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ABSTRACT

The Technical Specifications of a nuclear power plant
specify the limits for plant operation from the safety
point of view. These operational safety rules were origi-
nally defined on the basis of deterministic analyses and
engineering judgement. As experience has accumulated, it
has proved necessary to consider problems and make specif-
ic modifications in these rules.

Developments in probabilistic safety assessment have pro-
vided a new tool to analyse, present and compare the risk
effects of proposed rule modifications. The main areas
covered in the project are operational decisions in fail-
ure situations, preventive maintenance during power opera-
tion and surveillance tests of standby safety systems.
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SUMMARY

The Technical Specifications define the limits and condi-
tions for safe plant operation. In the Nordic countries
the Technical Specifications are prepared by the operating
organizations and approved by the regulatory authority
(the Swedish Nuclear Power Inspectorate in Sweden and the
Finnish Centre for Radiation and Nuclear Safety in Fin-
land). The ultimate goal of the Technical Specifications
(TS) is to prevent radiological accidents in the plant,
and thereby to protect the health and safety of the public
and plant personnel. These operational safety rules have
been defined with margins on the safe side, mainly on the
basis of deterministic analyses prepared for the Final
Safety Analysis Report (FSAR) of the nuclear power plant
and on the basis of engineering judgement. At this time an
extensive operating and design experience has accumulated
and a number of problems have appeared which require
specific modifications in the TS rules. The goal of the
modifications 1is to further improve the nuclear safety
and also to enhance the effectiveness and flexibility of

plant operation, maintenance and testing.

Developments in probabilistic safety assessment (PSA)
have facilitated an analysis of the risk effects of
alternative requirements in the TS rules. This makes
possible a relative comparison and balancing of the rules
from the risk point of view, and a Jjustification of
modified rules. For example, temporary high risk situa-
tions in plant operation can be identified and evaluated
in advance so that they can be prevented or controlled.
Also, excessively stringent but not safety-significant
requirements may be modified in order to improve the
operational flexibility and plant economy. At the beginning
of the project 1limiting conditions for operation and
periodic testing were selected for evaluation by use of
probabilistic methods.



The limiting conditions for operation shall assure that
the safety systems are either ready for use or functioning
on real demand, i.e. in the event of plant transients and
accidents. The specifications require the plant to be
brought into a safer operational state, usually cold
shutdown, 1if the faulty equipment in a safety system
cannot be restored within its allowed outage time. The
surveillance requirements prescribe periodic tests and
inspections for detection of faults and verification of
operability of safety equipment. The active safety-related
functions and systems were found suitable as case study
objects. The practical part of the studies thus mainly
concerned standby safety systems and functions.

PSAs have been completed for thirteen nuclear power plants
in Sweden and Finland and are currently being performed
for the remaining three plants. Therefore, another main
objective was to test and develop the use of PSA plant

safety models for analysis and verification of TS rules.

The main decision situations concerning TS are, whether
one can justify and allow:

- proposed permanent modifications of TS rules

~ temporary exemptions from TS rules.

An approximate guide for prompt decision making in specific
failure and maintenance situations during plant operation
can be provided by precalculating so-called risk importance
measures. Risk increase factor is a useful measure for
evaluation of the safety significance of a fault or an

isolation of equipment due to maintenance.
As a result of method development and proposals for

criteria in this project, and in probabilistic safety

assessment in general, it is now possible to:
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- make risk-based comparisons of alternative plant
operating principles during failure situations in safety
systems and search such operating modes that give
minimum risk

- evaluate temporary risk increments caused by unavailable
equipment, due to preventive maintenance in safety
systems during power operation

- analyze the coverage and effectiveness of individual
tests and quantify the effects of alternative test
schemes of redundant equipment.

The case studies have produced useful results for specific

Nordic nuclear power plants, for example:

- reconsideration of plant shutdown requirements in
situations when multiple failures occur in specific
safety systems

- Jjustification of modified rules for preventive main-
tenance in high-redundant standby safety systems during
power operation

- improvement of the effectiveness of surveillance test
procedures and schemes of standby equipment.

