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GENERAL INFORMATION 

Symposium venue and dates 
The venue for the Symposium is World Trade Center, situated at Klarabergsviadukten 70 
/Kungsbron 1 in central Stockholm. The Symposium will be held 19th-22nd June, 1995. 

Symposium Secretariat 
The Symposium Secretariat and Registration desk are located in the Conference Center at 
World Trade Center. The Secretariat opens at 08.00 on Monday 19th June 1995 and is in 
charge of registration, hotel bookings and social arrangements. 

Opening hours throughout the Symposium: 
Monday 19th June 08.00 - 18.00 
Tuesday 20th June 08.30 - 18.00 
Wednesday 21st June 08.30 - 17.00 

On Sunday 18th June, a Registration Desk will be open 18.00 - 20.00 during the Welcome 
Reception at Riverside restaurant. 

Badges 

Your personal badge is your entrance ticket to all sessions. Please always wear your badge. 

Correspondence/Messages 

Correspondence and messages to participants may be addressed to: 

during the Symposium: after the Symposium 

Personal messages are found on the information board at the Secretariat. Participants are 
requested not to put up their own messages on the board, but to deliver them to the Secretariat. 
Please check the board daily and pick up your messages. 

Bank and Post services 
There are several banks located near the World Trade Center. Most branches are open 
between 09.30 and 15.00 but some stay open until 16.30 or 18.00. 
The main Stockholm Post Office is located at Vasagatan, only a few minutes walking distance 
from World Trade Center. Opening hours are 08.00 - 18.30. 

Telephone 
The telephone booths at World Trade Center may be used for local and international calls. For 
international calls, the prefix is 009. Telefax service is also available. 

SKI '95 
World Trade Center 
P.O. Box 70354 
Klarabergsviadukten 70 
S-107 24 Stockholm 
SWEDEN 
Telephone: +46 8 700 45 00 
Fax: +46 8 21 06 81 E-Mail: congrex@congrex.se 

P.O.Box 5619 
S-114 86 STOCKHOLM 
SWEDEN 
Telephone: +46 8 612 69 00 
Fax number +46 8 612 62 92 

Congrex(Sweden)AB 
SKI'95 

mailto:congrex@congrex.se


Slide Preview room 
A slide preview room will be available at World Trade Center and will be open during 
meeting hours. Speakers are invited to use this facility before their session to ensure that their 
slides are in correct order and project clearly. The slides should be handed in at the slide 
preview room no later than 30 min. before the session. 

Meals 
Lunches are included in the registration fee and will be served in the Bistro at World Trade 
Center. Coffee will be served in the mornings and the afternoons in-between sessions. 

Language 

The official language of the Symposium is English. 

VAT Refund Conditions 
Swedish VAT, currently 21-25%, may be repaid to foreign companies except for banks, 
insurance companies and institutions providing health care. Please contact the registration 
desk in order to obtain detailed information regarding the refund conditions. 
Disclaimer 
The Organising Committee and Congrex(Sweden)AB accept no liability for injuries/losses of 
whatever nature incurred by participants and/or accompanying persons, nor for loss or damage 
to their luggage and/or personal belongings. 

Professional Congress Organizer 
Congrex(Sweden)AB has been appointed Professional Congress Organizer. Congrex Global 
System is an international group of Professional Conference Management Companies with 
offices in Europe, North America, Latin America and Asia Pacific. 

SOCIAL PROGRAMME 

Welcome Reception 
To welcome all delegates, a Welcome Reception will be arranged at the Riverside restaurant 
in the evening of Sunday, 18th June at 18.00 - 20.00. Drinks and snacks will be served. The 
address of Riverside is Bleckholmsterrassen 15, situated within walking distance from the 
City Terminal. 

Buffet Dinner at Stockholm City Hall 
A reception will be given in the evening of Tuesday 20th June, at 19.00, in the beautiful City 
Hall of Stockholm by invitation of the City of Stockholm and the City Council. This is where 
the famous Nobel Prize dinner takes place each year in December. A light buffet will be 
served. 

Dinner hosted by SKI 
A Symposium Dinner will be held at the beautiful old-style restaurant "Hogloftet" on 
Wednesday, 21st June at 19.00. The restaurant is situated in the Skansen park, one of the 
world's oldest out-door museums. 



OECD/NEA-IAEA Symposium 

Human Factors and Organisation in NPP Maintenance Outages: 

Impact on Safety 

Hosted by SKI, Stockholm, Junel9th-22*, 1995 
Welcome address by Dr. K. Kothoff, Chairman ofCSNI/PWGl 

Ladies and Gentlemen, 

On behalf of the Nuclear Energy Agency of the OECD, I would like to address a warm 
welcome to all participants in this OECD/NEA Symposium on Human Factors and 
Organisation in nuclear power plants maintenance outages and their impact on plant safety. I 
would like also to thank SKI and in particular Dr. Kerstin Dahlgren for their kind invitation to 
host the meeting here, in this beautiful city of Stockholm. 

As you know, this meeting has been organised by the Principal Working Group 1 (PWG1) of 
the Committee on the Safety of Nuclear Installations (CSNI) of the NEA, in cooperation with 
the IAEA and, for those of you who are not familiar with the NEA, I would like to give a brief 
overview of both its role and its activities. 

The NEA is one of the fifteen bodies that make up the Paris based Organisation for Economic 
Cooperation and Development (OECD). Since the majority of the OECD's activities are 
oriented towards economics, the role of the Agency is less known and may sometimes be 
confused with that of the International Atomic Energy Agency (IAEA) in Vienna. In 
connection with the safety of nuclear power plants, the charter of the NEA calls for "..the 
promotion of the safety of nuclear installations..", "..the establishment of joint services for the 
prevention of accidents..", and "..the dissemination of information .. on the safety and 
regulation of nuclear activities..". 

With some 80% of the 430 reactors operated around the world, Members of the NEA have set 
up and, over the years, developed a close operational feedback process in order to meet the 
primary objective of the Agency which aim to promote co-operation between regulatory 
authorities of its Members countries, contribute to nuclear safety and regulations of nuclear 
activities and, ultimately, to help in the development of nuclear energy as a safe 
environmentally acceptable energy source. 

NEA's activities in the vast domain of nuclear safety and regulation include: operating 
experience and human factors, primary coolant system behaviour, reactor component integrity, 
probabilistic safety assessment, severe accident management, regulatory activities, nuclear fuel 
cycle, and some specific projects such as the OECD Halden Project and the RASPLAV Project 
which is conducted in collaboration with the Federation of Russia. Most of these activities are 
determined by the two standing Committees which are dealing with safety matters: the 
Committee on the Safety of Nuclear Installations (CSNI) and the Committee on Nuclear 
Regulatory Activities (CNRA) which both consist of delegates representing of the NEA 



Member countries1. The CSNI has been particularly in charge of nuclear safety over the past 20 
years and provided one of the best example of an efficient technical international co-operation. 
This committee is responsible for the exchange of information on safety research programmes 
and thus enables participating countries to develop common approach on identified safety 
issues. The Committee on Nuclear Regulatory Activities, created in 1989, aims at exchanging 
information and developments which could affect national regulatory practices and achieving a 
common understanding on possible new regulatory requirements. 

In brief, the main role of these committees is neither to impose nor judge but, rather, through 
exchanging and understanding, to reach common technical opinion and develop international 
consensus based on a better knowledge of technical issues and regulatory practices. Because of 
the vastness of the technical field of nuclear safety, the CSNI has established Principal Working 
Groups to work in the areas of interest that I mentioned earlier. 

Among these groups, PWG1 deals with issues related to operating experience and human 
factors. Experts forming the group identify safety issues of common interest and propose 
actions to be brought to the attention to regulators and utilities. The work of the group is 
centered on the Incident Reporting System (IRS) created by the NEA in 1980 with the objective 
of collecting reports of incidents of safety significance and disseminating lessons learned for the 
benefit of the international nuclear community. 

Since the beginning of the IRS operation, more than 2200 reports were distributed to the users. 
Although it is recognized that the IRS was not designed as a source of data for statistical 
analyses but rather to alert users to actual or potential safety-related problems and to 
disseminate lessons learned from these issues, it can, nevertheless provide valuable relative 
information when performing a screening on a specific topic. Data stored in the IRS data base is 
scanned periodically by members, as well as by the Secretariat, to identify issues that may 
warrant conducting specific analyses, holding specialist meetings, forming task forces to carry 
out generic studies. 

Out of the total number of events currently entered into the data base, about 70% of this total 
show some forms of human error, as either a primary or a secondary contributing factor; it 
includes design, construction, training, installation, planning and management-related aspects. 

Over the years, Members of PWG1 have found that whereas operating experience and human 
factors sometimes tend to be considered as separate areas, they constitute a fully integrated 
focus of their work. 

In 1989, the Expanded Task Force on Human Factors was created with the mandate of studying 
human-performance assessment methodology as well as behavioural specific aspects of nuclear 
power plant operation. In that context, ETF conducted several tasks including one task focusing 
on organisational factors and management of maintenance outages and shutdowns which led to 
organise our meeting today. 

The reason behind this choice was that the outage period is one that heavily relies on an 
effective management and organisation of activities. Furthermore, it had also been recognised, 
in particular through PRA studies, that errors made during that period may induce more serious 

1 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 the OECD as well as 
Australia, Canada, Japan, Mexico, Korea and the United-States. 



threats to safety that earlier assumed. Thus, it was recognised that there should be a potential for 
safety improvement in the management of outages and the CSNI considered of particular 
interest, as follow-up of the ETF task, to convene an international meeting which would focus 
on the efforts being made to improve safety during outages and shutdowns. 

I am confident that through your exchanges and discussions the meeting will meet the objective 
and, in closing I would like to reiterate my thanks to our hosts as well as to all participants for 
their contribution to the success of this meeting. 

I wish you a very interesting and productive meeting, and a pleasant stay in this beautiful and 
hospitable country. 
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About five years ago the French alerted the nuclear community by giving results from probabilistic 
safety assessments of their 900 MWe pressurized water reactors indicating substantial contribution to 
the core damage frequency from low power and shutdown (LPS) operational states including 
maintenance and refuelling outages. This should not have raised much surprise as the risks associated 
with outage conditions are rather obvious.[Fig. 1] These include disabling essential barriers in the 
defence-in-depth system, by unlocking openings in the reactor containment, removing the lid of the 
reactor vessel and otherwise opening the primary system, disabling safety systems to varying extent, 
turning from established and trained routines at power operation to straining working conditions with 
numerous and sometimes unique tasks requiring heavy involvement of external people. 

The question must accordingly be asked if the safety during LPS states and outages is provided for in 
reasonable harmony with the provisions developed for power operation which has all the time been 
considered the main concern, let be for some very good reasons. Today, the safety of LPS operational 
states counts among the prioritized safety issues. Work in order to improve the situation is thus now 
in progress in many countries, with IAEA and OECD/NEA providing international fora for joining 
and coordinating the efforts, like this symposium. 

The experience so far, however, is that getting to grips with improving the safety under the conditions 
prevailing during the outages, and finding suitable means for reliable assessment of such safety, is in 
many ways more difficult than dealing with the safety of power operation. 

General approaches 

It has been obvious from the outset that coping with the outages depends largely on the human and 
organisational factors, or the MTO (Man-Technology-Organisation) factors according to current 
terminology in Sweden. Stringent quality assurance and safety culture appear more important than 
ever in this particular context. 

There are two main approaches [Fig. 2] to be taken in order to provide for the safety in regard of the 
outages. One is to establish the safety requirements on the basis of technically oriented analysis and 
PSA, required in the case of outages to account largely for human factors. The other, the subject of 
this Symposium, is to develop strategies for managing the outages so as to meet the safety 
requirements and also to contribute alternative methodologies for safety assessment which can 
compensate for the shortcomings of the traditional safety analysis and PSA in accounting properly 
for human capabilities and errors. 

We can note, at least in Sweden, that the two approaches involve different kinds of experts - i.e. 
engineers and PSA experts on one hand and behaviourists and management experts on the other - and 
that the two "cultures" stay somewhat separated from each other. There is need, however, for them to 
join together in order to account fully for the extensive and complicated interplay between the 



technical and the human factors aspects in the outage situation. Important contributions have also 
been made from the behavioural side in developing analytical methodology providing important 
complement to the traditional PSA approach in mapping this interplay, such as so-called barrier 
analysis. (Incidentally, the meaning of the word "barrier" in this context differs from the word used in 
stating the principle of defence in depth, reflecting different usages in the different "cultures" [Fig 3]. 

Views on LPS safety in Sweden 

Although events are to be expected during the maintenance outages they do at times rise concerns 
about their possible implications in regard of safety. A few events have thus been rather serious, like 
one at the Oskarshamn 3 plant when local criticality tests were performed prior to start-up after an 
outage without the scram system being available. The safety aspects of other operational states than 
full power, and particularly the outages, have therefore been on the agenda in Sweden in the recent 
years. This applies to the human factors and management aspects as well as to the technical questions 
like the potential for reactivity events due to boron dilution in the PWR's. 

There has also been some particular concern in view of the increasingly ambitious time schedules for 
the outages as one may fear for loss of control of the process under the increased time pressure or for 
the safety becoming compromised. Initially, from start of the first commercial reactor in Sweden in 
1972, the outage times decreased quite markedly [Fig.4]. In the mid eighties this trend came to an end 
with a slight indication of even being reversed. Seemingly there was a period with plant children's 
diseases and learning for somewhat over 10 years of commercial reactor operation, until stable 
operation was achieved, all in combination with gradually increasing needs of maintenance due to 
ageing. Still, in order to reflect reasonably normal outage conditions, the diagram does not account 
for some considerable extensions of the outages which actually occurred due to repairs or backfittings 
related to specific, major problems like exchange of steam generators, the so-called strainer issue, the 
problems with the reactor lid penetrations in the Ringhals 2 PWR, and problems with degraded 
tightness of the reactor containment at Barseback 2. 

As can be seen from the diagram, the durations of the first time outages of the last three reactors 
commissioned in the mid eighties are not significantly different from the older reactors at then current 
time. Obviously the new operating organisations were able to pick up the essentials of what had 
previously been learnt in the business. Incidentally, the same pattern is usually seen i regard of other 
performance indicators, like energy availability, scram frequency and collective radiation exposure. 

SKI's views and initiatives 

The regulatory position in Sweden is that the LPS safety is an important issue in need of closer 
examination and that there may be needs for major improvements. 

In the current second round of the periodic safety reviews of the Swedish reactors, which are 
performed every 8-10 years, SKI specifically requires accounting for the outages in the analysis of 
operational experience together with presenting systematic safety analysis of these operational states. 

SKI takes active part in international work related to LPS safety, like in the Expanded task force on 
human factors under the OECD/NEA/CSNI Principal Working Group N°1. SKI has also been 
involved in work organised by the Principal Working Group N°5, which had recently a task group set 
up in order to review plans, methods and experience in France, U.K., Sweden, The Netherlands, 
Finland and the U.S. regarding safety assessment of LPS operational states [ref. 1]. LPS safety is also 
addressed in part in the Nordic Nuclear Safety Programme (NKS). 
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In terms of regulation SKI approaches the issue in several contexts by promoting industry initiatives 
and conducting inspections and performance assessments in areas like safety analysis and PSA, 
maintenance programmes in general, control room facilities, training programmes and quality 
systems. Part of this is reflected in presentations at this Symposium. 

A scoping study of the present state of LPS safety in Sweden 

A study on a SKI research grant was recently completed which covered various aspects relevant to 
safety assessment of LPS operational states using PSA or other analytical techniques [ref. 2]. 
Management aspects were partly considered, especially concerning technical specifications (TS) as 
applying to LPS conditions and concerning work order systems. The study, based on visits and 
interviews at the Swedish utilities, aimed at preliminary assessment of the current situation and 
coming up with proposals for an action plan for SKI. In a meeting with the industry - just a couple of 
weeks ago - in which the study was presented and discussed, it was agreed that the SKI and industry 
representatives would form a joint working group to pursue the matter. 

The interviews at the utilities generally indicated that the risks associated with the outages are 
considered to contribute significantly to the total risk. It was noted, among other things, that the fire 
risks are substantially elevetad under the conditions prevailing during the outages. Desires were 
expressed to find means of more accurate evaluation of the overall risk pattern and developing more 
accurate measures of risk applicable to outage situations. Some radical measures to reduce the risks 
have even been contemplated like removing all fuel from the reactor before performing maintenance 
in the primary system. 

It was noted in the study that the control room facilities (signals, alarms, control panels, computer 
presentation) mainly reflect needs during power operation and normal changes from one operational 
state to another. The emergency operating procedures are claimed to be valid also for outage 
conditions although they were not particularly adapted for such conditions. There are no particular 
operator aids for supervising the plant under outage conditions with partial disabling of the safety 
systems and no filtering of numerous irrelevant alarms accordingly triggered. Great demands are thus 
put on the shift engineers to stay in control of the situation, which is otherwise also demanding due to 
the complex working situation involving lots of people. 

Technical specifications for the shutdown states were found to be provided for at all reactors, though 
coverage, detail and document structure vary somewhat. Examples are given of rules for providing 
assurance against core uncovery and reactivity accidents. There is a is question if the specifications 
are in all cases firmly based on adequately thorough analyses of the shutdown operational states. 
Traditionally, safety criteria and safety analyses have concerned power operation mainly and their 
validity for LPS operational states may not have been thoroughly verified in all cases. SKI was 
recommended to review the situation to see if there may be need for greater uniformity among the 
utilities in regard of safety criteria for the shutdown states and structuring of the corresponding 
technical specifications. 

There is only limited training for the work to be done at an outage (although there are examples of 
very careful preparations and training of the servicing staff prior to performing particularly 
complicated testing or repairs in the reactor systems during outages). Availability at some plants of 
separate technical specifications applying to the outages was noted to provide better opportunities for 
such training. It was noted that the training simulators are not capable of simulating outage 
conditions. 
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Sharing of the information feed-back between the utilities was noted to mainly include failure data for 
various categories of systems and components. "Near misses" are not covered in spite of being 
important. Valuable experience obtained by so-called MTO investigations, accounting for the human 
factor, is not shared. Good practices are not shared systematically. The recommendation to SKI is 
thus to review the system for feed back of experience. Such review is in fact under way. 

An account was given of licensee event reports of particular relevance in this context related to 
refuelling, cold shutdown, nuclear heating, hot shutdown and hot standby operational states for all 
Swedish reactors during the period 1980-93. There were about 100 such reports on skill based, rule 
based, knowledge based, design based and component based faults and failures. The statistics 
indicated a slightly increasing trend of the rate of events investigated from 1980 to 1993 which could 
be due to time pressure as a result of the reduced outage times. 

The reported events were categorized according to the safety functions potentially affected. It was 
noted that there were no events reported implying degraded safety against core uncoverage, the most 
important risk for the environment under LPS conditions. Few reports related to faults revealed on 
actual demand of affected safety functions, as most faults were detected upon testing. A serious event 
was noted however in which an open lock between drywell and wetwell in Oskarshamn 2 was 
detected in 1982, implying degraded pressure suppression function during a year of operation. 

About 85% of the faults were categorized as related to human factors, for main part evenly divided 
between skill based and rule based faults. The results indicate that the experience feedback does not 
always work efficiently as there are examples of similar events at different utilities, e.g. installation of 
wrong versions of computer programs for core surveillance and control, causing thermal margins to 
be miscalculated. 

Approaches to safety assessment of outages 

It was noted in the scoping study referred to above that established methodology for safety analysis of 
outages is missing. The difficulties include finding proper definitions of initiating events, coping with 
the changes to the plant during the outage and accounting for the heavy involvement of human 
interaction. 

Large scope PSAs, either confined to all phases of the outage or attempting to cover all operational 
states, have been reported (France and the U.S.). Such analyses, required to account for the extensive 
human interactions in shutdown situations, obviously involve major difficulties and excessive labour 
and could still very well fail to serve their purpose. Confining the analyses to specific systems and 
operational phases have been shown to bear some promise. 

Partial PSA's focusing operating instructions for midloop operations in Ringhals 2 have thus resulted 
in measures lowering the core damage frequency by at least a factor of 10. 

Other methods for analysis of the outages have been tried, including barrier analysis which addresses 
selected, risk important tasks or responses to events performed by operators interacting with the 
technical systems [Fig. 5]. The idea is to identify potential errors which could cause some step in the 
task sequence to fail and to evaluate the protection against such failure provided by what is called 
barriers. The barriers may be technical, e.g. interlocks and automated functions, or administrative. 

In the periodic safety review currently under way for the Barseback NPP an approach to outage 
analyses has been attempted in terms of using PSA techniques and event trees for evaluating 
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sequences with potentially severe outcome, as core uncovery, in combination with barrier analysis 
[Fig. 6], 

The concept of barrier analysis no doubt forms an important contribution to systematic safety 
assessment of LPS states and outages by enabling deeper analysis of the human interactions with the 
technical systems accounting also for factors which cannot be captured other than in qualitative terms. 

Conclusions 

• Backgrounds have been sketched to emphasize the importance of the subject for this 
symposium on "Human factors and organisation in NPP maintenance outages - Impact on 
safety" 

• The question has been raised if the safety provisions for low power and shutdown (LPS) 
conditions, including outages, correspond in all cases fully to the present view that such 
operating conditions contribute significantly to the risks associated with reactor operation 

• Systematic safety analysis and assessment of LPS operating conditions and outages and 
establishing safety criteria is a difficult matter requiring the combined efforts of reactor safety 
analysts and MTO experts to be resolved. 

References, 

1. Shutdown and Low Power Safety Assessment - A Status Report (Task 13). Prepared by 
Experts of the Principal Working Group N°5 of the Nuclear Energy Agency of the OECD. 
NEA/CSNI/R(93)19, November 1993 

2. Peter Karnik, ES-konsult AB, Kjell Andersson, KARINTA-Konsult: Project Shutdown 
(1995) - A pilot study performed under contract with the Swedish Nuclear Power 
Inspectorate (to be published in Swedish) 

5 



Safety concerns in regard of 
the conditions during outages 

Disabled barriers in the defence-in-depth system by 
unlocking openings in the reactor containment and 
opening of the primary system 

To vaying extent disabled safety systems 

Established and trained routines at power operation, 
replaced by straining working conditions with 
numerous, to certain extent unique tasks 

Great involvement of external people 

SKI Swedish Nuclear Power Inspectorate Fig 2 



Main approaches to providing for the safety at 
outages 

"PSA" establishing safety requirements on the basis of 
technically oriented safety analysis and PSA 

"MTO" developing management strategies as accordingly 
needed and 

contributing methodologies for safety assessment 
compensating for the shortcomings of the 
traditional safety analysis and PSA in accounting 
properly for human capabilities and errors 

S K I Swedish Nuclear Power Inspectorate Fig 2 



"Barrier" - different meanings in different cultures 

Alt 1: Physical radioactivity barrier (e.g. the reactor 
containment) to be protected by means of safety 
functions (INSAG, LAEA/NUSS; the principle of 
defense in depth) 

Alt 2: Any means (engineered or administrative) of 
preventing loss of process control; safety function 

SKI Swedish Nuclear Power Inspectorate Fig 2 



Average duration of scheduled outages 
at Swedish NPPs 
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Barrier Analysis 

Task/Response: Event -|> Event Event —^ Success 

S K I Swedish Nuclear Power Inspectorate Fig 2 



Combined Event Tree - Barrier analysis 

S K I Swedish Nuclear Power Inspectorate Fig 2 
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1 Introduction 

In the planning, preparation and performance of maintenance activities there 
are normally many people involved. The maintenance engineers decide what 
type of maintenance that should be performed and in this process there is 
operation personnel involved with their operation experience. During the 
preparation of the maintenance work contacts must be taken with all the 
supporting functions to discuss need of scaffolding, removal of insulation, 
transports, need of spare parts from the store and so on. Then during the 
performance a lot of co-ordination must be done to ensure effective 
performance. It is very important that all personnel involved know what to 
do and why. Good communication is essential to avoid human errors. 

There are several methods developed to analyse events when they have 
occurred, but very few methods to analyse maintenance work before the 
execution. The present method is an example of how riskanalysis can be 
done in the area of maintenance. The method includes an identification of 
Risks for human, technical, procedure and also ways to avoid them. 

2 Method 

The method includes the following steps 

• Collecting information 
• Defining the main chain of activities 
• Defining supporting functions 
• System group analyse, which includes 

- Risk identification 
- Proposals for avoiding the risk 
- Priority for corrective actions 

• Evaluation of the corrective actions 

The first three steps should be prepared before the system group analysis for 
making the work of the group more efficient. It is important to have a clear 
structure for the discussion and also so that the documentation from the 
group analysis could be used by others than the personnel involved in the 
discussions. 
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The preparations for the analysis start with collecting relevant information by 
interviews of the personnel involved. During this work it is important to find 
out 

• Relations between involved personnel 
• What is included in each activity 
• When different activities are done 
• When different information is needed 
• Who is responsible for the execution of different activities 
• When is the latest start of each activity 
• Who approves the work 
• Evaluation of the work and experience feedback 

The type of information is the same that is needed for doing a time schedule 
but more effort should here be given to the relations between the personnel 
involved and to the content of the work. This information is used to form the 
main chain of activities. 

3 Main chain of activities (task analysis) 

The main chain of activities should be defined and the activities here could 
include a chain of detailed activities to form a part of this main chain. The 
activities should be given names that represent the aim and that could be 
recognised by the system analyse group like 

• Maintenance program 
• Scrutinise and approval of maintenance program 
• Planning of maintenance activities 
• Preparation of maintenance work, which includes: 

- ALARA-activities 
- Need of supporting works like scaffolding and so on 
- Need of spare parts 
- QC-inspections 

• Work permit 
• Execution of maintenance work 
• Check and function tests 
• History files and evaluation of work 

In each of those main activities there could be defined a chain of activities 
fore a more detailed analyse, but it is important to keep number down so that 
each member in the system group could have a good overview and identify 
the work flow. 
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4 Supporting functions 

There are a lot of different functions that support the main chain of activities 
in the work process and they should be defined. Such functions are 

n Organisation 
• Management 
• Responsibility 
n Direction of work 
• Planning 
• Co-ordination 
• QC-inspections 
• Work authorisation 
• Equipment and tools 
• Modification 
• Procedures/drawings/documentation 
• Competence 
• Training 
• Industrial safety 
• Radiation protection 
• Experience feedback 
• Approval of work 
• 
These supporting functions should be used in the system group analyse for 
defining in which function corrective actions should be taken to avoid the 
identified risks. 

5 System group analysis 

The strategy for the system group analyse is that the personnel involved in 
planning, preparation and performance meet and at the same time discuss all 
the activities in the total work process. The meeting preferably takes place 
outside the power plant in a conference centre and depending of work 
analysed takes about two days. During the meeting different phases are 
passed like 

• Introduction and presentation of the whole work process 
• Detailed presentation of each activity of the responsible person 
• Risk identification 
• Defining supporting functions for each activities 
• Proposals for avoiding the risk and define the actual supporting function 
• Priority for corrective actions 
• Priority for strengthening the supporting functions 

The result of the analyse is then discussed in the group and a total priority is 
given as well as tasks to different people to do needed improvements. 
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6 Risk identification / avoiding the risk 

During the phase of risk identification it is important to note all discussed 
risks and write down a short description above the appropriate activity in the 
main chain. The risk identification is done without trying to find a way to 
avoid the risk. It is done like a brainstorming. The main chain of activities 
could be followed or selected a part of the chain. 

When the risks are identified, then the group has to propose ways for 
avoiding the risks and write down notes how to do it at the level for the 
appropriate supporting function. 

