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ORGANISATION FOR ECONOMIC CO-OPERATION 
AND DEVELOPMENT 

Pursuant to Article 1 of the Convention signed in Paris on 14th December 1960, and which came into force on 
30th September 1961, the Organisation for Economic Co-operation and Development (OECD) shall promote policies 
designed: 

— to achieve the highest sustainable economic growth and employment and a rising standard of living in 
Member countries, while maintaining financial stability, and thus to contribute to the development of the 
world economy; 

— to contribute to sound economic expansion in Member as well as non-member countries in the process of 
economic development; and 

— to contribute to the expansion of world trade on a multilateral, non-discriminatory basis in accordance 
with international obligations. 

The original Member countries of the OECD are Austria, Belgium,Canada, Denmark, France, Germany, 
Greece, Iceland, Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, 
the United Kingdom and the United States. The following countries became Members subsequently through accession 
at the dates indicated hereafter: Japan (28th April 1964), Finland (28th January 1969), Australia (7th June 1971), New 
Zealand (29th May 1973), Mexico (18th May 1994) and the Czech Republic (21st December 1995). The Commission 
of the European Communities takes part in the work of the OECD (Article 13 of the OECD Convention). 

NUCLEAR ENERGY AGENCY 
The OECD Nuclear Energy Agency (NEA) was established on 1st February 1958 under the name of the OEEC 

European Nuclear Energy Agency. It received its present designation on 20th April 1972, when Japan became its first non-
European full Member. NEA membership today consists of all European Member countries of OECD as well as Australia, 
Canada, Japan, Republic of Korea, Mexico and the United States. The Commission of the European Communities takes part 
in the work of the Agency. 

The primary objective of NEA is to promote co-operation among the governments of its participating countries in 
furthering the development of nuclear power as a safe, environmentally acceptable and economic energy source. 

This is achieved by: 
— encouraging harmonization of national regulatory policies and practices, with particular reference to the safety 

of nuclear installations, protection of man against ionising radiation and preservation of the environment, 
radioactive waste management, and nuclear third party liability and insurance; 

— assessing the contribution of nuclear power to the overall energy supply by keeping under review the technical 
and economic aspects of nuclear power growth and forecasting demand and supply for the different phases of 
the nuclear fuel cycle; 

— developing exchanges of scientific and technical information particularly through participation in common 
services; 

— setting up international research and development programmes and joint undertakings. 
In these and related tasks, NEA works in close collaboration with the International Atomic Energy Agency in Vienna, 

with which it has concluded a Co-operation Agreement, as well as with other international organisations in the nuclear 
field. 

©OECD 1996 Applications for permission to reproduce or translate all or part 
of this publication should be made to: 
Head of Publications Service, OECD 

2, rue Andre-Pascal, 75775 PARIS CEDEX 16, France 



COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS 
The Committee on the Safety of Nuclear Installations (CSNI) of the OECD Nuclear 

Energy Agency (NEA) is an international committee made up of senior scientists and 
engineers. It was set up in 1973 to develop, and co-ordinate the activities of the Nuclear 
Energy Agency concerning thetechnical aspects of die design, construction and operation of 
nuclear installations insofar as they affect the safety of such installations. The Committee's 
purpose is to foster international co-operation in nuclear safety among the OECD Member 
countries. 

The CSNI constitutes a forum for the exchange of technical information and far 
collaboration between organisations which can contribute, from their respective backgrounds 
in research, development, engineering or regulation, to these activities and to the definition of 
the programme of work. It also reviews the state of knowledge on selected topics on nuclear 
safety technology and safety assessment, including operating experience. It initiates and 
conducts programmes identified by these reviews and assessments in order to overcome 
discrepancies, develop improvements and reach international consensus on technical issues of 
common interest It promotes tile co-ordination of work in different Member countries 
including the establishment of co-operative research projects and assists in the feedback of 
the results to participating organisations. Full use is also made of traditional methods of co-
operation, such as information exchanges, establishment of working groups, and organisation 
of conferences and specialist meetings. 

The greater part of the CSNt's current programme is concerned with the technology 
of water reactors. The principal areas covered are operating experience and the human factor, 
reactor coolant system behaviour, various aspects of reactor component integrity, the 
phenomenology of radioactive releases in reactor accidents and their confinement, 
containment performance, risk assessment, and severe accidents. The Committee also studies 
the safety of the nuclear fuel cycle, conducts periodic surveys of the reactor safety research 
programmes and operates an international mechanism for exchanging reports on safety 
related nuclear power plant accidents. 

In implementing its programme, the CSNI establishes co-operative mechanisms 
with NEA's Committee on Nuclear Regulatory Activities (CNRA), responsible for the 
activities of the Agency concerning the regulation, licensing and inspection of nuclear 
installations with regard to safety. It also co-operates with NEA's Committee on Radiation 
Protection and Public Health and NEA's Radioactive Waste Management Committee on 
matters of common interest. 

* * * * * * * * * * * * * * * * * * 

The opinions expressed and the arguments employed in this document are the 
responsibility of the authors and do not necessarily represent those of the OECD. 

Requests for additional copies of this report should be addressed to: 
Nuclear Safety Division 
OECD Nuclear Energy Agency 
Le Seine St-Germain 
12 bd. des lies 
92130 Issy-les-Moulineaux 
France 
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ABSTRACT 

The utilisation of data to support Probabilistic Safety Assessments, Maintenance Activities 
and Life-Assurance Programmes is becoming more widely recognised as these areas become 
more and more developed throughout the nuclear industry. Almost every Member country of 
the OECD Nuclear Energy Agency uses PSA in one way or another in their assessment of 
nuclear power plant safety. A majority of utilities and licensees have completed or are in the 
progress of planning plant specific PSAs. Operability costs associated with maintenance 
activities and life assurance programmes are highly dependent upon the data and how it is 
utilised. 
Considering these statements and die various suggestions made, the Workshop addressed the 
following topics concerning reliability data collection: 

1. Data Compilation Systems 2. Data Bases Development and Management 
3. Data Application 
4. Parameter Estimation 
5. Common Cause Failure and Dependent Failure Data 
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INTRODUCTION 
BACKGROUND 

The NEA Committee on the Safety of Nuclear Installations believes that an 
essential factor in ensuring the safety of nuclear installations is the continuing exchange and 
analysis of technical information and data. To facilitate this exchange the Committee has 
established Working Groups. Principal Working Group N°. 5 - Risk Assessment (PWG5) 
was established to deal with the technology and methods for identifying contributors to risk 
and assessing their importance. 

In 1990, FWG5 established a subgroup, Task 12, to focus on the subject of data 
collection and analysis to support PSA. A questionnaire was set-up and distributed. The 
results of responses from 44 organisations representing 26 countries are being compiled in a 
report entitled, "Data Collection and Analysis to Support PSA", which will be published 
shortly. The responses indicated strong interest in holding a workshop. This workshop, 
along with many other activities performed by the Group, is directed to facilitate and 
stimulate the exchange of information. 
TOPICS 

Hie utilisation of data to support Probabilistic Safety Assessments, Maintenance 
Activities and Life-Assurance Programmes is becoming more widely recognised as these 
areas become more and more developed throughout the nuclear industry. Almost every 
Member country of the OECD Nuclear Energy Agency uses PSA in one way or another in 
their assessment of nuclear power plant safety. A majority of utilities and licensees have 
completed or are in the progress of planning plant specific PSAs. Operability costs 
associated with maintenance activities and life assurance programmes are highly dependent 
upon the data and how it is utilised. Responses to the questionnaire noted a wide interest in 
being able to exchange information on compilation and application of reliability data. 
Respondents noted that many different approaches and methods of application are being used 
and it is very important to understand these differences as well as utilise the knowledge being 
obtained from them. 

Considering these statements and the various suggestions made, the Workshop will 
address the following topics concerning reliability data collection: 

Data Compilation Systems 
Data Bases Development and Management 
Data Application 
Parameter Estimation 
Common Cause Failure and Dependent Failure Data 

The issues to be discussed under each of these topics is briefly summarised below: 
Data Compilation Systems 

For Probabilistic Safety Assessments and Reliability and Maintainability 
assessments to support Operability and Maintenance (O&M) decisions, reliability data, which 
is an important element of these assessments, must be of high quality. Therefore, it is 
important that there be a means to obtain necessary "plant-specific" operating experience data 
which are the basis for reliability data pertaining to events, components and human 
interactions. Suggested topics include plant-specific data, human reliability data, initiating 
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event data and extra-plant data compilation, with emphasis on practical experience. Data 
compilation should address such items as what reliability data are collected and the rationale, 
various sources of data, who, when and how they are recorded, how readily usable is it in 
obtaining reliability data, what further assessments of source data are required, who performs 
them, and the practical challenges to these efforts. 
Data Bases Development and Management 

The extent of various data collection systems are mostly focused on components in 
safety and safety related systems and in all systems, which are within the scope of PSA 
models. Given this scope of systems and components, the volume of data is extremely large. 
This necessitates having electronic means available to acquire and manage the data. 
Suggested topics include: Data base structure and bases, functional capabilities, software and 
hardware used and rationale, development project management including manpower and cost, 
commissioning and verification of systems, and practical tips on do's and (torts. 
Pata Application -

In addition to being an important input to stylised assessments, reliability data can 
be very useful in identifying and gaining insights on areas which can lead to cost effective 
improvements. In fact, such practical applications are essential to enable quality in reliability 
data. Suggested topics in this area include: examples of practical applications in support of 
operation, training, testing, maintenance, design, and procurement including assessments of 
ageing, methods used to analyse and support these applications, and tools which enable such 
applications. 
Parameter Estimation 

A fundamental part of all assessments being performed is that they normally require 
some sort of quantitative values for parameters such as failure r^tes or frequencies. There are 
potentially many component models that need to be supported by data collection. One has to 
estimate these values for respective component models based on the available data. With 
many different applications being used, further work is required to be able to make data 
comparisons and to standardise reliability data. Suggested topics include: methods of 
estimating various parameters under differing degrees of uncertainty, updating estimates 
using incremental evidence, treatment of uncertainty, treatment of outliers, and tools which 
enable such estimations. 
Common Cause Failure and Dependent Failure Data 

Common Cause Failure (CCF) events represent those potentially significant 
intercomponent dependencies, multiple failures due to common original cause. One 
difficulty is the interpretation of data in distinguishing between potential and real CCFs. 
Dependent failures compromise the reliability of the system. Therefore, if the results are to 
be realistic, assessments need to properly account for these failures. Suggested topics 
include: What data are needed to identify and evaluate dependent failures, what are 
appropriate measures or indicators, models and methods of analysis and practical 
implications, and tools which enable them. 
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SUMMARY and CONCLUSIONS 
Based on the presented papers and workshop discussions several observations can 

be made. A wide agreement on major objectives required in reliabilitydata collection was 
observed in the following elements: 
• Obtaining realistic PSA data as well as verification of PSA models (e.g., common cause 

failure modelling). 
• Maintaining a plant-specific PSA (Living PSA), which is also required for risk-based 

regulation. , 
• Reliability-centered maintenance (RCM), trend analysis and ageing aspects. 

From the presentations it can be concluded that plant specific data evaluation on a 
component level, which is generally based on work order reports, is well established, in many 
countries. Data collection of frequencies of initiating events (e.g., from plant transient 
reports), has also been treated (see Swedish I-Book), in several countries. Whereas, plant-
specific data assessment of human reliability and of passive components (not covered) 
requires more attention in the future. 

The meaning of plant-specific reliability data collection and processing systems in 
the international field can best be characterised by the different data programmes for multiple 
NPPs in OECD countries, for example: 

NPP Units 
Sweden/Finland 10 
Nuclear Electric, UK 12 
EDF, France 54 
Ontario Hydro, Canada 20 
Spain 9 

All of these programmes focused on: 
• PSA, for receiving realistic input data and results. 
• A comparison of data between plants and sharing of information on operational experience 

(for a meaningful comparison the data must be consistent). 
• RCM for optimising maintenance programmes 
• Life extension programmes. 

Risk based regulation can be added as formulated by the US Nuclear Regulatory 
Commission (NRC). 

The most important subject discussed at the Workshop, was the issue of quality 
assurance of plant-specific data collection. This conclusion results from the great number of 
events reports to be treated. Some statistic revealed showed the following: 
• Ontario Hydro / 270,000 event reports were reviewed and 170,00 have been stored. 
• Sweden - T-Book /160,000 event reports (work orders) with 2500 critical events stored. 
• EDF / approximately 4500 components - units are important to safety and maintenance 

and are treated in the data collection process. 
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• NPP- Bohonice / problems with updating of40000 failure reports initially not written for 
reliability data collection. 

It was commonly stated that for statistical evaluation, the failure event reports must 
obtain all relevant information on failure attributes. The best approach is to perform this 
work in the actual state followed by quality checks of each data report. In this process 
maintenance people are necessarily involved and for getting the best information they should 
see an increased benefit from this effort In this respect, the French contribution mentioned 
that the procedures of data collection should be easy to carry out so as to obtain information 
from all skill levels of plant personnel. Hence, maintenance people lookfor failure causes 
and PSA people look for failure models. 

Ontario Hydro indicated the importance of well developed procedures and 
guidelines for the data analysts, who should be qualified persons with operating and/or 
maintenance experience, so as to ensure correct and consistent interpretation of failure events. 
Quality Assurance plays an important role in verification, audit and traceability of data 
assessment Therefore, integration of plant staff in the data collecting process is generally 
recommended so as to receive real plant experiences about system performance and 
theoretical system analysis in the PSA models will enable them to become more realistic. In 
this respect, it was pointed out, good communication between plant staff and the PSA team is 
most important Training at procedures will help stimulate this process. 

The Japanese contribution presented an approach of computerised failure event 
assessment and an option of automatic data collection that can help avoid human factors and 
errors. This development indicates an important issue that should be further discussed in 
respect to improving the quality of data and reduction in manpower needs. 

Specific aspects of data modelling were addressed and discussed in the workshop, 
such as: 
• Necessity of adequate definition of common cause failures for data assessment, an 

interpretation of single/independent failures as against dependent/systematically failures 
(noted in German contribution). 

• Failure rate models of standby components in respect of demand and of time dependency 
(Swedish contribution). 

• Environmental impacts of real incident demands of safety systems generally not verified 
in regular tests, should be considered in the failure rate models such as by a stress factor. 

These specific issues, along with other issues of reliability data of operator actions 
and passive components as already mentioned, need further development, especially from 
plant experiences. 

In conclusion, it can be stated as follows: 
The presentations of this International workshop, as well as the broad responses to the OECD 
questionnaire (26 countries), demonstrate a high engagement in the process of collecting 
plant specific data for PSA and maintenance aspects (RCM). It brings plant staffs and PSA 
people closer together so that plant safety will regularly be reviewed by measuring actual 
plant experience against PSA results, input data, models and assumptions. This process is 
what is called Living PSA. 
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EVALUATION 
ISSUES 

Survey of the applicability of the different subjects of data collection derived from 
the workshop. 
1. Objectives 

i 
• Realistic PSA Data and models/ common cause failure 
• Maintain Living PSA, risk based regulation 
• Reliability-centered maintenance (RCM), trend analysis 

2. Types of probabilistic data to be evaluated: 
Component related and conditioning events, unplanned High 
Initiating events, fire hazard events High 
Human Interactions Low 
Passive components, software, low power None 
3. Scope of data evaluation, as safety related, PSA, RCM High 
4. Elements of data collection: 
Incident event data and sources High 
Plant engineering data Medium 
Component operation data Low 
Component boundaries High 
Component population Low 
Reliability data analysis, basic statistics, Bayesian approach Medium 
5. Data collection and analysis management: 
Data treatment and quality assurance High 
Computer aided databases Medium 
Manpower requirements for data collection and analysis 1 -f 2 
WORKSHOP 

Responses to a questionnaire were received from approximately one third of the 
participants attending the workshop. Ratings were provided from 1 (low or poor) to 5 high or 
excellent) 
I. How well woe the following objectives met? 
Exdiange of information. 4.1 
Discussions of issues 3.9 

. Development of conclusions 3.1 
Identification of methods to improve data collection 3.6 
Value of meeting with people from other organisations 4.5 
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2. Workshop Format - Effectiveness of: 
Opening Session 3.4 
Panel discussion groups 3.4 
Overall format , 3.6 
Discussions topics 3.7 
Participant participation 3.1 
Paper presentations 3.1 
Closing Session 3.6 
3. Workshop Topics 
Data Compilation Systems 
Data Bases Development and Management 
Common Cause Failure & Dependent Failure Data 
Data Application 
Parameter Estimation 
4. Future Workshop(s) on Data Collection Issues 
Should another Workshop be held? YES (71%) 
Number of topics? 3 
How many days? 3(84%) 
Similar format YES (90%) 
5. Future Workshop Topics 
Data Management / Analysis 9 
Data Compilation 7 
Parameter Estimation 2 
Shutdown Data Base 4 
Human Reliability Data 2 
Component /System Boundaries 3 
Cost Benefit Analysis - Data Programmes 2 
Methods for Improving Source Data 5 
Common Cause Failure & Dependent Failure Data 9 
Reliability Centered Maintenance (RCM) 4 

While no detailed analysis for the above data has been performed (so that 
participants and readers can formulate their own understanding of the overall concerns and 
issues), several general conclusions can be made based upon the comments and suggestions 
made by participants in the questionnaire and during the final panel discussion: 
• Most participants felt it would be appropriate, following the issuance of the proceedings, 

to re-issue the OECD/NEA questionnaire in order to update the information. 
• While a majority of participants felt another workshop was viable, it was also mentioned 

that it should wait (2 or 3 ̂ ears) for further development to take place. 
• The overall opinion of participants is that the workshop provided an excellent atmosphere 

for the exchange of information and ideas between different organisations. 
CSNI Principal Working Group No. 5 discussed these items as well at their annual 

meeting and endorsed the recommendations made above. 

3.8 
,3.8 
2.9 
3.7 
3.6 
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11-1 Iwado Ktta 2-Chome 
Komae-shi, 
Tokyo 201 

Tel:+81 3 3480 2111 
Fax:+81 3 3480 8893 

vtnvmpmem uf 
Nuclear Component 
Reliability Data System 

34 JAPAN TSUTSUMI, Mr. R. Toden Software, Inc. 
In-core Fuel Management System 
Department 
Tokyo Bijyutsu Club Bldg. 
6-19-15 Shbibashi, Minato-ku 
Tokyo 105 

Tel: +81 3 3596 7680 
Fax: +81 3 3596 7670 

Reliability Data 
CoHedton By Using 
Integrated Plant 
Monitoring System 

35 KOREA, Republic of PARK, Mr. B.H. 

• 

Korea Power Engineering Company, 
Nulcear Engineering Department, PSA 
Group 
87 Samsung-dong, Kangnam-KU 
P.O. Box 631, Kangnam 
Seoul 

Tel: +82 42 553 2662 
Fax: +82 42 540 4184 
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36 RUSSIAN FEDERATION IODINA, MS. 1. Scientific & Engineering Centre for 

Nuclear & Radiation Safety (GAN) 
Avtozavodskaya str., 14/23 
109280 Moscow 

Tel: +7 095 275 46 74 
Fax:+7 095 275 55 48 

Data Collection 
andProcessing for Use 
In WER PSAs Level-1 

37 RUSSIAN FEDERATION KOUZMINA, Mrs. 1. Scientific & Engineering Centre for 
Nuclear & Radiation Safety (GAN) 
Avtozavodskaya str., 14/23 
109280 Moscow 

Tel:+7 095 275 46 74 
Fax: +7 095 275 55 48 

Data Collection 
andProcessIng tar Use 
In WER PSAs Level-f 

38 SLOVAK REPUBLIC CILLIK, Mr. 1. Nuclear Power Plant Research 
Institute - VlJJE Trnava 
Okruznd 5 
918 64 Trnava 

Tel: +42 805 605 421 
Fax: +42 805 42 403 

Reliability 
DataCollection to 
Support V-1 and V-2 J. 
Bohunice NPPs PSA 
Studies 

39 SLOVAK REPUBLIC MARKECH, Mr. B. Nuclear Power Plant Research 
Institute - VUIE Trnava 
OkruznA 5 
918 64 Trnava 

Tel: +42 805 605 421 
Fax: +42 805 42 403 

Reliability 
DataCollection to 
Support V-1 and V-2 J. 
Bohunice NPPs PSA 
Studies 

40 SPAIN GONZALEZ, Mr. F. 
Operating Experience 
Engineer 

Tecnatom, S.A. 
Avda. Montes de Oca, 1 
28709 San Sebastian de los Reyes 
Madrid 

Tel: +34 1 651 67 00 
Fax:+34 1 654 15 31 

DAGNE System, 
Spanish NPP's 
Information System 

41 SPAIN MORALES, Ms. M. Rosa 
Head of PSA Data 
Analysis Brandt 

Consejo de Seguridad (CSN) 
Nuclear Safety Council 
Justo Dorado, 11 
28040 
Madrid 

Tel: +34 1 3460 255 
Fax: +43 1 3460 588 

42 SPAIN VILLLADONIGA, Mr. J. 1. Conse|o de Seguridad (CSN) 
Justo Dorado, 11 
28040 
Madrid 

Tel: +34 1 3460 146 
Fax: +34 1 3460 588 

43 SWEDEN NYMAN, Mr. R. Swedish Nuclear Power Inspectorate 
S-10658 Stockholm 
Klarabergsviadukten 90 

Tel:+46 8 698 8478 
Fax: +46 Si 661 9086 i 

Collection of Reliability 
Data to be used for the 
Swedish T-Book am1 /-
Book 
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44 SWEDEN PORN, Dr K. P5rn Consulting 

SkMlngvOgen 24 
S-61163 Nykflping 

Tel: +46 155 215 023 
Fax:+46 155 215 023 

Parameter Estimation 
of the T-Book 

45 SWITZERLAND ROSU, Mr. B. Kernkraftwerk Leibstadt AG 
Abteilung Projekte 
Re8sort Analysen 
CH-4353 Leibstadt 

Tel: +41 56 47 73 12 
Fax: +41 56 

Data Application at 
Leinstadt Nuclear 
Power Plant 

46 UNITED KINGDOM GRINT, Mr. G.C. Nuclear Installations Inspectorate 
St Peters House 
Balliol Road, Bootle 
Merseyside L20 3LZ 

Tel:+44 151 951 3695 
Fax:+44 151 922 5980 

47 UNITED KINGDOM BLOOMER, Mr. T. Nuclear Electric 
Engineering Strategy & Safety 
Department • Engineering Division 
Baraett Way . 
Barawood 
Gloucester'GL4 7RS 

Tel: +44 452 653 453 
Fax: +44 452 652 427 

Implementation of a 
Component Reliability 
Data Base and Analysis 
System at Nuclear 
Electric Power Stations 

48 UNITED STATES BARANOWSKY, Mr. P.W. US Nuclear Regulatory Commission 
AEOD/SPD/RPAB 
M.S. T-4 A9 
Rockville, MD 20852 

Tel +1 301 415 7493 
Fax: +1 301 415 6359 

Operational Reliability 
of Selected Safety 
Systems In V.8. 
Nuclear Power Plants 

49 UNITED STATES GUOKAS, Mr. S. Wisconsin Electric Tel: +1 414 221 3973 
Fax: +1 414 221 2010 

50 UNITED STATES McNEIN, Mr. M. US Nuclear Regulatory Commission 
Washington, DC 20555 

Tel: +1 301 415 6794 
Fax: +1 301 415 2260 

51 UNITED STATES RIEKERT, Ms. J. American Electric Power 
Ohio 

Tel: +1 
Fax: +1 614 223 2004 

52 UNITED STATES ROGERS, Comm. K. US Nuclear Regulatory Commission 
Washington, DC 20555 

Tel: +1 301 415 1855 
Fax: +1 301 415 1596 

Risk Based Regulation 
and tbeNeed for 
Reliability Data 
Collection 

53 UNITED STATES SORENSON, Mr. J.N. US Nuclear Regulatory Commission 
Washington. DC 20555 

Tel: +1 301 415 1850 
Ffcx:+1 301 415 1596 
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54 UNITED STATES LPSHAW, Mr. W. US Nuclear Regulatory Commission 

Washington, DC 20555 
Tel: +1 301 415 2330 
Fax: +1 301 415 2395 

55 OECD/NEA FRESCURA, Mr. G. Nuclear Safety Division 
Le Seine St. Germain 
12 Boulevard des lies 
92130 lssy4es-Moulineaux 

Tel: +33 1 45 24 10 50 
Fax+33 1 45 24 11 10 

56 OECD/NEA KAUFER, Mr. B. Nuclear Safety Division 
Le Seine St. Germain 
12 Boulevard des lies 
92130 IssHes-Moulineaux 

Tel: +33 1 45 24 10 55 
Fax+33 1 45 24 11 10 
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Life-Assurance Programmes 

PROGRAMME 
Committee on the Safety of Nuclear Installations (CSNI) 
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International Workshop 
on Data Collection 

• SUNDAY - 14 MAY 1995 

- 20:00 RECEPTION - HOTEL 

- MONDAY - 15 MAY 1995 

- 08:30 - 09:30 REGISTRATION 

-09:30 - 10:30 WELCOMING SESSION 

CHAIRMAN: Dr. U. M. Raina 

• CANADA Mr. Stan Harvey 
Nuclear SafefyManafier, Bruce 'A' 
Ontario Hydro Nuclear 

• OECD/NEA Mr. Gianni Frescura 
Head, Nuclear Safety Division 

• CSNI/PWG5 Mr. Reino Uirolainen 

Chairman, PWG5 

-10:30 - 11:00 COFFEE BREAK 

- 11:00 - 12:00 PRESENTATIONS 
Reliability Data Collection and Analysis to Support PSA 
Evaluation of Questionnaire Results -
Mr. H.-P. Balfanz & Mr. B. Kaufer 
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International Workshop 
on Data Collection 

- MONDAY fcont'd) 

-12:00- 14:00 LUNCH 

-14:00-17:30 

SESSION 1 DATA COMPILATION SYSTEMS 

CHAIRMAN: Dr. J.-M. Lanore 

• Mr. R.B. Blackburn. "A Structured Approach to Qualify Data. 
Compilation" 

• Dr. T.W. Kim. " the Efforts for Establishment of Generic and 
Plant-Specific Reliability Database in Korea" 

• Mr. T.E. Bloomer. n Implementation of a Component Reliability 
Database and Analysis System at Nuclear 
Electric Power Stations" 

-15:30-16:00 COFFEE BREAK 

• Mr. R. Nyman. "Collection of Reliability Data to be Used 
for the Swedish T-Book and l-Book" 

• Mr. Cillik and Mr. Markesh. "Reliability Data Collection to 
Support IM and U-2, J. Bohunice 
NPPs PSA Studies" 

PANEL DISCUSSION 
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International Workshop 
on Data Collection 

TUESDAY - 16 MAY 1995 

-09:00- 12:00 

SESSION 2 DATA BASES DEVELOPMENT AND 
MANAGEMENT 

CHAIRMAN: Mr. T. J* Ravishankar 

Mr. M. Provencher and Mr. P. Desbiens, 
"Integrated Reliability Programme Implementation at 
GentilIy-2 Nuclear Generating Station" 

Mr. T.Meslin, "Development of a Plant-Specific Reliability 
Database on a French Nuclear Power Plant" 

-10:30- 11:00 COFFEE BREAK 

Mr. R. Tsutsumi, "Reliability Data Collection by Using 
Integrated Plant Monitoring System" 

PANEL DISCUSSION 

-12:00 - 14:00 LUNCH 
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International Workshop 
on Data Collection 

• TUESDAY (cont'd) 

-14:00-16:30 

SESSION 3 COMMON CAUSE FAILURE AND 
DEPENDENT FAILURE DATA 

CHAIRMAN: Mr. P. W. Baranowsky 

- Mr. P. Aufort, "Bayesian Estimation of Safety-Related Component 
Failure Rates for Living Plant PSA11 

• Mr. M. Takatsu. "Development of Nuclear Component Reliability 
Data System" 

• Mr. H.-P. Balfanz, "Methodological Common Cause Failure -

Event Investigation and Data Assessment" 

- 15:30- 16:00 COFFEE BREAK 

PANEL DISCUSSION 

- 20:00 RECEPTION / DINNER 

SPEAKER: COMMISSIONER KENNETH ROGERS 
U.S. Nuclear Regulatory Commission 
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International Workshop 
on Data Collection 

WEDNESDAY - 17 MAY 1995 

-09:00- 12:00 

SESSION 4 DATA COMPILATION 

CHAIRMAN: Mr. R.Uirolainen 

• Mrs. I. Kouzmina & Ms. I. loudina. 
"Data Collection and Processing for Use in WER PSAs Level-1" 

• Mr. P. Baranosky. "Operational Reliability of Selected Safety Systems" 

-10:00 - 10:30 COFFEE BREAK 

Mr. F. Gonzalez & Mr. J. Gonzalez. 
" DACNE System. Spanish NPPs Information System" 

PANEL DISCUSSION 

-11:30- 13:30 LUNCH 
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International Workshop 
on Data Collection 

- WEDNESDAY fcont'dJ 

13:30-16:30 

SESSION 5 PARAMETER ESTIMATION 

CHAIRMAN: Dr. K.Porn 

• Dr. I. Kozin and Dr. K. Lauridsen. 
"Fuzzy Approach to the Reliability Assessment of Systems 
under the Influence of Radiation" 

• Dr. J. Pensonen. "Estimation of Fire Probabilities 
in NPP TVO 1/(1 PSA" 

• Dr. B. Rosli. "Data Application at Leibstadt Nuclear 
Power Plant" 

-15:00- 15:30 COFFEE BREAK 

• Dr. Porn, "Parameter Estimation of the T-Book" 

- PANEL DISCUSSION 
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Internation Workshop 
on Data Collection 

WEDNESDAY f cont'd J 

16:30- 17:30 

CLOSING SESSION 

CHAIRMAN: Mr. H.-P. Balfanz 

General Discussion 

Conference Evaluation 

THURSDAY - 18 May 1995 

- S I T E UISIT 

DARLINGTON NUCLEAR GENERATING STATION 

Exact schedule to be announced at Workshop 
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Keynote Address by S B Harvey 
International Workshop on Reliability Data Collection 

As the safety manager of Ontario Hydro's second-oldest CANDU generating 
station, which supplies something over three thousand megawatts of electricity 
to the provincial grid from four pressurized heavy-water reactors, it will be at 
once apparent to all of you that my interest in the subject of this conference-
data collection to support PSA, maintenance and life assurance— is lively, 
practical and immediate. 

To put the matter bluntly, maintaining the safety, reliability and longevity of 
my station isn't just a matter of seeing how far up the international capacity 
factor scorecard we can get, it's a matter of business survival. And it's become 
increasingly clear that if we are to successfully maintain our CANDU reactors 
as safe, long-term suppliers of economic electricity we need to use a different 
approach from the past. 

We need to be able to anticipate problems. We need to be able to assure 
ourselves and our regulators that our reactors will be no less economically 
operable and pose no greater hazard to society when they are thirty years old 
than when they were three years old. And we need to be able to show, on an 
ongoing basis, that the hazards imposed by our reactors remain acceptably low 
under routine operating conditions and non-routine ones. 
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To do this we have no practical alternative but to use a risk-based, or 
probabilistic approach. Through applying probabilistic methods we can 
increase our flexibility of action and focus limited resources on those areas 
wherewe can demonstrate the most impact. 

A risk-based or probabilistic philosophy is what in fact underlies the Canadian 
approach to nuclear safety and regulation— our Siting Guide is expressed in 
probabilistic terms. However in the 'sixties and seventies, when we were 
designing, building and bringing into service the plant where I work, we were 
limited to deterministic means of meeting safety goals because of limited data 
and a lack of confidence in what data we did have. 

But increasingly we are turning to risk assessment techniques to support our 
operation— and about time too, some of us might argue. Bruce A will be the last 
of Ontario Hydro's nuclear power plants to receive a probabilistic risk 
assessment, and this assessment will be strongly focused on operational 
support rather than design verification. 

Application of risk assessment has the full support of Ontario Hydro, which 
means the powers that be are willing to pay for it— an important and 
convincing demonstration of confidence. Some idea of the degree of 
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commitment can be gained from the fact that the Bruce A Risk Assessment 
programme will cost about the same as the annual budget for my department— 
$6.4 million. We have already accelerated the programme in some specific 
areas in order to accommodate a recent outage at Bruce A— specifically to 
demonstrate heat sink capability during the outage. 

Application of risk assessment offers very palpable benefits through increased 
flexibility and more effective use of resources. We've managed to demonstrate 
this pretty convincingly already. 

On the CANDU design, we need a trip on moderator loss because certain 
moderator loss rates can result in local overpowering of fuel in the lower 
portions of the core. About four years ago safety assessments revealed that, for 
a small range of moderator leak rates at Bruce A back-up trip coverage wasn't 
available (our regulatory authority requires that where practicable, two trip 
parameters be available for each shutdown system). Applying probabilistic 
techniques we were able to demonstrate that the frequency of moderator loss 
events leading to fuel dryout was less than 10"7 per year. The cost of installing a 
new moderator low level trip would have been of the order of $10 million, 
would have incurred significant occupational dose costs and would have 
increased complexity of operation of the station. The case speaks for itself. No 
reasonable person would suggest that we incur a real and significant worker 
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radiation exposure to reduce a one in ten million probability of fuel failures, 
never mind the ten million dollars. 

Of course this example does lead one to pose the question: how many other 
examples are there in our business where we are gaining marginal public 
benefit (if that) for the expenditure of disproportionate effort and resources? 

Our ability to apply probabilistic methods is limited at the moment by a 
paucity of data. We don't know enough about the performance of components, 
systems and people. We have to do a better job of collecting, compiling, 
interpreting, communicating and acting upon operational data to support both 
our safety story and our long-term economic viability. This is not a luxury, but 
an economic necessity, as a recent experience at another Ontario Hydro 
installation showed. Last December, Unit 2 at the Pickering station suffered a 
small-break loss of coolant accident. The initiating event in the accident 
sequence was the opening of a liquid relief valve on the primary heat transport 
circuit following the failure of its elastomeric diaphragm. As a result of this 
event four 500MW units have remained shut down for about five months, 
representing tens of millions of dollars of lost revenue. Had We in place an 
effective method of collecting, compiling and interpreting operational data, it is 
highly likely that the initiating event would not have taken place. Ongoing 
review of operating data might well have prompted a look at the valve 
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maintenance programme, and perhaps more frequent diaphragm inspection 
and replacement for certain critical valves. 

Of course it's very easy to say we need to collect data, and do all these good 
things with it, but we do need to define what data, a question which I am glad 
to see is being directly addressed at this conference in the session on common 
cause failure and dependent failure data. What data are needed to identify and 
evaluate dependent failures? What are appropriate measures or indicators? 
This is a crucial area and I would like, in my capacity as a safety manager, to 
urge all participants not to forget the importance of the human elements. 

Eighteen years ago a new Babcock and Wilcox designed pressurized water 
reactor tripped from low power following a feedwater transient. The pilot 
operated relief valve on the pressurizer opened, but did not redose, leading to 
an undiagnosed loss of coolant via the pressurizer. Responding to a rising 
pressurizer level, the operators cut off high pressure make-up flow, which had 
initiated automatically. This was in accordance with their procedures. Boiling 
of the primary coolant began some ninety seconds later. In response, and again 
following their procedures, the operators turned off two of the four main 
circulating pumps. Some twenty minutes later a high containment pressure 
alarm alerted them to the situation, and the leak from the top of the pressurizer 
was secured through closing a block valve. Because the reactor was at low 
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power (nine percent) at the time of the transient fuel had negligible burn-up, 
there was no fuel damage. The plant was called Davis Besse and it was almost 
identical in design to the Three Mile Island Unit 2 reactor which was destroyed 
two years later. 

As we all know, the failure to effectively communicate the details and 
significance of the Davis Besse precursor event is regarded as a major causative 
factor in the Three Mile Island accident, but don't run away with the idea that 
the US Nuclear Regulatory Commission didn't have an efficient operating data 
collection programme. The Davis Besse failure was duly recorded. It was noted 
that the pilot operated relief valve had failed to close because a solenoid had 
been incorrectly installed. It was further noted that this was not a generic 
problem because the pilot operated relief valves on other Babcock and Wilcox 
PWR installations were made by a different manufacturer. Of course from our 
current perspective it's screamingly obvious that the vital feature of the PORV 
failure was not the mechanical detail of that failure, but THE HUMAN 

RESPONSE TO rr. 

When we collect data about plant, system or component performance the 
human response to that performance is a vital data element. 
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One point not explicitly addressed at this conference, but one which I think we 
all ought to keep in mind, is that of communication of data across institutional, 
national and commercial boundaries. The matter has been driven home to us 
rather forcibly at Ontario Hydro since the major corporate reorganisation of 
1993. This established Ontario Hydro's four nuclear power stations as 
autonomous business units, competing with other Ontario Hydro installations 
and with each other to supply electricity to the provincial grid. To what extent 
is this commercially competitive relationship likely to inhibit the free and 
timely exchange of operating data? Already there are indications in some areas 
of nuclear safety management that this competitive relationship is going to 
require some creative management thinking in order to align individual station 
r 

priorities with corporate priorities. 

We are going to have to apply ourselves to ensuring that commercial 
considerations are not allowed to filter or delay communication of operating 
data between stations. 

Scaling up to the international perspective, it's fair to say while the nuclear 
energy enterprise has always been characterized by a high degree of 
international cooperation, maintaining and improving the free flow of 
information requires continuing attention. This conference is an important 
example of that kind of attention. 
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The Nuclear Safety Programme 
of the OECD/NEA 

OECO/NEA NudMT S«TAY OivMon G.U. FIMCUTI May IMS 

OUTLINE 

• WHAT IS THE OECD 

• WHAT IS THE NEA 

• SAFETY COMMITTEES WITHIN NEA 

• WORK METHODS 

• WORK PROGRAMME 

OECDMEANudMrSaMyDlvWon GLM. Frmcur* Itay 1MS 
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WHAT IS THE OECD 

• AN INTERNATIONAL ORGANIZATION OF 25 
COUNTRIES 

• A TOOL FOR INTERGOVERNMENTAL 
COOPERATION MAINLY IN THE ECONOMIC 
FIELD 

• A PLACE FOR POLICY MAKERS TO COMPARE 
POINT OF VIEWS AND EXPERIENCES 

OECD/NEA Nudeer Safety Division G.M. Fraacura Kay IMS 

AIMS OF THE OECD 

• TO PROMOTE POLICIES 
DESIGNED: 

- T O ACHIEVE HIGHEST SUSTAINABLE 
ECONOMIC GROWTH 

- TO CONTRIBUTE T O ECONOMIC 
EXPANSION 

- TO CONTRIBUTE TO EXPANSION OF 
WORLD TRADE 

OECD/NEA Nuclear Safety Division G.M. Fraacura May 1995 
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WHAT IS THE NEA 

• ONE OF 15 BODIES OF THE OECD 

• ITS AIM IS T O PROMOTE THE DEVELOPMENT 
OF NUCLEAR ENERGY AS A SAFE, 
ENVIRONMENTALLY ACCEPTABLE ENERGY 
SOURCE 

OECD/NEA Nudmr Safety Division ahLFrascura May 1995 

NEA Characteristics 

• Small club 

• Members are relatively homogeneous in terms of 
development and needs 

• Technically oriented 

OECD/NEA Nudtar Safety Division O.U. Frsscura May 1985 
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Working Methods 

• Standing Committee Structure 

• Committees decide their programme of work 
under the guidance of the Steering Committee 

• Working groups meet as required to integrate 
their efforts 

• Secretariat consists of technical experts who 
coordinate the activities and assist the 
chairmen 

OECD/NEA Nuclear Safety DivMon G.M. Fmcura May 1995 

SAFETY &LICENSING 
COMMITTEES 

• COMMITTEE ON THE SAFETY OF NUCLEAR 
INSTALLATIONS (CSNI) 

• COMMITTEE ON NUCLEAR REGULATORY 
ACTIVITIES (CNRA) 

• COMMITTEE ON RADIATION PROTECTION AND 
PUBLIC HEALTH (CRPPH) 

• RADIOACTIVE WASTE MANAGEMENT 
COMMITTEE (RWMC) 

OECDMEA Nuclaar Safety DivMon G.M. ftaacura Hay IMS 
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Committee on the Safety of 
Nuclear Installations 

• Members are senior safety scientists and engineers 

• Main objectives: 
- to exchange information on nuclear safety 

research and operating experience 
- to develop common technical positions on 

current safety issues 
- to assess status of research in member 

countries and sponsor international projects 

OECD/NEA Nudnr Safety Division &IL Fraacura May IMS 

Committee on the Safety of 
Nuclear Installations 

• Organization : 

- 5 permanent technical committee dealing 
with various areas of nuclear safety 

- several ad-hoc groups 

OECOMEANudaar Safety OMaion G.M. ftaacura May IMS 
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Committee on the Safety of 
Nuclear Installations 

• Main "products": 

- Consensus on specific issues 
- network for information exchange 
- consensus on research needs and priorities 
- qualification of analytical tools 
- stimulus for research 
- sponsoring of international projects 

OECDMEA Nuctaw Safety HvMon G.M. Fraacura May 1995 

Committee on the Safety of 
Nuclear Installations 

• Typically: 

- about 30-40 technical reports per annum 

- about 10 to 15 workshops and specialist 
meetings 

OECD/NEA Nuclear Safety Division G.M.Freacura May 1995 
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Major Safety Related Workshops 
and Specialists Meetings-1995 

• Transient behaviour of high burn-up fuel 
• Human factors and Organization in Maintenance 

Outages 
• Safety factors and probabilistic fracture 

mechanics 
• Testing of materials from Decommissioned 

reactors 
• Leak Before Break 
• Severe Accident Management Implementation 

OECDMEA Nucfear Safety Division G.M. Frescura May IMS 

Major Safety Related Workshops 
and Specialists Meetings-1995 

• Steam Generators Degradation Issues 
• Implementation of Hydrogen mitigation 

techniques 
• Ageing of concrete structures 
• CORA WWER fuel ISP 
• Boron Dilution 
• Collection of reliability data 

OECOMEANucfear Safety Division G.IL Fraacure May IMS 
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Special Issue Meetings 

Committee on Nuclear Regulatory Activities 

• Regulatory Use Of PSA 

Committee on The Safety of Nuclear Installations 

• Future Orientation Of Safety Research 

OECD/NEANucfear Safety DMeien G.IL fteacum May 1995 

Committee on Nuclear 
Regulatory Activities 

• Members are heads of Regulatory Organizations 
and/or their deputies 

• Main objectives: 
- Exchange of regulatory experience and good 

practices 
- Review developments that could affect regulations 
- Promote understanding of reasons for regulations 
- Harmonization of general safety objectives 

OECD/NEA Nuclaar Safety DivMon G.M. FrMCUra May 1895 
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Committee on Nuclear 
Regulatory Activities 

• Organization: 

- Permanent Group on Inspection Practices 

- Task Groups on specific topics 

OECD/NEA Nuclear Safety Division G.M. Fraacura Hay 1985 

Committee on Nuclear 
Regulatory Activities 

• Main "products": 

- state of the art reports 
- compilation of regulatory practices 
- collective opinions 
• learning through discussion of operating 

experience and research results 

OECD/NEA Nuclear Safety Division Q.M. Freecura May 1995 
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OPERATING EXPERIENCE AND 
HUMAN FACTOR 

• Recent wprkghQp§: 
- Management and Organization during outages 
- Motor operated valves 

• Work in progress: 
- potential correlation between plant age and 

safety systems performance 
- human factor impact on common cause 

failures 
- role of simulators 
- experience with software-based systems 

OECD/NEA Nuclear Safety Division G.M. Fnscum llty IMS 

COOLANT SYSTEM BEHAVIOUR 

• current Activities 

- Update of Code Validation Matrix 
- Thermal hydraulic of advanced reactors 
- reactivity accidents/high bum up fuel 
- BWR instabilities 
- Low power transients/boron dilution 

OECD/NEA Nuclear Safety Division G.IL Frescura May IMS 
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Structural Integrity 

• Current Activities 

- Leak before Break 
- improving the capability of fracture 

mechanics methods 
- safety factors and probabilistic fracture 

mechanics 
- safety aspect of material degradation 

OECD/NEA Nuclear Safety DivMon G.M. Raaeura May 1985 

Severe Accidents 

• Current Activities 

• Hydrogen mitigation 
- core melt debris coolability 
• containment bypass and leaktightness 
- Fission product chemistry 

OECD/NEA Nuclear Safety Division O H Freacura May 1995 
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NEA Sponsored R&D Projects 

• HALDEN 
-15 Countries participating 
- Fuel Behaviour and Man/machine interface 

• RASPLAV 
-14 OECD countries and Russia 
•OBJECTIVE: 
To provide data derived from integral tests 
on the interaction of prototypic core material 
with the lower head of a RPV In order to assess 
the possibility of retaining the melt in the RPV 

OECD/NEA Nuclear Safety Division a i l Frescura Msy 1995 

Committee on Radiation 
Protection and Public Health 

• Members are senior radiation protection 
officers 

• Main objectives: 
- Exchange of information and transfer of 

experience 
- Guidance on interpretation and application of 

standards 
- State of the art review 
- international cooperative undertakings 

OECD/NEA Nudsar Safsty Division G.H Frescura May 1995 
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Committee on Radiation 
Protection and Public Health 

Main "products": 

radiation protection policies 
occupational exposure at nuclear facilities 
nuclear emergencies assessment 

OECD/NEA Nudear Safety Division G.M. Fraacura May 1995 

Radioactive Waste Management 
Committee 

• Members are both regulators and Implementors 
of waste disposal systems 

• Main Objectives: 
- Exchange of information (technical and policy) 
- Review state of the art 
- promote common understanding and adoption 

of common philosophies 
- Framework for international peer review of 

national programmes 
OECO/NEA Nuclear Safety Diviaion G.M. Fraacura May 1995 
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Radioactive Waste Management 
Committee 

• Main Priorities: 
- Focus on high level waste disposal in geological 

formations 
- Discussion of disposal policy issues 
- Safety criteria and assessment methodologies for 

long term repositories 
- evaluation of disposal sites and geo-science issues 
- decommissioning of nuclear facilities 

OECD/NEA Nuclear Safety Division G.M. Frneura Msy 1995 
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• 
CSNI Principal Working Group N°. 5 

Risk Assessment 

Reliability Data Collection and 
Analysis to Support Probabilistic 

Safety Assessments (PSA) 
B. Kaufer / H-P. Balfanz 

OECD Nuclear Energy Agency 

Introduction 

PWG5 Task Group on Data Collection 
Questionnaire - 1990 
Results of Questionnaire -
Published September 1992 
Report NEA/CSNI/R(94)25 
Published November 1994 
Summary 
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n PWG 5 TASK GROUP 

• Established in 1990, to focus on the subject 
of reliability data collection to support PSA. 

• Exchange of information on experience in 
both Member and Non-member countries. 

• Originally lead by Mr... F. King of Canada 
and subsequently by Mr... H.- P. Balfanz of 
Germany. 

PWG 5 TASK GROUP 

1 Response evaluated and preliminary results 
reported to PWG5 at 1993 Annual Meeting. 

1 PWG5 proposed Interntional Workshop and 
approved by CSNI. 

l Final Report reviewed and approved by 
PWG5 and CSNI in 1994 

I Workshop scheduled for May 1995. 
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n QUESTIONNAIRE 

Questionnaire was set-up and distributed to 
organisations within Member countries and 
to Non-member countries (through IAEA). 
Responses received from 44 organisations 
representing 26 countries who have recently 
set-up, in the process of setting up, or found 
exchange of information to be useful. 

RESPONDENTS 
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* HB. Al|l III 1 Hi - FrwHJf* > 23. Japan-CRIEPI 
\ RL Argentina - Atucfca 24. Netherlands • KEMA 
•• H3. Bdgfan - AIN Vincooe Nndear 25. Nethertanda - EPZ 
> M4. Brazil - Ptraa Centrais Eloctncas SA 26. Pakistan - ICANUPP 

•-• B. Bulgaria-Kododuy 27. Romania - Cernavoda 
> n. Bulgaria-Ceraral Lab of Control System. ' 28. Spain - Cofrentea NPP, Ibredrola 
% B7. Canada-Ontario Hydra 29. Spain-Alntana NPP 
' |§S. CEC-Joint Roeatch Centre- bin 30. Sweden • OKQ 
> j|B. China-tan.of Nod. Energy/Tsinghua University > 31. Sweden-VatlenfaU 
:• §§10. Czech Rep. - Nudear Research Institule 32. Sweden - SydkraJl Swediih Nudev Power Inspectorate 
> jtll. Finland-bnatranOVO) andStudsvik 
- |||2. Finland - TeoOtouden (TVO) 33. Switzerland • ICernkraflwerk 1 filwtall 
- |||l3. France-CEA and EdF 34. Switzerland - Ken*raflwert MuMebog 

i * PI14. Germany • HEW 35. Switzerland-NOK 
KB > |§15. Germany - GRS 36. S. Africa - Council of Nuclear Safety and ESKOM 
H > I|il6. Hsngxy - VEIK1 ml PAKS NPP > 37. S. Korea-KAER1 
IB % |j§n. India - Nudear Power Corporation 3S. UK - Scotditi Nudev Limited 
1 ^ fts.Ja^-PmerKaaor/Nuclc>r Fuel Developineal Corp 39. UK • Nudear Electric 
I > Su9. JlfWl - JAERI 40. USA - NonheKt Utilities 
• > (£20. Japaa-NUPEC 41. USA -Rochester Gas & Electric 
H > Ifcl. Japan-Ttakyo Electric 42. USA - Arizona Public Service 
• - 822.Japan-KamiElectric 43USSR-VNILAEhS 
B • 44. Yugoslavia - ISEGNPP Krsko 



Questions 

A Over half have plant specific data collection 
and most others were planning to 
implement system. 

B Almost all responses indicated PSAs have 
been performed and will be kept up-to-date 
(Living). 

c Responses showed types of data collected, 
those within the scope of PSA, how data is 
collected and used, etc. 

Questions 

D Organisational setup, quality assurance, 
length of time in operation, other uses for 
data collected. 

E Interest in holding a Workshop was 
overwhelming. 
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• REPORT 

l Forty-one organisations either already ran 
or plan to set up data collection system to 
support PSA 

l Half of the number of organisations have 
completed one or more PSAs and plan to 
maintain a Living PSA. 

REPORT 

1 Data collected is also used to support other 
activities than PSA such as: 
-operation 
- test interval and maintenance optimisation 
- spare parts management 
- material procurement 
- management of ageing components 
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REPORT(cont'd) 

l Data collected is also used to support other 
activities than PSA such as: 
- identification of commonn cause failures 

(CCF). 
- human reliability studies. 
- licensing activities. 
- basic material for plant staff training. 

1? REPORT (cont'd) 

1 Main types of probabilistic data to be 
utilised in PSAs are: 
- Component related events 
- System train unavailabilities 
- Conditioning events 
- Initiating events 
- Human interactions 
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1 " REPORT (cont'd) 
l Sources utilised in data collection to 

support PSA. 
- Event reports (LERs ) 
- Component deficiences (maintnenance records) 
- Operational documents Gogs, work 

authoristions, PM records, etc.) 
- Plant engineering data (component 

information) 
- Others 

REPORT (cont'd) 

1 Elements of data being collected: 
- How deficiency was detected. 
- Consequences 
- Root cause 
- Corrective actions 
- Additionally; repair time, run time, CCF, 

operational environment, etc. 
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n REPORT (cont'd) 

1 Extent (Scope) of data being collected. 
About one third of data systems collect data 
on all plant components. 

1 Other systems vary but typically involve: 
- Data on safety or safety-related components; 

» Component boundaries - varies widely. 
» Component population - based on user's needs. 

SUMMARY 

l Main objectives of reliabilty data analysis: 
- Basic statistical analyses. 
- Improvement of PSA data. 
- Trend analysis for engineering purposes. 
- Identification of components with high failure 

rates. 
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• SUMMARY(cont'd) 

1 Who processes and manages the product: 
- Surveillance test groups 
- Experience feedback groups 
- Plant inspectors 
- PSA group 

SUMMARY (cont'd) 

Requirements for a computer-aided data 
base. Capability to capture necessary event, 
engineering & operating history data, 
retrive required data, and perform necessary 
analyses. 
In one example, the requirements were: 
- Failure event data - 2.7 Mbytes/4-unit station/year 
- Engineering data - 250 Mbytes/4-unit station/year 
- Reliability data - 8 Mbytes/4-unit station/year 
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n SUMMARY (cont'd) 

• 

1 Manpower requirements. Most 
organisations employ qualified personnel 
and clear procedures and guidelines in order 
to enable consistant data compilation. 

