for determining whether the technical adequacy of the PSA, in 
total or partly, that are used to support applications, is sufficient to provide 
confidence in the results, such that the PSA can be used in regulatory deci-
sion-making.  
 
IAEA-TECDOC-1511 [18] describes an approach for determining the qual-
ity of PSAs for various applications, including risk-informed evaluation of 
Tech. Specs. condition changes.  
 

3.2 Requirements on PSA Modelling 
One of the requirements for risk-informed TS conditions evaluation is that 
the PSA model must reflect the SSCs concerned in sufficient ways to be able 
to use it.. The discussion of SSCs are divided into the following groups: 
 
� SSCs represented in the PSA model  

� Safety SSCs not explicitly represented in the PSA model  

� Non-safety SSCs not explicitly represented in the PSA model  

3.2.1 SSCs Part of the PSA 
It is obvious that only SSCs that are represented in the PSA model can be 
evaluated. It is however not sufficient that the SSCs are represented in the 
PSA model to state that the SSC is represented in a sufficient way. The rep-
resentation may be partial, and this must be considered when a TS condition 
change is being evaluated. 
 
The following questions need to be answered: 
 
� Does the PSA model, with regard to the SSC, represent all functions which 

are relevant in the SAR? E.g. are isolation valves represented for contain-
ment isolation or are they represented only in case of pipe rupture outside 
the containment? If no, remodel or make separate assessments. 

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

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

The evaluation of the TS conditions shall include documented answers to the 
above questions.  
 
Some objects are more likely to be consistently represented by the PSA 
model than others. Normally active components are represented in a detailed 
way, e.g. 
 
� Pumps 
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� Motor operated and Pneumatic Valves 

� Diesel generators 

� Fans 

� Compressors 

 
Some objects may only be represented in the PSA model for limited parts of 
the functions they represent. These are usually not relevant to analyze with 
PSA. Examples of such objects are : 
 
� Instrumentation  

� Indication 

� Relays 

 
This equipment can be analyzed with PSA but that would require a thorough 
investigation to verify that the functions for the objects are represented in a 
sufficient way. Example, level measurement is used in the control room by 
the operators and this is generally not represented by the PSA model (in a 
quantifiable way). 
 
Passive components can also be analyzed with PSA, but they are normally 
only modelled indirectly and would require an additional 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 PSA it cannot be evaluated with 
PSA.  
 
However, the PSA model normally groups several mechanical ob-
jects/components into larger groups of objects (main components), e.g. die-
sel generator. If the subcomponent is part of a “main component” then the 
evaluation can still be performed as described in the previous section. The 
subcomponent shall be represented by one main component and it must be 
clearly stated which main component that is used. 
 
In some cases it is also possible to group a series of component as one com-
ponent. An example is a set of valves in a pump line, where the PSA does 
not explicitly represent these objects individually. Also in this case it is 
needed to define and describe which main component that can 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 necessarily part of the TS. 
 
There are also cases with non-safety systems that are covered by the TS con-
ditions due to their overall importance for safety. Examples are the conse-
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quence mitigation systems. Non-safety systems that are part of the TS shall 
be evaluated with the same requirements as are applied for the evaluation of 
safety related objects/equipment. 
 

3.3 Summary – Component 
Categorization 
The first step in the component categorization is to list all SSCs being ad-
dressed in the evaluation. This list gives an overview of the scope and will 
also facilitate the review. It must be possible to review the evaluation with-
out being familiar with the PSA models’ limitations. 
 
The list(s) is used in support of verifying robustness and completeness. 
 
1. Robustness: There is a risk that TS conditions are relaxed when the 

analysis is based on the assumption of availability of certain SSCs that 
not have any TS condition (operability requirements, test frequency, al-
lowed outage time).. The results of the Tech. Specs. evaluation can then 
be questioned. The basis for the evaluation must be robus. 

2. Completeness with regard to the evaluated SSC: The SSCs being 
evaluated requires all relevant aspects to be taken into account in the 
analysis, i.e. the SSCs are represented in a sufficient manner (see de-
scription in SSCs part of the PSA section 3.2.1) 

 
Some more comments on robustness and completeness are given below. 
 
Robustness of the analysis 
Generally, the evaluation of the TS conditions shall be based on the full 
scope PSA, including safety and non-safety systems (including mitigation 
systems). However, this requires that the robustness of the model can be 
verified. 
 
This means to verify that changes in assumptions with regard to system 
availabilities will not significantly change the results of an evaluation. The 
list of important SSCs gives an overall overview of the content in the current 
PSA and also an indication of which SSCs that are of significance for the 
overall plant safety level from a PSA point of view.   
 
The evaluation shall be made on a sufficiently detailed level to determine if 
the relevant SSCs of importance are covered by the TS conditions. This 
means for example that an evaluation can first be made on system level, and 
if a system has a significant safety importance (above 1% importance with 
regard to the chosen risk measure) a refined study is required of the system. 
This refined study of the system (and functions within that system) should 
ensure that relevant requirements are set on the system (parts of the system).  
 
The evaluation may show that SSCs being part of the PSA but not the TS 
have a high safety significance. It should then be considered to add these 
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SSCs to the TS. If this is not done – the analysis must be complemented with 
a justification with respect to that SSC and the robustness of the model used 
for the TS condition evaluation. 
 
Completeness with regard to the evaluated SSC 
When the robustness of the PSA model is established, the completeness of 
the model with regard to the current TS condition evaluation must be shown. 
This means a verification that all relevant functions described by the TS 
conditions for the SSCs, are represented by the PSA in a sufficient manner. 
This can be very difficult for a reviewer to verify without a significant effort 
and hence this information must be provided in the documentation of the 
analysis. 
 
The definition of the SSCs being evaluated must include the following: 
 
1. The functions for which it is required according to the TS 

2. Which of these functions that are represented by the PSA model. 

3. A statement whether the function is represented completely or only 
partially by the PSA. 

4. The type of criteria that have to be used to verify the system function, 
i.e. the PSA end state (CD/UR) that represents the function in the 
evaluation. 