The use of PSA methods through their systematic approach
also enhances the understanding of complex operational
situations where many factors affect the plant safety
and availability. Thereby the readiness for prompt safety-
related decisions on operational problems can be con-

siderably improved.
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SAMMANFATTNING

Ett karnkraftverks sakerhetstekniska foéreskrifter (STF)
definierar villkor och begransningar £f6r anlaggningens
sdkra drift. I Norden ligger ansvaret fér utarbetandet av
STF hos kraftbolagen, medan granskning och godkannande
sker hos évervakande myndighet Statens Karnkraftinspektion

(SKI) i1 Sverige och Stralsdkerhetscentralen (STUK) i Fin-
land.

Det grundlaggande syftet med STF ar att forebygga och
minimera risken for radiologiska missoden, och att dar-
igenom skydda saval allmanhet som anldggningspersonal.
Reglerna i STF formulerades ursprungligen konservativt
baserat pa deterministiska analyser ingdende i FSAR (Final
Safety Analysis Report) och ingenjérsmdssiga bedémningar.
I dagens lage, med stadigt o6kande erfarenhet fran kon-
struktion och drift av karnkraftverk, har ett antal
problemomraden i STF identifierats. Det kanns darfér
angelaget att utarbeta och préva metoder for en mera
systematisk utvadrdering av specifika &ndringar i STF i
syfte att forbattra saval anladggningssdkerheten som
effektiviteten och flexibiliteten i anldggningens drift
och underhall.

Mot bakgrund av de senaste A&arens intensiva utveckling
inom den probabilistiska sakerhetsanalysen (PSA) ter det
sig idag naturligt att utnyttja probabilistiska metoder i
utvarderingen av STF. En sarskild styrka ligger i teknikens
goda mojligheter till relativa jamférelser av utfallet av
alternativa formuleringar av specifika STF-krav, och i de
méjligheter som ges till sammanvagning av faktorer som
till sin karaktdr kan vara mycket olika. Detta kan utnytt-
jas fér att skapa ur risksynpunkt jamnare STF. Siledes kan
signifikanta +tillfalliga riskékningar under specifika
driftférhadllanden (som féljer av dagens STF) systematiskt
identifieras, kvantifieras och elimineras. PA samma satt
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kan o6verdrivet stranga bestadmmelser, d.v.s. bestammelser
som inte &r sakerhetsmassigt effektiva, modifieras i
syfte att foérbattra anlédggningsekonomin och driftflexibi-
liteten. Inom NKA/RAS-450 har tyngdpunkten lagts pa de
delar av STF som berdr periodisk testning och driftbegrans-
ningar. De tillampningsstudier som utférts som en del av
projektet berdr framst driftberedda aktiva sdkerhetsrelate-

rade funktioner och system.

STF féreskriver intervall fér och omfattning av periodisk
provning och inspektion, som utférs i syfte att avsléja
uppkomna fel och verifiera driftberedskapen hos sakerhets-

system.

STF:s driftbegransningar skall garantera att sdkerhetssys-
temen ar insatsberedda i samband med plétsligt uppkommande
behov, t.ex. vid ett yttre natbortfall. I samband med fel
i sakerhetssystem féreskriver reparationskriterierna att
anldggningen skall foéras till ett s@krare driftlage,
vanligen kall avstdllning, om inte felet kan avhijalpas
under den specificerade tilldtna hindertiden.

For narvarande har PSAer utforts for tretton av totalt
sexton svenska och finska karnkraftverk; for resterande
tre Ar sadana analyser under utarbetning. Av denna anled-
ning har inom projektet stor vikt lagts vid att utvéardera
anvandbarheten av sdkerhetsanalysernas system- och anlagg-
ningsmodeller fér analys och verifiering av STF-regler.
Arbetet har inkluderat saval utvardering som utveckling
av nya och existerande metoder foér riskbaserad optimering
av STF. Som ett resultat av detta, och av dagens status
inom PSA allmiént, ar det mdéjligt att:

- gbra riskbaserade jadmforelser mellan olika alternativa
driftvillkor i samband med fel i specifika sakerhetssys-
tem, och séka efter lésningar som minimerar den da upp-
komna tillaggsrisken,



- utvardera den tillfédlliga relativa riskokning som
uppkommer som en fél1ljd av att foérebyggande underhdll
utférs pad sdkerhetsrelaterad utrustning under anlagg-
ningsdrift,

- utvardera kvaliteten hos enskilda periodiska prov och
kvantifiera alternativa provprogram fér driftberedd
utrustning med redundans.