I 1 Resources required varies from 0.5 to 3.0 
I persons-year/unit-year. 
| r 

SUMMARY (cont'd) 

Suggestions and proposals made for future 
data systems: 
- data collection of passive component failures. 
- data of initiating events should be evaluated 

worldwide for the specific reactor types. 
- data collection systems which take into 

account reliability centered maintenance. 
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SUMMARY (cont'd) 

l Main interests expressed by respondents on 
further exchanges of information: 
- exchange of experience with people involved 

in data collection 
- Data analysis tools for Living PSA. 
- Exchange of reliability data. 
- Methodological asssistance on data analysi 
- Common cause failure data 
- Others 
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"RISK BASED REGULATION AND THE NEED FOR RELIABILITY DATA COLLECTION" 
PRESENTED BY 

COMMISSIONER KENNETH C. ROGERS U. S . NUCLEAR REGULATORY COMMISSION 
AT THE 

INTERNATIONAL WORKSHOP ON RELIABILITY DATA COLLECTION TORONTO, CANADA 
MAY 16, 1995 

Good e v e n i n g . I t i s a g r e a t p l e a s u r e t o b e i n T o r o n t o t h i s e v e n i n g and t o have t h e o p p o r t u n i t y t o s h a r e some t h o u g h t s w i t h you on t h e s u b j e c t o f r e l i a b i l i t y d a t a c o l l e c t i o n . The c a l l f o r p a p e r s f o r t h i s i n t e r n a t i o n a l workshop i d e n t i f i e d s u p p o r t of p r o b a b i l i s t i c s a f e t y a s s e s s m e n t , p l a n t m a i n t e n a n c e , and l i f e a s s u r a n c e p rograms a s t h e p r i m a r y r e a s o n s f o r r e l i a b i l i t y d a t a c o l l e c t i o n . As a s c i e n t i s t , I have a g r e a t a p p r e c i a t i o n f o r t h e i m p o r t a n c e of h a v i n g good, s o l i d d a t a a v a i l a b l e t o p r o v i d e t e c h n i c a l i n s i g h t s and t o h e l p d i r e c t t h e f u r t h e r deve lopmen t of t e c h n i c a l knowledge . As a n u c l e a r s a f e t y r e g u l a t o r , I c o n s i d e r t h e a p p l i c a t i o n s i d e n t i f i e d , PSA, m a i n t e n a n c e and l i f e - a s s u r a n c e , t o be among t h e t o p p r i o r i t y i t e m s f o r v i r t u a l l y e v e r y n u c l e a r power p rogram i n t h e w o r l d . 
For t h e l a s t two d a y s you have been d i s c u s s i n g t h e t e c h n i c a l a s p e c t s of d a t a : how t o c o l l e c t i t , how t o e v a l u a t e i t , how t o s t o r e and r e t r i e v e i t , how t o s h a r e i t and how t o u s e i t . I would l i k e t o d i v e r t y o u r t h o u g h t s f o r a few m i n u t e s t h i s e v e n i n g t o a d i f f e r e n t a s p e c t of d a t a ; t h e r e g u l a t o r y and p u b l i c p o l i c y a s p e c t . C e r t a i n l y , t h e l a c k of good d a t a h a s shaped t h e r e g u l a t o r y p r o c e s s i n t h e p a s t , and t h e a v a i l a b i l i t y of good d a t a w i l l shape t h e r e g u l a t o r y p r o c e s s i n t h e f u t u r e . We need t o r e a l i z e , however , t h a t d a t a a r e n o t f r e e . I t c o s t s t i m e and money t o c o l l e c t and v a l i d a t e d a t a , and sound p o l i c y r e q u i r e s t h a t t h o s e c o s t s r e s u l t i n some b e n e f i t . I t i s a l s o u n f o r t u n a t e l y t r u e t h a t d a t a can be m i s u s e d , and m i s u s e , o r s t e p s t a k e n t o p r e v e n t m i s u s e , can r e s u l t i n c o s t s b e i n g i n c u r r e d . 
These p o l i c y i s s u e s of c o s t s and b e n e f i t s a r e n o t t r u l y s e p a r a b l e f rom t h e t e c h n i c a l i s s u e s . As a r e s u l t , t h e e n t i r e d a t a c o l l e c t i o n , e v a l u a t i o n and a p p l i c a t i o n p r o c e s s u l t i m a t e l y i s i n f l u e n c e d by b o t h t e c h n i c a l and r e g u l a t o r y p o l i c y c o n s i d e r a t i o n s . The d e g r e e t o which e a c h of t h e s e f a c t o r s i n f l u e n c e s t h e c o l l e c t i o n and s h a r i n g of d a t a w i l l v a r y f r o m one c o u n t r y t o a n o t h e r , j u s t a s t h e r e g u l a t o r y s t r u c t u r e s and n u c l e a r power e n t e r p r i s e s v a r y f rom one c o u n t r y t o a n o t h e r . Be a s s u r e d , however , t h a t b o t h f a c t o r s have an i m p a c t . 
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* When I a c c e p t e d t h e i n v i t a t i o n t o speak h e r e t h i s e v e n i n g , I had no way of knowing t h a t t h e i s s u e of c o l l e c t i o n of r e l i a b i l i t y d a t a i n t h e U n i t e d S t a t e s would b e i n f r o n t of t h e N u c l e a r R e g u l a t o r y Commission a t t h i s v e r y moment. The i s s u e h a s b e e n p r e s e n t e d to. t h e Commission i n t h e fo rm of a p r o p o s e d r u l e r e q u i r i n g t h e c o l l e c t i o n and r e p o r t i n g of c e r t a i n r e l i a b i l i t y d a t a f rom ou r power r e a c t o r l i c e n s e e s . The r u l e i s s t r o n g l y s u p p o r t e d by t h e NRC s t a f f , opposed by t h e i n d u s t r y , and , a s y e t , u n d e c i d e d by t h e Commission. Because t h e Commission h a s made no d e t e r m i n a t i o n on t h e p r o p o s e d r u l e , I w i l l p o s e more q u e s t i o n s t h a n I i n t e n d t o answer t h i s e v e n i n g . 
The r e g u l a t o r y s t r u c t u r e and p r o c e s s i n t h e U n i t e d S t a t e s e v o l v e d i n p a r a l l e l w i t h t h e t e c h n i c a l deve lopment of t h e n u c l e a r power i n d u s t r y . The i n i t i a l r u l e s and r e g u l a t i o n s had t o p r o v i d e a d e q u a t e p r o t e c t i o n f o r t h e p u b l i c h e a l t h and s a f e t y , while" s t i l l a l l o w i n g enough f l e x i b i l i t y f o r t h e s u c c e s s f u l development of t h e t e c h n o l o g y . R u l e s were w r i t t i e n a s t h e y were needed t o r e s o l v e s p e c i f i c p r o b l e m s . Des ign c o n s e r v a t i s m was u s e d t o compensa te f o r t h e l a c k of p e r f o r m a n c e and o p e r a t i n g r e l i a b i l i t y d a t a . The f u n d a m e n t a l d e s i g n and r e g u l a t o r y p h i l o s o p h y was " d e f e n s e i n d e p t h . " The a c c i d e n t a t TMI-2 f o c u s s e d i n d u s t r y and r e g u l a t o r y a t t e n t i o n on t h e c r u c i a l i m p o r t a n c e of o p e r a t i o n s , b u t t h e emphas is was s t i l l on i d e n t i f y i n g r u l e s o r r e q u i r e m e n t s judged t o be i m p o r t a n t t o s a f e t y , and t h e n a s s u r i n g compl i ance w i t h t h o s e r u l e s and r e q u i r e m e n t s . 
T h i s p r e s c r i p t i v e a p p r o a c h t o r e g u l a t i o n i s now c h a n g i n g . The new p h i l o s o p h y i s b a s e d on t h e r e c o g n i t i o n t h a t r e s o u r c e s a r e f i n i t e . They s h o u l d be d e v o t e d t o t h o s e t h i n g s t h a t have t h e most s a f e t y s i g n i f i c a n c e , and t h e y s h o u l d n o t be m i s d i r e c t e d t o a c t i v i t i e s w i t h minimal o r no s a f e t y b e n e f i t . I t i s i m p o r t a n t t o n o t e t h a t t h e new p h i l o s o p h y r e q u i r e s t h a t we have t h e a b i l i t y t o q u a n t i f y b o t h t h e s a f e t y impac t of a p r o p o s e d r e g u l a t o r y a c t i o n , and i t s c o s t . 
The two r e l e v a n t m a j o r a r e a s of r e g u l a t o r y deve lopment a r e p e r f o r m a n c e b a s e d r u l e s and r i s k b a s e d r e g u l a t i o n . These two c o n c e p t s a r e c l o s e l y r e l a t e d b u t t h e y a r e n o t i d e n t i c a l . Pe r fo rmance b a s e d r u l e s f o c u s on t h e end r e s u l t t o b e a c h i e v e d , and a r e u s u a l l y b a s e d on r i s k i n s i g h t s . The r u l e does n o t s p e c i f y t h e p r o c e s s , b u t e s t a b l i s h e s t h e g o a l s t o be r e a c h e d and how t h e ach ievement of t h o s e g o a l s i s t o be j u d g e d . The i n s p e c t i o n and e n f o r c e m e n t a c t i v i t y i s b a s e d on w h e t h e r o r n o t t h e g o a l s have been m e t . The s u c c e s s of p e r f o r m a n c e b a s e d r u l e s u l t i m a t e l y depends on h a v i n g s u f f i c i e n t p e r f o r m a n c e d a t a t o p r o v i d e a s s u r a n c e t h a t g o a l s have been a c h i e v e d . 
Risk b a s e d r e g u l a t i o n i s t h e b r o a d t e rm u s e d f o r a r e g u l a t o r y p r o c e s s which c h a r a c t e r i z e s a l t e r n a t i v e s i n t e rms of t h e i r impac t on r i s k . Our a b i l i t y t o d i s t i n g u i s h one a l t e r n a t i v e f rom a n o t h e r b a s e d on s a f e t y s i g n i f i c a n c e depends on h a v i n g two t h i n g s : 
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mode l s , which d e s c r i b e t h e a l t e r n a t i v e s i n p r o b a b i l i s t i c t e r m s , and r e l i a b i l i t y - d a t a , which a l l o w u s t o q u a n t i f y t h e o v e r a l l p r o b a b i l i t y of an e v e n t o c c u r r i n g o r n o t o c c u r r i n g . Wi thou t t h i s a b i l i t y t o q u a n t i f y , r i s k b a s e d r e g u l a t i o n c a n n o t work, and t h e s u c c e s s f u l a p p l i c a t i o n of r i s k b a s e d r e g u l a t i o n n e c e s s a r i l y h a d t o w a i t f o r t h e deve lopment of good mode l s and t h e a v a i l a b i l i t y of good d a t a . 
P r o b a b i l i s t i c r i s k a s s e s s m e n t me thodo logy h a s now d e v e l o p e d t o t h e p o i n t where b o t h t h e NRC and t h e l i c e n s e e s a r e c o m f o r t a b l e u s i n g i t t o e s t a b l i s h t h e r e l a t i v e s a f e t y s i g n i f i c a n c e of a v a r i e t y of i s s u e s . The NRC i s d e v o t i n g a g r e a t d e a l of e f f o r t t o improv ing i t s u s e of PRA i n t h e r e g u l a t o r y d e c i s i o n making p r o c e s s . I t w i l l b e u s e d t o make d e c i s i o n s w i t h r e s p e c t t o wh ich NRC r e q u i r e m e n t s o r l i c e n s e e commitments can b e changed o r e l i m i n a t e d w i t h l i t t l e e f f e c t on s a f e t y . I t w i l l a l s o c o n t i n u e t o be u s e d t o i d e n t i f y new i s s u e s w i t h h i g h s a f e t y s i g n i f i c a n c e which r e q u i r e c o r r e c t i v e a c t i o n . 
The NRC's PRA i m p l e m e n t a t i o n p l a n i n c l u d e s a number of e l e m e n t s : d e v e l o p i n g a p p l i c a t i o n s i n r e a c t o r r e g u l a t i o n , d e v e l o p i n g improved mode l ing t e c h n i q u e s , and a n a l y s i s of p l a n t o p e r a t i n g d a t a f rom a r i s k p e r s p e c t i v e . Common t o a l l t h e s e e l e m e n t s i s t h e need f o r d a t a on t h e r e l i a b i l i t y , a v a i l a b i l i t y , and f a i l u r e c h a r a c t e r i s t i c s of t h e p l a n t s y s t e m s and components we a r e t r y i n g t o mode l . A l l of o u r p e r f o r m a n c e b a s e d r u l e s and r i s k b a s e d d e c i s i o n s must u l t i m a t e l y b e v a l i d a t e d . We need t o know i f p e r f o r m a n c e g o a l s a r e b e i n g m e t . We n e e d t o know i f component f a i l u r e r a t e s assumed i n t h e d e s i g n p r o c e s s a r e c o n s i s t e n t w i t h f a i l u r e r a t e s o b s e r v e d i n t h e f i e l d . We need t o know i f f a i l u r e s o b s e r v e d i n t h e f i e l d a r e c o n s i s t e n t w i t h t h e a s s u m p t i o n s made i n t h e r e g u l a t o r y d e c i s i o n p r o c e s s . 
I n t h e b e s t of a l l p o s s i b l e w o r l d s , t h e r e would be no d i v e r g e n c e be tween t h e r e g u l a t o r s and t h e i n d u s t r y on what d a t a a r e n e e d e d o r on t h e f e a s i b i l i t y of p r o v i d i n g them. U n f o r t u n a t e l y , t h e r e i s some d i v e r g e n c e , and h e r e i s where t h e p u b l i c p o l i c y i s s u e s come i n t o p l a y . There i s no q u e s t i o n t h a t a g r e a t d e a l of momentum h a s b u i l t up f o r i n c r e a s e d u s e of r i s k b a s e d r e g u l a t i o n . The i n d u s t r y seems t o be c o n v i n c e d t h a t i t w i l l h e l p s a v e money i n t h e l o n g r u n , and t h e r e g u l a t o r s a r e c o n v i n c e d t h a t i t w i l l g i v e u s a more o b j e c t i v e b a s i s f o r r e g u l a t i o n . 
The NRC s t a f f h a s b e e n n e g o t i a t i n g w i t h t h e i n d u s t r y t h r o u g h t h e N u c l e a r Energy I n s t i t u t e and t h e I n s t i t u t e of N u c l e a r Power O p e r a t i o n s s i n c e 1991 i n an a t t e m p t t o r e a c h ag reement on wha t d a t a a r e n e e d e d , how t h e y s h o u l d b e r e p o r t e d , and w h e t h e r o r n o t p l a n t s p e c i f i c r e l i a b i l i t y d a t a would be r o u t i n e l y made a v a i l a b l e t o t h e p u b l i c . Agreement h a s seemed c l o s e on a number of o c c a s i o n s , b u t so f a r i t h a s n o t b e e n r e a c h e d . The NRC s t a f f , f e e l i n g t h a t i t c a n n o t move f o r w a r d w i t h r i s k b a s e d r e g u l a t i o n u n l e s s i t h a s a c c e s s t o b e t t e r r e l i a b i l i t y d a t a , ha s a s k e d t h e 
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Commission to approve publishing a reliability data rule for 
public comment. The Commission, in turn, has asked the staff to 
make sure that the proposed rule can be justified in the context 
of the NRC's regulatory authority. Since the Commission has not 
acted on the proposed rule, I obviously can't predict the 
outcome. The Commission's judgement clearly will depend on the 
information currently being assembled by the staff. Nonetheless, 
the coincidence of Commission consideration of the proposed rule 
and the availability of this audience provides an opportunity to 
explore some of the public policy implications I mentioned 
earlier. 
From a technical and regulatory standpoint, there is no question 
in my mind that the availability of the data requested by the 
staff will ultimately benefit the plant owners, the NRC and the 
public health and safety. The proposed rule has been considered 
by the NRC's Advisory Committee for Reactor Safeguards, and the 
committee has recommended that the rule be published for comment. 
The ACRS letter to the Chairman of the Commission states, in 
part, "We believe that high-quality, plant-specific reliability 
and availability data are needed if risk-based regulation is to 
reach its full potential for both improving safety and reducing 
burdens on licensees." 
That is a significant endorsement, but as a Commissioner I have 
to ask if it is sufficient justification for promulgating a rule. 
In the United States, the authorizing legislation for the Nuclear 
Regulatory Commission requires that the Commission ensure that 
licensed activities be conducted so as not to result in "undue 
risk" to the public health and safety. As a result, the 
Commission has considered that there is a level of protection to 
the public, referred to as "adequate protection," that must be 
maintained in licensed activities regardless of cost. Beyond 
this level of "adequate protection," the NRC can, by its own 
rules, establish requirements that result in "substantial 
improvements" in safety, as long as the benefits ot such 
requirements outweigh the costs. In the case of the proposed 
reliability data rule, a majority of the Commissioners must 
conclude that benefits will ultimately exceed the costs. 
What is the industry's view? I mentioned earlier that industry 
opposes the rule as proposed, yet industry stands to reap large 
benefits from performance based rules and risk based regulation. 
Based on the Nuclear Energy Institute's presentation to the ACRS, 
the industry acknowledges that it stands to benefit, and further 
states that it is anxious to come to closure with the NRC staff. 
At the March 9, 1995 ACRS meeting, the NEI representative stated, 
"We're pushing the risk-based and performance based approach. 
. . . [W]e can't move forward unless the data question is 
resolved." 
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What are industry's concerns, then? Let me see if I can 
summarize them. First, they believe that agreement oh data to bie 
collected and reported should be coupled with a mutual 
understanding of how the data will be used to implement 
performance based and risk based regulation so as to reduce 
regulatory burden. Without that understanding, they are 
concerned that the result will be a new layer of risk based 
requirements on top of the existing deterministic, compliance 
based requirements. Second, they are concerned that the data 
being requested will not meet everybody's needs, and that 
additional work needs to be done on defining the collection and 
reporting scope. They are reluctant to sign on to a major, 
continuing data collection effort that may turn out to be too 
much or not enough. Finally, many in the industry are concerned 
about the staff's position that the reported, plant specific data 
must be made publicly available. The stated concern is over 
possible misuse of the plant specific data. _— 
The industry has a dilemma; it would like the benefits of risk 
based and performance based regulation, but it is concerned about 
the staff's commitment to providing those benefits on a timely 
basis. The staff has a dilemma; it would like industry's 
cooperation, but it isn't in a position to promise specific, 
quantifiable benefits in return for that cooperation. As a 
result, the Commission has a dilemma; is there sufficient 
justification for a rulemaking? 
Clearly, the proposed rule is not required to meet the standard 
of adequate protection. I think the industry and the HRC agree 
that significant gains have been made in operational safety over 
the past 15 years, and those gains have been sufficient to 
provide adequate protection. On the other hand, can the rule be 
justified on the basis that it will provide a substantial 
improvement in safety, and that the benefits will outweigh the 
costs? We don't know the answer to that yet, but I suspect the 
benefits, both in terms of reduced risk and in terms of reduced 
cost of regulation will be very difficult to quantify. Can the 
Commission approve the rule in the absence of an immediate safety 
need? Yes, the Commission can decide that the information is 
needed to support generic regulatory actions, such as rulemaking, 
revisions to regulatory guides and the resolution of generic 
safety issues. Will we approve it? I don't know. 
One of the tenets of risk based regulation is that resources 
should be focussed on those things that are risk significant. If 
we cannot clearly establish how this rule would allow us to 
divert resources from less risk significant activities to more 
risk significant activities, how do we justify the rule? I think 
all parties agree that the potential benefits are great, but we 
have to recognize that specific benefits are beyond the reach of 
this particular rule. The rule only contains the hope of 
benefits, it does not include the promise. 
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This, lack of clear and immediate safety need is particularly 
troublesome to the Commission at a time when both the 
Administration and the Congress are emphasizing reduction of 
regulatory burden. There is no mandate, at the moment, to 
promulgate rules that simply seam like a good idea. 
Having said that, let's look at the other side for the moment. 
The greatest beneficiary of risk based regulation will, in all 
likelihood, be the licensee community. They appear to 
acknowledge that, and they further acknowledge that, without the 
data, risk based regulation can not go forward. From a 
regulatory standpoint, the benefit to industry is entirely 
consistent with our mandate to protect public health and safety. 
Resources that are not spent on issues of little safety 
significance can be diverted to issues of high safety 
significance. Perhaps, in this case, the Commission should take 
the position that this rule is the up-front price industry has to 
pay to realize the benefits we all agree are there. 
.In a speech at the Nuclear Energy Institute conference in 
Washington last week, Chairman Selin challenged the industry to 
do a better job of recognizing when its self-interest coincided 
with that of the NRC. There have been times in the past where 
industry resisted NRC's attempts to identify and solve problems, 
and the industry would have been better served to work with the 
NRC from the beginning. The proposed reliability data rule could 
possibly be such a case. 
So where does that leave us? The Commission basically has three 
options, I believe. Let me add parenthetically, if there were 
other Commissioners here they might identify different options. 
First, the Commission could approve the rule as proposed. Our 
arguments for doing so would be rooted in the belief that 
ultimately it will provide a net benefit to the public, in terms 
of reduced risk, and to the industry, in terms of reduced 
regulatory burden. The industry would simply have to live with 
the down side consequences of having plant specific reliability 
data available to both the NRC and the public. 
The second option would be for the Commission to disapprove 
publication of the rule, and instruct the staff to not pursue it 
any further. The rationale for this outcome would be simply that 
the rule is not needed for any clear public health and safety 
reason. In this case, the burden would shift to the industry to 
pursue the benefits of performance based and risk based 
regulation. Each time a licensee or group of licensees wanted a 
change in a requirement, it would be incumbent upon them to 
provide enough data to allow the staff to conclude that the 
requested action could be defended from a safety perspective. 
The third option would be for the Commission to direct the staff 
to go back to the industry, negotiate the best agreement they can 
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short of imposing a rule, and bring that agreement back to the 
Commission for consideration. It is quite possible that with a 
little more pressure on both sides, the need for a rule eould be 
avoided. 
There is in fact a fourth option: the Commission could sidestep 
the issue for the time being by approving the rule for 
publication for comment in an attempt to get a better 
articulation of the industry position and concerns. , I discount 
this option for the moment because it doesn't add anything to the 
current discussion. 
How will this all turn out? As I said before,. I don't know. I-
am intellectually convinced of several things. First, further 
development of risk based and performance based regulation will 
ultimately benefit the public, in terms of reduced risk; the 
industry, in terms of reduced regulatory burden; the NRC, in 
terms of a more rational regulatory process; and all parties in 
terms of reduced generation costs. Second, the availability of 
good, solid reliability data is critical to the beneficial use of 
risk ̂ ased regulation. Finally, there will be a resolution to 
this problem that will benefit both the NRC and industry. 
In a moment, I will be happy to respond to a few questions, but I 
want to leave you with some closing thoughts. Don't lose sight of 
the fact that one of the important reasons that the industry has 
been successful in improving reactor safety is the effectiveness 

• of communication within the industry. Operating experiences, 
safety significant problems, successes and failures are shared 
freely within the industry. That did not happen by chance. The 
regulators have worked at it and, most importantly, the plant 
owners and operators have worked at it. We must continue to 
expand that free flow of information within the world community 
- of nuclear power plant operators. 
My next point is that in the process of developing regulations 
that address the most safety significant issues and are cost 
effective, we must not undermine the safety culture. It has been 
an essential element in achieving an acceptable level of safety. 
Performance based rules and risk based regulation will not 
diminish the importance of thoughtful plant design, operation and 
maintenance. I challenge you practitioners of the arcane art of 
probabilistic risk assessment to work especially hard on human 
performance modeling and the collection and evaluation of the 
necessary human reliability data. I think some arguments can be 
made that, in spite of our limitations, the hardware is good 
enough and that the significant safety improvements will be found 
on the human reliability side. 
Finally, we should not lose sight of the fact that regulation is 
essentially a political (but I hope non-partisan) process. It 
can be successful, and in turn the regulated industry can 
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succeed, only if the process and its results are accepted by the 
public and by their elected representatives who mandate the 
regulation. I think we all intellectually agree that public 
trust requires that the regulatory process be open and 
understandable. We must not forget that the choices we talk 
about making, optimum allocation of resources, and decision 
processes using probabilistic risk assessment, axe neither simple 
nor easily understood. We must do whatever is necessary to 
ensure public trust in the process and its results. 
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R.B. (Bob) Blackburn 
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Abstract 

The quality of component reliability data is very dependent on the process used to 
compile i t Other features of a data system, such as built-in rationality checks and the 
design of the retrieval function, can build on the intrinsic data quality but are not a 
substitute for i t This paper describes the data compilation process employed by Ontario 
Hydro Nuclear's component reliability data effort, providing insight into compiling quality 
plant specific data. The process is designed to compile data to meet the varied needs of 
programs such as probabilistic safety assessment, maintenance, plant life assurance and 
design and procurement support Such an integrated approach results in cost-effectiveness 
by virtue of the commonality among data needed by these programs. To ensure quality 
and minimum effort the process employs a computer aided method that requires the least 
manual entry and avoids re-entry of data contained within the plant computerized Work 
Management System. Well-developed procedures and guidelines are used by data analysts 
who are qualified personnel with operating and/or maintenance experience, to ensure 
correct and consistent interpretation of failure events. This, along with the use of 
comprehensive libraries of component types, boundary descriptions, failure modes and 
failure mechanisms enables correct and consistent identification of failed components and 
related data. The process incorporates the important quality assurance features of 
verification, audit and traceability while accommodating the differences presented by work 
processes at several sites that are at different stages in their life cycles. This enables 
communication and meaningful comparisons of component failure data between sites. 

Presented at the CSNI - Principal Working Group 5 - Risk Assessment International Workshop on Reliability Data Collection in Support of PSA, Maintenance and Life Assurance Programs held in Toronto May 15 -17,1995 
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Introduction 

Ontario Hydro Nuclear (OHN) has a total of twenty CANDU reactor units configured as 
five stations of four units each. The total capacity of these units is in excess of 14,000 MW 
and their in-service dates range from July 29,1971 through to June 14,1993. 
A computerized Work Management System (WMS) for these stations was first 
implemented at Darlington NGS in 1987 followed by Pickering NGS in 1989 and Bruce 
NGS A and B in 1991. The WMS was a replacement for an existing paper based system, 
providing for electronically recording in standard format, all work requested and 
performed at the stations. 
In 1990, recognizing the need for quality plant specific component reliability data to 
support the station risk assessments, die Reliability Data and Support (KDS) Unit began a 
demonstration project to develop the methods and resources to gather this data. It was 
apparent from the early stages, that with a relatively small incremental effort in the data 
compilation process, the resulting data could be used to support a number of programs in 
the areas of plant maintenance, life assurance, design and procurement 
The demonstration project involved the manual review of weekly printouts of WMS 
reports from Darlington NGS and Pickering NGS to collect failure event data which was 
entered into a PC based database. Approximately 40,000 work packages, covering 
experience at Darlington NGS in the period from January to October 1990 and at 
Pickering NGS from January to July 1990 were reviewed. Approximately 15,000 failure 
event records were generated corresponding to the reviewed work packages. Among the 
objectives fulfilled by the demonstration project were: 

• to produce specifications for a mature reliability data system 
• to establish the beginnings of a component failure event database 
• to establish the ground rules for interpretation of WMS work package 

information 
• to assess the resources required to carry out the data compilation 

The data compilation process has evolved from this initial demonstration to become a fully 
structured computerized system with well developed and proven methods and procedures. 
The data compiled therein are uploaded to OHN's Nuclear Component Reliability Data 
System (CORDS), a PC based multi-purpose data system written in Foxpro for Windows, 
for retrieval and analysis. To date over 270,000 WMS work packages have been reviewed 
and over 117,000 records have been generated and uploaded to CORDS as a result of the 
data compilation process described in this paper. On average the resource required to 
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perform the data compilation utilizing this process has been one person-year per four-unit 
station-year. 
Data quality for bur purposes is based on three general criteria with established targets for 
each criterion as follows: 
• Completeness - The target for this criterion is 100%. Every data dement in every / 

record must be complete. Every event which should be relevant to the component 
reliability data program, Le., those events relevant to either production or nuclear 
safety, must become a record for that program. There should be no omissions, and 
records which are in doubt will be included rather than excluded. 

• Accuracy - The target for this criterion is 95%. The specific data elements which 
involve failed component identification, failure mode and failure mechanism must be 
accurate at least 95% of the time, on average, at the point that auditing of the data is 
performed. 

• Timeliness - The target for this criterion is four weeks. The data records must be 
available for uploading to the CORDS program within four weeks of the week- ending 
close-out date in WMS. 

Work Management System Source Data 

As previously noted, each station has its own Work Management System (WMS). As a 
part of the WMS, any person may initiate a Deficiency Report (DR) to identify equipment 
deficiencies, or to request work to be performed on specific items of equipment The DR 
is directed at a specific work group and describes the nature of the deficiency along with 
any suggested corrective action. It is automatically assigned a unique and sequential serial 
number and forms the baas for a work package with the same number, which will 
eventually contain all the information related to the ultimate completion of the work. This 
includes, but is not limited to, information concerning the planning and scheduling of the 
work, all the resources utilized, the narrative of the work performed by each crew in the 
form of work reports by the individuals performing the work and an eventual close-out 
summary by the work group supervisor. It is the information contained in these closed-out 
work packages which is the source of the component reliability data. 
Work packages which have been initiated in the manner described above as the result of a 
DR can be described as "type 2" work packages in WMS. These are generally a request 
for corrective maintenance, as opposed to "type 1" work packages which are for 
preventive maintenance, or "type 3" work packages which are for project work. At the 
present time data are compiled only from 'type 2" work packages. 
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Each week a set of three customized reports are generated as flat files by each station via 
the IBM mainframe at head office and transferred to the local area network in the Reactor 
Safety and Operational Analysis Department (RSOAD). 
The files contain information from all the type 2 work packages which were closed out in 
the previous week, ending at Sunday midnight, and are designated as follows: 

WPK - a work package information file containing information as to the nature of 
the work package detail, and work package summary reports along with a number 
of fields which will assist in the data compilation process. 

/ 

WRP - a woik report information file containing descriptions of the 
investigations, troubleshooting and work carried out, as provided by the persons 
who actually performed these tasks, as well as the time and dose expended by 
each person. 
BOM - a bill of materials file which describes all the materials withdrawn from 
stores for the work and their cost 

A conversion process is carried out on these files to combine them into a single file, 
hereinafter referred to as a RAW file, and to produce a file format suitable for loading in 
the WMSDATA data compilation program. 

The WMSDATA Program 

WMSDATA refers to a PC-based computer program utilized by the data analysts and the 
RDS Unit, to facilitate the data compilation process. It was developed in Clarion software 
by Cantech International Limited of Oakville, Ontario under contract Specifications, 
methodologies and libraries of information contained in the support files for inclusion in 
the program were provided by the RDS Unit 
The program contains a number of features to ensure the integrity of the data including: 
• five levels of password-protected access, dependent on the authority of the user 
• limited access to individual data fields, based on level of access of the user and the 

stage of data compilation which is being performed 
• protection of certain data fields which are provided as "information only" 
• extensive use of pick lists to minimize the chance of error during data input 
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• pick lists provided for certain fields are specifically based on the contents of previously 
selected fields 

• tasks which Involve the mathematical processing or manipulation of data dements are 
performed internally and transparent to the user 

• cross checking of data fields for rationality 

• use of screen colours to distinguish the various categories of information on the screen 
and indicate the fields which can be accessed for data entry 

• automatic identification of the reviewer, verifier and auditor of each record, performed 
by embedding their user id in the record 

• depersonalization of all WMS source data 
An example of the WMSDATA program "review" screen is given in Figure 1. 

The Data Analyst 

The data analyst adds value to the data compilation process and hence the data, through 
die skilled interpretation of the work package information as a whole and in particular, the 
work reports, which have been written by the technicians and maintainers during their 
troubleshooting and corrective maintenance activities. 
The data analyst performs the essential task of identifying the failed component(s). Hiis 
information, which is the essence of any component reliability data program, is not 
immediately available from the original WMS source data. The person initiating the work 
via the WMS at the station is required to enter an equipment identification for a single component location where the problem or deficiency was first evident. Therefore, the 
original work package contains wily that equipment identification, which may not in fact, 
have any relationship to the identification of the failed component. The original WMS 
source data fields also permit, any and all configurations of component identification to be 
entered, as a means of expediency to allow the work to proceed. 
Consider the example of a motorized valve in a feedwater system, which failed to close 
when called upon to do so. The motorized valve will be identified as the initiating 
component in the documentation. Troubleshooting the problem reveals that an overload 
relay, within the motor starter, has actually failed and was the source of the problem. 
Clearly, not only was the motorized valve not the failed component, but the actual failed 
component was located within the boundary of a totally different station system. The data 
analyst must recognize this situation from their interpretation of the work report narrative 
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and correct the data accordingly. In addition, they must be able to recognize and identify 
any additional components which may have failed and could be identified from the 
information contained within the single work package. The data analyst must then 
generate additional failure event records for them. It is also possible that the component 
identification as entered in WMS, is incorrect due to error or lack of discipline in the 
application of the standard rules of component identification. This must also be recognized 
and corrected. 
The data analyst must have the ability to determine the relevance of the work being 
performed in relation to the objectives of the component reliability data program. Training 
and guidelines are provided in this regard, but the decision to include or exclude is 
ultimately up to the data analyst based on their interpretations. 
The data analyst must be able to quickly read and capture the essence of a wide range of 
information which is presented in the work package and work reports. It is expected that 
on average, the data analyst will have the capability to process about seven records per 
hour. 
In order to achieve that processing rate, and to perform the other required tasks, the data 
analyst must also have: 
• a good understanding of station systems and how the various components within these 

systems interact 
• a knowledge of the physical characteristics of mechanical, electrical and 

instrumentation and control components and their subcomponents 
• proficiency in the standards of nomenclature and conventions employed to identify 

items of equipment 
• the ability to read and understand operational flowsheets and elementary wiring 

diagrams 

• an overall knowledge of operating and maintenance procedures and practices 
• a knowledge of work reporting practices and trade jargon 

The WMSDATA Process 

The WMSDATA data compilation process consists of the following major steps in order: 
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1. Screening of WMS information for relevance to production and nuclear safety by 
a data analyst 

2. Review of the WMS information by a data analyst to establish key data elements 
such as identification of the failed components), Mute mode and Mute 
mechanism, and to add value to the data through their comments. 

3. Verification of the data record by a lead data analyst 
4. Auditing of the data record by an independent auditor. 

Screening For Relevance 
t h e RAW file containing one week of WMS records is loaded into the WMSDATA 
program and scanned by the data analyst to exclude work which was not related to 
corrective maintenance on components. Since the WMS is used to record all work at the 
station, it will be apparent that much of this work is not component related. Examples of 
this are furniture moving, requests for documentation, requests to operators to establish 
certain conditions and requests for samples. Also, some corrective maintenance on 
components is performed on components which are not relevant to the areas of production 
and safety, such as domestic plumbing, overhead lighting, portable tools and lab or shop 
equipment 
At the present time, component reliability data are not collected from work performed as 
preventive maintenance. However, work which would fall into the category of preventive 
maintenance is often initiated in WMS as a "type 2" or corrective maintenance work 
package, as opposed to being initiated as a "type 1" or callup work package. The data 
analyst must recognize the potential for this, and utilizing a specified list of examples 
contained in the WMSDATA Guide, declare the work package not relevant, thereby 
eliminating it from further processing. Work conducted as part of the commissioning of 
new installations is also declared not relevant 
Some of the work package descriptions do not permit a clear determination of relevance. 
As an example, the work package summary may describe a fueling machine head which is 
being overhauled because the seal rings are sticking and the rings must be replaced. 
Similarly, it may describe a fueling machine head which is being overhauled because it has 
had seventy fueling cycles and experience has shown that the seal rings will start to stick 
after that many cycles. The first case would be declared relevant and the second case 
would be declared not relevant, even though the same work is being performed in the 
work package. 
If there is any doubt as to the relevance of a particular work package it will be included 
rather than excluded and remain as part of the data file. The number of relevant work 
packages amount to about 35% of the original number of work packages and are carried 
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forward as an SCR file (screened file) for processing in the review phase of the 
WMSDATA process. 

Review 
The SCR file is loaded in the WMSDATA program for review by the data analyst 
Referring to the example of the WMSDATA program review screen given in Figure 1, 
the data analyst has the ability to change only a few of the data elements provided. Most 
of the information available from the data review screen is made available to the data 
analyst, for the purpose of assisting in his/her review. Due to a lack of structure and rigor 
in completing these information fields in WMS, often some of the fields will be blank or 

- contain information of limited value. The data analyst will review the entire work package 
with particular attention to the following information fields: 

• the work package summary, which is a description of the nature of the deficiency and 
an overall description of actions taken to complete the work 

• the close-out summary, which is a short form of the action taken 
• the. failure cause, which is a single word description of the cause of the failure 
• the work reports, which are narratives written by the person(s) performing the work 

each shift describing the investigations and troubleshooting performed and the 
equipment involved, the details of all work carried out and other information which 
assists the following shifts to complete the work. The work reports identify the work 
group which performed the woik and contain a record of the hours and dose expended 
by each individual performing the work. Work report quality varies widely, from 
limited information value to extensive work descriptions. 

. • the bill of material, which is a list of the material codes and descriptions which were 
withdrawn from stores for the work 

• the number of work reports, which also varies but averages around three or four per 
work package 

• the importance, which may be given as low, medium, high or emergency for planning 
purposes 

• the estimated person hours, which are used for planning purposes 
• the SER number, which is a reference to any Significant Event Report which may be 

associated with the work 
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• the equipment code, which is a representation of the alpha-numeric string which was 
entered into WMS, as the equipment identification which initiated the work 

• the equipment location, which indicates where in the station, the originating equipment 
is located 

• the operational flowsheet, which is a reference to die number and grid location of die 
operational flowsheet containing the originating equipment 

The origination date indicated in the review screen, is the date the work was originated, 
as provided directly from WMS. The completion date is the date of die last work report 
entered in WMS. The difference between these dates is calculated by the program and 
entered as the restoration time, in days, on the review screen. The intent is to capture, as 
far as possible, a realistic estimate of the amount of time the component was out of 
service. Frequently, the completion of the last work report is an administrative function, 
and as such, it does not accurately reflect the component unavailability. The data analyst is 
required to examine the dates, and to determine the date of the last work report where the 

_ component was available for a return to service. The completion date is changed to reflect 
this and the program will re-calculate the restoration time. 
The person hours are calculated by the WMSDATA program as the sum of the hours 
worked by all the individuals as reported in each of the work reports pertaining to the 
work package. 
The repair time is an estimate of the active repair time calculated by the WMSDATA 
program as the largest of the individual number of hours worked in each work report, 
summed over all the work reports pertaining to the work package. 
The radiation dose is calculated by the program as the sum of dose contained in the work 
reports as entered by the individuals. It may not always reflect the true dose obtained by 
these individuals as that information is maintained in other, totally separate programs. 
The material cost is calculated by the program as the sum of the cost of all the materials 
withdrawn from stores for the work. 
The component identification is performed by completing the data fields for unit, SCI 
(system calssification index), related component, component type and component number. 
Although the data analyst will utilize all the information sources available, including 
operational flowsheets, design manuals, wiring diagrams and equipment lists, the primary 
source of all component identifications will be as confirmed on the operational flowsheet, 
wherever possible. The WMSDATA program will have attempted to parse the equipment 
code from the originating WMS work package and enter it into the appropriate data fields. 
As described previously, this may or may not be the failed component identification. Our 
data show that 44% of the records which form the CORDS database are for components 
which have a different identification than was originally entered in the WMS source data. 
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A series of component definitions and hierarchy has been developed to assist in 
accomplishing the objectives of the component reliability data program and are given 
below: 
Subcomponent 
An item or part which does not have a recognizable and well-defined device identification. 
Examples are gaskets, nuts and bolts and other fittings. 
Component 
A device, including subcomponents, which has a well-defined device identification. 
Examples are valves, switches, relays. 
Parent Component 
A component, with a single well-defined device identification, which consists of a group of 
components (as defined above), working together to perform a specific function. 
Examples are standby generators, airlocks, circuit breakers, motorized valves. 
Child Component 
A member of the group of components which make up a parent component 
The unit is a series of up to three digits which identify the generating unit or a combination 
of units for common systems. 
The SCI refers to the System Classification Index consisting of five digits, in the range of 
2xxxx to 7xxxx, which are used to identify the system. Components in the instrumentation 
and control systems are identified using five digits with a "6" as the first digit in the range 
of 62xxx to 67xxx, while the components in all other systems are identified using four 
digits, in the range of 2xxx to 7xxx. 
The related component is an alpha-numeric field which may be used where appropriate, 

^ along with the component type and component number, to make the identification of the 
component unique. The related component will sometimes be the parent component to the 
component of interest or it may identify the component of interest by virtue of its 
location, such as the panel it is located on. 
The component type consists of a code of up to four characters, which are used to 
designate the component by an established component name. A comprehensive library of 
over 800 component type codes has been entered into the WMSDATA program based on 
research of all of the component type codes in use, in all the systems at all stations. 
A typical component type code would be "MV", for motorized valve. One of the problems 
which was recognized early in the program, was that the code is not necessarily as unique 
as it should be, and the same code may be used in many locations to designate different 
components. As an example, "MV" may be either a motorized valve or it may be a 
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damper. Also, a single named component may be identified by as many as twelve different 
component type codes. The component type library has been developed to include a sub-
type code, transparent to the data analyst, which makes the distinction between the data 
analyst selection of "MV (motorized valve)" and "MV (damper)". In addition to the 
component type code lihrary in the program, the data analyst is provided with a 
Component Name Guide, which is a list of component names and the various component 
type codes which are in use for that name. This guide is employed when the work reports 
only mention the components by name, without any other clues to assist in their 
identification. 
The data analyst will highlight and select the component type from the pick list This 
selection secures, or anchors the record, as a record for that component type and all 
further input to the record will be based on program prompts for that component type. By 
invoking a hot key, the data analyst is provided with a boundary description, from another 
program library module, for the component type selected. The boundary description must 
be reviewed to confirm that the component does in fact, fall within the described 
boundaries. A boundary description for the example MV - motorized valve, is given as 
follows: 
"Motorized Valve includes valve operator, positioner, associated I & C including limit, 
torque switches, pneumatic controls. Does not include power or high pressure air supply 
to the filter/regulator. * Parent Component *" 
Component number is a combination of numbers and/or letters which uniquely identify the 
component by sequence. Sometimes it is not possible to supply a component number 
based on the information available. If this occurs, the data analyst will use a in this 
field, except when the component falls within the boundary description of a parent 
component. If the failed component is part of a parent component, the record must be 
changed to assign the failure to the parent component, by changing the component 
identification to that of the parent 
The data analyst will indicate if the equipment identification they have designated as the 
failed component is different from the equipment identification given in the original WMS 
record. 
The failure mode is defined as the symptom of the failure. The data analyst will be 
prompted to provide a failure mode which best describes the effect on the function of the 
component, after a careful review of all the available information. The nature of the 
prompt is in the form of another program library pick list which has been developed to 
include all of the possible failure modes for the component which was selected by the data 
analyst in the previous steps. The failure modes reflect their origin, i.e., they are phrased in 
the way events are reported in the field, and their potential for applications in a multi-
purpose database. As a result they may not correspond directly with the failure modes 
utilized in risk assessments. 

81 



As an example, the failure mode list available to the data analyst for a motorized valve is 
given below: 
close spuriously 
erratic operation 
fail to open 
fail to reopen 
fast operation 
open spuriously 
slow operation 

difficult operation 
external teak 
fail to operate 
fast close 
internal leak 
slow close 
unknown 

equipment outage . 
M to close1 

fail fo reclose 
fast open 
noncurtailing 
slow open 
unknown (support work) 

support work 
A number of the failure modes given are applicable to any component, as follows: 
• Noncurtailing - If it is determined that the M u t e of a subcomponent (e.g. actuator 

gasket), did not result in a specific Mure mode for the component (e.g. control valve), 
and had no impact on the ability of the component to perform its function (e.g. leak 
stopped by tightening joint), the failure mode "noncurtailing" will be selected from the 
failure mode list This failure mode is utilized later in data analysis to discriminate 
failures which caused loss of functionality. . 

• Equipment Outage - If it is determined that the failure of a subcomponent (e.g. actuator 
gasket), did not result in a specific failure mode for the component (e.g. control valve), 
but required the component to be taken out of service for the repair (e.g. actuator 
disassembled for gasket replacement), the failure mode "equipment outage" will be 
selected from the failure mode list This failure mode is utilized later in data analysis to 
indicate unavailability of the component and has the potential to be utilized in the 
recognition of incipient failures. 

• Support Work and Unknown (Support Work) - Services provided by a work group 
other than the work group which is responsible for the work, or work which is 
performed entirely in the shop, are considered to be "Support Work". Examples of the 
support work are, scaffolding or insulation work by Service Maintenance as 
prerequisites to component repairs by Mechanical Maintenance, or the shop repair of 
an amplifier by Control Maintenance prior to its return to stores. The use of this failure 
mode automatically invokes a standard list of failure mechanisms which are specific to 
support work. The failure mode "Unknown (Support Work)" is utilized when useful 
failure mechanism information is contained in a work package describing a shop repair 
of a component Its use does not invoke the list of failure mechanisms specific to 
support work, but invokes the normal failure mechanism list associated with that 
component These failure modes are utilized later in data analysis to facilitate the 
capture of all the maintenance effort associated with a component failure event 

• Unknown - If there is no clear symptom or reason given in the work package 
information for performing the work, the failure mode "Unknown" is used. 
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The failure mechanism is defined as the immediate cause of the observed failure symptom 
or mode. The data analyst will be prompted to select the failure mechanism which fert describes the immediate cause of die component failure, from a program library pick list, 
which has been developed to include all of the possible failure mechanisms for the 
component that has been previously identified as the failed component 
As an example, die failure mechanism list available to the data analyst for a motorized 
valve is given below: 
accumulator actuator bad connection 
bellows/diaphragm body/bonnet control circuit 

A number of the failure mechanisms given are applicable to any component, as follows: 
• Human Interaction - Where the reported deficiency is not a component failure, but 

rather the component was prevented from performing its intended function, or 
performed to the limits of its specifications, die failure mechanism will be "human 
interaction". Some common examples of human interactions are failure to remove 
isolation after maintenance, design deficiencies, incorrect procedures or instructions, 
and out of specification parts. 

• Ground Fault - This failure mechanism is made available for any component where a 
ground fault could possibly occur. 

• Unknown - If there is not one clear immediate cause of the failure, the failure 
mechanism "unknown" is selected from the list This situation may arise in a number of 
instances, but typically it is due to inadequate work report information or the fact that a 
component was replaced with no further investigation. Occasionally, the work package 
describes the repair or replacement of many of the subcomponents, with no clear 
indication as to which subcomponent might have been the cause of the component 
failure. 

• Unspecified - This failure mechanism will be selected when the maintainer arrives to 
investigate a reported fault but the fault no longer exists. The fault has disappeared, for 
unknown reasons, in the time between the DR origination and the investigation. 

Space is provided for the data analyst to enter brief comments of useful information which 
is not already evident or to clarify information for the benefit of the end user. Comments 
are mandatory wherever the failure mode or the failure mechanism is "unknown", where 

filter/regulator 
gearbox 
human interaction 
plug/seat 
stem 

gland packing 
fitting 
motor 
position indicator 
unknown 

flange/gasket 
ground fault 
operating mechanism -
positioner 
unspecified 
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the failure mechanism is "human interaction", or where rework is performed. Rework can 
occur when an item fails immediately following completion of a repair, both within a single 
work package or as a subsequent work package. The data analyst is trained to recognize 
this situation and rater "rework" in the comments field. This information is used as a key 
word in the data analysis of potential rework. 

- The data analyst is also given the opportunity to declare the record not relevant if, after 
careful review of all the work package information against the criteria for relevance, it is 
deemed not relevant. In such a case, no effort would be expended to identify the failed 
component or to provide other related information. 
During the data review process of a single work package, the data analyst may discover 
several failed components, or alternatively, the single work package may have been 
originated for work on several different components.' Wherever this occurs, the data ' 
analyst will have the ability to automatically generate additional records for the other Jailed 
components. The program will prompt for the number of multiple records required, and 
will generate these records with a label (Ml, M2, M3, etc.) indicating each multiple 
record. The program will automatically divide the active repair time, person hours, dose 
and material cost from the original record, equally among the multiples. The data analyst 
must complete the review process for each record by identifying the failed component, 
selecting the failure mode and failure mechanism, and providing comments where 
appropriate. 
The data analyst is required to evaluate each event to determine if the component involved 
has- an associated parent component If it does, the data analyst must determine what the 
effect was, on the parent component from the failure of the child. The effect will normally 
be stated in the work package information. If there was no effect on the function of the 
associated parent component the failure is deemed to be noncurtailing to the parent 
component and no further action is required. If there was an effect on the function of an 
associated parent component or if the parent component was taken out of service to 
repair the child, an additional record must be generated for the parent component On 

: occasion, the failure of a child component may have an effect on the function of more than 
one parent component and additional records must be generated for each of these parents. 
The data analyst will respond to a prompt from the program to indicate the number of 
parent components involved. The program will then generate records for each of the 
parents, with a label (Pl_l, P2_l, P3_l), and a label (CI) for the originating child record, 
to distinguish between these records. The data analyst must complete the review for 
process for each of the parent records by identifying die parent component selecting the 
failure mode and failure mechanism for the parent component and providing comments 
where appropriate. Facility is also provided, to generate records for parent components 
from multiple failure records, from a single work package. It is also possible to generate 
records for child components, if the originating record happens to be for a parent 
component 
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It may be noted that by generating additional records in the parent/child case, double 
counting of failure events will occur in subsequent data analysis in CORDS. The CORDS 
program has been designed to take this into account during analysis. 
The parent/child methodology, although appearing to complicate the data compilation 
process has in fact, made the compilation process much simpler by eliminating the need for 
extremely lengthy failure mode and failure mechanism lists for each component, and by 
permitting a simple narrative boundary description. It has also generated a number of 
benefits in the CORDS data analysis, such as eliminating the need for complex algorithms 
to model all of the possible parent component combinations for a single data request by 
the user. 
The total number of data records is increased by about 26% due to the generation of 
additional records for multiple failures from a single work package, and a further 5% due 
to the generation of additional records due to parent/child relationships. The data review 
process is now complete, and the data analyst saves the file as a reviewed or REV file. 

Verification 

A lead data analyst performs a verification of the work performed by the data analyst The 
verifier is permitted by the WMSDATA program to view all those records which have 
been declared not relevant, and to perform all the data analyst's functions. The lead 
analyst would as necessary, make changes to such fields as the failed component 
identification, failure mode, failure mechanism and to the active repair time, person hours, 
dose and material cost fields, in cases where the equal division of these quantities in the 
generation of multiple records has not been appropriate. A verification of at least 20% of 
the records in the REV file is performed. 