7 Evaluation and results 

When the group is ready with the risk identification and also has found good 
ways to avoid the risks, there has to be an overall evaluation of the work 
process and priorities given to some of the proposals. The FMEA-method 
could be used to judge the right priority. These proposals for actions should 
be listed by the group and form a total result and a commitment to work 
together in a direction where quality improves and the human, technical, 
procedure and management errors are avoided. 

8 Experience 

This method has been used for analysing the manual in service inspections of 
pipes and components. Personnel from the Nuclear Power Plants in Ringhals, 
Oskarshamn and Barseback participate in the analyse group as well as the 
different inspection companies in Sweden and The Swedish Plant Inspection 
Company (SA). The group had very good discussions and presented in the 
end a list of needed improvements. The personnel in the group announced 
that they had a much better understanding of needed information in each 
activity and also what was the most efficient way to work. 

The Systematic Analysis of Maintenance performance is a method that 
strives to improve the communication between personnel and to avoid 
preferably human errors. The method works in a positive way and analyse 
situations before any event has occurred. 
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5 System group analyse 

6 Risk identification 

7 Evaluation and results 

8 Experience 
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Systematic Analysis of Maintenance 
performance 

Method 

The method includes the following steps 

• Collecting information 

• Defining the main chain of activities 

• Defining supporting functions 

• System group analyse, which includes 

- Risk identification 

- Proposals for avoiding the risk 

- Priority for corrective actions 

• Evaluation of the corrective actions 
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Systematic Analysis of Maintenance 
performance 

Preparations for the analysis 

Collecting relevant information and find out 

• Relations between involved personnel 

• What is included in each activity 

• When different activities are done 

• When different information is needed 

• Who is responsible for the execution of 
different activities 

• When is the latest start of each activity 

• Who approves the work 

• Evaluation of the work and experience 
feedback 
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Systematic Analysis of Maintenance 
performance 

Main chain of activities (task analysis) 

• Maintenance program 

• Scrutinise and approval of maintenance 
program 

• Planning of maintenance activities 

• Preparation of maintenance work, which 
includes: 

- ALARA-activities 
- Need of supporting works like 

scaffolding and so on 
- Need of spare parts 
- QC-inspections 

• Work permit 

• Execution of maintenance work 

• Check and function tests 

• History files and evaluation of work 
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Systematic Analysis of Maintenance 
performance 

Supporting functions 

• Organisation 
• Management 
• Responsibility 
• Direction of work 
• Planning 
• Co-ordination 
• QC-inspections 
• Work authorisation 
• Equipment and tools 
• Modification 
D Procedures/dra wings/ 

documentation 
• Competence 
• Training 
• Industrial safety 
• Radiation protection 
• Experience feedback 
• Approval of work 
• 
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Systematic Analysis of Maintenance 
performance 

System group analysis 

During the system group analysis different 
phases are passed like 

• Introduction and presentation of the 
whole work process 

• Detailed presentation of each 
activity of the responsible person 

• Risk identification 

• Defining supporting functions for 
each activities 

• Proposals for avoiding the risk and 
define the actual supporting 
function 

• Priority for corrective actions 

• Priority for strengthening the 
supporting functions 





Joint OECD/NEA-IAEA Symposium on Human Factors and 
Organisation in NPP Maintenance Outages. Stockholm, 

19th to 22nd June 1995 

Paper on Outage Philosophy 
By J.A. Richmond, B.Sc; C.Eng; M.lnst.E; C.Math; FIMA. 
Scottish Nuclear, Torness NPP 

1. History of Outages in Scottish NPP's 

Historically, Outages in Scottish Advanced Gas Cooled Reactor (AGR) NPP's were 
targeted as the time that Statutory Outage work, modifications, difficult on-load jobs and 
project work was to be carried out. Outages were the time that the NPP cleared and 
executed their difficult defect work for the year. 
It was well established that a Statutory Outage took between 10 and 12 weeks and was 
often extended by modification work and plant upgrades that has been associated with 
improvements in AGR Reactors design. 
Outage planning was like dusting down an old book with plant engineers knowing how 
long they would have for their work with similar problems and difficulties being 
encountered and overcome every year. 
It wasn't that the NPP's were negligent, far from it. It was just that after the Outage, other 
priorities took president until another Outage came along. An Outage was just part of the 
cycle of working life with no special facilities set up other than a cabin for the Outage 
Controller's meeting. The meetings, held once a day, were fairly stressful with problems 
brought along to resolve and heated arguments ensuing. 
Although Outages took place in the summer and disrupted holiday plans, the participants 
were amply rewarded by payments for long hours worked. Lack of preparation was often 
rewarded with the requirement to work longer hours throughout the Outage. 
It was a cycle that repeated itself year after year with no pressure to change and levels of 
safety considered acceptable. No one knew how much an Outage cost and any thoughts of 
reduction in time or cost was usually dismissed as against the spirit of safety. 
Things began to change in 1989 following the commissioning of Torness NPP which 
broke the mould for AGR's as it was commissioned on time, within budget and was 
immediately run up to full load. 
Apart from the improvements included in the latest AGR design, the organisation and 
team spirit was considered to be large contributory factors to its successful 
commissioning. 
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The Outage team was set up along the same lines with experienced Commissioning, 
Production and Planning personnel who were given a free hand to 'break the mould' and 
set up a modern Outage system based on 'present day thinking'. 

2. Contributing Pressures to Change 

Slide 2 
• Commercial Pressure 
• Management/ Political Pressure 
• TQM/ Benchmarking Pressure 
• Safety Related Pressure 
• Personal/ Peer Pressure 

Following the Privatisation of the ESI in the UK, with the Nuclear element taken out, the 
newly formed Government owned Scottish Company, SNL with only 4 AGR's and 2 
ageing Magnox reactors became very quickly commercially aware. The workforce, for the 
first time questioned their job security. 
Although sales of electricity were guaranteed to the privatised Scottish electricity utilities 
on a 'must take' basis, failure to meet the generation targets would be penalised. 
The price of SNL electricity was split into 2 elements Fixed price and Pool price. For the 
years 1990 to 1994 all prices were fixed. From 1995 to 1998, the fixed price element 
reduced from 90% to 25% while the Pool price element would have increased from 10% 
to 75% . From 1999 onwards, the Pool price would have applied. However, in May 1995 
the Government announced its intention to remove any premium element in 1996 as part 
of the privatisation of the AGR's and PWR's in the UK. 
The simple 'more megawatt' policy was not the only commercial consideration as 
optimisation of Outage duration and costs would vary from year to year, depending on the 
generation to date and target output. 
Senior Management were under pressure to reduce unit cost of generation which helped 
to concentrate effort on the Outage process. 
The build up to the Nuclear Review has also helped to add political weight to Outage 
process improvement and the achieving of an AGR record had the potential for valuable 
political ammunition. 
The introduction of TQM in 1992 was greatly beneficial as Outage was defined as a prime 
NPP process across every discipline. This, further, raised its profile and it became the 
subject of discussion at many improvement groups and team workshops. All Outage 
related improvements and criticisms were channelled through the Outage Controller ( not 
a manager, but a co-ordinating engineer). 
The Outage was run 3 years in succession as a TQM improvement team in which 
ownership was established and recommendations for improving the process were 
identified and, largely implemented. 
The TQM approach of 'Benchmarking' was encouraged by finding out what was 
happening with the rest of the UK's AGR's and further afield in other utilities in Europe, 
Japan, the Far East and the US. 
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Safety has always been paramount in SNL and the comments by the Nuclear Inspectorate 
that they were concerned with the number of defects normally associated with the return 
to service of an AGR was taken on board in the preparation for the 1994 Torness Reactor 
2 Outage. A commitment was given not to return the plant to service with avoidable and 
unacceptable defects. 
Personal pride and Peer pressure had an influence. Torness consider themselves among the 
best in the world and the NPP Management team have encouraged this. English AGR's 
were seen to be invested large sums of money in improving their Outage process and 
continued to reduce their Outage times from many weeks to 52 days. The feeling at 
Torness that the Outage process was sound and could match or better the other AGR's 
began to grow. Engineers responsible for Outage work took a fresh look at their tasks 
towards a quicker return to service without sacrificing safety. 
Peer Pressure was improved in the form of a staff incentive scheme called 'Gainshare' in 
which all staff were to be paid a bonus based on increased generation and reduced costs. 
From the TQM studies, it was apparent to everyone that a successful Outage would 
benefit Gainshare and the enthusiasm to improve the Outage process by everyone in the 
company grew considerably. 

3. Outage Organisation 
Slide 3 
• Home Grown Philosophy 
• Matrix Management 
• Increased use of Station Work force 
• Full Company Support 
• Open Communications 
• Career Development 

The 'home grown' philosophy at Torness emerged from lessons learned at other utilities, 
personal experience gained from other NPP Outages, Commissioning, WANO Peer 
Reviews and research into Outage philosophy. 
A full time Outage team was not possible with the limited resources available within SNL. 
Turnkey Contracting was considered to lead towards a loss of expertise and was 
considered to be too costly. By allowing the NPP staff to carry out as much work as 
possible, the expertise would be maintained within the station and the work would be 
finished to a higher standard than by contractors. The Outage offered the work force a 
welcome change from the exacting routine maintenance regime in place at Torness. 
Large sums of money spent on improving Outage facilities were not available and was 
considered not to be economically justifiable nor necessary, as original facilities were 
adequate and fit for purpose. 
Ownership was seen as a major motivating force for successful Outages and success in an 
Outage would spill over into other areas. 
Matrix management was introduced in 1993 where the Outage Co-ordinating Engineer 
( Outage Controller ) was designated as the first matrix manager for a cross discipline 
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station process. No other permanent staff were allocated to this process, but all staff 
involved in the Outage process were responsible to him for Outage related matters. 
The cross-discipline effort was monitored by close collaboration with the Outage Co-
ordinator and the newly introduced Time Recording System. 
In order to reduce costs in the area of contract budget, Outage work was split into 3 
areas. 

(i) That which must be done be Contractor specialists during the Outage; 
(ii) That which could be done by Station Staff during the Outage and 
(iii) Non-Outage work that was being done for convenience during the Outage 

The core Outage team is formed 2 months before the start of the Outage in a newly 
refurbished open plan office. Its first task is to organise and schedule as much of (iii), 
prior to the Outage as possible without increasing risk of loss of generation. 
The remaining (i) and (ii) were planned for the Outage using best times ever achieved or 
best endeavours by the responsible engineers for each activity. 
Communicating and the promotion of the Outage is considered to be vitally important. A 
pre-Outage presentation is normally made to all NPP staff who wish to attend, followed 
by a rigorous questions and answer session. 
The plans are well distributed and displayed in colour and a daily computerised news sheet 
is produced to keep everyone informed of progress to date and short term targets. The 
Outage is run from an open plan office with a newspaper like 'city desk' atmosphere in 
which the important daily meeting is held. An Outage production daily plan is drawn up 
each day and presented each evening to the relevant shift production personnel for action 
or information. A computerised permit for work system is also used which indicates the 
present position on plant isolations. 
The Outage at Torness has been uses to assist with career development. The Outage 
controllers job has been rotated 4 times in 7 years and the planning, production, clerical 
support and scheduling roles have similarly been rotated. This has helped to spread the 
specialisation and understanding of Outages throughout the NPP. It has positively 
influenced those 'developed' to support the Outage when they have returned to their 
original discipline. It has helped to illustrate that the Outage is not a specialist job, but a 
robust process requiring team effort. 
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4. Outage Philosophy 
Slide 4 
• Supportive Management 
• Teamwork/ TQM 
• Ownership/ Commitment to Safety 
• Good Preparation/ Robust Planning 
• Achievable/ Agreed Targets 
• Process Analysis/ Continual Improvement 

Management at Torness are supportive of the Outage. Most have worked at the NPP 
since the Commissioning days and they have progressed through the ranks to their present 
managerial positions. They have either been personally involved with the NPP 
Commissioning and the setting up of the first Outage team or have a good knowledge of 
the process. 
They are aware of the effort put in by staff during the Outage preparation and execution 
phases and have always been supportive. As they know the magnitude of the job and the 
experience of the people involved they have allow the work to progress without 
interference. They have required to be kept informed on a weekly basis to assure them the 
situation is under control and on target. They have always responded quickly to fully 
support the Outage team. 
Auditable systems are continuously improved to track statutory work and notable defects. 
Close collaboration with the Nuclear Inspectorate is encouraged and an open and frank 
relationship is enjoyed. 
The Team running the Outage are considered by themselves to be equal players with no 
hierarchy. They have been trained in TQM techniques and are content to be trusted to 
carry the Outage on behalf of the NPP. The team is largely made up of volunteers from 
relevant disciplines who feel ownership for the Outage and enjoy its challenge. TQM has 
allowed a greater input from the shop floor workers who now feel that they have a voice 
and a means of inputting their ideas to improve the Outage process. The shop floor 
ownership has largely contributed towards time reduction as they have set themselves 
harder targets than the co-ordinating group would have done. 
Safety has always been paramount within the Nuclear industry and cannot be 
compromised. Safety improvements were also encourage and implemented. In some cases 
they were found to improve the situation and save Outage time. 
The challenge of improving Outage times require and ensure greater detail of preparation. 
Outage times must be considered to be believable and achievable. A no blame culture in 
event of over runs must be stressed and the idea of not letting down the team emphasised. 
The time scales are agreed well in advance and the required preparation to meet these 
targets are identified. Preparation is encouraged and carried out throughout the year. 
Outage is not considered to be 'stand alone' and different from other station work. 
Section Heads work with the Outage Co-ordinator to ensure preparation and uniformity 
of approach is taken and problem areas are identified and addressed well in advance. 
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Greater detail and better preparation by those responsible for their plant area improves 
safety. The completion of work quickly and accurately is less likely to tire the work force 
and helps to guard against fatigue related injuries. 
Robust planning together with tight time scales is considered to be better than detailed 
programme planning. Shorter time scales are more likely to be identified and worked 
towards if the plan is robust enough to cater for over-runs, in the event of an unforeseen 
eventuality. This approach allows the responsible engineers to identify the minimum job 
times without adding on extra for contingencies. 
Extra hours during the Outage are agreed beforehand and any additions to this are only 
worked for the identification of improvements. Deficiencies in preparation are rectified 
during normal working time only. 
The identification of an improvement is treated as a great find that will improve this 
Outage and the Outage process for years to come. A special book, kept in the Outage 
office is available to record these ideas which is reviewed continuously by the Outage 
office staff and immediate implementation is encouraged. 

5. Outage Achievements 
Slide 5 
• 47 Days Breaker to Breaker 
• No Outage Related Trips 
• Most Activities Quicker 
• Non Outage Work Done on Load 
• High Standard of Completion 
• Safety not Sacrificed 

The 49 day programme was completed in 47 days and incorporated a full 14 channel re-
fuelling. More defects than ever before were cleared during the Outage. 
The reported defects on start-up were less than ever before and analysis showed that non 
were significant. They were reported to the Site Nuclear Inspector who agreed that they 
were not significant. 
No Outage related reservations to start-up were identified at the start-up meeting with the 
Nuclear Inspectorate. 
There have been no Outage related trips on the Reactor since start-up. 
An analysis of Outage activities carried out after the Outage found that most activities 
were carried out significantly quicker than ever before and a new norm has been 
established for most jobs. 
Identified 'non-Outage' work has been re-programmed for completion on load and has 
been satisfactorily incorporated into the station routine maintenance programme. 
A safety tour of the plant during start-up found no safety related problems and the plant 

was described as 'gleaming'. Safety was seen to be improved by the shorter, well prepared 
Outage. 
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6. Future Improvements 
Slide 6 
• Book of Improvements 
• Optimisation of Time scale/Costs & Safety 
• Team Identified Recipe for Success 
• 5 Days Reduction Identified 
• Outage Myths Exposed 

The book of improvements had 30 pages of comments. These covered process 
improvements, plant improvements and planning improvements and were categorised as 
follows: 

(i) Those for immediate action during the Outage; 
(ii) Those for action in future Outages; 
(iii) Those for further consideration; 
(iv) Those rejected; 
The number that were rejected and those requiring a large investment were significantly 
small. 

The content of the work in the Outage, their minimum times and the critical path are the 
deciding factors in the overall length of the Outage. Minimum times are only achieved by 
the commitment of those concerned to meet these times professionally and safely. The 
critical path is dictated by the Operating Rules of the NPP and the skill of the planning/ 
technical support staff. 
A general rule of thumb is that cost reduction can better take place off the critical path as 
long as the items don't themselves become critical. 
In the case of Torness, the book of improvements shows that there was a potential 5 days 
still to be saved on the Outage. The target of 6 weeks, provided the critical path work 
content remains constant has been identified. Calculations have shown that a 6 week 
Outage will also be a cost minimum as long as the preparation has been thoroughly 
executed. A 5 week Outage is the absolute minimum at the moment, based on the present 
Outage content, but will cost much more and could encroach on safety. 
Lack of thorough preparation was seen to extend Outage time scales, reduce post Outage 
plant reliability and possibly adversely effect safety of Outage execution. 
Meetings held by a post Outage analysis team ( made up of Outage team members) 
discussed the well established 'unwritten rules', custom and practice and myths that have 
surrounded Outages for many years. These were written down at length and fully 
discussed to find that most were restrictive, negative and few were relevant. By identifying 
them and by discussing them fully it was apparent that they were no longer applicable and 
could be replaced by more appropriate positive myths. 
The analysis team also tried to identify why the Outage had been so successful in order to 
transpose this success into other projects and other areas. They came up with the 
following recipe for success: 
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7. Recipe for Success 
Slide 7 
• Compatible Team/ Mutual Trust 
• Good Working Environment 
• Challenge in the Job 
• Individual Talents put to Good Use 
• Team Involved in Problem Solving 
• Opportunities for Staff to Develop 
• Recognition for Contribution 

8. Conclusions 

Slide 8 
• Champion 
• Self Motivated Teamwork 
• TQM/ IIP/ Benchmarking 
• Commercialism V Safety 
• Outage Management Style 

The Champion for the Outage was the NPP Engineering Manager who helped to set up 
the original Outage team and is fully committed to its success. His lobbying and enlisting 
of support from the SNL Executive Team raised the profile of the Outage to reach the 
ears of the Chairman, Chief Executive and the whole Company. 
Self motivated teams have been seen to set harder targets than those that would have been 
set by the Company and have the committment to achieve them. The ownership of these 
targets is firmly in the hands of the team and therefore more achievable. 
TQM, Investment in people and Benchmarking philosophy has helped to open the door to 
self analysis and identify how processes work. The desire to learn from others and strive to 
be the best has had a positive effect on the enthusiasm for a job that has an immediate and 
defined goal. The analysis techniques, now successfully established have become second 
nature and the new way of doing things within the NPP. One cannot understand how 
things were done without them. 
The Outage myth that commercialism adversely affects safety has been dispelled. A 
shorter and more economic Outage can be safer if the correct level of preparation is 
carried out and if the Outage team are enthusiastically committed to achieve the goals. A 
longer Outage that limps along with avoidable problems and dissatisfaction is more likely 
to give safety related problems that will be difficult to avoid. 
Similarly a shorter Outage, dictated for commercial reasons without the ownership or 
belief by the Outage team that it is possible may compromise safety if the pace of the 
Outage is forced beyond that which is seen to be reasonable. 
The successful Outage Management style at Torness has been proved to be 'supportive' , 
enthusiastic' and commitment to teamwork. Praise for success is shared by the team and 
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problems collectively overcome. All members are considered equal with no hierarchy. 
Failure is not an option. 

9. Outage Philosophy ( Conclusion ) 

Slide 9 
• Cultural Change ? 
• Economic Miracle ? 
• Will Improvements Continue ? 
• How can Enthusiasm be Maintained ? 
• What are the Lessons to be Learned ? 

A cultural change has taken place in SNL since the completion of the 1994, 47 day Outage 
in that the old way of running Outages is gone forever. Success at Hunterston NPP (our 
other power plant ), who planned and achieved a 58 day Outage as a direct result of 
liaison with Torness and a benchmarking visit to an English ( Nuclear Electric ) NPP, has 
confirmed this. 
The world-wide focus on different aspects of Outages has exposed this discipline to open 
examination that has proven beneficial in the short term. There is no doubt that more 
megawatts and associated revenue has been generated world-wide because of this focus. 
This can only be claimed as a long term economic advantage if the shorter / slicker 
Outages are associated with the same or enhanced safety. A safety related problem whose 
root cause is a shorter than reasonable Outage time may help to reverse this process. 
A high profile for a process also tends to inject enthusiasm into the participants. This 
enthusiasm by the Outage Team to meet targets and overcome difficulties is an essential 
requirement for successful and timely completion. Once the focus drifts onto another 
process or another target, it will be difficult to maintain the enthusiasm unless the 7 items 
listed under 'recipe for success' are addressed. 
It is concluded that commercialism and timely Outages can work together through 
teamwork as long as sound engineering judgement isn't lost in the process. 
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1. INTRODUCTION 

Tho future of tho nuclear power industry is closely linked to Iho oconomio 
competitiveness and safety of powor plants. 

In 1091, tho discrepancy between unit outage objectives and achievements, in torms 
of duration and costs, was brought, to the attention of Nuclear Power Plant. 
Operations, which saw in it a threat, to the sustainability of tho nucloar olectric 
generating industry. 

Almost at tho same time, in the wako of soveral incidents (luring unit outages, I3DF 
launchod an in»dc.pt.h study into the underlying causes of malfunctions during 
shutdown. A set of recommendations was put forward, approved by tho Safety 
Authorities, known as tho "Maintenance-Safety Initiative". 

In 1992, the management of EDF's Saint-Lauront-dos-Eaux powor plant drew 
similar conclusions regarding tho control of unit outages (with rogard to costs, 
nuclear safety, radiation oxposure, etc.). As part of its three-year Strategic Plan, 
plant management, defined tho following priority objective: to rank among tho best 
nucloar operators in tho world. 

Management, designated a "projoct manager", who would sit on tho management 
board and report directly to tho plant operation manager. Tho projoct manager 's role 
is to coordinate the work groups representing the different spooialiitod departments 
involved in unit, outago, with tho following responsibilities: 

- Unit, outago structure and organization 
- Project coordination and Safety and Quality Assuranco 
- Oversight management and outside contractor monitoring 
- Outage logistics 

The "ALARA" (As l/ow As Reasonably Achievable) Program, aimed at, significantly 
reducing radiat ion exposure, was launched at tho same time. 

2. THE OUTAGE SAFETY-QUALITY ASSURANCE INITIATIVE 

One of the core components of efforts 1o improve nucloar safety during outages is tho 
creation of the "activities coordinator" job category. Projoct. coordinators aro 
responsible for coordinating and overseeing all maintenance activities relating to 
safeguard systems. Coordination is pursued within tho scope of a Safety-Quality 
Plan, which is geared to the following objectives: 

- define the conditions required for a maintenance activity, 
- identify any woak points, risks of error or omissions in interfaces during 

tho process and select, tho appropriate corrective actions, 
- define and initials maintenance work and equipment post-maintenance 

tosting. 

Tho Quality Plan constitutes the coordination framework for maintenance activities. 
It must identify tho main safoty risks and define the appropriate actions (e.g., 
checks, points which merit notification reports, etc.) to onsuro compliance with 
Quality and nucloar safety requirements. 
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• The Quality Plan is geared to preventive action 

- It aims to anticipate tho roquirod conditions at the installation and to 
onablo redefining them in roal timo. 

- It must identify risks, such as common mode failure or insufficient 
coordination of simultaneous or successive maintenance work. 

- It spocifios equipment, monitoring, chocks and post-maintenance tests. 
- It defines the responsibilities of all players and aroas which must, be 

coordinated. 

• The plan ig a real-time coordination tool 

- Tho Quality plan allows sufficient flexibility to adapt to any changos in the 
outago schedule. It. acts as a guide and "check-list" for tho coordinator. It is 
updated to integrate new requirements as activities procood. Risk analysis 
allows for roal-timo responses to unforeseen events. 

• Tho Quality Plan ensures traceability and contributes to oxper icnce 
feedback 

- The plan is pormanontly updated. It rocords all maintenance and analyses 
carried out. It provides concrete proof that quality requirements havo boon 
satisfied. 

• Tho Quality Plan is composed of the following: 

- A list of applicable reference documents for all maintenance activities 
involvod. 

- A flow chart describing the sequence of maintenance work to bo carried 
out. 

- A risk analysis table for each maintenance activity and the interfaces 
between activities. 

- A list of unplanned work integrated into the outago schedule. 
- A summary of conditions roquirod for the outage. 
- A list of temporary resources and measuros used during work which were 

directly safoty related. 
- A list of the foremen assignod to oversight, managomont, who are 

responsible for work and who report to tho coordinator. 

• The role of the act iv i t ies coordinator 

The activities coordinator is an engineer dotached from one of the plant 's 
operational departments for the duration of tho unit outage. The coordinator is 
responsible for all ospocts of tho activity: technical quality, cost, load-time, 
nuclear safety, industrial safoty and radiation exposure. 

To ensure tha t the process runs smoothly, tho coordinator obtains all tho 
necessary information and attends all meetings organized on the outago (work 
authorisations, outage coordination, Bafoty committees, etc.) 
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3. UNIT OUTAGE STRUCTURE 

Advanced planning is essential to optimum outage control. Short outages (overage of 
4 to 5 weeks) are prepared at least four months in advancc. 

At this stage, the outage team is designated and meets, under tho leadership of tho 
unit outage manager, in an area dedicated to outago activities. The resources needod 
for tho outago aro negotiated bot.woen tho department managers and tho unit outago 
manager. The outage structure functions as a horizontal project, which roports 
permanently to tho Plant Operation Manager. 

Tho unit outago manager is a permanent position and tho planning structure is a 
pormanont ontity. Tho samo staff aro appointed over sovoral outage programs in 
ordor to maximize professionalism. 

4. GROUP TRAINING A N D EXPERIENCE FEEDBACK 

It quickly boeamo apparont that to achieve technical efficiency and enhance tho 
safety culture, specific training focusing on teamwork and mutual support during 
outago activities was necessary. We set up one- te two-week training programs for 
groups of 12. Basod on practical, concrete exercises, this training spoods up 
pinpointing of typical probloms encountered in teamwork (the need for, and 
roquiromonts of a group loader, cooperation rules, allocation of tasks, report writing 
rulos, etc.). Furthermore, training has helped encourago collective thinking. 

All stafT involved in unit outages havo completed these training courses, beginning 
wit h tho unit outage manager, activities coordinators and oversight managers. 

In compliance with a commitment by tho plant management, tho Safety and Quality 
Assurance Team initiated in-depth oxporioncc feedback as soon as tho now unit 
out,age organization took shape. 

Following each outago, a sample of around 40 staff is chosen. Each employee has a 
confidential two-hour interview with a member of the management board and a 
human factors consultant. The resulting information is circulated for analysis among 
all participants as part of the experience feedback process. This allows for frank 
comparisons of perceptions, with complote confidentiality. On the basis of this joint 
analysis, a list of recommendations is drawn up and proposed for tho following 
outago. Those recommendations may bo translated into docisions by department 
managors and members of the plant, monagoment board. 
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5. INTERIM APPRAISAL A N D OUTLOOK 

In 1992 tho Saint-Lauront site posted fairly mediocre outage control results. Tho 
initiative described here was pursued throughout 1992 and 1998, with new 
moasuros widely implemented and analyzod for initial experience feedback. In 1994, 
efforts wore made to consolidate tho achievements made. 

The following table shows tho improvements in our performance. 