Tillampningsstudier utférda inom eller i anslutning till
projektet har i vissa fall redan anvdnts for att underbygga
specifika férslag om &ndring av STF. Som exempel pa sadana

férslag eller andringar i Forsmark och TVO ma namnas:

~ andring av avstdllningsvillkor i samband med flerfaldiga
fel i driftberedda sédkerhetssystem med hdog grad av
redundans,

- andring av regler och kriterier fér férebyggande under-
hall under effektdrift i system med hég grad av redun-
dans,

- &andring av testintervall och -procedurer for redundant
utrustning.

Det probabilistiska angreppssdttet kan dessutom férbattra
forstdelsen av komplexa driftsituationer och kritiska
ingrepp och darmed skapa ett battre underlag fér drift-
och sakerhetsrelaterade beslut.
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1. INTRODUCTION

This project [1.1] is performed within the joint Nordic
research program NKA/RAS: Risk Analysis and Safety Philoso-
phy. NKA stands for the Nordic Liaison Committee for
Atomic Energy. The NKA/RAS-450 project 1is part of the
safety research program for the period 1985 - 1989.

During the preproject phase the opinions and experiences
of Technical Specifications problems were surveyed among
the Nordic nuclear power companies and regulatory author-
ities [1.2]. A survey of international method developments
and planned research efforts in this area was also per-
formed in 1985 [1.3]. The actual project was divided into
three reporting phases and the results are summarized in

this final report.

1.1 Introduction to technical specifications and
probabilistic safety assessment

The Technical Specifications (TS) can be seen as a set of
operational safety rules and criteria, which defines the
allowed operational range for the nuclear power plant from
the safety point of view. The TS in Sweden and Finland
are prepared by the operating organizations and approved
by the regulatory authority. These rules and criteria
were originally formulated with margins on the safe side,

mainly on the basis of:

- deterministic analyses prepared for the Final Safety
Analysis Report (FSAR) of the nuclear power plant, and

- engineering judgement.

Developments in probabilistic safety assessment [1.4],
and increasing operating experience, have made further
analysis, balancing and justification of various require-
ments in the TS possible. Within the NKA/RAS-450 project,
in-depth research, development and comparison for risk-

based optimization of TS rules has been pursued.



A general overview of the structure and contents of the
TS in the Nordic Boiling Water Reactor (BWR) plants follows
in Table 1.1.

Table 1.1 General contents in Nordic BWR Technical
Specifications for operation.

1. Introduction and definitions

2. Safety limits
- concerning fuel cladding integrity
- concerning primary circuit integrity

3. Limiting conditions for operation
- operability requirements of equipment on
system/component level for the operational
states of hot shutdown, nuclear heating, hot
standby and power operation
- allowed outage times for equipment
- action statements in failure situations

4. Surveillance testing
- requirements and acceptance criteria on
system/component level
- test intervals

5. Administrative instructions and rules

6. Background for the conditions and limitations
presented in the above Chapters 2 and 3

7. Conditions and limitations for cold shutdown
and refuelling outage

8. Background for conditions and limitations in
Chapter 7

At the beginning of the project, the problems concerning
limiting conditions for operation (Chapter 3 in TS) and
surveillance testing (Chapter 4 in TS) were selected as the
main items to be evaluated using probabilistic methods. The
limiting conditions for operation (LCO) shall assure that
the safety systems are either ready for use or functioning
on demand [1.5], e.g. at incidents involving loss of off-
site power and at accidents. The action statements require
the plant to be brought into a safer operational state,
usually cold shutdown, if faulty equipment cannot be re-

stored within its allowed outage time (AOT).



The surveillance requirements prescribe periodic tests
for detection of faults and verification of operability
of safety equipment.

Probabilistic Safety Assessments (PSA) have been completed,
or are currently being performed, for all nuclear power
plants in Sweden and Finland [1.6, 1.7]. The next develop-
ment stage of these PSA studies is to use them within a
Living PSA concept. Therefore, one of the main objectives
of the NKA/RAS-450 project was to test the application
and develop the use of the PSA plant safety models for

verification of TS rules.

1.2 Objectives of the project

The objectives of the project have been to:

1. Look for areas of TS in which there is a potential for
application of probabilistic methods in identification

and evaluation of possible improvements.