Audit 

Auditing of the data file is performed by an auditor from the RDS unit The auditor will be 
looking for trends in the data compilation process which may adversely affect the quality 
of the compiled data. The WMSDATA program assists in the audit process by indicating 
which records are not satisfactory due to specified criteria such as a blank data field. On 
average, at least 10% of the data records are audited. 
Upon completion of the audit, the auditor saves the data file as a verified/audited VER 
file. The auditor will then use the WMSDATA program to perform an upload of the 
compiled data to CORDS. 
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Some Thoughts on Data Quality and the Future 

Since the inception of the component reliability data compilation process, data quality and 
integrity has been paramount, with due consideration to cost-effectiveness and resource 
requirements. Every aspect of the process has been examined on an on-going basis, to 
ensure credibility with the end user. Much of the success of these efforts can be attributed 
to an approach which utilizes the capabilities of modem technology to minimize human 
effort, and wherever possible, to ensure that data elements which must be manipulated are 
not subject to the possibility of human error. This is coupled with a strong recognition of 
the importance of the human interface in die form of skilled data analysts who can best 
interpret the reports of their peers. 
It is not uncommon that different parts of a utility use different means, or the same means 
differently, to obtain more or less the same data. This leads not only to inefficiencies in 
data compilation, but more critically to inconsistencies which result in different values for 
the same data. Recognizing this, about a year ago, a Business Process Improvement 
Review was performed with a view toward identifying a cost-effective means of providing 
quality data. Its scope included the Operational Reliability Program, the Maintenance 
Program and the Risk Assessment Program. The review report recommended an 
integrated approach to data compilation, employing a data analyst for each station and an 
almost identical data compilation process to that described in this paper. We are on our 
way to developing an integrated data compilation system for implementation at two of our 
four sites. Such a system and the resulting data are necessary for an organization to work 
with facts as an essential element of quality operation and business success. 
The business climate today puts enormous pressure on the delicate balance between the 
manager's need for the data quality which is necessary to make informed and effective 
business decisions, and the resources required to compile the data. Colourful pie charts 
and volumes of data may lead managers to believe that they are getting the most "bang for 
the buck" from their data compilation programs, when in actuality, the potential exists for 
their decisions to be based on poor quality data. 
Stan Kabala is the president and chief executive of Unitel, which is engaged in fierce 
competition with Bell Canada for a share of the Canadian long distance telephone market 
He was recently hired to turn the company around and make it profitable, from its current 
losses which are in the range of a million dollars a day. Mr. Kabala was quoted in the 
March 27,1995 Toronto Star newspaper Business Section as having a motto by which he 
runs the show. The motto is as follows: 
" In God we trust All others bring data." 
He may wish to insert the word "quality" in that motto. 
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Figure 1 

WMSDATA Program "Review" Screen 
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ABSTRACT 
This paper describes various kinds of efforts, such as the collection and analysis of 
raw data from plants operating records and the development of computer program to 
construct Korean generic database by processing various kind of generic data sources 
and plant-specific data. This database has been and will be used in PSAs of operating 
and new constructing NPPs in Korea. It also discusses on the history and plan of 
establishment of computer environment in Korean NPPs for operation and 
maintenance data collection. 

1. Background and History 
Since the first commercial operation of Kori Unit 1 in 1978, nuclear power generation 
in Korea has rapidly grown up to be the most important electric power source by 
supplying about 50% of the total electricity. Currently Korea has 9 operating nuclear 
units and 9 under construction, and 9 more nuclear power plants are under plan by 
2007 as shown in Table 1. 
Korea performed PSA for Kori Units 3&4 and Yonggwang Units 1&2, which are 
Westinghous 3 loop plants. This is unique PSA for operating plants. The PSA for the 
other operating plants will also be performed in near future. We have performed PSAs 
for every new plants such as Yonggwang Units 3&4, Ulchin Units 3&4, Wolsung 
Units 2,3,4. 
The development of a generic database as well as a plant-specific database is essential 
in perfoming PSA. Moreover, the quality of a PSA depends heavily on the accuracy 
and consistency of the reliability database employed. 
Since the first PSA related research started in mid of 1980's in Korea, there has been 
growing need to develop a reliability database in a systematic and consistent way. 
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Reliability data can be divided into two major categories; namely, generic data and 
plant-specific data. Collection of plant-specific data needs a lot of manpowers and 
supports from plant operation personnel. Therefore, it is sometimes very difficult job 
to collect and analyze the data without computerized data acquisition system. To use 
generic data, there needs understanding of background of data sources and the 
applicability of data to specific purpose has to be analyzed at first. 
In 1987, KNRDS (Korean Nuclear Reliability Database System) was conceptually 
designed and proposed by Kim et al, based on two-stage Bayesian (TSB) approach to 
integrate various kind of raw data sources, such as, foreign PSA report and operating 
experiences of foreign and domestic nuclear power plants [1,2]. 
The schematic diagram of this methodology is shown in Figure 1. This figure 
describes the concept of obtaining the Korean-specific reliability database, which is 
updated with the incorporation of both of the reported generic reliability data and the 
operation experiences of similar plants. In the first stage of TSB approach, the foreign 
data previously collected and classified, such as WASH-1400 and IEEE Std-500, can 
be considered as the "first-stage prior distribution". The "first-stage likelihood 
function" of similar plants can be generated by the extraction from foreign event 
reports such as the LER and IRS, and Korean event reports. From this information, 
the generic reliability data of components of interest are then obtained. This is called 
"first-stage posterior distribution", which is used as the prior distribution in the second 
stage. 
In the second stage, the reliability data of interest for a Korean-specific plant are 
extracted from the computerized file of event reports through an extraction system. 
This extracted information is considered as the "second-stage likelihood function". 
Using these, the second stage calculation" is performed. The generated posterior 
distribution represents the current state of knowledge for Korean-specific components 
incorporated with foreign data and with the operation experience of similar plants. 
Moreover, if sufficient operational experience is accumulated by Korean nuclear plants 
and the information is computerized, then the reliability data extracted and processed 
from this system may be generic just as the foreign reduced data. 

2. Collection of Plant-Specific Data 
There have been a few trials by KAERI to collect and analyze Korean plants-specific 
data for use in PSAs. The first attempt was in mid of 1980's for failure and 
maintenance data of pumps and valves from Kori Nuclear Unit 1, which is the first 
NPP in Korea. The surveyed data covers the first five years of commercial operation, 
1978 through 1983. Major data source was Trouble Reports (TRs). The results of 
failure rate estimation for the pump and valve are summarized in Tables 2 and 3, 
respectively [3, 4], 
Another attempt was to develop the loss of off-site power (LOOP) event frequency at 
Kori site [5] and to estimate reliability of Emergency Diesel Generators of Kori Units 
3&4 [6], Main data sources were operator logs, maintenance requests, and 
surveillance test records. Cross checks between these sources and interview with 
operations personnel were also made. The other attempt was to estimate the 
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reliability of emergency diesel generators of Kori Units 3 and 4. This attempt was 
made for preparing plant-specific failure rate and maintenance unavailability for Kori 
Units 3 and 4 PSA. 
There have been efforts to collect reactor trip events and categorize this operating 
records according to the purpose of specific applications in individual organizations, 
such as, KEPCO (Unique utility in Korea), KOPEC (A/E company and BOP designer), 
MOST (Government organization for regualtion), KINS (Technical support for MOST 
in regulation), and KAERI (NSSS designer and R&D organization). KEPCO uses this 
data as performance indicator of each NPP. KINS uses this record in evaluating each 
incident. KAERI and KOPEC use this data in categorizing initiating events in PSA. 
Plant-Specific Data for Kori Units 3&4 and Yonggwang Units 1&2 PSA 
Each event in the logic or system fault trees required probabilistic data. The initiating 
event data for the Kori Units 3&4 and Yonggwang Units 1&2 PSA drew on industry 
experience and on the operating experience of the Kori Units 3&4 and Yonggwang 
Units 1&2. For the initiating events postulated to result from Kori units 3&4 and 
Younggwang Units 1&2 specific system failures, simple fault tree models and data for 
the component failures were used to estimate the initiating event frequency. 
Failure data for components were developed from the generic industry experience 
updated with plant-specific data for Kori Units 3&4 and Younggwang Units 1&2. The 
industry data were drawn from the Appendix 1 (KAG) of EPRI's URD (Utility 
Requirement Document) [7]. The plant-specific data were obtained by reviewing 
maintenance work requests and operation logs for failure types, durations, and the like, 
and by estimateing the number of opportunities for, or the time between failures. This 
plant-specific information was combined via Bayesian equation with generic failure 
rate or demand failure probability distributions to obtain updated reliability data for 
each type of component represented in the fault trees. Mean values were used for 
point estimate quantification throughout the study. A calculation of the uncertainty 
due to the input data was performed for the important core damage sequences. 

3. Establishment of Generic Reliability Database 
In a PSA, there needs three kinds of reliability database: (I) Component failure 
database, (2) Human reliability database, and (3) Common cause failure database. 
Since the results of PSA depend on the availability of reliability data, the quality of 
reliability database is very important. 
Component Failure Database 
The first attempt to develop a reliability database has been concentrated in the 
area of establishing generic reliability database. Generic data can also be divided 
into two classes; generic plant data and generic book data. The former can be 
collected by searching event reports from various plants. However, this work 
would be time consuming without generic plant data collection system. 
Moreover, generic plant data are not easy to come by. For these reasons, we 
started to collect and survey generic data sources first. Two sources were found to 
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be most representing. They are ALWR URD PRA D/B [7] and IAEA D/B [8]. 
The former adopted most recent US data, whereas the latter referred most database 
all over the western countries. The number of databases referred by them is 28, and 
they cover most of the literatures referred by various PSA's performed so far. 
MPRDP code was used to process the data sources by Bayesian approach. As a 
result, a generic database was established, which have been used for PSAs to be 
performed in KAERI. Figure 2 shows one example sheet of generated generic 
database for motor operated valve. 
Common Cause Failure Database 
A windows version of computer code COCOA-Win [9] was developed to provide 
common cause failure (CCF) parameters for PSAs. It calculates CCF parameters of 
multiple Greek letter (MGL) or Alpha factor model based on the impact vector 
approach suggested by NUREG/CR-4780 [10]. It incorporates a database for CCF 
data. The data was compiled from several sources. The primary source of datai is the 
EPRI NP-3967 [11] and the other sources of data are LER, NUREG/CR-4780, and 
EPRI KAG. Each common cause failure event of those sources was reviewed and 
analyzed to produce impact vectors, which was stored in the database with other 
information. Currently, CCF data was analyzed for 4 types of valves, 4 types of 
pumps, diesel generator and battery. About 200 records for US LER description and 
impact vectors estimated has been inserted up to now. These impact vectors were 
used in calculating CCF basic event probabilities of MGL model parameters in 
Yonggwang 3&4 and Ulchin 3&4 PSAs. 
Human Reliability Database 
Human reliability analysis (HRA) is an important part of PSAs. ASEP [12] 
methodology is basically used for PSAs in KAERI. Because of uncertainties in HRA, 
human reliability data used in several PSAs were compiled to compare human error 
probabilities for similar human actions. About 450 human reliability data were 
gathered and stored in a database from 10 full power PSAs and 2 low power / 
shutdown PSAs [13]. 

4. Development of MPRDP Code 
It was decided to develop a generic reliability database by updating data provided 
by various sources. MPRDP (Multi-Purpose Reliability Data Processor) code has been 
developed at KAERI [14, 15]. The purpose of the development is to construct a 
reliability database (plant-specific as well as generic) by processing various kind of 
reliability data in an objective and systematic fashion by Bayesian updating 
architecture. A generic component reliability database is constructed and used in 
Korean PSAs. 
MPRDP code was employed to update various reliavility data sources. Based on the 
'two-stage Bayesian' approach, this code treats well most of data available. The first 
stage combines generic plant data to decide a set of generic estimates representing 
them, and updates it with the rest sets of estimates from other generic data to finally 
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provide a generic failure rate distribution in the form of parameter estimates 
(median and error factor in lognormal distribution) representing it. The second 
stage updates the generic distribution with the plant specific data, when available. 
The resulting parameter estimates were reported in three forms; (1) generic data 
collection work sheets, (2) distributions showing the ranges of input data as well as 
resulting distribution, (3) a summary table which can be used as an input deck for 
future PSA works. We provided graph forms for anyone to understand the variability 
of input data and the resulting failure rate estimate. 
After reviewing those graphs, we concluded that the updates are satisfactory, since 
most of the resulting distributions seem to be reasonable. However, one major 
problem still remains unidentified; the treatment of dependency among data sources. 
This issue is a subject of further research. We have a plan to quantify the 
dependencies and treat them within a statistical framework. A couple of parallel, but 
closely related studies will also be performed. One is the development of data 
acquisition system, and the other is the enhancement of the interfaces. 

5. Computer Systems for Support of Operation and Maintenance 
PUMAS/N 
For operation and maintenance, many independent computer programs and databases 
for various tasks are used in plant sites. PUMAS/N (Power Unit Management System 
/ Nuclear) [16] is a typical program for nuclear plant operation and maintenance. 
Major function modules of PUMAS/N are introduced in Table 6. Some other 
representing programs used to support operation and maintenance at plant sites are 
shown in Table 7. 
Although the programs cover broad range of plant related activities, the existing 
systems fall short in meeting efficient information management due to: (1) the rapid 
increase of the amount of information as plant operation years increase, (2) new 
information need as new tasks are created, and (3) new user requirements which have 
not been expected at the time of their developments. To resolve these problems, 
KEPCO continued modification and maintenance of the systems. However, the current 
structures of the systems have limitations in improving the system performance and 
usability. These situations lead to demand on new database system which meets 
various user requirements and reflects new computer technologies. 

Some NPPs in Korea uses computer program to aid maintenance and to record the 
results. We tried to collect component reliability data from this computer system, 
which is called PUMAS/N [16]. PUMAS/N was designed for support of various kinds 
of operation and maintenance activities, for instance, the standard maintenance 
informations like a needed manpower, cost, and materials, trouble report recording, 
the equipment informations, the spare parts control, etc. 
Currently, PUMAS/N is used in KORI site. However, due to equipment numbering 
system difference, other sites are not fully utilizing the system yet. In Yonggwang and 
Ulchin sites, their own databases and application programs are developed and used. 
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Wolsong site is also in similar situation. In addition^ instrument database includes 
operation history of 18,000 instruments, their specifications, check-up periods, check-
up records, and calibration records & results, etc. Particularly, a program called Call-
Up is well utilized, which automatically lists up periodic preventive maintenance items. 
One of major functions of PUMAS/N is storage of Trouble Reports (Trs) for 
maintenance work management. However, we found that it has some weakness to use 
it for PSA purpose. It does not have records of surveillance test result and it has no 
accurate timings of the start and the end of maintenance. We recommended the plant 
operating personnel to overcome these weakness. The computer system of PUMAS/N 
is a kind of old-fashioned, for instance, the centralized computer architecture and the 
network DBMS, etc. Therefore, we recently established a plan to revise this 
architecture into a distributed client/server computing environment and an object 
oriented database, and so on [17, 18]. 

MAPS 
MAPS (Maintenance Assister for Power Stations) is maintenance-support software 
developed for use at a power station or process plant, which has been developed at 
Korea Power Service (I^S) [19]. KPS is a subsidiary company of KEPCO. KPS is in 
charge of maintenance of nuclear and fossil plants. MAPS offers the following 
benefits: allowing the establishing of a predictive maintenance system through the 
analysis and measurements of equipment performance, and the estimating of the 
amount of required resources at each work stage. MAPS was developed in 1993. 
This system was installed at 9 operating Korean NPPs in 1994. 
MAPS consists of three major parts; management of equipment database and related 
resources to their exact specifications, management of work requests and equipment 
histories, and condition monitoring management for predictive maintenance through 
the analysis of critical equipment measurements. Now, 25 component types are 
managed in MAPS. Overall, about 40,000 components are specified. Now, 7,000 
preventive maintenance and 18,000 corrective maintenance history records are stored 
for these components for latest 2 years, i.e., 1993 and 1994. 
A Planning Study of Integrated Database System 
It is required an infrastructure to acquire necessary information easily of the 
management of operation, maintenance, and research of nuclear power plant. 
Currently, computer systems for plant management such as PUMAS/N are used, but 
due to the increasing the amount of data and user's requirement for high quality data, 
they are not able to respond fully. Therefore, it has been established a long-term 
research program up to 2001 to build an integrated database system. For this purpose, 
a planning study was conducted recently [17, 18], 
It has been conducted a survey of domestic and overseas status of database systems 
used in nuclear industries. Based on the survey results, reference models have been 
selected and a configuration of the integrated database has been constructed. And then 
the scope of database, application programs, and computing environment have been 
proposed. 
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The requirements of various organizations has been surveyed. Plant sites emphasized 
the convenience in performing their duties and comprehensive search of their required 
information, and the headquarters wanted portable information among sites, and 
management information. Research institutes required detailed information to conduct 
a series of researches regarding plant life time management, reliability centered 
maintenance (RCM), preventive maintenance, etc., and industries wanted to acquire 
operation feedback to improve their design and manufacturing quality. 
The target plants cover 9 operating units and 11 constructing/scheduled units. 
Because the operating units already accumulated a large amount of non-digitized data, 
they are the primary targets. For the constructing/scheduled units, it is desirable to 
operate the database system at the time of their commercial operations, otherwise, the 
additional work to digitize cumulated information is a waste. To construct the 
database, operation and maintenance records should be analyzed and inputted. 
Work computerization is an important factor for the maximum utilization of database. 
However, in order to apply the computerization successfully, process reengineering 
should be performed to establish a new work style that is closely related with the 
computerization. 
An organization to manage and serve various information and computing environment 
should be established, too. It is such an important factor in the continuous update and 
effective use of the system. It is also suggested a promising system in the near future 
including the downsized and distributed client/server computing environment, and the 
object-oriented database. 
Based on the result of this planning study, the scope of database, database application 
programs, development strategy, etc. are estimated. A master plan for the long term 
development program also has been developed. The results of the study can be 
utilized as a basis in developing a detailed implementation plan. 

6. Conclusions 
In this paper, the history of efforts for establishing reliability database for Korean 
plant-specific and foreign generic reliability data are described. We have used 
Bayesian updating technique to integrate various reliability data sources. We collected 
and analyzed plant specific operating experience for the PSA of operating NPPs, while 
an integrated generic reliability database is used in new NPPs under 
construction/design. While nuclear power plants are increasing recently in Korea, it is 
concluded that the collection and analysis of surveillance test and maintenance data is 
not easy work that more efficient computer environment is needed. 
To collect reliability data at site for PSA purpose only is additional burden to site 
personnel. Therefore, a plan to reestablish a computer support environment at site, 
which meets the operation and maintenance (O&M) support purpose as well as the 
safety evaluation (PSA) purpose, is established recently. Recently developed 
computing technologies such as the downsized and distributed client/server computing 
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environment, and the object-oriented database technology will satisfy the goals 
mentioned above. 
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Table 1. The Status of Nuclear Power Plants in Korea 

Plant Capacity Commercial Plant Capacity Commercial Plant (MW) Operation Plant (MW) Operation 
Kori #1 578 1978 Ulchin #4 1000 1999 
Kori #2 650 1983 Wolsong #4 700 1999 
Wolsong #1 700 1983 Yonggwang #5 1000 2000 
Kori #3 950 1985 Yonggwang #6 1000 2001 
Kori #4 950 1986 PWR #19 1000 2002 
Yonggwang #1 950 1986 PHWR #21 700 2002 
Yonggwang #2 950 1987 PWR #20 1000 2003 
Ulchin #1 950 1988 PHWR #22 700 2003 
Ulchin #2 950 1989 PWR #23 1000 2003 
Yonggwang #3 1000 1995 PWR #24 1000 2004 
Yonggwang #4 1000 1996 PWR #25 1000 2005 
Wolsong #2 700 1997 PWR #26 1000 2006 
Ulchin #3 1000 1998 PHWR #27 700 2007 
Wolsong #3 700 1998 Next Generation after 2007 

Plants 
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Table 2. Summary of Pump Failure Rate Estimation of Kori Unit 1 

Population = 183 
% Operating Time = 37.1 % 
Total Operating Time - 5 years x 365 x 24 x 0.371 x 183 = 2,971,680 hours 
Total Number of Demands = 5 x 12 x 183 = 10,980 

Failure to Start Failure to Run 
# of Failure 9 48 
Failure Rate 8.2E-4/demand 1.6E-5/hour 
IREP Data 1.0E-3/demand l.OE-5/hour 

Table 3. Summary of Valve Failure Rate Estimation of Kori Unit 1 

Check Valve Manual Valve Motor Valve Air/Fluid Valve 
# of Valves 284 1,577 108 177 
# of Failure 2 69 5 18 
Failure Rate 1.2E-4 7.3E-4 7.7E-4 1.7E-3 
IREP Data 1.0E-4 1.0E-4 1.0E-3 1.0E-3 

Failure Mode : Failure to Open 
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Table 4. Component Failure Summary of Kori Units 3&4 
Component Name Failure Mode Number of 

Failures 
Chiller Fail to Start 23 
Chiller Fail to Run 51 
Emergency Diesel 
Generator 

Fail to Start 12 
SSILS Control 
Circuit 

Fail to Run 23 
TDP Fail to Start 6 
MDP Fail to Start 4 
Containment Spray 
Pump 

Fail to Start 3 
NSCWPump Fail to Start 2 
EChW Pump Fail to Start 1 
MOV Fail to Open/Close 52 
AOV Fail to Open/Close 38 

Reactor Years = 5.25 Yrs 

Table 5. Component Maintenance Unavailability of Kori Units 3&4 
Component Name Maintenance | Component Name 

Unavailability | 
Maintenance 
Unavailability 

AOV 7.1E-4 RHR Pump 7.7E-3 
MOV (Tech Spec) 3.4E-4 Charging Pump (1 Pump) 9.7E-2 
MOV (Non- Tech 
Spec) 

3.6E-4 Charging Pump (2 
Pumps) 

1.4E-2 
Containment Spray 
Pump 

5.6E-3 CCW HX A 3.4E-3 
NSCWPump 2.2E-4 Central Chiller (1 Chiller) 2.5E-1 
NSCW Train 6.7E-3 Central Chiller (2 

Chillers) 
1.2E-1 

CCW Pump 5.6E-3 Central Chiller (3 
Chillers) 

2.6E-4 
CChW Pump 3.8E-2 Essential Chiller 1.3E-1 
EChW Pump 1.9E-2 Emergency Diesel 

Generator 
9.0E-3 

Startup Feedwater 
Pump 

6.0E-2 
AFW Pump (MD) 1.2E-3 | 
AFW Pump (TD) 1.3E-2 I 
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Table 6. PUMAS/N Modules and Functions 
Module Functions 

Maintenance 
management 

- Corrective maintenance management including TR 
(Trouble Report) 

- Maintenance schedule management 
- Job orders management 
- Preventive and annual maintenance data management 
- Equipment maintenance history data management 

Equipment & material 
data management 

- Search, insert, modify, delete, and report-generate the 
data of equipment, maintenance parts, and 
manufacturer & supplier 

Spare parts inventory 
control 

- Search the necessary spare part, its stocking level in the 
warehouse, purchasing quantity if necessary, purchasing 
cost, optimal purchasing time, and total consumed 
amount of spare parts * 

CRIP (Critical path 
analysis system) 

- Used for overhaul which is performed annually during 
plant refueling period. 

- Consists of (1) standard data management for overhaul, 
and (2) overhaul management which has overhaul 
scheduling functions and progress schedule reporting, 
and etc. 

Operation history and 
Radiation exposure 
management 

- Operation performance management which handles 
daily operation data, monthly operation plan vs. 
performance and report generation 

- Radiation waste management which treats daily, 
monthly and annual data for gaseous, liquid and solid 
radiation-wastes 

- Radiation exposure management which manages 
personal radiation exposure history. 
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Table 7. Some Other Selected Softwares for Plant Operation and Maintenance in 
KEPCO. 

Software Functions 
ALARA Personal radiation exposure management 
RMDY Plant operation status management 
Repair Management Trouble and repair status management 
Plant Safety Checkup Management of recommendations, comments and orders 

received from regulatory body 
Environmental 
Radiation 

Management of radiation monitoring data 
Water Chemistry Management of the primary and secondary water 

chemistry data 
Radioactive Waste 
Management 

Management of radioactive wastes amount and radiation 
level 

Material Management Management of spare part for maintenance 
Periodic Checkup Preventive maintenance planning and management of 

preventive maintenance period and its results 
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Table 8. List of Surveyed Generic Data Sources 
1. NUREG/CR-4550 
2. NUREG/CR-13 63 
3. OCONEE PRA 
4. OCONEE PRA 2 (NO. 18) 
5. SEABROOK PSS 
6. SEABROOK PSS 2 (NO. 18, 23) 
7. NUREG/CR-2815 
8. ALWRPRAKAG 
9. NREP DATA BASE 

10. IREP PROC. NUREG-2728 
11. WASH-1400 
12. NUREG/CR-5116 
13. IEEE 500 
14. NUREG/CR-1205 
15. N.E.(NORTHEAST) UTILITIES 
16. SWEDISH NPP 
17. ZIONPSS 
18. NPRD-2 
19. NPRD-3 
20. MILLSTONE PS A 
21. NUREG/CR-1362 
22. NSAC-108 
23. NUREG/CR-2989 
24. ONTARIO HYDRO 
25. NUREG/CR-0666 
26. GERMAN RISK STUDY 
27. SIZEWELL 
28. SHOREHAM 
29. GENERIC PLANTS 
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Implementation of a Component Reliability Data Base and Analysis Package 
at Nuclear Electric Power Stations 

Nuclear Electric operates 12 nuclear power stations in England and Wales. Previously part of the 
national electricity utility (the Central Electricity Generating Board), NE is still publicly owned but 
operates in direct competition with the privatised conventional generators National Power and 
PowerGen. NE is currently the second largest electricity generator in the UK, with around 60 
TWh/year being generated by its 6 Magnox stations, 5 AGRs and now 1 PWR. 
Nuclear Electric has recently developed and implemented a plant component reliability database and 
analysis package 'REGCARD'. REGCARD itself is PC based, but it is part of an integrated data 
collection process, and derives most of its data from the corporate work control computer. It is an 
important aspect of the process that all stages of the data collection and analysis are carried out by 
existing station staff. 
This paper provides an overview of the REGCARD package and also describes the processes involved 
in specifying, developing, implementing and operating the overall system. 

1. System Requirements 
Nuclear Electric (and its predecessor) have been recording reliability data on many areas of reactor 
plant for tens of years. However, the records were dispersed and were largely in paper format or 
on a variety of local computer systems. Data retrieval was therefore time consuming and costly. 
Nonetheless, reliability data retrieval and analysis was becoming increasingly necessary to demonstrate 
that the reliability of older plant was being adequately controlled. Remember, the UKs Magnox plant 
were amongst the first in the world to produce electricity commercially and some of those power 
stations are still operating economically at consistently high load factors. 
Therefore, Nuclear Electric's primary objective was to facilitate the early identification of trends in 
the reliability of older plant. For all power stations, however, other applications of reliability data 
have also been defined. 

The ability to identify trends in equipment reliability is required to support safety cases 
extending the period between major maintenance outages for AGRs. For both this application 
and the monitoring of Magnox plant, the key parameter is the reliability of a limited number 
of essential systems, not the performance of individual components. A range of system 
reliability trending analyses is therefore required to meet these Objectives. 
The latest AGR and the new PWR safety cases include Probabilistic Safety Assessments. In 
order to confirm the equipment failure rates assumed in the safety cases, station specific 
failure rate data must be built up, suitably collated to match the component groupings used 
in the fault trees, included in reliability analyses and then reported. 
Finally, significant commercial gains are potentially available through optimisation of 
maintenance strategies, requiring the collection of data on preventive maintenance as well as 
failures. The distributions of mean times to failure then need to be analysed to identify 
possible examples of over- or under-maintenance. 

In specifying and developing the required data collection and analysis system, other factors had to be 
considered. 
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Nuclear Electric operates 3 different reactor types and no 2 stations are identical (the 
consequence of a relatively small reactor build programme spread out over 30 years). 
Reliability data and die targets for data collection therefore need to be station specific as far 
as practicable. On die other hand, to minimise costs and satisfy Quality Assurance objectives, 
the data collection system needs to be as uniform as possible. 
Corrective (fault) and Preventive (planned maintenance) event data are recorded on the 
corporate mainframe system, PASSPORT, which in fact is used to generate Work Orders for 
all plant maintenance and repair tasks. In common with the structure used for the mainframe 
system, reliability data are collected on a location or 'slot' basis (that is, the function of 
whatever equipment occupies a specific location or 'slot' rather than tracking a particular item 
of equipment). There are several advantages in collecting reliability data on a 'slot' basis. 
In particular, all the parameters affecting reliability, such as equipment type, operating 
conditions and maintenance schedule, are included within the database. The need to separately 
account for the effects of such factors is therefore avoided. 
The collection of data, the maintenance of the databases and the analyses of selected data is 
the responsibility of existing station staff, backed up by a small central support group. It is 
important therefore that the overall process is not over-complicated and that the time required 
to operate the process is minimised. 
Finally, of the total work records stored in PASSPORT, only a limited proportion are 
required for the reliability objectives described above. 

What was needed therefore was a flexible but uniform package capable of collecting selected time-
dependent reliability data (such as defects, repairs, tests, maintenance etc.) on locally defined groups 
of 'slots' and then performing a range of different statistical analyses on that data. 
What was BQJ appropriate was a component database holding fixed data such as equipment type, 
manufacturer, application etc. 
The data collection system specified and developed therefore consists of a series of station based PC 
databases using corporate software (REGCARD), but collecting station specific reliability data on user 
selected 'slots' via a link to the PASSPORT mainframe computer system. REGCARD offers full 
flexibility to the user in defining the grouping of slots for analysis and in choosing which analyses 
are to be carried out on the selected data. These aspects of the REGCARD package are summarised 
in Section 2 

2. The 'REGCARD' Based Data Collection and Analysis Package 
To fulfil the data collection and analysis requirements specified above, several steps have to be taken:-

• data collection via the existing Work Control system (PASSPORT), in a form 
amenable to computerised collation and analysis 

• transfer of selected data from PASSPORT to the REGCARD database 
• verification and collation of the data stored in REGCARD 
• analysis of selected subsets of the total REGCARD database 

Each of these steps is described in the following sections, and represented graphically in Fig. 1. 
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2.1 Data Collection 
The general procedure followed for all work carried out on Nuclear Electric's power station 
plant is as follows:-
Routine maintenance and corrective 
Work Orders are raised via the 
corporate mainframe system 
PASSPORT. A Work Control Card is 
issued which provides the engineers and 
craftsmen with the information they 
need to carry out the required work. 
The equipment on which the work is 
required is identified within PASSPORT 
by a unique Slot Reference. On 
completion of the work, the craftsman, 
under appropriate supervision by the 
responsible engineer, provides any 
relevant comments and allocates codes 
which identify details of the work 
carried out. For corrective maintenance 
work (i.e. repairs), these codes identify 
the item of equipment responsible for 
the defect (typical examples being 
'joint/gasket' or 'fuse'), the type of 
defect (eg. 'leak' or 'open circuit'), the 
importance of the defect for safety and for plant reliability and the action required (eg. 
'adjust' or 'renew'). This information is recorded on the Work Control Card then transferred 
onto the PASSPORT system which checks for valid and mandatory codes. 

2.2 Data Transfer 
Records that are required for reliability data storage and analysis are identified on PASSPORT 
by the setting of flags against both those slots which are part of equipment of interest and the 
task being carried out. This filtering of data is essential since tens of Thousands of 
maintenance events may be carried out each year on one station. The identified records are 
stored in temporary tables which are automatically updated at regular intervals. Data is 
transferred from those temporary tables to REGCARD when required using a fully automated 
process which also provides further data verification. Once the data is transferred, the 
temporary tables are cleared to ensure records are not transferred twice. 

2.3 Data Verification and Collation 
Before the transferred data is included in the main database, a final round of checks is carried 
out to ensure the codes are valid and the records complete and not duplicated. 
An essential aspect of the functionality of REGCARD is the requirement to perform reliability 
analyses not on individual components, but on groups of equipment. In REGGARD, these 
groups are generically termed 'Systems' since they often correspond to reactor systems such 
as 'Primary Coolant System', 'Essential Electrical Supplies' or 'Boiler Feed System'. 
However, all 'Systems' within REGCARD are user-defined as any desired selection of 'slots'. 
These selections may overlap or one may be a sub-set of another. For instance, these 
'Systems' may define large reactor systems, PSA Groupings or individual components. The 

PASSPORT 
I ns t r uc t i ons ps!331 

or-
Codes/Cflnmtrts 

I 
-cw-Running Hours 

REGCARO 

Am I is i t 

Figure l REGCARD Data Links 
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range of typical 'slot' 
groupings is shown in 
Fig.2 overleaf. Since 
Awe can be hundreds 
of thousands of Slot 
References allocated on 
a station, die task of 
defining 'Systems' is 
simplified by use of 
wildcards in the list of 
r e q u i r e d S l o t 
References. Therefore, 
because Slot References 
are hierarchical, xy* 
(i.e. any Slot Reference 
beginning with the 
characters xy) may be 
sufficient to define all 
slots within the chosen 
'System'. 

2.4 Data Selection and Analysis 
Once 'Systems' have been defined within REGCARD, these become the basic building blocks 
for all other REGCARD functions, notably in selecting data for analysis. It is important 
therefore that 'Systems' are selected to satisfy the station's analysis objectives. Also, 
'Systems' should not be so narrowly defined that event data becomes too sparse for 
statistically significant analysis nor so wide as to mask trends in specific plant areas. 
Data selection can in addition be made for specified date ranges, can be limited to certain 
item codes or can be defined by a particular failure mode. All records matching the chosen 
selection criteria are then copied from the main database into a subset on which a range of 
analyses may then be carried out. 
Since failure rates inevitably form part of the required statistics, before analysis can proceed, 
a suitable timebase, usually operating hours, must be calculated for the 'System'. Because 
plant states are not currently recorded on the PASSPORT system, a separate data input is 
required for REGCARD. The simplest method of deriving operating hours for selected 
'Systems' is to enter the time and date of state changes. REGCARD then calculates the hours 
per month that the selected 'System' is 'on'. 
The available analyses within REGCARD are listed below. Users are encouraged to use as 
many of these analytical tools as are appropriate to their objectives, in order to provide the 
most complete picture. 

• Summary Statistics - a preventive and corrective event count plus mean, failure rate. 
The data can be used for comparison with target values or historical results and also 
provides the input for PSA studies. 

• Pareto Plots - for failure items, failure modes or corrective actions. The results 
provide a convenient breakdown of the data, highlight dominant parameters and help 
to identify changes in fault patterns. 

Reactor 1 = Slot flel. 1* 
Feed System * Slol Bel. t24* 
Uiin Feed Puap = Slot Rel. 1247* 
Vi I »e - Slot Re1. 124119 

Figure 2 'System' Configurations 
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• Control Charts - plots of failure event rates over the selected time interval, with 
variable moving average facility. These graphs provide the simplest visual 
interpretation of trends in failure rates. 

• Cusum Charts - plots of the cumulative difference between monthly and period 
average failure rates. A sensitive tool for identifying changes in failure rates. 

• Rate-to-Date Charts - plots of the average failure rate over an increasing time 
interval. These provide an alternative indication of overall trends. 

• Weibull Analysis - calculation of the distribution characteristics of the Times to 
Failure . These results are used primarily to assist in maintenance optimisation by 
indicating if failures are more likely to be caused by components wearing out or by 
the system 'settling-in' after maintenance. 

4. System Implementation Issues 
REGCARD employs standard hardware and commercially available software for database 
manipulations and statistical analyses. Some difficulties have been experienced in' setting up 
automated links to the mainframe computer and in networking the software, but most of the 
challenges in implementing the system have been procedural rather than equipment based. The key 
issues are :-

Agreeing code tables (codes, eg., for identification of item failing, reason for failure, importance of failure, corrective action. A balance must be struck between providing the 
most appropriate categories and having tables so extensive that selecting the appropriate code 
becomes time-consuming. Also, if the list of codes is too long then records rarely fall in the 
same categories and statistics become meaningless. User experience and feedback is 
important in maintaining a credible code list, but changes must not be too frequent. 
Satisfying the wide-ranging requirements of 12 different power stations. The package has 
been kept as flexible as possible to accommodate local needs, but the ultimate criterion when 
adapting the software must be compliance with established corporate objectives. 
Training station personnel in the coding of work, the entry of data, the maintenance of the database and the analysis of the data. The tasks required of staff must be consistent with 
their abilities and training. 'Ownership' of the data and feedback on the results obtained are 
important in maintaining the quality of the database. 
Co-ordinating modifications to the PASSPORT corporate mainframe system and REGCARD. 
Both systems are subject to revisions at variable intervals. Because of the automated data 
link, any changes in PASSPORT that affect the format of the transferred data need to be 
accompanied by corresponding modifications to REGCARD. Changes of this nature can be 
readily accommodated since modifications to REGCARD, being PC based, are achieved with 
comparative ease. However required changes to the PASSPORT system must be planned 
many months in advance which restricts the flexibility of REGCARD. For the issuing of 
major revisions to REGCARD, the main consideration is the ease with which data from the 
previous version can be transferred since it is generally easier to transfer data than attempt 
to modify the database structure around existing data. 

108 



5. The Way Ahead 
The REGCARD package, as currently installed, is aimed mainly at satisfying requirements for 
identifying possible trends in plant reliability. However, it has the potential for meeting many other 
objectives. Areas identified for early or longer term development include:-

• The automated production of complete PSA reports. 
• Direct links to Reliability Centred Maintenance packages 
• The setting-up of a corporate reliability database 

An important aspect of REGCARD however is its adaptability, and most future developments will 
result from user experience. Since those users are station staff, it is possible to ensure that 
REGCARD will continue to provide the most appropriate tool in assisting stations achieve their 
objectives. 

6. Summary 
REGCARD is Nuclear Electric's reliability database and analysis package which has been successfully 
installed at all 12 power stations. It provides a very cost-effective solution to our data collection and 
analysis requirements. Features which may distinguish REGCARD from similar systems include the 
following:-. 

• records are based on the function of whatever equipment occupies a specific location 
or 'slot' rather than on identified components which are tracked from position to 
position. 

• records for different 'slots' are combined into flexible, user specified, groupings for 
analysis. 

• data collection, storage and analysis is the responsibility of existing station staff, 
backed up by a small central support group. 

• the specific and diverse needs of 12 different power stations must be accommodated 
within a corporate package. 

• REGCARD itself is PC based, but the total data collection process is achieved via the 
corporate work control system PASSPORT which exists on the mainframe computer. 
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COLLECTION O F RELIABILITY DATA T O B E USED FOR T H E 
SWEDISH T-BOOK A N D I-BOOK. 

1 Introduction 
In November 1994, two major data handbooks were published in Sweden. 
First in print was the fourth edition of the Swedish Reliability Data book - the so-called T-book. The 
data presented herein is now the most up to date reliability data on safety related components to be 
used in the safety analyses work and the PSA development at all Nuclear Power Plants in Sweden and 
Finland. 
The fourth edition covers data up to the end of year 1992. The statistics are based on totally 178 
reactor years of operating experience. [Ref 1, 2, 6] 
Second in print was the second edition of the Initiating Event (IE) data book - the I-book. This data 
handbook presents also the most updated Swedish and Finnish transient data and the "recommended" 
LOCA frequencies to be used in the PSA studies of the Nordic Countries. 
The second edition covers data up to the end of year 1993. Now the statistics are based on about 195 
reactor years of operation. [Ref 3] 
2 The T-Book 
The T-book is restricted to critical reliability data on safety related components in Swedish and 
Finnish NPPs, that lead to component failures and to repair actions. Demand, standby and time 
dependant numbers are also presented in the data handbook. The upgrade interval of a new T-book 
will from now be, about every second year corresponding to addition of 25-35 reactor years. 
The information used to produce this handbook consist mainly of all workorders and of the relevant 
LERs. The information is stored in a common data base, the TUD data base (earlier, the ATV data 
base), operated and owned by the NPP operators in Sweden and by the operator of the TVO in 
Finland. The data base was designed and taken into service already in mid seventies. After the TMI 
accident in 1979, the PSA activities increased dramatically all over the world, even so in Sweden. It 
was therefore necessary to do something with the stored information in the workorder database to 
provide the organizations working with e.g. PSAs in Sweden, with as good reliability data as possible. 
In 1982 the first edition of the T-book was issued. The second and the third editions were issued in 
1985 respectively in 1992. The TUD database stores today about 160 000 failure reports (workorders). 
The amount of critical failures treat in the last T-book is about 2500. 
Version four of the T-book, has recently been independently reviewed. SKI let the methodology 
undergo an independent review. Also the reliability data base (RDB) structure had in some sense also 
to be independently reviewed. Results from the reviewing work are explained more in detail in chapter 
2.4. It is very important for the users of reliability data (of any kind) that the regulatory bodies in 
different countries establish QC actions or audits in this particular field in order to establish 
confidence in the data. 
SKI has an observer role in the working group dealing with the general data merging process in 
Sweden. This work is organized and performed by the TUD office. SKIs role in the process is to grant 
that the regulatory body interests are considered in this important process. 
SKI has also funded the development of the mathematical models and codes to be used in the 
estimation of reliability parameters. 
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The failure rate models and the statistical methods used are described in the accompanying paper by 
Dr. Kurt Porn. Dr Porn's presentation is titled "Parameter Estimation of the T-book" 
2.1 Data collection and classification 

The data collection and the classification process are performed by the TUD-office in 
Stockholm. Once / twice a year, each NPP provides the TUD-office with a new upgrade 
of workorders. The workorders that will be added to the database have to pass a 
computerized check at the NPPs, before it can be transferred to the TUD system. 
Additional information in the TUD system, are information from each NPP's own 
maintenance information system. 
The criteria for transferring failure reports from the NPPs to the common information 
system at the TUD-office can be summarized as follows. Some classification codes must 
be coded artd filled in, on the original workorder stored in the NPP maintenance 
information system. The vital codes are e.g. the "object type" and/or some "statistical 
field." This process is fully computerized. 
Procedures and instructions for that particular action are included in the- general 
instruction for handling / operation of the maintenance planning systems at each 
individual NPP. In general, all failures in the safety - & process systems have to be 
transferred to the TUD system. More precisly, failures discovered at test, corrective and 
preventive maintenance, refueling that lead to any repair action is what will be reported 
to the TUD system. 

2.1.1 The TUD data base 
The information loop and the main structure of the system are shown in the figure 2.1.1-
1 below. 

The TUD Information System 
NPPs 

BarsebSck 1,2 
Forsmark 1,2,3 
Oskarshamn 1,2,3 
Ringhals 1,2,3,4 
T V O 1,2 

Reliability data 
Failure intensities 
Mean repair time 

Failure reports 
Faulty components 
Time 
Actions taken 
Verbal description 

Compnents information 
Type 
Manufactor 
Operating & maintenance data 

Operating profile 
Output effect 
Nr of activations 
Sum of operating houres 

Picture: RNy/SKI 
Figure 2.1.1-1, The TUD information system 
The data base runs today on a VAX decsystem 5000/240. The amount of information 
stored are appr. 160.000 failure reports, technical background information and profile 



data for 325.000 components. Figure 2.1.1-2 gives an overview of the amount of stored 
information in the TUD system. The TUD system is today an Oracle Windows data base 
application. 

The TUD Information System 

Picture: RNy/SKI 
Figure 2.1.1-2, Stored information in the TUD system. 

External users can after approval from the TUD-office reach and use some publicly 
classified areas and search patterns in the data base. 

Each report undergoes a quality check at the TUD-office, before the classification of e.g. 
critical faults can be accepted as data to be used as valid T-book statistics. In the future, 
the T-book will be published about every second year and one of the reasons to that is of 
course, to decrease the amount of information to do quality on at the time for a new 
edition of the data handbook. 

2.1.2 The SKI role in the data processing loop 
SKI is an active member in the working group dealing with the general data merging 
process in Sweden. This work is organized and performed by the TUD office on order 
from a joint SKI/licensee workgroup. The role of SKI in the data collection process is 
promoted that high quality reliability data are carefully maintained in the country. The 
working group referred to is a joint utility and SKI group. Participants are the leading 
persons at the safety offices at the NPPs and at SKI.The objectives are strategies for 
furter development of safety analysis issues. The group is also in fact the formal 
costumer of a new and updated edition of the T-book. 

2.1.3 Quality Control, results of the review of the mathematical model 
The mathematical model and the reliability data base (RDB) idea of the data merging 
process (in the TUD data base) used in the T-book processing work, were recently 
exposed to a first and an independent review during the fall of 1994. The reviewing work 
was performed by professor R.C. Cooke and his team at the TU Delft in the Netherlands 
on commission of the Swedish Nuclear Power Inspectorate (SKI). The bayesian 
methodology used in the T-book and reviewed is documented in the dissertation of Dr. 
Kurt Porn (Ref. 4). This independent review was presented for SKI and the operators in 
end of January 1995.(Ref. 5, 61 
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The review of the mathematical model. 
The general conclusions of work performed in phase 1 and in phase 2 of the reviewing 
work is gathered into this section. What is most important, the T-Book methodology has 
been validated, both from a mathematical and a computational standpoint. It represents 
perhaps the most sophisticated achievement of current reliability data base design ideas. 
On the other hand, it also inherits shortcomings in the current reliability data base. In 
particular, it ignores information from competing failure modes, preventive maintenance, 
degraded and incipient failures. It also ignores trends, aging, evidence of maintenance-
induced failures, repair times (necessary for availability calculation). Finally, it hard-wires 
a particular data-pooling scheme. 
Qualitative, graphic tools could be used for exploratory data analysis. Such analyses 
could precede and direct the application of sophisticated mathematical models. 

2.1.4 Quality Control\ results of the review of the data base concept 
The design of reliability data bases, generic issue. 
Three distinguished users of reliability data bases are forseen in the reviewing report, 
namely; 
* component designers 
* maintenance engineers 
* risk / reliability analysts 
What kind of information do these users need and are they getting all the information 
from current reliability data base designs? 
Both the component designers and the maintenance engineers need to distinguish good 
component performance from good maintenance on bad components. Both need insights 
into the naked failure rate1 for corrective maintenance. The component designer also 
needs to distinguish different failure mechanisms in order to identify week points in 
design. Needless to say, these failure mechanisms may be coupled by ail sorts of 
common causes, in which case the naked and the observed failure rates would not be the 
same. Using the observed failure rate could lead to wrong decisions. 
Concerning maintenance, the assumption that preventive and corrective maintenance are 
independent is very peculiar indeed. The maintenance engineer must measure 
maintenance and this requires separating the effects of maintenance from behaviour that 
the component would exhibit if it were not maintained. 
Finally, the risk / reliability analyst wants to predict failure probabilities of systems and 
identify risk contributors. For this he needs to know the component availabilities. 
However, he also needs to distinguish between different types of failures as; 
example: failure to start for a safety related pump may have much more severe effect 

than failure to stop. 
If his predictions concern the system from which the data is taken, then he can use the 
observed failure rates together with repair time distributions. However, if he is 
extrapolating data from one system to predict behaviour of another, then he must think 
carefully about the interaction of competing failure modes at both systems. At the very 
least, the analysis of his target plant must be based on the same pooling of components 
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and failure modes as the plant from which data is drawn. 
1 The naked failure rale far a given failure mode is the rate at which failures due to that mode would be 
observed, if all competing failure modes were removed 

Data output 

Component boundaries must be specified, to allow a specific way of follow-up and later 
calculations of data to be used. The figure 2.2-1 shows some boundaries used in the data 
merging process for control rods and control rod drives 

24 V . 110V . 380 V 

1, 1 r 

Logic »nd • j Control automation 11 Equipment for compon. 

; Clamping device 
I I 

[ndtcations 

Micros wit chcs 
Control Rod 

High pressure water (354) — 1 

Rod drive 
Piston pipe 

Drive nut 

Motor 

Figure 2.2-1, Component boundaries for control rods and control rod drives 
Due to the derivied time dependant data, the so called Living PSA program has a 
possibility to be successful in the Nordic Countries. The time dependent data takes e.g. 
into account the actual test intervals on components. Generic as well as plant specific 
failure characteristics are displayed in the T-book tables. The table 2.2-A below shows an 
example where the failure occurrence of the component is described by a failure rate 
only. 
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Table 2.2-A, showing a standby failure rate case, T-book version 4. 
Gas turbine Failure to start 

Operating mode: 
Nr of comp.: 
Nr of failures: 
Op. / Standby time: 

Standby 
4 
4 
3,269 E+5 H 

Osk + Bar 

Sort lOE-5/h 
Plant 5% 50% 95% Mean repair time (h) 
Barseback 2,5 6,8 13,5 7,3 4 
Oskarshamn 2,8 5,5 9,0 5,6 3 
Generic 1,2 6,0 16,6 7,1 4 

For certain groups of components the T-book failure characteristics are based on a 
compound unavailability model, q 0 + X * t - model, where q 0 describes the probability of 
demand-related failures while X stands for the rate where this model has been used. In 
the next table 2.2-B, a compound failure rate is presented. 
Table 2.2-B, showing a compound failure rate case, T-book version 4 

Centrifugal 
pump 

Sort 
Plant 
Bar.-l 
Bar-2 

Failure to start 
Operating mode: 
Nr of comp.: 
Nr of failures: 
Op. / Standby time: 
qO - 10E-5/d; 
5% 50% 

Intermittent 
154 Bar+For+Osk+Ring+TVO 
30 
31,420 E+7 H 
/tf - 10E-7/h (failure prob. / rates) 

0,0 
0,0 

1,7 
2.7 

95% 
59,2 
68,9 

Mean repair time (h) 
12,2 
14,9 

6 
9 

Generic \ 0,0 1,6 56,0 12,3 
Generic qO 0,7 4,3 24,1 7,2 

The I-Book 
The second edition of the IE data book - the I-book, presents the actual and during 1994 
updated Swedish and Finnish transient data and "recommended" LOCA frequencies to be 
used in the PSA studies of the Nordic Countries. The first version was published during 
the spring 1993. 
The I-book is available only in Swedish, but the table of content, the summary of the 
report, tables, diagrams e.g., are translated and prepared with English text to support our 
foreign readers. 
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Future plans about the I-book are that the frequencies of identified external events (EE) 
will be presented in the I-book. At the moment a joint project between the SKI and the 
domestic NPPs has been initiated, to define the procedures for data gathering and 
analyses and of external events. 

3.1 Data collection and classification 
The data collection of the initiating event (IE) data used in the I-book version 2 is 
basically based on all occurred scram reports. These scram or trip reports are comonly 
available. Information about each occurred scram at any reactor is reported to the 
regulatory body - SKI. The scram data and the classification of these were performed by 
representatives of the NPPs, according to classification scheme used in Sweden and 
Finland. These schemes are partly developed from the so called EPRI-lists, EPRI-NP-801 
and adjusted to fit for the Swedish conditions. [Ref. 3]. Table 3.1-A shows how the 
initiating events are classified in Sweden. 
Table 3.1-A, classification scheme of transients. 
Epri Nr INITIATING EVENT (in BWRs) Transient Code 
1 Electric load rejection TS. TE 
2 Electric load rejection with turbine bypass valve failure TS. TT. TE 
3 Turbine trip TS. TT 
4 Turbine trip with turbine bypass valve failure TT 
5 Main steam isolation valve (MSIV) closure TT 
6 Inadvertent closure of one MSIV TS. TT 
7 Partial MSIV closure TS. TT 
8 Loss of normal condenser vacuum TS. TT 
9 Pressure regulator fails open TT 
10 Pressure regulator fails closed TT 

Epri nr INITIATING EVENT (in PWRs) Transient Code 
1 Loss of (forced) flow in RC system (one loop) CAT2 
2 Uncontrolled rod withdrawal CAT1 
3 Problem with control-rod drive mechanism an/or rod drop CAT2 
4 Leakage from control rods CAT2. Within the makeup cap. - :10mm 
5 Leakage in reactor-coolant systems CAT2 
6 High or low pressurizer pressure CAT2 
7 Pressurizer leakage CAT2, Within makeup cap. 'lOmro CAT2 
8 . Pressurizer relief or safety valve opening CATI 
9 Inadvertent safety-injection signal CAT3B 
10 Containment pressure problem CAT2 

A specific working group was established to work with the improvement of the format 
for the new version. The working group had to spend about 1 calender year of time to 
upgrade the I-book version 1, with appr. 80 reactor years of transient data, between the 
operating years 1987 - 1993. 

3.LI Trip reports 
IE data have been collected since the start of each units commercial operation and to the 
end of year 1993. The data source for all transients except the transient TP - planned 
shutdowns, are based on the trip reports written and reported to the SKI. Transient data 
for the TP, is derived from the control room logbooks. 
The trip reports are classified into following transient categories for the ABB Atom 
BWRs; 

TS Unplanned shutdown 
TP Planned shutdown 
TT Loss of condenser 
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TF 
TTF 
TE 

Loss of feedwater 
Loss of condenser and feedwater 
Loss of main grid 

3.1.2 The SKI role in the data processing loop 
SKI has played a promoting role in the development of a data handbook presenting the 
transient frequencies to be used in the safety studies in Sweden and Finland. SKI has 
demanded die NPP organizations in Sweden to annually report for SKI the updated and 
classified information on occurred reactor trips (transients), according to the way we 
work with transient frequencies at our BWRs or PWRs. The reason is of course to have 
access to right transient information at any SKI request and at demand e.g., for decission 
making. An other reason too is to have verified and classified data present when it is 
time to work with the statistics for the third edition, about some additional 25-35 reactor 
years from now, in 1997-1998, and which will lead to LPS A applications. 
The I-book version 1 was funded to 100% of SKI. SKI funded 50% of the version 2 
costs while the other half was payed by the Swedish and Finnish (TVO) NPP operators. 
The product is concidered equelly important as the T-book for the development of PSA 
in Sweden. 

