
XA9744191

INTERNATIONAL ATOMIC ENERGY AGENCY

SPECIALIST'S MEETING

on

"USE OF PSA IN THE REGULATORY PROCESS"

Vienna, 26-29 April 1993

The use of living PSA in safety management,
A procedure developed in the Nordic project "Safety Evaluation, NKS/SIK-1"

by

G. Johanson, J. Holmberg

NEXT
left BLANK



October 8, 1992
NKS/SIK-1 NKS/SIK-1(92)20

Preprint of paper submitted for:

AMERICAN NUCLEAR SOCIETY. PROBABILISTIC SAFETY ASSESSMENT INTER-
NATIONAL TOPICAL MEETING, PSA '93. Clearwater Beach, Florida, January 27-29,
1993.

Tide: THE USE OF LIVING PSA IN SAFETY MANAGEMENT, A PROCEDURE DEVE-
LOPED IN THE NORDIC PROJECT "SAFETY EVALUATION, NKS/SIK-1".

Autors: GUNNAR JOHANSON*
Industrial Process Safety AB
Svartviksslingan 11, S-16129 Bromma, Sweden

JAN HOLMBERG
Technical Research Centre of Finland (VTT)
Laboratory of Electrical and Automation Engineering
P.O.Box 34, SF-02151 Espoo, Finland

ABSTRACT

The essential objective with the development of a living PSA concept is to bring the use of the plant
specific PSA model out to the daily safety work to allow operational risk experience feedback and
to increase the risk awareness of the intended users. This paper will present results of the Nordic
project "Safety Evaluation, NKS/SDC-l". The SDC-1 project has defined and demonstrated the
practical use of living PSA for safety evaluation and for identification of possible improvements
in operational safety. Subjects discussed in this paper are dealing with the practical implementation
and use of PSA to make proper safety related decisions and evaluations.

1 INTRODUCTION

This paper is based upon three case studies[l], [2] & [3] performed within the Nordic re-
search project "Safety Evaluation by Use of Living PSA and Safety Indicators, NKS/SIK-1
(1990—93) "[4]. When comparing the different methods and assumptions used in the case
studies, it was obvious.that a report clearing out the procedures to apply living PSA was highly
motivated.

A Probabilistic Safety Analysis (PSA) model which is intended to be used for living PSA (LPSA)
purposes has to be modified and enhanced in several areas. The living PSA concept involves a
description of how the original PSA model can be continuously updated according to the actual
status of the safety related systems of the plant. Living PSA is a daily safety management system
and it is based on a plant-specific PSA and supporting information system. The main purposes to
develop a living PSA are to provide a risk evaluation tool for analyzing the safety effects of

1 Under conlnct of the Swedish Nuclear Power Iiupectonte.
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changes in plant design, procedures and Technical Specifications, and to support the maintenance
planning and operational management by providing means for searching optimal operational strate-
gies, maintenance and testing from the safety point of view[5]. This paper will discuss how to
carry out model and data improvements to reach a state where all the capabilities of a living PSA
are fully explored and utilized. Collection and screening of relevant operational experience and
development of systematic methods for making observations are also important aspects, as shown
in Figure 1.

2 BASIC APPROACHES

The nominal risk frequency is the main result of the basic PSA. It is obtained using nominal values
for the basic event probabilities. Component unavailabilities are estimated from the operating
experiences or from generic data sources. Tests and preventive maintenance actions are performed
according to the rules in Technical Specifications. It expresses the core damage frequency of an
average plant configuration.

From the living PSA point of view, the instantaneous risk frequency f(pc(t)) is the basic risk mea-
sure^]. It is a risk frequency given time (r) and plant configuration (x). For the simplicity, we
normally denote it just as a variable of time^r) and call it instantaneous risk frequency, but some-
times also as a variable of the plant configuration fix) depending on which aspect we want to
emphasize. The living PSA applications can be divided into the three application approach
categories: 1 - risk assessment, 2 - risk monitoring, and 3 - risk follow-up. To define the approach
for the main application areas, their purposes and the main results is the main objective with this
paper, Table I.