Using the containment isolation valves as an example SSC, the functions 
are:): 
 
� Isolation of containment in case of feed water pipe rupture outside the 

containment 

� Isolation of containment in case of core damage (PSA level 2) 

It is not necessary that all functions , for which the SSC is used, are repre-
sented in the PSA model. A decision to leave out functions shall be justified 
in the documentation of the analysis. An example is presented below: 
 
SSC TS Function In PSA Consequence Comment 
415Vx Main feed 

water isola-
tion (pipe 
rupture) 

X Core damage  

 Containment 
isolation 

(X) Unacceptable 
release 

Not fully represented, 
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 are discussed and then specific 
requirements for evaluation of Surveillance Test Intervals (STIs) and Al-
lowed Outage Times (AOTs) respectively are discussed. 
 
Examples of methods for STI and AOT analysis are presented in appendix 1. 
 

4.1 General Requirements on Methods 
An evaluation of TS condition changes must meet some basic requirements:  
 
� The evaluation shall be transparent and easy to communicate. 

� The evaluation shall be based on known principles. 

� The model must reflect the different aspects related to the TS condition 
being evaluated 

 
This means that the method(s) used for evaluation shall be based on known 
principles and possible to understand and communicate, both for plant man-
agement and the authority. If the methods are newly developed a sufficient 
time must be considered for the acceptance of the method. 
 
The method must also be able to calculate the change in the overall plant risk 
taking into account all concurrent changes to the STIs and AOTs. 

4.1.1 Plant Operating Mode (POM) 
Normally the plant operating mode for which a change to a STI or an AOT is 
proposed should be evaluated. TS condition changes related to full power 
should be evaluated using the full power PSA and changes related to shut-
down using the shutdown PSA. However, if for example, changes are pro-
posed for any SSC with significant importance for both full power and shut-
down, the effect on both operating modes must be addressed. 

4.1.2 Initiating Events (IE) 
Generally all initiating events in the full scope PSA should be included in the 
evaluation. This means a full set of internal, external, and area events. How-
ever, if there is a large contribution to the overall CDF/unacceptable release 
frequency from area and/or external events, a sensitivity study may be per-
formed covering these issues instead. Conservatisms in the area and/or ex-
ternal event analysis should then be evaluated and their effect on the result 
commented. 
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A screening approach may be used to screen out initiators that have no effect 
on the results. This screening process should then be documented. 

4.1.3 Sensitivity and Uncertainty Analyses 
Sensitivity studies are required. An important part of the TS condition 
evaluation is to identify the areas for which sensitivity studies are required. 
A decision to not perform sensitivity studies and the justification shall be 
stated in the documentation of the evaluation. 
 
Parametric uncertainty analyses are not required. 
 
For STI changes, the possible effect on failure data used must be addressed, 
see section 4.2 below. 
 

4.2 Evaluation of Surveillance Test Inter-
vals 
When evaluating a STI the significant SSCs that are affected by that test 
shall be listed. The SSCs in the PSA model that have a relation to the test 
shall be stated. Example: 
 
STI SSC 

affected  
PSA model 
representation  

Comment Can be evalu-
ated 

Start 
test 
ECC 

323P1  323P1  Yes 

Capacity 
test 
ECC 

323P1, 
323V1, 
323V3 

323V1, 323V3 323P1 is 
represented 
by start test. 

No (without fur-
ther justification) 

 
The following should especially be considered when evaluating changes to 
the STIs: 
 
� Modelling of test types 

For an evaluation of a STI the test must be represented in the PSA model 
in a sufficient way. Normally one test is chosen as representative in the 
PSA and this is hence the one that can be evaluated without further evalua-
tion (see table above for example and next bullet for relation between dif-
ferent tests). 

� Relation between different test types 

In cases where there are several different test types for a component where 
only one is represented fully in the PSA, a justification of changes in the 
test types that not are represented by the PSA shall be provided (e.g. the 
relative displacement of the tests must be preserved in case of a prolonged 
interval).  
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� SSCs with small importance in the PSA model 

If the object(s) involved in a test has a low significance in the PSA, the test 
interval can be prolonged indefinitely with very small effect on the PSA 
results. The evaluation should therefore consider the use of an appropriate 
maximum test interval. This issue is also related to effects on failure data, 
see below. 

� Effects on failure data 

A change of a test interval must include an analysis of effects on the fail-
ure data used. If the failure data not is affected when prolonging or short-
ening an interval, it must be clearly stated why the data is still applicable. 
Prolonged intervals for example can have an effect on component lubrica-
tion while shortened intervals, on the other hand, may lead to test wear-out 
of the component. If the test types are changed it should be demonstrated 
that the new test types are at least as efficient as the previous and that 
component availability not will be degraded. Principles for experience 
feedback and collection of new empirical data have to be documented if 
new data are used during the evaluation. 

� Effects of Common Cause Failures, CCF 

The potential effect on common cause failures shall be discussed.  

� Unavailability during test  

Unavailability during test should normally not be considered as a reason 
for prolonging the test interval without a separate discussion. Personnel is 
available and it can be assumed that the equipment can be made operable if 
needed. However, if a SSC is tested very often, unavailability during that 
test might be relevant to consider. 

� Influence on initiating events  

The possibility that certain tests may have influence on initiating events 
and initiating event frequencies must be taken into consideration when 
proposing changes to STIs.  

� System configurations 

If different system configurations are possible, the analysis shall take this 
into consideration. 

� Testing schemes 

The use of sequential or staggered testing schemes shall be reflected in the 
analysis. 

 

4.3 Evaluation of Allowed Outage Times 
In the evaluation of an AOT the SSC outage must be represented in the PSA 
model in a sufficient way. It must be demonstrated how this is represented 
and also how the length of the outage time has been estimated and the effect 
the change has on the SSC unavailability. 
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Time

Continued power 

operation with component 

unavailable

Shutdown with component unavailable

Start-up from forced outage

Forced outage (comp. 