2. Examine and develop probabilistic methodology, and
plan experience data bases, to be used by utilities
and authorities in their assessment of the implications

of alternative requirements in Technical Specifications.

3. Develop the general philosophy and principles for
further improvement and optimization of TS, taking into
account both the safety and economical risks of the
plant. Improve the understanding and application of
these principles.

4. Perform practical case studies for specific nuclear
power plants for testing and verification of the methods

and principles developed.



The perceived needs and possibilities for a future develop-
ment of Technical Specifications were found to differ
considerably between different plants [1.2]. This fact,
and the cumulative learning and experience achieved during
the research project, have been taken into account in the
gradual orientation of the above objectives and planning
of the project work.

The Fig. 1.1 gives an overview of the items evaluated

during the project.

NUCLEAR POWER PLANT OPERATION

SAFETY & AVAILABILITY

SAFETY SYSTEMS - OPERATORS
[
[ ]

SURVEILIANCE PREVENTIVE MAINTE-
TESTS NANCE AND REPAIRS

PROBABILISTIC RESOLUTION STRATEGIES AND
DECISION SUPPORTING MEASURES

RISK AND RELIABILITY ASSESSMENTS

RELIABILITY DATA BASES

Figure 1.1 An overview of the items evaluated during the
project.

The typical risk and reliability assessment cases are:

- evaluation of the impact of proposed permanent modi-
fications of technical specifications (TS)

- evaluation of the safety significance of temporary
exemptions from TS.

This project is, however, not proposing a total revision
of the present Technical Specifications, which are now well



established documents in the Nordic countries. Instead of
that, a framework and reference is provided for utilities'
and authorities' further identification, evaluation and

justification of TS modifications needed.

1.3 The Nordic working group

The project work has been carried out by a Nordic working
group, consisting of experts on Technical Specifications
and PSA and reliability methods.

Representatives from utilities, regulatory authorities,
research institutes, vendors and consultants have worked
in this group. The group has communicated with the Nordic
nuclear power utilities, authorities, the Technical Speci-
fications Group of the Nordic Utilities and others inter-
ested in the subject. Several project seminars were ar-
ranged in Sweden and Finland.

The group has identified and selected TS requirements
and rules, concerning active safety-related functions
and systems, to be studied during the project. The practi-
cal case studies thus mainly concern standby safety systems
and functions. The work in these pilot studies has contrib-
uted to proposal or approval of modified TS rules in the

following areas for specific nuclear power plants:

- development of limiting conditions for operation in
multiple failure situations of residual heat removal
systems

- Jjustification of introduction of preventive maintenance
in selected standby safety systems during power opera-
tion

~ test scheme rearrangement for diesel generators

- test procedure improvements of selected motor operated
closing valves to better correspond with true demands.

International developments in this field have also been

continuously surveyed and information exchanged with e.g.



the International Atomic Energy Agency, OECD Nuclear Energy
Agency and the U.S. Nuclear Regulatory Commission and Elec-

tric Power Research Institute.

1.4 Plant and system types studied

The descriptions in this report of the background and
criteria for the requirements in the Technical Specifica-
tions are mainly based on the Forsmark and TVO plants
[1.8]. The Swedish plants are owned by the Swedish State
Power Board and the Finnish plants by Teollisuuden Voima

oy.

The primary safety systems, which have active functions,
are divided into four redundant subsystems in these BWR
plants of ABB Atom design. The safety systems in Forsmark
1/2 and TVO I/II plants, designed for emergency cooling
of the reactor core, are presented as an example in Fig.
1.2.

733
374,

The system numbers In the figure

3278

i

DO

322
2318 1

6eiow designate: EENPS B

322 Containment vessel spray
syslem

323 Core spray syslem

327 Auxiliory teedwater systom

652 Diesei engine auxitiary
systems

712 Shuidown cooling water
system

721 Shutdown secondary cooling
system

733 Demineratized water distri-
bution sysiem

Figure 1.2 A schematical presentation of emergency
cooling systems in a BWR plant.



The subsystems are separated physically from each other
and each subsystem has a separate electrical supply bus.
The system capacities were originally dimensioned to be
4 x 50 % subsystems according to design criteria. This
creates an excess margin to the single failure criterion,
which makes it possible to justify power operation during
a limited time with one subsystem unavailable due to
planned maintenance actions or a repair of a fault.
Furthermore, according to renewed and more realistic
thermo-hydraulic calculations of Design Basis Accident

events, the system capacities are in most cases 4 x 100 %.