Statistical treatment with the software Trend Weare, a bayesian methodology. 
The bayesian trend analysis approaches described above seems both promising and 
useful. Due to various tendencies in the available statistical material concerning the 
occurrence of IEs we felt obliged to abandon typical reliability growth or learning 
models. Instead a more general and flexible trend model was chosen, based on the 
expanded Power Law Process. 
Further, the statistical treatment is fully Bayesian, an approach which is a statistical 
analysis of component failure rates applied in Sweden. Thanks to the Bayesian approach 
it is rather easy to compute the uncertainty of the primary parameters, the degree of 
tendency and the predictive probability distribution for IE. 
The classification structure and the method of statistical inference outlined above have 
been used in the recently issued I-book, a handbook for the treatment of initiating events 
in Swedish nuclear power plants. 
The Bayesian trend analysis model is a Poisson process with time-dependent intensity. 
For the analysis of, e.g. "aging phenomena" on transients or components, it is often more 
relevant to use times between failures for a given component as input, where by "time" is 
meant a quantity that best characterizes the age of the component (calender time, 
operating time, number of activations etc). Therefore, it has been considered necessary to 
extend the model and the computer code to allow trend analysis of times between events, 
and of several sequences of times between events. 
The following table 3.2-A and figure 3.2-1 show an example on numeric results and 
graphics used, in the I-book version 2. 

3.2 Quantitative Trend analysis 
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TABELL/TABLE - 9.3.1 

1NLEDANDE HANDELSE GRUPPI INITIATING EVENT GROUP - TT 

BWR - BarsebSck 1, BarsebSck 2 

NDT = Normerad drifttid / Normalized operating time 
IH / IE = tnledande handelse / Initiating event 
Kom.drift = Komersieli drift / Comersia! operation 

Sum / Total 

133152.00 
112741,20 

8 
7 
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Anl. / Plant - Index Ar/Year -74 -75 -76 -77 -78 -79 -80 -81 -82 -83 -84 •85 -86 -87 -88 -89 -90 -91 •92 -93 

B 1 - N D T 0,37 0,81 0,61 0,84 0,49 0,79 0,88 0,84 0,87 0,91 0,91 0,91 0,92 0,95 0,91 0,96 0,92 0,63 0,68 

B 2 - N D T 0,81 0,84 0,73 0,85 0,98 0.83 0,89 1,00 0,86 0,94 0,90 0,94 0,89 0,95 0,54 0,75 

B1 - IH / IE TT 0 0 4 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 1 
B2 - IH / IE TT 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 4 0 

B1 - Kom.drift 76-0S-1S Vartlon 2 
B2 - Kom.drift 77-01-21 

IH FREKVENSER / IE FREQUENCIES 

B1 B2 : : 
Par Ar/Year IH FREKVENSER / IE FREQUENCIES 

B1 B2 : : Sort = 1E+0 
Medal / M6an 0,636 0,776 

1 % 0,283 0,255 

5 % 0,333 0,328 

50% 0,530 0,670 
95% 0,767 1,655 

99% 0,869 2,148 

Std.av. 0,129 0,425 



Figure 3.2-1, Graphical result presentation of the initiating group TT (loss of condenser) 
at Barseback 1 and 2, as they are shown in the I-book version 2. 
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Qualitative trend analysis of occurred transients in the Nordic Country NPPs 
Each transient category at all NPPs has undergone a specific trendanaiyses by means of 
qualitative bayesian trend analyses Our data points consist of the number of occurred 
IEs correlated to the normalized operating time for each individual operating year and 
each NPP. These data points are treat both quantitatively and qualitatively in the I-book. 
The qualitative trend analysis of our data points is a classification of our findings into a 
"judgement matrix," in which the trend strength parameter "C" (from the quantitative 
trend analyses) is grouped. An example in table 3.3-A, show the structure of the 
judgement matrix. 

Table 3.3-A, qualitative trend analyses, 'judgement matrix." 
Transient categories A - Decreasing trend. SA - Weak decreasing trend. O - No change/Unsure trend, SV - Weak increasing trend. 

V - Increasing trend ' , 

Plant Transient A SA O SV V 

B1 TT - - * -
B2 TT - - - x 
Fl TT - x - . -
F2 TT - x - -
F3 TT - - x 
01 TT x 
0 2 TT - x 
0 3 TT - x 
Rl TT x -
TVOI TT x 
TV02 TT x -

The increasing trend for the transient TT (loss of condenser) at the Barseback 2 plant, is 
due to the constant problems with the nitrogen supply. 

122 



3.3.1 Transient frequencies 
Some gross figures are presented in this chapter, to illustrate the common transient trends 
in the Nordic Countries. Figure 3.3.1-1 gives the contribution of ail BWR transient sums 
at Swedish NPPs. Figure 3.3.1-2 shows the contribution of different BWR transient 
classes. Figure 3.3.1-3 shows the contribution of all PWR transient sums and finally the 
figure 3.3.1-4 which gives the operating experience of Westinghouse reactors in the 
world. 

Picture: RNy/SW 
Figure 3.3.1-1, BWR transients, contributions of the unit specific IE-freqency sums. Sums 
of all transient frequencies, since the start of commercial operation 

Contribution of the impact of different BWR transients 

22% 

Picture: RNy/SW 
Figure 3.3.1-2, BWR transients, contribution of the different transients. 
TP-Planned shutdown, TS-UnpIanned shutdown, TT-Loss of condenser, TF-Loss of 
feedwater, TTF-Loss of condenser and feedwater, TE-Loss off main grid. 
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PWR transients, Contribution of the individual IE 
freq. sums 

CC •«- <N <0 .O O I o < o I— »— f ^ c o r o i — I— I— i— i— I— 
Trans ierit 

H Seriel 

Picture: RNy/SKI 

Figure 3.3.1-3, PWR transients, contribution of the individual IE-frequency sums. 
Sum of all transients frequencies, since the start of commercial operation 
T2 - Normal shutdown, T3b - Temporary loss of feedwater 

WEST!NGHOUSE PWRs IN THE WORLD, Oct 1994 

Picture: RNy/SKI 
Figure 3.3.1-4, Operating experience of Westinghouse reactors in the world. 
The Swedish PWR experience is very limited compared e.g., with the general operating 
experience of Westinghouse NPPs in the world. By October 1994, the total nr of reactor 
years of all Westinghouse NPPs is app. 1014 reactor years. It is therefore also very 
important to look across the borders to see, if there are common issues to follow and to 
consider for e.g. estimation of the plantwise transient numbers. 
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3.3.3 Trend analysis technique 

< 

Moving avarage trending is very simple to perform and enough expressive in most 
situations, without taking into account or concidering any mathematical 
"memories/learning processes", (that is done in the bayesian calculations earlier described 
in chapter 3.2). The figure 3.3.3-1 shows the arithmetic moving average for the transient 
TS - unplanned shutdown at Barseback 2 NPP. Upper and lower control lines are also 
shown, representing in this presentation, 4-- 3 sigmas. This case describe the behaviour of 
the observed data points rather than to analyse them with sophisticated trend analyses 
tools. This way to show the data points, assumes of course that we have data points to 
treat. In this example we have 16 data points to plot. This simple arithmetic mean 
calculation underestimates a little bit the mean value received from the bayesian mean 
value calculation. 

MA Chart for B2 TS 

UCL = 3,05228 
Centerline= 1,625 
LCL = 0,197723 

Observation 
Picture: RNy/SW 
Figure 3.3.3-1, moving avarage chart for the transient category unplanned shutdown, at 
Barseback 2 NPP. 
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Abstract 
The paper shortly presents the main procedure during J. Bohunice V-2 NPP PSA data 
collection and quantification. The approach of data collection based on the operation logs, 
records and failure sheets to support the V-2 NPP J. Bohunice PSA Level 1 by plant specific 
reliability operation, test and maintenance data is presented. Further is given the short 
description of collected data elaboration and their preparation DACO code developed by 
VUJE to supply by data in the input file format required by RISK SPECTRUM code. 
The recent requirements on PSA data were followed taking into account the real state of 
data collection on V-2 NPP during it's more than 10 years exploatation. 

Within the Utility Project „Safety Report After 10 Years Operation" the PSA Level 1 for 
V-2 NPP J. Bohunice was estableshed. The Project Service Agrement and Contract 
between V-2 NPP - EBO and VU JE-Trnava - Nuclear Power Plant Research Institute were 
signed to perform within this Safety Report also the PSA level 1 for V-2 NPP. 
One of the PSA report part was task ,JPlant specific data collection and quantification". 
The purpose of this task was to present specific plant data in the PSA form according to 
IAEA TECDOC - 478 and specific plant requests, taking into account the real state of 
operational, test and maintenance data collection on V-2 NPP. 

The component description, failure modes,data collection, elaboration and presentation of -
plant specific failure data for PSA purposes were presented according to the structure 
precribed by IAEA TECDOC-478. Main component boundary were established by V-2 
NPP and VUJE staff. 
Due to the real state of data collection on V-2 NPP the data structure was partialy modified 
in the comparition with TECDOC-478 methodology to give us full scope component 
reliability information required by RISK SPECTRUM code. 
Therefore the scope of three data forms recomended by TECDOC-478 were extended to 
the four as follows: 
1. Component data form, which contains data for component description (form No.l) 
2. Failure data form, which contains operation failure data including a mean time of repair 

and calculation background (form No. 2) 
3. Test data form, which indentifies component and details of test schedule, outages and 

numbers of successful and failed tests carried out on component, test duration and 
frequency (form No. 3) 

1. Introduction 

2. PSA data structure 
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4. Maintenance dataform, which indentifies component and details of maintenance fre-
qency and duration including maintenance boundary (form No. 4). 

This data forms can than fully satisfy RISK SPECTRUM PSA code imput data format 
requirements. 

Form No.l. 
COMPONENT DATA FORM 

DATA CONTENT OF FIELDS 
Component Number 1 line 
Code 1 line 
Component P&ID 1 line 
Number 
Component Type 4 lines 
System 2 lines 
Operating Mode 1 line 
Operating Environment 1 line 
Component Boundary 1 line 
Comments 3 lines 

CONSTRUCTION OF DATA FIELDS 

FIELDNAME FIELD LENGTH 
COMP-NO 9 Characters, Sequence from COMP/5000 
CMODE 10 Characters 
COMPID 20 Characters 
TYPE 65 Characters 
SUBTYPE 65 Characters 
DETAILTY 65 Characters 
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FIELDNAME FIELD LENGTH 
DETILTY 1 65 Characters 
SYSTEM 65 Characters 
SYSTEMAC 5 Characters 
OPMODE 30 Characters 
OPENVIRO 65 Characters 
SOURCE 30 Characters 
COMPBDY 65 Characters 
COMMENTS 65 Characters 
COMMENTS 1 65 Characters 
COMMENTS2 65 Characters 

Form No.2. 
FAILURE DATA FORM 

DATA CONTENT OF FIELDS 
Component Number 1 line 
Failure Number 1 line 
Failure Mode 2 lines 
Failure Rate 5 lines 
Repair Time 1 line 
Source 1 line 
Comments 3 lines 

. J 
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CONSTRUCTION OF DATA FIELDS 
FIELDNAME FIELD LENGTH 
COMP-NO 9 Characters 
FAIL-NO 9 Characters (Sequence from starting at FAIL/0001) 
CENTAIL MODE 50 Characters 
FAILMODE 50 Characters 
FRATEDESCP 37 Characters 
FAILRATE 10 Characters 
UPBOUND 10 Characters 
LOWBOUND 10 Characters 
SOURCE 30 Characters 
COMMENTS 65 Characters 
COMMENTS1 65 Characters 
COMMENTS2 65 Characters 
COMMENTS3 65 Characters 

Form No.3. 
TEST DATA FORM 

DATA CONTENT OF FIELDS 
Component Number 1 line 
Test Number 1 line 
Component Type 1 line 
Test Frequency 1 line 
Test Duration 1 line 
No. Tests 1 line 
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DATA CONTENT OF FIELDS 
No. Failed Tests 1 line 
No. Successful Tests 1 line 
Test Boundaries 4 lines 

CONSTRUCTION OF DATA FIELDS 

FIELDNAME FIELD LENGTH 
COMP-NO 9 Characters 
TEST-NO 9 Characters (Sequence from starting at FAIL/0001) 
TYPE 65 Characters 
TESTFRQ 20 Characters 
TESTDUR 20 Characters 
NTEST 5 Characters 
NFTEST 5 Characters 
NSTEST 5 Characters 
TSTBOUNO 65 Characters 
TSTBOUN1 65 Characters 
TSTBOUN2 65 Characters 
TSTBOUN3 65 Characters 

Form No.4. 
MAINTENANCE DATA FORM 

DATA CONTENT OF FIELDS 
Component Number 1 line 
Maintenance Record Number 1 line 
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DATA CONTENT OF FIELDS 

Component Type 1 line 
Maintenance Frequency 1 line 
Maintenance Duration 1 line 
Maintenance Boundaries 4 lines 

CONSTRUCTION OF DATA FIELDS 

FIELDNAME FIELD LENGTH 

COMP-NO 3 9 Characters 
MAINT-NO 10 Characters (Sequence from starting at MAINT/0001) 
TYPE 65 Characters 
MAIN FRQ 20 Characters 
MAINDUR 20 Characters 
MAINBND 65 Characters 
MAONBND1 65 Characters 
MAONBND1 65 Characters 
MAONBND3 65 Characters 

The essential decision was made during the procedure of component group data quantifi-
cation instead TECDOC-478 recommendations. The VUJE proposal was to quantify 
component group data according to the different safety and axiliary systems to follow the 
real state of data collection on V-2 NPP. It is based on the situation that no unified 
equipments are generally used on V-2 NPP in different systems and if they are used, they 
are working under different enviromental conditions or operational modes. 

3. V-2 Specific data collection 
There was given prescribed data structure requested by PSA methodology on the one site 
and the specific data collection state on V-2 NPP on the other site. How to put together 
recent methodology for data elaboration and V-2 NPP specific state of operational data 
records established with the purpose to create certain maintenance strategy ? 
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The first step led to the power plant records and logs to indentify all possible sources of 
operational, test and maintenance data. 
It was indentified that component failure data involved in the plant records can be extracted 
from different sources as follows: 
1. operational logs; the transformation of these data was performed manually from 

operational logs to PC code D ACO 
2. failure sheet (original NPP sheet - No.l) which gives the detaile description of signifi-

cant failures from the point of view of 
- component state before it's failure 
- component failure origin and progress 
- origin of the failure 
- the failure begining and finish 
- loss of power production 

3. failure sheet (original NPP sheet - No.2). This sheet is used for electrical systems 
4. safety system test record (original NPP sheet - No.3), which can give us the following 

information: 
- current year 
- current number of the test 
- technological system codification 
- the beginning of the test (month, day, hour, min.) 
- the finish of the test (hour, min.) 
- test success 
- test failure 
- the beginning of the repair (month, day, hour, min.) 
- the finish of the repair (month, day, hour, min.) 
- the transfer to the redundance state (hour, min.) 
- operation time (hour, min.) 
- comments 
- name of person who was fulfiled the sheet: date and signature 
- responsible person: name, date, signature 
- QA person: name, date, signature 

5. work record cards which give the full description of C&I maintenance due to operation 
failure. 

More, plant operation data collection was devided into four different plant areas: 
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- primary circut 
- secondary circuit 
- electrical components 
- C&I systems 
Consequently all mentioned component failure data collected on V-2 NPP after their 
elaboration were used as input files for the DACO code. This code prepares the data output 
files in the form needed for RISK SPECTRUM. 

All operation, failure and repair information included in the presented plant logs and sheets 
are collected by VTJJE data team to elaborate them. 
Due to the inaccuracy in data collection as these sheets were not exactly fulfiled by 
maintenance staff they had to be consequently checked by data team. In some cases the 
consultant meetings had to be held with plant operation staff to clarify failure records. 
The reliability data are collected on NPP J.Bohunice on different plant sheets and logs and 
in different plant departments, but according to the unified prescribed rules of procedure 
No. 1 from the date 1.7.1989, which is based on the „Rules for electric grid system 
No. 1/1983". According to these rules the occurence of each minimal deviation of power 
production is taken into account as significant failure. Failure reports of the significant 
failures leading to the power reduction are discussed on failure meetings. The least failure 
records are also used for the initiating event frequency calculation. More, there are followed 
and recorded non significant failures, which did not lead to the loss of equipments, systems 
or power production. 
For the following of safety system tests is used sheet No.4 and test logs, where are collected 
all information about performed tests on different equipments. 
More, in the operator's logs on control room are recorded all actipns of operational and 
maitenance personal on NPP significant safety and operation equipments. 
In conclusion, NPP operational and maintenance record structure presents it's documenta-
tion on different information level. The verification and completness of records is fulfiled 
by independent evidence of events, maintenance and repairs. But this state could not give 
us the full information in some specific cases. From this cases this problem had to be 
consequently discussed and clarified with operational staff. 

5. J.Bohunice V-2 NPP equipment codification 
The V-2 PSA coding system was established for the designation of the basic events, which 
represent simple failure of the equipments within RISK SPECTRUM code model and 
following plant specific equipments coding system. 

4. Elaboration of operational records 
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Each primary event name is divided into two parts. In the first part there are 7 characters 
AABCDDE, where: 
AA system identification 
B standby (S) or operation state (O) 
C subsystem 
DD component types 
E failure modes 
The second part of the name of basic event is the component designation from the technical 
documentation. 
The system identification codes are the following: 
A4 Automatics for 400 kV Breaker Opening 
AB Automatics for Bus Breaker Opening 
AF Auxiliary (Superemergency) Feedwater System 
CF Core Flooding System 
CI Intermediate Cooling System of the High Pressure, Low Pressure Injection and 

Confinement Spray Pumps 
CS Condensation System 
CW Circulating Cooling Water System 
DM Demineralized Water System 0,4 MPa 
DW Demineralized Water System IMPa 
El Engineered Safeguards Actuation System - Set 1 
E2 Engineered Safeguards Actuation System - Set 2 
EA Engineered Safeguards Actuation System - Set 1 and 2 
EF Emergency Feedwater System 
HP High Pressure Injection System 
IM Intermediate Cooling System for MCPs 
LP Low Pressure System 
LS Load Sequencing System 
LU Lube Oil Pump System 
MC Main Circulating Pumps - Primary Circuit 
MF Main Feedwater System 
PE Essential Emergency Power Supply System (Category II) 
PN Normal Power Supply System 
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PU Uninterruptible Power Supply System (Category I) 
RH Residual Heat Removal System 
RP Reactor Protection System 
SA Steam Dump Station to the Atmosphere 
SD Main Steam System 
SS Confinement Spray System 
ST Steam Dump Station to the Condenser 
SW Service Water System 
TP Technological Protection of SGs 
WM Primary Water Make-up System 
The codes for the component types are the following: 
AF Row Sensor 
AL Level Sensor 
AP Pressure Sensor 
BT Battery 
CA Bus 220 V DC 
CB Bus 6 kV AC 
CE Bus 0,4 kV AC 
DG Diesel Generator 
EC Convenor 
EG Generator 
ER Rectifier 
FC Flip-Flop Circuit 
HX Heat Exchanger 
JT Tank 
KB Circuit Breaker 6 kV 
PM Motor Driven Pump 
PW vacuum pump 
RT Time Relay 
RW Relay 
SO Thyristor Switch 
TA Transformer 
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UB Bistable 
UC Power Controller (TVER) 
VA Air Operated Valve 
VC Check Valve 
VH Hydraulic Valve 
VM Motor Operated Valve 
VS Safety Relief Valve 
VX Manual Valve 
The following failure modes are considered: 
A Failure (All Modes) 
C Failure to Change Position 
D Failure to Remain in Position 
E Failure to Close 
F Failure to Function 
H Human Error 
J Open Circuit 
K Control Circuit Failure 
L Coil Failure 
M Spurious Function 
O Failure to Open 
P Plugged 
R Failure to Run Given Start 
S Failure to Start 
T Rupture 
U Leakage 

6. Final results of V-2 NPP PSA data base 
VU JE code D ACO allows the output files presentation on PC's screen or in a writen form. 
DACO allows different types of output files with the different purposes to satisfy the needs ' 
of operation personel as well as reliability engineers. The main menu of output files offers 
the basic reliability parameters of selected NPP components according to the following 
type of the failure: 
- operation failure rate including 5% and 95% percentile 
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- stand-by failure rate 
- per demand probability 
- total operation time 
- total and mean repair times 
- number of failures 
- number of unsuccessful and total number of tests ect 
DACO code allows to choose different variable extent and number of followed devices in 
one or several systems contemporaneously. This output file structure depends on the chosen 
information structure and specification. For each chosen system full scope menu of system 
devices is offered. It is possible to choose required list of the group of devices or one device 
of the searched systems. 
Full scope output file informantion for V-2 PSA purposes of three different devices are 
presented in the tables 1 -3 . 

7. Plant specific initiating event frequency calculation 
V-2 PSA initiating event list was created on the base of specific plant initiators occured on 
the plant during its full time and power operation, of a generic initiating event list created 
for the same type of NPPs and of the initiating event list prepared for the PSA of the same 
type reactor units. Finally the initiating event list prepared for V-2 Safety Report after ten 
years operation, chapter 15.2 - Safety analysis as the complementary base was taken into 
account. 
As the essential base for specific plant initiating event list creation for the PSA purposes 
were taken year summaries of the NPP basic equipment failures leading to full or partial 
loss of electric power production during normal operation. This source corresponds to the 
above mentioned source of significant failures. 
In the table 4 is given the overview of reactor scrams and power reductions during V-2 
NPP nominal and nearly nominal power operation of both units during their operational 
years 1985 - 1993. Under the assumption, that initiating event definition is based on the 
simple failure principle, it is possible to consider all these reactor scrams as initiating 
events, which occured during V-2 NPP operation. 
The table 4 also presents the overview of events, which led to the substantial reactor power 
reduction during different reactor power levels close to nominal one but all equipments 
needed for nominal power operation were working. This overview represents automatic as 
well as manual reactor shutdowns. All events were groupped according common origin of 
the failure. 
Initiating event frequencies were collected in the different ways as follows: 
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- on the basis of written records of plant specific operational experience in the form of 
fialuie data base, which leads to the reactor shutdown or substantial reactor power 
decreasing, 

- using data obtained from the operation records of the same types of NPPs, 
- using generic data developed for the group of NPPs with the similar reactor power and 

construction. 
Initiating event frequencies were calculated using: 
- direct calculation of data obtained from operation failure data base including fialures 

leading directly to the reactor shutdown, 
- logic structure quantification using fault tree system analysis for correspondent initi-

ating event - fault tree top event with the application of plant specific or generic data 
for fault tree basic events, 

- initiating event frequency of similar NPP as generic frequency, 
- approved methodological procedure for frequency estimation in the cases when no 

failure occurs during plant operation. 
Initiating event frequency was calculated as a ratio of the failure number of the 
correspondent initiator to the total number of operation reactor-years. The reactor-year 
represents the total unit operation time when the reactor was working on full power. It is 
calculated as the ratio of the total electric energy produced by reactor unit during followed 
operation period and instaled unit power multiplied by one year production time - 8760 
hours. 
The total and per year number of operational hours of different units of V-2 NPP are given 
in the table 5 as follows: 
Table 5. 

year EBO-3 EBO-4 E V-2 year (hours) (hours) (hours) 
1985 7 057 3177 10 234 
1986 7 089 7 294 14 383 
1987 5 181 7 783 12 964 
1988 7 441 7 315 14 756 
1-989 7 633 7 548 15 181 
1990 7 376 7 427 14 803 
1991 6719 7 437 14 156 

i 

140 



NUCLEAR POWER PLANT RESEARCH INSTITUTE 
Okruzn£ 5,918 64 Trnava, Slovakia 

Department 230 
phone: +42(0)805 605224 

fax: +42(0)805 42403 

i g f e . 

year EBO-3 EBO-4 X V-2 year (hours) (hours) (hours) 
1992 7520 6 714 14 234 
1993 5 523 5 133 10 656 

SI985-1993 63 644 59 762 123 406 

V-2 NPP l.unit-EBO 3.unit operation is considered from 1.1.1985 and V-2 NPP 2. unit -
EBO 4. unit operation from 8.1985, both unit till 30.9.1993. All needed data for initiator 
frequency calculation were obtained from operation overviews of V-2 NPP units as 
follows: 
- average operation time per year, 
- total operation time 
- total number of fuel cycles - campaigns, 
- average values of main equipment maintenance time, 
- operation failure records and data-base. 
Table 4. 

86 
92 

81001.1-
231001.1 

Very small LOCA 
Leakage on measurement 2TC32 in room A 205/2 1st degree accident 4JECCR QR 985 
Leakage on measurement 1 YC 410 in A252/1 ruptured flange 3JEYCP QB 985 

93 141001.1 Leakage on pipe line of measurement DR HK 43 

SG tube leakage 
86 69971.9.1 SG 31 tube leakage 
87 751001.9.1 SG 31 tubes leakage 
88 831001.9.1 SG 36 7 tubes leakage unit shutdown 
91 661001.9.1 SG 35 tubes leakage 

Reactor shutdown on MFWPs loss 
85 501002.2.4 RPS on both TGs 31,32 due to loss of MFWPs 32-34 
87 32 982.2.4 RPS on MFWPs trip 

Loss of MFWPs 
85 941002.2.4bMFWP 2 trip, false protetion action 
86 121(X)2.2.4bLoss of MFWP43 
86 331002.2.4bLoss of MFWPs 41 and 43 
86 611002.2.4bLoss of MFWPs 41 and 43, false signal on bus 2BC 

4JEA43CP 

3JEA31BC LN 1485 
3JEA31BC 1485 
3JEA36BC LN 1425 
3JEA35BC LN 1438 

3LACCP 1461 
3JEB34GH 1461 

4LAC41DU QN 1161 
4LAC43AP 1161 
4LAC41GW -FA 1161 
4BBC-Q 1162 
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87 201002.2.4bLoss of MFWP41, false action of protection 4LAC41AP-F 1161 
88 721002.2.4bLoss of MFWP 54, false action of protection 4LAC43CT -F 1161 
88 971002.2.4bReactor power reduction due to loss of MFWP 43 4LAC43GW -F 1161 
89 821002.2.4bLoss of MFWP 41, reactor power reduction 4LAC41AA 1161 
89 841002.2.4bReactor power reduction due to loss of MFWP 44 4LAC44AP -F 1162 
91 201002.2.4bReactor power reduction due to loss of MFWP 43 4INE 1162 
91 691002.2.4bLoss of MFWP 44 4LAC44AP 1174 
92 461002.2.4bLoss of MFWP 45, el. motor short circuit 4LAC45AP -M 1161 
93 221002.2.4bLoss of MFWP 33 by protection 3LAC33 -F 

Loss of flow of feedwater to SGs 
85 1151002.2.5Reactor shutdown on both TGs trip - high water level in SGs 3LAB35AA -M 1434 
86 1311002.2.5Failure of SG control valves-2RL31S02,2RL31 S04 4LAB31AA02MK 934 
86 1151002.2 5Feedwater loss to SG 45 4JEA45CL 962 
86 161002.2.5 Closure of valves 2RL 31,33,72 INE 976 
87 29 712.2.5 RPS action due to short circuit in power supply of SGs 

level sensors 3BNKGW-WA 1461 
88 511002.2.5 SG 44 feedwater loss 4JEA44CL QB 1162 

One turbine trip 
85 341002.3.1 Trip of TG 31 3MKY31 -FA 1274 
85 1281002.3.lTrip of TG42 4MAD42CT QB 1261 
85 1271002.3.1Trip of TG 42 4MAD42CT QB 1261 
85 831002.3.1 Trip of TG 42 4MAY42DP 1261 
85 361002.3.1 Trip of TG 31 3MKY31 -FA 1274 
85 881002.3.1 Trip of TG 42 4MAY42CY QB 1274 
85 871002.3.1 Trip of TG 41 4MKY41GW -FA 1261 
85 221002.3.1 Trip of TG 31 3MKC31-X 1261 
85 331002.3.1 Trip of TG 32 3MKY32 -FA 1274 
85 71002.3.1 Trip of TG 31 3MKDDT 1274 
85 171002.3.1 Trip of TG 32 3MKG32CP -K 1273 
86 1301002.3.1 Trip of TG 42 4MKY42DE -FN 1261 
86 491002.3.1 Trip of TG 41 4MAY41CL-F 1235 
86 501002.3.1 Trip of TG 41 4MAY41CL -F 1261 
86 72972.3.1 Trip of TG 31 3MKY31-QS 1261 
86 74972.3.1 Trip of TG 32 3MAV32AP -X 1231 
86 681002.3.1 Trip of TG 42 4MKY42-F 1261 
86 87 972.3.1 Trip of TG 32 3MAY32AGQB 1232 
86 91982.3.1 Trip of TG 31 3MAY31AGQB 1232 
86 61002.3.1 Trip of TG 32 3MAV32CP 1231 
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chJU-

86 134992.3.1 Trip of TG31 3MKC31GW-GS 1261 
86 521002.3.1 Trip of TG 41 4MAY41CL-F 1261 
87 861002.3.1 Trip of TG 42 4MKC42GW 1261 
87 741002.3.1 Trip of TG 31 3MAY31 1261 
87 7910023.1 Trip of TG 42 4MKY42CT 1261 
87 311002.3.1 Trip of TG 31 3MAY31 -F 1261 
87 28992.3.1 Trip of TG 31 3MAY31 1261 
87 881002.3.1 Trip of TG 42 4MKY42EU 1261 
87 101002.3.1 Trip of TG 41 4MKF41AA 1261 
87 41002.3.1 Trip of TG 41 4MAY41BR 1285 
88 111002.3.1 Trip of TG 42 4MAX42CPLN 1285 
88 131002.3.1 Trip of TG 41 4MAX41AP 1232 
88 901002.3.1 Trip of TG 32 3MAY32CT-F 1261 
88 961002.3.1 Trip of TG 32 3MAX32 1261 
88 521002.3.1 Trip of TG 42 4MKY42 -FA 1261 
88 431002.3.1 Trip of TG 32 3MKY32-K 1261 
88 981002.3.1 Trip of TG 41 4MAD41CT 1261 
88 541002.3.1 Trip of TG 42 4MAX42DP 1261 
89 331002.3.1 Trip og TG 41 4MKC41 1262 
89 341002.3.1 Trip of TG 41 4MKC41DE 1262 
89 221002.3.1 Trip of TG 31 3MKF31CF 1261 
89 30902.3.1 Trip of TG 41 4MKC41DE 1262 
89 53 982.3.1 Trip of TG 31 3MKC31GU 1261 
89 5710023.1 Trip of TG 42 MAX42BR 1262 
89 161002.3.1 Trip of TG 41 4MKC41DE-G 1261 
89 721002.3.1 Trip of TG 41 4MAX41 1261 
90 101002.3.1 Trip of TG 32 3MKY32EZ 1262 
90 71002.3.1 Trip of TG 32 3MAY32CT -FA 1261 
90 61002.3.1 Trip of TG 32 3MAY32CT -FA 1261 
90 51002.3.1 Trip of TG 32 3MAX32GW 1262 
90 631002.3.1 Trip of TG 31 3MKY31DT 1261 
90 31002.3.1 Trip of TG 31 . i 3MKG31BR 1231 
91 301002.3.1 Trip of TG 32 3MKC32GW 1261 
91 31002.3.1 Trip of TG 41 4MKC41 1261 
91 551002.3.1 Trip of TG 42 4MAY42 1261 
91 221002.3.1 Trip of TG 41 4MKY41 1261 
92 341002.3.1 Trip of TG 42 4MKY42DE 1261 
92 481002.3.1 Trip of TG 42 4MKY42 1261 
92 710023.1 Trip of TG 42 4MKC42 1261 
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92 371002.3.1 Trip of TG 41 4MKY41DE 1261 
85 461002.3. If Trip of TG 31 3INE 1261 
92 131002.3. If Trip of TG 42 4INE 1261 
93 261002.3.1 Trip of TG 41 3MKY41 -F 
93 379302.3.1 Trip of TG 32 3MAY32 

Both turbines trip 
86 131002.3.2 Reactor shutdown on 2 TGs trip 3BAC32 1461 
87 681002.3.2 Reactor shutdown on 2 TGs trip 4MAY42 1461 

Loss of electrical export to grid 
85 1251002.4.IReactor scram of 3. unit due to test 3BYC 1461 
85 951002.4.1 400 kV breaker opening 3BAC 1461 
86 75962.4.1 3. unit reactor power reduction to house power supply 3BYC 1461 
87 581002.4.1 220 kV grid short circuit 4MKY41 -F 1461 
87 35982.4.1 Unit power reduction to house power supply 3BYC 1461 
87 27992.4.1 3. unit reactor power reduction to house power supply 3BYC 1461 
88 951002.4.1 4. unit desconnection from grid, power reduction to house power supply 4BAC 1461 
89 31002.4.1 3. unit desconnection from 400 kV, power reduction to house power supplyBYC 1461 

Total loss of house power supply 
85 571002.4.2 Manual reactor shutdown due to Bucholtz relay short circuit3BBT02 -K 1461 
86 411002.4.2 2AT01 transformer short circuit protection 4BAT01 1461 
86 421002.4.2 1AT02 transformer trip due to short circuit 3BAT02 1461 
87 49 872.4.2 Loss of house power supply 3INE 1461 
89 591002.4.2 2AT02 transformer loss due to short circuit 4BAT42GG 1462 
92 51002.4.2 Loss of400 kV tension of auxiliary exciter 1SP10 3MKC31 

Automatik reactor shutdown by false signal 
87 18 942.5. la Reactor shutdown by false signal large LOCA 3JAY-F 1461 

Automatic reactor shutdown by HO-1 RPS 
85 131002.5. IbReactor shutdown due to loss of AKNT power supply 3BRL CX -F2 1461 
85 84 752.5.1b Reactor shutdown on low water level in SG 3 4BR-F 1461 
86 271002.5. IbReactor shutdown due to failure of system UNO 4BRK-F 1461 
90 641002.5. IbReactor shutdown due to HO-2 signal activation 3INE 1462 
91 751002.5. IbReactor shutdown due to short circuit on 1PAZ5 220 kV 3BU 1461 
91 291002.5. IbReactor shutdown due to failure of system UNO 4JAY 1461 

Loss of less than 3 RCPs 
85 1101002.8.1 Loss of RCP 46 due to false signal 4JEB46CP 1156 
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85 1221002.8.1Loss of RCP 44 4JEB44AP 1189 
85 271002.8.1 Loss of RCP 1YD13 D01 3JEB31 1174 
86 1271002.8.lLoss of RCP43 due to short circuit 4JEB43GG 1161 
87 61002.8.1 Loss of RCPs due to failure in LSS 4BYA 1161 
88 691002.8.1 Loss of RCP 43 due to short circuit 4QBR43CP 1162 
88 321002.8.1 Loss of 2 RCPS 3BBAGW-WC 1161 
89 151002.8.1 Loss of RCP 45 4JEB45AP-M 1184 
89 141002.8.1 Loss of RCP 45 due to high vibration 4JEB45AP 1187 

Loss of 3 RCPs 
85 431002.8.2 Loss of RCPS 2,4 6 due to loss of 1TA 20 3QBR20AP-K- 1174 

Loss of more than 3 RCPs 
86 35 802.8.3 Loss of 4 RCPs due to false signal from LSS 4JEB41DE 
90 481002.8.3 Loss of all working RCPs 4PER40AA05 -WS 1461 

Loss of all condensate pumps of one TG 
85 151003.5 Condensate pumps isolation valve closure 3LCA12AA 1173 
86 1211003.5 Loss of all condensate pumps of TG 42 4MAY42 1161 
89 611003.5 Loss of all condensate pumps of TG 31 3LCB31ES 1161 
89 361003.5 Condensate flow decreasing of TG31, loss of all condensate pumps 3LCB31DF 1133 
91 131003.5 Loss of all condansate pumps of TG 31 3MAG31CLQB 1161 
92 331003.5 Loss of all condensate pumps ofTG 32 due to measurement failure 3LCB CL 1161 

Control rod group fall into the core 
90 21005.5 2. group of control rod group fall into the core 3JDYGW 1461 

One control rod fall Into the core 
85 931005.6 Control rod 03-52 in the end position 4JDYDGQN 961 
87 261005.6 Control rod 18-31 Ml 4JDYGW-AA 1162 
88 251005.6 Control rod 12-49 fall 4JDY GW -AA 1162 
88 331005.6 Failured control rod 12-43 3JDYGW-AA 1162 
88 261005.6 Control rod 10/49 fall 4JDY GW -AA 1162 
88 411005.6 Control rod 11-28 fall 3JDYGW 1161 
89 111005.6 Control rod 09/46 position change 3JDYGW-AA 1161 
89 801005.6 Control rod 12-43 fall 4JDY GW -F 1161 
89 491005.6 Control rod 12-43 fall 4JDYGW-F . 1161 
91 191005.6 Control rod 15-30 fall 4JDY 1162 

91 171005.6 Control rod 12-61 fall 3JDY 1161 
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8. Conclusions 
The V-2 data quantification for V-2 PSA Level-1 represents the best approach applied on 
WWER reactors in Slovak Republic. The final state of PSA data base is the result of the 
previous effort spent on the data base creation for the PSAs performed for Dukovany and 
V-l J. Bohunice NPPs. The further intent is to extend V-l data base on the level of V-2 
NPP. 
The main problems which arrised during PSA data bases creation were indentified in the 
following areas: 
- diversity of operation failure and maintenance recording into four different data bases 

- primary, secondary, electrical and C&I equipments, 
- loss of central computer net work for automatic data collection on NPP till year 1993, 
- the elaboration of the great amount of the data ( about 40 000 items) without the 

possibility to clarify some uncertainties in the old records, 

[1] Procedures for Conducting Probabilistic Safety Assessments of Nuclear Power 
Plants (Level 1), Safety Series No.50-P-4, IAEA 

[2] Riskspectrum PSA, Users Manual, Relcon Teknik, 1992 
[3] Bohunice VI NPP PSA Study, Main Report, EWI, Birchwood Warrington, 1994 
[4] Generic Initiating Events for PSA for VVER Reactors, IAEA-TECDOC-749, lune 

[5] Component Reliability Data for Use in PSA, TECDOC-478, IAEA, Vienna, 1988 

9. References 

1994 

146 



NUCLEAR POWER PLANT RESEARCH INSTITUTE 
Okruzn£ 5,918 64 Trnava, Slovakia 

Department 230 
phone: +42(0)805 605224 
fax: +42(0)80542403 

Sheet No. 1 

NPP component failure analysis Current number 

Number /8.RA-eventNo. / EBOunitNo. 

Failure description 

year month day hour minute 
1. Failure beginning 
2. Failure end 
3. Loss of power [MWh] 
4. Failure description 
a) State befor failure (component parameters befor failure) 

b) Source and progress of failure in the case of Ra-event 
(describes if techspecs were exceeded) 

c) first origin of failure name of equipment, failured parts 
of equipment, equipment type, supplier, date of 
exploatation beginning,... 
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S f e 

Sheet No. 2 
Electrical system department 

FAILURE SHEET number: 

Day of origin of event Hour Name of 
person 

Priority 

Name of equipment 

Failure description 

Name of person which provided 
repair 

Date of repair Responsible person 

Failure causes 

The type of used material 
Repair provided by - name Day Hour Signature 
Suggested measures 

QA person - name Day Hour Signature 
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TABLE 1 
SYSTEM 

COMPONENT TYPE 

COMPONENT DESIGN CODE 
COMPONENT 
COMPONENT FUNCTION 
OPERATIONAL MODE 
REDUNDANCE 
COMPONENT NUMBER OF V2-EBO 

PE 
Essential Emergency Power Suply System 
DG 
Emergency AC diesel generator 
1,2QV,QW,QX 
Diesel generator emergency AC 
Emergency electricity source of 2.categoiy supply 
standby 

Technical parameters 
Diesel engine 6 ZL 40/48 
design power 3.3 MW 
design revolutions 600 ot/min 
N of cylinders 6 
cylinder capacity 60.32 dm3 
cylinder power 0.55 MW 
Generator AC GBD 10j-3500-6.3/50 
design power 2800 kW 
design voltage of stator 6300 V 
frequency 50 Hz 
design current of stator 321 A 

FAILURE TYPE Failure to start 
Standby failure rate 5.14E-5 
5% percentile 3.35E-5 
95% percentile 7.54E-5 
Total repair time 98.14 
Mean repair time 5.10 
Mean time between failures 1.94E+4 
Standby time 369300 
Number of unsuccessful demands 19 
Total number of demands 378 
Per demand probability 5.02E-2 
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FAILURE TYPE 
Failure rate 
5% percentile 
95% percentile 
Total repair time 
Mean repair time 
Mean time between failures 
Total operation time 
Number of failures 

T A B L E 2 
SYSTEM 

COMPONENT TYPE 

COMPONENT DESIGN CODE 
COMPONENT 
COMPONENT FUNCTION 
OPERATIONAL MODE 
REDUNDANCE 
COMPONENT NUMBER OF V2-EBO 

Operational failure 
1.16E-3 
5.99E-5 
5.56E-3 
24.00 
24.00 
8.55E+2 
855 
1 

CS 
Condenser Pump System 
PM 
Motor Driven Pump 
04(54). 1.05.1-6 
ljate condenser pump 
0,4 MPa demiwater supply to feedwater tanks from condenser 

12 

Technical parameters 
type 
rate of flow 
revolutions 
Electric Motor 
type 
voltage 
power 
current 

350-CJAV-510-42/2-LU-FE 
562 t/h 
9901/min 

l-YF-500 SK-6 
6kV 
200 kW 
26.6 A 

FAILURE TYPE 
Standby failure rate 
5% percentile 
95% percentile 
Total repair time 
Mean repair time 
Mean time between failures 

Failure to start 
3.89E-5 
2.12E-5 
6.59E-5 
19.14 
1.55 
2.56E+4 
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Standby time 256943 
Number of unsuccessful demands 10 
Total number of demands 888 
Per demand probability 1.12E-2 

FAILURE TYPE 
Failure rate 
5% percentile 
95% percentile 
Total repair time 
Mean repair time 
Mean time between failures 
Total operation time 
Number of failures 
Total time of maintenance 
Total time of maintenance during G 0 3 0 141741 
Total time of maintenance for unavailability 9105 

Operational failure 
2.91E-5 
1.75E-5 
4.56E-5 
39.27 
2.49 
3.43E+4 
480490 
14 
150846 

Unavailability due to maintenance 

TABLE3 
SYSTEM 

COMPONENT TYPE 

COMPONENT DESIGN CODE 
COMPONENT 
COMPONENT FUNCTION 
OPERATIONAL MODE closed 
REDUNDANCE 
COMPONENT NUMBER OF V2-EBO 4 

1.22E-2 

AF 

Super Emergency Feedwater System 
VM 

Motor operated Valve 
18.2.142,143,144,145 
MOV in minimal bypass 

FAILURE TYPE 
Standby failure rate 
5% percentile 
95% percentile 
Total repair time 
Mean repair time 
Mean time between failures 
Standby time 

Failure to open 
1.21E-5 
3.32E-6 
3.12E-5 
8.00 
2.40 
8.21E+4 
246376 

j 
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Number of unsuccessful demands 3 

Total number of demands 494 
Per demand probability 6.07E-3 

SYSTEM 

COMPONENT TYPE 

COMPONENT DESIGN CODE 
COMPONENT 
COMPONENT FUNCTION 
OPERATIONAL MODE 
REDUNDANCE 

AF 
Super Emergency Feedwater System 
VM 
Motor operated Valve 
18.2.154,155,156,157 
MOV in minimal bypass 

closed 

COMPONENT NUMBER OF V2-EBO 4 

FAILURE TYPE Failure to open 
Standby failure rate 8.11E-6 
5% percentile 1.44E-6 
95% percentile 2.53E-5 
Total repair time 2.30 
Mean repair time 1.15 
Mean time between failures 1.23E+5 
Standby time 246376 
Number of unsuccessful demands 2 
Total number of demands 494 
Per demand probability 4.04E-3 
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1. Introduction 
A reliability data collection system already exists at Gentilly-2 NGS but has been 
implemented exclusively for maintenance purposes. A complete review of that 
process has begun in order to satisfy needs of a wider range. After 13 years of 
power production, we now need to know the operational reliability of our systems 
and compare it to the predicted reliability credited in past analyses. Fault tree 
analyses (FTAs) are mainly used, and data collection will allow us to mostly use 
G2's own components failure rates as input of the trees. 
Only the operational reliability of the special safety systems 1 components have been 
closely followed up so far, but components of the safety related systems should also 
be analyzed. Thus we assume that every major component of the plant will be 
included in one fault tree analysis or the other. For that reason, we are planning .on 
collecting reliability data for every component appearing in a FTA, even if the ptant 
specific population does not allow statistical assessments. 
Data collection will also allow us to assess at any time how safe is the plant based 
on the reliability of its systems. This process helps to point out weaknesses and to 
improve safety by targeting the proper components. 
In the long run, our goal is to give input to the plant life management (PLM) 'which 
studies life extension possibilities and to review our preventive maintenance and 
testing routines according to observed reliability. 
Plant safety is guaranteed and proved by a complete set of reliability activities 
including FTAs, performance reports, respect of scheduled preventive maintenance 
and tests, SDMs (safety design matrixes) and system follow ups. Hydro-Qu6bec has 
never consider working with PSA's. 

2. Data Collection 

When a failure occurs, the repairing tasks are prepared by a group of senior 
technicians. After the job is done, the work report must be completed and approved 
by the same support team. They will be the interface between the field and the 
technical sendees by synthesizing reliability data and any additional information. 
2.1. Work Order Circulation Process 

The circulation process leads work orders from operators to planning to a 
senior technician to execution (by mechanics, electricians or instrumentation 
technicians) and back to senior technician. The latter must make sure that 
the prescribed work has been done and adequately reported in the work 
report. He will extract reliability data from the work order and the work report 
and save it in the component reliability database. 

1 The special safety systems are Shutdown Systems #1 and #2, Emergency Core Cooling System and Containment. 
Hydro-QuiSbec Toronto 
Gentilly-2 NGS May 16, 1995 
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Our main concern being safety, uncertainties must be used in the most . 
conservative way. We thus want to avoid misinterpreting of failure, modes by 
using global rather than specific failure modes. For every component of the ' 
database, a short list of failure modes will be offered. If one of them is too 
general and could be split up in two or three more specific modes, the 
reliability analyst will spread the global failure rate over the specific modes 
according to the observed distribution of other databases or in a conservative 
way (by taking 100% of the global value for each specific mode). Using a 

. limited amount of failure modes also avoids to observe the dilution of more 
specific failures among more common and repetitive failures. 

In order to facilitate senior technicians tasks, when they enter a component 
identification number in the reliability database, its particular list of failure 
modes is proposed. After the failure mode is chosen, the particular 
associated list of failure mechanisms is proposed. If the observed failure 
mode or failure mechanism is obviously missing from the list the "unknown" 
mode or mechanism is selected and an electronic message is sent to the 
Reliability Group who will decide to associate it with one of the existing mode 
or mechanism or to create a new one. 

Another important aspect of data collection is the homogeneity of information 
collected by many people. What we fear is that a given failure occurring more 
than once could be interpreted differently by two persons and then be stored 
separately in the database. In order, to avoid discrepancies, only one 
technician will be authorized to validate data collected by the others and to 
transfer the information from a buffer to the database. 

2.2. Data to Be Collected 

There are two kinds of data required to perform a complete reliability analysis: 
numerical data which can be computed to evaluate the components reliability 
and qualitative data which allow us to improve the future reliability by knowing 
how the failures happened, which tasks have been done to repair the failures, 
how those troubles were discovered, what are the environmental conditions, 
etc. 

2.2.1. Data Required for Reliability Calculations 

The following information must be stored in the database in order to 
calculate the reliability parameters. 

To calculate failure rates associated with failure modes and 
corresponding unavailabilities, the following parameters are extracted 
from the work orders: 
• work order identification number; 
• component identification number; 
• date of work order emission; 
• component state at the moment of work order emission (available or 

unavailable); 

Hydro-Qu6bec 
Gentilly-2 NGS 
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• date and time of problem discovery; 
• date and time at the beginning of work; 
• date and time at the end of work; 
• real repair time; 
• date and time at which component is back on duty; 
• has the component been temporarily replaced during repair time? 
• status of component after the intervention (repaired, overhauled, 

replaced, no problem seen); 
• failure mode; 
• failure mechanism; 
• model number if component is replaced by a different one; 
• identification of calibration instrument if used. 

For stand-by components, we have to know when it was functional for 
the last time. The following information are then required:. 
• last successful test on the component; 
• last preventive maintenance on the component if a test has been 

done. 
Since our. goal is not only to collect failures but also to cumulate 
unavailabilities, duration of preventive maintenance must be accounted 
for each component affected by the task. 

2.2.2. Data Required for Reliability Improvements 

if a component does not meet its reliability criteria, the best decision to 
improve it will be based on the analysis of failure mechanisms.' 

Relevant information extracted from work reports must allow knowledge 
of: < 
• reason of the intervention; 
• work done (including search of the root cause); 
• component state before and after repairing task; 
• any anomaly noticed during task (including changes in 

environmental conditions). 

The pursued goal is to identify the failure cause and to avoid any 
recurrence of that failure. 

Those qualitative information must appear on the work report written by 
the individual who performed the repair job. When many work reports 
are put in perspective, identification of common cause failures may also 
be possible2. 

2 Although we are not planning on performing full CCF analyses, we expect to be able to identify common cause failures in obvious cases. 
Hydro-Quebec Toronto 
Gentilly-2 NGS May 16. 1995 
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3. Database Structure 
• ' \ ~ ' _ : 

First of all, the database must allow as much flexibility as possible to the reliability 
analysts. Data classification must be such that raw data are precise and detailed but 
may be grouped to obtain more general results. The situation we want to avoid is to 
be facing global information and not to be able to get enough details. Secondly, the 
analyst must be able to access to as much data as possible. 

3.1. Failure Classification 

Every component is named with a chain of independent fields. Those fields 
are component categories and dimensions. For example, if a failure on a 
pneumatic butterfly valve smaller than 6 inches is reported, the component 
identification number should refer to three description fields and one 
dimension field. Subsequently, it would be possible to combine failures_ on ail 
pneumatic butterfly valves, regardless of the size, or on all pneumatic" 15 cm 
valves (butterfly, gate, diaphragm, etc.) and compare their global reliability to 
electric 15 cm valves. Appendix A shows an example of proposed 
nomenclature. 

3.2. Access to Data 

Not only must every failure be reported in the database, but each component 
technical specifications must be easily reachable by the analyst, as well as 
associated preventive maintenance and testing schedules. 

When a decision has to be taken to prevent recurrence of a failure, the 
analyst must be able to consult a complete outline of the component history. 

Access to other utilities data is also important to identify any sign of 
degradation by comparisons with performances of similar components. 
Because we completely modify reliability data collection after 13 years of 
operation, a lot of those required parameters are already available. Our wish 
is to integrate existing databases to create what we call our reliability 
database. Existing databases are: 
• components technical specifications; 
• preventive maintenance schedule; 
• tests schedule; 
• work orders and reports; 
• Canadian and International reliability databases. 

The only missing database will soon be built and will index every failure of 
selected components with associated unavailabilities, as described in section 2.2.1. 

3.3. Functional Capabilities 

Since many people will be able to access to reliability data, it is very important 
that the proposed software is friendly user. If not, everyone will continue to 
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work like they always did and will ignore the new tool. That is why we will use 
Windows to support our reliability interface. Even if some of the data are 
stored on a VAX station, our interface will run on PCs. Data circulation will be 
achieved through the existing plant wide Novell network. 

Furthermore, users must be able to work with the reliability interface without 
neither having to know specific commands nor having to navigate through 
complex menus. For that reason, hypertext will allow users to reach any 
information quickly and easily. 

Section 3.1 explains how failures are stored in the database for a given 
component When an analyst wants to know the failure rate of a group of 
different components, he has to choose between every category appearing in 
the first field. For the chosen component category, the list of every possible 
second field is then Offered, and so on. The failure rate will then be 
calculated for every component corresponding to the given description. -Note 
that specific failure rates associated with a particular failure mode are only 
calculated if that mode exists for every component of the selection. 

Finally, in order to give the widest possibilities, access to raw data is possible 
in addition to access to calculated parameters. We do not want do 
discriminate users one from the other, so no restriction should prevent anyone 
to get any information out of the reliability database. On the other hand, a 
method will be given to system specialists to facilitate results comprehension. 