Unavailable)

 
Figure 2 Two different strategies with component unavailable illus-
trated, continued power operation or shutdown and repair at forced 
outage and then start-up again. The total risk is the accumulated risk 
below each line (area). 
 

The evaluation shall focus on the risk of continued operation at the same 
plant operating mode (see figure 2 above). If a prolonged AOT means an 
increase in risk that is small (see section on acceptance criteria), then the 
change in AOT is acceptable. If the change in AOT is not acceptable only by 
looking at continued operation of the plant, the change may be justified if it 
can be shown that the increase in risk during power operation can be moti-
vated by a decrease in risk taken in the low power phase. This will however 
require that the low power include LCO induced shutdown. It shall be possi-
ble to quantify a total risk measure (e.g. core damage frequency) for all op-
erational modes separately before and after the changes.  
 
As a sensitivity analysis a bounding assessment using the full AOTs should 
be considered. This might be a somewhat conservative approach but will 
give an upper-bound estimate of the risk impact from AOT changes.  
 
Some areas that need special attention are: 
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� Evaluation of expected real outage times 

Prolongation of AOTs must include an evaluation of effects on the ex-
pected real outage times in case this is based on statistics in the PSA. A 
prolonged AOT may for example involve changes in stock-keeping of 
spare parts.  

� Mitigating/compensating actions  

Compensating actions may be taken into account. A compensating action 
may for example be a redesign of the system or test of redundant equip-
ment. The importance of compensating actions shall be discussed. 

� System configurations 

If different system configurations are possible, the analysis shall take this 
into consideration. 

� Effect on Common Cause Failures, CCF 

The potential effect on common cause failures shall be discussed, so that 
the risk for a situation where redundant equipment is unavailable due to 
the same reason can be ruled out. This is e.g. achieved by testing of redun-
dant equipment. 

� Simultaneous AOTs 

Cases where the proposed change in AOT significantly increases the risk 
for simultaneous failures (and thereby force the plant into shutdown with 
more than one component unavailable) shall be discussed. 

 

4.4 Define Risk Measures to be Used  
For each STI or AOT (and hereby SSC) included in the analysis the evalua-
tion criteria must be defined,i.e. if the change shall be evaluated with regard 
to its impact on CDF, URF or other PSA model results. This is decided  in 
accordance with section 3.3. 
 
For most SSCs the CDF constitutes the main risk measure and the proposed 
changes can be considered acceptable if they do not significantly affect the 
CDF. It then has to be demonstrated that these SSCs do not perform or sup-
port a safety function of importance to the prevention of radioactive release 
during severe accidents. If they do, the URF must be evaluated as well (see 
discussion in section 3.3). The unacceptable release is in Sweden defined as 
a release larger than 0.1 % of the core inventory of a 1800 MW reactor. This 
criterion was originally established when designing and installing the conse-
quence mitigation systems in the Swedish BWR units. The corresponding 
requirement in Finland is expressed as 100 TBq Cs-137. 
 
SSCs only relevant for severe accident management should be evaluated 
with URF as the main risk measure and if the frequency is not significantly 
affected, then the changes accordingly can be considered acceptable. 
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It is not certain that the CDF or the URF represents a relevant risk measure 
for the actual SSC being evaluated. Other risk measures may therefore have 
to be defined, for example in an STI evaluation for isolation valves the 
availability of the system function may constitute the main risk measure. 
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5. Change Acceptance Cri-
teria 

If it can be demonstrated that the proposed changes do not significantly af-
fect the identified risk measure (i.e. in most cases the core damage frequency 
(CDF) or Unacceptable Release Frequency (URF) the proposed changes can 
be considered acceptable.  
 
� The definition of a significant change is based on value of the absolute 

frequency and the change in frequency. 

 
Generally, a best estimate of the CDF less than 10 times of the safety goal1 
for the core damage frequency per year is considered acceptable from a PSA 
point of view. Accordingly, a best estimate of the URF less than 10 times the 
unacceptable release frequency defined as the safety goal is considered ac-
ceptable. The acceptance criterion applies to the total CDF/URF, i.e. includ-
ing all plant operating modes and all initiating events. Any missing contribu-
tors to the total CDF/URF, for example excluded area and/or external events, 
have to be estimated and added or their exclusion being justified.  
 
There may be cases with frequencies above the CDF/URF target values 
(safety goals). One reason for allowing that the frequencies exceeds the 
safety goals for core damage and unacceptable release respectively is that all 
changes are not possible to quantify with the PSA methodology. Not all 
safety improvements are possible to represent with PSA. The documentation 
of a TS condition change therefore also has to consider other relevant quali-
tative and quantitative information – e.g. improved maintenance and test 
instructions and other compensatory measures.  
 
In addition to the absolute frequency, the change in risk shall be presented. 
The change is quantified as the risk after the change subtracted with the risk 
prior to the change(s). If there is an increase in risk above 10% of the safety 
goal for CDF and URF, the increase is considered significant. An increase in 
risk is acceptable if it can be based on other motives than PSA. That is, an 
increase in risk solely based on PSA optimization is generally not accept-
able. 
 
This combination of absolute risk and relative risk criteria is similar to what 
is stated in RG 1.174 [2]. The limits have however been adapted to what is 
considered acceptable in the Nordic countries). The idea is to have both an 
absolute criterion, so that many small steps will not automatically be consid-
ered acceptable and also so that the initial state for the plant is taken into 

                                                      
1 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 identify when one change is very sig-
nificant and may require a thorough discussion. 
 
The figures 3a and 3b below presents the acceptance criteria. 
 
 

 
Figure 3a Acceptance criteria for CDF (core damage frequency). SG 
means Safety Goal for CDF. 
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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 this guidance are only for the 
process element that is related to the PSA evaluation.  
 