2.1 Risk Assessment

The risk assessment approach is used in the basic PSA application in which the primary result is
the nominal risk frequency fH describing the overall risk level of the plant. The designers,
authorities and the plant safety management use the result to control whether the plant design and
the safety status are at an acceptable level or whether some safety improving measures should be
taken. The results of the assessment are applicable for long term planning in order to correct the
identified weaknesses of the plant. Long term planning include static evaluations and comparisons
of risk effects of changes in the plant design, maintenance or test arrangements, procedures and
Technical Specifications.

2.2 Risk monitoring

The risk monitoring approach has a short-term or even an on-line time perspective. The aim is to
calculate the instantaneous risk frequency, f(x(t)), of the current or currently planned plant con-
figuration, x. In the most advanced form the risk monitoring is carried out by the plant operators
who have the up-to-date information of the plant status. So far, only few examples exist of risk
monitoring applied as an on-line system. At the Heysham 2, Nuclear Electric power company has
an on-line system been developed, the Essential Systems Status Monitor. The operators of the plant
use this system to control the risk level by updating the PSA according to the sudden or planned
changes in the plant configuration[7].

In the short-term planning applications, potential or planned configurations are evaluated by safety
or maintenance personnel beforehand in order to avoid safety jeopardizing configurations and to
identify more safe ones. The short-term planning can also include probabilistic estimation of
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Figure 1: A Living PSA System

allowed outage times or test intervals defined in Technical Specifications.

2.3 Risk follow-up

The idea of the risk follow-up approach is to calculate the retrospective risk i.e. the evaluation of
the risk experienced during the operation of the plant. The purpose can be to evaluate the severity
of an incident from the safety point of view. Another aim is to search for suitable and effective
improvements in the present technical and organizational performance of the plant. The analysis
of the operating experiences also supports the verification as well as the updating of the PSA
models and data.

In risk follow-up, we have to distinguish between successful and unsuccessful components. A
successful component is a component that has been proved to be in a state where it can perform
its intended function. The state has been detected in a recent test or demand. If the component fails
in a test or demand, it is called an unsuccessful component. An unsuccessful component has
become latently unavailable at some time during the preceding test interval. In the risk follow-up
approach, we can take credit for surveillance test information in two different ways 1- "total
memory" or 2- "failure memory only". If a standby component functioned without any failure
indication in a test, certain failure modes could not have existed during the previous test interval.
This type of risk follow-up is referred at as risk follow-up with total memory. In the alternative ap-
proach, Risk follow-up with failure memory only, is the success information omitted. This
approach are in many ways more useful due to the simple fact that it can generate plant level results
useful for event evaluation.

3 PLANT STATUS REPRESENTATION

1. Plant configuration.

The plant configuration is a set of states of the systems and components of the plant. Some systems
and components are in operation, some are in standby mode, some are repaired, some are



Table I: Living PSA applications

Risk assessment

Approach

Risk monitoring Risk follow-up

Appli- * Long term planning
cation • Identification of risk

contributors

Results • Nominal risk frequency
• Baseline risk frequency

• Short term planning
• Operational risk decision

making

• Instantaneous risk fre-
quency

• Analysis of operating
experience

• Operational risk expe-
rience feedback

• Probabilistic indicators

maintained etc. The plant risk model should reflect our knowledge about which configuration each
system and component is in, and how this affects the plant risk level.

2. Basic events.

The model of the plant is constituted of basic events. Examples of basic events are component or
system failures, and operator errors. The risk model represents which combinations of the basic
events can lead to the accident. This structure changes in different operational modes as well as the
basic event probabilities vary according to the knowledge of the component status. A LPSA model
should be able to follow the changes.

From the plant status point of view, we distinguish between various types of events used in the
models. The main division is between the initiating events and basic events. From the observer,
i.e. the operator, point of view the basic event states can be divided to evident and hidden (latent)
events. Evident events are such that the observer knows with certainty whether the event is true or
not. Other events remain hidden. In the basic PSA applications, if we calculate the nominal risk
frequency, this division does not appear so clearly because we use average unavailabilities for both
type of events. The distinction is important for a living PSA model. All observations such as main-
tenance or repair should be easily updated in the model to reflect the changed plant configuration.
The modification of the static component and system models to dynamic ones is perhaps the main
effort to be carried out in the development of the basic PSA for living use.