Average 
outage 

duration 
(in days) 

Average cost 
(FF million) 

Average 
outage over' 

run 
(in days) 

No. of 
significant 
incidents 
during 

outage with 
site 

responsibility 

Average 
radiation 
exposure 

(man-
sievert9) 

1991 Unitl ->91 d 
Unit 2 -+46 d 

110.9 
54.5 

19 d 
14 d 

5 6.66 

1992 Unit 1 -» 70 d 
Unit 2 -> 42 d 

65.9 
80 

12 d 
16 d 

2 4.7 

1993 Unit 51 d 
Unit 2 99 d 

(10-year 
inspection) 

52.5 
142.3 

Od 
14 d 

8 10 

1994 Unit 1 -+ 
Unit 2 

51.5 
53 

Od 
3 d 

3 4.4 

Tho table shows tha t considerable improvements have boon loggod not only in 
technical aspects, but also regarding nucloar safety. This confirms that ovorall 
quality is being enhanced in all aspects of unit, outago. It also shows tha t quality 
performance is not, contradictory with nuclear safety. Howovor, it has been observed 
that, this reorganisation has "unsettled" tho staff involved, temporarily resulting in 
an increaso in tho number of incidents. 

The St.-Laurent plant, does not. aim to further reduce outago duration, but to focus 
instead on improving cost control and, above all, to pursue a resolute commitment to 
enhancing nucloar safety and radiological protection. 
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Abstract 

Outage productivity varies with the outage philosophy at the utility 
company. The outage philosophy usually has its roots in the cultural 
attitudes of the country, and stems from specific social, economic, and 
technological qualities. The success of outage execution is also related to 
the attitudes at all levels within the organization, and their relationship 
with the regulatory authorities. 

This paper describes the influence of certain philosophical elements on 
outage performance, based on cultural differences, attitudes, processes, 
and technology. Main areas touched upon are organization, 
management, planning and preparation, management of contractors, 
tooling, and special methods. 

Of special interest is the question of safety. Every nuclear power 
company has safety as a main performance goal. However, the way to 
address safety varies between companies. Are the 14-day refueling and 
maintenance outages at the Finnish TVO plants any less safe than a 60-
day outage at another plant? Actually, studies have shown that shorter 
outage involves fewer threats to safety than an extended one, so a major 
goal to enhance overall plant safety would be to shorten outages. 

The nuclear power company which, for reasons of safety, drives itself to 
a 60-day outage, will actually have a chance to enhance safety by 
reducing the outage length. The cultural environment with shortened 
outages generally can provide inherent safety factors. Elements, which 
can be identified to provide an environment for short and more 
economical outages are also beneficial for safety considerations. 
Another important factor related to safety is the amount of people 
engaged in the maintenance and refueling outage. There are 
considerable differences in the number of people at a typical U.S. 
nuclear power plant and one in Europe. 

Worker safety can also be improved. Investments made in order to 
reduce outage time also have a positive effect on the industrial safety 
environment and the radiological situation at the plant. Tooling 
systems, methods, and ideas used in Europe could reduce the number of 
workers needed at the U.S. plant, and also allow lower collective 
radiation doses. 

This paper is based on direct experience with U.S. boiling water reactor 
utilities with which the author has been working for several years in 
order to introduce Swedish technology and methods for outage 
improvement. These improvement studies have shown that the typical 
U.S. nuclear power company could benefit from European nuclear 
power plant operation and outage experience. The paper also discusses 
areas where U.S. methods could prove advantageous for European 
plants. 
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Outage Duration 

One of the most apparant differences between outages at nuclear power 
plants in Europe and the USA is that the outages in the USA generally 
take a longer time. A typical refueling and maintenance outage in 
Sweden is approximately 30 days, while a comparable outage in the USA 
is about twice that time. Some utilities have managed to shorten their 
outages, so the best performing plants in the USA have demonstrated 
outages in the 30 day time frame. This can be compared with the 
experience at the two TVO plants in Finland, where they constantly keep 
their outages to approximately two weeks. 

If we limit this comparison to only boiling water reactors (BWR), we can 
identify a number of reasons for the differences. One reason is that the 
U.S. BWRs typically operates on a 18 or 24 month cycle, while the 
Swedish and Finnish plants operate on a 12 month cycle. A plant on a 24 
month cycle would be expected to generate twice as many maintenance 
items for the outage than the 12 month cycle plant, so it is natural that 
the maintenance takes longer in the USA. However, when the 
maintenance scope is compared between a U.S. plant and a Swedish 
one, we often find that the typical U.S. plant has a large amount of 
maintenance requests originating from a previous backlog. In general, 
a 24 month cycle plant actually generates less than twice the amount of 
maintenance requests as those at a 12 month cycle plant. For efficient 
outage performance it is important that the backlog is reduced to zero, so 
that only maintenance requests generated during the current operating 
cycle are of concern for the outage. 

Another reason for the difference in outage duration between a typical 
U.S. plant and a Swedish one is the difference in reactor design and 
tooling. The Swedish BWR is designed with maintainability in mind 
from the beginning to a much higher degree than the U.S. plant. 
Reasons for this difference can be found in the cultural environment in 
which the plants were ordered, designed and erected. However, the fact 
that the time from outage start (open breaker) to start fuel moves in a 
U.S. BWR is 4 to 5 days, while in a Swedish or Finnish BWR it is less 
than 2 days, can be attributed both to difference in design and to 
maintenance performance. There are potentials for substantial 
performance improvement for this type of work, and for other outage 
activities. 

The main reason for differences in outage duration can be found in 
cultural and traditional elements of the European (Swedish/Finnish) 
and the U.S. environments. The American cultural environment has 
differing economic viewpoints than that of Europe. Payback 
requirements are different. Long term investments are more easily 
approved in Europe than in the USA. The competitive environment 
between power suppliers in the USA has been virtually non-existent. 
But, with new rules approaching in the USA, we now see a growing 
interest in power cost reduction, and an adoption of European ideas. 
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Outage Length Versus Safety 

A nuclear plant which is shut down for refueling and maintenance is 
under continuous alterations. Work is performed in the reactor, fuel 
assemblies and core components are being moved back and forth, safety 
systems are switched, etc. The outage situation might or might not be 
safer than during operation, but a long outage means that the plant is 
exposed to the outage risks over an extended time period. 

Nuclear plants which have complete fuel offload add more fuel handling 
time to the total outage time than those plants which perform fuel 
shuffle, and only remove old fuel from the core. Every fuel move, and 
every control blade guide move contributes to the amount of possible 
safety concerns. For example, complete offload and reload of the core 
involves an average of 250 more moves of fuel assemblies to and from the 
spent fuel pool than the corresponding fuel shuffle. It also represents 40 
extra hours of outage time. 

Other possibly safety concerns can be found in the fact that there are 
more people involved in the activities at the nuclear plant during the 
outage than during operation. An outage organization is formed to 
handle all of the work to be performed, and numerous contractors come 
in to assist. 

The outages performed with a short duration usually are better 
prepared and better organized than those with extended duration. At no 
plants are shortcuts made to reduce time, but outage organizations with 
better knowledge and experience are more prepared, and they are more 
determined in their decision process, so performance can be optimal. 
The obvious conclusion is that an outage performed in a shorter time 
has the fewest number of safety concerns; the outage organization is 
more qualified, there are fewer people involved, and the whole process 
takes less time. 

Organization 

Organization charts at U.S. and Swedish nuclear utilities are very 
similar. They include the same units for operation, maintenance, 
health physics, engineering, etc. The main difference is that the U.S. 
organization is much larger. Their size is normally three times that of a 
Swedish utility with the same production capacity. The reasons for this 
can again be found in the cultural and economic situation. 
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U.S. utilities have forced themselves into a confrontational attitude with 
the regulatory authorities by demonstrating too few initiatives, or being 
too late to take actions to solve problems in their plants. Short term and 
low cost attitudes to problem solving have created an environment in 
which the utilities regard the regulatory authorities as threats. The 
situation in Sweden is different. A pro-active attitude from the utilities 
has instead created a more cooperative and trusting environment, 
which is more economical, and also easier to work within. Whereas the 
Swedish situation gives the utilities more freedom to perform, the U.S. 
utilities have more detailed rules and regulations imposed on them. 
Adherence to detailed rules takes more effort, and also requires more 
people and expanded management. 

More people are also used to perform outage tasks in the U.S. plants. It 
is a question of muscle versus equipment. There is a tendency at 
American nuclear power plants to use more manpower and to perform 
tasks manually with less tooling. In Europe the same activity would be 
performed using more elaborate tools and fewer people involved. The 
situation is the same as discussed earlier. There is a tradition of not 
investing in tools, when you can get your present problem solved using a 
couple of people for the job. There is a spiraling effect; a tradition to 
perform activities manually (inexpensive) does not provide reasons to 
invest in efficient (expensive) tooling, and while manual skills are 
acquired, it is hard to justify the investment for the short time frame 
considered. 

Generally, more people are also used for backup reasons. Again, 
cultural/economic reasons could be behind this. Contractors are often 
brought in to the plant via labor brokers, who, through union 
agreements, have to be utilized for craft supply. Craft without previous 
experience from related tasks also need more supervision and on the job 
training. At plants with strong unions certain tasks can only be 
performed by those belonging to the union. This situation requires more 
people at the site for reasons of worker availability. 

Shift time schedules need to be evaluated for safety concerns, both for the 
plant and from a worker safety point of view. The fact that people are 
organized to work at constant 12-hour shifts reduces the capacity of the 
individual, and causes a need for more people. Persons on 12-hour shifts 
for extended periods of time become safety hazards. After a few days in a 
hot and humid environment the physical and mental capacity is 
decreased to a point where mistakes are more easily made. 
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U.S. contractors cannot justify the use of several shifts in order to reduce 
the number of work hours to the 40 hour-week, which is common in 
Sweden, even for work on critical path. The result is that they bring in 
more people for replacement within the shift. More people need more 
supervision, more auxiliary resources, and so on. More people at the site 
also means increased risks for safety related problems, and if the people 
are exhausted from heat and long hours, this adds to those risks. 

Additionally, more people at the site increase the accumulated radiation 
dose. The more workers present at the site, the more health physics 
personnel are needed. Health physics personnel as a group receives a 
major part of the collective dose during the outage. 

Change 

Management is responsible for the reduction of outage time and the 
number of people involved in the outage. If it is difficult to manage an 
outage which is performed in the normal fashion, it is many times more 
difficult to manage the change to a radically reduced outage time and 
resources. And it is especially hard to change intangible factors as those 
involved in the culture of the utility, and hard to measure. But we need 
to work with the culture aspects to achieve a positive change. 

We want to get a change in behavior and attitudes, and with that follows 
changes in the process and the technology of the plant. The goal is to 
achieve shorter and more efficient outages through people at all levels 
who are motivated to assume responsibility and perform. The process, 
when successfully integrated, will automatically require less overall 
management. Figures 1 to 5 are enclosed to demonstrate the process. 

Figure 1 

The figure shows the elements, or the tools, which are involved for 
the execution of an outage. The outer circle represents the overall 
Management needed to carry out an outage using the available 
Process, Technology and Culture. 

Process represents the activities needed to reach the degree of 
maintenance (refueling, inspection, etc.) required. 

Technology provides the means used for the process. 

Culture represents the established and accepted behavior of the 
group performing outage activities. 

With no integration between the elements, we need a large 
Management circle surrounding them. 
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Figure 2 

When we adjust the Technology to better fit the Process, and also 
modify the Process to the Technology, we achieve Efficiency. The 
more we blend the two elements together, the more efficient can 
the Process be performed. 

Figure 3 

If we have a Process which is not accepted by the Culture, there is 
little hope we can perform. But we can work on both the Process 
and the Culture and move them together. The result is a change 
in Attitude. When we accept and understand the Process, we have 
created the proper attitude for the Process to be performed. 

Figure 4 

We want to make certain that the Culture also accepts the 
Technology. Technology developed has to fit into the Culture, and 
the Culture needs training to understand the benefits with the 
Technology. When the two meet, Motivation is created. 

Figure 5 

The results of all the elements blending into each other is an 
environment where the overall Management need decreases, 
since in the center, where all the elements meet, is created an 
area which represents Self Management. Motivated people, with a 
positive Attitude perform with Efficiency. They assume 
responsibility, they make certain that they understand the 
Technology and the Process, and they need a minimum of 
Management to perform. 

The blending of the elements as shown is an ongoing process both in 
Europe and the USA. The self managing white center area shown in 
Figure 5 is smaller in the USA, but when the economic realities in 
connection with full deregulation of the electric power market hits the 
U.S. utilities with full force, they will be able to beat any competition. 
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To Learn 

There are certain factors in the American society, liability reasons, for 
instance, which drive the U.S. utilities' motivation for safety further 
than what is seen at Swedish plants. Another factor is the requirements 
for security at U.S. plants, and those factors together add to the overall 
safety at the plant, including worker safety. 

In Europe we could use details from the U.S. Fitness for Duty Program. 
Not that we necessarily accept the whole program with all the rules on 
compulsory drug and alcohol tests, but a random test program would 
catch some abusers. The main idea, though, is to make people more 
aware of the fact that there is such a program in effect, and that 
understanding would lead people to think more about their consumption 
habits. 

Also, a limited amount of the U.S. background check requirements 
would be beneficial to make certain that all people at the plant are stable 
performers. This subject is sensitive, but it should be discussed in the 
nuclear and other industries. 
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REFUELING O U T A G E S AT ELECTRICITE D E FRANCE 
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A N E W O R G A N I Z A T I O N T O ENSURE I M P R O V E D NUCLEAR 
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F.very 12 to 18 months, each reactor in the French nuclear generating system is 
shut down for refueling and maintenance. Improved control over tho outage 
process is a major challenge and one of the key performance goals of the Nuclear 
Power Plant Operations. 

Work carried out on equipment and restart tests are fundamental phases in 
ensuring the reliability of unit safety functions. 

Programmed outages are the principal reason for nuclear power plant 
unavailability, Furthermore, a full 80 percent of radiation exposure at nuclear 
installations is incurred during unit outages. 

Each unit outage mobilizes nearly 1,000 staff and involves some 5,000 different 
activities within the space of just one month. Efficient organization and staff skills 
are therefore the predominant success factors. 

In view of these challenges, complementary in-depth studies have been carried 
out at sites in addition to the technical measures and improvement initiatives 
under way. The objective of these studies is to enhance plant performance in 
terms of nuclear safety, outage duration, cost, radiation exposure and working 
conditions. 

SYMPOSIUM - STOCKHOLM 
June 19 - 22,1995 



KEY POINTS IN THE INITIATIVE 

SOLID FOUNDATIONS IN THE FIELD 

Conclusions have been drawn up under the coordination of site 
representatives and corporate departments on the basis of studies carried out 
at nine nuclear power plants and within these corporate departments. 

The project was divided into five phases: 

- Phase 1 Analyses at three sites, drawing primarily on observations 
made of human factors involved in the different activities 
prior to and during unit outage; interviews were also 
conducted with the main players. 

Validation and deepening of the improvement paths at six 
sites, conducted on the basis of interviews (around forty at 
each site, encompassing all players, from operational levels 
through site management), and work groups. 

- Phase 3 Focusing on the support role played by corporate 
departments for sites during outages. 

- Phase 4 Definition and validation of proposals and recommendations 
arising from the above efforts, centered on four progress 
drivers. 

- Phase 2 

Phase 5 Circulation of, and support for implementing these 
recommendations. 

CROSS-DISCIPLINARY APPROACH 

The team in charge of the outage project is a multi-disciplinary team made up 
of organizational specialists, engineers, operators and ergonomists. Headed 
by the Human Factors Group of the Nuclear Power Plant Operations, the 
project involved different EDF departments and was pursued in conjunction 
with the Human Factors Group of the Corporate Safety and Reliability 
Department, which is part of the Research and Development Division. 

Within the scope of a framework agreement between EDF and the French 
Atomic Energy Commission (CEA), the CEA's Human Factor Analysis 
Department also contributed to Phase 1 of the study. 
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PROGRESS TO PATE 

Following is a description of the functioning of unit outage organizations on the 
basis of observations made during the study. It reveals disparities between sites, 
which reflect their specific features and the developments currently under way at 
a number of these sites. 

• OUTAGE MANAGEMENT 

The limitations of functioning oti the basis of job categories (e.g., mechanical 
engineers, boilermakers) 

The planning and execution of unit outages are primarily organized 
according to job categories and the dedicated Operations and Maintenance 
structures. This ensures both the technical quality of work and continuity 
between unit shutdown and unit functioning modes. 

However, these job category-based structures tend to result in segmentation 
and reduce the efficiency of horizontal decision-making, as reflected in the 
problems encountered in integrating operations. A failure to achieve overall 
optimization between specialized departments and to obtain a general 
perception of all objectives (nucloar safety, outage duration, cost, radiation 
protection, etc.) remains one of the weak points in outage control. 

• THE HUMAN COMPONENT 

An merging job category - unit outage professionals 

Improvement initiatives under way at EDF in the areas of Safety-
Maintenance, Operations and Engineering have helped strengthen staff 
professionalism in both outage planning and execution, as well as in terms of 
expert analysis. 

However, the high level of turnover among key players in the outage process, 
such as outage supervisors, has hampered the ability to capitalize on the 
transfer of know-how. This has resulted in the successful completion of 
outages too often depending on just a few "strong personalities". 

New job categories are emerging, drawing on three-fold skills in the areas of 
maintenance, operations and project management. However, these new 
categories do not receive sufficient specific training, nor do they benefit from 
real leadership or human resource planning, either at the local or national 
level. 
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• A D V A N C E D PLANNING A N D METHODS 

Insufficient exploitation of the repetitive character of unit outages 

The repetitive arid reproducible nature of unit outages remains largely under-
utilized. 

Sites continue to pursue an approach geared to once-a-year, single outages. 
Planning schedules are drawn up without regard to external factors and the 
possibilities of joint planning work are seldom exploited. 

Lastly, although forward-looking actions have progressed on the whole, 
planning schedules are rarely formalized and are not always met. 

• CAPITALIZING ON EXPERIENCE 

Too much emphasis on the technical aspects of each specialized department 

Although there is room for further improvement, experience feedback 
functions are efficiently in the technical areas of each specialized department. 
However, experience feedback is under-utilized with regard to horizontal 
and organizational aspects. 

Furthermore, the extensive potential for pooling experience among sites 
across the country remains largely untapped. This means that the successes 
achieved by a number of sites have not been diffused among other sites. 

4 /9 ClMMUtOTTBlWWCWU* 



PATHS TO PROGRESS 

An appraisal of the current situation has led to the identification of the following 
four improvement drivers. 

1. PROTECT-BASED MANAGEMENT 

A key to optimizing outage control lies in coordinating unit outages as 
specific projects. This means mobilizing all job categories to achieve a set of 
common goals. Project-oriented outage management calls for a clarification of 
responsibilities and a strengthening of resources. 

PROJECT RESPONSIBILITY 

The project manager is charged with coordinating the outage, from planning 
through experience feedback. The project manager is responsible for attaining 
all project goals and has at his/her disposal the progress drivers needed to 
both plan for, and respond lo, developments in all of the key areas: nuclear 
safety, outage duration, cost, quality and radiation exposure. 

Project managers must have proven extensive experience and field substantial 
skills in operations, maintenance and project management. 

Together with an Operations Manager and an Maintenance Manager, the 
Project Manager constitutes the decision-making cell for the project A 
number of different units involved in the project (representing nuclear safety, 
radiation protection, planning, administration and logistics) provide support 
and expert advice to the project team. 

SUB-PROJECTS 

The outago project is divided into sub-projects, relating to specific areas (for 
example, safeguard systems for the safety-injection/containment spray 
systems, essentia] service water system, component cooling water system, SG 
cooling, auxiliary feedwater system, etc.). These sub-projects are coordinated 
by "sub-project managers", who are responsible for attaining nuclear safety, 
duration and cost objectives. The sub-project managers coordinate the 
involvement of the different specialized units, with the support of the work 
coordinators for the relevant equipment. 

5 /9 
nwwJiwwuicjroaMi* 



Coordinating outages as projects will help heighten the responsibilities and 
strengthen the skills of teams in a given area, thus enhancing overall 
performance. However, because skills, knowledge and expertise are 
developed and optimized within permanent structures (job categories, 
permanent outage structures, engineering functions, etc.), it is essential to 
build efficient interfaces between the project and those structures. 

2. STRENGTHENING PROFESSIONALISM 

RECOGNITION OF "UNIT OUTAGE" JOB CATEGORIES 

The gains at stake in unit outage control and the increasingly stringent 
demand for concrete results have led to the designation of "new job 
categories". These categories arc specific to unit outage, since they require 
staff to field three-fold skills: operations, maintenance and project 
management 

These new positions, for example outage supervisor, sub-project managers 
and outage planners, must be explicitly recognized and perceived as full-
fledged job categories. 

At each site, human resource planning actions must be pursued for these job 
categories (e.g., career development, appraisals, the time a position is held, 
skills refreshing, etc.) and appropriate training programs must be provided, 
covering project management, risk management and outage mode operations. 
Strategic leadership must be provided through dedicated local and national 
structures. 

DEVELOPING PROFESSIONAL NE1WORKS 

Professional networks must be built in order to foster experience exchange 
and feedback among sites concerning outages. 

Corporate departments must therefore play a broader role to help promote 
and initiate these exchanges. 
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3. A N "INDUSTRIAL" APPROACH TO UNIT OUTAGES 

The repetitive, reproducible character of outages must be exploited more. 

THE PERMANENT OUTAGE STRUCTURE 

Implementing medium and long-term horizontal actions requires the 
strengthening of the permanent outage structure. This structure must be 
carcfully designed and the person placed in charge must have a high level of 
proven experience to ensure effective action. 

The outage structure constitutes the permanent framework for the activities of 
all professionals involved in outages, including project managers and sub-
project managers, in addition to their work directly for projects. The 
permanent outage structure brings together several functions, such as 
planning, logistics and budgetary control, and provides support and expert 
advice on outages for the different projects. 

AN OUTAGE CAMPAIGN APPROACH 

Developing forward-looking management is pivotal to successful unit outage 
control. In concrete terms, this moans defining schedules integrating available 
resources and, whenever possible, pooling certain planning tasks for different 
outages. 

A MULTI-YEAR APPROACH 

There is also considerable scope for further developing a multi-year approach 
to maintenance work scheduling, resource management and outside 
contractors. 

Pursuing a medium and long-term approach to unit outages must also go 
hand in hand with a strengthening of relations with outside contractors, by 
involving them more in outage planning and experience feedback, for 
example. 
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A MULTI-SITE APPROACH 

In specifically defined areas, different sites could pool their human and 
equipment resources. These resources could then be used to help out a site 
with a momentary difficulty, and would generate cost savings through joint 
investments. 

PROJECT RISK MANAGEMENT 

Outage planning can also be improved by betler advanced planning and 
more efficient response to contingencies. This implies a stricter approach to 
the different types of risk associated with outage projects (for example, major 
technical anomalies, significant deviations from schedules, unplanned 
unavailability of a key person, a shortcoming on the part of an outside 
contractor, etc.). 

If sufficiently formalized, project risk management will make it possible to 
develop alternative scenarios in order to facilitate project responsiveness to 
contingencies. 

4. CAPITALIZING O N EXPERIENCE 

Experience feedback must be extended to organizational and horizontal 
aspects of outages. 

This requires the support of two information systems: the first, within tho 
project, which liaises with the permanent outage structure; the second, within 
the job categories, which liaises with the corresponding on-site engineering 
teams. Information collection, analysis and processing responsibilities must 
be clearly defined, together with action follow-up. 

Experience feedback must be developed, particularly to foster the emulation 
of good practices. Further progress could be achieved by expanding the use of 
computer tools to facilitate the exchange of information. 
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OUTLOOK , . . > ;Y: 

• SUPPORTING CHANGE 

The information and conclusions generated by this study have been passed on 
to all sites and corporate departments to foster reviews and specific actions by 
sites. The goal is optimize the proposed organization, while keeping in mind 
that there is no single, ideal solution. 

A corporate support structure has therefore been studied to facilitate 
experience feedback among sites and to provide customized local support for 
sites which wish to enhance their outage process. 
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MANAGEMENT OF MAINTENANCE OUTAGES AND SHUTDOWNS 

Tomihiko FURUTA 

Institute of Human Factors 

Nuclear Power Engineering Corporation 

1. INTRODUCTION 

The main focus of this study is on human errors taking place in management activities 

during the maintenance work of Nuclear Power Plants (NPPs) in Japan. 

We are now conducting an analysis of human errors based on officially reported 

incidents/failures to the Government to date, under the supervision of the Agency of Natural 

Resources and Energy (ANRE), Ministry of International Trade and Industry (MITI). Although 

the development of their data base is under way and their analysis is only completed in part, 

we decided to make an investigation of the potential problems taking place in management 

activities during maintenance work ( including repairs ) by way of a review of events 

attributable to maintenance activities during shutdown from the data base, which consists of 

all events included in the analysis so far. 

Firstly, to have an overview of the current status of the management activities associated 

with the maintenance work in our country, we reviewed retrieved data of relevant cases of all 

reported incidents/failures from the data base. Using these retrieved data, causal tendencies 

of the incidents/failures are studied to identify characteristics of events attributable to 

maintenance activities during reactor shutdown. We think that the identification of general 

characteristics may provide valuable information and insights about specific past events, and 

about proper management during maintenance work. 

In this report, section 2 describes key issues and topics related to domestic maintenance 

activities. Section 3 describes the results of the review and detailed examination of domestic 

incidents/failures data associated with maintenance. This section briefly describes the 

configuration of the incidents/failures data, review procedures, and general tendencies of 

incidents/failures. Finally, from discussions contained in preceding sections, Section 4 
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summarizes the key items to be improved in maintenance activities during reactor shutdowns. 

2. OUTAGE MANAGEMENT IN JAPANESE NUCLEAR POWER PLANTS 

2.1 Regulatory Context 

The basic laws which regulate outage activities in nuclear power plants in Japan are: 

(1) Electric Utility Industry Law (EUIL), and 

(2) Law for Regulations of Nuclear Source Material, Nuclear Fuel Material and Reactors 

(LRNR). 

Responsibility for regulating, setting standards for, or monitoring the maintenance of 

commercial nuclear power plants is assumed by MITI. 

Specifically, individual divisions of the Public Utilities Department of ANRE, MITI 

assume responsibility for the construction, maintenance and operation of the following 

facilities. 

•Electric Power Technology Division 

—Electric facilities in nuclear power plants 

•Electric Power Generation Division 

—Turbines and auxiliary boilers in nuclear power plants 

•Nuclear Power Safety Administration Division 

—Nuclear power plants, excluding the above. 

2.2 Outage Philosophy 

(1) Basic Concept of Maintenance Management 

The fundamental policy for securing the safety of nuclear power generation in Japan is 

to give the highest priority to the prevention of an abnormal event. Concrete measure are 
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being taken to ensure proper maintenance management because precise maintenance 

management must be observed if safe plant operation is to be achieved. One such is the 

keeping of plant equipment in sound condition. This is accomplished by: 

i. Voluntary maintenance management by the electric utility, 

ii. Strict quality control by the electric utility, and 

iii. Completeness of preventive maintenance. 

It is valuable to note that these principles are closely interrelated, and their basic concept 

is deeply rooted in the social culture of Japan. 

(2) The Elements of Effective Outage Management 

1) Basic plan for the outage. 

For every fiscal year (from April 1st through March 31st of the following year), utility 

headquarters set up the basic plan for periodical inspections of the units of all nuclear power 

stations. The following factors are considered in the preparation of the basic plan: 

(a) Power generation plan of next few years - comprehensive judgement on supply and 

demand balance, etc. will be fed back to the periodical inspection plan of the units for 

that year. 