The documentation of a TS evaluation with PSA shall comprise at least the 
following: 
 
� Description and background to the proposed change(s). The presentation 

should cover the present and changed TS condition as well as the stated 
demands in the SAR and possible changes in the safety documentation.  

� Statement on the applicability of the PSA for the intended evaluation 

� Verification of important SSCs (see section 3.3) 

� Analysis of relevant SSC implementation in PSA (see section 3.3) 

� Definition of risk measure to be used (based on previous) 

� Presentation of method 

� Discussion about important issues for the evaluation (see examples in sec-
tion 4.2 and 4.3) 

� Pre-analysis (including effect on data, CCF, model etc). Special emphasis 
shall be put on verification of data when e.g. STIs are changed. 

� Analysis, considering the issues discussed. 

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

� Evaluation of results and comparison with acceptance criteria. The result 
presentation should show the result before and after the Tech. Specs. con-
dition modification. 

Guidance on what a US licensee is expected to present to NRC in a risk-
informed application is presented in Standard Review Plan section 16.1 and 
19.1 ([9] and[10]).  
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7. Requirements on Im-
plementation and Moni-
toring Program 

It is important to closely monitor components for which the STIs are 
changed when a new test plan is implemented. The monitoring program shall 
be able to detect, as early as possible, any test cycle related effects on the 
performance of the components.  
 
Significant changes in AOT shall be monitored via a yearly risk follow up.  
 
Specifically changes that are related to the risk for common 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 Safety Authority 
(SSM) 

 

Technical Specifications (TS) for the Nordic light water reactors (LWR) 
define the limits and conditions for operation, and assure that they fulfil the 
safety levels for which they were originally designed. The current TS were 
originally developed using engineering and deterministic considerations.  
 
TS are part of the safety documentation – FSAR/SAR in Swedish and Fin-
nish NPPs. Any changes have therefore to be reported to and approved by 
the respective regulatory body in these countries.  
 
The Swedish and Finnish BWR TSs are built according to a traditional 
Swedish TS standard, developed at the time when the first ASEA ATOM 
reactors were designed. 
 
The Swedish PWR TSs are nowadays built according to the Westinghouse 
standard TS (STS), documented in the NUREG-1431 (see Appendix 3 for 
information about reference). 
 
The TS for the 5th Finnish NPP will also be built according to a STS format. 
 
Structure of Nordic conventional LWR TS is to present the licensed re-
quirements for: 
 
� safety limits 

� limiting conditions for operation (LCO), which includes the AOT or CT 
for required actions for maintenance, repair and surveillance requirements 
(SR) 

� design features 

� administrative controls 
 

TSs of today are increasingly being adjusted using insights from probabilis-
tic or risk-based analysis. Risk-based applications and reviews have mainly 
focused on risk evaluation of LCOs and SRs, which are important part of the 
TS requirements to ensure safe operation and they are also more prone for 
risk evaluations than other parts of the TS. 
 
At modernization project of e.g., Swedish NPPs due to requirements in the 
SSMFS regulations on defences against CCFs, increased safety redundant 
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and/or diversified trains are installed. These plant modifications will affect 
the content of the present TSs, especially the requirements on AOTs and 
STIs due to that more components have to be tested and maintained and also 
that there might be multiple unavailabilities due to testing and equipment 
failures.  
 
PSAs for the shutdown operating mode performed so far, indicates that the 
CDF is at about the same level or above as the CDF for the full power mode. 
This fact stresses the need of a good PSA for low-power modes and that 
LCOs in the TSs for all operational modes are thoroughly analyzed with 
regard to risk. It can therefore also be assumed that the risk impact of LCO 
changes important for low power modes also will have high risk impact. The 
TS for low-power and refuelling mode should therefore also reflect all safety 
important LCOs, AOTs, STIs and administrative controls. 
 
This guidance explains how an affected LCO requirement is risk evaluated 
with PSA methods, e.g., which risk measures are recommended, risk evalua-
tion of the LCO condition for all plant operating modes, data impact, CCF 
considerations, needed qualitative information to be documented. 
 
At the time for a TS application e.g., in Sweden to the SSM, the application 
has to include a preliminary documentation and revision pages on the af-
fected FSAR/SAR and TS chapters describing the changes of e.g., require-
ments, systems analyses. The IAEA TECDOC-1200 [11] gives a good ex-
planation of what is basically ruled in TS. If not clearly stated elsewhere, the 
Standard Review Plan (SRP) section 16 [9] and 19 [10] give good informa-
tion on what should be submitted in a risk-informed TS application. 
 

Definition of TS terms  
Some of the most common terms expressed and used in the TS are described 
below. 
 
allowed outage time. Allowed outage time (AOT) gives the maximum time for 
repair of safety related equipment in a given operational state. The plant must usu-
ally be placed to in safer operational state, if the operability of the faulty equipment 
is not reached within its AOT. For the faults detected in the power operation state, 
any repair time exceeding the AOT will require a controlled shutdown in order to 
complete the repair (usually cold shutdown state). AOT is often also called for the 
allowed completion time (CT). Source: IAEA TECDOC 729 
 
baseline risk. This is the risk level of the plant during power operation assuming 
that no failures are detected in safety systems and no subsystems are isolated for 
maintenance. If a demand occurs during the baseline state, the latent or undetected 
faults in the standby period and failures during the mission time still contribute to 
the overall system failure probability, and to the baseline risk level. Temporary out-
ages of equipment in safety systems will increase the total plant risk level over the 
baseline risk level. Source: IAEA TECDOC 729 
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corrective maintenance. Corrective maintenance (CM) is unscheduled maintenance 
to repair any random failures or degradations. Source: IAEA TECDOC 729  
 
in-service inspection. Inspection of structures, systems and components undertaken 
over the operating lifetime by or on behalf of the operating organization for the 
purpose of identifying age related degradation or conditions that, if not addressed, 
might lead to the failure of structures, systems or components. Source: IAEA Safety 
Glossary 2007  
 
inspection. Actions which by means of examination, observation or measurement 
determine the conformance of materials, parts, components, systems and structures, 
as well as processes and procedures, with defined requirements. Source: IAEA 
Safety Series Report nr 110 
 
item important to safety. An item that is part of a safety group and/or whose mal-
function or failure could lead to radiation exposure of 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 specifications. These rules are designated 
to maintain the plant operation within the bounds of safety analyses. The LCOs 
specify requirements on the number of subsystems that should be operable at differ-
ent operational states and the allowed outage times for inoperable equipment. These 
also define specific action statements if such requirements cannot be met. Source: 
IAEA TECDOC 729 
 