Failures of standby components and human errors are typical hidden events. We do not know their
status beforehand. In many cases, however, tests provide some information which improves the
probability estimation q(t). Therefore it is useful to divide the hidden events into detectable and
non-detectable ones. The division can be called also time-dependent v.s. time-independent failure
modes because, essentially, the time-dependence is actually dependence on the information about
the component status. A general model, covering all combinations of time-dependent and time-
independent failure modes, detectabilities with respect to both modes etc. is difficult to create. As
a candidate model for the living PSA purposes, the model presented in the Nordic reliability data
book [8] is chosen with minor modifications. The basic standby component model, *q + X/"-
model, is applied for the calculation of the time-dependent component unavailability
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where qQ is the time-independent component failure probability, X, the standby failure rate, TL the
last test moment, Xd the operation time failure rate, and TM the average mission time. The equation
above yields the basic event probability for the risk monitoring applications. If a failure is detected
or the component is maintained, the basic event must be replaced by an evident basic event with
an unavailability of 1. In the risk assessment, the average value is used. The average unavailability
must, however, include the evident periods, i.e. the repair and maintenance periods. The possibility
to restore the component while in repair or in maintenance is not credited in risk assessment
applications.

3. Common cause failures (CCF).

Time-dependent system unavailabilities and common cause failures are not fully modelled in
conventional PSAs. The stand-by system unavailabilities are dependent on test arrangements. The
problem is to avoid conservatism and to allow non-symmetric test arrangements as well as how to
treat events with one redundancy evidently unavailable.

A time-dependent CCF model, analogic to the single failure time-dependent model, can be created
by taking into account the dependency on the test time points, as possible points, where latent faults
can be detected and removed, or new faults can be introduced[9]. Further analysis is needed
before any recommendations related to this problem can be given. A wish would be that the used
model would be based on observed CCF data rather than parametric models, and that it would take
into account variations in system success criteria, testing rules and test intervals.

4. Testing and test effectiveness.

The failure data presented in the Nordic reliability data book are based on failure experience
generated from testing. This implies that only the component risk contributor without test
effectiveness considerations (gj is available in the data. In practice, a simplified assumption is
made that the test conditions are equal to the demand requirements — the test is perfect. If the test
effectiveness is taken into account, the time-dependent component unavailability model must be
changed; more parameters are needed.

4 APPLICATIONS OF LPSA

4.1 Long term application

1. Identification of the risk contributors.

For the safety and the design management, the primary purpose of risk assessment is to identify
the main risk contributors so that safety improving measures can be identified and prioritized. The
results are used in a relative manner. The risk importance measures of the basic events, e.g.
fractional contributions, are the first hand results in the identification of the risk contri-
butors! 10] [11].

2. Comparison of alternative designs and procedures.



When the changes in designs or procedures have influence on the safety status, LPSA can provide
support for the comparison of the alternatives. The nominal risks.£ of the alternatives usually form
the basis for decision making. The uncertainties and economical aspects should also be taken into
consideration. The responsibility of these application is carried by the plant design or the safety
management, depending on the plant life cycle phase.

3. Ageing analysis.

Ageing analysis aims at identifying ageing effects in the system or component structures or
functions. From the reliability point of view, indications on forthcoming incidents and changes in
failure frequencies are monitored so that the planned plant lifetime can be reached, and if possible
extended. The ageing components can be ranked according to their criticality for the plant safety
and availability which enables the planning of the maintenance and surveillance programs to take
into account the ageing effects. The probabilistic safety indicators are used as measures. The
measure can be e.g. an ageing parameter in a component failure rate model[12] which can be
affected by changing the maintenance program[13].

4. Operator training.

The results of the identification of the risk contributors can be utilized in planning which accident
sequences should be emphasized in the operator training. Vice versa, the operator training can be
used to verify the realism of the human interaction models in the considered accident sequences.