(b) The periodical inspection consists of normal inspection and special works. Normal 

inspection is performed according to regulations, company standards and manuals. 

Special work will be performed based on the long-term plan for ISI ( Inservice 

Inspection ) and the work plan as counter-measures for improving the reliability of the 

facility. 

(c) To prevent recurrence of incidents/failures, domestic and overseas information of 

incidents/failures, is periodically reviewed and evaluated. This information is fed back 

to improve the facility. 

2) Detailed execution plan of the outage. 

3) Execution of the outage. 

4) Evaluation of results of the inspection. 

Details of each element are described in the following 
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2.3 Outage Planning and Scheduling 

(1) Regulation on Outage Timing 

Japanese law specifies that the reactor system must be inspected every 12(±l)months, 

and the turbine generator system every 24 (±1) months, to maintain plant safety. 

The periodical inspection work for newly constructed plants is standardized and it results 

in an outage period of between 70 and 80 days, assuming no modification work is carried out. 

The electric utility begins to discuss the details of the work and schedule with the plant 

manufacturer in charge of the major work of outage about 6 months before the start of a 

periodical outage, as specified in the long-term plant operation program. 

The results of the discussions are summarized in the form of a periodical outage work 

plan, for which MITI approval is required about one month before the start of the outage. 

(2) The Timing of the Outage 

The timing of the outage is determined by taking the following aspects into account: 

(a) Long-term (5-6 years) power generation plan, considering supply and demand balance 

in the year of outage. 

(b) Leveling of electricity supply throughout the year with adequate scheduling of the 

outages of each plant. 

(c) Duration of operation cycle of all the plants. 

(d) Legal requirements of inspection outage frequency. 

(e) Fuel management of individual plants. 

(f) Feedback of operation experiences from other plants. 

Economic optimization will be important in deciding outage timing. However, the 

regulatory position of our country is that the most important item is the safe operation of the 

plant as well as the prevention of the occurrence of an incident or failure. 

2.4 Staffing and Support 

(1) The original manufacturer who fabricated the major equipment usually takes the 

responsibility for the maintenance of that equipment in order to maintain safe and stable 

plant operation. Therefore, the main contractor(manufacturer) of the plant construction 

takes a leading part in the plant maintenance work, together with several other 
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manufacturers. (NB.- Regarding the main contractor, a full turn-key contract is popular 

in Japan.) 

(2) Another useful practice in Japan is that the original equipment manufacturer takes the 

responsibility for spare parts supply. Thus the utility keeps only a few dozen specific 

spare parts in stock, those having a long procurement lead-time, most of which are 

imported from overseas manufacturers. 

(3) As the same maintenance work is usually undertaken by the same contractor during 

every outage, the maintenance work plan is established in accordance with the long-term 

program and incorporates the experiences and data accumulated by the utility and the 

contractor. 

(4) The maintenance staff in the utility, which consists of 40 to 50 persons per 2 plants, 

is not directly involved in the actual field work, but is involved in design of the work 

plan, check of the work contents, control of the work schedule, monitoring of the work 

and evaluation of the work report. 

(5) Presently, as a rule the outage work is conducted during day time only ( one shift 

from 8:00 hrs to 17:00 hrs). Some limited work in critical paths is conducted on double 

shifts(8:00 hrs to 17:00 hrs and 17:00 hrs to 22:00 hrs). 

(6) When the outage starts, a special group (the "outage group") is formed, made up of 

approximately ten shift operators. In order to proceed smoothly with the outage work, 

the outage group coordinates the outage schedule, equipment isolation and start/stop 

operation, safety procedure check for permit to work (PTW) (over 1500 items per 

outage), and make, install and remove more than 10,000 tags, in close communication 

with the maintenance staff. 

(7) There is a special system in which the original manufacturer voluntarily stations 

their technical liaison staff at the utility, and in the case of any "emergency" they 

contact the manufacturer to request necessary personnel. The manufacturer's service 

includes engineering support, technical advise, preparation of the work, including 

documentation for necessary applications and for extra manpower. 

2.5 Coordination and Control 

(1) Outage Planning and Preparation 
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In nuclear power plants in Japan, the General Manager of the power station is in charge 

of periodical inspection work as well as routine operations. Either the Maintenance Section 

or the Engineering Section of the power station is responsible for coordination. The scope of 

its work covers: 

i. Preparing applications and other matters related to MITI, 

ii. Preparing detailed plans of the outage work, 

iii. Managing overall scheduling, and 

vi. Preparing final report of the outage work when it is finished. 

Actual work is normally performed by contractors, and the responsibility of the utility 

staff is to check whether the work is being performed correctly according to the required 

guidelines, and whether the results satisfy the required level. 

During the execution of the periodical inspection, coordination among the power station 

organization and contractors proceeds as follows: 

(a) In the power station, daily meetings are held between the general manager and section 

managers to check and manage daily progress, and to monitor individual activity. 

(b) Daily meetings are also held between the related section manager level staff and the 

contractors to control the work schedule and to clear any pending items. The detailed 

work schedule is made by the staff of the power station in accordance with their 

planning responsibilities. 

(c) In cases of equipment replacement or modification, the electric utility must take 

necessary steps to revise the Construction Permit as required, and pass the pre-use 

inspection of the hardware which is involved. 

(2) Control of the Outage Execution 

1) Periodical inspection work is routinely performed during the day shift. The person 

responsible is the Manager of the Maintenance Sections. He works during the day shift and 

the Chief Shift Supervisor acts for him at night if no night inspection work is to be carried 

out. 

If, however, any special inspection work is to be performed during the night, either the 

Manager or his deputy will take responsibility. 

2) In all utilities, daily meetings are held as follows: 

(a) Meetings between the general manager and section managers are held to manage 

daily progress and the coordination of individual work among the sections. 
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(2) Performance Assessment by Utilities 

(a) After completion of the inspection, a review meeting is held between the contractors and 

all the plant staff for the operation, radiation control, maintenance, et.al. of the plant, to 

evaluate the following points: 

i. Evaluation of the actual results compared with the planned schedule of the work. 

ii. Evaluation of the actual results compared with the planned quality of the work 

content. 

iii. Reflection items and their feedback vis-a-vis the next periodical inspection. 

(b) A review meeting between the power station and headquarters staff of the utility 

is held after the power station reports evaluation results to headquarters, and necessary 

information is fed back to other plants owned by the company. 

(c) Within one month of completion of the periodical inspection, a report on the result 

of the inspection is required to be submitted to MITI. MITI identifies necessary items 

to be reflected in the report, which must be notified to all domestic utilities. 

(d) The headquarters of the utility compiles and evaluates the results of the inspection review 

from the viewpoint of improving quality and shortening the schedule in the "Committee 

for Grading Up of the Periodical Inspection", and the results are relayed back to the 

basic plan for the next periodical inspection. In addition , a related R&D program is set 

up if necessary. 

2.8 Quality Assurance(QA) 

A quality inspection team specifically for the outage does not usually exist. Either the 

QA section or the QA engineer from each section will be responsible for QA activities. Actual 

QA work is performed by the contractors according to the work guideline of the utility 

company which precisely defines the content and level of the work. Utility staff only check 

that the work was performed according to the guideline, and that the results satisfy the 

requirements. 

3. STUDY OF INCIDENT/FAILURE DATA 

3.1 Incident/Failure Database System 

The EUIL and LRNR require each electric utility company to report the events of certain 

levels of incidents/failures. The laws specify details of the range of incidents/failures required 
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to be reported by the electric utility companies. (See Appendix) 

A total of 665 incidents/failures took place from July 1966 (the start-up of the first 

commercial nuclear power plant in Japan) to March 1989. These incident/failure reports are 

compiled into a retrievable database by the Safety Information Research Center (SIRC), 

Nuclear Power Engineering Corporation (NUPEC) under the supervision of ANRE, MITI. In 

addition, with regard to incidents/failures contributed to by human actions, the Institute of 

Human Factors (IHF) of NUPEC is developing procedures to analyze the causes of such 

incidents/failures, to identify the causes of human error in the incidents/failures and to 

analyze how human error takes place. It has also started a feasibility study of procedures by 

analyzing actual cases of incidents/failures. 

The IHF has developed the first editions of a "Guidance for Introducing Human-Error 

Mechanism", and a "Guidance for Identifying Causes of Human Error", along with an 

"Analysis Sheets for Human Error Events" as a prototype database reflecting the results of 

analyses of human errors contributing to incidents/failures. On the basis of these analyses and 

guides we are making a preliminary evaluation of incidents/failures committed by human 

actions. In order to make these analyses appropriate, we have set up a working group 

consisting of human-factor experts from many fields, such as the aeronautics, railroads, and 

other industries, including the nuclear power industry. The method of analysis employed are 

being examined in this working group. A description of current analysis methods in use 

follows. 

3.1.1 Guidance for Introducing Human-Error Mechanism 

This Guidance aims to identify how human errors occur, by looking into the human error 

mechanisms. The Guidance's classification of human errors is based upon J. Rasmussen's 

ladder model(see References 1 and 2). 

3.1.2 Guidance for Identifying Causes of Human Error 

In this Guidance, human errors contributing to incidents/failures are considered to be 

attributable to the following main causes: 

(1) Individual Characteristics 

(2) Task Characteristics 

(3) Work Environmental Characteristics 

(4) Management Characteristics 
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(1) Individual Characteristics 

The causes are assigned to cases where errors can be explained by the individual 

characteristics of workers themselves. The causes are subdivided into the following 5 items: 

(a) Psychological stress, such as excessive demands placed on the worker by the task itself, 

by worker's fear of causing a failure, or by boredom, etc; 

(b) Physiological stress due to the nature of the physical condition of the work place, 

such as high temperature or high humidity, or due to the individual physical condition 

of worker, such as fatigue; 

(c) Subjective factors, such as habitual action, worker's subjective judgement of the task 

as of secondary importance, or worker's private state of anxiety in dealing with private 

matters, such as family problems; 

(d) Work performance incapability, such as insufficient training of worker in general, or 

inadequacies of specific technical knowledge or skills; 

(e) Physical configurations, such as a mismatch between task and the individual worker's 

anatomical structure. 

(2) Task Characteristics 

The causes are assigned to those cases in which human error can be explained by the 

nature of the task of which the worker is charged. The causes are subdivided into the 

following 4 items: 

(a) Task difficulties, including cases in which difficulties of prediction or judgement 

required to execute the tasks arise; 

(b) Work load inadequacies, which includes such cases as an excessive amount of tasks 

placed on a worker, or time constraints for the performance of a certain task; 

(c) Irregular working time, which refers to such cases as irregular work schedules, or night 

shift schedule; 

(d) Parallel or unexpected work refers to cases in which parallel and different work is 

carried out simultaneously, or cases in which unexpected work is required. 

(3) Work Environmental Characteristics 

There are two different types of environmental characteristics of the working place, as 

follows: 

1) Site Environmental Characteristics 

The first type refers to cases where human errors can be explained by the nature of the 
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physical configuration of the work place. This type is subdivided into the following 4 items: 

(a) MMI inadequacies, such as cases where configuration of the control panel or indicators 

are inadequately arranged, or some equipment used for manipulating certain machines 

is inadequate; 

(b) Work place inadequacies, such as narrow work space, work space high above ground 

level and dangerous places; 

(c) Work condition inadequacies, such as high radiation, high temperature, high humidity, 

excessive noise, or inadequate lighting; 

(d) Special equipment, an example of which is protective clothing against radiation. 

2) Team Environmental Characteristics 

The second type of environmental characteristics refers to members of the working team, 

team supervision, and relationships among members of the working team. This is subdivided 

into the following 3 items: 

(a) Team organization inadequacies, such as team structure inadequacies, communication 

inadequacies among different groups involved in certain tasks related to each other, and 

ambiguous division of responsibilities; 

(b) Inadequacies in instruction and supervision, which includes such things as erroneous or 

ambiguous instructions, and inadequate instructions or orders; 

(c) Inappropriate team work or lack of team solidarity, which includes lack of awareness 

for potential human errors by team members, lack of team cohesiveness, and violation 

of team norms. 

(4) Management Characteristics 

This concerns incidents/failures the causes of which can be explained in relation to 

management characteristics, such as work planning, rules, procedures, and methods of 

education and training. Management characteristics are subdivided into the following 3 items: 

(a) Inadequate education and training, which refers to deficiencies in education related to 

general knowledge such as an awareness of safety culture, specific knowledge required 

to carry out a task, or training for gaining technical skill; 

(b) Inadequate work planning, which refers to inadequacies of technical specification 

/management rules or instruction manual, inadequacies of initial planning, or 

inappropriateness of coordination in planning changes; 

(c) Lack of workers' incentive, which refers to such factors as evaluation by companies of 
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worker effort on the job, and ways of stimulating worker morale. 

The items underlined above are identified causes of incidents/failures. These causes are 

not mutually exclusive necessarily, but may be mutually inclusive. In this connection, we 

assign more than one cause for a single case of incident/failure. 

3.1.3 Analysis Sheets for Human Error Events 

These sheets consist of two sheets (1/2 and 2/2) for each incident/failure which was 

officially reported to MITI under the provisions of EUIL and LNRL. On the first sheet(l/2) 

all items pertinent to an analysis of the incident/failure are described. The items covered on 

the first sheet are a description of the incident/failure right after it took place, its consequence, 

the purpose of the task, the contents of the task, the place and time of occurrence, etc. The 

second sheet (2/2) covers the results of the analysis in relation to the "Guidance for 

Introducing Human-Error Mechanism" and the "Guidance for Identifying Causes of Human 

Error." 

3.2 Review of Incident/Failure Cases Involving Maintenance Work during a Periodical Power 

Plant Outage 

From the analysis sheets described in the preceding section, incident/failure cases 

involving maintenance work during a period of outage were reviewed. 

Since this report concerns incidents/failures involving maintenance work during an 

outage, we take up only the following three types of cases: 

i. Incidents/failures which take place during an outage, 

ii. Incidents/failures which take place during start up, and 

iii. Incidents/failures which take place during normal operation, all of which 

are a result of human error in maintenance work during an outage. 

3.3 Analysis of Incidents/Failures 

3.3.1 Causes Contributing to Incidents/Failures and their Characteristics 

(1) General Tendency of Incidents/Failures 

Based on the method described in 3.2, a review was made of incident/failure events 
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whose root causes may have involved human error during maintenance work. 

In some cases two or more different Sheets were made for a single incident/failure, since 

several human errors may have been involved in a single incident/failure. Further, in 

identifying the root causes, all possibilities were assumed at first without direct recourse to 

a single apparent cause. In such cases the number of sheets made were larger than that of 

relevant reported events. 

From the analysis dominant causal factors were found to be: 

i. Related to individual characteristics, and 

ii. Related to management characteristics. 

1) "Insufficient work performance capability" contributes roughly to half of the events caused 

by "factors related to individual characteristics." 

2) "Inadequate work planning" contributes roughly to all of the events whose causes may be 

attributable to "factors related to management characteristics." 

As to the above factors, a more detailed description will be given in (3), below. 

Other than the above factors, there are some notable factors, such as: "Subjective 

factors" for "factors related to individual characteristics", "Inadequate education/training" for 

"factors related to management characteristics", "MMI inadequacies" for "factors related to site 

environmental characteristics", and "Inadequacies in instruction/supervision" and "Team 

organization inadequacies" for "factors related to team environmental characteristics." 

(2)Chronological Trend of Number of Incidents/Failures 

The number of reported incidents/failures has increased remarkably since 1977, which 

may reflect the fact that the reporting system had been upgraded in Japan with the requirement 

that minor events be reported. Thus, this statistics does not indicate a rise in the number of 

incident/failure cases themselves. 

The number of causes contributing to events appeared to increase remarkably in 1981 

and 1986, which may be attributable to the fact that some single failures in these years 

happened to include two or more different categories of human error. 

(3) Detailed Examination of Human Errors 

As described in 3.3.1 (1) above, it was found that the following three factors are 

typically important; "factors related to individual characteristics", "factors related to 

management characteristics" and "factors related to team environmental characteristics". 

Detailed examinations were made about these three factors, for which "human errors during 
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start-up operation" were included. 

1) Examination into "factors related to individual characteristics" 

So as to identify tendencies of the "factors related to individual characteristics", 

examination was focussed on the most dominant factor, i.e. "work performance incapability", 

which may be related to the factor of "over reliance on worker skills" 

The "work performance incapability" may be roughly classified into the following: 

"Insufficient general knowledge (education for safety, careful attention, etc.)," "insufficient 

expertise", "insufficient skill training" and "insufficient experience". 

In this analysis, "insufficient experience" and "insufficient expertise" account for a very 

large percent of all incidents/failures attributable to "factors related to work performance 

incapability." 

2) Examination into "factors related to management characteristics" 

Of the "factors related to management characteristics", the examination was focussed on 

the most dominant factor "inadequate work planning" to identify tendencies, from which we 

learned that "inadequate work planning" may be related to the factor "management of 

contractor". 

"Inadequate work planning" may be roughly classified into the following: "Inadequate 

managerial rule", "inadequate procedure/work drawing", "inadequate initial planning" and 

"inappropriate change of planning", all of which are managerial causes for incidents/failures. 

In this analysis, "inadequate procedure/work drawing" accounts for roughly half of all 

incidents/failures attributable to "factors related to inadequate work planning". 

In addition, particular attention should be paid to "inappropriate change of planning", 

which is as important as a management error. 

The combination of "inadequate initial planning" and "inappropriate change of planning" 

accounts for roughly one third of all incidents/failures attributable to "factors related to 

inadequate work planning". 

3) Examination into "factors related to team environmental characteristics" 

Of the "factors related to environmental characteristics", examination was focussed on 

the factor of "team organization inadequacies" so as to identify tendencies, from which we 

learned that "team organization inadequacies" may be related to the factor "relationship 

between maintenance and operation". 

"Team organization inadequacies" accounts for roughly one third of incidents/ failures 
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attributable to the "factors related to team environmental characteristics". 

"Team organization inadequacies" may be roughly divided into the following: "unclear 

job description", "inadequate team formation", "inadequate organization", and "inadequate 

inter-communication". "Inadequate inter-communication" refers to inadequate communication 

between the operation team and maintenance team, inadequate communication between 

supervisors and workers in the work organization, and inadequate communication among 

working teams. This item may initiate incidents/failures attributable to human errors in 

organizational communication as the work process progresses during periodical inspections. 

Since these errors may result in physical injury, this item evokes our careful attention. 

In addition to the above item, there are many factors related to "inadequacies in 

instruction/supervision", which may be roughly grouped into the following: Wrong/neglectful 

instruction of supervisors, inconsistent instructions, wrong directions and inadequate 

supervisory chain of command. Among them, the most consciously affecting factor is the 

wrong/neglectful instruction of supervisors, which includes unclear content of work instruction, 

and negligence in giving instruction which assumes that workers already know work details. 

4) Examination of factors in "start-up operation" after an outage. 

Items related to the "start-up activities after an outage" correspond to the sub-item 

"during start-up operation" of the "operational condition" on the analysis sheet. 

The analysis sheet covers events occurring in the facilities "during start-up operation", 

possibly attributable to errors related to work activities performed during the outage period 

in the periodical inspection, or to work activities performed during the start-up operation. 

Events taking place during the start-up operation account for roughly a quarter of the 

total incidents/failures related to maintenance, among which events many are related to 

"inadequate work planning" for maintenance activities. 

4 SUMMARY 

As is apparent from the analytical results described above, there are two major initiating 

causes of events attributable to maintenance activities (including repairs): (1) individual "work 

performance capability" and (2) "inadequate work planning." 

The efforts which we have made so far to improve these two factors are described 

below: 

(1) Improvement of work performance capability. 

Utilities and contractors are making every effort to strengthen their education and 
15 



training by setting-up maintenance training centers, establishing qualification systems and 

providing on-site education. 

Further, since the improvement/standardization project started, utilities have established 

a system to collect comments and opinions on maintenance work, not only from their own 

maintenance staff but also from contractors, which, when appropriate, are reflected in work 

space planning and preparation of work tools at the design stage. 

(2) Improvement of work plan. 

MITI developed the "Standard Periodical Inspection Procedure" as the basis of their 

inspections to define inspection methods to be adopted on site. As part of the voluntary 

security management, utilities respectively developed more detailed maintenance work 

procedures. 

Before entering into periodical inspections, utilities submit a "Periodical Inspection Plan" 

to MITI for approval. Before starting maintenance work, the maintenance staff of utilities, as 

well as personnel of contractors, will make preliminary reviews of work safety based on the 

work procedures submitted by the contractors. 

(3) Inspection by MITI. 

The periodical inspections which have been stipulated by law are made by MITI. 
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Appendix 

Criteria for the Reporting of Events 

There are two categories involved in the criteria for reporting incidents and failures 

occurring at domestic nuclear power plants. 

1. Incidents and failures reportable to MITI under the provisions of laws 

Certain incidents and failures must be reported to MITI by the concerned electric utility 

company under the provisions of the Law for the Regulation of Nuclear Source Material, 

Nuclear Fuel Material and Reactors(LRNR) and the Electric Utility Industry Law(EUIL). 

Events which must be reported according to LRNR are: 

(1) Reactor events which necessitate a reactor shut down 

(the decision to shut down a reactor being based on the restriction items of the 

safety regulations which are approved in accordance with LRNR). 

(2) Release of gaseous and liquid radioactive materials which exceeds the permitted 

level of radiation. 

(3) Leakage of substances contaminated by nuclear fuel material or nuclear source 

material outside of the radiation controlled area. 

(4) Execution of preventive measures for leakage of substances contaminated by 

nuclear fuel material or nuclear source material inside the radiation controlled area. 

(5) Radiation exposure of an employee which has exceeded, or has the possibility 

of exceeding, the allowable level of radiation. 

(6) Occurrence of personnel hazard or the possibility of such a hazard in a nuclear 

facility. 
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The following incidents or failures at nuclear power plants should be reported to MITI 

according to EUIL: 

(1) Death of personnel caused by electric shock. 

(2) Fire in an electrical system. 

(3) Death of personnel or destruction of structures caused by the failure or destruction 

of articles. 

(4) A radiation accident. 

(5) Destruction of principal electrical equipment. 

(6) Incidents or failures disturbing electric generation. 

(7) Natural hazards. 

(8) Incidents occurring during construction or installation of electrical equipment. 

All of the items reportable in accordance with EUIL, except radiation accidents, are 

mainly concerned with electrical systems and electricity generation, and must be reported not 

only for nuclear power generation, but for transmission and distribution as well. 

Time requirements for the submission of reports are: 

LRNR: Formal report within 10 days after occurrence of the event 

EUIL: Quick report within 48 hours and Detailed report within 30 days after 

occurrence of the event. 

In both cases regulations require immediate reporting of the event by any possible 

communication means. 

Reportable reactor events under EUIL are quite similar to those required under LRNR. 

In which case, the same report is submitted to the authority. 
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2. Incident and failures reportable under MITI notifications 

Events in this category include those minor incidents and failures which are less 

important than those reportable in accordance with the laws cited in 1., above. This includes 

the following events. 

(1) Unplanned power level change of the reactor due to the failure of the reactor or non-

reactor facilities during reactor operation. 

(2) Failure of the safety protection system or engineered safeguards system during reactor 

operation. 

(3) Failure of the fuel during reactor operation or shutdown. 

(4) Failure which causes actual or possible deterioration of functions of major components 

relating to reactor operation except (1) to (3) above. 

(5) Unplanned release of gaseous or liquid radioactive waste. 

(6) Leakage of nuclear fuel material or substance contaminated by nuclear fuel material 

inside the radiation controlled area. 

(7) Unplanned radiation exposure of employees, or others. 

(8) Occurrence of minor causality in a reactor facility. 

(9) Occurrence of fire. 
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"Strategies for Organizing Outages" 

Article prepared for the International Symposium on Human Factors and 
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Safety 

Mathilde Bourrier 
Researcher at the Centre de Sociologie des Organisations 
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Abstract 

Based on four sociological studies carried out in France and in the 
United States from 1991 to 1994, this paper is aimed at presenting 
different organizational strategies for scheduled outages in Nuclear 
Power Plants. Some short examples will suggest that organizational 
settings are not equivalent in terms of actors practices: Some 
organizational designs tend to minimize actors autonomy while others are 
favoring it. Besides one could make additional distinctions between 
formal and informal autonomy or between clear delegations of decision 
making power and implicit ones. We argue that these differences have 
major implications for actors participation inside the organization. 
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Introduction 

During the past 4 years, we surveyed organization and 
maintenance design during scheduled outages in 4 Nuclear Power Plants 
in France and in the United States 1. Those studies^ were conducted from 
1991 to 1994, with the support of a grant from the French Ministry of 
Research and of the Commissariat a l'Energie Atomique, namely the 
Laboratory of Human Factor. 

These organizations are of particular interest to organization theory given 
the challenges they face: time constraints, budget and financial 
constraints, safety, technical uncertainties and integration of numerous 
contractors for a short period of time are among the most crucial 
difficulties faced while approaching an outage. 

Using the sociological method - "Vanalyse strategique" - developed by 
sociologist Michel Crozier^, we conducted 300 interviews at 4 sites with 
all the categories of workers being involved in outages - mechanics, pipe-
fitters, electricians, I&C technicians, foremen, engineers, planners, 
schedulers, managers, and contractors. Besides, direct observations and 
participation to numerous operational meetings provided us with useful 
contextual elements in order to better appreciate the outage specificities 
Several months were spent on each site on the basis of "unescorted 
access". Of course the four plants are situated in a different social, 
political and economical environment suggesting that we should expect 
differences between the two privately owned Nuclear Power Plants in the 
U.S and the two publicly owned French ones. It is also true that the way 
the industry is regulated in France and in the U.S differ quite 
substantialy^. Moreover the two French plants belong to a governmental 

iThe four plants share the same technology, i.e PWR, Framatome or Westinghouse 
design, only the unit's power varied from 900 mgw for French plant 1 and American 
plant 2, 1100 mgw for American plant 1 and 1300 mgw for French plant 2. 

^See bibliographic annexe at the end. 
^Crozier. M. (1964): Lephenomenebureaucratique, Paris, editions du Seuil. Crozier, 

M., Friedberg, E. (1977): Vacteur et le syteme, Paris, editions du Seuil. 
^For our purpose, let us just notice that the Nuclear Regulatory Commission has resident 

inspectors on each site. The rule stipulates that there should be on site N ( number of 
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run industry -le "pare nucleaire"- providing E D F with scale economies , 
whi le the t w o American plants be long to different companoes . Despite 
these blatant differences^, w e felt nevertheless that the most interesting 
research strategy w a s to disregard national d i f ferences and f o c u s on 
similarities. Moreover w e decided to leave out the "cultural" dimension 
of the research: Indeed the t w o French plants have indeed a lot in 
c o m m o n , the t w o Amer ican plants w h i c h should be long to the same 
"culture" display a great deal of d i f ferences . A s for the t w o French 
plants they display perceptible differences 6 . 

Although a number of problems appear to be similar from plant to plant, 
it appeared that the variance o f options in organizing the work is large. 
Our f ind ings sugges t that they are indeed many w a y s to c o p e wi th 
outages. Our main goal in this paper is to discuss some examples o f this 
organizational diversity in order to better understand the functionning of 
these systems. Section 1 deals with the main problems w e identified as 
determining in the very functioning of Nuclear Power Plant. Sect ion 2 
describes some of the organizational responses displayed by the 4 plants 
u n d e r s t u d y . T h e c o n c l u s i o n e m p h a s i z e s the i m p o r t a n c e o f 
responsibilities design and power delegation, which are key e lements in 
determining the degree o f compliance to formal procedures. 

Section 1 - Challenges, constraints and problems in scheduled 

outages. 