3.4. Amount of Information in the Database 

We believe that the better way to take a wise decision to improve future 
reliability of a component or of a system is to analyze as many historical data 
as possible. As many people as possible must also have access to those 
data. A comment field is dedicated for any interesting information which could 
be written by any user. In the long run, component files should become more 
and more precise and reliable. 

As mentioned above, our principle sources of historical data are the past work 
orders and work reports. Since work orders are needed for failure rates and 
unavailabilities calculations, only the extracted information are stored in the 
reliability database. On the other hand, work reports must be analyzed 
globally in order to take an action which will improve future reliability. For that 
reason, it has been proposed that past work reports would be digitized and 
associated with corresponding components for reliability purposes. This is 
the most efficient way to access to that huge amount of historical information. 

4. Difficulties Encountered or Expected 

We have spent over a year thinking over which data to collect, how to do it and what 
to do with it. A work group was formed with reliability analysts, system specialists 
and maintenance services members. After we decided how to proceed, we met all 
mechanics, electricians and instrumentation technicians to inform them on the 

Hydro-Quebec Toronto 
Gentilly-2 NGS May 16. 1995 

159 



lntematk>nal Workshop on ReKabiity Data Collection 
v ) ^ Page8 

importance of reporting everything seen and done during a repair task. We had a lot, 
of feedback from those meetings, as mentioned below. 

4.1. Maintenance Services Comments on Reliability Data Collection 

Generally, the ones who repair components daily are all aware of the 
importance of reliability improvements. They even can usually distinguish 
instinctively between a reliable and a weak component The following 
comments have been heard from maintenance workers. 

4.1.1. Identification of Recurrent Failures 

Mechanics, electricians and technicians hate having to repeat the same 
tasks over and over because of a recurrent failure. But when a failure 
is obviously recurrent they used to point it out but their 
recommendations were never taken into consideration. Out of 
frustration, that lead to the present situation where they only do what 
they are told to, no matter what they know about the true origin of the 
recurrent failure. 

This situation could have been avoided if work reports had 
systematically been sent to respective system specialists, which has 
never been the case. They would have themselves put every job on a 
given component in perspective and would eventually have concluded 
that the trouble was recurrent. 

We now propose to centralize most of reliability tasks in one dedicated 
unit. This new group will propose recommendations and will assume 
the necessary follow up. Analysis tasks will be done by the Reliability 
Group and results will be transmitted to system specialists. 

4.1.2. Data Precision 

We hope that we have convinced maintenance workers of the 
importance of detailing work reports for reliability purposes. In the 
past, work reports were not deliberately incomplete, they were used as 
a tool for the maintenance workers themselves. The information written 
were adequate for that matter, in order to get the exact information 
required for reliability purposes on work reports, the process will 
probably be iterative at first, until they know exactly what we want and 
until it is given to us properly. 

Since a lot can be learned from the past 13 years of operation, 
collecting historical data would save a lot of time by giving us a huge 
amount of information which could be used right now. On the other 
hand, the level of precision we are asking for in work reporting has not 
been achieved in past reports. Furthermore, two new parameters will 
soon be collected for each failure: the date and time of failure discovery 
and the date and time at which the component is put back on duty. 
Those two parameters are missing from the historical data. 

Hydro-Oudbec Toronto 
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4.1.3. Jobs Executed Without a Work Order 

A few jobs are executed without a work order, thus without being 
reported, mainly during night shifts. Even If they are usually not major 
jobs, we fear a missing link might exist while analyzing the historical 
performance of a particular component. 

Those "non official" jobs are less and less happening because work 
orders are now used to justify required staff of each foreman. They are 
nevertheless missing from the historical data. 

4.1.4. Maintenance Workers Expertise 

One of our goals when we met the maintenance workers was to explain 
to them that nobody knows better than them how a failure happened. 
We even asked them to give us hints on a failure cause when-they 
could identify it. We realized how much we were far from that goal 
when they told us that they have already been asked not to suppose 
anything, that their job was to fix what was broken. This has lead to 
evasive work reports which are often useless. 

4.1.5. Delays to Be Avoided 

As mentioned in section 2.1, senior technicians must approve the work 
report after every job is done. This is part of the quality insurance 
programme. They have the responsibility of contacting the individual 
who performed the repairing to get any missing information. The 
problem is that this verification is often done a long time after the job is 
executed (sometimes a two months delay exists). It is then impossible 
to ask the maintenance worker to remember any detail on a particular 
job. Administrative delays are mainly responsible for that situation. 

4.2. Components Technical Specifications Database Limitations 

Managing a huge amount of data such as in our component technical 
specifications database is very hard and discrepancies can easily 
appear. For example, G2's database contains more than 100 000 
components and the technical specifications have been written on the 
database by many different persons. That lead to different persons 
entering information on identical equipment in a different manner in the 
database. We thus face a fundamental problem, we can not know 
exactly how many identical components are in service right now in the 
plant. A complete revision of that database is currently in progress and 
should be ended by the time we are ready to begin our reliability data 
collection. Until then, any failure rate calculation would be biased for 
the total time of operation of all identical components is unknown. 

a 
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4.3. Information Stored on More than One Database 

Another difficulty we face is the fact that many existing databases may 
contain the same information. For instance, if a given gate valve is 
changed by a butterfly valve, the central component database must be 
updated, drawings must be updated and reliability analyses must be 
updated. If the change is made through the modification process, 
every concerned person will be advised. If no modification occurs but 
an error is found, no process broadcasts the information. For example, 
if a system specialist finds a component is designated on a drawing as 
a gate valve but the actual component is in fact a butterfly valve, 
drawings will be updated but central database and reliability database 
will not 

We then recommend to banish repetition of the same data in more than 
one database so parallel evolution will be avoided. Our reliability 
database will thus only contain unique parameters. Any needed 
information stored elsewhere will be reached by an interface. The 
reliability database will be made of a central core and of links to other 
databases. 

4.4. Historical Data of a Given Component 

For the time being, we are able to find historical performance at a given 
component location but not of a component itself. For example, when a 
failure occurs, the broken component is replaced by another one and is 
brought to the workroom. When it is fixed, it is sent to supply room and will be 
used to replace a future broken identical component It is actually very hard 
to keep trace of the life of a particular component , so when a broken 
component is replaced by another one, we do not know the degradation 
condition of the spare part. 

We expect to put an end to that situation by keeping trace of the background 
of spare parts. Component reliability models will be fed with historical spare 
parts data. Note that the time elapsed on a shelf is important to know since 
degradation takes place even in store rooms. 

4.5. Environmental Conditions of a Component 

The statistical model which is used to estimate future failure rates based on 
component performance must take into account any severe environmental 
conditions. Reliability of a stressed part can not be equal to reliability of a 
similar component operated under smoother conditions. 

Knowledge of G2's components environmental conditions is not possible right 
now but a project called "Environmental Classification" is going on to make 
sure that selected components are qualified to operate under severe 
conditions. We expect to find needed information in that database. 
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4.6. Being a Single Reactor Utility 

The fact that Hydro-Qu6bec owns only one nuclear reactor is a limitation for w 

having an efficient reliability data collection. For some equipment, the site-
specific population is large enough to allow statistical analyses over the past 
13 years of operation. For more specific equipment, site-specific data must 
be combined to other utilities data (we actually use reliability data coming 
from Ontario Hydro). 

A meeting will follow this workshop between reliability managers of the 
Quebec and Canadian nuclear industry to buiid a CANDU reliability database. 
The first meeting should be to define the goal and mission of a common data 
system and identify and explore possible means to achieve this goal and 
mission. 

This should improve the quality of analyses because external data used would 
be easier to understand if we shared the collect methodology, which is 
actually not the case. In the long run, we also expect to be able to access to 
international databases. 

5. Conclusion 

In order to validate the proposed process, . we will first concentrate on reliability 
analyses of three selected systems. This pilot-project should identify weaknesses in 
our data collection process or in the database structure. Safety objectives must be 
achieved, or else data are useless. After needed corrections will be done, we will 
expand the scope of reliability analyses to safety related systems. 
Site specific data will be used in three different processes. In the first place, we will 
compare operational component reliability and operational system reliability to what 
had been predicted in previous analyses. We will also use G2's failure rates in our 
next FTAs and finally we will use G2's data to perform component reliability 
calculations. System reliability will be estimated with FTAs for safety assessments 
while no specific approach has been chosen yet which component reliability will be 
based on (for production purposes). 

In the long run, we hope to achieve a review of maintenance procedures based on 
reliability. Preventive maintenance could be rationalized in cases where observed 
reliability is much higher than targeted reliability. Note that in order to reach a higher 
production level, a review of maintenance strategies may be done only if safety 
goafs are still being met. 
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Appendix A - Proposed Nomenclature 

Field 1 Field 2 Field 3 Dim 1 

Valve Butterfly Manual 5cm 
Valve Butterfly Manual 15 cm 

Valve Butterfly Manual 30 cm 

Valve Butterfly Manual 60 cm 

Valve Butterfly Electric 5 cm 

Valve Butterfly Electric 15cm 

Valve Butterfly Electric 30cm 

Valve Butterfly Electric 60 cm 

Valve Butterfly Pneumatic 5 cm 
Valve Butterfly Pneumatic 15 cm 

Valve Butterfly Pneumatic 30 cm 

Valve Butterfly Pneumatic 60 cm 

Valve Diaphragm Manual 5 cm 

Valve Diaphragm Manual 15 cm 

Valve Diaphragm Manual 30 cm 

Valve Diaphragm Manual 60 cm 

Valve Diaphragm Electric 5 cm 

Valve Diaphragm Electric 15 cm 

Valve Diaphragm Electric 30 cm 

Valve Diaphragm Electric 60 cm 

Valve Diaphragm Pneumatic 5 cm 
Valve Diaphragm Pneumatic 15cm 

Valve Diaphragm Pneumatic 30 cm 

Valve Diaphragm Pneumatic 60 cm 

The table above shows how we propose to classify components. The first field 
designates the kind of component while the other fields (there may be up to ten 
fields per component) identify categories, sub-categories, etc. Other characteristics 
can be flagged such as "nuclear island" and "balance of plant' for mechanical 
components or such as particular environmental conditions (high temperature, high 
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vibration, high humidity, etc.). The dimension fields (there riidy be up to three fields 
per component) are used to distinguish between similar components of different size, 

. power, voltage, etc. 

Those fields are independent one from the other so any combination is possible. 
The failure fates are calculated for the chosen group of equipment 

/ 
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1. - INTRODUCTION: PROBABILISTIC SAFETY STUDIES AT THE E.P.N. 

Since 1985, EDF has been conducting a major study program in the field of the 
probabilistic approach to safety. In particular, a level 1 probabilistic study was performed at 
the Paluel power station (PWR, 1300 MWe). At the same time, the IPSN, the safety 
authorities' technical support arm, conducted a similar study on 900-MWe units. 

The initial aims of the wdrk included that of developing tools for use by the nuclear 
generating plants, to conduct a "living" probabilistic study. In addition, following the 1300-
and 900-MW PSAs, EDF management decided to update its operational reliability data on 
the equipment and to develop reliability-centered maintenance. 

Operating feedback from the plants is essential for these last two projects, and it must 
be organized accordingly and data collection and processing tools developed. 

Currently, there is also other work in progress at the EPN in the field of probabilistic 
studies, in particular the analysis of operating events regarded as precursors. 

The pilot experiment at the Saint-Laurent-des-Eaux nuclear plant (two UNGG units 
being dismantled and two 900-MW PWR units) has a place both in the national context and 
in the framework of the plant's safety policy. 

2. - AIMS OF THE PILOT EXPERIMENT ON THE PROBABILISTIC SAFETY 
APPROACH AT THE SAINT-LAURENT PLANT 

Like all EDF plants, Saint-Laurent-des-Eaux has a safety engineering department 
with three key duties: 
- Constant checking of the level of safety attained 
- Assistance and advice on safety and quality to the operating departments 
- Technical thinking and analysis. 

The aims of the probabilistic safety approach in the context of the experiment at 
Saint-Laurent are: 
- To develop risk analysis 

The PSA analyzes all consequences of an operating event, assesses its real impact on 
safety, and helps to classify events on the INES scale or against the precursor analysis 
form. 

- To emphasize the use of operating feedback and develop its processing 

The search for and analysis of reliability data on equipment of importance to safety and 
availability are among the aims pursued. This work is necessary both for the Safety 
Studies and for reliability-centered maintenance. It is perfectly in line with the EPN's 
national objectives in this area. 
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- To create a new basis for discussion with the safety authorities 

The addition of the probabilistic approach to safety provides a new perspective in 
dealings with the safety authorities, especially in the following areas: 
- applications for waivers; 
- the evaluation of operating incidents; 
- programs for inspections or maintenance of equipment of importance to safety. 
In addition to these general objectives, the current experiment will also attempt: 
- to identify the conditions that must be met for this work to be done at a plant; 
- to identify any difficulties and limitations; 
- and to judge the feasibility of extending the initiative to all of EDF's nuclear capacity (54 
reactors at 17 plants). 

i 
3. - PRODUCING A PLANT RELIABILITY D A T A BASE 

Objectives 

In line with the general plant project objectives, to produce a specific data base 
serving the following special requirements: 
- tracking of the reliability of equipment relevant to safety as part of the reassessment of 
plant safety requested by the safety authorities; < 
- optimizing maintenance; 
- probabilistic evaluation of operating incidents using plant data. 

Principles and tools 

The basic principle of the project is that analysis in depth of equipment performance 
and of plant maintenance is the responsibility of the plant operators. 

The system created to obtain the reliability data must meet the following 
requirements: 
- guarantee exhaustive coverage in the collection of observed failures; 
- provide a high level of automation to make the analysts' work easier; 
- meet the needs of both safety studies (PSA) and maintenance studies (RCM); 
- be very easy to use at all skill levels at the plant; 
- be usable at any EDF nuclear plant. 
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To meet these requirements, we started from the computerized maintenance 
management system of EPF's PWR plants. This system is the same in all units. All work on 
equipment, however minor, is managed in it, from the initial request (even if cancelled after 
expert appraisal) to the closing of the file. 

We accordingly worked out lists of equipment judged important to safety or 
maintenance studies (nearly 4,500 items in all); every month, all work requests having to do 
with these equipments are put into an analysis and processing file (called "FIDEMIS"). The 
items of information contained in the many headings of the management file are 
automatically selected and redirected to, the failure forms of "FIDEMIS". Each of the forms is 
then analyzed by an expert from the plant's engineering team. 

"FIDEMIS" thus amounts to a local raw reliability data file that can be processed to 
yield certain parameters, such as failure and unavailability rates, etc. 

Processing of raw data 

When the failure forms have been analyzed, we obtain the following information for 
each equipment family tracked: -

- number of complete or partial failures, broken down between on demand and in operation 
(various possible failure modes); 

- number of operating hours and demands per year (these data are provided by the plant 
surveillance computer or by meters directly associated with the equipments). 

These data are then combined with the generic reliability parameters of all of EDF's 
PWR units using Bayes' theorem by special software developed for the purpose, 
"FIABAYES". 

"FIABAYES" uses, as prior probability distribution, all generic data about equipment 
families used in EDF's probabilistic studies. The plant data for year n are used as the 
sample "likelihood". The "posterior" law gives us the parameters specific to the plant for 
year n. This distribution is used as prior law for the following year, and so on, so that the 
evolution of component reliability at the plant can be tracked continuously from year to year. 

4. - RESULTS AND PROSPECTS 

The programme of work at Saint-Laurent is a three-year programme lasting until the 
end of 1995. The current results are therefore provisional and should be used for guidance 
only. 

Our goal is to produce a reliability data base specific to the plant by the end of 1995, 
using Bayesian methods. 

We are tracking the performance of 80 families of electric and electromechanical 
equipment (or about 4,500 elementary components, from the primary pump to the level or 
pressure sensor). While a number of theoretical questions have still to be answered, we are 
already persuaded that we will have enough operating feedback and processing method 
information to reach our goal. 
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Currently, our work is concentrated on the one hand on obtaining and processing 
plant reliability data, and on the other on strengthening the skills of the safety engineering 
team. 

Concerning the probabilistic safety studies, as the teams of experts from other EDF 
divisions develop failure and event trees that can be run on microcomputers, we test them 
and where appropriate adapt them to the plant. This is making it possible: 
- to strengthen our own skills in this area; 
- in time, to develop assessments that more accurately reflect site realities; 
- by the end of 1995, to produce our assessments locally, using the validated data base 
specific to the plant. 
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Figure 1. Architecture of reliability data collection system 
of importance to safety. 
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Reliability Data Collection by using Integrated Plant Monitoring System 

Ryosuke Tsutsumi*1, Ichiro Takekuro*2 

Toden Software Inc. (*1) 
Tokyo Electric Power Co. (*2) 

Introduction 

At present the nuclear power in Japan plays a major role in electricity generation, 
supplying nearly 30% of total demand. Secure and stable energy supplies are 
essential to guarantee continued economic and social success, and nuclear power 
will continue to figure large in Japan's energy strategy. Although the safety 
technology of LWRs in the West and Japan is mature, designs will continue to be 
upgraded for nuclear power plants. 

In Japan, longer cycle operation and plant life extension requires the upgraded 
monitoring systems. Monitoring systems that detect and identify equipment 
anomalies well before the equipment or system fails are under development and 
will be installed. These systems are called 
'Integrated Plant Monitoring System(IPMS)' 
temporally. 0 9 

0.8 

0.7 In addition the upgraded monitoring system 0 .6 
may evaluate the effects of preventive p 0 5 

maintenance policy in place in Japan by J o.4 
analyzing potential equipment failure and 0 3 

reliability data should improve when data 0 2 o.i collection and analysis function is added to q 

IPMS 81 82 83 84 85 86 87 88 89 90 91 92 93 
F i sea I Year 

Fig.1 Scram rates of Japanese plants 
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1. Reliability of Equipment in Japanese plants 

Probabilistic Safety Analysis(PSA) has not been used in cost-benefit evaluation, 
because there is little incentive for utilities and vendors to implement it. 
Equipment has been traditionally improved as much as possible under cost limits. 
An Example of results is shown in Figure 1. 

It is thought that high equipment reliability in Japan is due to the following three 
factors. 

a. Periodic inspection and maintenance 
Japanese plants are on a compulsory one year outage and inspection cycle. Even 

intact equipment is overhauled during this outage. This may well bring reliability 
improvements but the quantitative effect cannot be evaluated enough by using 
existing reliability analysis methods. 

h. Root-cause analysis and permanent countermeasures 
Since even a quite minor incident could cause a lengthy outage, Japanese 

utilities are careful to prevent any trouble. After any incident occurs, root-cause 
analysis of the failure is performed and, if necessary, an improved equipment, 
which has better durability, is installed even if it was designed as an article of 
consumption in original design concept. One example is the improvement of 
mechanical seals of Primary Loop Recirculation(PLR) pumps for BWRs. 
Because of such activities, recent equipment reliability is much higher than in 
earlier days. 

C- Tripled l&C by digitalized equipments 
Recently, nuclear power plants, not only Japanese plants, have digitalized I&C 

systems. The I&C system includes three independent parallel components that are 
always cross-checking each other's signals. If an abnormal is detected, it is easily 
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bypassed. Since complete(fatal) failure of such an I&C system occurs only very 
rarely, reliability is quite increased. Reliability of each equipment or part of the 
I&C system may also be increased by using high quality electronic parts. 

2. Current status of reliability data collection and application in Japan 

2.1 Collection 

As presented in this work-shop, the Nuclear Information Center(NIC) of CRIEPI 
has been collecting Japanese plant system and equipment reliability data. The 
NIC data is based on events reported to the regulatory body including 
insignificant matters. It also reflects Japan's excellent operating experience. 
However, the equipments subjected to the permanent countermeasures and 
preventive maintenance seem more reliable than NIC's database norm. 
Meanwhile, NIC's database shows the higher reliability in comparison with 
NUREG database. 

2.2 Application 

To our regret, Japanese utilities have not used the NIC's database for the PSA to 
determine accident management. The Core Damage Frequency(CDF) of Japanese 
plants was calculated by using generic databases(e.g. NUREG/CR-2815,IEEE 
std-500) and Japanese past records such as the initiating event frequency and the 
emergency DG(EDG)'s start-up failure rate and the reliability of the off-site 
power. Calculation results show that CDF of all plants are well bellow 10E-5. 

Given the conservative nature of NUREG database, the absolute value of CDF has 
been brought out conservatively. Although Japanese past records reflect the higher 
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reliability of Japanese plants, data collection systems for the database of Fault Tree 
Analysis(FTA) should be established to allow discussion of absolute value of IPE. 
When the data for the completely improved equipment is collected, the Japanese 
database would give useful information for the cost-benefit analysis in plants 
worldwide. 

3. Utilization of the integrated Plant Monitoring System 

3.1 Outline of the System 

The IPMS detects anomalies in components or systems affecting the safe and 
stable functioning of the nuclear power plants, thus supplying relevant 
information to plant operators and so enabling them to cope with anomalous 
situations effectively. 

At Tokyo Electric Power Co., related R&D was begun in 1993 as a joint work 
with Toshiba Corp. and Hitachi Ltd., and at the present time the basic design has 
been completed, and a sample system is envisaged which will test the prototype 
to eventually be verified by installation in an actual plant and final application in 
practice. 

The main functions of the System are : (a) to monitor sensor signals with the aim 
of detecting plant anomalies; (b) to diagnose the detected anomalies; and (c) 
based on the result of diagnosis, to supply operator support information. These 
functions are outlined below: 

a) Anomaly detection is based on the input of sensor signals gathered by the 
existing data acquisition systems such as process computer and transient data 
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recording devices. These receive on-line a multitude of signals(analog and 
digital) that are essential to safe and stable plant operation. The present system 
monitors variations occurring in these sensor signals in order to detect minute 
anomalies. 

The systems to be monitored at this time include the PLR and 
condensate/feedwater systems in the plant operating system, and the HPCS 
system including the emergency diesel generator in the plant safety system. The 
systems monitored will gradually be extended eventually covering the systems of 
nuclear power plant affecting plant safety and stability. 

b) Anomaly diagnosis begins when an anomaly is detected as above. Use is made 
of deductive procedures including detailed FTA covering a multitude of anomalous 
phenomena. The procedure permits the possible causes of an anomaly to be 
identified down to an individual component part or terminal event defined in the 
FTA. The deductive procedure and identified cause can be displayed on-screen to 
enhance operator understanding. 

c) Based on the results of the above diagnosis, information necessary for continuing 
plant operation, guidance on plant manipulation, and measures to be adopted are 
displayed on screen, to support the operator in coping with the situation. 

3.2 Generating a reliability database 

Component level or terminal event causes can usefully serve as source 
information for a reliability database. The information required for such purposes 
covers: the designation of the affected system/component/part; time and date of 
the occurrence; plant operating mode data; and the identified cause. Such data 
would be recorded - upon completion of the anomaly diagnosis activity - in a data 
base reserved for this specific purpose, called "primary data base', and would be 
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automatically stored in the reactor power history data. 

This primary database information is inputted into the reliability database 
management system, which integrates it with information supplied from the 
equipment management data base. During the integration process, the data is 
arranged and totalized according to the categories adopted in PSA and other 
evaluation purpose —i.e. categories of component, failure mode, operating mode. 
Users may perform the above procedure in conversational mode, and when 
required, retrieve the resulting data. 

For the time being, inspection/test data and Maintenance Request Form(MRF) -
constituting the basis for evaluating unavailability of equipment and plant system -
would be inputted by users from the relevant data sheets. In the future, it is 
considered possible to automate the procedure by incorporating it into the 
Integrated Plant Monitoring System. 

The flow of procedure to be followed by the reliability data base management 
system is shown in Figure 2 for the case where the data base for PSA is generated 
individually at each plant site. 

V 
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Sensors 

Reliability Database for PSA 

Failure data 
Goapnent type. Operation aode. Failure 
•ode. Ninber of Occurrences, Reactor 
operating hours, etc. 

Maintenance data 
Coapoaent type, Opearaticn aode. 
Maintenance duration tiae. etc. 

.2 The Flow of Generating a Database for PSA 
Using the Reliability Database Management System 
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4. Conclusion 

Although such efforts are very expensive, Japanese utilities have made continuous 
efforts to improve the design of equipment in nuclear power plants. The higher 
reliability of Japanese plants is reflected in the low frequency of EDG start-
failures, the frequency of initiating events, and the reliability of off-site power in 
PSA. However it seems that systems and equipment in the latest plants have been 
upgraded to such a great extent that they may be much more reliable than 
previously thought. 

It is the best way to collect the reliability data of highly upgraded equipment by 
IPMS that has the function of data collection. Although careful analysis of MRF 
is the orthodox method, the automated data collection and analysis should be 
established so as to avoid the effects of human factors. For this reason IPMS will 
be installed into as many plants as possible and this system will be the primaiy 
data collection method in the future. In Japan, electric power companies would 
like to promote this project voluntarily. 
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BAYESIAN ESTIMATION OF COMPONENT FAILURE 
RATES FOR LIVING PSA 

AUFORT P. Research and Development Division FERRARO G. Nuclear and Fossil Generation Division 

ABSTRACT , 
The development of "living PSA" applications on corporate or local level, needs a periodic 
updating of the PSA databases. 
The matter of this paper is to present a bayesian estimation method and the associated tool, 

•developed by EDF, NPPs Operation Division and Research and Development Division, to 
estimate component failure rates in order to: 
• at corporate level, update the existing1 generic EDF database, 
• at plant level, provide a plant specific data base. 
The paper gives some examples. 

1. INTRODUCTION 
In the context of "living" corporate- or plant-level PSAs, equipment reliability data must be 
updated as operating feedback is received. These data make it possible to estimate the 
functional criticality of equipments or systems quantitatively and to track changes in this 
criticality. 
Operating feedback extends over a number of years and covers a large number of identical 
equipments, and this together with the standardization of the power station population means 
that the classical frequency approach is adequate in most cases [1]. 
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However, the classical approach reaches its limits when: 
• the aim is to estimate the failure rates of equipments or systems for which either the 

operating durations, outside of accident situations, are short and failures are rare, or the 
operating durations are normal but failures are rare because of permanent monitoring; 

• the only object of interest is ITS (Important To Safety) equipment, for which failures at 
the level of a single plant are necessarily rare; 

• the frequency of updating is high (between one and three years); 
• there have been design changes to the equipment, to improve its reliability, or the 

operating and maintenance constraints have changed since the power plant was 
commissioned; 

• there is doubt as to how exhaustive the operating feedback data are, because of the 
inconsistency of information from different sources. 

Under the conditions mentioned above, the Bayesian approach would seem to be the most 
suitable one for the updating of reliability data concerning equipment important to safety, for 
which, in most cases, failures relevant to PSA are rare. It should also be noted that it is 
suitable for the reliability-centered maintenance (RCM) approach, since operating feedback 
data become increasingly rare as the lowest level of components of the equipment is 
approached. Finally, it is, in conjunction with expert judgment, the only rational approach to 
determining reliability data for equipment having a new or modified design [2,3]. 

2. GENERAL METHODOLOGY 
In 1990, Electricite de France published the Probabilistic Safety Assessment (PSA) of 1300 
MWe nuclear plants (EPS 1300) and the associated reliability database used for this study [4]. 
The database concerns critical failures of components important for the safety of a nuclear 
plant, and covers EDF experience from 1978 to 1987 (sampling of more than 100 reactor 
years). 
This feedback experience was checked and validated by the French Safety Authority. 
These reference data are considered as prior available information when using a Bayesian 
approach. New data collected since 1988 represent the likelihood of parameters to be 
estimated. 
From the prior and the likelihood defined above, the posterior distribution of the reliability 
parameters, the corresponding point estimator and the associated probability interval are 
calculated with a dedicated software: FIABAYES © [5]. 
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Figure 1 is a simplified diagram of the Bayesian approach: 

Figure 1 - Diagram of inference mechanism 
The same approach was used in preparing the European Industry Reliability Data Bank 
(EIReDA) [6]. 
Figure 2 is an extract of EIReDA. 
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2.1. Reference Reliability Parameters 
In EPS 1300, as the plants are still young, and the aging is not yet evident, failure rates of 
components are assumed to be constant. The same hypothesis is made for data collected 
during a more recent period (since 1988): this assumption being realistic for components 
subject to aging but on which preventive maintenance is carried out 
This hypothesis is equivalent to the assumption that times operated to failure of components, 
tj, are exponentially distributed or that the number of failure occurrences observed in a period 
of operation is a random variable with a Poisson distribution. 
Under this assumption, if n components are observed to operate and k out of n components 
fail (the lifetime of the rest being censored), the likelihood of these observations is: 

+ 2 <J i-l j-n-k 
\ 

/ e 

tj being the times to failure, tj the survival times, and 6 being the parameter of the time to 
failure distribution. 
Consequently: 

MZfe 
+ 

i-l j-n-k ; 
e -kioge , 

the maximum likelihood estimation of 6 is derived from: 
dlog(ffe]) 1 

de ~ e5" 2"* I 'i i-l j-n-k 
which gives: 

6< 
2 ' i * 2 'i 
i-l j-n-k 

and the maximum likelihood estimator for the failure rate is: 

A = TS 
S ' i ' E ' i 
i-l j-n-k 

The probability of failure on demand is estimated in the same way: 
* k(d) EgJ T 

2 d i + 2 d<» 
j-n-k(d) i-l 

k(d) being the observed number of failures on demand, di the number of demands attached to 
failures ki, and d(j) the number of successful! demands. 
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The dimension of Y is a number of occurrences per demand. 
The failure rate and the probability of failure on demand are given in volume 1, with the 
associated error factor E which is 

A A A A 

E - Max (X. / k|ow, Xu p / X), for X 

or 

E - Max (Y / Y iow> Y up / Y)«for Y 

XJow and correspond to the (1-a) confidence interval for failure rate X, defined as follows: 

'i J- l j-n-k ) u-1 J - n " k ) 

X^(k) is the 100 a percentile of the chi-square distribution with k degrees of freedom. 

X| o wand £ u p are defined in the same manner, with (1-a) = .60 when fewer than 5 failures 
have been observed, (1-a) = .80 when 5 to 10 failures have been observed, (1-a) = .90 when 
more than 10 failures have been observed. 

Remarks-. 
If this interval cannot be computed, E has been taken equal to 10. 
The above estimators can be evaluated per failure mode. 
If no failure is observed, failure rate is estimated as: 

x k ( 2 ) 
k n 

2 « 
Li-l - n-k 

where xo,5 (2) is the 50% confidence level for the x 2 distribution with 2 degrees of freedom. 
These reference reliability parameters are used to determine the prior distribution of the 
parameters using a software, FIABAYES [5]. 
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In short, depending on the prior knowledge available to us, there are four main possible 
choices of prior law: 

Option 1: 
The data usable as prior are taken from an estimate using a 50% chi-square reflecting the 
absence of operating feedback. In addition, no failure is found in the new sample analyzed. 
In this case, the expert judgments) will be modeled as prior, or failing this the estimator will 
be calculated frequentially using a 50% chi-square over the whole period encompassing the 
prior and the new sample. 

Option 2: 
» 

The data usable as prior are taken from an estimate using a 50% chi-square reflecting the 
absence of operating feedback, but at least one failure is found in the new sample. In this 
case, there is a choice between two solutions: 
• the reciprocal of this frequential estimator is treated as the mean value (jjt) of a time to 

failure given by an expert or experts. The associated prior law is then a uniform law over 
the interval [0,2 n]; 

• or option 3 is applied if the elementary data (number of failures, operating time or number 
of demands) are available. 

Option 3: 
The data usable as prior are an estimator and its confidence limits, estimated frequentially, 
together with the elementary data (number of failures, operating time or number of demands). 
In this case, for the prior estimator, or the mathematical expectancy of the prior distribution, 
to remain consistent with the frequentially determined estimator, Bayes1 theorem is applied 
starting from a non-informative uniform law (Jeffreys' law) and the elementary data. The 
posterior gamma (or beta) law then becomes the prior law that will be combined with the data 
of the new operating feedback sample. 

Option 4: 
This involves updating an initial Bayesian estimation, which will be the first processing 
option in the context of a sequential approach. In this case, use is made of the confidence 
limits of the estimator calculated previously, and the associated prior law is a gamma or beta 
law depending on whether the subject is failures in operation or failures on demand. 

/ 
The posterior results are sensitive to the choice of prior law, and to the relative weights of the 
prior and the likelihood. These two factors are closely linked to the notion of expertise, a key 
concept in the Bayesian approach. 
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It will be noted that, depending on the sample sizes for the prior and the likelihood, the choice 
of prior distribution may make it possible to adjust their respective weights. For example, it 
may be desired to weight in favor of the likelihood, either because it is felt that, because of its 
size, or to reflect improvements to the equipment, the new sample is more representative, or 
because equipment using a new technology has been installed. In this case, choosing a 
uniform prior distribution can partially attain this objective. 
Further studies are in progress; they concern the extension of the choice of prior to other 
distributions, notably those with two parameters, and the methodology to be applied to the 
weighting. 

2.2. Updated Reliability Parameters 
New data have been collected since 1988. 
It is assumed before any parameters are estimated that high-quality samples of elementary 
data are available. 
Whatever the origin of the data (Reliability Data Base System (SRDF), Event Data Bank 
(EVT)), it is assumed: 
• that the raw data have been extracted and validated by experts in the field concerned; 
• that the selected samples have been validated by comparing their consistency, 

homogeneity, and exhaustiveness. 
These new data are considered as the likelihood of the prior distribution fitted from reference 
data collected in EPS 1300. As said before, a specific software: FIABAYES © has been 
realized, allowing determination of the parameters of any prior probability density function 
(pdf) from the knowledge of the mean, or of the fractiles of this prior distribution of 
elementary data or deduced from EPS 1300 [4], in accordance with 2, 3, or 4, described in § 
2.1. 

Sections 2.2.1 and 2.2.2 describe the methodology of determining the failure rates in 
operation and on demand in accordance with option 4 (§ 2.1). 

2.2.1. Failure rate in operation 
Failure rates of components since 1988 have been assumed again to be constant. The 
conjugate prior distribution of X in this case is a gamma distribution with probability density 
function (pdf): 

v 0,1 r(a0)p0
a° 

a 0 being the shape parameter and fi 0 the scale parameter, which are determined with 
FIABAYES ©. 
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For k failures observed on n components during the total observation time T: 

i - l j - D - k 

(n-k) being the surviving components, the likelihood function is: 
" k n exp' -X • 2 -J 
i-l j-n-k J 

and the posterior pdf of X is calculated by application of Bayes theorem as: 

T(a 0 + k) (p 0 / PQT+ i ) a ° + 
F X a ° + l c - 1 . exp -X f x + J L ] 

i.e., the posterior of the failure rate is a gamma distribution with parameters: 
[ a 0 + k;P 0/(Po T+l)]. 
The Bayesian point estimator of X is the expectation of the posterior distribution, or, 

x - B M - t o f e o U i l PoT+l 
A symmetric (1-a) Bayesian interval estimate is given by: 

Is. -XS/2(2k + 2a 0 ) 
X , O W " W + l) 

When the parameters of posterior pdf, [ao + k ; P 0 / ( P o T + 1 ) ] » are known, it is possible to 
determine the reliability of one equipment at time t, R(t): 

R ( t ) - j ; e - * g < x ) d x 

2.2.2. Probability of failure on demand 
For the probability of failure in one trial, denoted by y, a beta prior, 
P(no, m 0), is chosen as conjugate to binomial observations: 

f b ( Y ; n 0 , m o ) - ^ ± E o l Y - o - l ( I _ Y ) m o r(n 0 )r (m 0 ) 
-1 

Parameter y is the probability of failure in a number of trials independent of one another. 
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As for the parameters CLQ and |J0 of the prior distribution in section 2.2.1., and m 0 are 
determined by FIABAYES ©. 
If k failures are observed among n tests on equipments, the likelihood of the observations is: 

Z(Y / k> - [ j ] Y k (1 - Y ) n _ k 

and the posterior pdf of y is determined by Bayes theorem to be: 
afy / irt . r(n0 + m0 + n) (n 0 +k)-l ( _ v(m0+n-k)-l 
gKV > r(n0 + k)r(mo + n-k) Y V 

which is a beta distribution with parameters (no+k) and (m0+n-k). 
The Bayes point estimator of y under a squared error loss function is the expectation of this 
distribution: 

^ k + "o 
m© + n + up 

Lower and upper Bayes probability interval points are computed with FIABAYES ©. 
They also can be determined from the Fisher-Snedecor distribution and percentage tables [3]. 

k + n 0 
Ylow 1 

k + n 0 + (n + m 0 - k) (2n + 2(m 0 + n 0) - 2k - 2n 0; 2k + 2n 0) 

(k + n 0) fi.q/2 (2k + 2n 0; 2n + 2(m0 + n0)- 2k - 2n 0) 
Y u p n + (no + m 0 ) - k - n 0 +(k + n 0) I\_a/2(2k + 2(no + mo);2(mo + no)-2k-2no) 

3. APPLICATION 

Reminder: 
• The main objective of the performance of "living" corporate-level PSAs as part of regular 

updating of the assessment of the level of safety of PWR units as operating feedback data 
evolve is: 
- to generate reference PSA data from time to time and to monitor changes in the level of 

safety at corporate level. 
• The main objectives of the performance of "living" plant PSAs are: 

- to generate plant PSA data from time to time and to allow comparison of the plant level 
with the corporate level; 
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- to get the various parties at the plant to take a hand in gathering and processing 
operating feedback, especially in fields involving monitoring the performance of safety 
equipment and functions; 

- to estimate the plant safety level in comparison with the corporate level. 
To demonstrate the feasibility of these two complementary approaches, we intend to simulate, 
over time, for a given equipment, the evolution of corporate- or plant-level reliability 
parameters. The prior data come from EPS 1300. The new data are imaginary, but realistic. 
Figure 3 shows the approach as a whole. 

• Updating at corporate level 

A PRIORI 1 LIKELIHOOD 1 A POSTERIORI 1 r 
© Bayesian estimation A PRIORI 2 J^ LIKELIHOOD 2 

Figure 3. - Diagram of interaction between the two complementary approaches 

3.1 Updating at corporate level 
This approach leads to the generation of reference corporate reliability data that will then be 
forwarded to the plants for the generation of plant-specific PSA data. It is used to monitor 
the level of safety at corporate level, and to compare each plant to the corporate level using 
the reliability data reconstituted for each plant. Hie data generated in this context become the 
reference PSA data. 
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Assumptions: 
Prior: 
The initial corporate data are taken from EPS 1300 [4]. 
CCS pumps 

Xlower X Xupper Error factor Hours of operation Number of failures 
6.9 e-6 1.3 e-5 2.1 e-5 1.8 1.1 e+6 14 

The methodology described in § 2 is applied. 

Likelihood: 
For the entire corporate level, for two-year periods over ten years, the data concerning the 
CCS pumps are: 
Table 1 gives the operating feedback data. 

Table 1. CCS pumps. Operating feedback data at corporate level 
period number of failures hours of operation 

1 5 8.45 e+5 (•) 
2 9 8.45 e+5 
3 2 8.45 e+5 
4 10 8.45 e+5 
5 1 8.45 e+5 

(*) 34 units * 4 pumps * 3110 h/yr * 2 years = 8.45 e+5 hours 
Posterior: 

Table 2 gives the posterior results of the estimate (90% confidence level). 
Table 2. CCS pumps. Results of posterior estimates at corporate level 

period prior posterior 
X lower X Xupper X lower X Xupper 

1 6.9 e-6 1.3 e-6 2.1 e-6 6.4 e-6 9.8 e-6 1.4 e-5 
2 6.4 e-6 9.8 e-6 1.4 e-5 7.1 e-6 1 e-5 1.3 e-5 
3 7.1 e-5 1 e-5 1.3 e-5 5.9 e-6 8.2 e-6 1.1 e-5 
4 5.9 e-6 8.2 e-6 1.1 e-5 6.7 e-5 8.9 e-6 1.1 e-5 
5 6.7 e-6 8.9 e-6 , 1.1 e-5 5.9 e-6 7.7 e-6 9.7 e-6 
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Figure 4 is the document the FIABAYES software produced for period 5. 

Prior ia formation 

Fault rate estimator 8.84E-06 
Confideacc level : 90% 
Credibility interval Lower limit 6.726-06 

Upper limit 1.12E-05 
Prior law Gamma law 
Hyper-parameters BETA 4.19014893E+01 

THETA : 4.73987950E+06 

Likelihood of sample 

Type of failure In operation 
Reliability law Exponential law 
Cumulative operation lime 845000 hours 
Number of failures : 1 

Posterior estimates 

Confidence level (in*>) : 90 
Failure rate estimator : 7.68E-06 
Credibility interval Lower limit 5.86R-06 Credibility interval 

Upper limit 9.71E-06 
Posterior law Gamma law 
Hyper-parameters • : BETA : 4.29014893E+01 

: THETA 5.58487950E+06 

PRIOR AND POSTERIOR DISTRIBUTION OF FAILURE RATE I LIKELIHOOD OF SAMPLE 

Prior : Gamma law (4.19015E+01,4.73988E+06) 
Posterior Gamma law (4.29015E+01,5.58488E+06) 
Likelihood Exponential law (1.000000.845000.000) 

'i I I « i 1 r 
OJOE+OO S J OE-M i e-06 M E - U «JOE-Oa IJOE-OS 12E-06 Hut dfthritanoa 

prior posterior . likelihood 
Figure 4. Document produced by FIABAYES software for period 5. (Table 2) 

Figure 5 shows the changes in the estimate of the reliability parameter and its confidence 
interval at each update. At each period, these generic data, regarded as corporate-level 
reference data, will be transmitted to each plant to en- ble it to generate its plant-specific data 
(see §3.2). 
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Figure 5. - Evolution of the reliability parameter and its confidence interval - Corporate 
PSA data 

3.2. Updating at Plant level 
This approach leads to the generation of PSA reliability data at the level of each plant, while 
allowing plant comparisons to plants from same technology or to corporate level. It allows 
each plant to situate itself with respect to equivalent units and so influence the various 
maintenance and safety practices introduced. 
To carry out a fresh update, each plant must have access to new generic data generated on 
date Y and supplied by the corporation. These reference data will constitute the new prior for 
each plant. 
Assumptions: 
Prior: 
The initial generic data are taken from the initial EPS 1300. 
CCS pumps: 

X lower X X upper Error factor Hours of operation Number of failures 
6.9 e-6 1.3 e-5 2.1 e-5 1.8 1.1 e+6 14 

Here again, the methodology described in § 2 is applied. 
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Likelihoqd : 
It is assumed that the pumps of plant XXX have one failure in each two-year period, with an 
operating time of 24,880 hours in this period, for ten years. 
Posterior: 
Table 3 gives the posterior results of the estimate (90% confidence level). 

Table 3. CCS pumps. Results of posterior estimates at plant level 
period prior posterior 

X lower X Xupper X lower X Xupper 
1 6.9 e-6 1.3 e-6 2.1 e-5 8.2 e-6 1.3 e-5 1.9 e-5 
2 6.4 e-6 9.8 e-6 1.4 e-5 6.7 e-6 1 e-5 -1.4 e-5 
3 7.1 e-6 1 e-5 1.3 e-5 7.3 e-6 1 e-5 1.4 e-5 
4 5.9 e-6 8.2 e-6 1.1 e-5 6.1 e-6 8.4 e-6 1.1 e-5 
5 6.7 e-6 8.9 e-6 1.1 e-5 6.9 e-6 9 e-6 1.1 e-6 

Figure 6 shows the results of applying the two options described in §§ 3.1 and 3.2 for a ten-
year period. The two curves shown are: 
* the result of the periodic estimate of the generic corporate data from the set of elementaiy 

data submitted by the plants. The set of estimates constitutes a reference that is useful in 
updating the corporate- and plant-level PSAs the next time they update their own data 
(cf. § 3.1). 

• the result of the periodic estimate of plant-specific reliability data as a function of the 
generic corporate data from the previous update. This constitutes the plant-level reference 
datum for comparison with the other plants (cf. § 3.2). 

* ! 

pi««i i 
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Coiponte 

level 

tjNCM 
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level 

# 

%jmm • 2 4 • t Yens f 

Figure 6. - Comparative evolution of plant- and corporate-level PSA data for a given 
type of equipment 
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4. CONCLUSION 
In the context of "living" PSAs, a corporate- or plant-level reliability data generation 
methodology, in particular one based on a Bayesian approach, can be used to attain the 
following three objectives: 
• Centralization: 

The use of corporate-level generic PSA reliability data as reference for the updating of the 
PSA reliability data ensures lasting overall consistency. 

• Decentralization: 
The generation of plant-level reliability data gets people at the plant to participate in 
collecting and processing operating feedback, promotes risk analysis, and enables plant 
safety officers to make a stronger case for their decisions to the safety authorities.. 

• Co-operation: 
The interconnection of the plant- and corporate-level approaches and the use of the same 
terminology and methodology promote co-operation between the corporate level and the 
plants. In addition, the dissemination of between-plant comparison results to all plants 
ensures that the fullest possible use is made of experience. 
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Development of Nuclear Component Reliability Data System 

Masashi Takatsu 
Nuclear Information Center, Central Research Institute of 

Electric Power Industry, JAPAN 

ABSTRACT 
Nuclear Information Center (NIC) of Central Research Institute 

of Electric Power Industry (CRIEPI) serves utilities by providing 
information on operation and maintenance of the nuclear 
power plants, and evaluat ing the plant performance a n d 
incident trends. 

As a result of- these evaluat ions , a nuclear component 
reliability data system has been developed for estimation of 
failure rate of major components for use in PSA. 

This paper describes the features of this data system a n d 
shows examples of the calculated failure rates for Japanese 
nuclear power plants . 

1. Introduction 
NIC has been evaluating reliability of equipment of 

Japanese nuclear power plants since its establishment. 
We initiated a project for estimation of component fa i lure 

rates for use in PSA at the request of the utilities in 1988. 
This project was conducted by a study group including 

members from the uti l i t ies . 
At the end of 1992 the calculation of component failure 

rates for PSA for the planned 42 component was completed. 
All data collected was incorporated into a computerized 
database system by the end of 1994. This database can be 
accessed by NICS (Nuclear Information Database / 
Communication System) terminal at the util it ies. 
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2. System Configuration 
(1) NICS hardware conf igurat ion 

NICS database runs on the CRIEPI main frame computer 
and is accessed from a NICS terminal at an utility. 

NICS hardware configuration is shown in Figure-1. 

WANO 
Regional Canters • -

Atlanta Center 

Moscow Center 

Paris Center 
Tokyo Center 

INPO 
NUCLEAR 
NETWORK 

Nuclear Information Canter 

- Oomaatic «vent raoort 
* INPO Mfll weOft 
- OcwiMie component data 

Opemeons A maiownsnce d 
Component tefcaotfty data 

NICS : Nuclear tnfomiation Oetabase/Comnxjnication System 

Figure-1. NICS Hardware 

(2) NICS funct ions 
NICS consists of two subsystems :the Information Retrieval 
System and the Analysis and Evaluation System. 

a. Information Retrieval System and Analys is 
- Domestic event report 
Retrieve reports by keywords from database of the 
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domestic event reports from 1966. 

- INPO event report 
Retrieve reports by words from the database of INPO event 
reports from 1981. 

-Domestic component data 

b. Analysis and Evaluation System 
- Operation and Maintenance data system 
A system to optimize component inspection intervals by 
analyzing operation and maintenance data 
- Nuclear component reliability data base 
Computation failure rates of 42 component for use in 
PSA 

(3) Nuclear component reliability data base system funct ions 
- Failure rate computation 
Computation of component failure rate by unit or system. 

- Sorting 
Sorting of component populations, number of failures and 
hours of operation by unit or system. 

- Retrieval funct ion 
Retrieval of failure data and component engineering data 
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Ut i l i t y C R I E P I 
D a t a b a s e C o m p u t e r 

T e r m i n a l 

& 

Computation 
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Operation 
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Trouble Data 

J± 
Operation Data 

N I C 

» D«t*rmfn*comporn«nt failure mod* 

' S tore d a t a 

Figure - 2. Nuclear Component Reliability Data System 

3. Data Construction 
The sources of component failure data were the event 

reports for the period of April 1982 to March 31,1992 for 34 
nuclear power plants . 

The event reports were obtained from the utilities and. 
screened for component fai lures . 

Component populations were obtained from plant 
engineering documents . 
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(1) Component 
The components for computation of failure rates are shown 

in Table-1. 

Table -1. Component for computation of failure rates 
Emergency diesel generator Battery 
Motor driven pump Charger 
Turbine driven pump Bus 
Diesel driven pump Pipe 
Motor operated valve Relay 
Air operated valve Time-delay relay 
Hydraulic operated valve Computation 
Check valve Solid state card 
Manual operated valve Bistable 
Safety valve Fuse 
Safety relief valve Flow transmitter 
Solenoid valve Pressure transmitter 
Fan/Blower Level transmitter 
Damper Temperature detector 
Heat exchanger Radiation detector 
Orifice Flow switch 
Strainer/Filter Pressure switch 
Motor Generator Set Level switch 
Invertor Temperature switch 
Circuit breaker Limit switch 
Transformer Hand switch 

(2) Failure mode de f in i t ion 
Examples of failure mode definit ion are shown in Table-2. 

Table-2. Failure mode def in i t ion 
Component Failure mode Definition 

Motor driven pump Fail to start Does not to start or stop 
running shortly after a start. Motor driven pump 

Fail to run 
Stop running after reaching 
a stable condition of 
operation. 
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(3) Component boundary 
We set up boundaries for each component to determine 

whether a failure belonged to the component or not. 
An example component boundary is shown in Table-3 and 

Figure-3. 

Table - 3. Boundary of motor driven pump 
Subcomponent/ 
subsystem Inside boundary Outside boundary 

Main parts Pump,Motor,Cable Circuit Breaker 

Instrumentation 
Instruments attached to 
pump and motor such as 
flow, pressure and 
temperature detector and trip 
circuit 

Logic relay circuit and 
electric protection 
instruments such as current 
transformer and overcurrent 
relay 

Component cooling system Primary cooling water 
system 

Secondary cooling water 
system 

Lubricant system Lubricant system Cooling water system 
Seal system Self-seal water system Supplied seal water system 
Fittings Vent( drain) line and a vent 

valve( a drain valve) 

Fccilcr 

Figure - 3. Boundary of motor driven pump 
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(4) Component Populat ion 
Component populations were obtained from selected 

systems shown in Table-4 which were the major normal and 
safety systems. For the safety systems and major normal 
systems, standard system diagrams were produced for BWR, 
PWR to set the components to be investigated. 

Table - 4. Selected system 
BWR PWR 

$afetv svstem Safety system 
High pressure core spray system 
High pressure coolant injection system 
Low pressure coolant injection system 
Reactor core isolation cooling system 
Residual heat removal system 
Containment cooling system 
Standby liquid control system 
Emergency component cooling system 
Emergency component cooling sea water system 
Flammability control system 

Normal system 

Accumulator injection system 
High pressure coolant injection system 
Low pressure coolant injection system 
Containment spray system 
Residual heat removal system 
Auxiliary feed water system 
Reactor component cooling system 
Reactor component cooling sea water system 

Normal system Main steam system 
Feed water system 
Condensate water system 
Reactor cleanup water system 
Reactor recirculation system 
Fuel pool cooling system 
Control rod drive system 
Reactor component cooling system 
Reactor component cooling sea water system 

Accumulator injection system 
High pressure coolant injection system 
Low pressure coolant injection system 
Containment spray system 
Residual heat removal system 
Auxiliary feed water system 
Reactor component cooling system 
Reactor component cooling sea water system 

Normal system Main steam system 
Feed water system 
Condensate water system 
Reactor cleanup water system 
Reactor recirculation system 
Fuel pool cooling system 
Control rod drive system 
Reactor component cooling system 
Reactor component cooling sea water system 

Reactor coolant system 
Chemical volume control system 
Main steam system 
Feed water system 
Condensate water system 
Spent fuel cooling system 
Reactor component cooling system 
Reactor component cooling sea water system 

(5) Operation t ime 
Operation time for most of the components are estimated 

from the reactor operation t ime. 
The operation time of inverters, batteries and chargers are 

the same as the calendar time. 
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(6) Failure data 
When equipment failures or plant events occur, an event 

report is sent to NIC and a summary of the event is put into 
the NICS database. 

The event reports were used to obtain component failure 
information used in estimation of component failure rates. 