5. Accident management planning.

Accident management planning is more related to level-2 and level-3 PSA applications which are
omitted in this context. Generally, the identified risk contributors, dominant accident sequences,
recovery and success paths, as well as end states can support the planning of the accident
management program.

4.2 Planning of operational activities

1. Status monitoring.

The purpose of on-line risk monitoring is to evaluate the instantaneous risk frequency or the proba-
bility of core melt during a short time interval given the information about the plant configuration.
The results provide support for operational risk decision making in short term. Safety margins and
degradations describes also the severity of the situation. Test information importance can be used
to decide whether the test provides relevant information from the safety point of view. The
evaluations are related to considerations of exemption from Tech. Spec, and maintenance planning.

2. Planning of surveillance tests and their schemes.

The risk monitoring produces an instantaneous risk frequency curve which follows the changes in
the plant configuration. Due to time-dependent probability of hidden failures of standby safety sys-
tems (equation (1)), the risk curve has a saw-teeth shape. The surveillance test of a standby
component or system either drops or increases the instantaneous risk frequency, because certain
hidden failures can be detected in the tests. An evident unavailability, such as preventive
maintenance of the system, on the other hand, increases immediately the risk frequency. The
operational management can this way analyze the risks and benefits of the test strategies. The tests



should be planned so that considered failures arc detected but introduction of additional failure
modes are avoided. The effect of test interval and possible staggering of redundant tests can be
evaluated from the reliability point of view by time-dependent component failure models[14].

3. Optimization of Technical Specifications.

The operational limits and conditions given by Technical Specifications are analyzed by evaluating
the risk effects of alternative requirements. Planning of test strategies is also related to this activity.
The purpose is to balance the requirements with respect to operational flexibility and plant
economy. The high risk situations permitted by Technical Specifications are identified and replaced
by such modes that give minimum risk, as well as the too stringent requirements are substituted
for more flexible ones. Probabilistic Tech.Spec, measures can be used to balance the overall effect
of the requirements. Individual requirements can be optimized by e.g. evaluating optimal allowed
outage times (AOT). The feasibility of using operational probability criterion for allowed outage
time control has been studied in USNRC sponsored effort[15]. A comprehensive study on
comparisons to shutdown risk and AOT decision situations has been made for the residual heat
removal system failures[16].

4. Planning of preventive maintenance.

The maintenance office evaluates the risk effects of the preventive maintenance program. The
isolation of safety important systems or components temporarily increases the risk level. The
duration of the maintenance work and the combination of isolated or unavailable systems are
controlled. Risk increase factor, safety margins and safety margin degradations indicate the effects
of scheduled maintenance actions[17] [18]. The benefits of performing additional tests can
be considered, too. The evaluations are similar to the AOT optimization related Tech. Spec, op-
timization. It is impossible to figure out and evaluate all possible combinations of allowed
component outages. The use of the instantaneous risk frequency model and operational data from
actual experiences when no Technical Specification violations have occurred, gives an empirical
view on this issue.

Reliability centered maintenance is a reliability analysis program which applies to some extent
probabilistic methods. Fractional risk contributors can be used for ranking of safety significant
items[19].

5. Incident management.

The incident management deals with severe situations at the plant where rapid decisions are needed.
The severity is controlled by on-line monitoring. The maintenance actions can be prioritized so that
the most critical systems are repaired or maintained first, or some specific maintenance isolation
are postponed. Success path importance, e.g. risk decrease factors, can be used to rank the actions.
A test importance type of measure can be used to decide whether some action is worth to perform.

4.3 Operational experience analysis

1. Indicator analysis.

The result of all risk follow-up applications is a risk frequency curve from which we can generate
probabilistic safety indicators. The main indicators are
— instantaneous frequency peaks of the curve,



— the core melt probabilities over the peaks, and
— the average frequency during the observation period.
The results can be used to identify possible high risk situations, to rank the occurred events from
safety point of view, and thus to get feedback both for the identification of risk contributors and
for the verification of PSA-models[20]. The results are also input for more advanced follow-up
applications. In addition to operational experiences analyzed in the off-line risk monitoring, the risk
follow-up considers the hidden events as accurately as possibly given the available information.
Exceptional failure combinations, dependencies between failures, repair actions, maintenance or
operation modes can be identified. Safety margin follow-up concentrates on accurate modelling of
unavailability of safety systems during full-power operation.