B a s e d on our research f ind ings , w e identi f ied a ser ies o f key 
problems faced by Nuclear P o w e r Plants whi l e performing an outage: 
The first problem is related to the crucial coordination that maintenance 
and operations have to achieve . T h e second o n e is connected to the 
necessity of working with a huge body of procedures and documents . 
Third, w e have to recognize the di f f icult ies of organizing an e f f i c ient 

units) + 1 inspector on site. In practice the number of residents depends more on the 
plant's reputation, 

^and the list is not close. 
6In this article we may not have the time to demonstrate how the two French systems 

differ, leaving this point for future publication. 
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controlling system. Finally there is the difficulty of having to cope with 
unplanned situations and fortuitous occurences. 

• 1) The unavoidable cooperation between Operations and 
Maintenance, places maintenance crews in a clear dependence 
towards operations and is a source of constant tension between the 
two forces. Operations crews profoundly dislike outage periods. 
They find it most disturbing, and dangerous in many ways: many 
different activities are being carried out at the same time, the control 
room is "invaded" by outsiders, and so forth... Outage time is 
definitely different. The need for cooperation is driven by two main 
reasons: a) A technological one: contrary to other industries, a 
nuclear power plant is never fully stopped even for a maintenance 
outage and some parts of it have to stay available to operations; b) A 
legal one: Materials have to be formally delivered by Operations to 
the maintenance crews, through a formal authorization process. 
Operations shift-supervisors have the authority and power to accept 
or refuse the work on "their" materials. Once the work is authorized 
they will sign off the deliverance of clearances and supervise their 
crews during the execution of the clearances ("tags hanging"). In 
section 2, we'll show that the organizational responses to this need of 
cooperation varies from plant to plant. Some will favor a strong 
reliance on scheduling and planning functions, while others will favor 
a formal or informal negotiation between the 2 groups. 

• 2) Having to work with detailed maintenance procedures 
requires not so much that procedures be correct but more substantially 
that they be up-dated when needed, i.e while workers are actually 
performing the activities. We will put a strong emphasis on this 
aspect, because it is a key feature of the functioning of a Nuclear 
Power Plant. 

• 3) The control of the work process (i.e being sure of the correct 
execution of many different tasks, performed by so many groups, 
national contractors, local firms etc) is one of the main issue for 
Nuclear Power Plants. This includes designing a proper system of 
control, open enough to encourage people to warn the control group 
when they have done something wrong, and strong enough to be able 
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to stop the work when it is required. Indeed being a controller and 
not a policeman, available and authoritative at the same time, is a 
constant dilemma. 

• 4) The necessity to cope with the unplanned, the uncertainty. 
This is a problem that this kind of organizations seeks to minimize 
through anticipatory preparation. In practice however maintenance 
activities do contain unscheduled difficulties and obstacles: How to 
include them quickly, and how not to be destabilized by them is a 
constant dilemma. 

Section 2 - Differences in responding to these 4 problems 

2.1 - Relying or not on a third actor? 

First of all, cooperation is not solely a byproduct of outages: 
operations and maintenance have also to coordinate during normal 
operations. Maintenance crew have to perform "preventive maintenance" 
and "fortuitous repairs" while operations crews are responsible for 
various tests: They need each other. 

Some plants choose to facilitate this coordination by introducing a third 
actor, a Planning and Scheduling service, in order to mediate the 
relationships between operations and maintenance. This is the case for 
the two American plants but even here some variance is observed. 

• A1 decided to have a strong Work Planning Center, c o m p o s e d o f 1 0 0 
persons, planners, schedulers (master-schedulers, outage schedulers, 
daily schedulers) in charge of 3 main activities: 1) The writing and 
issuing of clearances - always formally authorized by shift-
supervisors^ but not formally delivered by operations personnel^; 2) 
The adoption of a "matrix" reporting on a same document all the 
maintenance activities and in addition the operations activities in order 

7Shift -supervisors sign off clearances requests with a trigram on the computer system. 
^ Maintenance foremen will print their clearances each morning from their personal 

computer. They will verify by calling the operations department or by checking their 
computer if the clerances have effectively been tagged out. Then they will put the 
prints inside the work-packages and they will give it to journeymen. 
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to monitor all together the constraints of each service; 3) The 
production of a detailed planning - called "Premis" maintained and 
up-dated by a group of daily schedulers, whose main job is to 
negotiate with mechanical foremen, electrical foremen, and I&C 
foremen the best window to perform an activity. The daily schedulers 
are facilitating the many arbitrages operations and maintenance crews 
have to face, by anticipating strongly the activities of each group. 
They play a key role in the daily functionning of Al . Potential 
tensions are absorbed and therefore reduced by the strong formal role 
of intermediaries assumed by daily schedulers. 

During an outage the planning "Premis" is also used. In addition, the 
outage manager is using a more strategic planning - called "Artemis" 
-, more flexible and easier to up-date rapidly. As a consequence of 
this setting maintenance and operations crews are very familiar with 
planning pratices. They know how to use them and they understand 
how they can take advantages of such tools. 

• The A2 plant has also a Work Planning Service staffed with far less 
persons than the Al plant, 35 persons in total (planners and 
schedulers). Only a couple of schedulers (7) are in charge of 
maintaining it. The main negotiation between operations and 
maintenance occurs daily during a formal meeting where maintenance 
general foremen and the operations deputy for maintenance activities 
are openly negotiating in front of planners, daily schedulers and the 
Planning and Scheduling director. They come to an agreement each 
day as to which work has to be done in priority. The "Plan of the 
Day", is itself issued from a Plan of the Week, harshly debated once a 
week. 

As for the outage, there is no special planning designed specifically for 
this event. The "Plan Of the Day" will only be thicker. There will be 
no special structure either to coordinate the different activities. The 
choice is clear: for A2, an outage is only a matter of having to cope 
with a greater load of work, but business has to be done as usual. 

The two French plants under study, F1 and F2, do not have the same 
approach with respect to the degree to which maintenance and operations 
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activities should be solidarily planned and scheduled. French managers 
do not favor the option of having a strong and separate Scheduling 
service devoted to operations and maintenance personnels. For French 
managers, Scheduling should not be treated as a separate function. Each 
general foreman should be able to coordinate his own activities. Daily 
scheduling is understood as being part of his job. 

During outages, the situation is much different, a planning is being 
created in order to coordinate a complex nexus of activities. A special 
group of operations people (one shift supervisor, an assistant, two 
Operations foremen) joins the outage control center a couple of months 
before the outage starts. They will write, design and supervise the 
execution of the clearances. As for the negotiated process between 
operations and maintenance, we observed two different strategies 
depending on the plant. 

• At F l , the shift-supervisor in charge of the operations-structure, 
briefly described above, decided informally - which means without 
being asked or without having the formal authority to take such a 
responsibility- to be in charge of the coordination between the 
operations crews^ and the maintenance people. Staying very late, 
rewriting parts of the planning in order to make sure that everything 
was understood and clear, he acted as a facilitator between the two 
forces. His role was key in easing the many arbitrages occuring 
between maintenance foremen and shift-supervisors. A pump repair 
taking more time than expected, a valv which wouldn't close, a crew 
being late: all these situations require decisions to be taken extremely 
rapidly because, if not attended to, these problems could jeopardize the 
global execution of the outage, impacting for example the critical path. 
The facilitator knowing the deep irritation operations crews had 
towards last minute maintenance problems was able to support them, 
providing moral comfort and concrete support. He succeeded in 
forcing maintenance foremen to declare early enough when they were 
getting into trouble, in exchange he was making sure that operations 

^and especially the night crew. 
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crews would not refuse any work prolongation or any new clearance. 
All these arbitrages however are not formally recognized. 

• The shift-supervisor of the F2 plant did not have to develop such an 
informal role. The organization of daily meetings at the end of the 
day in order for operations crews to get the relevant information 
needed to follow up the night activities provides a clear arena of 
exchanges between the two groups. 

2.2 - Working with procedures: How to rapidly up-date them? 

The number of detailed procedures to be followed in such an 
environment is simply astonishing. A lot of past - and still current -
debates in the Human Factor Community was largely concerned with 
determining the one best way to create procedures meant to be closer to 
the reality of field situations. Our observations suggest that for 
maintenance personnel during an outage there is a more pressing 
problem: That of getting the procedures in use up-dated in a timely 
fashion, i.e when they are needed. How to quickly fix a non adequate, a 
faulty, a misleading procedure? In order to adequately answer this 
question, one has to ask who is in charge of creating, correcting, up-
dating maintenance procedures on a site. We identified 3 possible 
options, they vary in terms of the group which is given the responsability 
to create and up-date procedures: 

» 1) In case 1 observed at F1 and F2, a group of people - called 
"preparateursis specifically in charge of the creation and 
correction of procedures, they do not belong to the worker's group. 
Workers are not authorized to change anything on the procedure, they 
have to alert the preparateurs in order to have them fixed the 
procedures. Unfortunately, preparateurs are not that many, therefore 
they have difficulty to follow up on the spot the various changes, that 
workers would like to see happening. 

• 2) At A1, we found that here again a specific group was in charge of 
creating and fixing the procedures, they are called "section engineers". 
In this NPP they are as many section engineers as maintenance 
foremen for each section - 8 section Engineers for 8 foremen for the 
electrical section, 12 section engineers for 12 foremen at the 
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mechanical section, 10 section engineers for 10 foremen at the I&C 
section, in addition to a group of I&C procedures writers. During 
the outage the section engineers are changing offices, leaving the 
administrative floors for the foremen offices, in order to be closer to 
the crews in case they will need a quick modification in the field. 
Both the foreman and the section engineer have to sign off a 
procedure's change. 

• 3) A2 adopted a very different option. A separate service, which is 
attached to the "Regulatory axis" 10, is responsible for creating 
procedures. But the foremen themselves are responsible for up-dating 
the procedures their crew found impossible to work with. 
Maintenance foremen have the authority and the responsibility to 
initiate changes they would like to see happening. They will propose a 
procedural change after having carefully studied if the change is 
legitimate and feasible. They will then present their request to a daily 
managerial committee - called "SNSOC" (Security and Nuclear Safety 
Operations Committee)- , whose role is to determine whether the 
foreman has seriously checked all the options. If the job is done on 
an "Important for Safety Equipment", the procedural change will 
always be submitted to this managerial committee. Once it is the 
foreman's turn to present his request! 1, he starts by briefly 
summarizing what he would like to do and why. After asking a 
couple of question to him, managers will then decide whether or not 
he has the permission to initiate the changes his is asking for. Most of 
the foremen will be followed by the SNSOC managers. The role of 
this committee is not so much to test the technical aspects of the 
problem but rather to make sure that the foreman and his crew tackled 

^^Unfortunately we do not have the space to develop this aspect of A2. Let us briefly 
notice that the plant is organized around 2 major departments: the "Production axis" 
and the "Regulatory axis". The Production axis includes Operations, Maintenance, and 
Scheduling and Planning. The regulatory axis includes the Nuclear Safety Service, 
the Licensing Service, and the Procedures writing service. It is very interesting to 
notice how this plant organized a clear check and balance between the 2 main powers, 
introducing inside the very plant's functioning a department which main purpose is to 
control the "production services". 

n E a c h morning many foremen will be waiting outside in the lobby, and some will 
clearly show signs of uneasiness, fearing they could be rejected. At the same time 
their crews are usually blocked by the procedure and wait in the field to see what will 
be the result of the request. 
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properly the problem. During the outage, the committee meets daily 
and is always on call in case it needs to give permission to change 
things if the job cannot wait. 

What are the implications of these three different systems for procedures 
up-date in the field? 

The French organization leads the maintenance personnel to adjust the 
procedures informally. As we explained there is little assistance for them 
in the field coming from those who have the formal authority to modify 
the procedures, i.e the "preparateurs". In order to counterbalance the 
lack of preparateurs in the field, French journeymen do possess a large 
informal autonomy in order to perform their daily tasks. This informal 
autonomy is based on a deep knowledge of the materials - called also 
"professionnalism" 12_This professionnal autonomy is also embedded in 
the strong notion that people from the "preparation" did not know 
anything about what was happening in the field, and that it was up to 
them, electricians, pipe-fitters, mechanics to get things done. The 
opposition between workers and "preparateurs" is old and legendary on 
French sites. However, it is now changing rapidly through the 
introduction of contractors, while French journeymen become 
controllers. 

It was in this respect interesting to observe the attitude of the contractors 
facing new responsibilities at the beginning of the 90'. Contrary to what 
is usually reported, contractors are eager to strictly follow the procedures 
they have to work with. It appeared clearly in the series of interviews we 
made in 1991 and in 1994 that they would do their best to be in 
compliance with the procedures, knowing that it could be particularly 
damaging for their contracts with EDF not to be sensitive to these 
problems. 

l ^ C o l a s , A. (1994): "Une nouvelle etape dans Amelioration de la surete et de la 
performance de l'exploitation des centrales nucleaires de EDF par le renforcement du 
professionnalisme et le developpement de la culture surete-qualite", rapport detaille, 
Departement Exploitation du Pare Nucleaire - Groupe Facteurs Humains, Fevrier, 
revision 3. 
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The first American example, Al , leaves little to zero autonomy to the 
maintenance personnel. This complete restriction of their initiative 
power does not bother Al maintenance personnel. Because of the number 
of people assisting them in the field, in particular section engineers, it is 
easy and timeless to get the procedure fixed right on the spot with no time 
loss. Section engineers devote their entire time during an outage to polish 
and correct the procedures while assisting foremen's crews in the field. 
No initiative is required from the crews. Even if foremen do regret 
sometimes this absolute non-involvement in solving small problems by 
their crew members, they praise the fact that this has also a big 
advantage: They are assured that because their journeymen and 
technicians are put in a position where they are not required to take any 
initiative, they will always call them no matter what happens. 

The second example is more complex to analyze. Maintenance foremen 
have the formal authority and the formal delegation of power to initiate 
changes whenever their crews need to adjust a procedural change. The 
managers committee represents a sort of Grand Jury protecting the 
coherence of the whole, controlling for potential deviations. Technicians 
have no interest in informally adjusting the procedures, because they 
know that they can formally have them fixed. Unlike the first American 
plant, workers participate actively with their foremen in the writing of 
the procedural change, they are actually a key part in the procedures up-
dating process. 

Regarding the key issue of modifying the procedures, our findings 
suggest that French personnel rely heavily on informal adjustements 
based on a deep knowledge of plant's equipments. In the meantime 
contractors tend to prefer formal ways to get the procedures fixed. They 
are more and more picky on having proper assistance in the field when 
they use EDF procedures. The two American cases are very different. 
For Al , huge ressources in personnel provide a complete assistance to 
workers in the field. Changing procedures is easy and feasible. For the 
second example, the option adopted has been to give formal authority to 
maintenance personnel, assuming that they know best what they need. 
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2.3 - Controlling: what are the options? 

The third problem we identified is the one of the control of the 
work process. What kind of control is needed? Who's in charge of 
controlling? Once more we found interesting in our four cases to notice 
that they are several ways of facing the control activity. We will not 
embark in this paper in the precise specification of the different 
regulations in use on each site, nor for example on the different 
provisions of the French "Arrete Qualite". Mostly we would like to 
present the three options we have been able to identify: 

• 1) At F1 and F2 plants, the control on job-sites is mostly understood as 
being a technical onel3. It is done by a group outside the work group. 
We have been noticing that too often the controller thinks of his role 
as being too narrow. Controllers dislike the fact that they are only 
seen as policemen. 

• 2) At Al , the control has clearly 2 aspects: In addition to the classic 
technical part of the control, a clear assisting role is also expected 
from controllers. They have to support, guide and help workers in 
their jobs whenever they run into a problem with a procedure. Here 
again, the control is performed by a group outside the work-group. 
Controllers in this case are even outside contractors only employed by 
the plant for the outage duration. 

• 3) The third option is very different. At the A2 plant, control 
activities are given to workers themselves after having received a 
proper training by the Nuclear Regulatory Commission. Each week, 
each foreman is asking for a voluntary technician, who will then 
become "the controller" for his crew for the entire week. In order to 
avoid any source of confusion and potential collusion, the voluntary 
controller will not be supervised by his own foreman but by the 
Quality control chief. 

1 3What we are calling "technical" is for example signing off "hold points", ckecking 
measurement, inspecting job-sites cleaness.... 
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What kind of conclusions can be drawn from these elements? 

The view that the technical control should only be performed by persons 
recruted completely outside the work-group is not always supported. For 
example, the A2 plant leaves control activities to workers themselves. 

The idea that control activities should depart from any kind of assistance, 
for fear that collusion could ruin the independance of controllers is not 
always accepted. Controllers could also include in their activities a role 
of guidance to the workers, providing them with advices and knowledge 
on how to better use documents and procedures. The control's 
philosophy is then enriched by a role of assistance, which provides the 
controller with a better acceptance on job-sites: He is not only called by 
workers to sign off "hold points", he is also asked to give them advices 
and direction in their work. He is a key element in the comfort given to 
workers in the field. 

Controllers do not necessary belong to permanent plant employees. They 
could also be recruited outside the plant and be contractors. 

2.4 - Facing the intrinsic uncertainties of maintenance 
activities 

Each nuclear power plant we have been studying had to develop 
strategies in order to cope with unplanned situations. Two polar options 
could be identify: 

• a)"The first strategy" puts an obsessive emphasis on preparation. In 
order to avoid being surprised, the best way is to plan as much as 
possible, which means studying alternative scenarios, investing a lot of 
time and money on planning and scheduling activities, devoting huge 
ressources in order to anticipate as much as an organization can. This 
is close to the Al's vision and we will describe what it takes to adopt 
such a strategy. 

• b) At the other extreme, there is a strategy based on the idea that not a 
single planning, even if it is an excellent one, can actually predict 
everything that can happen during an outage. Therefore, flexibility 
and ad hoc strategies should be able to adjust to unplanned situations. 
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Managers always balance between the 2 strategies, between less or more 
planning, between less or more flexibility. The more detailed is the 
planning, the less open it is to new and ad hoc adaptations to unplanned 
situations. Actors tend to be paralysed if something totally unplanned 
emerge. On the other hand, the less prepared is the planning, the less 
committed are the actors to follow it, leading them to always look for 
various and local adaptations wich can conflict with one another at some 
point during the outage. 

However, the trend in nuclear power plants today is to have a very 
complete and detailed outage planning with few contingencies built inside. 
What is interesting is the way they achieve such a planning is once again 
different. 

• At Al , the outage preparation lasts 18 months, involving all the 
interested actors, through what is called "High Impact Teams". The 
outage planning is decided by the outage manager, who fixes the time 
frame for each window. Then, each window is given to a particular 
"High Impact Team", who's main goal will be to succeed in 
performing the requested activities through the adoption of proper 
ressources. If the time frame is non-negotiable, however "High 
Impact Teams" can negociate whatever ressources they believe need to 
be allocated in order to succeed. High Impact teams are meeting twice 
a month at first in the first few months of the preparation, then once a 
week; They disappear once the outage starts, leaving their plans to the 
execution's foremen. The outage manager sends 3 of his aides in 
order to get regular reports on the progress each High Impact Team is 
making. Each group has an involvement in the HIT process. 

• At A2, apart from a special planning designed for the outage, there is 
no special structure, nor special team work developed to prepare the 
outage; Only a small planning section centralized all the planning 
data. 

• F1 and F2 do have a special structure and the preparation lasts longer 
than it used to, 3 months in 1991 for F1 and 6 months for F2. Once 
the preparateurs have issued the "programmes de base", a new breed 
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of technicians, called "charges d'affaire" is in charge of markets 
procedures writing designed to attribute specific jobs to contractors. 

Contrasting these elements allow us to insist on some points. If Al , F1 
and F2 favor a distinct preparation of the outage, however A2 seems to 
find sufficient its normal organization, despite the numerous challenges 
an outage represents. Why is it so? Our findings suggest that A2 has a 
very specific way of organizing its activities, favoring - notably for the 
three main problems we have been noticing ( i) unavoidable cooperation 
between Operations and Maintenance, ii) up-dating procedures, iii) 
controlling activities in the field ) short loops of reaction and self-
correcting devices. At A2, the control is done by workers themselves, 
procedural up-dates are initiated by foremen and controlled by a 
managerial committee which meets daily, and as for the cooperation 
between operations and maintenance, it is achieved through a clear 
negociating process between the two groups orchestred by a scheduling 
section. 

For the three other plants, distinctions should also be made. A l ' s 
preparation is mainly concerned with the exact Maintenance activities 
sequences. F1 preparation was rushed and mainly concerned with 
Operations sequences. As for F2 preparation, it seems that its main 
aspects concern the contractors packages and their managing. 

The four plants have to deal with unplanned situations. What can we say 
about their answer to uncertainty? 

Al puts a heavy work-load on each category long before the outage starts 
in order to get as much preparation as possible and as much committment 
as possible from the actors. We have a very detailed preparation with 
unlimited access to ressources. 

A2 puts a heavy work-load on everybody once the outage starts but can 
rely heavily on particular organizational features, such as decentralized 
decisions and formal delegation of power to the work group which allow 
a constant flexibility. 

F1 does not provide workers with a strict guidance, it is up to them to 
develop adequate strategies in case something unplanned emerged. It is 
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something they are used to do, and they know how to do it, relying 
mostly on their professionnal experience. 

F2's preparation seemed to be specific and different from the others. Its 
main goal is in fact to organize the exact dealing with contractors for 
technical preparation is more and more left to them. Uncertainties and 
unplanned situations are contractors' main problem. They shifted from 
EDF highly skilled foremen to highly skilled outside technicians. 
Therefore the preparation has more than one decision center, it is in fact 
more and more decentralized, requiring probably more coordination 
mechanisms than actually available. 

conclusion 

This article suggests that they are many different ways to cope with 
the difficulties an outage poses to nuclear power plants. Special attention 
has been given to the structures in place and to the design of 
responsibilities. It is not trivial to realize what it takes for a worker to 
actually work with a procedure. The vast majority of workers we met, 
were eager and willing to follow procedures. However for some of them 
it was easier than for others. It is also interesting to notice that the 
coordination between Operations and Maintenance cannot be solely 
supported by the involved parties. It has to be assisted, either by special 
formal coordination devices, by special group - like schedulers-, or by 
the emergence of strong informal leader, able to mediate an essentially 
problematic relation. The type of control and the type of links 
controllers develop with the work-group has also a lot to do with the 
formal organization of controlling activities. 

We believe that these examples could serve as a basis for future 
discussion, especially because they put the work-organization as a key 
dimension of Nuclear Power Plants. If informal and implicit practices 
have an important role, it is also of importance to recognize that 1) They 
are actually different strategies in facing similar problems, 2) That 
obviously different ways of organizing are giving different results and 
are not equivalent to actors daily life at work. 
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ABSTRACT 

The paper will focus on the importance of integrating radiation protection aspects 
into maintenance outages.Planning, co-ordination and mock-up training are 
necessary components in keeping the occupational doses low. Those components 
also contribute to inhance safety of the plant. The management of the installation has 
in this aspect an essential responsibility. 

INTRODUCTION 

Occupational dose reduction is important not only for the health and safety of the 
workforce but also because the associated requirement for a good management system 
enhances safety, quality and reliability of the installation and thus the economy of the 
plant. Indeed, during the eighties and beginning of the nineties progress has been made 
and occupational doses have decreased in most countries but unfortunately this is not the 
situation in Sweden. We have learned that there is no time for complacency because as 
plants become older there is a general tendency of increased maintenance and repair 
requirements. Moreover, the ICRP Publication 60, which recommends more stringent dose 
limits, further draws the attention to the exposure of workers and consequently to ways of 
reducing such exposure. 

TRENDS IN OCCUPATIONAL DOSES 

Traditionally occupational radiation doses in the Swedish nuclear industry have been low 
seen in the international perspective. In Figures 1 and 2, the annual collective doses are 
shown for the Swedish nuclear power reactors in comparison with some foreign reactors 
(BWR and PWR reactors, respectively, Ref. 1). 
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Figure 1. Collective doses per reactor for BWRs in some countries 
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Figure 2. Collective doses per reactor for PWRs in some countries 

As can be seen from Figure 1, the collective doses in Swedish BWRs have been low, but 
started to increase in 1992 and continued to do so also in 1993. In 1993 the total collective 
dose reached the level of about 28 manSv, i.e. 2.8 manSv per installed GWe, which in fact 
exceeds the planning level of 2 manSv per GWe which SSI has required as an average for 
5 consequtive years. 

Also, the annual individual doses have increased during the same years but are still well 
below the dose limits (50 mSv for any one single year and 100 mSv as a total for five 
consequtive years). Moreover, the annual average for all the work force are below the 
ambition level of the SSI of 5 mSv per year. However, for some groups the average 
individual doses have exceeded that level. The number of persons with annual doses of 
more than 20 mSv was in 1993 about 200 but the number decreased to less than 50 for 
1994 (see Figure 3). 
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Number of Persons in Dose Intervals 

Figure 3. Number of occupationally exposed persons in dose intervals 

REASONS FOR INCREASING DOSES 

Due to significant amounts of work, the doses have increased considerably during 1992 
and 1993. The increasing doses can partly be explained by the fact that some of the 
reactors are ageing thus requiring significant maintenance and repair works. Increasing 
safety requirements resulting in extending inspection programs are also contributing to 
this. In particular, a significant safety related event happened in 1992, when some 
insulation material was fed into the inlets of the safety injection systems causing risk of 
clogging. This event led to repair and modification works at all the BWRs of similar 
design leading to collective doses of about 7 manSv for the five reactors concerned. 

ACTION TO TURN THE TREND 

The changed situation with high collective doses has called for the establishment of more 
fundamental ALARA-programs. (ALARA an acronym for As Low As Reasonably 
Achievable)especially in the BWRs. 
Using the research funds, the SSI started in April 1993 a significant development program 
in the field of dose reduction. The Swedish "reactor maker" ABB-Atom was asked to 
examine the reasons for the increasing dose levels, to assess the expected dose situation 
during the years to come as well as to give advice on concrete actions to reduce 
occupational doses Ref. (2). The purpose with the program (DORIS=Dosreduction in 
Swedish BWRs), was to serve as a basis for the utility ALARA-programs. 

The base of the investigation was a comprehensive analysis of exposure and radiation data 
from the ABB Atom BWRs. Extensive computer simulations were performed to find the 
factors responsible for this radiation build-up. 

As you now collective doses at nuclear power plants are caused by the works that are 
needed to be done. The collective dose (S) resulting from any given operation can be 
expressed by the following equation: 

S = d t N, 

3 



where d is the ambient dose rate, t is the duration of exposure and N is the number of 
workers involved. 

The DORIS - project just dealt one of the components, the dose rate. 

Dose rates 

To get a measure of the evolution of the dose rates in the reactor systems, the nuclear 
industry is measuring continuously the dose rates at a number of places at the reactors. 
One such series of measurements is shown in Figure 4, from which it is evident that the 
radiation levels at that particular place on the recirculation loops are increasing with time. 

The dose rates are in general higher the closer to the reactor and its primary systems you 
are. The five oldest BWR-reactors are here of particular interest in that their recirculation 
loops require significant inspection and test activities causing important doses to the 
personnel. In PWR similar problems exist as far as their steam generators are concerned. 
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Figure 4 Dose rates on predefined point at BWRs 

Erosion and corrosion of base material in the reactor systems mean that large amounts of 
corrosion products are fed into the reactor. An important part of them are deposited onto 
the fuel, activated and thereafter spread in the reactor systems. Activated corrosion 
products and in particular Cobalt-60 are the main source of the radiation fields in the 
nuclear power plants and thus to the resulting radiation doses. Cobalt is one element in 
stainless steel and amounts up to 60 per cent in the hard facing alloy Stellite, common in 
valves. The following figure shows the predicted dose rates assuming various levels of 
inflow of Cobalt to the reactor. 
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Figure 5. Barseback 2 - Predicted dose rate on a RWCU pipe assumed a 
50% reduction of feedwater Co compared to the reference 
case (2 ppt => 1 ppt). 