Limiting Conditions for Operation (LCOs) specify minimum requirements for en-
suring safe operation of the unit.  The ACTIONS associated with an LCO state Con-
ditions that typically describe the ways in which the requirements of the LCO can 
fail to be met.  Specified with each stated Condition are Required Action(s) and 
Completion Time(s). Source: NUREG-1431 
 
maintenance. The organized activity, both administrative and technical, of keeping 
structures, systems and components in good operating condition, including both 
preventive and corrective (or repair) aspects. Source: IAEA Safety Glossary 2007 
 
operation. All activities performed to achieve the purpose for which a facility was 
constructed. For a nuclear power plant, this includes maintenance, refuelling, In-
service inspection and other associated activities. Source: IAEA Safety Reports 
Series 110 
 
operational limits and conditions. A set of rules setting forth parameter limits, the 
functional capability and the performance levels of equipment and personnel ap-
proved by the regulatory body for safe operation of a nuclear power plant. Source: 
IAEA CB5 
 
periodic maintenance. Form of preventive maintenance consisting of servicing, 
parts replacement, surveillance or testing at predetermined intervals of calendar 
time, operating time or number of cycles. Also termed time based maintenance. 
Source: IAEA Safety Glossary 2007 
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planned maintenance. Form of preventive maintenance consisting of refurbishment 
or replacement that is scheduled and performed prior to unacceptable degradation of 
a structure, system or component. Source: IAEA Safety Glossary 2007 
 
plant equipment. 
 

 
Source: IAEA Safety Glossary 2007 
 
preventive maintenance. Actions that detect, preclude or mitigate degradation of a 
functional structure, system or component to sustain or extend its useful life by con-
trolling degradation and failures to an acceptable level. Source: IAEA Safety Glos-
sary 2007. 
 
protection system. System which monitors the operation of a reactor and which, on 
sensing an abnormal condition, automatically initiates actions to prevent an unsafe 
or potentially unsafe condition. Source: IAEA Safety Glossary 2007 
 
safety actuation system. The collection of equipment required to accomplish the 
necessary safety actions when initiated by the protection system. Source: IAEA 
Safety Glossary 2007 
 
safety related item. An item important to safety which is not part of a safety sys-
tems. Source: IAEA Safety Glossary 2007 
 
safety system support features. The collection of equipment that provides services 
such as cooling, lubrication and energy supply required by the protection system and 
the safety actuation systems. Source: IAEA Safety Glossary 2007 
 
safety system. A system important to safety, provided to ensure the safe shutdown 
of the reactor or residual heat removal from the core, or to limit the consequences of 
anticipated operational occurrences and design basis accidents. Safety systems con-
sist of the protection system, the safety actuation systems and the safety system 
support features. Components of safety systems may be provided solely to perform 
safety functions, or may perform safety functions in some plant operational states 
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and non-safety functions in other operational states. Source: IAEA Safety Glossary 
2007 
 
surveillance requirements (SR). Surveillance requirements (SRs) in nuclear power 
plant technical specifications define the tests to be performed on safety system com-
ponents and specify the intervals at which they should be performed. But the strat-
egy to be followed in scheduling the tests, i.e. the actual placement of tests in rela-
tion to each other, is often not specified. In deciding on modifications to surveillance 
test intervals (STIs), the test strategy to be employed also needs to be considered as 
it is an important element in defining the risk that is being accepted due to the modi-
fications. Source: IAEA TECDOC 729 
 
technical specification. The technical specifications (TS) are safety rules, approved 
by the regulatory authority, defining the limits and conditions for safe operation of a 
nuclear power plant. Source: IAEA TECDOC 729 
 
test strategy or scheme. The test strategy is concerned with the choice of surveil-
lance test methods and placement (relative timing scheme) of the tests within a 
group of redundant components or in relation to functionally related systems. In the 
test scheme, also the relative timing with respect to scheduled maintenance or over-
haul outages may be defined. In many cases, several different types of tests are used 
in combination with a specific timing scheme in order to cover different kind of 
components in a system, and their different failure modes. The test strategy may 
define also the procedure for additional tests of redundant equipment in a failure 
situation until the elimination of the root cause is verified. Source: IAEA TECDOC 
729 
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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 analysing changes to the TS 
requirements. There is a distinction between analysis/optimisation and 
evaluation. This appendix is describing methods that can be used both for 
optimisation and evaluation. The guidance is focused on the evaluation and 
the methods presented in this appendix may therefore not necessarily be 
fulfilling the requirements.  
 
The analysis/optimization may be done in different ways, and with different 
goals, and most methods presented are mainly focused on the analy-
sis/optimisation phase. The analysis and optimisation phase is in most cases 
performed before this guidance is relevant. 
 
It has been considered relevant to present some of the methods available for 
analysis/optimisation. It should also be emphasized that the methods pre-
sented in this appendix only is a selection from available ones. Other meth-
ods exist and may be used. 
 
Evaluation means a verification that all of the different changes do not affect 
the overall risk. The evaluation requires that it shall be possible to quantify 
the situation before the change(s) and after the change(s) for the whole plant. 
It is not acceptable just to look at each individual change. Based on this re-
quirement, it can be concluded that, some of the presented methods may be 
useful in the process, but is not sufficient in the evaluation phase in the end.  
 
The method applied by TVO recently is presented in section 2 of this appen-
dix. 
 