1.5 Introduction to report chapters

The results of the work on methods and criteria develop-
ment, mainly done in connection with the case studies,

are summarized in this report as follows:

- In Chapter 2 a description is given of risk-based
evaluation and optimization principles, methods and
criteria tailored for treatment of operational safety
problems.

- In Chapter 3 a summary of factors, influencing the
effectiveness of periodic testing, and a description of
related development of reliability evaluation methods
are presented.

- 1In Chapter 4 an approach searching for the operational
alternative with minimum risk, in specific failure and
maintenance situations during power operation, is
considered.

- 1In Chapter 5 specific data needs and data treatment
methods, for risk and reliability analysis of TS
problems, are described.

- In Chapter 6 systematic ways are introduced to treat
complex operational safety problems by use of risk
importance measures and probabilistic analyses, includ-
ing presentation of uncertainties associated with a
decision and analysis.

- In Chapter 7 the practical case studies performed,
including experiences and benefits achieved, are briefly
referred.

- The report ends with a concluding project summary in
Chapter 8.



Several research reports and technical reports have been
prepared within the project as 1listed in Chapter 9.
Furthermore, the different work reports have been put
together into an extensive technical documentation [1.1],
which can be ordered from the working group members. The
names and addresses are given on the last page of this

report.
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2. DESCRIPTION OF PRINCIPLES AND CRITERIA

2.1 Risk-based evaluation principles

Historically, Technical Specifications (TS) have to a large
extent been based on deterministic criteria. The present
project, and a number of related projects currently being
performed worldwide, reflect an increasing interest in
making use of probabilistic methods as a support for

decisions in safety-related matters [2.1].

Methods for integrated probabilistic assessment of nuclear
power plant safety have been in common use for about 15
years, i.e. since the performance of the Reactor Safety
Study in 1974 [2.2]. During this period these methods have
matured into a technique capable of handling in a satisfac-
tory way many key issues in the evaluation of plant safety
levels, such as the logical modelling of component activa-
tions and accident events as well as the interaction of
these, the representation of human interactions, and the

treatment and modelling of common cause failures (CCF).

Thus, there are two facts that have made the application
of probabilistic methods to the evaluation and optimization

of technical specifications especially promising:

- the increasing maturity of PSA techniques,

- the possibility to handle complex interactions between
influencing factors 1in a systematic and efficient
manner.

The overall task of optimizing Technical Specifications
with probabilistic methods circles around two main issues;
the baseline risk of the plant and temporary risk in-

creases.
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Baseline risk of the plant

This is the risk level during power operation assuming no
failures are detected and no subsystems are intentionally
isolated for maintenance [2.3]. Obviously, the reliability
of systems with safety tasks (operating and standby) is
crucial. Various measures of reliability assurance are
important to keep failure fredquencies low and component
unavailabilities short. One way to monitor this reliabil-
ity, is by testing of components and of entire systems.
Thus, a probabilistic approach must focus on the frequency

and quality of periodic testing.

Temporary risk increases

Component outages in standby safety systems will temporari-
ly increase the total plant risk above the baseline level.
Such increases may be involuntary, e.g. due to component
failures discovered at periodic testing. The increases
may also be voluntary, e.g. due to performance of preven-
tive maintenance during power operation (PM). The allowed
outage time (AOT), given in the TS, specifies the deter-
ministically stipulated maximum length of involuntary
component outages during which the power operation is
allowed. Temporary risk increases may also be due to sudden
state changes, e.g. a planned or inadvertent plant shut-
down. Probabilistic methods can be used to put these
component and system level criteria into the broader

perspective of overall plant safety.

The total risk as calculated in PSA is the average risk
over the baseline and temporary risk increase states. These
principles are illustrated in Fig. 2.1. The optimization
of TS will involve controlling and evaluating the baseline
risk as well as temporary risk increases. In addition it
will be necessary to control a number of other safety
aspects. Thus, within the NKA/RAS-450 project, a number
of crucial areas requiring evaluation and/or method

development have been addressed, as shown in Table 2.1.