Also, fuel failures are causing an increased spread of cobalt-60 from the fuel to the reactor 
systems. This phenomenon is presently studied in more detail, but it is already now evident 
that increased attention to fuel failures are needed also from the occupational exposure 
point of view as in shown in the figure below. 

Figure 6. Barseback 2 - Predicted dose rate on a RWCU pipe assumed 
considerable fuel failures (+ 50 g of tramp uranium every year) 
compared to the reference case (no tramp uranium) 

As shown in the following figure, increased burnup level of more recent BWR fuel is also 
a factor responsible for the increasing radiation levels in Swedish BWRs. The effect is 
delayed, which means that the increasing radiation levels turn up after 5 years of operation 
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or more with the new fuel with higher burnup level. The present burnup level is around 40 
MWd/kg U. 
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Figure 7. Barseback 2 - Predicted dose rate on a RWCU pipe assumed 
gradually increased fuel burnup levels (+ 1 Mwd/kg U per year) 
compared to the reference case (constant burnup levels) 

WORK MANAGEMENT AND ALARA-PROGRAM 

The SSI supervises through inspections and reporting the radiation protection situation at 
the Swedish nuclear power plants and monitored thereby early on the negative trend 
described above. One action taken by the SSI was to alert the plant managements on the 
situation and to explain the concerns of the SSI as regards this development. The SSI 
pointed out the importance of taking powerful measures to strengthen the radiation 
protection at the plants. To get doses to the ALARA level, it is, according to the SSI, 
necessary to go through and review all the components that make up the doses, one by 
one, and judge their dose reduction potential in relation to their respective costs Ref (3). 

Management approach 
The opinion of the SSI is that the management approach adopted towards radiation work 
can have a major influence on the degree of radiation exposure in the workplace. 
Experience has also shown that effective dose reduction needs firm management 
involvement and support as well as appropriate dosimetric systems and other tools. 
In other words, the organisation, control and follow up of radiation works to ensure that 
doses are ALARA is a management issue and must not be left to the radiation protection 
department alone. 

Also, the involvement of top management seems to be a very important measure to 
improve the attitude and awareness for effective radiation protection of all personnel. This 
is further enhanced if specific radiation protection goals are set up and all the personnel 
informed about the importance management attaches to the achievement of those goals. 
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Policy defined by management is not enough, however, continuous support is needed; a 
support that has to penetrate and be made known at all levels in the organisation. A key to 
successfully pursuing ALAR A seems to be commitment; a commitment that has to exist at 
all levels of management, not just at the top level. Many countries have realised this and 
several of them have defined ALARA programs and some more are in the progress of 
doing it. 

In Sweden, the above mentioned regulatory requirement to prepare an ALARA program 
by each utility is part of such a management approach. These programs shall contain 
objectives and dose targets for the short and longer terms, discussions on the basic 
considerations behind the choice of such objectives and targets, dose reduction plans 
(source and exposure time reductions to be considered) and ways to monitor, follow up 
and analysing experience. Finally, the plans shall contain programs for education and 
training of the workforce as well as the organisational aspects related to all the above. 

Industry response 
The Swedish nuclear industry has responded positively to the initiatives of the SSI. All 
the nuclear power plant managements have taken actions in a very constructive way, 
administrative as well as technical. They have clarified the responsibilities for radiation 
protection by delegated it to the line management. The industry has initiated a number of 
development projects aiming at dose reduction and is in the process of developing the 
ALARA programs referred to above, including explicit goals and targets for radiation 
protection for all the reactors. Finally, one has to emphasis that a number of technical 
actions have been taken or are in the process of being taken at the individual power plants, 
e.g. finding replacement material for Stellite, optimisation of water chemistry, 
decontamination of components and systems and development of improved strategies for 
fuel burnup and handling of fuel failures. 

THE FUTURE 

As I mentioned before, the collective dose consists of three components, dose rate, time 
and number of persons involved. SSI thinks that is it necessary to go through and review 
all the components that make up the doses, one by one, and judge their dose reduction 
potential in relation to their respective costs. Such component comprise actions that will 
contribute to reducing the dose rates in the plants, and in particular to radically decrease 
the inflow of cobalt into the reactor core. Here the Stellite reduction efforts will be 
instrumental. Other actions that most likely will be important are chemical 
decontamination, permanent shields, the prevention of fuel failures and the limitation of 
fuel burnup by a skilled operation strategy. 

When it comes to the other components that make up the collective doses, namely time 
and number of persons involved, planning, education and training as well as automations 
and robotisation will be important. However, a systematic approach will be needed 
including a review of 

- working conditions (protections, working environment, etc.) 
- worker characteristics (qualification, experience, information about the work, etc.) 
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- work organisation (scheduling, preparation, co-ordination, etc.). 

The modification of one or several of the above factors will have a direct impact on the 
productivity of workers and then influence directly the exposed time and usually the costs 
of carrying out the work. 

In addition to the above actions the SSI has emphasised to the nuclear industry the 
importance of having the management of the plants engaging themselves in radiation 
protection issues. Also, the SSI sees the importance of maintaining an open dialogue with 
all the work force including the outside workers that participate in the maintenance of the 
plants, particularly during the outage periods. Finally, the importance of education and 
training as well as setting up systems allowing analysis and feed back of experience has 
been pointed out by the SSI. 

CONCLUSIONS 

The nuclear industry has come to a point where greater emphasis on systematic dose 
reduction is needed. This is not only for the health and safety of the personnel, but also for 
maintaining the safety and economic viability of the plants and for public acceptance 
purposes. In Sweden the doses have increased significantly during a couple of years and 
great efforts are needed to turn the trend. To succeed in this, the plant management has to 
adopt a structured approach to radiation risks and tackle all the factors influencing 
exposure. The ALARA principle applied through, and by, all levels of management and in 
all important works seems to be a useful instrument in this respect. Management should 
deal with doses as they deal with money, i.e. establish systems containing targets, 
mechanisms to follow the results and to take corrective actions, when deviations so 
require. In this respect it should be pointed out that the dose targets should be challenging 
but possible to achieve, expressed in measurable terms and accepted by those who are 
responsible for the results at the company. 
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Nuclear safety and the sub-contracting 
of maintenance operations 

Abstract - The current policy of an operator, Electricite De France (EDF), is to sub-contract most of the 
maintenance operations on its nuclear power plants to external companies. What is the effect of this policy 
likely to be on the safety of the facilities? The Institute for Nuclear Safety and Protection, responsible for 
supplying the government authorities with technical expertise in the field of nuclear safety, has carried out 
an analysis to assess the possible implications of sub-contracting maintenance operations on the safety of 
the nuclear facilities. Once the main constraints managed by the sub-contractor staff had been identified 
during observations of maintenance work areas, the analysis established the weak points, in terms of 
safety, of the work organisation of the operator. This paper shows that EDF must resolve difficulties due 
to the profound changes in its modes of operation. After completing its analysis, the Institute for Nuclear 
Safety and Protection emphasised certain important aspects with safety implications relating to sub-
contractor autonomy, communication and skills. 

1 - INTRODUCTION 

The relationship between the client and sub-contractor has changed greatly over the last ten years. One 
after another, the main sectors of industry, both in France and in other countries, have gradually evolved 
from job-by-job relationships with the sub-contractors, generally on a lowest bidder basis, to 
relationships of on-going partnership [1]. This trend, supported by the provisions of French law (Loi du 
12 juillet 1990), has provided companies with "external flexibility". It has led to major changes in the 
manner in which work is organised and to redefining the division of responsibilities between the various 
actors. It is also being accompanied, in certain cases (the car industry, the building trade but also the 
nuclear industry), by "externalisation of constraints" to the sub-contractor companies [2] [3]. This paper is 
concerned with the possible effects of the sub-contracting of maintenance operations on the safety of the 
nuclear facilities. 

In EDF nuclear facilities before the 90s, any recourse to sub-contracting normally involved mixed 
operator and sub-contractor teams with supervision by the operator [4], The operator has now adopted a 
process for increasing quality and safety (in parallel with other initiatives) regarding the execution of 
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maintenance operations in its facilities. One aspect of this process is the systematic recourse to sub-
contracting of the maintenance operations. In this context, the operator concedes, if not requires, 
autonomy of organisation to its sub-contractors, while seeking to obtain their adherence to its 
safety objectives. 

This development involves major organisational changes. The purpose of this paper is not to make an 
overall analysis of the operator's approach but only to examine the weak points in terms of safety, without 
going into the solutions that it proposes. 

2 - THE EVALUATION PROCESS 

To determine how requirements relating to nuclear safety are being implemented by service companies 
for the execution of maintenance operations, the Institute for Nuclear Safety and Protection has chosen to 
observe the activity of the various actors (EDF and sub-contractor workers) during five maintenance 
operations carried out in different plants. This involved establishing the constraints determining the work 
activity of the service companies, particularly in terms of organisation, to subsequently appraise their 
compatibility with the implementation of safety-related requirements. An ergonomic approach to work 
situations was the key element of the assesment carried out. 

To determine the selection criteria for the maintenance operations selected and the main data to be 
monitored, a prior analysis was made. This was based on contacts with the operator during technical 
meetings in the three nuclear facilities, the utilisation of documents stating the required organisational 
system at the time, reports on surveillance inspections made by basic nuclear installation inspectors and 
reports on a certain number of significant incidents involving sub-contractors. This enabled familiarisation 
with the complex organisational context in which maintenance operations take place. 

Two findings are fundamental to the initial hypotheses used for analysis by the Institute for Nuclear Safety 
and Protection. 

Firstly, some incidents which occurred revealed differences between the safety requirements of the 
complex organisational system of the operator and what actually took place. These differences can either 
be reduced by the implementation of appropriate means, so that the functioning of the organisational 
system is brought closer to a situation more consistent with that which had been planned, or these 
differences characterise a mode of management inherent in the execution of maintenance operations in a 
specific work context. Verification of this second hypotheses pre-supposes understanding the different 
forms of action logic actually applied in the work areas by those involved and identifying in the activity of 
the workers the determinants which interact with safety. 

Secondly, the maintenance operations take place in a particular technico-organisational context. Two 
characteristics of this environment are particularly noteworthy: 

- The maintenance operations are carried out on technical systems in permanent interaction. From the 
point of view of safety, the authorised state of each of these technical systems is not independent of the 
states of the other systems. 

- Those involved in a maintenance operation can be both very numerous and very different. The 
operating staff play a role in design, planning and monitoring. The staff of different sub-contractors, 
who often intervene in succession, play roles at all stages in execution of the operations. The French 
safety authority may thus be called upon to supply authorisations during execution phases. All those 
involved must make due allowance for the plant operating requirements managed by the operating 
team. 
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In this complex system, each actor has his own view of the effect of his actions on the installation as a 
whole, differing from that of his neighbour [5]. This difference depends on the role of each actor, his 
professional culture and the amount of real-time information he possesses on the state of the installation. 

How do these different representations interact with safety? 

3 - ASPECTS SENSITIVE IN TERMS OF SAFETY 

The observations performed by the Institute for Nuclear Safety and Protection in nuclear facilities show 
that, for those involved in carrying out maintenance operations, the management of contingencies 
represents the main characteristic of the complexity of the maintenance activities. Contingencies can 
change the initial plans. All involved must collectively manage such contingencies while making 
allowance for innumerable items in interaction, the different logical processes of the different actors 
which intermingle and self-organisation phenomena. These observations have shown that those carrying 
out the maintenance operations develop strategies of adaptation as contingencies arise. 

The validity, in terms of safety and quality, of these strategies of adaptation can be compromised when 
any of the actors loses control of the constraints to be managed. The analysis by the Institute for Nuclear 
Safety and Protection has shown that some constraints can be hard to reconcile, or even be incompatible, 
with safety requirements. There have been findings in three safety-related fields: autonomy of service 
companies, communication and skills. 

3.1 - Autonomy of service companies 

The time constraints of unit outages mainly result from the contingencies of all natures that need to be 
managed and the difficulties in making provision in the planning for the various activities within the 
imposed target time of the outage. This being the case, a large proportion of the cases of slippage in the 
times of the basic maintenance operations result from contingencies in activities linked to it in the 
scheduling. 

Contingencies, whether foreseeable (depending on the results of checks, qualification of equipment etc.) 
or unforeseeable, tend to partly disorganise the programme of activities established in the forecast 
scheduling. These contingencies can stem from failures in logistic support, the transmission or non-
transmission of an important item of information, malfunctioning in the sequencing of the different phases 
of the work, intrinsic requalifications "outside criteria", unavailability of a system necessary for a 
particular job, expected or unexpected technical problems occurring during work, waiting for decisions by 
the safety authority, industrial action etc. 

The information supplied by the "charges d'affaires" who take responsibility for the safety of the 
maintenance work does not always reach the scheduling team in sufficient time to make proper provision 
for the outage. The relationships between the planning team and the "charges d'affaires" vary with the 
plants, their modes of organisation and the professional culture of the staff. These problems relating to the 
outage time management "system", together with the communication problems covered in §3.2, can 
complicate matters for the service companies in the management of their activities. 

Under the pressure of the financial constraints of availability, EDF is seeking at corporate level to reduce 
the duration of the outages. Under these conditions, adherence to the forecast schedule is a primary 
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consideration in every outage. Each actor seeks, if he can, to avoid finding himself in constraining 
situations, by strategies of adaptation, to keep his job off the critical path' of the schedule. At a higher 
level, the nuclear plant outage team is obliged, to make allowance for the technical, industrial safety and 
nuclear safety constraints, to schedule the work between two time limits. 

Time constraint management logic 

Safety Authority 

corporate objectives 
- maintenance programme 
- shortening outages 

t 
plant outage team 
- earliest limit 

- latest limit 

duration of outage 

time allotted for work 

off the critical path 

o f the schedule 

a degree of autonomy allotted 
contingencies 

on the critical path 

o f the schedule 

very little autonomy 

contingencies 

- solution tending to make the 
working conditions of service 
company workers worse 

- use of temporary workers 

These two time limits allow the service company a degree of scheduling autonomy if the job is not on the 
critical path of the schedule. If, on the other hand, the job is on the critical path, the autonomy is strictly 
determined by powerful scheduling constraints. In such cases, the scheduling autonomy of the service 
company has to be conquered, either at the expense of the duration of the outage or by calling into 
question certain phases of the job [6], To avoid such fixes, the countermeasures most commonly adopted 
by the outage managers relate essentially to the working hours of the service companies. The latter can 
move from normal working hours to overtime, unplanned round-the-clock shift work, or even working 
during the weekend. The Institute for Nuclear Safety and Protection has found that the service companies 
are permanently seeking strategies of adaptation (for instance inverting phases of the job, overlapping 
jobs, dealing with logistics in advance etc.) making it possible to avoid such difficult working conditions. 
Other solutions can also be found, such as the use of temporary workers. Thus the logic adopted by the 
EDF plants can be represented in the following diagram. This type of management of scheduling 
constraints can result in the service company workers' accumulating anxiety and fatigue during the 
outage which is likely to be prejudicial to the safety and quality of the maintenance operations. 
These conditions are aggravated in certain phases of the work which necessitate a large number of 
hours of work without interruption. 

1 The critical path of the schedule is a series of jobs which governs the duration of the outage as it 
"brackets" all the other jobs. 
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To reduce these constraints, the plants can take action within the field of their responsibility. This field 
essentially comprises: increasing the reliability of the logistic resources, a scheduling which is more 
realistic and better conceived for making allowance for contingencies in real time, and a contractual 
policy providing for working conditions. The following diagram shows the problematics with which EDF 
is faced. 

3.2 - Communication 

When a nuclear unit in service enters an outage, a change occurs in the way the power plant operates. This 
is due to the following reasons. More than 1000 service company staff join the 150 staff who normally 
operate the unit. The corporate operational units of EDF, which can adopt the role of "owner" for certain 
operations, reinforce the plant teams and the numerous service companies. During this transition, the 
central point in the organisation of the units changes from operations to the unit outage team. This 
transition from the old organisational system to the new one introduces constraints on operating personnel 
availability which need to be managed. The outage planning phase represents a major workload which, on 
occasions, can be aggravated by the failure of seconded workers to arrive in due time. 

The pertinence of the strategies of adaptation of those involved in the outage to the safety of the facilities 
varies with two factors which are conducive to communication. Firstly, supply of information in real time 
concerning the changing constraints of the outage is an essential factor enabling them to properly plan for 
the management of contingencies. Secondly, the degree of their integration in the outage organisational 
system in general and the job for which they are responsible in particular must be sufficient to ensure that 

The problematics of the operator 
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the prior risk analysis makes allowance for not only the technical aspects but also those associated with 
the socio-technical environment of the work. 

The observations have shown that, for these two conditions to be met, the operator needs to use three 
developments as a basis: an extended role and resources for the outage scheduling team, promotion of 
new skills ("charges d'affaire" and inspection co-ordinators) and greater integration of service company 
workers before and after execution of the work. These three developments involve difficulties which are 
best overcome gradually. 

The role of the outage scheduling team needs to evolve from one of assisting the outage manager to one of 
the communication "nerve centre" for all involved in the outage. This change involves true recognition 
of the qualifications necessary for the scheduling activity which must be backed up by high levels of 
competence in the field of operations in particular. This change in the status of the planning team 
necessitates new resources in terms of technicians and data processing capacity. More than an 
administrative decision, albeit an important one, of classifying scheduling as an activity subject to quality 
surveillance, the information made available to the actors by the scheduling team must be of a nature, by 
reason of its level of detail, to provide real assistance for the "charges d'affaires" and safety engineers. 
This development involves a substantial change in the habits and behaviours of the operating staff. Its 
organisation, essentially expressed in terms of functions of structures, needs to be broadened by affording 
its full importance to the role of communication between the actors [5]. 

The new positions of "charges d'affaires" and inspection co-ordinators in nuclear facilities involve a 
significant proportion of the operator's maintenance staff. This change makes it necessary to call into 
question the forms of specialisation which have evolved from the traditional divisions by technical branch: 
boiler-making, valves, rotating machines, electricity, instrumentation and control etc.. Now, the "charge 
d'affaires", while using his main skills as a basis, must rely on the skills of the "owner" and/or the "prime 
contractor(s)". He is the main exponent of the safety/quality process. Being involved at an early stage in 
planning of the work, he promotes, with the assistance of the inspection co-ordinators, integration of the 
successive service companies in unit outage plan organisation. He exercises, with the assistance of the 
inspection co-ordinator, his functions of checking and surveillance, for which neither was prepared. He 
plays a key on-the-job role in determining, with the service companies, the progress objectives derived 
from feedback of experience. These roles assigned to him place him in a pivotal position as regards 
safety and the operator's policy of partnership, as well as between the documented meaning of the 
prior risk analysis and the tool-in-hand activity of the service organisation worker. All the aspects of 
these new jobs are not yet fully apprehended by the operating staff as they call into question their system 
of references and values. These difficulties in understanding can affect the "charges d'affaires'" pivotal 
role. 

The prior risk analysis necessitates the participation of numerous actors in their respective fields. The 
"prime contractor's" contribution must cover the equipment placed under his responsibility. The plant 
must integrate the risk analysis made by the service company in an analysis including the outage safety 
constraints. Reconciliation of these two complementary analyses cannot be left to the last minute. This 
necessitates prior integration of the organisational systems of the plant and the service company as regards 
analysis of the risk, as shown in the following diagram. In the context of the policy of partnership with the 
sub-contractors proposed by EDF, the respective organisational systems of the two partners relating to 
quality and safety complement each other and gradually harmonise. But if EDF is seeking to actually 
integrate the sub-contractors in its safety and quality objectives, it must go yet further and integrate the 
sub-contractors in its experience feedback system. 

The difficulties in implementing the three changes relating to the planning team, the new jobs and the 
integration of the service companies as described earlier, and which are indispensable for promoting 
communication, are numerous. For the prior risk analysis process to become part of the practices of the 
entities of the operator (plants and corporate operational units) and of the service companies, it is 
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necessary to establish safety practice common to all the actors and to supply each with the organisational 
resources for advance scheduling and clarification of responsibilities. These various aspects present a 
fundamental change in the current habits and behaviour patterns of the operating staff. 

The requirements of the quality/safety process 

3.3 - Skills 

The findings, in terms of safety, of the observations centre around two issues: the stability of service 
organisation skills and the overlapping of the skills of the operator staff and the service company staff. 

Stability of service company skills 

To ensure that maintenance operations will be carried out by service companies with adequate skills, the 
operator seeks to form lasting relationships with contractors. The companies are centres of competence in 
specific areas. They guarantee a degree of quality organisations. But skill is also a question of 
composition of the work team and the manner in which each individual proceeds. It is therefore in the 
operator's interest to develop favoured relations with certain suppliers. For the operator, this is a 
guarantee that the service company will develop a store of practical knowledge, on-going relationships 
between his own staff and those of the service company which are built at each outage, and the 
effectiveness of the training effort supplied. 

However, the seasonal pattern of outages (see the diagram below) complicates the preservation of skills. 
This is because it creates an annual nuclear maintenance workload fall for the service companies, lasting 
around four months. In the present economic situation, this periodic variation in the workload, without 
diversity of activities, creates additional financial and social problems for the companies. 
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To offset the effects of this fluctuation of the workload, the companies resort to a number of methods. 
Around a stable core of highly qualified professionals working on a permanent contract basis, they 
assemble a team of temporary workers and/or workers with short-term contracts and/or sub-contract the 
unskilled parts of their maintenance operations. From the point of view of safety, in the light of the 
provisions adopted by the operator for temporary workers (grade I certification by the French committee 
for the certification of companies for the training and monitoring of workers exposed to ionising radiation 
is now compulsory), it is this short contract staff of the service organisations which can represent the 
greatest risk due to lack of competence. Their status in the company is not conducive to a level of 
competence which is reliable and sufficiently stable to lead, with experience, to increased competence of 
the companies which would make this choice. As concerns the sub-contracting of contracts, companies 
with contracts directly with the operator frequently call in large companies which manage service 
contracts on the site with the operator or with other service companies. These second order contractors 
generally supply the unskilled contractual labour. There must be no relaxing of operator vigilance 
concerning their competence. 

As regards this issue, it can be concluded that the seasonal pattern of unit outages is prejudicial to the 
stability of service company skills. It must therefore be emphasised that a flatter annual frequency 
curve for outages would be an effective way of ensuring stability of service company skills. This will 
place a dual constraint on the operator: nuclear safety and meeting electricity demand. 

Overlapping of skills 

In the biginning the operator documents and doctrine signified an orientation in the division of skills 
between the plants, the operator corporate operational units and the service companies for maintenance 
operations. Engineering and cutting edge technology are the domain of the constructor and operator 
engineering teams. Sitework is the domain of the service companies. The management of the dossiers 
and the interface management functions is the domain of the plants and the EDF operator and 
constructor interface team. The analysis by the Institute for Nuclear Safety and Protection, based on the 
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observations made, leads to a less categorical assessment of what ought to be the complementarity of the 
skills of the different maintenance operation actors. 

The technical monitoring activities of the operator are important in certain maintenance operations 
relating to systems important for safety, particularly the protection systems. The technical monitoring 
constitutes part of the surveillance exercised by the "owner". But, beyond this role, it contributes to the 
formation of plant teams that can acquire their own skills required for control of the safety systems. In the 
event of failure of a protection system, the plant manager, who is responsible for nuclear safety, must be in 
a position to rapidly make a precise diagnostic. This diagnostic should enable him to apply the technical 
specifications for operation designed to ensure nuclear safety, despite the unavailability of a system 
important for safety. He must also be in a position to take the first measures to counter the failure of the 
safety system pending action by the service company (whether internal or external) with the skills to make 
the repair. This implies the presence on-site of qualified teams with the necessary tools and 
documentation. 

As regards certain types of activities such as non-destructive testing, significant incidents have shown that 
the absence of technical inspection by the operator can eventually lead to deviations incompatible with 
safety requirements. 

Checking by the operator of the quality of maintenance operations is of utmost importance and raises the 
question as to whether, for certain activities and certain systems, the operator should not itself possess 
the necessary know-how to perform pertinent technical verification. Under these conditions, the need 
for a core of skills common to the operating staff and the contractor staff necessitates the operator's 
adopting a practice enabling it to maintain the constitutive skills of the core within itself. It must preserve 
a field in which skills overlap by managing what may be termed a "thick" operator/service company 
interface. 

For different reasons, an identical problem involving safety culture was revealed in the examination of 
significant incidents. In accordance with INSAG 4, concern for safety in all types of activities, for 
organisations and individuals at all levels, calls for many factors to be combined. Awareness among 
individuals of the importance of safety, knowledge and skills derived from training, practice and 
unassisted learning, commitment and adhesion to the common safety goal, motivation, surveillance and 
responsibility. Safety culture manifests itself through the roles of the structures set in place and the 
attitudes adopted by individuals. Although the training aspect is readily understood and correctly 
implemented by the operator and the service companies, including re-training, the perception of the other 
issues mentioned earlier, encounters major difficulties. One of these is particularly noteworthy. 

The policy of recourse to sub-contracting, in the manner in which it is implemented by the operator, 
introduces a new ingredient into what the safety culture of service company and operator staff should be. 

These two types of actors share a certain safety culture acquired in training and converging practices in 
nuclear facilities. Yet, in a certain manner, part of their respective safety culture is "dislocated" when it 
involves certain concrete actions relating not to the physical object of the work but to the socio-technical 
environment of the plant perceived by the service company worker (the technical environment, the 
logistical resources of the operator, its organisation, and its accumulated experience feedback). For 
instance, some significant incidents show that the service company staff can incorrectly identify 
equipment due to lack of reliability of the marking system and/or the operator databases insofar as their 
knowledge of the plant has not led them to adopt a questioning attitude concerning the reliability of the 
operator's logistics resources. In the absence of experience accumulated in plants at the same echelon as 
the operator staff, service company staff have safety culture relating to the socio-technical environment of 
the plant which is different from that of EDF staff. The policy of recourse to service companies for 
carrying out maintenance operations results in the presence of actors who have a different safety culture 
because they have a different "biography". 
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Under these conditions, the operator should concentrate its action in this field on increasing the overlap of 
the respective safety cultures of all the outage actors: both the operator staff and the service company 
staff. Training can supply part of this requirement. Attaching partners for carrying out maintenance 
operations tends in the same direction. But, in view of the limits of this attachment (involving 
management of the competition/attachment equilibrium) and training (it has a greater effect on attitudes 
than behaviour patterns), the operator's organisational system must manage the "dislocated" aspect 
of the safety culture of the two types of actors. 

The overlap of skills, whether professional or relating to safety culture, also introduces the concept of 
"thickness" of the operator/service company interface in this field. 

4 - CONCLUSION 

The orientations relating to the recourse to sub-contracting of nuclear maintenance operations result in 
major changes in organisation and attitude for the operator and the sub-contractors. For the sub-
contractors, these changes do not fundamentally call into question the professional practices and skills, but 
rather have a positive effect on them in terms of higher quality and greater control of their capacity to 
carry out work on complex systems. For the operator of a nuclear plant, the changes are of a completely 
different nature. He must gradually evolve towards an organisational system which "knows how to have 
things done" from an organisational system which "knows how to do things" in the outages. Such a 
change encounters resistance rooted in a system of values and a frame of reference associated with 
working practices. It calls into question the subjectivity (if it is accepted that this approximates to 
commitments of values of the subject in his activity [7]) of individuals, i.e. the source of their motivations. 
Three aspects of the difficulties encountered by the operator need to be emphasised. 