The methods that are recommended by this guidance in the evaluation phase 
are: 
� STIs: Evaluation on Plant Level. Change all affected test intervals and 

quantify the top CDF/URF.  

SSM 2010:16



 

2 
 

� AOT: Quantification of the total CDF/URF at continued power operation. 
Each change in AOT affects the change of component unavailability due to 
maintenance and hence a total CDF/URF is possible to quantify. If the in-
crease in risk, considering only continued power operation, is too high, it 
can be acceptable to also consider the change in risk when performing 
shutdown to forced outage. The method shall be able to present a total 
CDF/URF frequency.  

 

1.1 Evaluation of STIs 
 
1.1.1 Evaluation on Component Level 
According to Handbook of Methods for Risk-Based Analyses of Technical 
Specifications [19] the total risk impact from a test can be expressed: 
 

RT = RD + RC 

 

Where: 
RT = Total risk for the test 
RD = Risk contribution detected by the test (test-limited risk) 
RC = Risk contribution caused by the test (test-caused risk) 
 
The risk contribution caused by the test can be divided in several parts ac-
cording to: 
 

RC = RTrip + RWear + RConfig + RDown 

 
Where: 
RTrip = Risk that the test causes an initiating event 
RWear = Risk of wear out of the equipment 
RConfig = Risk that the plant configuration is incorrect when the test has 
been performed (causing an increased risk) 
RDown = Risk due to component unavailability during the test 
 
By comparing the risk contribution detected by the test with the risk contri-
bution caused by the test the effectiveness of a single test can be evaluated, 
i.e. if: 
 

RD > RC the test is risk-effective 
 
Based on this an optimal test interval  
 

MIN RT = RD + RC 

 
In figure 1 a plot of the risk contribution detected by the test, caused by the 
test, and their corresponding total risk is depicted. 
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Figure 1 Risk contribution of surveillance testing versus test interval. 
RD is denoted Demand, RC Maintenance and RT Total [19] 
 
1.1.2 Evaluation on Plant Level 
The other perspective is to view all changes in a test program in one analysis 
on plant level. The methods for this are normally based on the formula for 
RT above. In most cases RC is neglected, i.e. the risk for shutdown, wear out 
etc. is considered not to be affected by the test frequency. Prolonging of one 
component/system STI may for example be acceptable if another compo-
nent/system has a reduced STI. This idea is based on: 
 

∑
=

=
n

j
DjTot RR

1

 

 
Where: 

RTot = Total change in risk of a complete test program 

RDj = Change in risk due to change in one test interval 
 

It can be noted that the above formula is simplified, since relations between 
different tests are not taken into account. The idea that is shown by the for-
mula is that tradeoffs can be made between different tests. If RTot is zero, 
then the new test program neither increases nor decreases 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 for evaluation of the specific 
AOTs. Three main methods are: 
 
1. Risk of continued operation with objects unavailable compared with an 

accepted frequency 

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

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

These are the three main alternatives, but there are several variants based on 
these two methods. 
 
The methods are described briefly by following chapters. 
 
1.2.1.1 Frequency that May not be Exceeded 
The methods that use this approach indicate which AOTs that may be rele-
vant to be considered in further studies. The measures used can e.g. be the 
risk increase factor or an absolute risk increase frequency, compared to the 
nominal risk.  
 
The method does not give any guidance to the length of the AOT, but it can 
be an indication where it might be acceptable to perform maintenance at 
power operation (preventive or corrective). The method can hence be con-
sidered a way to avoid risk peaks at power operation, due to maintenance 
activities. 
 
The guidance on AOT length is simple: if the risk frequency is close to the 
nominal risk frequency, the AOT can be long, and if the risk is increased 
significantly the AOT must be short. 
 
1.2.1.2 Risk Budget 
There are some alternative ways to use a risk budget method, but the basic 
idea is to compare the conditional risk probability with an accepted risk 
probability. There are two main principles: 
 

� AOT based on a single event in a system 

� AOT based on accumulated risk contribution from a system 

 

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

ityskprobabilAcceptedri
x f

P
AOT

,

=  

 
In this case the Pacceptedriskprobability means the accepted probability per occur-
rence. If the expected number of occurrences are taken into account the for-
mula would be: 
 

xxpower

ityskprobabilAcceptedri
x f

F
AOT

λ⋅
=

,

 

 
In this case Facceptedriskprobability means the yearly accepted risk probability and 
the λx means the failure rate of the equipment. 
 
The acceptable, e.g., conditional core damage probability can be determined 
by different methods. For example, the acceptable conditional core damage 
probability due to maintenance can be distributed among all possible main-
tenance activities. 
 
It can be noticed that the method described in RG1.174 [2] constitute a com-
bination of a frequency that must not be exceeded and a conditional core 
damage probability. 
 
1.2.1.3 Continued Operation versus Shut Down 
The previously described methods presuppose continued operation of the 
plant. These methods do not take into account that shut down may be a risk 
itself. Shut down from power operation with unavailable components is 
normally though not to be insignificant from a risk perspective.  
 
A method taking this into account is the comparison of the risk for continued 
operation with unavailable equipment versus the risk of shutting the plant 
down (degraded).  
 
Figure 2 below describes a risk curve for staying in power operation condi-
tions with unavailable equipment and a risk curve presenting the shut down 
risk with unavailable equipment. 
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Figure 2 Example of two risk curves: One representing 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 computed according to: 
 

startupgeforcedoutaxSDxpower PPPfAOT ++=⋅ ,,  

 
Where fpower, x represents increase in risk at power operation with unavailable 
equipment x, PSD,x represents the shut down risk with equipment x unavail-
able, Pforcedoutage and Pstartup represents the frequency at cold/hot standby and 
start up risk respectively. 
 