RSK A

—~—— decided shutdown

j contnued operation

nominal
baseire T average
%S5er> ,,,,, SAOT - - risk level
periodcal
test
(falure
detected)
—
™NE

Abreviations:

PM
r
AOT

o

equipment
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Repair time (corrective maintenance)
Maximum allowed outage time of safety-related

Figure 2.1 Summary of risk definitions when considering
the influence of failure and maintenance
situations in safety systems.

Table 2.1 Crucial analysis areas within NKA/RAS-450.

PROBLEMS RELATED TO
PERIODICAL TESTING

PROBLEMS RELATED TO
OUTAGE LENGTH OF EQUIPMENT

- Frequency/Optimal
test interval

- Quality and coverage
of testing

- Alternative test
staggering schemes

- AOT/Continued operation
versus plant shutdown in
AOT violating situations

- Planning and evaluation
of PM during power
operation

GENERAL PROBLEM AREAS

- Uncertainty and sensitivity in analysis results

- Data bases, additional requirements for TS analyses
- Presentation of results for decision making

- Use of/demands on existing PSA models

- Use of/demands on analysis software

11



12

2.2 Important aspects of optimization

2.2.1 The task of optimization

The purpose of TS is to provide an envelope for the safe
operation of the plant. The rules of TS concern both the
baseline risk of the plant by specifying the frequency
and contents of periodical testing, and expected temporary
risk increases by specifying 1limiting conditions for
operation. Thus, TS ultimately provide a controlled way of
trading excessive safety margin for operational flexibil-
ity. Therefore, the word "optimization" in the context of

optimizing TS has a twofold meaning:

1. Generally, to make optimal use of the available flexi-
bility for TS as a set,

2. Specifically, to solve specific TS problems in an
optimal manner, normally by minimizing the baseline
risk.

The task of optimization involves a number of choices
influencing the quality and interpretation of the final

results:

- What do we intend to optimize?

~ Optimization with respect to what?

- On what level shall we optimize?

- What optimization tools should we use?

- How do we recognize the optimum?

- Was the correct optimization criterion used?

- What assumptions and simplifications have been made?

In order to produce meaningful analysis results, all
these questions must be addressed. Furthermore this infor-
mation must be explicitely stated in the analysis report,
as it gives the boundary conditions for the interpreta-

tion and understanding of the results.



The desired structuring of the analysis can be achieved
by applying a pre-defined ordered approach to each TS
problem to be analyzed. This may be done by using the
Resolution Strategy defined in Chapter 3, Fig. 3.2. The
proposed Resolution Strategy covers the whole spectrum of

tasks involved in a TS evaluation, as shown in Table 2.2.

Table 2.2 An overview of tasks involved in a probabilistic
TS evaluation.

~ specification of the problem, with due regard to
. technical constraints
economical constraints
. operational constraints
. regulatory constraints
- identification of solution alternatives
- choice of the appropriate analysis level
- concluding sensitivity/uncertainty analysis

- review of non-quantifiable influencing factors.

- recommendation of a practical and licensiable
solution.

In Chapters 3 and 4 of this report, the Resolution Strategy

will be applied to some of the case studies performed.

2.2.2 Levels of optimization

As mentioned above, one of the important initial questions
in a TS analysis is on which level to perform the analysis.

The levels that can be considered are:

- component level

- system level

- safety function level
- plant level

- society level.

13
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The analyst will normally choose between one of the four
former levels, while the last one usually will be present
as a more or less qgualitative boundary condition for the

authority making the final decision about the TS issue.

A lower level of analysis usually means a simpler analysis
requiring less resources. Therefore, an analysis should
generally be performed on the lowest level which both
allows the safety impact to be appropriately estimated,
and illustrates the changes in parameters of concern. On
the other hand, if an analysis has been performed on too
low a level, the results may be misleading as the optimum
will shift between the levels if the analysed system or
component interacts strongly with other systems and com-
ponents in the plant. This principle is illustrated in
Fig. 2.2. It is also possible that some factors influence
the risk level in conflicting ways (e.g. better system
reliability at the cost of increased transient frequency) ;

such interactions must be evaluated at plant level.

If a numerical acceptance criterion is to be applied to
the results of an analysis, two possibilities exist, i.e.
either to propagate the results arrived at on a lower
level to the plant level by the use of risk importance
measures, or to distribute the plant level criterion to
lower levels - in both cases risk importance measures will

have to be calculated for all analysis levels.