We examined event reports of 34 plants for a 10 year period 
and determined failures of selected components . 

Failure evaluation was based on the component boundary 
and failure mode defined for each component. 

A failure found in stand-by equipment or discovered 
during disassembly inspections was judged to be a failure 
occurring when operation was required. 

If a potential failure occurred as a result of inspection and 
was discovered during a follow up test to confirm function, 
this was not counted as a failure. However, if a failure was not 
detected at this point and was discovered during operation 
later, then this was counted as a failure. 

If a failure cause was clearly due to human error, the 
transmitted failure was not counted as a failure. 

(7) Calculation of Component Fai lure 
Failure Rate A is obtained by the fol lowing equation. 

A = ~ [ 1 / H r ] 

r ; the number of failures by failure mode during operation, 
(or the stand-by period) 

T is the total operating time, (or the total stand-by t ime) 
If the number of failures is 0, then it is assumed to be 0.5. 
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The confidence interval is obtained from the chi-square 
distribution.(Confidence interval 5% lower limit, 95% upper 
limit) 

when r>0, confidence interval is as fo l lows. 

X 2o.»s(2r+2) 
X upper —- 2T 

* W 2 r ) 
A Lower — 

2T 

* ^ a (2r);the chi-square variate at a cumulative probability 
for 2r degrees of freedom 

when r=0, the upper limit value is as fo l lows. 

X 2 0.9(2) 
A upper — 
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4. Example of calculation of component failure rates 
Failure rates and operation hours of motor driven pumps, 

turbine driven pumps, motor operated valves and air operated 
valves are shown in Table - 5, in Figure-4 and Figure-5. 

Failure Causes of those components are shown in Figure-6. 

Table - 5 Operation hours and failure rates 
Component/ 

Fai lure 
m o d e 

Operation 
hours [Hr] 

Failure rates [1/Hr] Component/ 
Fai lure 

m o d e 
Operation 
hours [Hr] Lower Point 

estimate Upper 
MD PUMP 
FAIL TO 
START 

2.80E+07 1.83E-09 3.57E-08 1.69E-07 
MD PUMP 
FAIL TO 

RUN 3.04E+07 4.10E-07 6.26E-07 9.18E-07 
TD PUMP 
FAIL TO 
START 

2.51E+06 2.04E-08 3.98E-07 1.89E-06 
MOV FAIL 

TO 
OPERATE 

3.22E+08 8.12E-09 1.86E-08 3.68E-08 
MOV 

EXTERNAL 
LEAK 

3.22E+08 - 1.55E-09 7.15E-09 
MOV FAIL 

TO REMAIN 
OPEN 

3.22E+08 1.10E-09 6.21E-09 1.96E-08 
AOV FAIL 

TO 
OPERATE 

1.73E+08 4.01E-08 6.95E-08 1.13E-07 
AOV 

EXTERNAL 
LEAK 

1.73E+08 - 2.89E-09 1.33E-08 
AOV FAIL 

TO REMAIN 
OPEN 

1.73E+08 2.97E-10 5.79E-09 2.75E-08 
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Figure - 6. Failure cause 

5. Conclusions 
The nuclear component reliability data system can be 

easily accessed by the NICS terminal at the utilities and can 
compute the failure rate of msgor components for 34 Japanese 
nuclear power plants . 

Most of the failure rates calculated by this system are lower 
than those of the U.S. generic databases, (such as LER and 
IEEE) 

We think that this equipment reliability can be mainly 
attributed to the preventive maintenance activities. 

The component failure rate data in the system should 
provide a good generic database for use in PSA in Japan. 
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A Systematical Approach of Common Cause Failure Event Investigation and 
Data Assessment 

Abstract 

It is well known that common cause failures are of great influence on PSA results 
and, consequently, on NPP safety. But CCF's are rare events and, therefore, 
probabilistic data are highly uncertain. There are many different mathematical 
models of CCF's, but they cause no significant differences in the results. None of 
them can overcome the main problem: the lack of data. In this respect, deeper 
knowledge of CCF is necessary - not only for PSA-data but also for the evaluation of 
each failure event during NPP operation - as to whether a single failure or a CCF is 
to be treated. 
From our experience we can state that current failure event investigation is by far not 
sufficiently focused on CCF treatment. Consequently, an improved and systematic 
approach of CCF event investigation is necessary. Based on international literature 
to this subject /1-7/ and ouf experiences in the evaluation of NPP operations, such 
an approach is being developed by the TOV Nord /8/. 
The main subjects treated in our contribution are: 
Identification of CCF's => What is CCF? What are the criteria? 
Description of CCF's => What is to be described and how? 
Statistical importance of events => Estimation of an unavailability indi-

cator of the components affected. 

As a result of our experience on CCF evaluation at current plant operations, we 
consider it recommendable that this approach be integrated into the current plant 
management process so as to obtain the best information about the CCF pattern by 
the feedback of plant-specific experience on CCF prevention. Plant-specific CCF 
data and models will be provided as well. 

212 



1. Introduction of Reliability Data Treatment 

The main objectives of reliability data assessment of current plant operation are the 
following: 

1. Assurance of reliability of plant components and systems, so as to support plant 
safety supervision by plant managements and authorities. 

2. Plant-specific PSA data assessment for making the PSA approach more realistic 
(Living PSA). Its results can be used for long-term decisions, such as ranking 
backfitting measures and for optimization of operational procedures. 

Reliability data assessment of current plant operation offers various advantages of 
plant safety work, such as: 

• The statistical approach of failure events and failure causes will have a positive 
impact on plant maintenance; it stimulates the maintenance work, so that real 
component failure rates will be reduced. 

• The treatment of statistical data by plant staffs makes the PSA approach more 
attractive and will become a real management tool. 

• PSA input data, models and assumptions will be Verified as viewed by the plant 
so that PSA will be qualified and becomes more realistic. 

• The feedback from PSA results and insides, such as ranking the importance of 
components and functions, stimulates the risk awareness of management 
decisions, e.g. of current event assessment and in maintenance work. 

In doing so, plant safety culture will be affected in a positive way. This positive trenoi 
of increased application of PSA and reliability data treatment can be drawn from the 
4 OECD / TOV-Living PSA Workshops /9/. 

Of course, this approach has its price: an experienced team of PSA and reliability 
technology are necessary. As contained in the above references and based on our 
own experiences, at least two experts are required, one for PSA application and one 
for reliability technology. 

The next chapter contains a short description of the state of reliability data collection 
for NPP's in Germany. 
The most important issue of data collection is focused on common cause failure 
(CCF)-treatment and will be discussed in the following chapters. 
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2. State of Reliability Data Collection in Germany 

Since 1988, by a recommendation of the Federal Government of Germany, plant-
specific PSA's should be established for all NPP's as part of the current plant safety 
review for the next 10 years /101. 
Plant-specific data evaluation should be part of this approach so as to make PSA 
results as realistic as possible. 
In a final state of application, a Living PSA should be established. 
For supporting this development, a German PSA guideline was set up by an expert 
group; the first and second drafts have been available since 1989 and 1993, 
respectively/11/. 

In principle, this guideline is not different from others, as compared to-the general 
approach of PSA, e.g. of NRC 2300 /12/ and IAEA /13/, and reflects the specific 
German PSA experiences. 

The approach of reliability data assessment forms a main part of the guideline and is 
commonly used as a reference for establishing plant-side data systems. A national 
database has not yet been established. The utilities have this issue under 
discussion. 

The data part of this guideline contains descriptions of probabilistic data, such as 
• Frequencies of initiating events 
• Failure rates of components 
• Unavailabilities of components and system trains 
• Failure data of CCF 
• Failure probabilities of operator actions. 

These data should be evaluated plant-specifically and if not sufficient plant 
experience is available generic data should be used. 
The extent of data evaluation depends on what data are needed and how they are 
used for PSA. For data treatment, clear definitions of component boundaries and 
types of failure modes - consistent to the basic events of fault tree analyses - are 
required. In this respect, the plant component coding system as well as the technical 
data of components should be stored, e.g. for failure event evaluation and for 
creating sample sizes of components for failure rate treatment. 
References of data modelling are given in this guideline, so that the comparability of 
data from plant to plant is possible, e.g. for national data treatment. 
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3. Failure Event Investigation and Root Cause Analysis 

A main safety issue of maintenance work at current plant operation is focused on 
failure root cause, so as to identify whether it is of systematic or of random nature. 

In the case of a systematic failure cause additional measures are necessary to 
prevent recurrence or multiple failures of redundant components. 

In this respect, normal maintenance work is an important safety task of plant 
operation, because NPP safety principles base strongly on highly redundant safety 
systems and their independence of redundant system parts. 

Strong failure dependence can violate this principle, so that careful failure 
investigation is of considerable importance for safety. 

From plant experiences we know that, in principle, all types of failure patterns are 
possible, such as dependent failures under specific environment conditions, which 
can propagate multiple component failures or increased failure rates of single 
components or of component groups. 

Therefore, early identification of deviations from random failures and constant failure 
rates in accordance with safety principles as modelled in PSA, is an important safety 
task of maintenance work during plant operation and will be treated here in respect 
of CCF assessment. 

Good understanding of root cause analyses and CCF patterns is an important 
presupposition for this safety-oriented work. To that end, feedback from plant 
experience will be very helpful. 

The failure pattern of technical components can be described as a so-called "Failure 
Cause and Effect Chain" (Fig. 1). 
In this model the component failure under observation is subdivided into the items of 
component, subcomponent and subcomponent part down to the initial failure causes, 
as well as to the failure effect of system functions. 

The failure of one part causes failing of another part of that chain. 
All these causes need a clear determination. 

Generally, the "failure appearance" during plant operation offers only a fraction of 
this causal chain. Root causes and failure effects due to system functions are mostly 
hidden and should be part of each failure event investigation. 

The "matter of failure" describes the area to be under consideration for root cause 
analysts. 
As "ultimate cause" we consider such information, from which we can derive 
practical conclusions for avoiding failure recurrence. 
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Normal maintenance is restricted to failure appearances. For CCF identification (e.g. 
in an early state) the whole matter of failure should be investigated, e.g. analysing 
the failure reports of damaged parts, which cause the component to fail. 
Beyond this "ultimate failure cause", a deeper failure cause assessment is generally 
not possible and, in most cases, not necessary. 
To this point it is sufficient to distinguish main groups of failure causes, such as: 

1. Manufacturing faults 
2. Specification faults for component performance 
3. Installation faults 
4. Faults due to unspecified environmental stress 
5. Maintenance or inspection faults. 

These groups can be divided into subgroups for statistical purposes (Fig. 2). 

4. Dependent and Common Cause Failures 

A Common Cause? Failure (CCF) is the dependent failure of a unit, that "ultimate 
cause" affects further units. 

A common failure is a set of failures that have one and the same cause. We 
distinguish three types of CF: 
1. Common commanded failures: Failures due to functional dependence, for 

example loss of a common power supply. 
2. Common secondary failures: Failures due to predictable common environmental 

stress, for example due to steam, fire or floods. 
3. Common cause failures, whose causes are generally not known in advance. 

Fig. 3 illustrates the difference between the three groups of common failures by 
means of the decreasing knowledge on failure cause and couplings. 

Of common commanded failures only the occurrence probability is not known and 
can be assessed in fault tree analyses. The cause of the failure is known. The 
coupling is immediate and the components affected result from functional 
dependency. 

Of common secondary failures the cause is known (e.g. fire, flood), the components 
affected result from the common local environment, but the strength of the coupling 
is not known. That means it is not obvious which or how many components can fail 
due to this common failure event. 
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Of common cause failures, the cause, the degree of coupling and, consequently, all 
components affected, are not known. Hence, we cannot describe this coupling 
exactly and so have to estimate it. 

Assessment of the coupling is the main part of the characteristic of common cause 
failures and have to be comprehensively described. 

The main features of CCF: 

1. Kind of coupling: Types of root causes or causal groups, respectively 

2. Extent of coupling: Which components are affected? 

3. Degree of coupling: Which of them will fail? 

4. Time dependence of the extent of coupling: process of damaging. 

The latter point needs more detailed explanation, because the integration of 
damaging processes into common cause failure models permits novel conclusions 
regarding test or maintenance strategies. 

It is well known that CCF events strongly depend on time, from the occurrence of 
root cause event to its discovery, the so called CCF recognition time. 
Consequently, test or maintenance frequencies have a strong impact on the CCF-
probabilities. 

This means that if the cause of failure is hidden and the time of CCF recognition is 
long, a high probability of CCF as well as stronger coupling of failure combinations 
will result. 

Fig. 4 describes the time-dependent CCF model. The example shows four compo-
nents starting their operation at 100% availability. 
A common cause event occurs at an unknown point of time (tp) and affects three 
components which change into a faulty state. This means they are still able to 
function but they a<*e in a shape that a complete loss of the function is possible. 
This CCF will be discovered when the first components are in a failed state, e.g. by a 
regular test, t-|. At this point of observation a deterministic assessment should be 
made as to whether a CCF exists and consequently will result in multiple component 
failures if no restoration work is done. 

The resulting time-dependent course of the damaging process and, consequently, of 
the degree of coupling can be predicted in this model. Examples of different evi-
dences are shown in the table of Fig. 4. 

In our example, the recognition time is based on a six week test interval. The expert 
judgement of this observation concluded that in case of a double-time interval CCF 
would increase by three failures, which means, all damaged components will fail. 
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The estimation of a lethal shock indicator (Fig. 4) shows the considerable difference 
of a factor of 10 in the results, if conventional methods (constant coupling factor) or 
an realistic model based on the observed damaging process are applied. 

We see that real observations can be used for a more realistic assessment of failure 
patterns and probability values and for improving maintenance and test strategies. 

5. Examples of CCF Indicator Treatment 

The CCF-approach described in chapter 4 will be illustrated by the following 
examples taken from real plant observations. 

1.) 
A CCF event was observed at diesel generators. 
An unfavourable retaliation of the tachogenerators had led to a higher level of--
output signal. Consequently, the speed controller of the diesel generator had been 
wrongly set. 
The ultimate cause was the wrong setting of the speed control unit. 
That fault had occurred at all three diesel generators but only one unit failed. 
The first indicator is 2 E-3. That is a measure for event repetition. 
The second indicator of 2 E-4 is more important. This is an indicator for the 
unavailability of all three diesel generators due to lethal shock. 

2.) 
The second event was chosen so as to indicate that at a high number of affected 
components the impact of the CCF is but small. 
Again, the ultimate cause is a fault in manufacturing. 
Wire fractures at an auxiliary relay were caused by an inadequate manufacturing 
process in using worn casting moulds. 
380 control units of the same manufacturing line were installed in the plant. 
18 of the auxiliary relays were severely damaged. 
The estimation of a lethal shock probability of the 4-train redundancy only results in 
a small statistical significance of that event. 

3.) 
The third example was chosen in order to emphasize the environmental stresses. 
In the course of maintenance, screws of the feed water tank were flushed towards 
the isolation valves of the steam generators, where they impeded closing of those 
valves. The ultimate cause is not the maintenance work as this was not done at the 
isolation valves. 
In respect of the failing of the valves, environmental stress can be mentioned. The 
first indicator is 1 E-3 and the second 1 E-4. 
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From our experience of evaluation at five NPP's we can conclude that during each 
reactor operation year 10 events can be observed as an average, which require a 
detailed investigation concerning possible dependencies. From these 10 events, up 
to three are based on common failure causes, and measures were taken to generally 
prevent a failure growth of up to a multiple component failure status. 

This approach of CCF indicator assessment makes the safety evaluation of 
significant events more realistic. On the other hand, fruitful information will be gained 
about CCF-pattems so as to improve the probabilistic models of CCF in a PSA. 

6. Procedure of the CCF-Event Analysis' 

The systematic event analysis is divided into the following five steps. 

1. Identification of the ultimate cause 
In principle, each event has to be investigated, even if it looks like a single event. 
The whole matter of failures must be considered. The terms of "matter of failure" or 
"ultimate cause" are explained in chapter 3. 

2. Classification of the groups of causes 
When the ultimate cause is known the group of causes can be classified. We 
distinguish the group of causes by means of the time in which the cause emerges. In 
order to answer the question: "How long has the cause existed?" it is necessary to 
consider the different stages of the component life time, such as manufacture, 
component specification for a certain function, and installation. In the operation 
phase it can be stressed by the environment or damaged due to faulty maintenance 
or inspection, respectively^ Consequently, we distinguish manufacturing faults, 
specification errors, installation faults, environmental stresses and maintenance / 
inspection faults. 
An important result of this classification is the recognition of the prevailing 
technological circumstances under which the failure cause has occurred. 

3. Identification of CCF 
If these technological circumstances are known we can try to identify CCF. 
The identified groups of causes should help answer the questions regarding 
comparable components, comparable conditions or the possibility of failure 
recurrence. Comparability criteria are the same failure mode and the same technolo-
gical circumstances. 
We regard an evei it as a common cause failure if further failures or damages of the 
same mode have been found at an other component. 

4. CCF recording and description 
If the event is identified as CCF a comprehensive description of failure cause and 
coupling should follow. 
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The description has to be focused on the following questions : "What has 
happened?" and : "Where can it appear again?". The first question concerns the 
character sketch cf the coupling of the affected components. The second question 
concerns the comparability of observed failure events in respect of the technological 
circumstances. 
All information collected is processed in a particular data sheet and stored in a data-
base. An example of such a data sheet is given in Fig. 5 and 6. 

5. Estimation of CCF unavailability 
The formula of the CCF-indicator and a calculation example is given in the attached 
Supplement. We can estimate two indicators for one event. 
The first characteristic is based on the unavailability caused by the original failure 
combination. Hence, it is an indicator of possible event repetition. 
The second one is based on the estimation of lethal shock probability of the 
component group due to the event occurred. 
This indicator of CCF events is an important measure for the effectiveness of 
reliability and for quality assurance of plant operation. 

7. Conclusions and Recommendations 

Original PSA highlighted the importance of CCF as a dominant risk factor. 
Therefore, probabilistic models had these specific failure patterns of redundant 
components and systems taken into account. 
Various models were developed but almost all suffer from the lack of or unprecise 
input data for these models. 
To overcome this deficiency, the assessment of failure events from plant 
experiences, should be focused more on the specific aspects of CCF. 

The CCF method as described in this paper offers a systematic approach of failure 
event investigation and of evaluation of failure pattern from real observation. 

The complex interaction of the failure causes affecting multiple components will be 
described explicitly so that useful information on CCF prevention for maintenance 
work and for realistic input data for PSA will be obtained. 

This method should be part of the current plant management process of event 
investigation so as to obtain the best approach to feedback information of plant 
operation. 

In respect of methods improvements and verification we recommend an extensive 
exchange of exper iences with this specific application. This work can be stimulated 
and supported, e.g. within the framework of OECD-Principal Working Group 5, Risk 
Assessment. 
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Supplement - Calculation of the Indicator Formula 

The formula is a modification of the Binomial-Failure-Rate-Model and corresponds to 
the GRS mbH approach 121. 

Unavailability of a m-fold combination out of n components: 

p =
 T c c f D 

1 CCF.mvm -p "mvn 
'B ' n K G 

Conditional probability of occurrence of "m out of n" - failure combination: 

n! B mvn 
\ m / 

P m 0-P) 
n - m 

m l - ( n - m ) ! Pm ( l-P) 
n - m 

p - Coupling factor; roughly estimated as ratio of number of failures and 
number of components per component group 

T q q p - actual or estimated time of unavailability of components affected, 
Tg - observation time of the component group, 
nKG " number of observed component groups. 

There are two probabilistic parameters to be used for safety indicators of plant 
operational experiences: 

1. Specific unavailability of the original failure combination 
(indicator fbr event repetition), 

2. Specific unavailability of the affected component group 
due to lethal shock, n = m 
(indicator for CCF event effectiveness). 
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Example (first example in chapter 5.) 

Input data 
1 failure, group of 3 components -> p = 1/3 = 0,33 
Tb - 17 years, TccF = 4 w, there are no other groups (n^g = 1) 

Calculation 

T CCF 4 . . = 4 , 5 - 1 0 
T B ' n K G 5 2 - 1 7 - 1 

3 ! i 2 B^ „ o . s s ' c o . e e r = o , 4 3 1 v 3 1 | . ( 2 ) ! 

B 3V 3 = 0 , 3 3 3 = 3 , 6 - 1 0 2 

Indicators 
Unavailability of the original failure combination = 2 -10"3 

Unavailability of the group due to lethal shock = 2 -10"4 
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ultimate cause matter of failure 

human 

fault 

manufacture; 

installation 

cause 

t ; 

fault 

part 

Cause fault N/1 
failure 

subcomponent 

cause 

rrc 

failure 

l/N 
fault 

1 component 

cause fault N/1 
failure 

system 

cause 

7 

failure appearance 

root cause analysis general range of observation system analysis 

Causal and Effect-Chain is a description of failure causes and effects as 
from root cause to system function failures. 

Failure Appearance is the causal relation between the cause of the fault, the 
fault itself and the failure of the unit. 

Matter of Failure is the complete sequence of all failure appearances, that 
are of interest to the cause analysis and the description of a certain failure 
event. 

Ultimate Cause is a cause from which practical conclusions concerning the 
avoidance of the failure event can be derived. 

Fig. 1 Component failure event 
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1 Manufacturing fault a) faulty series, 
b) completely faulty product 

2 Specification fault of 
component performance 

3 Installation fault a) faulty performance, 
b) faulty work order, 

4 Fault due to 
environmental stresses 

a) not specified, not 
predictable, 

b) knowingiy neglected, 

5 Maintenance and 
Inspection fault 

a) faulty performance, 
b) faulty work order. 

Fig. 2 Classification of ultimate causes and groups of causes 
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Attributes 
of failures 

Common 
commanded 

Common 
secondary 

CCF 

• 
• 

1 2 3 4 

: O - U 
rn 

1 2 3 4 

I ] 

I j 
1 2 3 4 

1. Probability of 
occurrence 

not known not known not known 

2. Cause known known >i 

3. Strength of 
coupling 

i» not known >> 

4. components 
affected 

11 known >i 

Common Failure is a series of failures that have one and the same 
cause. 

Common Cause Failure (CCF) is the dependent failure of a unit, 
that "ultimate cause" affects further units. 

Fig. 3 Definition of dependent Failures 
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intact drift fault failure 

*4 

*2 
• • s 

>n > rip / > m^ / m L 
\ 

L J 

'Point of 
fault occurence 

Point of 
C C F observation 

estimated observed estimated 
Test interval 3 w 6 w 12 w 
Drift faults JUL 
Failures m 

Characteristic 
value for lethal 
shock: 4 o.o. 4 
and 10 years 
observation time 

linear 
(const, coupling) 

4-10-4 8 - 1 0 - 4 1 . 6 - 1 0 - 3 

estimated 
(time-dependent) 

0 8-10-4 8 -10-3 

observation 
function with time-dependent coupling factor 

function with constant coupling factor 

Fig. 4 Time dependent CCF-Model 
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1. CCF-No.: (code) 2. References: (code) 

3. Plant registration codes of the CCF group members: (words) 

4. Technology 
a) Component: (catchwords) 
b) Sub component: (catchwords) 
c) faulty parts/pieces: (catchwords) 

5. Conditions: (catchwords) 

6. Matter of failure 
a) Description: (text) 
b) Root cause: (word) 
c) Coupling mechanism: (word) 

7. Main and subgroups of CCF cause 
a) Code: (code) 
b) Reason: (Text) 

8. Characterization of the CCF component group: (Text) 

9. Damage pattern 
a) Failures: (numeral) 
b) Damages: (numeral) 
c) Extent of CCF component group: (numeral) 

10. Supposed chronological development of the damage pattern 
a) (numerals) 

CCF identification time 1 w 2 w 4 w 3 m 6 m 12 m 
failure number 

b) Reason: (text) 

11. Characteristic time intervals 
a) CCF identification time: (numeral) 
b) Time of unavailability: (numeral) 
c) Test interval: (numeral) 

12. Time of observation 
a) Begin of observation: (numeral) 
b) Last update: (numeral) 

13. Other comparable component groups 
a) Number: (numeral) 
b) Characterization: (text) 

Fig.5 Formuiar of CCF Report 
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I . CCF-No.: CF0024 2. References: AM-P 165/86. AM-M 84/86 
3. CCF qroup:RW01S09. RW02S09, RW03S09, RW04S09 
4. Technology 

a) Component: blowdown-, quick-closing-, isolation-, valve, steam generator 
b) Subcomponent valve 
c) faulty parts/pieces: spindle, cone 
Conditions: monthly test, full load operation 

6. Matter of failure 
a) Description: 
During the monthly tests of the blowdown isolation valves of the steam generators 
(RW01 -04) the valves RW01 S09 and RW02 S09 did not close completely. In both cases 
the cause was.the influence of foreign pieces. These foreign pieces came from the 
feedwater tank on account of maintenance work. Since the pieces came from the same 
source, this event is considered as CCF. 
b) Root cause: loosening of pieces during feedwater tank maintenance 
c) Coupling mechanism: common influence area of the pieces 

7. Main and subgroups of CCF cause 
a) Code: Ea 
b) Reason: not predictable environmental conditions, because normally the feed water 
does not contain foreign pieces. Therefore, it is not an specification fault of the valves. 

8. Attributes of CCF component group: same design, same application, 
susceptibility to foreign pieces, same feedwater tank, same operation mode 

9. Damage pattern 
a) Failures: 2 
b) Damages: 
c) Extent of CCF component group: 4 

10. Time scale of the damage pattern: 
There is no time-dependence of the failure. 

I I . Characteristic time intervals 
a) CCF identification time: 4w 
b) Time of unavailability: 4w (rough estimate) 
c) Test interval: 4w 

12. Time of observation 
a) Begin of observation: 1977 
b) Last update: 1993 

13. Other comparable component groups 
a) Number. 3 
b) Characterization: blowdown quick-closing valves of the other steam 

generators, comparable location 

Fig. 6 Example of a CCF Report 
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DATA COLLECTION AND PROCESSING FOR USE IN VVER PSAs LEVEL-1 

Mrs. Irina Kouzmina , Dr. Vladislav Soldatov, 
Dr. Eugene Shubeiko, Ms. Irina Ioudina 

INTRODUCTION 
It is now widely recognized by all of the designing, operating, investigating and regulating 
institutions in Russia, that there is a need for development and implementation of a data 
collection and processing system for a number of special purpose programs, which deal with 
the different aspects of VVER-type Nuclear Power Plants (NPPs). Specifically, these 
programs include: surveillance testing optimization; licensing and life extension; reliability, 
availability and maintainability analyses; spare parts management; probabilistic safety analysis 
and others. 

Probabilistic Safety Analysis (PSA) is one of the primary tools for evaluating NPP "safety" 
status. PSA results are used at all stages df the NPP lifetime (Le. design, construction, 
operation), and also by special purpose programs dealing with NPP operation and 
management. 

Both qualitative and quantitative data information are necessary in order to successfully carry 
out PSA investigations. The aggregate of data must allow the development of event/fault tree 
models, and calculation of NPP system unavailability and frequencies of accident sequences 
with undesirable end-states. 
The main data for use in PSA calculations are data on NPP equipment/component reliability 
(considering both independent and common cause failure), test and maintenance 
unavailability, human error probabilities, and accident sequence initiating event frequencies. 
The data collection and processing methodology described in this paper primarily applies to 
independent equipment/component reliability, test and maintenance unavailabilities. 

BASIS FOR DEVELOPMENT OF A DATA BASE ON EQUIPMENT/COMPONENT 
RELIABILITY FOR USE IN PSA LEVEL-1 
The PSA division of the Scientific and Engineering Centre for Nuclear and Radiation Safety 
(SEC NRS) of Russia has recently completed a number of PSAs, including the following: 

PSA of Kola NPP Unit 1 (Russia) in 1993, the results of which were peer-reviewed 
by the International Atomic Energy Agency (IAEA) in December 1993, 

PSA of Ignalina NPP Unit 1 (Lithuania) in 1994 (the BARSELINA Project), 

232 



PSA of Novovoionezh NPP Units 3 and 4 (Russia) in 1993-94, and 

Mini-PSA of Balakovo NPP Unit 3 (Russia) in 1993-94 (joint project together with 
GRS). 

Currently, the PSA division of SEC NRS is involved in the performance of a PSA of 
Novovoronezh NPP Unit 5 (Russia), as part of a joint Russian-Swiss project (SWISRUS). 
This project was initiated at the end of 1994, and is scheduled for completion in two years. 
In addition, the PSA division is planning to initiate the "BETA" project, a PSA of Kalinin 
NPP Unit 1 (Russia). 

Owing to the extensive data collection and processing efforts undertaken as part of the 
completed PSA studies identified above, as well as the need for similar efforts for the 
ongoing and planned PSA activities, die PSA division of SEC NRS initiated a program in 
mid-1993 for developing a data base for the collection and processing of component 
reliability and initiating events data for use in W E R Level-1 PSAs. 

INFORMATION AND DATA SOURCES DESCRIPTION 
Data and information which are required for the performance of a PSA are available in 
different forms at the NPPs. The data and information to be obtained from the NPPs include 
the following: 

1) plant component unplanned maintenance data (failed component description, component 
failure mode, discovery date/time, plant mode, restoration time); 

2) plant component test data (component description, test type, test date/time, test duration);. 

3) plant component planned maintenance data (component description, planned maintenance 
type, planned maintenance start date/time, plant mode, restoration time); 
4) component engineering data; 

5) component operating history data (operating conditions: temperature, pressure, humidity, 
radiation level, total operating hours/cycles); 

6) plant system information (system descriptions, support systems/interfaces, operating 
requirements, success criteria, P&IDs); 

7) plant initiating event data (description, occurrence date/time, plant mode, outage duration); 
and 

8) emergency operating procedures. 
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For developing NPP component reliability data (failure rates or failures per demand, test 
intervals, restoration times, etc.), the first five categories of information/data mentioned above 
are required. Some of this information was available for the specific NPPs which were the 
subject of the PSA studies identified previously. However, no formal system was used for 
these data collection and processing activities. Rather, this information was collected as 
paper reports and dBASEDI Plus files. The PSA division of SEC NRS determined that a 
formalized procedure (including software development) was required in order to develop and 
maintain a component reliability data base for use in Level-1 PSA analyses. 

METHODS AND TOOLS USED FOR RELIABILITY DATA COLLECTION AND 
PROCESSING 
For compiling the NPP Component Reliability Data Base (CRDB), the special software 
named "Integrated System for Management and Processing of Data Base on NPP Component 
Reliability and Initiating Event Characteristics for Use in PSA Level-1" (computer code 
"ISMAPRO") has been developed by the PSA division of SEC NRS. This code is used for 
generating NPP component reliability data bases, both plant-specific and generic, on IBM and 
compatible PCs. 
ISMAPRO allows the following standard data manipulations to be performed: 

Inputting, modifying, or deleting data base records containing the necessary 
equipment/component characteristics and data for PSA applications; 

Searching for information using different key fields (system names, equipment type, 
etc.); and 

Printing data base records. 

There is also the capability for standardizing the main component characteristics. 

The main feature of ISMAPRO, however, is the inclusion in the code of a Bayesian 
parameter estimation model (for failure rates and probabilities per demand). Details of this 
model are provided later in this paper. 

The programming languages that were used for development of ISMAPRO included 
CLARION, PASCAL, and dBASE. The code is compiled to be an executable file and has a 
size of about 500 Kb. It is designed for use on an IBM or compatible PC. 
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CONTENTS AND STRUCTURE OF DATA BASE (CRDB) RECORD FORM 
The CRDB record form was developed taking into account PSA Level-1 requirements and 
existing analog data bases. One of these analogues was developed by the IAEA, "Component 
Reliability Data for Use in PSA." The CRDB record form contains the main NPP equipment 
component descriptive and numerical characteristics used in PSAs. These are listed below: 

- Reactor type; 
- NPP code (for plant-specific data base); 
- System name; 
- Equipment component type; 
- Equipment component name and characteristics; 
- Test interval; 
- Time to repair; 
- Operating mode; 
- Failure mode; 
- Mean value of failure rate or probability per demand; 
- Error factor or boundaries; 
- Operating conditions; and 
- Data source. 
One data base field corresponds to each of the above listed characteristics. In addition to 
these fields, there are also some functional fields containing auxiliary information. Some of 
the fields (e.g., "Code", "NPP code") are filled out only for plant-specific data. 
The CRDB record form is presented in Figure 1. 

Date:00/00/00 
NPP code (for specif, 
REACTOR TYPE 
Eleawnt codi 
Equipment kathegory 
Equipatnt type 
Equf patent raw 
Equipaent character. 
extra information 
Systeai naa* 
Generic failure «ode 
Specific failure 

CRM RECORD FORM : Record will be Changed 
Data indicator:* 6 * generic t • specific 

data)i01 F5 
:UUER-U0 UUER-1000 UUER-U0 RBMC-1000 RBMM500 s 
sOthers Nech Elect Control EaPouSup Others 
iPipfng F5 
:Piping of Tank to Reactor 

:Contaiment Passive Injection Systeai 
:Plug/Rupture 
: Error factor: 

F5 
F5 

0.0 
FAILURE RATE or PROBABILITY: 
Mean value 
Upper bound 
Low bound 
Test interval 
Operating ande 
Operating environment 
Data source 
Comments * 

: 4.7E-006/H /H • 1/hour /0 • per deaand 
: 1.1E-005 
: 8.4E-007 
: Repair tfaie:4.2 h 
:Stnd Oper Stnd Altr All 
t noma I 
:KolakaJa NPP 

— F3 - duplicate record H - BATES 

Fig. 1. 

235 



GENERIC DATA BASE CONTENT 
The Gencric Component Reliability Data Base (GCRDB) for reactor type VVER-440 consists 
of about 500 records, pertaining primarily to the safety systems of the VVER-440 (design B-
230) reactor type. This data was obtained from Kola NPP Units 1 and 2, and Novovoronezh 
NPP Units 3 and 4. 

The records of the generic data base contain the indicator "G" ("Generic") in the "Data 
indicator" field, which is an auxiliary record field. 
The field "Failure rate or probability per demand" for the GCRDB contains the average 
estimation of available data (developed as average value of frequencies). For failure rates, the 
value entered in this field is accompanied by the suffix "/H" (Hour), and for demand failure 
probabilities, the value entered in the field is accompanied by the suffix "/D" (Demand). 
The upper and low boundaries of failure rates or probabilities per demand are defined with 
95% confidence interval. 

The fields "Test interval" and "Repair time" also contain average estimations. 

The field "Generic failure mode" contains standardized failure mode nomenclature. The list 
of standardized failure modes is provided below. 

List of failure modes 

Fail to close 
Fail to deenergize 
Fail to energize 
Fail to open 
Fail to remain in position 
Fail to run 
Fail to start 
Leakage 
Loss of function 
Plug 
Rupture 
Short circuit 
Spurious closing 
Spurious opening 
Open circuit 

The field "Operating mode" contains the operating mode characteristic for a particular 
equipment/component failure mode. The two operating modes considered are "Operating" and 
"Standby." 

The field "Data source" contains a reference to the source of the data (e.g., "Operating NPP," 
"Expert opinion"). 
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PLANT-SPECIFIC DATA BASE CONTENT 
The (plant) Specific Component Reliability Data Base (SCRDB) for reactor type WER-440 
contains about 1000 records for Kola NPP Units 1 and 2, and 1000 records for Novovoronezh 
NPP Units 3 and 4. 

The records of the plant-specific data base contain the indicator "S" ("Specific") in the "Data 
indicator" field, which is an auxiliary record field. 

Every record of the plant-specific data base requires identification of the unit code in the field 
"NPP code", and completion of the fields for "NPP designation" (NPP designation/code of 
equipment/component), "Total time in operation or number of demands," and "Number of 
failures or failed trials." 
The field "Failure rate or probability per demand" for the SCRDB contains the mean 
estimation of failure rate or probability of failure per demand developed using the Bayesian 
estimation module, which can be invoked immediately at the time of entering the particular 
data base record. For failure rates, the value entered in this field is accompanied by the 
suffix "/H" (Hour), and for demand failure probabilities, the value entered in the field is 
accompanied by the suffix "/D" (Demand). The upper and low boundaries of failure rates or 
probabilities per demand are defined with 95% confidence interval. 

The fields "Test interval" and "Repair time" contain the data specific to the particular 
component. For those components where there is a complete absence of data, this field is left 
empty. 

The field "Generic failure mode" contains standardized failure mode nomenclature. The list 
of unified failure modes is the same as for the generic data base. The following field, 
intended for failure mode description, can be used for some additional component-specific 
information. 
The field "Operating mode" contains the operating mode characteristic for a particular 
equipment/component failure mode. The two operating modes considered are "Operating" 
and "Standby." 
The field "Data source" contains a reference to the source of the data. 

INTERCONNECTION OF GENERIC AND SPECIFIC DATA BASES 
The information provided in the previous sections indicates that the data bases on equipment 
component reliability developed by ISMAPRO have an interconnected structure. 

237 



Given the plant specific information (the plant specific data base), which is normally not 
statistically robust, one can develop more robust estimates for failure rates (or probabilities 
per demand) by using the estimation obtained for similar components from other NPPs (the 
generic data base). 

By using the failure rate or probability per demand for the particular component as a prior 
estimation and updating this information with the plant specific data (operating times or 
number of demands, and number of failures), a robust posterior distribution is obtained in 
the Bayesian Estimation Module of ISMAPRO. This process is illustrated in Figure 2, where 
the interconnection of the generic and the specific data base and the information flow can be 
seen. 

>. 

H B B B B H , 
h G 

1 • • • • • • • 1 ' 1 
d V k ^ T ^ J j x f 

T t T 
• • • • • • 

i=l,2...n - equipment/component identifier 
Ni - plant specific data, including number of failures, demands and operating time 
ni - number of failures 
kj - number of demands 
Ti - operating time 

- average estimation 
- generic estimation 

Xi S - specific estimation 
Fig.2. 
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METHODOLOGY OF BAYESIAN ESTIMATION USED IN ISMAPRO 
The base of statistical treatment of the information presented in the Component Reliability 
Data Base is the Bayesian method of statistical estimation for equipment component 
reliability characteristics (failure rate and probability per demand). 
Basically, the objective of the methodology is the development of a posterior distribution for 
failure rates or probabilities per demand which is statistically more robust. The generation of 
the posterior distribution uses the data for components from plants of similar design (the 
prior distribution), and updates this data with observed data from the specific plant being 
analyzed. 

It is important to note that in this estimation it is assumed that the "plant specific component" 
will not operate better than its generic analogue with average characteristics obtained from the 
Generic Component Reliability Data Base. 

The initial data required for the Bayesian Estimation Module of ISMAPRO follows: 
- prior estimation of failure rate or probability per demand for analogous equipment 

component - generic distribution; 
- total operating time (or number of demands) of the particular equipment 

component of the specific NPP Unit; 
- number of failures of the particular component during the considered 

operating period. 
The results of the Bayesian Estimation Module are the parameters of the developed posterior 
distribution, i.e. mean and interval estimations (low and upper boundaries) of failure rate (or 
probability per demand) for the particular equipment component of the specific NPP Unit. 
The details of the Bayesian estimation included in ISMAPRO are provided in the Appendix. 

FURTHER DEVELOPMENT OF DATA BASE ON NPP WITH WER REACTOR 
TYPE EQUIPMENT COMPONENT RELIABILITY 
Investigations on development of Data Base on reliability of NPP with VVER-1000 reactor 
type equipment components using the ISMAPRO computer code are presently being 
performed by the PSA division of SEC NRS GAN. Data from the following Russian NPP 
Units are being used: 
- Kalinin NPP Units 1,2; 
- Novovoronezh NPP Unit 5; 
- Zaporoghskaya NPP Units 1-4. 
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In the nearest future the Specific Component Reliability Data Base will be compiled for the 
Unit 5 of Novovoronezh NPP using ISMAPRO computer Code. This data base will be used 
for the Novovoronegh PSA being performed as part of joint Russian-Swiss project 
(SWISRUS). 

i 
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APPENDIX 

DESCRIPTION OF THE BAYESIAN APPROACH 

FOR PSA DATA TREATMENT USED IN 

THE ISMAPRO COMPUTER CODE 
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THE METHOD OF STATISTIC ESTIMATION- The Baycs' approach allows one to find the 
density of the posterior distribution k(rls) describing the level of confidence about the value 
of parameter r, which is based on information s. To find the point estimation for r it is 
necessary to choose one representative value from some set having this posterior distribution. 
Such a value may be the average or median of distribution k(rls) and choosing any of these 
values is correct from the point of view of decision making theory. We shall use the average 
value as Bayes' point estimate of parameter r, thus Bayes' point estimate r is defined as: 

r = E(rls) = J rk(rls) dr (1) 
B r 

Usually when the reliability parameter is being estimated it is important to find the one-side 
confidence intervals. With the help of the posterior density distribution k(rls) of random 
variable r we can find such values u(s) and v(s), that 

U(S) OO 
J k(rls) dr = b and Jk(rls)dr = b (2) -«> v(s) 

Then u(s) is the Bayesian 100(l-b)% - the (b<0.5) low confidence bound for r, and v(s) -
100(1-b)% - the upper confidence bound for r, i.e. P[r>u(s)] = P[r<v(s)] = 1-b. 
In the next sections the failure rates of the elements in safety systems, failure probabilities 

per demands, and probabilities of initiating events are considered as estimating parameters r. 
(Though these parameters are not random indeed, they are used as random in terms of 
fiducial approach). 

ESTIMATION OF FATT.ITRE RATES TN SAFETY SYSTEMS. Let the time-to-first-failure 
of considered element in the system have an exponential distribution. If the failure rate is 
equal to X , then the number of failures n for total observation time T (T is summary 
operating time of the element, i.e. without repair time, stop time and etc.) has a Poisson 
distribution: 

n -TX (TX) e P ( n a ) = n = 0,1,2... (3) n! 
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The parameter of interest and our a prior knowledge of the value of this parameter can be 
described (see[l,2]> by a Gamma-distribution which is conjugated to (3) and usually used in 
this sense. The density of a prior Gamma-distribution with unknown parameters x and y is 
given by x+1 x -yX, 
h(X) = — — , X >0, x>0, ySO, , (4) G(x+1) 

where G(.) is the Gamma-function. 
When the number of failures during the time T is n the density of posterior distribution of 

random variable X is defined by means of Bayes' theorem as follows 
h(X) P(nlX) k(Mn)= — . (5) • f(n) 

where f(n) is the density of absolute distribution of random variable n. Since the density of 
joint distribution of random variables n and X is defined as 
f(n,X.) = h(X) P(nlX), (6) 
then: 

• oo 

f(n) = Jf(n,X) dX . (7) 0 
After substitution (3), (4) in (6) and (7), and then in (5) and after corresponding calculations 

we can find out that: 
x+n+1 (y+T) x+n -My+T) k(Mn) = \ e , (8) G(y+n+l) 

which is the Gamma - distribution with (x+T) and (y+n) as parameters. 
The Bayes' point estimate for X calculated using equation (1) is given by 

oo x+n+1 
X = JXk(XJn)dX= . (9) 

b o y+T 

The interval estimates of (l-b)100% - the level of confidence can be found by the 
substitution z = 2(y+T) in (8), that results in the Chi-square distribution for z with 2(x+n+l) 
degrees of freedom, i.e. 

P [ X , < 2(y+T)] = 1-b, (10) l-b;2(x+n+l) 
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or: 2 2 X X l-b;2(x+n+l) b;2(x+n+l) — <x< = X. (11) 
2(y+T) 2(y+T) 

The parameters x and y in (9), (11) are unknown. Let us now find the optimal values of 
these parameters using the minimax approach (see [2]), which give us the following 
conventional optimization problem: 

to find min max J (k - X B ) 2 k(Mn) dX (12) A® x,y 0 
with the constraint 

oo 

J X k(XlO) dX I = Xo , (13) 
0 T=0 

where Xo is a priori failure rate estimate when T = 0, n = 0. After needed calculations in 
(12), (13) (sec [2] also), we obtain the following simple conventional optimization problem 

x+n+1 - x+1 
max { I = X o } . (14) 
x,y (y+T) 2 y 

It is easy to determine that the solution of problem (14) is 

(0, 1/Ao), if Xo < (2n+l)/T 
(x* ,y* ) = { (15) 

( XoT-2n-l. T-2nA<,), if Xo ^ (2n+l)/T 

By means of equation (15) we obtain the point and interval estimates for X by formulas 
(9), (11) and the estimate of dispersion is given as (see the goal function in (14)): 

x+n+1 
D = (16) 

(y+T) 2 
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The point probability estimate of no-failure operation for the future interval t can be found 
as: 

oo -Xt 
P(t) = J e k(Mn)dX 0 

and after using equation (8) and needed calculations we obtain: 

(17) P(t) = 
v T+y-rt 

The interval estimates for P(t) are given by: 
-Xit -U e < P(t) < e (18) 

where 2*, A. are the lower and upper bounds for the failure rate (see equation (11)). 
The calculations with equations (15), (9), (11), (16)- (18) have been coded using Turbo 
Pascal for PC and are used in the ISMAPRO code. 
THE ESTIMATION OF FAILURE PROBABTT JTTF.S PER DEMANDS. For the elements 

which are used in standby regime it is necessary to estimate the failure probabilities per 
demand. In this case we have the following model for the Bayes' estimation: 
N - the total number of demands; 
n - the number of failures; 
p - the failure probability per demand which is the parameter for Bayes' estimation. 
It is clear that random variable n has a Binomial distribution with the density 

The prior distribution conjugated with equation (19) is the Beta - distribution (see [1,2]) with 

n N-n n 
g(nlp) = C (1-p) p , n = 0,1,2.. (19) N 

density 

, xS>0, y2>0, (20) 

where B(.) is the Beta-function, B(x,y) = G(x+y) 
G(x)G(y) 
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According to Bayes' methodology we can find that the posterior distribution is the Beta-
distribution with parameters (x+n,y+N-n), and the Bayes' point estimate is given by 

x+n 
P = x+y+N (21) 

The calculation of optimal values x*, y* by minimax principle results in the following 
optimization problem: 

where po is the a prior estimate of failure probability per demand for the considered element. 
(The solution of this problem is omitted for briefness.) The upper estimate of p'has more 
difficult formula also 

F b;2(x+n);2(y+N-n) 

b;2(x+n);2(y+N-n) y+N-n 
where F - F - distribution with l,m degrees of freedom. 

The algorithm for calculation the estimates (21)-(23) has been also realized by Turbo Pascal. 

THE ESTIMATION OF FREQUENCIES OF INITIATING EVENTS. Initiating events are 
classified as external events (seismic events, fire occurrence, wind hazard and etc.) and 
internal events (system elements and their function failures, operator errors and etc.). Only for 
the independent failures as internal events we can estimate the failure rates by model (4)-(18). 
For other initiating events it is necessary to use stationary probability estimations. 
To find such estimates let us assume that the observation of event A at NPP satisfies the 
Bernoulli trials: each trial is equivalent to observation at NPP during one year; the probability 
of success p is the probability of event A appearance during one year (the parameter which 
is needed to evaluate); (1-p) is the probability of non-success. If the observation is carried out 
during N years then the random variable n which means the number of event A appearances 
has a Binomial distribution and then model (19)-(23) is used to obtain needed estimates of p. 

The Bayes' estimation methodology which was discussed above is now being used in several 
PSA projects. 

(x+N-n)(y+n) x 
I — 

(x+y+N) 2 (x+y+N+1) x+y = po } , (22) 

b;l,m 
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Abstract 

This paper summarizes the recent results of a program sponsored by AEOD to 
monitor and assess the performance of certain risk-sWrtificant systems and 
components at U.S. nuclear power plants. The results of nBabtBty and 
engineering analyses of the high pressure coolant Injection system tor BWR 
plants and the emergency Oesel generators for both BWR and PWR plants are 
presented. The analyses are based on available plant operating experience data 
that reflects system actuation and operation in conditions as dose to PRA 
accident conditions as practical. Industry-wide trends and plant-specific 
operational reBabWty estimates are made using data covering the period 1987-
1993. Comparisons of results from this work are math to the reliability 
estimates derived from several PRAs/lPEs. Insights gained from the operating 
experience assessments are also presented. 

1. INTRODUCTION 

During the past three years the U.S. Nuclear Regulatory Commission's Office for Analysis and 
Evaluation of Operational Data has been developing and implementing a program to use 
reliability and risk analysis techniques to evaluate reactor operating experience. The program 
includes trending and reliability analysis of U.S. reactor operating experience for risk-
significant systems and components. Other elements include the Accident Sequence 
Precursor program, development of risk-based performance indicators and evaluating U.S. 
nuclear industry risk trends, and compiling operating experience data for NRC risk applications. 
This paper focuses on some recent results of equipment reliability and trending analyses. 

An important facet of this work is that the analyses are based on available plant operating 
experience data that reflects system actuation, operation, and failures in conditions as close 
to probabilistic risk assessment (PRA) accident scenarios as practical. The results presented 
for the high pressure coolant injection (HPCI) system at boiling water reactor (BWR) plants and 
the emergency diesel generators (EDGs) at both BWR and pressurized water reactor (PWR) 
plants are based on work performed under the direction of the NRC by the Idaho National 
Engineering Laboratory (Refs. 1, 2). 

2. ANALYSIS OVERVIEW 

The first step in the process was to develop a precise definition of system boundaries, 
function(s), and success criteria. This was followed by the development of simplified fault 
tree models to analyze the available data. The initial stage of this work is based on operating 
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experience for U.S. nuclear power plants during the period from 1987 through 1993. Data 
was derived from Licensee Event Reports (LERs) and monthly operating reports. 

Although this information is easily assembled, great care is necessary to interpret the 
information correctly and use it consistently. The best data for indicating system reliability 
involves operation or actual demand failures. The next best data to actual demands comes 
from periodic full function testing, typically performed during refueling outages. Both of these 
data sets involve conditions relatively similar to demands that would be placed on equipment 
during an accident. Individual component, subsystem, and limited system testing may not 
provide the integrated operating conditions that would demonstrate accident condition 
reliability. Therefore, data from these and similar actuations were not used in the estimation 
of either HPCi or EDG reliability. However, these tests are of value in demonstrating 
operabMity and availability. 

The data for the seven year period was used to define beta or gamma distributions for the 
basic failure and recovery modes delineated in the fault trees. These in turn were used as 
prior distributions in a Bayesian update analysts to derive industry-wide annual and individual 
plant reliability estimates. Where no significant differences were found between plants, the 
data were pooled and modeled as arising from a binomial distribution using the simple Bayes 
method. When between-plant variability could be estimated, the empirical Bayes method was 
employed. (Refs. 3 - 5). 

3. HPCI SYSTEM ANALYSIS AND RESULTS 

The HPCI is a single-train system that provides high-pressure coolant injection for cases where 
there is a loss of normal vessel inventory. Figure 1 provides a simplified schematic diagram 
of the system. There are 23 BWRs in the U.S. that have a dedicated HPCI system. 

The HPCI system consists of a steam turbine-driven pump, valves and valve operators, and 
associated piping, including that from the normal and alternate pump suction sources and the 
pump discharge up to the penetration of the main feedwater line. For this study, the part of 
the main feedwater line from the check valve upstream of the HPCI connection to the reactor 
vessel, including the check valve, was considered part of the HPCI system. The steam 
turbine-driven pump includes all steam piping from the main stream line penetration to the 
turbine, and turbine exhaust piping to the suppression pool, valves and valve operators, gland 
sealing steam, and the turbine auxiliary oil system. 

Additional components that were considered to be part of the HPCI system were the circuit 
breakers at the motor control centers (MCCs) but not the MCCs themselves, the dedicated 
DC power system that supplies HPCi system power and the associated inverters, and the 
initiation and isolation logic circuits with their associated detectors. Heating, ventilating, and 
air conditioning (HVAC) systems and room cooling associated with the HPCi system were 
included. However, only a specific loss of service water to individual HPCI room coolers was 
included, and not the loss of the entire service water system. 

The unreliability of the HPCI system was modeled using the simple train level fault tree shown 
in Figure 2. The model was constructed to reflect the logical combination of six failure (and 
non recovery) modes. 

250 



I BWR HIGH PRESSURE COOLANT INJECTION SYSTEM 



Figure 2. HPCI unreliability evaluation model (includes recovery actions, excludes failure 
of the injection valve to reopen. 

The data for the HPCI system model was derived from unplanned demands and cyclic 
surveillance tests. Table 1 contains the failure probabilities and associated uncertainty 
intervals that were determined for each of the event categories (basic events) using the 
operational data. Splitting the failure to start into two categories allowed use of the results 
of cyclic surveillance tests in the evaluation of "failures to start, other than the injection 
valve" (FTSO). The cyclic surveillance tests were not used in the evaluation of "failures to 
start, injection valve" (FTSV) because the injection valve is not tested under the same 
conditions seen during unplanned demands. 