A development of this method that has been used by both TVO and Ringhals 
(not exactly in the same way, but similarly) is to include the probability of 
repair into the equation. The equation could then be written as: 
 

( ) AOTfPPPPCD xpowerstartupgeforcedoutaxSDxaotAOT ⋅+++⋅=∆ > ,,,  

 
Where ∆CDFAOT means the total increase in core damage probability, PSD,x, 
Pforcedoutage and Pstartup as in previous formula. P>aot,x represents the probability 
that AOT cannot be met and the plant needs to shut down. 
In this case the P>aot,x

 needs to be determined. One proposed way of doing 
this is do analyze the existing statistics for repairs, and to develop a repair 
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time distribution. The length of the AOT and the probability of shut down 
will hence be dependent. The formula will hence have a minimum. This can 
be exemplified with Figure 3, which shows the minimum for two and three 
diesels unavailable. 
 
 

 
Figure 3 Risk curve for two and three diesels unavailable [20] 
 
 
1.2.1.4 Comment to Methods 
It can be realized that the formula  
 

( ) AOTfPPPPCD xpowerstartupgeforcedoutaxSDxaotAOT ⋅+++⋅=∆ > ,,,  

 
is a generic formula representing the various methods presented above. The 
difference lies in the treatment of P>aot,x.  
 
The difficulty is hence to determine P>aot,x in an acceptable way. It is not 
obvious how this probability distribution should be calculated. There are 
many different aspects to this, for example if it only is the repair time of the 
component that should form the basis for the usage of the AOT and how the 
repair time is affected by changes in the AOT. 
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2. Method applied in com-
plete TS update by TVO 
 
In recent years TVO has performed risk informed evaluations of both the 
STI and AOT requirements in the technical specifications for the BWR units 
Olkiluoto 1 and 2. The methods used for the evaluations are described here, 
based on a paper [21], presented at ANS PSA 2008 topical meeting. 
 

2.1 Method overview 
Risk informed evaluation of the TS covered three chapters of the Olkiluoto 
TS: 
 
� Allowed outage times for power operation (AOTs) 

� Surveillance test intervals (STIs) 

� Requirements for shutdown states (for refuelling outages) 

Each of these chapters was analyzed independently with a similar overall 
analysis methodology and process. The process used in the evaluation con-
sisted of seven steps: 
 
1. TVO specific method description (including objectives and limitations 

of the analysis). 

2. Screening of the contents of the TS chapter from a PSA point of view 
to select items for PSA calculations. Evaluation of the PSA’s suitability 
for the analysis and required modifications and improvements to the 
PSA are included in this step. 

3. Quantitative assessments using the plant-specific PSA. The specific 
quantitative methods and risk measures are detailed in the following 
section below. 

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

5. Expert panel to comment the results and to propose changes in the TS 
During commenting rounds a range of factors, including operability, 
testability and maintainability are considered with the quantitative risk 
results to form a comprehensive basis for risk-informed decisions. 

6. Documentation of the results in a working report. As this phase is often 
left too short and shallow, the basis for any and all decision shall be 
documented as well.  

7. Preparation of the TS change proposals to be discussed with the 
regulatory body. 
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Olkiluoto 1 and 2 have different methods for evaluation of STIs and AOTs. 
Both methods are described below. 
 

2.2 Quantitative assessment method for 
allowed outage times 
There are several ways to perform comparison of risk of continued operation 
to risk of shutdown, and it was decided to use two methods to reflect differ-
ent aspects of AOTs: 
 
1. An evaluation of the duration of the continued operation when its risk is 

equal to risk of shutdown.  

2. Minimisation of the maximal AOT from risk point view by assuming 
that the AOT will be fully used and that if the repair will take longer 
time than AOT the plant will be shutdown. 

 
In the method 1, the AOT is evaluated by the formula:  
 
τ

1
 = (∆P + P(SD | x)) / ∆f(x),   (1.)  

 
if the component can be repaired during full power operation, or:  
 
τ

1 = ∆P / ∆f(x),    (2.)  
 

if the component cannot be repaired during full power operation, i.e., a shut-
down cannot be avoided.  
 
∆f(x) is the momentary risk increase caused by the configuration x [1/time-
unit]. P(SD | x) is the shutdown risk given the configuration x. ∆P is a risk 
parameter to account for the economical benefits of continued operation. A 
small additional risk ∆P can be temporarily accepted. The value of P = 1E-7 
(core damage risk) was chosen equal to the risk criterion used for plant 
modifications in an internal TVO guide for PSA applications.  
 
Method 2 is an optimization problem, where the following equation is mini-
mised with respect to the AOT τ: 
 
∆P(x, ) =∆f(x)*τ + (1 – G(x,τ)) P(SD | x)).  (3.)  
 

The first term of the formula represents the risk of continued operation and 
the second term the risk of shutdown of the repair time being longer than τ. 
G(x, τ) is the cumulative probability distribution of the repair time for the 
configuration x. Assuming an exponentially distributed repair time with 
mean repair time MTTRx, and including the acceptable continued operation 
risk parameter P, the following equation is obtained for an optimal AOT  
τ

2(x) = max {–ln{∆ f(x) · MTTRx / P(SD | x)}· MTTRx, ∆P/∆ f(x)}. (4.)  
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Method 1 gives longer AOTs than the method 2. It is simple and it reflects 
well the operative decision making situation when a failure situation is ob-
served. The drawback is that the method 1 does not account uncertainties in 
the repair time.  
 
The benefit of the method 2 is that it controls the maximal risk allowed by 
the Tech. Specs.. Since, in reality, AOTs are not fully used, the method does 
not reflect the reality. Therefore the method 2 can suggest quite short repair 
times for small risk increase configurations. AOTs proposed by the method 2 
should be considered bottom lines, and shorter limits should not be proposed 
from risk point of view.  
 
AOTs proposed by methods 1 and 2 can be used as a reference range in the 
assessment of the appropriateness of Tech. Specs. requirements. The range 
[2, 1] can be broad but is sufficient to detect anomalies in the TS. 
 