To create this "anticipative and communicating" organisational structure, one strategic decision that the 
operator made was the creation of new functions. The main vectors of communication are based on these 
new actors: the "charges d'affaires" and inspection co-ordinators. While maintaining the technical skills 
acquired in the earlier organisational system, they must acquire new skills in management and 
communication affording them a capacity for anticipation which is indispensable in exercising their 
multiple responsibilities. 

The generalised recourse to sub-contracting, integrated in the overall maintenance "safety/quality" process 
results in a fundamental socio-professional change. It is the corollary of the "operations" process in direct 
relation to nuclear safety. The purpose of each process, in its respective field, is to instigate evolution of 
practices, work methods and behaviour patterns. Unavoidably, they will result in a major upheaval in the 
operator's collective culture and frame of reference. This will engender a multiplicity of messages, which 
will not always be consistent with the development of the everyday actions of the staff and the 
organisational re-structuring encountered. The greatest risks are not those which are caused by delay, but 
rather those attributable to an excessively proactive attitude in the introduction of reforms without making 
proper allowance for the rate of assimilation by the staff. The capacity for assimilation depends on their 
culture and the scale of the reforms initiated. It is important not have preconceived ideas about people's 
capacity for flexibility. 

The multiple requirements which have led the operator to opt for substantial use of external service 
companies for carrying out maintenance operations have structural consequences on its organisational 
system. It may be supposed that they enhance the structures which handle industrial policy matters more 
than those which handle the technical orientations. Up to now, the latter have formed the basis of the 
corporate culture. One of the things at stake in the process of change is the preservation, in the long term, 
of the right equilibrium in operating staff culture between internal technical skills and openness to the 
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external industrial environment. It is this which gives meaning to the concept of "thickness" of the 
operator/service company interface. The consequences of this movement of the centres of power from 
the operator must be monitored as regards its effects on safety. 

For the different reasons mentioned earlier, the process of partnership initiated by the operator with its 
sub-contractors is a difficult one, particularly for the former. Harmonising all the different processes 
during their implementation may lead to changes in the way the objectives are expressed. This can lead to 
practices which deviate from the orientations initially announced. The risk is considerable, if the 
necessary conditions for participation of the staff are not obtained, of weakening their confidence. Yet, 
without confidence, the outcome of the processes becomes uncertain. The different initiatives set in 
motion by the operator can result in increased safety. It all depends on its capacity to properly manage the 
change. 
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The Management of Contractors for High Hazard Radiological Work 

Background: 
This presentation is based on the outcome of a reportable event which occured in 1993 at a 
Canadian reactor. Because the terminology used to describe the qualification of radiation 
protection personnel is different in Canada than elsewhere, a short description of the radiation 
protection qualifications is in order. 

In Canada the various levels of Radiation Protection Training are indicated by a colour code. 
There are four levels of qualification, with red the lowest, followed by orange, yellow, and 
green. A yellow-qualified individual has free access to the station, but may take responsibility 
only for his own radiological protection. A green-qualified person, on the other hand, has free 
access to the station, but may also provide radiological protection for lesser qualified individuals. 
The green-qualified person is also called a Protection Assistant. 

Introduction: 
At the time of this occurrence two contractors had coine from the United States to perform 
explosive plugging of boiler tubes during a unit outage. During that work one of the contractors 
became internally contaminated with plutonium, through inhalation and/or ingestion. 

The contractors had been scheduled to do eight plugs for this time-critical aspect of the outage 
work. When the contractors arrived at the site they were told that the schedule was ahead by 
eight hours, and that they would have to begin work sooner than planned. 

For protective clothing in the boiler room the two contractors wore full plastic suits, tyvek 
coveralls and hoods, shin-high booties and double rubber gloves. The protection assistant was 
dressed in the same manner, but also wore a Comfo (particulate) respirator, since he anticipated 
being unplugged for at least part of the time in the boiler room. 

Discussion Points: 

From this event 12 areas were identified where changes could be made to the management of 
contractors hired for high hazard radiation work. The result of these changes would be 
improvement to safety. The 12 areas are: 

1) the scheduling of contractor work 
2) pre-job briefings 
3) communication between contractors and site staff 
4) use of protective clothing 
5) enforcement of safety measures 
6) authority structure (protection assistant versus contractor) 
7) supervision of contractors 
8) trial runs/walk-throughs 
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9) provision of equipment 
10) job planning 
11) on-site training of contractors 
12) training and experience of protection assistants 

1) scheduling of contractor work: 
For this outage the explosive plugging of the boiler tubes was a critical work path to the 
completion of the outage, and thus there was considerable time pressure to complete the task. 
The contractors had originally been scheduled to complete 8 tubes, but during the course of the 
work they ended up doing 12 tubes. Given that the contractors were required to begin their 
work 8 hours ahead of schedule, they did not have enough time to recover from their long-
distance travel, and did not have time for familiarization training. 

Recommendations: 
a) contractors should have at least several days prior notice if the schedule is changed, 

particularly if work is to be advanced. 
b) contractors should have adequate time to become rested after travel so as to avoid 

fatigue (which can lead to human error). 
c) adequate time should be allowed for familiarization training of contractors. 

2) pre-job briefings: 
For this outage work a high hazard pre-job briefing was given to the work crew, line supervision 
and the protection assistant. This briefing covered the basic job steps and some of the associated 
hazards and barriers, but no mention was made of the increase in airborne contamination which 
would occur, or the time delay which would be necessary before the contractors should re-enter 
the job site after detonation of the explosive. 

Recommendations: 
a) both conventional and radiation hazards should be discussed in detail along with the 

required procedures for each of the steps taken to complete the job. 
b) health physics and radiation control personnel can play a valuable role in pre-job 

briefings for high hazard work. 
c) it might be useful to establish detailed guidelines for the content of a pre-job briefing 

for high hazard work. 

3) communication between contractors and licensee staff: 
While in the boiler room the two contractors were able to communicate with each other through 
headsets which they had brought with them. The protection assistant, on the other hand, was 
not provided with a headset, and so did not have a direct communication link with the 
contractors. It is not clear whether, at one point in the work, the contaminated contractor 
opened the flap on his hood to allow for communication with the protection assistant. 
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Recommendations: 
a) headset communications should be provided for each person in the work area. 
b) personnel in the work area should have a direct communication link with dose desk 

personnel and supervisory personnel outside the job area. 

4) use of protective clothing: 
During the boiler room work the contractors wore the plastic suit and tyveks, while the 
protection assistant wore the plastics and tyveks, and wore a Comfo respirator. He did not 
request that the contractors wear a Comfo mask because it was not specifically stated as a 
requirement in the radiological work plan. 

Another problem related to the fact that the lengths of air hose provided for each contractor were 
not adequate to reach to the rubber area. This meant that the contractors had to unplug several 
times during the course of the explosive plugging work. 

Recommendations: 
a) every effort should be made to ensure that adequate lengths of air hose are available, 

such that the workers can reach the rubber areas without having to unplug. 
b) if an airborne particulate hazard is anticipated then the use of Comfo masks should be 

required, particularly if unplugging of the air hose is unavoidable. This should 
be specified in the radiological work plan. 

c) the route from the job site to the rubber area should be kept clear, so that a speedy 
exit is facilitated. 

5) enforcement of safety measures: 
During the boiler work one of the contractors used only one hood throughout most of the shift. 
In addition, the contractors removed their hoods before reaching the rubber area barrier. No 
hot particle check was made upon exiting the boiler room, and when hand contamination was 
discovered, no additional checks were made. Throughout the work the protection assistant felt 
that the contractors were working to their own standard, and so the protection assistant did not 
enforce site standards. 

Recommendations: 
a) contractors should receive orientation and training regarding site safety rules, and both 

conventional and radiation protection practices. 
b) the use of rubber areas should be enforced by the protection assistant. 
c) proper radiation monitoring should be enforced by the protection assistant. 
d) follow-up on contamination should be made by the protection assistant. 
e) correct use of protective clothing should be enforced by the protection assistant. 
f) changing requirements at the rubber change stations should be enforced by the 

protection assistant. 
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6) authority structure (protection assistant versus contractor): 
The protection assistant used on this outage was not familiar with the type of work being done 
by the contractors. He did not have a clear understanding of his role as a protection assistant, 
nor the responsibilities of his position. The protection assistant was dealing with very 
experienced contractors, and instead of performing the radiation surveys himself after each 
detonation, he followed their suggestion and allowed them to perform the surveys. 

Recommendations: 
a) the roles, responsibilities and authorities of the protection assistant, the contractors, 

and the dose desk personnel should be clearly documented and communicated to 
all people involved in the work. 

b) the protection assistant must have complete authority to supervise and control the 
radiation protection aspects of the job. 

c) only people with the necessary knowledge, skills and experience should be chosen to 
act as protection assistants for contractors, and these people should have sufficient 
strength of personality to be able to function under stress and be assertive in 
difficult situations. 

d) protection assistants should take charge of all aspects of radiation protection, and not 
yield to the suggestions of the contractors, who may have a different and 
unacceptable ways of doing things. 

e) contractors must not be allowed to perform the duties of the protection assistant. 

7) supervision of contractors: 
While the contractors are in the actual work area with a protection assistant it is generally 
understood that they are under his watchful eye. Upon leaving the work area though, it becomes 
less clear where the protection assistant's responsibility for supervising the activities of the 
contractors ends. 

Recommendations: 
a) it should be clearly documented and communicated exactly for which types of 

activities, and at what physical locations in the station the protection assistant 
holds responsibility for supervising contractors. 

8) trial runs/walk-throughs: 
In this outage the nature of the schedule did not allow sufficient time for the contractors to 
complete a walk-through of the work. 

Recommendations: 
a) sufficient time should be made available for the contractors to familiarize themselves 

with the layout of the work area. 
b) both the protection assistant and the contractors should discuss the route to be used 
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for entry to and exit from the work site to the rubber area, 
c) sufficient time should be available for both the protection assistant and the contractors 

to perform a run-through of the work on a full-scale mock-up. 

9) provision of equipment: 
During this work the contractors used communications headsets which they had brought with 
them. The protection assistant did not have a headset and therefore could not communicate 
directly with the contractors, nor with anyone outside the boiler room. In addition, the lengths 
of air hose available were insufficent for the route used, and thus the contractors had to unplug 
while moving from the work site to the rubber area. 

Recommendations: 
a) proper communication aids should be made available to all personnel working in a high 

hazard area. 
b) accurate measurements of the routes to be used, and the locations of the rubber areas 

in relation to the work site should be taken so that adequate lengths of hose can 
be provided. 

c) interaction between the licensee and the contractor prior to the work should establish 
what equipment and job aids must be supplied on site, and what will be brought 
by the contractor. 

10) job planning: 
Though the work procedure was submitted by the contractor to the licensee, the engineers 
involved in writing the work plan did not have sufficient detailed knowledge of the radiological 
aspects of the work to be carried out by the contractors to be able to identify radiological 
hazards. In addition, the health physicist who reviewed the work plan was not familiar with the 
specific details of how the contractor would be doing the explosive plugging, and he was not 
provided with a detailed copy of the procedure. As a result, the generation of airborn 
particulates was not specifically mentioned in the work plan, and was not recognized as a result 
of the explosive plugging. The planning staff relied on the protection assistant to recognize the 
hazard, but since the protection assistant involved did not have past experience with such work, 
he did not recognize the hazard. 

The job hazard analysis did not identify a necessary delay after detonation before re-entry to the 
boiler base could be made. Furthermore, given that neither the airborne hazard nor a time 
limit had been identified, a caution to remain plugged in at all times was not written into the 
work plan. 

Recommendations: 
a) site planning engineers and health physicists involved in the writing and reviewing of 

work plans should have detailed knowledge of the work activities to be carried 
out by the contractors. 
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b) contractor procedures should be made available for full review by site planning staff. 
c) contractor procedures should be reviewed at licensee group meetings and the necessary 

changes made, or hazards and cautions inserted. 
d) planning staff and protection assistants should have the necessary knowledge to be able 

to anticipate the hazards which might result from the work 
e) reference should be made to past work of a similar nature to identify any previous 

difficulties, so that they may be avoided. 
f) planners should look at : 

1) job steps 
2) detailed procedures 
3) contractor personnel and qualifications 
4) work area environment 
5) equipment and job aids 

In addition, work planners should complete a job steps and conditions chart, barrier analysis, 
hold a team meeting with people from the technical and radiological specialties to discuss the 
work to be carried out. 

11) on-site training of contractors: 

Contractors may work to different standards for both conventional and radiological safety. 

Recommendations: 
a) on-site orientation and training should be given to contractor staff to familiarize them 

with site-acceptable conventional and radiological safety practices. 
b) it should be made clear to contractors that site standards must be met. 

12) training and experience of protection assistants: 
Having a green qualification on paper should not be taken to indicate that a person has 
acceptable protection assistant skills in practice, especially for outage work. In addition, a 
protection assistant who usually works days cannot be assumed to have either a broad scope of 
protection knowledge, or recent practical experience as a protection assistant. 

Recommendations: 
a) specific training and orientation regarding the activity steps to be carried out by the 

contractors should be given to protection assistants prior to the outage to provide 
that person with the necessary skills and knowledge to enable him to provide 
competent protection assistant services during the outage. 

b) inexperienced protection assistants should not be used for high hazard work. 
c) the roles and responsibilities of the protection assistant should be stressed during 

training. 
d) the protection assistant should be given hands-on practice on a full-scale mock-up (if 

available) prior to beginning the work. 
e) a team approach should be taken by the protection assistant, survey personnel, and 
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dose desk staff. 
f) the protection assistant must fully understand the job to be carried out by the 

contractors. 
g) a novice protection assistant should not be assigned to protect highly experienced 

contractor staff who might have their own way of doing things. 
h) do not assume that a green qualification means that a person is green-qualified in 

practice. 
i) prior to beginning the job the protection assistant should understand which contractor 

jobs are "unstoppable" (by virtue of the nature of the work), and which are 
"stoppable". 

j) backout conditions should be made clear to the protection assistant (and contractors) 
prior to beginning the work, 

k) the protection assistant should be trained to respond to changing radiological 
conditions. 
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REGULATION OF MAINTENANCE OUTAGES 
IN THE UNITED KINGDOM 

E M Pape, HM Nuclear Installations Inspectorate, United Kingdom 

Introduction 
This paper describes: 

the UK's nuclear power plant regulatory system with reference to the 
requirements for management of outages, 

the reasons for and content of outages, and 
the interactions between regulator and utility during outages. 

Summary 
Regulation of maintenance outages in the UK is achieved by monitoring by the 
regulator (HSE/NII) of compliance by the utility with relevant conditions attached to 
the site licence. The expectation is that the utility will have adequate arrangements in 
place to ensure that all aspects of organisation of maintenance outages are carried out 
safely, and that these arrangements will include self-monitoring. The role of the 
regulator can then be to satisfy himself that the utility's arrangements are effective, by 
sample inspection of aspects of the management and implementation of the outage. 
Pressure on utilities to minimise the lengths of outages is creating a strain on utilities' 
staff and procedures and necessitating closer monitoring by the regulator. 

UK nuclear power plant regulatory system 

1. The Health and Safety Executive (HSE) is the body appointed to enforce health and 
safety law in the UK; they are also the licensing authority for nuclear installations. The 
Nuclear Safety Division (NSD) is one of the divisions of HSE. The Nuclear Installations 
Inspectorate (Nil) is that part of NSD to which routine aspects of the HSE's nuclear licensing 
function are delegated. 

2. Operators of nuclear plants in the UK ("utilities") must conform to the general health 
and safety standards specified in the Health and Safety at Work Act. This Act places a 
fundamental duty on employers to ensure, so far as is reasonably practicable, the health, safety 
and welfare at work of all their employees. It also imposes a duty to ensure, so far as is 
reasonably practicable, that persons not in their employment are not exposed to risks to their 
health or safety as a result of the activities undertaken by an employer. 

3. The nuclear industry must also comply with the Nuclear Installations Act which has 
three purposes: 

it provides for the licensing and inspection of sites which are to be used for the 
operation of nuclear reactors and certain other nuclear installations, and for the attachment of 
conditions to nuclear site licences; 



it provides for the control of the processes and the application of security measures 
associated with the enrichment of uranium and the extraction of plutonium or uranium from 
irradiated matter; and 

it sets up a special legal regime to govern the liability of the licensees towards third 
parties for certain kinds of damage caused by nuclear matter on, or coming from, their sites. 

4 Under the Nuclear Installations Act, no site may be used for the purpose of installing 
or operating a nuclear installation unless a licence has been granted by the HSE. A licence is 
granted to a corporate body (the utility) to use a site for specified activities. Licensing applies 
throughout the lifetime of a nuclear installation from manufacture, construction, 
commissioning, operation, modification and to eventual decommissioning. The form and 
structure of the site licence is the same for all nuclear installations - schedules to the licence 
provide a definition of the site and a series of licence conditions. 

5. The HSE is able to attach to a nuclear site licence any such conditions as appear to it 
to be necessary or desirable in the interests of safety. A standardised set of conditions has 
evolved with the aim of producing safety requirements which are non-prescriptive and flexible. 
They include requirements relating to incidents on the site, emergency arrangements, training 
of staff, control and supervision of activities at the site, safety documentation, periodic 
reviews, quality assurance, radiological protection, modifications, operating rules and 
instructions, records, availability of safety mechanisms, maintenance, periodic shutdowns, 
radioactive waste, decommissioning etc 

6. The majority of the licence conditions require the utility to make and implement 
adequate arrangements to address the subject of the condition. The utility can develop 
arrangements that best suit his business provided that he can demonstrate that safety is being 
managed adequately. The conditions provide the basis for Nil's regulation of activities at the 
site but they do not relieve the utility of responsibility for safety. 

7. Maintenance outages of nuclear power plants in the United Kingdom are regulated 
with regard to conditions of the nuclear site licence. Licence conditions require 

adequate arrangements for the regular and systematic examination, inspection, 
maintenance and testing of all plant which may affect safety; 

the preparation of a plant maintenance schedule for each plant (there must be a link 
from the safety case for any operation on a licensed site through to the maintenance schedule 
to ensure that safety related plant and systems will fulfil the requirements assumed in the safety 
case); 

that maintenance is carried out by suitably qualified and experienced persons, in 
accordance with schemes laid down in writing, within the intervals specified in the plant 
maintenance schedule and under the control and supervision of a suitably qualified and 
experienced person appointed by the licensee for that purpose; 

that defects affecting the safety of plant found during maintenance are reported and 
investigated; 

that reports on maintenance activities are kept; 
that plant be shut down in accordance with the requirements of its plant maintenance 

schedule when necessary' for the purpose of enabling any examination , inspection, 
maintenance or testing to take place; 

adequate arrangements for the periodic and systematic review and reassessment of 
safety cases 



8. Under current arrangements, a nuclear power plant's maintenance schedule must 
specify the requirement for and frequency of maintenance outages. All or part of the 
maintenance schedule, including the part which includes the requirement for maintenance 
outages, must be approved by the HSE. This approval process effectively freezes the 
requirement for maintenance outages as once approved, no alteration or amendment may be 
made to a part of the maintenance schedule without the approval of the HSE. The utility is 
then required to shut down the plant in accordance with the requirements of the maintenance 
schedule and to undertake the maintenance specified in the maintenance schedule that is due at 
the outage. 

9. Typical wording of the requirement in a maintenance schedule for a maintenance 
outage is as follows: 

"For the purposes of this schedule a reactor shall be shut down for statutory reactor 
outage after a maximum period of 2 calendar years following a consent from the HSE 
to start up that reactor after its previous statutory reactor outage." 

10. Failure to comply with the requirements of the maintenance schedule for maintenance 
outages would be a contravention of a site licence condition which is an offence under the 
Nuclear Installations Act. If HSE considers that a utility has contravened a licence condition, 
the utility can be prosecuted in a court of law and, if found guilty, can be fined. HSE has 
other regulatory powers, including being able to direct that a utility shuts down any plant and 
being able to specify that the utility shall carry out tests, inspections or examinations. 

11. HSE can also specify that when a plant has been shut down for a maintenance outage, 
it shall not be started up again without the consent of the HSE. HSE can agree to an 
extension of a plant's operating period between outages and to an extension of any interval 
specified in the maintenance schedule. 

Reasons for and content of maintenance outages 

12. The UK's gas cooled reactors are shut down for maintenance, inspection and, in some 
cases, refuelling at intervals of two or three years. The maintenance and inspection required at 
maintenance outages is specified in a maintenance schedule and can include 

inspection of the reactor core (e.g. for channel straightness) 
laboratory examination of samples from the reactor core (e.g. of the graphite 

moderator) 
drop testing of control rods 
overhaul of control rod actuators 
inspection of the exterior of the reactor vessel and of penetrations 
testing and examination of components of cooling water systems 
testing and inspection of safety relief valves 
inspection of components inside the reactor vessel for oxidation and other defects 
response and trip checks on reactor safety circuits and the group 1 alarm system 
inspection and overhauls of gas circulator motors and lubrication systems 
testing and overhauls of components of boiler feed systems 
testing and maintenance of components of essential electrical supply systems. 



Note: the maintenance schedule also includes many tasks that do not have to be done when the 
reactor is shut down, e.g. maintenance of fuelling machinery. Outage maintenance activities 
are a subset of the maintenance schedule - they are the activities that can only be undertaken 
safely with the reactor off-load and depressurised. 

13 At each maintenance outage, the safety case for continued operation of the reactor is 
reviewed particularly with regard to its adequacy to support operation of the reactor for the 
period up to its next maintenance outage. (This "short term" review is supplemented by more 
comprehensive periodic reviews at 10-yearly intervals.) Frequently the opportunity provided 
by the outage is taken to allow completion of plant modifications which cannot be carried out 
on-load. 

Interaction between regulator and utility during outages 

14. The requirements for maintenance outages and for the routine maintenance to be 
undertaken during maintenance outages are specified in the maintenance schedule, all or parts 
of which are approved by the regulator (HSE/NII) In preparation for a maintenance outage, 
the utility produces an outage programme. The outage programme includes the required 
routine maintenance and non-routine activities such as off-load refuelling, work on 
modifications and any special tests or examinations that are necessary. The content of the 
outage programme is discussed with the Nil Site Inspector several weeks before the outage 
begins. If any routine maintenance is not to be done, the utility must make a case for its 
suspension or postponement which, for the more significant tasks, would have to be agreed by 
the regulator 

15 During the maintenance outage, the Nil Site Inspector will visit the site and carry out 
routine inspection of activities at the site. Aspects that the Inspector might take a particular 
interest in are: 

compliance with operating rules and instructions during the reactor shutdown, whilst it 
is shut down and during its start-up 

adequacy of instructions 
quality assurance arrangements 
control and supervision of outage activities 
compliance with access and plant isolation arrangements (permits to work etc.) 
control of the work of contractors 
control of personnel and materials in and out of the reactor vessel 
training of maintenance staff 
recording and investigation of incidents 
radiation dose limitation 
records. 

16. Nil Specialist Inspectors may also visit the site to check and discuss inspection results. 
Note: Nil Inspectors do not normally inspect plant components directly; their role is more one 
of monitoring the work of the utility or its contractors to ensure that the necessary work has 
been done and that the necessary consideration has been given to the findings of any plant 
inspections or testing 



17 It is recognised that utilities are keen to minimise the lengths of maintenance outages in 
order to maximise reactor output and utility income. There is pressure on staff of the utility 
and on its contractors' staff to work rapidly and avoid delays, particularly on critical path tasks 
that have a direct effect on the length of the outage. Much effort by the utility goes into 
pre-planning the outage in order to ensure that tasks are undertaken efficiently - full-time 
outage managers have been appointed at some stations and work groups of station staff have 
been established to improve communications - but unexpected problems will still arise. The 
results of this pressure are that: 
(i) key members of staff have to work extra hours during the outage, causing fatigue and 
stress which is not conducive to avoidance of errors and inappropriate decisions; 
(ii) there is an incentive for the utility's engineers to play down the significance of faults 
found during maintenance of plant in order to avoid delays whilst the faults are evaluated and 
remedial measures are approved; 
(iii) during the outage the plant is in an abnormal state and there are the possibilities that 
operating rules and instructions for a shutdown reactor may be less thorough than those for an 
operating reactor, reactor operators are less familiar with the rules and instructions, and 
reactor operators may be complacent and less attentive. 
The regulator must be alert to these pressures and must monitor the utility's management of 
the outage with the aim of ensuring that correct procedures are followed and that all 
necessary maintenance tasks are completed properly 

18. One result of the incentive for utilities to reduce durations of maintenance outages is 
the move from reactor outages at intervals of two years to outages at intervals of three years. 
This change requires an amendment to the maintenance schedule which requires the approval 
of the HSE. Prior to granting the approval. Nil must be satisfied that an adequate case has 
been made for any increased intervals between maintenance tasks but Nil has also required 
assurance that the utilities' maintenance arrangements are adequate and fully implemented. 
This has been checked by special team inspections of the utilities' maintenance arrangements, 
involving three or four inspectors at the site for around three days. 

19. Another trend amongst UK utilities, brought about by commercial pressures on the 
nuclear power industry, is reductions in numbers of staff at power plants and at the utilities' 
headquarters. Stations are becoming more dependent on contractors for maintenance 
activities. This can be advantageous in that a contractor can maintain a specialist team to 
undertake similar tasks at several nuclear power plants, but there are also potential 
disadvantages in that contractors' staff may be less familiar with plant and procedures at a site 
than direct employees of the utility, and it is more difficult for the utility to ensure that 
contractors' staff are competent. The utility must have procedures that require evidence for 
the competence of contractors' staff. In recognition of the importance of the contribution of 
contractors during outages, some stations have introduced the concept of "partnering" which 
involves a closer relationship between the utility and the contractor; the contractor benefits by 
continuity of business and the utility benefits by the contractor's assistance in reducing outage 
duration. 

20. Some UK power stations are now using operating rule parameter checksheets which 
are completed by the reactor control room operator once during each shift. The checksheets 
show the operating rule limits, station limits or target values to ensure that parameters remain 
within the operating rule limits, and actual values of the parameters. They serve to remind the 
operators of the limits and indicate longer term changes in parameters. As many of the 



parameters are different for a shutdown reactor compared with an operating reactor, a 
different checksheet must be used. (The checksheets as described above only provide a once 
per shift check on compliance with rules and limits; checks for shorter interval transients etc. 
are achieved by manual and computer analyses of reactor data and the results of these also can 
be recorded on checksheets.) 

21 As the end of the outage approaches, the utility must prepare a case for restarting the 
reactor. HSE's formal consent is required before the reactor is started up at the end of an 
outage; this is dependent on the utility making an adequate case for the period of operation up 
to the next maintenance outage. The case would include a statement on completion of the 
required maintenance, evidence that inspection and test results were satisfactory and a review 
of recent operating experience. The case is presented at a formal start-up meeting attended by 
senior staff from the regulator, station and utility's headquarters. (The formal start-up meeting 
is often preceded by a pre-meeting to ensure that all appropriate topics will be addressed.) 

22. Following the start-up meeting, provided Nil are satisfied with the utility's safety case, 
HSE issues a consent to start-up - the consent is a formal document signed by a Deputy Chief 
Inspector of the NIL Following start-up of the reactor, there may be some further documents 
that have to be completed and submitted to the regulator (e.g. inspection reports) and checks 
will be required to ensure that all plant has been restored to the configuration and settings 
appropriate for routine operation. 
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1 Introduction 

Nuclear energy plays an important role in electricity generation in Bavaria. Five 
nuclear power plants, manufactured by the Siemens/KWU Company with a net 
output of 6047 MW produce about 70% of the electricity needed in Bavaria. 