Table 2 contains the system unreliability and associated uncertainty intervals resulting from 
quantifying the fault tree using the data in Table 1. Also included in Table 2 are the 
probabilities for the four cut sets that make up the unreliability along with their percentage 
contributions. The HPCI system failure to start value was 0.085 without recovery but 0.007 
with recovery considered. This shows that failures to start are less risk significant than 
originally perceived since in all actual demand circumstances, the HPCI failures to start were 
readily recovered in a timely manner. 
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Table 1. HPQ basic event failure data and Bayesian probability information. 

Basic event Failures Denands Mean and 90X Interval 

Maintenance and testing out of 
service (MOOS) 

1 63 (0.0028, 0.023, 0.060) 

Failure to start, other than 
Injection valve (FTSO) 

11 170 (0.0001, 0.060, 0.24 ) 

Failure to start, Injection 
valve (FTSV) 

1 59 (0.0030, 0.025, 

\ 

0.064) 

Failure to recover froa FTS 
(FRFTS) 

0 5 (0.0004, 0.083, 0.31 ) 

Failure to run (FTTR) 7 167. (0.017 , 0.042, 0.076) 

Failure to recover froa FTR 
(FRFTR) 

2 3 (0.24 , 0.63 , 0.94 ) 

Failure of Injection valve to 
reopen (FRO) 

3 19 (0.046 , 0.20 , 0.41 ) 

Table 2. HPCI system unreliability, with recovery actions, based on industry-wide experience. 
Failure of the injection valve to reopen is excluded. 

Contributor 
Contributor 
probability 

Percentage 
contribution 

FTR*FRFTR 0.025 46 

MOOS 0.023 41 

FTSO*FRFTS 0.0050 9 

FTSV*FRFTS 0.0021 4 

Unreliability (90% Interval) 0.056 (0.021,0.11) 100 

The results of an analysis of industry-wide trends are shown in Figure 3. It is interesting to 
note that while the system unplanned demand rate and failure rate (failures per plant per year) 
are declining, the system unreliability remains essentially unchanged. This indicates that 
performance improvement as indicated by the occurrence rate of failures may not be a good 
indicator of reliability improvement. 
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System unplanned demand rate 

System unreliability 

Figure 3. HPCI system unplanned demand rate, failure rate, and unreliability, per calendar year. 
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The dominant contributors to HPCI unreliabBty were failure to run and maintenance out of 
service. The feBure to run contribution was high because the failures experienced could not 
bo recovered by simpleoperator actions. The main causes of the failures were maintenance 
deficiencies and thermal binding of valves. Maintenance out of service was a dominant 
contributor but there was very sparse data for this failure mode. 

The overall nature of the failures experienced during actual demands and full flow tests 
differed somewhat from those discovered during monthly surveillance testing, engineering 
and design reviews, and routine inspections. This indicates that the current testing and 
inspection activities may not be focusing on the dominant contributors to unreliability during 
actual demands and may need to be modified to better factor in the conditions and experience 
gained from actual system demands. 

The observed unreliability for initial HPCI system injection is generally comparable with the 
values used in individual plant examinations (IPEs). The results are provided in Figure 4. 
However, there were ten plants for which the IPE mean values were completely outside the 
uncertainty bounds of the means computed from the operating experience. 

• M U U M U 
UllllliWj 

Figure 4. Comparison of HPCI unreliabilities from PRA/IPEs and industry experience. 
Recovery actions and failure of the injection valve to reopen are excluded. 
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While some specific component age-related failures were identified, no correlation was found 
between the low power license date and either the plant-specific annual failure rate or the 
plant-specific unreliability. The results of this analysis are provided in Figure 5. 

Figure 5. Plots of plant-specific HPCI system unreliabilities and failure rates per operational 
year plotted against plant-specific low power license date. 

4. EDG SYSTEM ANALYSIS AND RESULTS 

Figure 6 provides a simplified schematic diagram of the EDG system. The EDG system 
boundary selected for this study is consistent with the boundary identified in similar studies 
(Refs. 6, 7). Included in the boundary are the diesel engines, the electrical generators, the 
generator exciters, the output breakers, the sequencers, the EDG room HVAC including 
combustion air, the exhaust paths, the lubricating oil subsystem including the devices that 
physically control the cooling medium, the fuel oil subsystem including all storage tanks 
permanently connected to the diesel engines, and the starting compressed air subsystem. 

The EDG train unreliability was estimated from the simple train level fault tree model shown 
in Figure 7. The model was constructed to reflect the logical combination of five failure (and 
non recovery) modes. 

The data for the EDG train model was derived from unplanned demands and cyclic surveillance 
tests. Table 3 contains the failure probabilities and associated uncertainty intervals that were 
determined for each of the failure modes using the operational data. For the fail-to-run failure 
mode, the probabilities and associated uncertainties were determined for three distinct time 
periods corresponding to mission times identified in IPEs. 

< i 
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Figure 7. EOG train unreliability model 

Table 3. EDG basic event failure data and Bayesian probability information. 

Failures Demands Bayes 
Basic event Mean and 90% Interval 

Maintenance and testing out 
of service (MOOS) 

4 189 (0.009 , 0.024 , 0.044 ) 

Failure to start (FTS) 11 337 (0.02 , 0.034 , 0.052 ) 

Failure to recover fron FTS 
(FRFTS) 

9 11 (0.58 , 0.79 , 0.95 ) 

Failure to run 0-0.5 hr 
(FTR)/hr 

11 1911 (0.000 , 0.011 , 0.063 ) 

Failure to run 0.5-14 hr 
(FTR)/hr 

15 1575 (0.000 , 7.6E-4, 4.2E-3) 

Failure to run 14-24 Hr 
(FTR)/hr 

1 1564 (1.2E-5, 1.0E-4, 2.6E-4) 

Failure of recover from FTR 
(FRFTR) 

2 3 (0.24 , 0.63 , 0.94 ) 

The probabilities shown in Table 3 of failing to recover from a fail-to start or a fail-to-run are 
quite high. The operational data showed that most actual demand failures were not easily 
recoverable by simple operator action. Nominally, these failures involved electrical problems. 
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including sequencer and output breaker malfunctions, that required replacement of 
components before the failure could be recovered. 

Table 4 lists the system unreliability and associated uncertainty intervals resulting from 
quantifying the fault tree using the data In Table 3. Also included in table 4 are the 
probabilities for the cut sets that make up the unreliability along with their percent 
contributions. 

Table 4. EDG train unreliability, with recovery actions, based on industry-wide experience 
assuming a one hour mission. 

Contributor 
Contributor 
probability 

Percentage 
contribution 

FTR*FRFTR 0.0037 7 

MOOS 0.024 44 

FTS*FRFTS 0.027 49 

Unreliability (90% Interval) 0.055 (0.031,0.082) 100 

The results of an analysis of the industry-wide trends are shown in Figure 8. These trends 
show that while the unplanned demand rate is declining significantly; the failure rate and the 
system unreliability are essentially constant. 

As in the case of the HPCI system, the overaN nature of the failures experienced during actual 
demands and cyclic full bus load tests differed significantly from those discovered during 
routine monthly surveillance tests, engineering and design reviews, and routine inspections. 
Again this indicates that the current testing and inspection activities may not be focusing on 
the dominant contributors to unreliability during actual demands and may need to be modified 
to better factor in the conditions and experience gained from actual system demands. 

While not a significant contributor to the overall unreliability, the failure-to-run events were 
found to have three distinct failure rates. As shown in Figure 9, the highest failure rate 
occurred during the first half hour, with the cooling subsystems being the main contributor 
to these failures. The failure rate decreased by over a factor of 10 during the period between 
a half hour and 14 hours. Fuel and electrical subsystem problems dominated this time period. 
After 14 hours, the failure rate had further decrease to a factor of almost 100 times lower 
than the first half hour. The dominate faiure contributors during this time period were 
associated with electrical subsystems. 

The overall observed unreliability for EDG train mission completion is generally comparable 
with the values used in the IPEs. The results for the three major mission times are provided 
in Figures 10. Significant overlap existed between the unreliabilities in the IPEs and those 
computed from the operational experience data. There were 12 cases, however, where the 
IPE mean values were below the lower uncertainty bound of the operating experience interval 
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Figure 8. EDG train unplanned demand rate, failure rate, and unreliability, per calendar year. 
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Figure 9. EDG cumulative failure probability versus run time. 

and 6 cases where the IPE mean values were above the upper uncertainty bound of the 
operating experience interval. 

An important issue related to EDG unreliability is the potential for common cause failures 
(CCFs) that could lead to a station blackout condition. Of the 42 failures noted in Table 3, 
eight involved conditions that affected more than one EDG. None of these events occurred 
during an actual loss of offsite power or a bus undervoltage condition. These eight events 
occurred during cyclic full load testing of a single diesel unit. In each case the common cause 
failure mechanism was identified and corrected prior to an actual demand or test of the 
redundant EDGs. 

The EDG operational data was also looked at in terms of plant age. Figure 11 shows that the 
plants with license dates from 1980 through 1990 typically had an EDG failure rate that was 
twice that of plants with earlier license dates. No specific reasons for this characteristic could 
be determined. 

Operating experience that reflects equipment actuations, operations, and failures in conditions 
as close to PRA accident scenarios as practical was used to evaluate HPCI system and EDG 
reliability. The results indicated that failure characteristics important to system reliability were 
somewhat different then indications from routine surveillance testing and inspections. The 
average reliability estimates were similar to the PRA estimates for both the HPCI system and 
the EDGs. The results of this work indicate that data must be carefully reviewed and 
evaluated for applicability to reliability and risk analysis. 

5. CONCLUSIONS 
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Figure 10. Comparison of EDG unreliabilities from PRA/IPEs and industry experience. 



Law p o w e r H e a i i M d a t a 

Figure 11. Plot of plant-specific EDG train failure rates per operational year plotted against 
plant-specific low power license date. 
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TITLE: DACNE SYSTEM. SPANISH 
INFORMATION SYSTEM. 

NUCLEAR POWER PLANT 

AUTHOR: UNESA. SPANISH UTILITIES. 

INTRODUCTION 

Safe, reliable and economic operation of a nuclear power plant requires that system 
and component performance remains within the limits for which they have been designed. 
There is also a strong demand for optimization in plant operation and maintenance. 

New projects and activities appear within the Nuclear Industry with the purpose 
of improving availability and safety of the plants. 

A characteristic common to all these projects is the need to easily retrieve and 
handle information in order to carry out different analysis and assessments. These evaluations 
are normally accomplished by applying more or less complex methodologies on the basis of 
plant specific data (availability, reliability, risk, production, costs, ..) and comparing these 
with industry data or generic data. 

Some of the projects currently under way in Spain are described below: 

Probabilistic Safety Assessments (PSA). In order to ensure realistic results and allow 
decisions to be taken, these studies require plant specific data, such as maintenance 
records, equipment unavailability, significant events (transients) and information relating 
to tests and preventive maintenance. These data are used to perform reliability 
estimations. This is a significant task in terms of resources within a PSA. 

Life extension programs. These studies require information relating to in-service 
inspections, surveillance testing and, once more, maintenance records. 
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Performance based maintenance regulation (USA, Maintenance Rule). It is to be 
expected that a large part of the resources required for implementation of this standard 
will be dedicated to collect information, fundamentally in relation to maintenance and 
operation records. 

Maintenance optimization programs based on reliability analysis (Reliability Centered 
Maintenance, RCM) or based in risk aspects (Risk Focused Maintenance, RFM). These 
programs usually result in cost reduction measures. The methodology allows to 
prioritize maintenance task and establishes shortcomings or excesses in maintenance 
activities to be identified. As in the cases described above, these methodologies require 
maintenance records. 

These four areas of work have been picked out because they are those which 
require the largest volume of resources in processing data. Nevertheless, information needs 
can be extended to a large number of activities: operating experiences, report for national and 
international organizations, licensee reports, spare-part management, design changes, selection 
of manufacturers, ... 

In view of the above, it may be appreciated that a multi-purpose information 
collection system would be both useful and of great interest. It should be taken into account 
that the data collected may be used in different activities, as a result of which the most 
effective method would be to collect the information once only and then process it with 
different objectives, thus avoiding the need to collect data several times. 

Likewise, whenever there is a need for information for a new project, it is more 
convenient to take advantage of information that has already been collected, ordered and 
validated than to start again. 

These are the objectives of DACNE System, data banks of Spanish Nuclear Power 
Plants. The system provides a easy way to collect and process information. 

In addition, sharing information between different nuclear power plants provides 
two advantages: 
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A larger volume of data is available, this reducing uncertainties and allowing decision 
to be taken. 

Rational comparisons of results are possible, and it is possible to establish typical 
industry parameters or identify possible deviations which might otherwise go unnoticed. 

The following sections describe the DACNE Information System in more detail 
and present possible applications in the areas of maintenance and Probabilistic Safety 
Assessments. 

SPANISH NUPT.F.AT? POWER PLANTS 

The following nuclear power plants are currently in operation in Spain: 

NPP | DESIGN POWER 
Jos6 Cabrera j Westinghouse PWR 160 MWe 
Sta. M a de Garona General Electric BWR 460 MWe 
Almaraz I and 11 Westinghouse PWR 930 MWe 
Cofrentes | General Electric BWR 990 MWe 
Asc<51 and II | Westinghouse PWR 930 Mwe 
Trillo | KWUPWR 1066 MWe 
Vandellds II | Westinghouse PWR 1004 MWe 
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DACNE; DESCRIPTION AND CONTENT 

In 1986 the Spanish Regulatory Body (CSN) required that two databases should 
be created. One to record operating events and the other to obtain equipment reliability 
parameters. The objective of this requirement was to supply data for carry out and updating 
of Probabilistic Safety Assessments (PSA's). 

This requirement led to two Spanish NPP's databases came into operation by the 
beginning of 1989, with wider objectives than those involved in carrying out PSA's only. 
These databases have been integrated in the information system known as DACNE. 

Operating Events Database (BDIO) 

This database contains reports on significant events that have occurred at the plants. Each 
report contains the following data: 

A general classified and coded description of the event. Fields identifying the event are 
included. The type of transient (PSA initiator) is provided, along with the reporting 
criteria, unavailable systems due to testing or maintenance, initial and final plant 
conditions, and the causes and effects of the event. 

A textual description of the event, structured into the following sections: 

• Summary 
• Background 
• Initial plant conditions 
• Chronological description of the most significant steps 
• Causes of the event 
• Effects of the event 
• Corrective actions 
• Conclusions 

Records of anomalies. Each event record contains as much anomaly reports as 
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necessary. Anomalies are significant adverse conditions which have caused the event or 
affected its evolution. These anomalies may be equipment failures or human 
interventions. Each anomaly contains information of system and component affected, 
the causes and corrective actions implemented, along with a description of the anomaly. 

As of 1st March 1995, the database contained 280 event reports: 

N ° OF 
EVENTS 

- " - " " 1 TYPE OF EVENTS 

123 REACTOR OR TURBINE TRIPS 
44 NON-SCHEDULED POWER REDUCTIONS GRATER THAN 10% 
74 IN-HOUSE EVENTS RELATING TO SAFETY ASPECTS 
22 SIGNIFICANT EXTERNAL EVENTS 
17 RELEVANT EVENTS NOT CLASSIFIABLE IN ANY OF THE 

PREVIOUS CATEGORIES 

Component Database 

This database has been designed as a reliability database. It contains information 
on the main equipment of safety-related systems. The information stored is as follows: 

Data for component identification and characterization. The database contains fields 
such as system, safety class, operating environmental conditions and type of maintenance 
to which the component is subjected. A set of fields on operating and design 
characteristics has been defined for each family of components. Important efforts have 
been made to define the physical boundaries for each family of equipment contained in 
the database. 

Failure reports. Reports are included on events considered as catastrophic and incipient 



failures, along with their repair and unavailability times. Also is included information 
on the detection mode, causes and failure mode, corrective and administrative actions, 
piece-part failed, key words and, finally, a general description of the event. 

Unavailability reports. Since 1st January 1995, the database has includes equipment 
unavailability times resulting from maintenance interventions, testing and other causes. 

Equipment operating reports. Component operating hours and cycles are included 
annually in order to estimate typical reliability parameters. 

The information contained in the database as of 1st March 1995 is as follows: 

N° 
COMPONENTS 

ACCUMULATED 
EXPERIENCE 

COMP. x YEAR 

N° OF 
FAILURE 
REPORTS 

9,103 37,587 1,432 

Computer system. Operating mode 

A versatile computer system has been provided to the users. The information flow 
is depicted in Figure 1, and consists of the following steps: 

At each plant there is a Coordinator in charge of collecting the information. 

The information collected by the plant is sent to a database management team, which 
verifies its quality and uniformity. 

The management team incorporates the information in the database master copies. 
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Two options are available for information retrieving. Users may access the database 
master copies by means of a remote connection or consult copies of the database 
available on a local PC. These copies are periodically updated. 

The system is made up of the following computer developments: 

Data collection programs 

Each plant has a data collection application which runs on a PC and exports data files 
to the Database Manager. This application verifies the data analysis and prevents 
information classification errors from occurring. 

Data loading programs 

The Manager includes loading programs which perform a second verification and draw 
up reports on the data loaded for detailed analysis. 

Query programs 

A easily handle applications have been developed for retrieving databases. Users can use 
their copies of the databases available on site or can connect to the master databases. 

POSSIBLE AREAS OF APPLICATION 

PSA updating 

All the Spanish plants have now carried out a PSA of greater or lesser scope. It 
is foreseen that the plants will periodically update these analyses in the future using specific 
data. 

The data presented constitute examples of information that can be easily retrieved 
from DACNE system and are of interest for PSA's. 
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Initiating event frequencies. These frequencies have been estimated on the basis of 
accumulated hours of reactor critical (classical estimation, Poisson model: point value 
and interval of confidence of 90%) 

PWR PLANTS 

TYPE OF TRANSIENT 
Total loss of feedwater 
Turbine trips 
Loss of condenser vacuum 

BWR PLANTS 

TYPE OF TRANSIENT 
Low feedwater flow 
Rx pressure regulation failures 
Turbine trips 

Failure probabilities (classical estimate, binomial model, point value and interval of 
confidence of 95%) 

Motor-operated valves (failure per demand) 

• Failure on opening 2.07xl0E-3 ± 5.04xE-4 

Diesel Generators (failure per demand) 

• Failure on start 4.70xl0E-3 ± 2.65xE-3 

Motor-driven pump unavailabilities due to corrective interventions (classical point 
estimate, lognormal distribution) 

EVENTS/YEAR 
0.096 [0.044; 0.250] 
0.355 [0.223; 0.587] 
0.032 [0.011; 0.160] 

EVENTS/YEAR 
0.226 [0.092; 0.712] 
0.565 [0.295; 1.188] 
0.791 [0.449; 1.485] 
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Average unavailability time 
per intervention (hours) Average = 187 Error factor = 20 

Effectiveness of maintenance activities 

USA Nuclear Regulatory Commission regulations are followed in Spain. 
Consequently, the Maintenance Rule (10 CFR 50.65) is applicable to Spanish NPP's. 

The DACNE system is expected to play an important role in the implementation 
and performance of the evaluations required by the mentioned Rule. 

Without going into great detail, in order to verify the effectiveness of plant 
maintenance, the Rule requires that objectives be established in relation to plant, systems or 
equipment performance. These objectives may be very varied. 

As published, the Rule allows the operators freedom as regards establishment of 
the aforementioned objectives. Why not establish those which cover the necessary aspects and 
are easiest to track? Why not establish those obtained from observation of industry 
experience? 

Let us look at examples of the type of information which may be easily retrieved 
from the DACNE databases and used for this purpose: 

Number of plant trips 

From the Event Date bases, it is possible to obtain graphs such as those shown in the 
figures: 

Figure 2. This shows the evolution with time of the number of trips per Spanish NPP 
unit over the last five years. 

Figure 3. Evolution of the number of trips per year and per unit, calculated on the 
basis of the trips occurring over the last three years. 
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Number of failures 

A simple and coherent way of detecting possible maintenance problems might be to 
compare the number of events occurring with what might be expected on the basis of 
typical industry data. Trend analysis identifies whether or not these values remain 
within limits considered as being normal. In other words, the aim is to compare in-
house failure rates and their evolution with time, with industry values. 

The industry failure rates, number of failures on demand and number of failures by 
operating hours may be obtained from national data, and be complemented with data 
from other countries or generic data sources. 

It is relatively easy to obtain failure rates from the Component Database as hours of 
operation and number of cycles are available. 

Figure 4 shows the number of failures per demand observed for certain types of 
components for Spanish NPP's. 

Another possible parameter, that can be considered as a plant indicator, which is simple 
to calculate and potentially useful, is that we called Catastrophic Failure Index, a 
parameter which measures the number of catastrophic failures per year and per 100 
components. This parameter is very similar from one plant to the others and may be 
used to identify deviations when is compared different types of components, or the 
appearance of anomalous trends, as long as the comparisons are carried out for similar 
components and similar operating conditions. 

Figure 5 shows the evolution of this indicator for all the Spanish plants in recent years. 

Figure 6 shows a comparison between the Catastrophic Failure Index of a Spanish plant 
and those of four forcing plants of similar design. This comparison was made on the 
basis of a sample of the same types of equipment and systems. 
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Tracking of unavailabilities 

Data on unavailabilities may be used for two purposes: 

A first might be the establishment of performance criteria or objectives on the basis of 
reliability requirements, for subsequent surveillance. This tracking may be done at the 
train or system level. 

The second purpose might be to control the risk involved in testing or maintenance 
activities or the possibility to carry out on line maintenance, aspects which have recently 
received attention. 

Maintenance optimization programs 

Data on equipment operation, failure modes and mechanisms, hours of operation 
and demands and the availability needs in relation to risk or plant operation, make it possible 
to perform reliability centered maintenance programs (RCM) or Risk Focused Maintenance 
programs (RFM). 

The objective of these studies is to optimize the resources available for the 
performance of maintenance tasks. The aim is, therefore, to perform a more rational 
maintenance based on the weighting of different factors - safety, identification of dominant 
failures and economics - for the establishment of priorities. 

The methodologies are varied but all need collect information, including design 
data and maintenance records. 

What normally occurs is that the maintenance records of a single plant are 
insufficient for carrying out these studies. In addition, the maintenance records do not contain 
all the necessary data. This is where reliability databases come into their own, complementing 
the information of a given plant with others. 
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CONCLUSIONS 
New projects or activities often emerge requiring plant operating information 

similar to that existing in the DACNE system. The objectives of these projects are to improve 
the availability and safety of the installations or to optimize their operation. 

Advantages of a information system as DACNE are: 

The system includes, and will include even more so in the future, a large volume of 
information on the operation of Spanish Nuclear Power Plants. DACNE has been 
established as a far-reaching set of objectives allowing it to be used for different 
purposes. Three possible applications in the field of maintenance and PSA have been 
presented in this article. 

An information system shared by all plants enriches the information system of any given 
plant. 

The single, up-front gathering of information for a wide range of objectives avoids the 
need for the data to be collected and processed every time there is a specific necessity, 
saving on unnecessary efforts due to the duplication of work already performed. 

The information contained in the system has been typified in a variety of ways. These 
characteristic allows selection and queries to be made by mean of computers system. 

Finally, it should not be forgotten that this type of information source becomes 
enriched with time, since the volume of information contained therein becomes increasingly 
large. Although the current quantity of data already allows for a certain degree of use, this 
will be larger in the future, as a result of which the resources used will provide subsequent 
advantages leading to potentially significant savings. 
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Fuzzy Approach to the Reliability Assessment of Systems 
under the Influence Of Radiation 

I. Kozin* and K. Lauridsen 
Systems Analysis Department, Ris0 National Laboratory, DK-4000 Roskilde, 

Denmark 
Abstract When assessing reliability indicators for systems working under the 

influence of radiation, we often know the radiation degradation functions of 
characteristic parameters of the components in dependence of the total radiation dose. 
The radiation degradation functions are not accepted reliability indicators, but they 
cany some information about the life time of the components. They put some 
restrictions on the duration of the operation. We propose to view this information as a 
fuzzy reliability one and construct on this bads membership functions to the failure 
state due to irradiation of components. Then, based on the possibility/probability 
consistency principle it is possible to calculate the reliability of components. This 
approach allows to incorporate failures from both conventional and irradiation causes. 
An example is given of calculating the reliability of a robot's performance of one of 
its functions. 

Introduction 
The current work was initiated by the research programme TELEMAN, the 

objective of which is to develop advanced teleoperators (robots) that can operate in 
hazardous or disordered nuclear environments; This programme is run by the 
European Commission and comprises 20 projects. One of the contractors is Ris0 
National Laboratory (Denmark) where the current research was performed. The main 
features of the robots of interest are the following [1,2]. 

The TELEMAN robots have to tolerate high levels of ionising radiation which 
causes a degradation of parts of the equipment. The ionising radiation in question is 
mostly y-rays. The components and materials of the robot, which are susceptible to 
damage by this type of radiation are: electronics, sensors, fibre optics, signal 
communication systems, insulating materials, lubricants and adhesives. The effect of 
the y-radiation normally is a gradual change in properties (in characteristic parameters) 
rather than a sudden breakdown. The gain of bipolar transistors, for example, will 
normally decrease with increasing total dose, optical fibres will darken, insulating 
materials will become brittle and lubricants will become stiff. For quite a large number 
of components and materials, measurements have been performed to establish the 
change in properties as a function of dose. But, although a function or a table can be 
set up, giving the degree of degradation at any given dose, the moment of a failure due 
to y-irradiation is uncertain of the following reasons: 

1) the degrees of degradation are obtained under laboratory conditions which 
are different from operational (field) conditions; 

2) the degrees of degradation which have been obtained reflect only the sample 
generality but not the unique particularity of each component [3]; 
* I. Kozin is a guest scientist from Obninsk Institute of Nuclear Power Engineering, Russia 
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3) for the purpose of estimating the radiation dose, D t , received by a given 
piece of equipment at time t, the robot was assigned a number of radiation zones 
within each of which the dose rate was assumed constant In reality, this is not the 
case. 

4) Hie dose rates are random values and the range of the dose rates is wide 
from "high case" to "low case". There is a factor of approximately 5000 difference 
between the two cases. 

The failure criterion for degradable components is the critical value of a 
characteristic parameter, the surpassing of which is considered as failure. It should be 
remembered that components can also fail for other reasons, like components without 
radiation environments, i.e., we have to take into account conventional reliability. 

The degrees of degradation are defined by the radiation degradation factors of 
components, A \ , which is the measure of closeness of the state of the component to 
the failure state due to y-radiation and defines the maximum time of operation of the 
component They are defined as (for characteristic parameters, the values of which 
decrease or increase by increasing radiation dose) [1]: 

| > 0 > o ) - for /»,' 2 P; > P; or Pi < p; < p; P'iDo)- P\{Df) for /»,' 2 P; > P; or Pi < p; < p; 

0 for > /v > p; or p; < Po <Pf 
1 for P i>Pf > Pj or P' <Pf <p; 

where 
pj(Do)=pi() - value of the ith characteristic parameter before exposure; 
p|(D t)=pi t - value of the ith characteristic parameter after a total radiation dose D t; 
pi(Df)=pif - value of the ith characteristic parameter at failure; and 
i=l,2,...,k, k is the number of radiation dependent components. 

Fig. 1 illustrates the radiation degradation function. 
Parameter 

Figure 1. Degradation of characteristic parameters and the distributions for 
conventional and radiation reasons 
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Possible Approaches to the Solution of the Problem 
There are several general ways to analyse the reliability of such robots. 
1) As described in [1] a reliability model can be set up in an ordinary way, 

based on the detailed design of the machine and the operations it is expected to 
perform. The above mentioned radiation degradation factors can then be used as input 
instead of the usual reliability data, failure rates or failure probabilities. When 
evaluating the cut sets of the model a ranking with respect to radiation degradation, 
rather than failure probability, will result 

This procedure was intuitively considered as a useful way of identifying weak 
points in the design, but the method was based on common sense rather than a 
theoretical foundation. 

2) Another way is "evaluation of the ih factor". In such a way an attempt has 
been made to evaluate the reliability of electronics components of the robots of 
interest [4]. For this purpose, the following main expression was used 

Xp =XbJt]7C2' * *7C|c, 
where Xp is the predicted failure rate, 

At is the basic component failure rate, 
Jtj environmental and stress correction factors. 

For the purpose of the reliability prediction of the TELEMAN machine one of the JC-
factors will be the radiation factor, iz-r=Kt. The idea for evaluation of the Th -factor is as 
follows: 
i. Estimate the failure rate, , of certain electronic components from results of 

radiation tests. 
ii. Evaluate the failure rate, Xp, of the same type of electronic components according 

to reliability prediction handbooks. 
ill. Calculate 7tr from the formula 

Jtr = Xr / Xp. 
The scheme of evaluation of the 7tr is given in Fig. 2. But in reality, it has not yet been 
possible to convert the experimental results from irradiation tests to 7t-factors because 
of a lack of statistical data about the failures. Therefore, this approach at present is 
premature. Moreover, most likely we will never have a reasonably sufficient number of 
data to obtain enough precise results with this method. 

3) Another way is to create one general model comprising and taking into 
account several sources of uncertainties simultaneously without specifying which 
factor is responsible for the uncertainty in the prediction of the moment of a failure. 
This way leads us to the Bayesian approach implying the acceptance of a failure 
distribution function and a prior distribution for the parameters of a failure distribution 
function. This approach is relevant for the current study but it is not the subject of the 
investigation right now but, probably, on the long term. 

4) One can support the conviction: since there are no specific failure data we 
can not evaluate probabilities of failures and can speak only about the degrees of belief 
in failures by the concrete time instant or the possibility of failures. These degrees of 
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Failure criteria > © l_ 
1 Computer Monte-Carlo modelling ] i 

Fitting the lifetime model (using a bimodal distribution for describing dose-to-failure distribution) 
4* 

Failure rate A, 
4. I 1tr=X/jI I 
t 

I Reliability prediction Xp | 

Figure 2. The main steps of the evaluation of the 7tr -factor 
belief can be elicited from supporting evidence, judgements and psychometric analysis. 
In accordance with the fuzzy reliability theory we may make a new assumption [5,6]: 
the system failure behaviour is fully characterised in the context of possibility 
measures. This assumption leads us to the fuzzy reliability theory, called "posbist 
reliability theory". We can say [7] that possibility theory is a natural tool for 
formalising uncertainty in situations where evidence is poor and available in terms of 
fuzzy propositions. The advantages of possibility theory are its simple rules, 
robustness, and insensitivity to the accumulation of error by repeated operations. The 
fuzzy approach allows to deal with all the different types of uncertainty not only those 
of a statistical nature. 

Using Fuzzy Reliability Theory 
In [5] the following classification of the reliability theories was proposed: 

Probist (conventional reliability theory) - Probability assumption and binary state 
assumption based. 

Profust - Probability assumption and fuzzy state assumption based. 
Posbist - Possibility assumption and binary state assumption based. 
Posfust - Possibility assumption and fuzzy state assumption based. 

Probability assumption: the system failure behaviour is fully characterised in 
the context of probability measures. 

Possibility assumption: the system failure behaviour is fully characterised in the 
context of possibility measures. 

Binary state assumption: the system demonstrates only two crisp states: fully 
functioning or fully failed. At any time the system is in one of the two states. 
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Fuzzy state assumption: the system succes and failure are characterized by two 
fuzzy states. At any time the system can be viewed as being in one of the two states to 
some extent and in the other to some extent. That is that the meaning of system failure 
cannot be defined in a precise way, but in a fuzzy way. 

In this study we presume events/failures of components are defined precisely 
and, hence, we accept that the system/component alternates between two states: 
functioning or failed, and it is always in one of the definite states. Thus, we accept the 
posbist theory as a tool for eliciting inferences from our a priori information. A basis 
for posbist reliability theory is given in [6,8]. We will describe some main concepts of 
that theory. 

Let U be the universe of discourse, U={ui,u2,...,un}. A fuzzy set A of U is a set 
of ordered pairs {(ui,|iA(ui)), (U2,|Xa(U2)),...,(U i1,|1A(U«))}, where \iA: U -> [0,1], is the 
membership function of A, and Ha(UO indicates the grade of membership of Ui in A. 

On the universe U we can define a fuzzy success state S 
S = { Ui, Hs(Ui); i=l,...,n } 

and a fuzzy failure state F 
F ={ Ui, jivCui); i=l,.»,n } 

A fuzzy state is just a fuzzy set When fuzziness is discarded, the fuzzy success state 
and the fuzzy failure state become a conventional success state and conventional 
failure state, respectively. In this case | i s = 0 or 1. 

Let X be a variable which takes values in a universe of discourse U, with a 
generic element of U denoted by u and 

X = u 
signifying that X is assigned the value u, u € U. The possibility distribution function associated with X (or the possibility distribution function of n x ) is denoted by T|x 
and is defined to be numerically equal to the membership function of S, i.e., 

Tlx = [Is • 
Thus, T|x (u), the possibility that X = u, is postulated to be equal to |is (u). 

According to the posbist theory the instant of system failure occurrence is 
characterised in die context of possibility. So it is reasonable to define the system (or 
component) lifetime, denoted by X, as a fuzzy variable, i.e., 

X = u: (u) = u: Tlx (u). 
In this way the value of the membership function of a fuzzy variable at u can be 
interpreted as the possibility that X=u. Reliability of a system is the possibility that the system performs its assigned functions properly during a predefined exposure period under a given environment. 
Such a reliability measure is called posbist reliability, or simply, reliability of the 
system, denoted by R. Symbolically, 

R(t) = sup | i s (u) 
u>t 
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formulates the relations between system reliabilities and component reliabilities. 
Suppose a series system has two components. Let Xj, X2 be the component 

lifetimes, respectively. Further we assume Xi, X 2 are both normed unrelated fuzzy 
variables with continuous and monotone decreasing possibility distribution functions 
and induce fuzzy sets, Xi = u: |Xxi (u), X 2 = u: M*2(u). Let X be the system lifetime 
and |Xxi (0) = 1, (1x2 (0) = 1. Then the possibility distribution function of X for a series 
system, denoted by }Xx (u), is given by 

p-x (u) = min [ M-xi (u), Hx2 (u) ] if u > 0. (2) 
This expression is consistent with the physical notion of possibility. That is, for a 
series systems the possibility that the system performs its assigned functions is 
determined by the weakest, in the sense of reliability, of elements constituting the 
system. In another interpretation we can say that*a failure of the system is more 
possible due to the weakest (the least reliable) component, or that the maximum 
possible lifetime of such a system is equal to T ^ , see Fig. 3. 

Similarly, the possibility distribution function for a parallel system is given by 
Hx (u) = max [ fXxi (u), \Lxi (u) ] if u > 0. (3) 

For this system the possibility that the system performs its assigned functions is 
determined by the strongest, in the sense of reliability, of elements constituting the 
system. We can also say: it is more possible that a parallel system will live while the 
most reliable element lives, or that the maximum possible lifetime of such a system is 
equal to T̂ M*, see Fig. 3. 

Figure 3. Membership functions and the maximum possible lifetimes of the 
systems of two elements 

Probability reliability theory and fuzzy reliability theories stay close to each 
other, they have the same purposes and applications, depending on the available 
information. Each of the theories has some advantages and disadvantages. In some 
cases, the dividing line between the use of the two theories probability and fuzzy is 
uncertain. To use opportunistically advantages and relevance of both theories, we need 
to have the capability to move from one theory to the another as appropriate. That is, 
we need to integrate the theories in the sense that results obtained by either of them 
can be converted by a justifiable transformation into an equivalent representation in the 
other one. As argued in paper [10] this transformation should (i) convert given 
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probabilities to the corresponding possibilities (or vice versa) by appropriate scale, and 
(ii) preserve the amount of uncertainty (and information) involved. 

The general idea is the following [7-9]. Given a probability distribution 
p=(pi,p2,...,pn)» we want to determine the corresponding possibility distribution 
THTIUTU,...,!!„), or vice versa. The obtained distribution is required to preserve as 
many properties of the given distribution as possible, including the amount of 
uncertainty. 

Assume for convenience that p corresponds to T) component-wise and that they 
are both ordered in the same way: 

PI ^ p i +i and RJI > T| i + i for all i=l,2,...,n-l. 
Furthermore, p and TJ satisfy the normalisation requirements of probability and 
possibility distributions respectively 

n 
Xpi= l , supp.s(u) = l. 
1 = 1 ueU 

The only transformation that exists for all distributions and is unique is the log-
interval scale transformation [8] 

Tli = P P i a 

for all i=l,2,...,n, where oc,P > 0. After employing the normalisation requirements, its 
form for p—yq is 

11, = 
f \ « Pi 

max p, 
A. « 

(4) 

and its form for r|—>p is 
1/a 

= Z TI J 1/a 

i=l (5) 

The coefficient a is determined by the equation 
H ( p ) = N ( i i ) + D ( T i ) , 

where 
(6) 

n n j* 

H(p) = log 2 Pi, N(r|) = X^li log 2 — i=l i=2 1 ~ i 

n 

i=i 

(7) 
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In the transformation p-»Tl, expressed by Eq. (4), H(p) is given in Eq. (6); in the 
inverse transformation, expressed by Eq. (5), N(T|) + D(n) is given. For example, if we 
know a possibility distribution t | i , i=l,2,...,n, and wish obtain a probability distribution 
Pi, i=l,2,...,n, we substitute TH in (7) for N(r|) and D(n), hence N(T|) + D(T|) = const 
Then, we substitute pi (5) in (7) for H(p) and obtain the expression of one unknown 
value a 

After this the opportunity arises to incorporate both the conventional reliability 
and reliability due to the irradiation of the robot's components. 

Assume that failures from conventional reasons are independent from failures 
because of radiation. In this case the reliability, Pomp, of components under the 
influence of radiation can be expressed as the following 

where Pconv - the reliability for conventional reasons, 
Prad - the reliability due to the irradiation. 

Now we can justifiably use the reliability model of a system such as a fault tree 
to evaluate the reliability. We can assess the reliability by two ways. (1) We have to 
evaluate the possibilities of failures for each component of a system and use them as 
input instead of the basic event probabilities, which are normally the input in reliability 
calculations. The result of this calculation is the possibility that the system performs its 
assigned functions, (2) We have to evaluate the possibilities of failures for each 
component of a system, then transform the possibilities to probabilities and use them as 
the basic event probabilities of the reliability model. The result of this calculation is the 
conventional reliability. 
The Assessment of the Possibility of a Failure of Robotic Subsystems 

and Components 
The first problem to be solved is to define the membership functions of a 

success/failure state (XS/M-F for robotic components due to y-radiation. First, it should be 
stressed that fundamentally, a membership function on U defines an ordering ">" on 
the elements of U, and it is the ordering that matters[ll]. "ul > u2" means, for 
example, that "ul is more S (success) than u2". In [12] the connection has been made 
between classical theories of psychometry and the evaluation of a membership 
function. As an argument in favour of the idea that an approximate representation of 
M-S/M-F is adequate is that the error made by combining fuzzy sets and variables by the 
operations defined above (2) and (3) will never increase since for the part only max 
and min operations are used. 

In order to define the membership functions of robotic components we have 
the following available information: 
a) radiation degradation factors for each component and values of characteristic 

parameters after a total radiation dose D(t) reflecting the sample generality of such 

/ 
- a 

v 
i W l o g ^ - a l o J £ I I H ] } *=i J i=i L v*=i / JJ = const. 
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components, i.e. the mean radiation degradation factors, E[A\], and the mean 
values, EfP^] of the parameter considered; 

b) die maximum and minimum possible dose rates, the "high case" and the "low case" 
correspondingly. 

First view the "high case". 
A component can fail before intersection of the critical value P*f by the mean 

value of characteristic parameter EfP 1^ due to the 2) and 3) types of uncertainties 
mentioned in the introduction, i.e., due to the sample generality of the mean parameter 
ECPy and the fact that the radiation dose, D(t), was assigned for a number of 
radiation zones within each of which the dose rate is assumed to be the same all over. 
On the basis of the data of the component's degradation available from a benchmark 
exercise [3] and the size of radiation zones within each of which the dose rate was 
assumed to be the same, we can quite precisely define the left margin of a possible 
moment of failure. As to the right margin of a possible instant of failure, it is more 
uncertain because of the possibility to work under lower dose rates. And as mentioned 
above, there is a factor of 5000 difference between the two cases. Thus, the 
membership function can be presented as Fig. 4 shows. 

Parameter value 

time 

log(Dose) 

Figure 4. The presentation of the membership function to failure state due to the y-
ixradiation, 
t! - the left margin of the instant of a failure, 
tr - the right margin of the instant of a failure. 

An analytical expression for the membership function to failure state, |Xp(t) 
(H s(t)=l- |iF(t)), can be presented as the following 

M 0 = ' 
0 for t<t, 

1 -exp{- |3 (r -1, ) } for t,<t<tr 

1 for t>tr 

The values tr and P have to be found by expert judgement. If we have a basis to 
consider that the probability mass concentrates more in the field close to t], then we 
can assign to p a large amount. For example, a similar case can occur if we know that 
"high case" will happen more often than "low case". But since the factor of difference 
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between "low case" and "high case" is the same for all of the robot's components, we 
can assume that the value f3 is the same for all components. 

If we do not have a basis to consider that the probability mass is more in one 
field than in another, we can choose a linear membership function 

M ' ) = 
0 for t< t, 

(t-t,)l(tr-t,) for t,<t<tr 

1 for t>tr 

For the robot system studied in [I] five different failure states ("top events") 
have been studied. These are: loss of the robot at an inaccessible location, and failure 
to perform one of the following operations: 

- Inspection, Cutting and Welding of Pipe, 
- Dismantling of the Constant Volume Feeder, 
- Decontamination of Calciner Surface and Tray, 
- Removal of Heavy Components. 

Let us view as an example the reliability analysis of the operation "Dismantling of the 
Constant Volume Feeder". From the point of view of reliability, the linking of 
components, influencing the state, is series. According to [1], all the cut sets found in 
this case are "first order cut sets" due to the fact that the system has no redundancies. 
The list of radiation dependent cut sets for the top event includes failures of the 
following components: 

- Optical fibre head in the nut runner system, 
- Force torque sensor unit, 
- Force sensor unit, 
- Optical fibre heads in the collision detection system, 
- Electronic modules in the collision detection system, 
- Nut runner control unit. 
In the tables 1-5 available data are given for each of the six components, 

constructed on the basis of data from [13]. The table 4 is common for "Force torque 
sensor unit" and "Force sensor unit", the sign "oo" means too large a number to take 
into account its exact meaning. 

Table 1. Radiation Degradation Data for Nut Table 2. Radiation Degradation Data for 
Runner Control Unit, Pp 80 Optical Fibre Heads (nut runner), Pj= 10 

D[Gy] P,gain Degrad. 
factor 

Hours, 
high case 

Hours, 
low case 

0.1 506 0 8.6E-4 5 
800 190 0,742 6.89 34782 

2.4E3 115 0.918 20.68 104347 
7.9E3 80 1 68.10 343478 
2.4E4 80 1 206.89 1043478 
8.9E4 92 0.972 767.24 OO 
2.6E5 103 0.946 2284.5 OO 
3.6E5 92 0.972 3049.8 oo 

5.4E5 80 1 4698.3 oo 

D,[Gy] Patten-
nation 

Degrad 
factor 

Hours, 
high case 

Hours, 
low case 

0.1E3 1.6 0 0.86 4347 
0.9E3 2.2 0.071 7.75 39130 
2.8E3 1.6 0 24.13 121739 
9.5E3 1.2 0 81.89 413043 
1.07E5 3.2 0.190 922.41 4652173 
3.35E5 8.2 0.786 2887.9 OO 
6.11E5 16.8 1 5267.3 OO 
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Table 3. Optical Fibre heads in collision 
detection system, Pp 10 

D,[Gy] P âeo-nation Degrad. factor Hours, Irish case Hours, low cue 
0.1E3 1.6 0 0.9 4347 
0.9E3 2.2 0.071 8.18 39130 
2.8E3 1.6 0 25.45 121739 
9.5E3 1.2 0 86.36 413043 
1.07E5 3.2 0.190 972.7 4652173 
3.35E5 8.2 0.786 3045.4 OO 
6.11E5 16.8 _ _ 1 5554.5 oo 

Table 4. Force torque sensor unit and 
Force sensor unit, Pj= 4.5 

D,[Gy] P,iesis-
tance 

Degrad 
factor Hours, 

high case 
Hours, 
low case 

0.1 3.0 0 8.6E-4 4 
1.0E4 3.5 0333 86.20 434782 
1.0E5 4.0 0.666 862.06 4.3E6 

3.44E5 6.5 1 2965.5 14.9E6 
5.22E5 6.5 1 4500.0 22.7E6 

Table 51 Electronic Modules in collision 
detection system, Pp 0.0 

D[Gy] P Degrad. 
factor 

Hours, 
high case 

Hours, 
low case 

0.1 1 0 0.9 4545 
1.0E4 1 0 90.9 454545 

1.01E4 0 1 91.8 459090 

Assume we have a basis to consider that the probability mass concentrates 
more in the field close to ti, for example, t, - ti = 5000 hours. From these assumptions 
we can accept p=0.001 because (^(tr) is practically equal to one for this value of p. 
Thus, we can construct membership functions, |XF (t), i=l,2,...,6, for all the robot's 
components of interest. They differ from each other only by the values tr and ti 
- Nut Runner Control Unit, nV (t), 

l4(') = 
0 for t <3000/t 
1 -exp{-0.001(r-3000)} for 3000h<t <S000h 
1 for t >8000/i 

- Optical Fibre Heads, |12F (t), 

M 0 = 
0 for t<, 2500/t 
1 - exp{-0.001(f - 2500)} for 2500h < t < 7500 h 
1 for t >7500/i 

- Optical Fibre heads in the collision detection system tr =2500 h, ti=7500 h. 
- Force torque sensor and force sensor units tr =1000 h, tj=6000 h. 
- Electronic Modules in the collision detection system tr =50 h, ti=5050 h. 

It should be stressed that the values P, tr, and tj chosen here were not the result 
of thorough expert analysis. 
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In the Fig. 5 and Table 6 the results of a calculation on the basis of the 
probability/possibility consistency principle are shown. The probability of failure was 
elicited from the possibility distribution function. 

Table 6. Data for Figure 5 

0.8 

0.6 

0.4 

0.2 

0 

Possibil ty j*"* 
Probability 

0 1 2 3 4 5 
- ( X 1 0 0 0 + t i ) 

Figure 5. Probability/Possibility Distribution Functions 
for the Time of Failure of the Robot 's Components 

Time, 
hours 
tr - tl 

Possibility Probability 

0 0.0 o . o 
250 0.2592 0.0148 
500 0.4615 0.0422 
750 0.5934 0.0781 
1000 0.6988 0.1200 
1250 0.7769 0.1660 
1500 0.8347 0.2152 
1750 0.8775 0.2666 
2000 0.9093 0.3197 
2250 0.9328 0.3740 
2500 0.9502 0.4292 
3000 0.9727 0.5415 
3500 0.9850 0.6552 
4000 0.9918 0.7697 
4500 0.9950 0.8847 
5000 1.0 1.0 

Conclusion 
At present a necessity often arises to solve problems which can not correctly be 

solved in the frame of the conventional reliability theory. For instance, complex 
systems which are potentially hazardous for the environment and human beings have to 
be analysed with a view to reliability and safety. The particularity of these objects is the 
uniqueness and as a result there is poor statistics concerning failures or no statistics at 
all. This situation leads to the necessity to use data that are not statistical data of 
failures but which, anyhow, carry some useful information for a reliability analysis. The 
best known representatives of such systems are systems working under the influence of 
radiation, nuclear energy systems, chemical plants or bridges. 

Recently, a set of theories are developing which can help to solve the problems 
of reliability analysis for complex objects. These theories include Evidence, Possibility 
and Fuzzy Sets theories. In the current work an attempt was made to implement the 
fuzzy reliability theory to the reliability analysis of robots that can operate in hazardous 
or disordered nuclear environments. The main problem is to evaluate the membership 
functions of components to a failure state. But advanced psychometric techniques 
exist to elicit overall useful information about occurrence of failures in the view of 
judgements. These techniques give a correct basis for evaluation of membership 
functions. 

The second principal point of this article is a transformation from the possibility 
distribution to the probability one of lifetimes of components. This concept is quite 
new and has only been developing during the last decade. The result of the 
transformation should be taken with some caution, first of all because the 
transformation originally was developed only for discrete cases, and in this article 
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continuous possibility and probability distribution functions were approximated by 
discrete ones. 
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ESTIMATION OF FIRE PROBABILITIES IN NPP TVO Ull PSA 

J. Pesonen, R. Himanen 
Teollisuuden Voima Oy 
SF-27160 OLKILUOTO 

ABSTRACT 
Teollisuuden Voima Oy (TVO) owns and operates two identical 710 MW ABB Atom type 
BWR units, TVO I and TVO II, in Olkiluoto (Finland). The units have been in commercial 
use since 1979 and 1982, respectively. 
TVO I and TVO II PSA program was initiated in 1984 by the utility. The level 1 analysis 
was originally performed for internal initiating events, but later it was extended to include 
also flood and fire initiators as well as initiators in low power and shut down operation 
modes. 
A simple mathematical model, Berry's method was used for estimation of the room 
specific, conditional fire probabilities. The room specific probabilities needed in the 
Berry's model have been obtained by walking through all the rooms at the plant and 
making expert judgement. When the ignition probabilities have been calculated for each 
room, the total fire frequency gained from the statistics can be allocated to the single 
rooms in the proportion of the ignition probabilities. The total fire frequency estimate of 
the plant units is based on the experience from TVO and from units of scone type and 
generation in Sweden. 

1. INTRODUCTION 
TVO I/H PSA program was initiated in 1984 by the utility [1]. The level 1 analysis was originally 
performed for internal initiating events, but later it was extended to include also flood, fire and 
shut down mode analysis. At the moment level 2 analysis is ongoing. Floods and fires were 
considered to be the most important external events at the plant specific conditions [2], TVO PSA 
program schedule is presented in Fig. 1. 
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PROJECT 
DECISION TO BEGIN PSA 

LEVEL 1 (CORE DAMAGE) 
PILOT STUDY 
BASIC PSA (internal initiators) 
FIRE ANALYSIS 
INSTR & CONTROL FIRES 
FLOOD ANALYSIS 
SHOT DOWN LRHR & LOCA 
SHUT DOWN FIRES k LOOP 

LEVEL 2 (CONTAINMENT) 
PLANNING 
PILOT STUDY 
APRI (NORDIC METHOD STUDY) 
TVO-SPESIFIC APPLICATION 

LIVING PSA 
PLANNING OF LIVING PSA 
CONSTRUCTION OF LIVING PSA 
REVISION 1 
REVISION 2 

84 85 97 98 

Fig. Is TVOI and TVO H PSA research program schedule 
In 1991 fire analysis was reported for the first time to Finnish regulatory body including safety 
related equipment and power feeding. In 1993 fire PSA was extended to include safety related 
instrumentation systems. 
This paper describes the method used for the collection of room specific parameters for Berry's 
method [3,4] and estimation of the room specific fire initiator probabilities - based on operating 
experience gained from Finnish and Swedish nuclear power plants. 

2. ROOM SPECIFIC FIRE PROBABILITIES 
The room specific conditional fire frequencies needed for the calculation of the fire initiator 
frequencies have been determined by using Berry's method. It is based on the allocation of 
operating experience for each room in the plant. Further development has been done at TVO in 
order to more accurate describe the fire propagation inside one room. The principle of Berry's 
method is shown in Fig. 2. 
The allocation of fire probability is based on room related parameters as following: 
The ignition can occur only, if there exists combustible material and a source of ignition present in 
the room. In addition the ignition source and combustible material must get contact with each 
other. Ignition source can be human being (Al), mechanical equipment (A2) or electrical 
equipment (A3). The relative probability of the presence of an ignition source in a room is 

A = 1 - ( 1 - A 1 ) - ( 1 - A 2 ) - ( 1 - A 3 ) (1) 
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The next parameter (B) is a function of the ignition temperature of the combustible material. The 
pilot fire develops only, if it is not detected (CI) and can not be distinguished for some reason 
(C2). It is also possible that the amount of combustible material is so small, that the fire 
distinguishes itself without causing more damages to the equipment (F) or the lack of oxygen may 
distinguish the fire (G). We get an allocation parameter for each room k: 

Pk = A - B - ( l - C r C 2 ) - ( l - F G ) (2) 

The total fire frequency of a plant A a is estimated based on the operating experience. For each 
room in the plant we get allocated fire frequency 

^ k = Aa-CPk/SPi) (3) 

Fig. 2 Principle of Berry's method as a cause consequence diagram 

3. MAPPING OUT BERRY'S MODEL PARAMETERS 
More than 1400 rooms were visited the first time in 1988 for determining parameters to Berry's 
model (see Fig. 3). The walk-through was done in TVO I. The parameters in each room were 
documented to the mapping out form, see Fig. 4. In 1993 the room specific parameters of Berry's 
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model were checked and updated using TVO II unit. The verification between the sister units 
TVO I and TVO n showed that no significant differences occurred. 