2. Incident analysis.

The safety-significant events are analyzed as deeply as necessary in order to identify the root causes
of the events and to evaluate their severeness. The function of LPSA is the severity evaluation, in
this context.

3. Generic precursor studies (Event evaluation).

The accident sequence precursor (ASP) studies performed in USA and Germany are examples of
extensive operating experience analysis using a event evaluation approach[21],[22]. There
are two type of plant events that can be regarded as precursors:
— initiating events possibly followed by failures in the safety systems, and
— unavailabilities in the safety systems.
The event evaluations identify significant events from a large amount of operational data such as
licensee event reports (LER) and component failure reports. The severity is evaluated by calculating
the conditional probability of an accident given the plant event.

The accident sequence precursor (ASP) studies provide two type of results:
— generic precursor frequencies, and
— safety margins during individual plant events.

The generic precursor frequency can be used to verify the PSA models. In fact, it can be seen
as a competitive approach to PSA in the risk assessment of an operating plant. In the society aspect,
ASP-studies can be used to assess the risk of considered industry.

4.4 Regulatory and inspection activities

Regulatory and inspection activities relate to all of the above mentioned applications of PSA. The
applications connected to requirements in the Technical Specifications are of course important to
review and approve. In the case of exemptions from TS, specific case studies can use the same
approach to provide basis to accept or reject the exemption. Inspection guidance can be obtained
by using basic results from the risk assessment such as dominant risk contributors.

4.5 Other level-1 PSA activities

The applications mentioned above are more or less living type of applications which are based on
a well performed basic PSA. The first-hand basic PSA covers analyses of internal initiating events
and possible some of the most important external events for an operating plant. This PSA can be
applied already for living PSA purposes but PSA can and should be extended to cover also other
safety issues. Examples of auxiliary PSA activities are analyses of external initiators, low-power



analysis to complete the basic PSA, and design phase analyses for licensing and designing
supporting purposes.

5 THE LPSA TOOL

The LPSA tool constitute the link between the PSA model, the plant status information and LPSA
application results. Further, the extensive information cc-.tained in a plant specific PSA model must
be made accessible to all potential users involved in safety management. This is the primary
objective in developing a procedure for use of Living PSA and also the objective for developing
a LPSA tool to manage the operational interface for Living PSA and the evaluation procedures
involved in the LPSA applications. Currently the experience from performing demonstration studies
using the LPSA procedure are being evaluated. Within this project specification for a Living PSA
tool will be generated. This include specifications of further development of the codes used and also
feasibility studies of integrating the PSA model into the plant information system.

6 CONCLUSIONS

The procedure for using Living PSA has been developed within the Nordic Project "Safety Evalua-
tion, NKS/SIK-1". The development has included an extensive effort to collect experience from
different countries and to study various applications described in the literature[23]. Practical
demonstrations are carried out within the project[24] to collect or generate application
experience. Further work within the project includes plant visits to describe this procedure and the
use of it for the plant organizations. To implement the procedure require that plant personnel are
heavily involved and appreciate the benefits of working according to this procedure. The plant
organization will in the end decide for themselves to what extent these methods shall be used in the
safety management of the NPP. The main effort in the remaining work, beside writing the final
report, will be to prepare the plant personnel for this implementation work.

The project is not yet complete, but the experience and results this far indicate that there are many
potential pitfalls and difficulties associated with the applications presented. We are, however,
largely optimistic regarding the usefulness of the LPSA applications.

The early as well as fast identification of discrepancies and deficiencies in plant design and
operation is considered essential for safety. The design aspects on plant safety are handled to a
large extent by the basic PSA. As a result of a living PSA, the safety aspects on operational,
maintenance or testing practices can be evaluated, and modified, and the flexibility in operation
may be increased.
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