2.3 Quantitative assessment method for 
surveillance test intervals 
The assessment of surveillance test intervals is based on the use of the Bur-
den-to- Importance-Ratio (BIR) –measure, developed by Vesely [22], to 
identify which components have too long or too short test interval relative to 
the risk importance of the set of components selected for the assessment.  
BIR-measure is the ratio of relative resources Ci and relative risk importance 
Ri of the item i: 
 

∑

∑
=

j
ji

j
ji

RR

CC

iBIR )( ,    (5.)  

 
where the sum is over all the components and systems which are part of the 
STI requirements. 
 
In the case of surveillance test intervals, the resources are assumed to be 
equal to man-hours spent for testing, which is dependent on man-hours per 
test and test interval. In certain cases, a test requires reduction of reactor 
power causing production losses, which must be accounted for as well. Test-
ing of isolation valves in the steam lines and the feed water lines are exam-
ples of tests with production losses. 
 
A suitable measure for risk importance of a test is the Fussell-Vesely (FV) 
risk importance measure. FV measure is approximately linearly dependent 
on the test interval of a component, at least for components for which the so 
called “q + λ·TI” unavailability model is applied. In few cases, there may be 
a transient risk associated with the test, which must be accounted for as well. 
Testing of scram system valves is an example of this.  
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In an optimal situation BIR(i) is equal to 1 for all items. BIR > 1 indicates 
too much testing with respect to the risk importance, and vice versa for BIR 
< 1.  
 
In the practical application, BIR-measures are not calculated for individual 
components but for a group of components whose testing is performed si-
multaneously, e.g. a pump and a motor-operated valve in the system. The 
component groups are defined in the testing procedures. 
 
In order to further assess the risk importance of the possible imbalance in the 
test interval, the absolute impact on CDF of changing of the test interval to 
two times longer (if BIR > 1) or two times shorter (if BIR < 1) was calcu-
lated. The idea here is that the test interval should not be changed by more 
than a factor 2. These changes were used as part of the options presented for 
the expert panel. 
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Appendix 3 – Reference Documentation 
 

1. Introduction 
In addition to the reference documents listed in the report, this appendix lists 
some other references that could be of interest with regard to risk-informed 
evaluation of TS. 
 
 

2. Publications from the 
NRC 
NRC 10CFR50.36, “Technical Specifications on Effluents from Nuclear 
Power Reactors” 
 
NRC RG 1.70, “Standard Format and Content of Safety Analysis Reports for 
Nuclear Power Plants” 
 
NRC RG 1.93, “Availability of electrical power sources” 
 
NRC Information Notice 84-42, “Equipment Availability for Conditions 
During Outages not Covered by Technical Specifications” 
 
NUREG-1024, “Technical Specifications — Enhancing the Safety Impacts 
"NUREG 1024, November 1983” 
 
NUREG/CR-4810, “Evaluation of Diesel Unavailability and Risk Effective 
Surveillance Test Interval, W.E. Vesely et al., NUREG/CR-4810, Brook-
haven National Laboratory, May 1987” 
 
NUREG/CR-5200, “Evaluation of Risks Associated with AOT and STI Re-
quirements at the ANO- Nuclear Power Plant. P.K. Samanta, S. Wong, and 
J.Carbonaro, NUREG/CR-5200, BNL-NUREG 52024, August 1988” 
 
NUREG/CR-5425, “Evaluation of Allowed Outage Times AOTs from a 
Risk and Reliability Standpoint, W.E. Vesely, NUREG/CR-5425, Brook-
haven National Laboratory, August 1989” 
 
NUREG/CR-6141, “Handbook of Methods for Risk-Based Analyses of 
Technical Specifications, Rep. NUREG/CR-6141, Washington, DC (1994)” 
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NUREG/CR-6172, “Reviewing PSA Based Analyses to Modify Technical 
Specifications at Nuclear Power Plants, Rep. NUREG/CR-6172, Washing-
ton, DC (1995)”. 
 
NUREG/CR-4810, “Evaluation of Diesel Unavailability and Risk Effective 
Surveillance Test Interval” 
 
NUREG/CR-5425, “Evaluation of Allowed Outage Times AOTs from a 
Risk and Reliability Standpoint” 
 
NUREG/CR-6172, “Reviewing PSA Based Analyses to Modify Technical 
Specifications at Nuclear Power Plants” 
 
The NRC has also published standard TS. in the U.S.: 
 
� NUREG-1024, “Technical Specifications — Enhancing the Safety Im-

pacts” 

� NUREG-1430, “Standard Technical Specifications Babcock and Wilcox 
Plants, Specifications” 

� NUREG-0452, “USNRC, Standard Technical Specifications for Westing-
house Pressurized Water Reactors, NUREG 0452, Revision 3 (1980)” 

� NUREG-1431, “Standard Technical Specifications Westinghouse Plants 
Specifications” 

� NUREG-1432, “Standard Technical Specifications Combustion Engineer-
ing Plants Specifications” 

� NUREG-1433, “Standard Technical Specifications General Electric Plants, 
BWR/4 Specifications” 

� NUREG-1434, “Standard Technical Specifications General Electric Plants, 
BWR/6 Specifications” 

 

3. Publications from IAEA 
IAEA-TECDOC-599, “Use of Probabilistic Safety Assessment to Evaluate 
Nuclear Power Plant Technical Specifications” 
 
IAEA-TECDOC-699, “Case study on the use of PSA methods: Assessment 
of technical specifications for the reactor protection system instrumentation” 
 
IAEA-TECDOC-729, “Risk Based Optimization of Technical Specifications 
for Operation of Nuclear Power Plants” 
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IAEA-TECDOC-740, “Modelling and data prerequisites for specific applica-
tions of PSA in the management of nuclear plant safety” 
 
IAEA-TECDOC-873, “Application and Development of Probabilistic Safety 
Assessment for Nuclear Power Plant Operations” 
 
IAEA-TECDOC-1138, “Advances in Safety Related Maintenance” 
 
IAEA-TECDOC-1436, “Risk informed regulation of nuclear facilities: 
Overview of the current status” 
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