1 2 3 4 5 
A Presence of ignition source 
Al Person 0.70 0.70 0.30 0.20 0.10 
A2 Mechanical equipment 0.50 0.30 0.10 -

A3 Electrical equipment 0.30 0.10 0.05 
B Ignition 1.00 0.10 0.01 0.01 _ 
£ Detection and self-extinguishing of fire 
CJ Persons 0.99 0.95 0.90 0.10 0.00 
C2 Self-extinguishing 0.50 0.90 0.99 0.99 
D Can fire load destroy equipments in a room? 1.00 0.10 „ _ _ 
F Distribution of fire load 0.02 0.20 0.50 0.90 0.95 
G Room air-tightness? 0.60 1.0 - - -

Fig. 3 Parameter values used in TVO I/n 

TVO/FIRE-PSA. 

Radiation classification 
Radiation r 0 e Surface contamination r o e Air contamination r o g 

. 19 
Mapping out form for rooms 

Room cafe-. 
Similar to 

Persons in the room (Al, CI) . , 
Always 1 Mostly 2 1/3 time 3 On rounds 4 Seldom 5 

Mechanical equipment (A2) Electrical equipment (A3) Tight (G) 
Lotof 1 2 few 3 Lot of 1 2 few 3 Yes 1 No 2 

Very 
- » — » — - - - -
Normal (oil) Difficult (paper, electrical Very difficult (wood, etc.) 

< 20 °C 1 < 250 °C 2 equipment) 3 4 

Distribution of combustible material in the room (F) 
Everywhere 1 Mostly 2 1/2 Few 4 None 

Can fire load destroy equipments in the room ? (D) Yes 1 No 

Automatic sprinkler 
Other extinguishing equipment 
Fire alarm 

Notes: (fire load, etc.) 

Fig 4. Mapping out form for rooms 
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For the first stage a tool programmed by APL was developed for handling, updating input data 
and calculating room specific fire frequencies. Thus later for convenience reasons the tool was 
transferred to Excel-spreadsheets. 

4. OPERATING EXPERIENCE 
In addition to the own operating experience from TVO I and TVO II the operating experience 
was also inquired from Barseback, Oskarshamn, Ringhals and Forsmark. Power operation mode 
and refueling operation mode were separated. Finally the operating experience data from 
Oskarshamn HI, Forsmark I and Forsmark II in addition to the own operating experience were 
used for estimating total fire frequency of a plant, (pig. 5 and 6). 
Fire events were classified to the three different categories and only categories 2 and 3 were taken 
account for estimating TVO's total plant fire-frequency. The three categories are as following: 

1. Insignificant, ignition or smoke 
2. Small fire 
3. Large fire 

OPERATINGJ EXPERIENCE 
START OF 

COMMERCIAL OPERATION 
TIME PERIOD TOTAL POWER OPERATION REFUELLING START OF 

COMMERCIAL OPERATION FROM TO lyl Ihl fvl mi fvl 
TVOI 9/78 
TVOn 2/80 
OSKARSHAMN III 3/85 
FORSMARKI " 6/80 
FORSMARKII 1/81 

1.1.81 1.1.93 
1.1.81 1.1.93 
1.8.85 1.8.88 
1.6.80 1.8.88 
1.6.80 1.8.88 

105192 
105192 
26304 
71592 
71592 

, 96474 11,9 
95377 11,8 
21359 2,6 
55484 6,9 
54553 6,7 

8718 1,1 
9815 U 
4945 0,6 
16108 2,0 
17039 2,1 

TOTAL 379872 323247 40 56625 7,0 

Fig 5. Operating experience for TVO fire-analysis 
I BUILDING-SPECIFIC FIRE EVENTS AND FIRE FREQUENCIES 

[hi lyl 
OPERATING TIME OF THE PLANTS** 323274 40 

REFUELING PERIOD** 56625 7 
J BUILDING EVENTS EVENTS Aa Aa 

(OPER.) (REFUEL.) OPERATION fl/yl OPERATION fl/yl* 
1 Reactor 1 1 2,50e-2 2,S0e-2 
9 Turbine 0 4 0,006-0 l,73e-2 * 

Control 1 1 2,50e-2 2,50e-2 
Auxiliary system 1 0 2,50e-2 2,50e-2 
Waste 1 0 2,50e-2 2.50e-2 
Swhchgear 1 0 2,50e-2 2,50e-2 
Turbine water cooling systems 0 0 0,00e-0 1.73e-2 • 

Active workshop 1 0 2,50e-2 2,50e-2 
Entrance 1 0 2,50e-2 2.50e-2 
Service 0 0 0,00e-0 1.73e-2 * 

Pipe and cableculvert 0 0 0,00e-0 l,73e-2 • 

Transformer 0 0 0,00e-0 1.73e-2 * 

Water supply 0 0 0,00e-0 l,73e-2 * 

TOTAL 7 6 l,75e-l 
* ln(2y operation time used 
**TVO I/II, FORSMARK IOI AND OSKARSHAMN III DATA USED 

Fig 6. Building specific and total fire frequencies for TVO I/II. 
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5. FIRE PROPAGATION 
The Berry's method assumes in principle, that if a fire fully develops, it destroys all equipment in 
the room. This assumption is, however, too tight. Its systematic application would lead to biased 
risk profile especially in the cable rooms that contain cables of two redundant subsections. 
Therefore new parameters were introduced for describing the propagation of fire inside a room. 
The first parameter Pi describes the separation of the subsections. The probability that a fire 
propagates from one subsection to another was given the value 0.9, if any defects in the physical 
separation of the subsections were detected. If the separation fullfills the given requirements, the 
value 0.1 was used. This can be understood as the probability that correctly installed sprinkler 
system will not distinguish a fire. The second parameter p 2 describes the propagation of fire 
inside a subsystem, and the last parameter p 3 the failure mode of instrumention cables. 
All power and instrumentation cables belonging to the safety related equipment as well as to the 
systems of normal operation that can perform safety functions were mapped out. The cable 
routes were written in a data base from which it is possible to find all cables in one room. The 
rooms were classified according to the consequence of the fire, which approximately led to 20 
classes called fire initiators. The initiator frequency is calculated as a sum of the fire frequencies 
of the rooms belonging to it and taking into account the fire propagation parameters. 

Affi = X p l k P 2 > k P 3 , k f k (4) 
It should be noted that due to the use of fire propagation parameters (P1-.P3) a part of the fire 
frequency of the room can belong to one fire initiator and a part to another. 

6. FIRE PSA RESULTS 
The fires have fortunately very low occurrence frequency in nuclear power plants. At TVO there 
has been approximately one fire event each two reactor years (ry). The probability that a fire 
should occur in such a room where it could destroy some safety related equipment is estimated to 
be a couple of times in one hundred reactor years. The probability of serious core damage due to 
fire initiator is at the moment about once in 1,000,000 ry. This number was earlier 50 times 
higher. PSA methods were applied to rank the suggested fire protection improvements thus 
allowing economical optimization of corrective measures. 

7. CONCLUSIONS 
The Berry's method was noticed to be convenient for estimation room specific fire frequencies for 
TVO VH fire PSA. The method gives rough estimates for room specific frequencies, but 
nevertheless more important is accurate modeling of dependencies. 
Probabilistic fire analysis of TVO showed that the physical separation of electrical and elec-
tromechanical safety related equipments have been implemented well at TVO. Only very few 
rooms contain equipment belonging to more than one train. When this was detected, the analysis 
was concentrated on the cable rooms, because most of the cable tunnels contain cables belonging 
to two subsections. Tens of minor deficiencies and possibilities to improve the prohibition of fire 
propagation was detected. However the PSA calculations showed the core damage frequency to 
be decreased by factor 10, when implementing the improvements. 
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Data Application at Leibstadt Nuclear Power Plant 

Bernhard Rosli, Kemkraftwerk Leibstadt AG, Leibstadt, Switzerland 

Abstract 

Leibstadt Nuclear Power Plant is in the process of finalizing a Living Probabilistic Safety 
Assessment (LPSA). In a first evaluation mean unavailabilities were used to produce a mean 
core damage frequency (CDF). For use as a risk monitor and also as a supporting tool for 
maintenance and test planning, time-dependent data models will be used enabling KKL to 
generate a configuration and condition based risk profile over a fuel cycle. Based on the 
specific example of changing the LPRM logic channel test frequency, different aspects 
associated with data processing are discussed. The main purpose of this paper is to show 
possible insights gained in such tasks using a PSA. 

Introduction 

The LPSA-Project 

Leibstadt Nuclear Power Plant (KKL) is in the process of developing a Living Probabilistic 
Safety Assessement (LPSA) tool to aid in both safety assessment and configuration 
management. Although there was already a Level 1 PSA existent KKL decided not to update 
it but to set up a program which would investigate possible practical applications to which a 
PSA could be put. The overall objective was to enhance safety by greater understanding of 
plant behaviour. 

KKL were of the opinion that if the real benefit to be derived from a PSA is "insights" and not 
"numbers", then these insights should not be limited to the analysts only but should be made 
available to operations staff (operators, maintenance crews, etc.). A PSA capable of 
providing meaningful insights will enhance safety. However meaningful information for 
operations staff is likely to be more associated with risks concerning real plant configurations 
and conditions rather than the averaged ones, used by default, in a traditional PSA study 
(which will never be a plant reality). To provide such information KKL chose to develop a 
dynamic PSA tool to assess the real plant configuration and condition and it is that tool we 
term "Living PSA" or LPSA 

To achieve this goal the following central objectives were defined: 

1. A computer based Level 1 'Living PSA1 which shall enable KKL to evaluate possible 
future changes to the plant and to investigate safety and licensing issues. 

2. This computerised Level 1 PSA tool must be capable of determining the effectiveness of 
potential plant modifications and to optimise the Technical Specifications of the plant. 

3. The model should be capable of analysing actual plant configurations i.e. components 
out on maintenance, failed components, components unavailable due to testing, etc. 
One result of this is that the LPSA model contains no implicit maintenance or testing 
assumptions. 

4. The data to be used shall be plant specific with generic a priori distribution. 
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The future use of the LPSA was discussed some time ago and a process of introduction 
defined. KKL's intent to introduce such a tool is well documented (Ref. 1-3). Figure 1 
indicates the desire to use the LPSA in support of the decision making process for operation 
and maintenance (configuration changes), for performance evaluation, and for modification 
assessment. 

The ultimate goal of the LPSA-Project is the usage of the tool as a risk-monitor. As an 
example of how it is currently evisaged such a risk monitor would be used, Figure 2 indicates 
the logic process by which operational staff using the LPSA tool would confirm the 
acceptability of removal of a component for maintenance or testing. The operator would only 
release the component for safety tagging following positive confirmation that any increase in 
risk would not be significant. 

At present the project is in the final phase of being handed over from the supplier EWI to 
KKL The model will be updated to reflect the current plant condition and the technology 
transfer to KKL initiated. In the near future the model will be completed with a shutdown risk 
assessment and the data collection at the plant will be adjusted for LPSA purposes. 

In this paper the development and intended application of the Living PSA is briefly described. 
The application is illustrated by an evaluation fo the test interval for the neutron monitoring 
system using the Living PSA model. 
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MODIFICATIONS 
Plant Procedures 

TSL 
(") 

KKL PERFORMANCE 
Production (LCO, Events, human factors) 

Maintenance 
Tests 
(III) 

LPSA BASIC 
MODEL 
Results 

LPSA BASIC 
MODEL 
Results 

i k 

CONFIGURATION 
CHANGES 

(1) 

Safety-Tagging 

WORKSTATION 

Maintenance 

I CONFIGURATION CHANGES: 
In conjunction with appropriate success criteria 

II Review of proposed MODIFICATIONS 

III UP-DATES: 
Based on new KKL reliability data 

Figure 1: Use of Leibstadt Living PSA (Ref. 1,2) 
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Figure 2: Screening Process prior to maintenance to spot 
for risk during 100% power and shutdown (Ref. 1,2) 
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Database, Datacollection 
A Living PSA requests the use plant-specific data. For both initiating event frequencies and 
component failure rates and probabilities the following preferred approach was chosen. 
Generic data, including uncertainty distribution was obtained and then a Bayesian update 
performed to combine this generic data with Leibstadt plant specific data. To derive 
component failure data, information was also required about test frequencies, time at risk, 
the potential for common mode and common cause failure and data on unavailability 
resulting from tests and maintenance activities. 
This task was a first PSA-related test of the KKL systems for recording different types of 
events. For all planned activities computerised records were availble from the start of 
operation. The main elements of ihe recording systems are represented in Figure 3. 
As KKL has only 10 years of operating experience the data were unfortunately not as 
numerous as hoped for PSA purposes. Therefore a special effort was required to get 
meaningful data out of the records. A review of the quality of existing records was performed 
and a systematic process defined to obtain the data. An independent audit was carried out as 
part of the regulatory review process. The following key observations were made: 

The LPSA model is a very detailed model with detailed failure modes for which it is 
difficult to find generic distributions. 

Many of the reliability input data have their source in the work order requests and the 
records of the actions performed as well as the time elements for downtime, mean time to 
repair, mean time between failures etc. It was found that some records were missing 
important failure information. Therefore it was necessary to contact the individuals who 
were responsible for the repair. This process was feasible due to the low staff turn-over 
rate at Leibstadt. 

The first problem was solved by binning similar failure modes for different components in a 
way that generic distributions are available. 

The second will be solved in the future by improving the effectiveness of LPSA-related 
records. The measures under consideration are the following: 

Extend the work order form with LPSA-related fields 

Define unique codes for cause of failure, work performed etc. compatible with LPSA-
codes 

Improve the ergonomics of the form to facilitate the completion by field operators or 
maintenance staff 

Increase of the necessity of the data 

To achieve a maximal usefulness the LPSA-program, it will be embedded in a self-
assessment program for evaluation of plant safefy. 
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Figure 3: Main elements of the KKL data recording systems 
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The Application 

Based on the experience in the Technical Specification Improvement Project (TStP, Ref.4) KKL undertook an investigation of the influence of test intervals on the wear of the Neutron Monitoring System. As the test is very frequent (weekly) and wear was detected, not surprisingly a strong relationship was found. The analysis performed included eight years of operating experience. In total 26% of identified damage was caused by wear due to tests . Splitting between SRM-, IRM- and APRM-channels showed that, for failures detected during tests, 70% were caused by testing itself in the APRM-case. This is in contrast to the main objective of the tests to detect safety-relevant failures. Actually no safety-relevant failures were detected which again indicated that the system function is highly reliable. Fig. 4 shows the trends over the analyzed eight years. Although there seems to be an overall downward trend in the number of the maintenance activities there are indications that the number of failures due to testing was constant. These findings caused KKL to ask for a TSL change of the test frequency from weekly to quarterly. At that time there was no justification for the specific value of three months. As the LPSA project was still under developement, the LPSA model was not initally used in the study. The regulatory body then suggested that the case be analysed with the LPSA tool. At that time the intermediate LPSA results showed a significant ATWS contribution, especially for fast transients with reactivity addition. These transients require a scram on high neutron flux. This was the starting point of the application. 

Approach 

The LPSA group analyzed the status of the model and checked the possibility of quantifying the influence of the test frequency on the core damage frequency (CDF). The conclusion was reached that both system reliability and core damage frequency should be analyzed. On the system level one would see a reduction of the system reliability as a direct result of the reduced test frequency. One would also expect an opposite effect. As a reduced test frequency results in less wear the component failure frequency would decrease. But there were no indications of wear of safety-relevant parts of the system, therefore no changes in the component failure rates required and no benefit on the system level would emerge from the change. As the test does not affect the availability of the system there is no planned downtime to discuss. 
Consequently the CDF would show two effects. First an increase in CDF caused by increased system failure probability. But second there is also an opposite effect as the initiating event frequency for inadvertant or spurious scrams would be reduced due to a reduced probability of half-scrams caused in a test. After checking the data it was soon clear that the second effect would be small and overall CDF would rise. As the overall effect was negative it Was necessary to judge what would be a reasonably justifiable increase in CDF. So it was decided to perform also an time-dependent analysis to see the change of risk over the time. 
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Number of work request 

Figure 4: Trend for total unplanned actions and due to tests 
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Program 

Data assessment for the standard LPSA model with averaged CDF 
Due to the chosen approach for the data collection and the binning of components the data 
were component specific rather than system specific. An evaluation of the data showed that it 
was necessary to produce system specific data sets to get an accurate representation of the 
test intervals for the neutron monitoring system. The new sets were verified and compared 
with the previous results. Only compatible data and results would allow a valid comparison of 
different test intervals. After the verification, data sets for the modified test frequency were 
generated and the analysis performed. 

This part of the task was actually an update of the existing database using system-specific 
data. The analysis runs were an easy task but gave the first insights. Figure 5 shows the 
results for the system failure probability for four different data sets. The failure probabilities 
using the initial LPSA draft data set and the system-specific data sets for weekly, monthly 
and quarterly tests are shown. 
The first three data sets show similar results. For the fourth an increased failure probability by 
a factor of 1.33 can be seen. 
As the three data sets are so close a comparison of different minimal cutsets (MCS) is given. 
The mechanical failure (MF) of the control rod drives (actually a CCF) is the dominant basic 
event in the leading MCS, so this cutset is compared with a "typical" minimal cutset that does 
not include the MF but failure of the logic components. The first hundred or so MCS without 
the MF basic event have almost the same probability, therefore the comparison is 
reasonable. For this diagram a logarithmic it was necessary to use a logarithmic scale due to 
the order of magnitude of the MF. 

To evaluate the relevance of the system reliability in the overall context transient sequences 
were reanalyzed to determine the change in CDF. Figure 6 shows the results for the two fast 
transient groups which are affected by APRM-scrams using the same four data sets as 
described above. 
As the system failure probabilities are so close almost no difference can be seen in the CDF. 
Again the bar representing quarterly tests exceeds significantly the level of the other bars. 
The explanation is again the dominant MF. To get a better transparency the different cases 
were reanalysed with the assumption that MF can not occur (MF disabled). For this diagram 
it was also necessary to use a logarithmic scale. 
As the availability of the APRM-scram is essential for the analysed transients, the results 
indicate that the effect on system level is reproduced on the CDF level. Although the MF is 
dominant one concludes that the effect is not negligible. 

After these analyses the situation was ambiguous. On both the system and CDF level the 
same behaviour was observed. Moderate changes in the standard cases were identified with 
a significant deviation for the fourth data set. However large differences between all data sets 
resulted if a mechanical failure of the control rods was excluded. It was not obvious why the 
data set for quarterly tests showed a deviating characteristic. First one multiplies the test 
interval by a factor 4 (weekly to monthly) and the effect is small, then one multiples it again, 
this time by a factor of 3 (monthly to quarterly) and suddenly a significant effect is visible. In 
addition a dear indication what would be the preferable option was missing. To get a better 
understanding and to find a sound basis for a decision a time-dependent analysis was 
performed. 
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Influence on initianting event frequencies 
It was initially expected that the reduction in test frequencies would lead to a significant 
reduction of the the half-scram probability and so to a reduction of the total transient CDF. 
There are two reasons why this did not happen. 
Firstly the affected transient group for the relevant events contained only one plant-specific 
half-scram event which tripped the plant. But eight trips in this group due to other causes 
were recorded. Therefore a change from monthly to quarterly testing gives only a small 
reduction of the corresponding initiating event frequencies of 1.13/y to 1.02/y. 
Secondly this transient group contributes very little to the overall CDF. Therefore the 
resulting CDF is essentially the same for the decreased initiating event frequency. Further 
analysis showed that the initiating event frequencies would have to be lowered by a factor of 
two to reduce the CDF by 5%. For the present case such a factor is not possible as the 
transient group is not dominated by half-scrams due to test. 
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Time-dependent analysis 

Data Evaluation 
Although the software code is equipped with an option for time-dependent analysis the key 
aspect for such an analysis is to input the appropriate data. The capabilities of the code have 
been demonstrated in References 5 and 6. At present the LPSA model uses data (constant 
failure probabilities) to calculate averaged CDF over a certain period of time. It is possible to 
analyze configuration changes and draw up a risk profile over time. This does not represent 
a real time-dependence, but gives an average over a time period when a specific 
configuration (plant state) is present. 
The task of developing a complete time-dependent LPSA model goes certainly-beyond the 
scope of such a limited analysis. Therefore a first question arose: is it meaningful and 
justifiable to overlay a time-dependent system failure rate on an averaging model? It was 
decided that for this specific task it is justifiable for the following reasons: 

As compensating and accumulating effects of test and maintenance activities are not known in terms of probabilistic parameters it is especially important to avoid peaks of single systems. Therefore it is important when analysing changes of test frequencies to see the behaviour as a function of time. Even if the Overall development in time does not represent the real plant it shows the influence of a system relative to an average CDF. 
A second essential question is the dependence of the failure rate on the test frequency. As in this case no safety-significant failures were detected and the overall maintenance experience was good, it was decided that the failure rate should not depend on the test frequency over this range of intervals. It is accepted that the quarterly tests are at the limit of this assumption, but as this test interval shows already a significant effect this uncertainty was considered to be not decisive in this case. In general it has to be emphasized that a critical review of assumptions and used data is essential. 
The dependence of the failure rate on the test frequency must be considered. If analyses of 
this type are to be performed regularly a method has to be defined for dealing with the 
problem. This is important as the plant-specific failure data are based on plant-specific test 
intervals. 
A staggered testing option ̂ testing of the four scram channels, so far tested all together on a 
weekly basis, was staggered in intervals of three weeks) was also evaluated as, the 
dependence of the common cause failure parameters on the test scheme has to be 
considered. This has not yet been done for the present case. However it would be interesting 
to see the reduction of CDF frequency due to the elimination of CCF. Therefore the analysis 
will be performed in the near future. 
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Analysis 
Principally the same three test options as for the averaged CDF were considered for the time 
dependent analysis. In addition for quarterly testing there was a fourth option analysed. The 
testing of the four scram channels, so far tested all together on a weekly basis, was 
staggered in intervals of three weeks for the quarterly test option. This gives the same wear 
for each channel as if they were tested quarterly all together. The idea was to smear out the 
failure probability of the individual channels which gives a flatter development in time of the 
risk. Figures 7 and 8 show the results. 
The main effect that can be seen is that the development for weekly tests appears in this 
scaling as a straight line. For monthly tests a slight variation can be registered but essentially 
the results are the same. For quarterly tests it can be seen that the failure probability/CDF 

. varies by about a factor 4 over the test intervals. This seems to lead to a plant state which Is 
variable. The staggered test version is a moderate version where failure probability/CDF 
varies by a factor of about 1.5. So the plant behaviour becomes much more homogeneous. 
The behaviour over time explains the different results in the proceeding chapter. The 
exponential increase in the saw-tooth curve results in the significant difference between 
monthy and quarterly tests. 
In summary the monthly test seems to be the most appropriate solution. Nevertheless the quarterly staggered concept has its advantages in the reduced test work and work load on shift personal. An analysis of maintenance workload and costs due to the test-induced wear and test work load for the shifts could be used to compare the two possibilities. The test workload for shifts seem to be about the same for both monthly and quarterly staggered tests. Depending on the wear of the equipment it could still be preferable from a maintenance standpoint to implement the staggered testing. 

International Workshop 
on 

Reliability Data Collection 
3 1 4 

OECD, Nuclear Energy Agency 
Toronto, Canada 
15-17-May 1995 



1.00E-04 -r 
weekly 

quarterly 

quarterly staggered 

monthly I* 
i a w a 
a k. s s 
n s> 

1.00E-05 
50 100 150 200 

Days after outage 
250 300 350 

Figure 7: Comparison of the four test option on system level 

— 
International Workshop 

on 
Reliability Data Collection 

OECD, Nuclear Energy Agency Toronto, Canada 15-17-May 1995 



weekly 

0 50 100 150 200 250 300 350 

Days after outage 

Figure 8: Comparison of CDF for the four test options 

International Workshop 
on 

Reliability Data Collection 

OECD, Nuclear Energy Agency 
Toronto, Canada 15-17-May 1995 



Conclusions 

Figure 9 summarizes the results of the data assessment for the standard LPSA and the time-
dependent analysis . It compares the yearly averages versus the minima and maxima of the 
development in time. They illustrate in a concise form some of the insights that a PSA can 
give in analysing issues in plant operation and maintenance. 
The concept of the LPSA-Project has proven to be right. A modem software, a flexible model 
and plant-specific data in connection with a good plant records system has all the properties 
to support O&M, as well as being a safety monitoring system. Initial experience has also 
shown that a sound approach for problem solving is required. Data collection from operations 
and maintenance activities must still be improved. Clear specifications of what data are 
needed Is essential. The process and the tools can than be optimized. The analysis 
programm has to be set up on a case specific basis and the results have to be reviewed 
carefully respecting the boundary conditions of the model and the data. 
This work prompted a review of earlier analysis data by the supplier EWI. The insight gained is that new findings from the reactor supplier may influence the decision. Using more realistic success criteria it was shown that it is too conservative to assume cote damage on failure of the APRM Scram. It is more realistic to assume no core damage in these cases.This assumption was used in a revised Level 1 report. These considerations indicate a reduced safety significance of the test interval for the neutron monitoring system. The weighting of this influence against the benefits to be gained by a longer test interval remains to be evaluated. Following this evaluation a recommendation for an appropriate test interval on the bases of these analysis will be made. 

International Workshop 
on 

Reliability Data Collection 3 1 7 

OECD, Nuclear Energy Agency 
Toronto. Canada 

. 15-17-May 1995 



weekly 

test frequencies 

quarterly quarterly 
staggered 

failure 
probability 

of the 
system 

monthly 

COFfor 
fast power 
increase 

transients 

CDF for all transients 

Figure 9: Comparison of the average of the year with 
minima/maxima of development in time 

International Workshop 
on 

Reliability Oata Collection 
3 1 8 

OECD, Nuclear Energy Agency 
Toronto. Canada 
15-17-May 1995 



References 

1. "Mitfuhrende Analyse und Oberwachung der wesentlichen Sicherheitssysteme" 
R. HSusermann und D. Burns, Kernkraftwerk Leibstadt AG 
SVA-Meeting on Advanced Safety Analysis, Winterthur, Switzerland, 1991 

2. "Overview of Safety Margin Tool, Status Planning" 
R. Hdusermann, Kernkraftwerk Leibstadt AG 
lAEA-TC-Meeting, Modelling of Accident Sequences during Shutdown and Low Power 
Conditions, Stockholm, 1992 

3. "Leibstadt Living PSA - Initial Findings and the Way Forward" 
J.F. Preston, EWI Horsham UK and R. Hdusermann, Kemkraftwerk Leibstadt AG 
4th TOV Workshop on Living PSA Application, Hamburg, 1994 

4. "Improved BWR Technical Specification: Changes to Relay RPS Technical Specification" 
GE-Report NEDC-30851P-A 

5. "Demonstration Case Studies on Living PSA" 
SKI Technical Report 93:33 
Johan Sandstedt, August 1993 

6. "Pilot Study: Analysis of Prescribed Testintervals, Oskarshamn 2" 
SKI Report 94:4 
Johan Sandstedt, January 1994 

International Workshop 
on 

Reliability Data Collection 
3 1 9 

OECD, Nuclear Energy Agency 
Toronto, Canada 
15-17-May 1995 



PCRep95-2 

Parameter Estimation of the T-Book 
by 

Dr. Kurt Porn 
Porn Consulting 

Nykoping, Sweden 

presented at 

International Workshop 
on 

Reliability Data Collection 
In Support of PSA, Maintenance and Life-Assurance Programmes 

Organized and sponsored by 
CSN1/FWG5 

CANDU Owners Group 
Ontario Hydro 

TORONTO, CANADA 
15-17 May 1995 

3 2 1 



PCRep95-2 

Parameter Estimation of the T-Book 
1 Introduction 
This paper summarizes the statistical assumptions and methods that have been used in 
the work on the T-Book (T-book, 1993), a Reliability Data Handbook that is used in 
safety analyses of nuclear power plants in Sweden and the plants of Swedish design in 
Finland. Primarily the Handbook provides uncertainty distributions for the failure 
intensities, based on operational (field) data that are systematically and regularly 
collected to the TUD-database (see the paper by R. Nyman in this volume). 

Usually, reliability information is obtained from failure data of components that have 
physical and operational similarities. The most common assumption upon which failure 
data banks are based is that failures occur according to a Poisson process. Moreover, in 
the analysis of these data it is often assumed that all components treated together (as a 
group) in the operational statistics have identical failure intensities. 

However, although the components are grouped on the baas of their type, operating 
mode, size and capacity, there are certainly factors such as various environmental, 
operating and maintenance conditions that make it unrealistic to assume complete 
homogeneity within the groups with regard to the reliability. The similarities, however, 
are considered so significant that the groupwise treatment is deemed beneficial from the 
statistical or informational point of view. This paper describes a two-stage Bayesian 
method, by which this group similarity is taken into account in the basic probability 
model and is utilized statistically. A more complete description is given in (Porn, 1990) 
and will also be published in a special issue of Reliability Engineering and System Safety, 
(Pom, 1995). 

In Section 2 we first discuss the conceptual framework for description and handling of 
uncertainty. Then we briefly outline the two-stage, "Bayes empirical Bayes" (BEB) 
method by Deely & Lindley (1981). To express the inherent "tail-uncertainty" in the 
distribution of failure rate, a class of contaminated distributions with three 
(hyper)parameters is proposed. Our knowledge about these hyperparameters is also 
described and updated via Bayes formula, starting with a non-informative prior 
distribution. 

In this paper the attention is focussed on the properties of this T-Book approach with 
regard to how it can be used to describe the parametric uncertainties, both on a generic 
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and plant/component level, how the uncertainty distributions can be used for predictive 
purposes and how die distributions can be updated along with increased evidence. 

2 Assumptions and model 
In the Bayesian setting the failure rate A, is a Active parameter. Of coarse, we may 
imagine a single, true value of X that we try to estimate as precisely as possible. Hie 
quantity X is not observable, why there will always be an uncertainty about its "true" 
value. The role of the parameter X Ees in the probability distribution that describes that 
uncertainty, a ditsribution that can be used in Bayes theorem to pick up new information. 
By increasing our knowledge - by making observations which are related to the 
parameter in question through the bade probability model - we also improve our ability 
to predict the basic, uncertain events. 

Before going to the basic assumptions let us introduce some notations: 

n = number of components in a homogeneous group 
Xi = failure rate of component i (constant in time) 
Tj = observation/exposure time of component i 
Xj = number of observed failures for component i 

Usually the observation times Ti vary from component to component. For the sake of 
simplicity, however, we leave out the observation time from the notations in the 
following. 

Thus the data which are used to support the determination of the uncertainty distribution 
derive from a population, the units of which are assumed characterized by their specific 
Poisson intensities {Xi}. The uncertainty around ^ is expressed by a probability 
distribution, usually belonging to some parametric family p(A,|0) - gamma distributions 
for example - specified by the hyperparameters 0. Thereby the uncertainty concerning 
p(X) is transferred to the uncertainty about 9, described probabilistically by the density 
p(6). Hie statistical situation consists of the observations X„h= (xi,...,x„+i) and of our 
wish to make a prediction of the future behaviour of unit n+1. Via the probability model 
this prediction is equivalent with making inference about X^i. This is a typical empirical 
Bayes case where x^i provides direct information about the parameter but 
supplementary information x„ on related problems is also available. Our Bayesian 
approach to solve the inference problem is based on following assumptions or 
judgements: 
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1 The hyperparameter 6 has density p(6). 

2 Given 6, the parameters {A* } are identically and independently distributed 
(iid) with density p(X|8). 

3 Given 6 and {X,T}, the data {xj are independent; X| having density p(xi|XI), 
independent of 6 and of all A,'s other than A* 

According to assumption 2, the failure rates {AH} are assumed to follow a common 
distribution p(A.|6). This distribution describes how closely the components are related to 
each other in the population (they are not assumed identical from the reliability point of 
view). Assumption 3 says that the data {xj} are conditionally independent, given 0 and 
{Aj}. Unconditionally, however, the {xj} are dependent, which means that an 
observation Xj gives information of what we can expect about Xj. 

The approach based on these assumptions, in general terms formulated by Deely & 
Lindley (1981), is called Bayes Empirical Bayes (BEB) because also the hyperparameters 
are described probabilistically and estimated in a Bayesian way. 

With these assumptions the solution of the inferential problem stated previously will be 
obtained entirely by the use of probability calculus (Porn, 1990 or 1995). Here the 
inferential solution is reproduced as 

P ( M I « H ) « P(X«H|**«) 1 p(ta+i|9)p(G|xn)d0 (2.1) 

where the normalization constant will be p(xn)/p(x„+i). 

Thus, according to (2.1) the supplementary information x„ is used to generate a 
(posterior) density of the hyp erp arameter 0, which is then used as weighting function for 
all distributions of that are characterized by the parameter 6. Thus the integral in 
(2.1) represents the knowledge about X„+i that consists of the related observations Xn, the 

> 

best knowledge we have prior to the direct observation x^i. The result (2.1) is very 
useful in that it so clearly separates the influence of x„ and Xn+i. 

The posterior distribution p(0|x„) in (2.1) can, by Bayes theorem, be written 

p i ^ f l p i x ^ p i ^ l l U p i x ^ p i ^ d e (2.2) 
1 1 
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because the x*s are independently distributed for given 0 (assumptions (2) and (3)) with 
the mixed distribution p(xi|0), given by the Law of Total Probability 

Substitution of (2.2) and (2.3) into (2.1) provides the probabilistic solution to the 
inferential problem. In this solution, no uncertainty is missed on the way from the original 
prior distribution p(6) to the inference distribution p(Xn+i|xn+1). 

Class D of uncertainty distributions p(X\ 6) 
When Bayes method is used in practice a natural conjugate prior distribution is chosen 
very often, mostly for the reason of mathematical convenience. For the Poisson intensity 
A, gamma distributions are such conjugate priors. Many authors have found, however, 
that conjugate prior distributions are often not robust, in the sense that they have too 
great impact on the posterior estimates particularly in cases when the prior is less 
realistic. In order to increase the flexibility and improve the robustness properties the 
class of gamma distributions is expanded or contaminated to encompass the mixed 
distributions: 

where the parameter c denotes the mixing coefficient between the informative gamma 
distribution g(A,|a,P) and the non-informative distribution f(X). The role of f(A.) is 
twofold. By adding the second term in (2.4) we can correct the "error" of a pure gamma 
distribution in describing the natural population variability. To cite deGroot (1982): "All 
good Bayesian statisticians reserve a little pinch of probability that their model is wrong". 
In other words, specifying the uncertainty concerning A, we want to emphasize the 
complete uncertainty in the "tail"-areas of g(A,|a,P) in particular. Secondly, by choosing a 
non-informative f(X) we obtain the desired property of robustness. 

Applying the Box & Tiao's (1973) approach to the determination of a non-informative 
distribution to the Poisson probability model we get f(A,) °c A, . As with many non-
informative distributions this one is also improper. With such a "distribution" we are not 
able to calculate the likelihood function for 0=(a,P,c). To avoid these difficulties the 
contamination part in (2.4) is substituted by the closely related and proper distribution 
g(k\y2,fi0) , where the scale parameter J30 is given a small (fixed) positive value just in 

p(x|9) = Jp(x|A,)p(X|e)dX, (2.3) 

D' = {(l-c) g(X(a,p)+c ^X); aX), p>0, 0<c<l} (2.4) 
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order to make the distribution proper. Thus our arguments concerning the choice of 
suitable prior distributions result in the following class of distributions: 

D = {(1 -c)g(X|a,P)+c-g(X| lA,P0); a>0, p>0, CKc<l} (2.5) 

Tlie arguments for the introduction of contaminated priors have lately been discussed. la 
a two-stage Bayesian approach like this there is a continuum of models {g(X|a,0)} for 
the uncertainty of the primary parameter (Pom, 1994), where each model is assigned a 
probability. Therefore, as argued in (Cooke et al, 1995), the contamination part of (2.4) 
is not so necessary as it would be in a one-stage Bayesian approach. 

Non-informative distribution ofhyperparameters 6 

As we have seen above the solution of the inferential problem requires the specification 
of a prior distribution p(6), 6=(a,f3,c), before we have obtained any observations at all. 
In a Handbook application like the one we consider here, it is reasonable to look for a 
prior distribution, which we could call a reference or standard prior distribution. 
According to Box & Tiao (1973) such a prior distribution is one which is non-
informative and thereby allows the data to "speak for themselves" as much as possible. 
And then, by non-informative distribution they mean a distribution "that does not 
represent total ignorance but an amount of prior information which is small relative to 
what the particular projected experiment can be expected to provide". 

The principle advocated by Box & Tiao is called "data translated likelihood". Under 
certain regularity conditions this principle leads to approximate non-informative 
distributions that can be derived by Jeffreys' rule, where the prior distribution is taken 
proportional to the square root of Fisher's information measure. The application of the 
principle for multiparameter problems is substantially simplified if certain parameters can 
be judged a priori to be distributed independently, because independent parameters may 
be considered separately. Thus it is usually appropriate to consider a location parameter 
as independent of the scale parameter. In die case of interest here it is appropriate to 
assume the mixing parameter c to be distributed independently of the parameters a and 0 
Instead of the latter parameters, of which 0 is a scale parameter but a is not a location 
parameter, we consider the parameters "mean" (p) and "coefficient of variation" (v) 
(standard deviation divided by mean), for which we have the relations p = a/0 and v = 
1/Va. 
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Now it is reasonable to consider the parameters |i and v a priori independent of each 
other, which means that any prior idea about the location |i is not (much) influenced by 
one's idea about the relative spread. When Jeffreys' rule for a single parameter is applied 
to the three parameters p, v and c separately, the following approximate nan-informative 
distributions are obtained (Pdm, 1990 or 1995). 

P(H) « [p( l+T»]- 1 / 2 

p(v) oc v" 1 (2.6) 

p(c) oc c ' 1 / 2 

Going back to the original parameters a,(3,c, an approximate non-informative distribution 
for these is 

P(a,3,c) a [ a ( a + p / T ) ] - I / 2 - f l - c ' V 2 (2.7) 

We can readily see that this non-informative distribution again is improper. In practical 
applications, however, it may be interpreted as a locally proper distribution (by 
truncating). Further,it is to be noted that the non-informative distribution obtained is 
dependent on the basic probability model This relation to the bade probability model is 
seat above through the occurrence of operation time T in the distribution (2.7). Thus T 
here should correspond to the operation time for which the inference model typically can 
be expected to be used (T n +i in (2.1)). In the Handbook application of interest here we 
choose a T equal to the average operation time of the components in the group. This 
matter of feet, however, does not mean that the prior distribution is chosen on the baas 
of existing observations. 

Now we have come through the principal ingredients of the inference model (2.1). The 
drawback of many Bayesian approaches is the rather complex numerics they usually 
require. On the other side, having established a computational routine we are more free 
to formulate the models as we want without regard to what quantities can be computed 
conveniently (analytically) or not. So what we loose in numerical complexity we 
compensate with greater flexibility of modelling. The Bayesian inference method 
described in this paper has been implemented in a computer code (T-Code, 1995). An 
application of this code will be desribed in die next section. 
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3 Application 1 
To illustrate the model presented here for the uncertainty analysis of Poisson intensities 
an application is presented, based on component Mure data for horizontal centrifugal 
pumps which are defined in Table 1 of the T-Book (1994). The resulting uncertainty 
distribution of X, based on operational data from the fourteen plants that are participating 
in the TUD-data base, is called generic and is shown in Figure 1. 

Now can this generic distribution be used as a prior in component specific analyses. For 
three centrifugal pumps at a certain plant, having 4 , 0 and 1 spurious stop during 37000, 
27S00 and 28000 hours of operation respectively, we obtain the uncertainty distributions 
shown in Figure 2. By weighting - uniformly - all component specific distributions 
operating at the same plant, we obtain a mixed distribution that is called plant specific 
(also shown in Figure 2). Thus the plant specific distribution characterizes the 
uncertainty about the failure rate of a component that is typical for the given plant To 
strictly follow the formula (2.1) and to prevent double use of data, the components of the 
given plant should be excluded, at first, from the statistical evidence when the generic 
distribution is calculated. For practical reasons, however, this strict procedure is not 
applied. As long as the plant specific data constitute only a relatively small part of the 
total evidence, the practical procedure is not e jected to cause any significant error. 

The generic and plant specifc failure rates are presented in Table 1 in the form of 
percentiles and the mean value. Unfortunate^, no distribution analysis has been done 
concerning times to repair. Simple arithmetic means of active repair times are presented 
in the last column. 

4 The 2D q+Xt - model 
The failure modes considered in the T-Book are seemingly of two different kinds: time-
related, for which fitilure rate A, is of concern (e.g. spurious stop, spurious opening, short 
circuit) and demand-related failures, characterized by failure probability per demand, q 
(e.g. failure to close, failure to start), (Porn, 1994). The latter group of failure modes, 
however, are to a great extent caused by failure mechanisms that are active during the 
stand-by time. This phenomenon should motivate the use of a failure rate during stand-
by, Xt, rather than of q. Further, the estimation of q requires data about the number of 
demands, consisting of periodical tests and real activations. For some component groups 
such information is not so easy to retrieve as the total stand-by time. Therefore, we think 
it will be an advantage in many cases to treat q-failure modes as A^-failures. There is also 
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an uncertainty reason for such a move. The variability of q for certain groups of 
components is caused more by variations of die activation interval within the group than 
by other environmental conditions. By using A, this source of variation is eliminated. 

However, a complete move from q- to A*-feilures is peihaps not realistic either. In reality 
there might be both types of failures. Therefore we have proposed a model, where both 
types of failures are taken into account. Hence this model has to include two primary 
parameters, A, mentioned above and qo representing the probability of failure caused by 
failure mechanisms occurring at the demand occasion. If we, for the sake of simplicity, 
use the notations A, and q to denote these unknown quantities, the unavailability u(t) of 
such a component at time t since the last activation can be written 

u(t) = q + ( l - q ) . ( l - e x t ) (4.1) 

or for small values of At, approximately 
u(t) = q + A* (4.2) 

Thus we have two primary model parameters which we want to estimate by using a 
similar non-informative two-stage Bayesian approach as above. 

If the component is activated regularly, with interval T (between the tests) and n times in 
total suffering x failures, the binomial likelihood can be written 

p(x|q,A.) = [ l - ( l - q ) e - x T [ . [ ( l - q ) e - x T , x (4.3) 

Going to the second stage of this approach, we presuppose a hypeiparameter, 6 = 
(a,P,c), such that for given 0 we have 

p(X|9) = g(M<x,j5) (4.4) 
and 

p(q|0) = l / c -e^ (4.5) 

Hence the uncertainties of the primary parameters are tentatively described by specified 
classes of probability distributions. The class (4.4) is conjugate with respect to the 
Poisson parameter X, while the distributions (4.5) are a subset of (4.4) having shape 
parameter equal to 1. 
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For given hyperparameters 6, the primary q and X are assumed independent on each 
other, which means that p(q,X|0) can be written as the product of the two densities 
above. No contamination of p(q,A,|9) is introduced. Utilizing the assumption of 
independence between q and X (for given 6), and the distributions (4.4) and (4.5), the 
likelihood function p(x|6) can be written 

- I 00 

P(x|9) = j o ? ' 0 ~ < l ) n ~ X ^ e ^ d q ^ X r f - ' e - ^ - ^ g ^ c c M X 
(4.6) 

Thus we have an expression for the likelihood corresponding to one observed 
component. After the integrals of the expression are solved analytically as far as possible, 
certain approximations must be made to avoid numerical instabilities. For a set of 
components, the total likelihood is simply the product of likelihoods in (4.6) with varying 
values of n, T and x. Then, from the informational point of view, it is important that 
different T'S are represented in the statistical evidence. 

Then the final solution rests on the choice of a prior distribution for the hyperparameters. 
By the same type of reasoning as in the derivation of the distribution (2.7) in the ID case 

/ the hyperparameters a, (3 and c are assigned the non-informative distribution 

p(a,/?,c) K[a{a+pita)YV2p-x\c{c + \ ln a )Y V 2 (4.7) 

where t a and n a are fixed constants. In the T-Book application these constants are 
assigned the average operation time and the average number of demands for the 
components in the group respectively. 

5 Application 2 
Here we apply the 2D model described in the previous section on the group of piston 
pumps defined in the T-Book, Table 10. These stand-by components are tested 
periodically with intervals varying from 1 week to 1 year. The joint uncertainty of (q,X) 
is difficult to display. In Table 2 the 2D generic distribution is displayed as marginal 
distribution of q and the conditional distribution of A., conditioned by the mean value of 
q. All plant specific distributions are also conditioned by the generic mean value of q 
because plant specific failure data, usually representing only one test interval, do not add 
much information to the distribution of q. Finally, for handling of the total uncertainty the 

3 3 0 \wfw\reports\rp950410 



P C R e p 9 5 - 2 

joint uncertainty of (q,X) could easily be transferred to the uncertainty of the 
unavailability u(t) in (4.1), which is normally required in probabilistic risk analysis. 

Hie Hq+A,t-model" does not presume that these two types of failure are distinguished in 
the empirical data, which in many cases would be very difficult to do. However, for the 
sake of verification a preliminary study of the failure types of some specific component 
groups (Andersson, 1993) has been performed with regard to their time dependence. 
Then the validity of the pure statistical approach of the 2D "q+At-model" has shown to 
be surprisingly good. 

6 Some conclusions 
The estimation of reliability parameters of the T-Book, which is used for PSA in the 
Nordic countries, is based on operational data gathered into the NPP-owners' 
common database called TUD. The T-Book contains estimated Poisson failure-rates, 
as stand-by or in operation, for important safety related groups of components. For 
certain groups of components a more advanced unavailability model is used, where 
both demand-related and time-related failures are taken into account. All tables of the 
T-Book display, in the form of percentiles, the uncertainty distribution of both generic 
failure characteristics, based on all plants' operational data, and plant specific failure 
parameters. The T-Book is regularly updated along with increasing amount of 
experience data. 

The model developed is designed to solve the problem how data from similar plants 
can be combined. All plants reporting to the TUD-data base are, by a close 
cooperation, known to have a similar operation and maintenance philosophy. In the 
first step of the two-stage empirical Bayes' method a posterior distribution of the 
hyperparameters is estimated starting from a non-informative prior and utilizing data A 

from all plants. When new data become available this hyperparameter distribution is 
r 

easily updated. All information included in the observations is contained in the 
hyperparameter distribution. The uncertainty of the primary parameters) X (and q) is 
obtained by a pure mathematical transform. 

The method allows estimation of component and plant specific reliability parameters 
and their uncertainties, using the generic distributions as priors. The plant specific 
distributions are updated along with each new edition of the T-Book. Less 
comprehensive updating on the base of incremental evidence of a given component or 

3 3 1 \wfw\reports\rp950410 



PCRep95-2 

plant can easily be performed by the simple Bayes' theorem. Thus the T-Book can be 
used in traditional PSA-studies as well as in living PSA. 

In the development of the model special care has been directed to aspects of 
robustness with regard to the prior distribution. Already the two-stage Bayesian 
method as such guarantees this type of robustness. This means that the model can be 
used even in case of extreme components (outliers). By comparing the number of 
occurred failures to calculated predictive distributions the outliers are easily identified. 

Hie TUD-data base is component-oriented, which means that all failures occurring to 
component A are recorded within the framework of component A. Connection to 
another component B that possibly has been attacked by the same failure are not 
registered. Therefore it is not easy to identify CCFs. In special cases efforts in that 
direction have been made by comparing times of occurrence and failure causes. In 
Nordic PSA-studies the CCFs have usually been modelled with MGL or a-factor 
model, and then the total component failure rates have been taken from the T-Book. 

The TUD-data base is mostly used for PSA purposes via the T-Book. Despite the 
possibilities that the T-Book provides for treatment of uncertainty, that type of 
analyses have been conducted only to a limited extent in the Nordic countries. Finally, 
by the recent redesign of the TUD-database an increased use of the data base for 
maintenance purposes is expected in the future, hi fact, practical applications in that 
area will be essential to enable continuing good quality of reliability data. 
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TABEL 1 
CENTRIFUGAL PUMP, HORIZONTAL 
FLOW: 40-60 KG/S 
PRESSURE HEAD: 0,5-0,7 MPA 
OPERATINAL MODE: In operation 
FAILURE MODE: Spurious stop 

PLANT (lambda, per 10** 6 h) 
5% 50% 95% MEAN REPAIR TIME 

GENERIC 

B1 1 . 0 1 4 . 2 4 2 . 2 1 6 . 9 12 . 
62 0 . 4 7 . 8 2 9 . 0 1 0 . 4 
F1 5 . 3 1 9 . 7 5 0 . 2 22 .7 25 . 
F2 0 . 8 15 .3 5 4 . 9 1 9 . 9 9 . 
F3 0 . 5 9 . 4 3 3 . 8 1 2 . 3 
01 0 . 2 6 . 3 2 5 . 6 8 . 8 
02 6 . 8 2 0 . 0 4 5 . 6 2 2 . 3 6 . 
03 0 . 5 9 . 3 3 3 . 3 1 2 . 1 
R1 5 . 0 2 3 . 4 6 2 . 5 2 7 . 2 10 . 
R2 4 . 7 1 8 . 0 45 .1 20 .6 3 . 
R3 2 . 1 2 2 . 8 8 5 . 7 3 0 . 8 6 . 
R4 0 . 6 1 0 . 2 3 6 . 6 1 3 . 3 
T1 1 . 0 1 2 . 3 3 8 . 3 1 5 . 0 1 . 
T2 1 . 0 1 2 . 3 3 8 . 8 1 5 . 1 8 . 

CC 
* 

1 . 0 1 3 . 9 5 6 . 5 1 8 . 7 9 . 

Table 1. Generic and plant specific percentiles and mean values for the distributions of 
failure rate A, as they are displayed in the T-Book. 
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TABEL 10 RECIPROCATING PUMPS 
FLOW: PRESSURE HEAD: OPERATIONAL MODE: 

2 , 5 - 3 , 9 KG/S, 2 2 , 5 KG/S 8 , 7 MPA, 8 , 5 MPA S tandby 
FAILURE MODE: F a i l u r e t o i s t a r t 

(q, p e r 10** (lambda, p e r 4 DEMANDS) 10**7 h) 
PLANT 5% 50% 95% MEAN REPAIR TIME 

B1 0 . 0 0 . 0 17 .2 3 . 1 
B2 0 . 0 0 . 0 1 7 . 4 3 . 1 
F1 0 . 0 0 . 0 4 7 . 0 8 . 2 3 . 
F2 0 . 0 0 . 0 3 4 . 0 5 . 8 15 . 
F3 0 . 0 0 . 0 2 4 . 5 4 . 5 
01 0 . 0 0 . 0 65 .8 10 .5 4 . 
02 0 . 0 0 . 0 15 .0 2 . 7 
03 0 . 0 0 . 0 3 5 . 6 . 6 . 5 1 . 
R1 0 . 0 0 . 0 82 .8 13 .5 8 . 
T1 0 . 0 0 . 0 2 1 1 . 7 3 4 . 0 3 . 
T2 0 . 0 0 . 0 26 .3 4 . 6 20. 

GEN. (q) 1 . 0 5 . 1 3 5 . 0 9 . 8 6 . 
GEN.(lambda) 0 . 0 0 . 0 5 5 . 7 1 6 . 8 

Table 2. Generic and plant specific percentiles and mean values for the distributions of 
failure probability on demand q and the failure rate X, as they are displayed in 
the T-Book, 
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C E N T R I F U G R L P U M P , H O R I Z O N T R L 
G E N E R I C P R I O R 

ra te of occurrence 

Figure 1. The generic distribution of failure rate corresponding to T-Book, Table 1. 
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Figure 2. Three component specific failure rate distributions and the corresponding 
plant specific distribution. Percentiles of the latter are found on line R3 in 
Table 1. 
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