Component level

This level can be chosen if the analysis concerns in-
dividual components, and if the action being analysed
neither influences the reliability of other components or
systems nor increases the risk for plant transients.
Examples are analyses concerning the contents of testing
and preventive maintenance, and the resulting positive or

negative influence on the reliability of the component.



Plant Risk

Frequency
AN

R S

Uther safety functions

Probabitity of
the Loss of
Safety Function/

System
Unavailability A
N
Other component responses
Component
Unavailability \//
: A
Variable x

Figure 2.2 An illustration of the shift of optima when
considering the influence of a specific
variable x at different levels of system.

For these cases, the overall effects of changed component
characteristics can be directly estimated on plant level
through appropriate risk importance measures (i.e. the

safety influence comes only via component basic events).

System level

An analysis can be confined to the system level if it
concerns parameters influencing only the studied system,
and 1if this system does not, directly or indirectly,
influence the reliability of other systems; neither may
the action being analysed increase the risk of plant
transients. Examples are analyses of systems with redundant
subsystems, where the overall layout of testing and preven-

tive maintenance on component level always will influence

15
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the probability of a system failure due to common cause
failures. Via risk importance measures on system level,
the overall effect on plant level can be directly estimated
(i.e. the safety influence comes only via system basic

events).

Safety function level

In practice, a functional level analysis is the same as a
plant level analysis. This means that it is prompted by
the same kind of system interrelationships that are present
in plant level analyses, but that these interrelationships
are confined to one safety function (e.g. reactor shut-
down) .

Plant level

Analyses shall be performed on plant level if they concern
interacting systems, especially support systems (e.dg.
electrical power supply, protection systems, and cooling
systems). In addition, any analysis where the transient
risk is directly or indirectly affected must be performed
on plant level. Normally, the nominal risk level (average
core melt frequency) as calculated in a Level 1 PSA is
used as the reference risk; TS changes will be evaluated
relative to this reference. If a higher level PSA is used
the perspective will be widened accordingly. Three PSA
levels can be distinguished as shown in Table 2.3 [2.4,
2.5].

Table 2.3 The levels of probabilistic safety assessment.

- Level 1 PSA comprises identification and quantifi-
cation of accident sequences leading to core damage.

- Level 2 PSA includes analysis of core melt progres-
sion and containment response, which combined with
Level 1 results leads to determination of the magni-
tude and frequency of radiocactive releases.

- Level 3 PSA together with results of Level 2 covers
environmental transport of radionuclides and assess-
ment of radiation doses to the population. Hereby an
estimate of the public risks is obtained.




The analysis must be brought to level 2 or 3 if TS for
systems involved in accident mitigation are studied (e.g.
systems dealing with containment integrity or with reduc-
tion of releases), or if the TS formulation will affect
different accident sequences, with different release

mechanisms, in different ways.

Society level

The society level is usually the authority perspective,
based on information on one of the above levels, and
completed with qualitative boundary conditions on plant and
society level. Thus, considerations on this level will

often involve parameters not connected to nuclear safety.

Usually, the optimization is performed in relative terms,
i.e. results of the TS analysis are compared either to a
reference level usually given by the plant PSA, or to a
set of feasible alternative solutions to the TS problem.
Thus, the criterion will depend on the level of analysis,
but will usually be:

- Component level : component unavailability
- System level : system unavailability
~ Functional level: function unavailability

core damage frequency
loss of function frequency
- Plant level : core damage frequency

release category frequencies.

2.2.3 Optimization criteria

The question of what criteria to apply in decision making
is complicated and controversial. It is complicated because
it necessarily will involve the comparison and weighting
together of highly disparate and sometimes conflicting
influencing parameters. It is also made controversial
simply by the fact that it involves the assessment and

comparison of risks of potential disasters.
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One of the main points in using probabilistic analysis for

TS evaluations is to obtain a consistent treatment of a

variety of TS issues. Therefore, the basis for the judge-

ment of analysis results must be structured and flexible,

meaning that consistent judgements must be used for a

variety of issues evaluated in different ways, by different

analysts using a variety of methods and boundary condi-

tions. The most important of the criteria types that can

be applied in the process of judging analysis results are

described below and in Fig.

2.3.

[2.6].
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