The nuclear power plant Isar 1 (KK11) is a boiling water reactor of the 69 
reactor series. It was put into operation in December 1977 and has an output 
of 870 MW. 

Next to KK11 there is the nuclear power station Isar 2 (KKI 2), which is a 
pressurized water reactor of the Konvoi reactor series with an electricity 
output amounting to 1330 MW. This power plant was put into operation in 
1988. 

The two blocks of the Gundremmingen power station (KRB II) are boiling 
water reactors of the 71 reactor series with an electricity output of 1284 and 
1288 MW. They were first operated in 1984. 

The nuclear power station Grafenrheinfeld (KKG) is a pressurized water 
reactor with an electricity output of 1275 MW. This nuclear power station was 
first operated in 1982. 

2 Legal Aspects of Supervision 

Generally, the peaceful use of nuclear energy and the protection against the risks 
involved are regulated in the German Atomic Law (AtG) /1/. This includes 
regulations on licensing and state supervision of nuclear power stations. 

Apart from the general regulations in the German Atomic Law, there are also more 
detailed regulations that are outlined in various decrees: for example the German 
decree on radiation protection (StrlSchV/1/); the German decree on notification 
criteria regarding incidents which must be reported (AtSMV) /1/; and the German 
decree on cost charging (AtkostV) IM. 

In a comprehensive and continuously up-dated German code of practices 121 precise 
information on further detailed requirements and measures are given. These are 
meant to ensure the safe operation of nuclear power stations using state-of-the-art in 
science and technology. 

Most of these rules and guidelines refer to the technical aspects of operation. 
However, apart from these, there are requirements and measures, directly and 
indirectly connected to organization and human factors that are precisely outlined. 

Nuclear power stations are supervised by the highest state authority which is 
appointed by the state government on behalf of the federal government (section 24, 
German Atomic Law). In Bavaria, according to the decree on state supervision 
(AtZustV) 13/, the highest authority is the Bavarian State Ministry for State 
Development and Environmental affairs. In individual cases, the highest authority 
can empower lesser authorities to supervise (section 24, AtG) or can call in expert 
engineers (section 20, AtG). In this context, the Bavarian State Ministry for State 
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Development and Environmental affairs is supported by independent expert 
organizations, especially by TUV Bayern Sachsen and by the Bavarian State Office 
for Environmental Protection. 

According to section 19, AtG, the state must see that the provisions outlined in the 
German Atomic Law, the decrees and ordinances based on these provisions, and 
the stipulations included in the administrative licensing decision are not violated. 

The high risk potential immanent to nuclear power stations justifies the great efforts 
undertaken to constantly improve their safety, something which is already at a very 
high standard. Experience gained in the operation of nuclear power stations, results 
of probabilistic safety analyses and state-of-the-art safety technology often show us 
how to further improve the originally licensed reactor condition. Although not 
explicitly regulated by legislation, we view supervision mainly as an active effort not 
just restricted to maintaining the safety of a nuclear power station but also for 
enhancing this safety in a systematic way. 

3 Legal Aspects of Outages 

In principle, the legal conditions and regulations apply to a nuclear power plant's 
overall operation. However, some of these conditions and regulations are outage 
specific. An important regulation concerning outages is laid down in the 
administrative licensing decision and stipulates that the safety of the reactor core 
used for the follow on operation cycle must be verified early before the fuel elements 
are exchanged and that the plant's re-start after this exchange depends on the 
approval given by the supervising authority. 

The operating manual provides basic instruction on how to handle outages. This 
manual contains many detailed regulations regarding organization, performance of 
maintenance measures, reactor re-start and shutdown, outages for the exchange of 
fuel elements and the disconnection of safety critical systems etc. 

The operating manual is constantly reviewed as part of the supervision procedure. 
All the relevant outlined safety provisions were tested by the supervising authority, if 
they had not already been tested in the licensing procedure. This way, it is ensured 
that the operating manual reflects state-of-the-art science and technology. 

4 The Importance of Outages in Integral Safety Concepts 

Studies analyzing the importance of outages /4/ for a plant's safety have shown that 
risk during outages account for a great portion of a nuclear plant's overall risk. The 
statistical evaluation of incidents which must be reported and recorded also show an 
increase in the number of incidents during outages. Still, it is not sufficient to look 
merely at safety during outages because the measures performed during outages 
and the safe operation of a nuclear power station are closely interrelated. 

The maintenance, testing and inspection performed during outages influences the 
safe functioning of individual components during power operation and the 
supervising measures and incidents during operation affect the measures taken 
during outages. 
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So, when speaking of a plant's safety during outages, we must differentiate between 
the plant's safety for the duration of the outage and the safety provided for the 
following cycle of operation. 

Outages are mainly characterized by maintenance measures, modifications - if 
necessary - and the exchange of the fuel elements. In Bavaria, maintenance 
measures during the operation of nuclear power plants are currently only allowed in 
exceptional cases. Therefore, maintenance measures are concentrated on outages. 

5 Planning, Organization and Sequence of Outages 

Outages serve: 

to exchange fuel elements, 
to conduct maintenance, inspection and repair, 
to perform periodic testing and inspection, and 
to further improve the plant in accordance with state-of-the-art safety 
technology. 

Approximately 20 weeks before the outage, the operator plans the outage by writing 
a rough schedule covering all measures which have to be performed on certain 
dates. The detailed planning of the outage, especially its chronological course, starts 
approximately two months before the exchange of the fuel elements. At this time, 
most of the work orders for necessary maintenance measures and planned 
modification projects have already been written by the employees at the plant. 
Approximately 5,000 individual maintenance measures and modification projects are 
performed during the outage of a nuclear power plant. 

The individual work orders are grouped according to the necessary disconnection of 
a system or parts of a system and to individual schedules. The non-availability of 
critical systems is illustrated in a redundancy plan. 

By roughly coordinating all individual schedules a preliminary process flow chart 
regarding the exchange of the fuel elements is developed. In this flow chart, all 
phases of the outage which have to be performed on schedule are listed step-by-
step in chronological order, starting with the gradual power reduction and ending 
with the reactor's renewed synchronization to the network after re-start. The work 
steps and plant conditions such as the unloading of the fuel elements, the measures 
to be performed during defined plant conditions, and the loading of the reactor which 
has to be conducted on schedule are all illustrated in detail. 

During outages, most of the work which in normal operation is performed via the 
control room is coordinated via a field office with employees from the different 
departments. The tasks and responsibilities of the employees in the field office and 
the deviations from and/or additions to the regulations valid during normal operation 
are laid down in the maintenance order. Still, this does not reduce the responsibility 
of the respective shift supervisor on duty. 

Every day during an outage, the work orders are reviewed and placed by the 
operator as outlined in the maintenance order. The important results gained in this 
period are reported and if necessary, complementary action is stipulated and the 
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impending deadlines are announced. The state of the work is constantly updated in 
the flow chart kept in the field office. This way, all employees active during a nuclear 
power plant's outage can always see the state of the plant at a central place. 

Incidents, accidents or damages are also dealt with when the work orders are 
reviewed and placed. 

6 Supervision of the Measures Performed during Outages 

During a plant's outage, the activity of the supervising authority is basically not very 
different from the activity during operation. The supervising authority has always the 
same possibilities of intervention, whether during operation or during outages. 

Apart from outages we conduct as many tests and inspections as possible. For 
example, qualification of employees and of organizational measures are evaluated 
during the plant's power operation. Incoming spare parts necessary for foreseeable 
maintenance measures are already evaluated for their safety at the beginning of the 
outage planning. 

By way of their orientation, the tests and inspections performed during the outages 
depend on the safety relevance of the individual measures. From safety analyses, 
we know that most plant risks are caused by human factors. The low level of 
automation during outages compared to power operation; the high number of 
measures necessarily performed manually, and the high number of people involved 
result in the fact that the possibility of human error is far greater during outages. 
Apart from the approximately 300 people usually employed in a nuclear power 
station, there are more than 1,000 employees from other companies also involved in 
the maintenance work during an outage. For this reason, the double-check principle 
applies to all important measures with a responsible party for each measure. 

For measures that are less safety critical, supervision will be performed by the plant 
operator. The maintenance is performed by reliable non-plant staff (usually by the 
employees of the manufacturer) and is tested and inspected by the operator. Critical 
safety measures are supervised by an independent expert organization acting on our 
behalf. In individual cases, installations and disconnecting switches are tested and 
inspected. Through these measures, the influence of human error is minimized as far 
as possible. 

The supervision of the measures performed during the outages focuses on all kinds 
of testing and inspection performed on behalf of the Bavarian State Ministry for 
Regional Development and Environmental Affairs. These measures include periodic 
testing and inspection, plant inspection during operation, assessment with regard to 
safety technology, and follow up on modifications, instructions and decrees issued 
by the supervising authority. Moreover, the independent expert organization 
performs inspections and commissioning checks which are included in the testing 
and inspection of modifications. 

For occupational safety, the supervising authority is only responsible for the testing 
and inspection in the field of radiation and fire protection. Otherwise, only the 
regulations issued by industry and trade supervision and the social insurance 
against occupational accidents apply. 
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6.1 Informing the Supervising Authority 

In a "preliminary discussion on revision" the supervising authority and the 
independent expert organization will be informed about the activities planned for the 
outage. This procedure, although not compulsory, has proven effective and is 
usually practiced. As a rule, before this discussion takes place, there are technical 
discussions among the operator, supervising authority and independent expert 
organization. The "preliminary discussion on revision" is aimed at passing a 
comprehensive target list, including all critical safety measures, which, according to 
the supervising authority, the testing and inspection organization and the plant 
operator, have to be performed during outage. 

The current technical state of the outage procedure, especially of periodic testing 
and inspection, of plant inspection during operation, of modifications and major 
maintenance measures as well as test results are either determined regularly in a 
fixed cycle or on the occasion of the revision discussions by plant operator, expert 
organization, supervising authority and if necessary manufacturer. On these 
occasions, the follow-up procedure is also agreed upon. 

The operator will inform the supervising authority in accordance with the German 
notification criteria about accidents, any incidents or other important events such as 
damage which impact nuclear safety. After having received a separate notice, the 
expert engineer writes a report on all safety aspects affected by such an incident. 

6.2 Periodic Testing and Inspection 

The periodic testing and inspection of the overall plant, its systems and components 
is performed in accordance with a fixed testing and inspection schedule. Periodic 
testing and inspection is conducted either by the operator alone and/or by involving 
an independent expert organization. If the operator performs the testing and 
inspection alone the test records will be inspected on a random basis. 

Periodic testing and inspection performed during the exchange of fuel elements is an 
essential part of the outage program. These periodic tests and inspections can only 
be performed when the plant is either shut down, as in the plant's outage, or when 
the plant is re-started. However, as a rule other technical conditions must also be 
observed for these periodic tests and inspections; for example, different levels in the 
reactor cooling circuit. Therefore, the tests and inspections must be scheduled for a 
certain period within the process flow chart. The major part of the tests and 
inspections, which regarding the general testing and inspection plan are performed 
when the plant is re-started and is at a "subcritical hot" state, serves to verify the 
safety systems' functionality for the plant's power operation. Some of the tests and 
inspections are also listed in the flow chart. The measures to be performed during 
outage can only be performed when these tests and inspections have been 
completed successfully. 

The dates for the periodic tests and inspections are laid down at the beginning of a 
calendar year. This list is updated directly before the outage. The high number of 
tests and inspections performed during outage is mainly due to non-destructive 
testing which to the general testing and inspection plan may only be performed 
during plant outages. 
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As a rule, the tests and inspections of pipelines, tanks, safety valves and other 
fittings relevant in nuclear technology are performed by experts following the 
stipulated testing instructions and using state-of-the-art rules on testing. Other major 
tests and inspections concern sections in the process control fields such "reactor 
safety" and "limits", fuel elements, core internals and in-core instrumentation. All 
these tests and inspections may only be performed during outage. 

Some of the periodic tests and inspections result from special orders or decrees 
issued by the supervising authority. These tests and inspections are restricted to the 
respective outage. During outage the "special shift supervisor" has the task to follow 
up on all periodic tests and inspections. He is also the contact partner for the 
independent expert organization. 

6.3 Site Inspections 

Part of comprehensive supervision is the annual site inspection performed in nuclear 
power plants. During this inspection, the supervisor checks on a random basis 
whether the condition and functioning of plant components and plant systems, as 
well as the plant's operation, correspond to the stipulated legal provisions and 
whether there are any objections against the continued operation of the overall plant. 

These site inspections are performed by the authority, independent expert engineers 
and the Bavarian State Office for Environmental Protection (acting on behalf of the 
Bavarian State Ministry for State Development and Environmental Affairs). In this 
context, the Bavarian State Office for Environmental Protection is mainly responsible 
for all concerns on radiation protection. 

This site inspection is based on a licensing condition, stipulating that the operator 
must have this plant walk-through performed by an expert engineer and the Bavarian 
State Office for Environmental Protection. 

The inspections performed by TUV Bayern Sachsen are organized according to 
technical areas and are based on certain principles which have been coordinated 
with the Bavarian State Ministry for State Development and Environmental Affairs. 
Both details on the areas to be tested and inspected and the testing activities are 
outlined in a plant inspection manual for which TUV alone is technically responsible. 
This plant inspection manual is constantly updated to reflect the know-how and 
experience gained during plant inspections. Since TUV experts perform plant 
inspections in all Bavarian power stations, the implementation of information and 
experience gained in other power plants is ensured. 

The plant inspections are performed as partial inspections according to a schedule 
which has been coordinated with the operator. These partial plant inspections are 
spread throughout the year. Some of them are restricted to outages. These would 
include special inspections on fire protection, radiation protection, physical 
protection and the final inspections before the closing of rooms which may only be 
entered during outages or special circumstances. For the plant inspections there is a 
similar procedure as the one used for periodic tests and inspections. 

Additionally, plant inspections are used to focus testing and inspection on certain 
safety critical area which have become clear in the supervising activity. 
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7 Approval for Re-starting the Plant after Outage 

Before the plant is re-started, or at the latest when the plant is in a "subcritical hot" 
state, a final target-performance comparison is performed by the operator and 
independent expert organization. Modifications which are not to be implemented 
during the outage and deviations from periodic or other tests and inspections which 
cannot be remedied during the outage are checked for their safety. 

The plant can only be restarted when we give our written consent. This consent is 
subject to the independent expert organization confirming in its expertise that all 
measures were performed successfully and that from the point of safety there are no 
objections against the reactor re-start. 

The following subjects are of particular importance: 

Evaluation of the nuclear core with regard to safety 
Results gained in periodic tests and inspections 
Completion of important modifications concerning safety technology 
Results gained in inspections 
Results of any necessary special tests and inspections 
Measures connected with notifications which must be forwarded to the 
German association for reactor safety. 
Evaluation of incidents which must be recorded 

Based on the submitted evaluations written by the expert organization, and if 
necessary the Bavarian State Office for Environmental Protection, and its own 
knowledge on the testing and inspection the supervising authority assesses the 
situation and determines whether or not to serve its approval for the reactor re-start. 

8 Further Optimization of Supervision 

Although we have already certain emphases in supervision which are based on our 
experience in plant supervision and general engineering know-how, we constantly 
strive for further optimization of supervising measures. By using the results gained in 
safety analyses and operational experience, we determine the emphases relevant 
for reactor safety and supervise these even more intensively. Conversely, the 
supervision effort is reduced in fields which are not so safety critical. For this 
purpose, safety data of several plants is systematically recorded and evaluated with 
consideration to the requirements of authorities and expert organizations. A 
corresponding database system is currently under trial 15/. 

To further improve the individual measures, we support operators in their effort to 
perform preventive maintenance measures during their plant's power operation. 

For periodic testing and inspection, a procedure was developed in coordination with 
plant operators which not only allows testing and inspection during the power 
operation phase but also allows longer intervals between testing without reducing a 
nuclear power plant's safety. For this purpose, suitable complementary action is 
being developed and/or additional state-oriented maintenance measures are being 
used. 
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Another area of importance is the influence of human factors. We consider human 
factors systematically when evaluating measures connected to incidents which have 
to be forwarded to the supervision authority and recorded. 

In cooperation with plant operators, we developed a procedure which allows the 
supervising authority to evaluate an operator's system of recording and evaluating 
events with regard to human factors. The events in this case are those that result 
from human factors and do not have to be officially reported. This procedure may 
allow for evaluation but at the same time preserves confidentiality. Currently, the trial 
phase for this system has been started and the necessary organizational measures 
have been taken both at the operator and here at our organization. 

9 Summary 

Outage is an important phase in the operation of a nuclear power plant. During this 
time the basis for the plant's safe operation is determined. Therefore, we give the 
best to ensure not only safe outages but to provide the basis for a plant's continued 
safe operation. 

In practice, the operation of Bavarian power stations has shown that our supervising 
concept helps to meet these two demands. Nevertheless, we consider it our 
responsibility not to stay at the current state-of-the-art but to rather push ever 
forward and enhance the safety of nuclear power stations without jeopardizing their 
profitability. 
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EXPERIENCE AND ORGANISATIONAL MODEL OF THE MEXICAN NUCLEAR 
REGULATORY BODY IN THE MAINTENANCE OUTAGES OF LAGUNA VERDE 
NUCLEAR POWER PLANT. 

ABSTRACT: 

This paper provides information on the experience of the regulatory inspection and assessment 
during the preparation, performance and results analisys of refueling outages in the "Laguna 
Verde" Nuclear Power Plant. 

On the other hand, a description of the organisation, outage-specific regulations and work 
mechanisms followed by the Mexican Nuclear Regulatory Body (CNSNS) during the outage 
period is presented. 

Main conclusions obtained involves the following: 

Assessment by the Regulatory Body of plant modifications having high safety significance. On a 
sample basis the fabrication, installation, testing, commissioning and Quality Assurance 
documentation of Plant Modifications of lower safety significance must be inspected. 

Specialist inspectors witnessing of mechanical, electrical and instrumentation & control major 
safety related maintenance tasks, based on the Utility maintenance programs. 

Verification of the adherence to regulations and licensee's Technical Specifications and 
procedures. 

Inspections before the outage starting must be executed to verify that the contractors staff meets 
the training and qualification required and the replacement parts meet the Quality Assurance 
program applicable requirements. 

The regulatory organisation that assesses the performance includes the on-site inspector 
coordination and the participation of specialist inspectors in the different work areas. 



INTRODUCTION 

The Laguna Verde nuclear power plant (CNLV) is the only plant of this kind in Mexico. 
It has two unites, each one with a capacity of 675 electrical MW. 

The first one unit started up ist comercial operation in July 20th. in 1990, and the second 
one in april of this year. 

Today the Unit 1 is operating in its fifth cycle, after its fourth outage refuel, performed in 
april-may of the present year. The second unit had its first programmed maintenance outage in 
last may. 

National Commission of Nuclear Safety and Safeguards (CNSNS) is the mexican nuclear 
regulatory body and it has inspected and evaluated all the outages of the CNLV unites. 

MAIN TECHNICAL DATA OF THE CNLV REACTORS. 

REACTOR 

Number of control rods 
Total weight of Uranium 
Thermical power of thereactor 
Rated Pressure 
Number of recirculation pumps 
Power of each recirculation pump 

Type 
Fuel 
Number of assemblies 

G.E. BOILING WATER REACTOR (BWR) 
ENRICHED U0 2 

444 WITH 62 FUEL RODS AND 2 WATER RODS 
EACH ONE. 
109 
81,285 Ton. 
1,931 MWT 
70.68 KG/CM2 

2 
4,500 HP. 

GENERATOR 

Capacity 
Frecuency 
Voltage 

674.5 MW 
60 Hz 
22 Kv 



CNLV ORGANISATION. 

The organisation for Operation of the CNLV is showed in the Figure number 1 and the 
organisation of the Outages Superintendence of the CLV is showed in the Figure 2, in this one 
the Planning Group plans and controls all the maintenance activities during the normal operation, 
the Programs Engineer makes something similar but for a long term, and the Outages Group plans 
and controls all the works for any kind of outages. 

CNSNS ORGANISATION AND ACTIVITIES DURING OUTAGES 

The normal organisation of the CNSNS (regulatory body) is showed in the figures 3 and 
4. The organisation of the regulatory body to follow the activities during an outage is given in the 
figure 5, this organisation includes the direct supervision by the Operative Verification Chief of 
an inspectors team, coordinated by the in-site inspector. The number and speciality of inspectors 
depends on the outage type and characteristics. 

Regarding three phases for the refuel: preparation, performance and analysis, the main 
regulatory activities are the assessment of disign changes and modification documents, 
maintenance and radiological programs and procedures, personnel qualifications and replacement 
parts during the first phase. 

During the performance phase there is an inspection coordinated by the in-site inspector 
over safety related activities, such as maintenance works, modifications works, programs, 
procedures, radiological controls and personnel qualification. In this phase the in-site inspector 
may suggest to follow some problem or problems observed during the normal operation. 

Finally, the last phase of the otage includes the analysis of results and the preparation of 
the outage inspection inform. 

The fulfillment with the Quality Assurance and regulatory requirements, FSAR, Technical 
Specifications and industrial codes and norms is followed across all the steps of the outage. 



REFUELS PERFORMED IN THE CNLV. U-l 

FIRST 
REFUEL 

SECOND 
REFUEL 

THIRD 
REFUEL 

FOURTH 
REFUEL 

BEGINNING DATE SEPT/01/91 AUG/15/92 JAN/23/94 APR/17/95 

CONCLUSION DATE NOV/12/91 OCT/10/92 MAR/27/94 

PLANNED DURATION 
(DAYS) 

60+10% 50+10% 40+10% 31+10% 

ACTUAL DURATION 
(DAYS) 

72.4 56.4 64 

PLANNED DOSE (R-H) 200 350 310 200 

ACTUAL DOSE (R-H) 394 330.31 435.15 

ACTIVITIES PERFORMED 7198 5323 10,000 4,800 

FINDINGS BY CNSNS 14 3 0 0 



MAIN REGULATORY ACTIVITIES DURING THE OUTAGE PHASES 

PREPARATION PHASE PERFORMANCE PHASE ANALISYS AND 
REPORTS 

Assessment of degin changes 
and modifications documents 

Assessment of programs and 
procedures. 

Inspection of personnel 
q u a l i f i c a t i o n s and 
replacement parts Q. A. 

Quality assurance and 
regulatory requirements 
fulfillment. 

Inspection of maintenance 
and modification works. 

Inspection of programs and 
procedures application. 

Administrative controls 
fulfillment. 

Technical Specifications, 
Codes and Norms, Quality 
assurance and regulatory 
requirements fulfillment. 

Special problems follow up. 

Inspection personnel 
qualifications. 

Startup testing from 
refueling. 

Analysis of results, detected 
problems and corrective 
actions. 
Records assessment on a 
sample basis. 

Quality assurance and 
regulatory • requirements 
fulfillment. 

Outage inspection inform. 

SPECIFIC R E G U L A T I O N S 

- Technical Specifications. 
- Final Safety Analysis Report. 
- Industrial Codes and Norms. 
- 10.CFR.50 
- Quality assurance Programs (Licencee and Contractors) 
- Technical Procedures (Licencee and Contractors). 
- Administrative Licencee procedures. 



FIGURE 1 CNLV OPERATION ORGANISATION CHART 



FIGURE 2 CNLV OUTAGES ORGANISATION CHART 



FIGURE 3 C.N.S.N.S. ORGANISATION CHART. 



FIGURE 4 NUCLEAR SAFETY MANAGEMENT ORGANISATION CHART 
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FIGURE 5 REGULATORY BODY ORGANISATION TO FOLLOW THE OUTAGE 
ACTIVITIES DURING THE PERFORMANCE PHASE. 



EXPERIENCE OF THE REGULATORY BODY. 

The tendency in the number of deficiencies detected by the CNSNS is going down, the 
first refueling outage had 14 findings, the second one three findings and during the third and 
fourth refueling outages there was not any finding. This is due to the experience obtained by the 
Licencee in this kind of works and the improvement of the organisation and planning. 

The principal problems observed during refueling outages of the CNLV, from the 
regulatory point of view, are as follows: 

First refueling outage. 

- Deficient posting of radiological warning signs. 
- Deficiencies in the control of inoperable equipments. 
- Deviations from the administrative procedures. 
- Deficiencies of the Quality Control Inspectors. 
- Lack of significant events notifications to the Regulatory Body. 
- Not compliance of a Contractor with the administrative procedures. 
- Equipment test performed without procedures. 

Second refueling outage. 

- Lack of significant events notifications to the Regulatory Body. 
- Use of obsolete technical procedures. 
- Deviations from the administrative procedures. 

Third refueling outage. (Observations) 

- Deficiencies in the SRV's calibration. 
- Maintenance procedures of a Contractor without acceptance criteria. 
- Deficient personnel coordination in a starup test. 

Fourth refueling outage. 

At this date we do not have still the evaluation of this refueling outage, but non significant 
problem was detected during this period. 



Some stressing factors observed during the outages have been: 

- Limited time to finish the works. If a good planning is made this factor is reduced. 

- Unclear policies and goals. It can be resolved improving the comunication. 

- Deficient comunication beetwen diferent work groups. 

- Unable personnel provided by Contarctors. This problem can be avoided assuring the personnel 
qualification before the starting of the works. 

CONCLUSIONS 

With almost 5 years of experience in the operation and regulation of nuclear power 
plants, the strategies and work mechanisms have been improved in Mexico, although they 
must be improved still regarding internal and external experience. 

Main activities of the Regulatory Body during maintenance outages includes the 
assessment of plant modifications, personnel qualification and replacement parts during 
the outage preparation phase and the inspection of works, programs and procedures 
during the performance phase. 

During the performance of the outage, CNSNS uses a team of specialists 
coordinated by the in-site inspector, the number and speciality of the inspectors depends 
on the activities programmed. 
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1. Introduction 

In France, the regulatory follow-up of maintenance outages related to refueling 
shutdowns of EDF 900 or 1300 MWe reactors is implemented by the DRIRES, on 
assignment from the DSIN (Nuclear Installations Safety Directorate), since 1985. 

This follow up has become stronger after 1989, mainly because of some failures 
having occurred during the maintenance operations. 

The reasons for such failures are very related to human factors in general, since 
they deal mainly with organization matters and the so called "safety culture". 

2. Main aspects of the DRIRE follow UP 

2.1. Pressure vessel regulation 

In France, development of steam engines in the 19th century has steadily led 
to pressure related safety regulations, i.e. decrees which are still relevant and enforced 
today in France and in particular the one on steam vessels (and its associated 
ministerial orders) for the conventional island of the PWRs (vessels, pipes, valves). 

Besides, a specific ministerial order has been issued in 1974 forthe pressurized 
water vessel of the PWRs (primary circuit). 

The enforcement of these regulations by the plant management lies mainly in 
periodic inspections and associated maintenance programs to be implemented during 
outages and also in worksites follow-up, whenever valves or pipes are being replaced 
in the primary circuit (like steam generator tubes to be plugged), or repaired. 

The DRIREs check that such enforcement is done correctly, and, besides, in 
the case of worksites on the primary circuit, give formal agreements to start the work, 
and also grant weavers, with respect to pressure testing. 

2.2. Equipment important for safety 

The plant management must verify that the criteria to be complied with for such 
equipment are met after each outage, and in particular equipment belonging to 
safeguards systems, after implementation of maintenance programs during outage. 

It can be recalled that the frame for this are the general operating rules, and, 
more specifically : 



2 

- the technical specifications, which, for each standard operating mode, 
defines, together with the limits required for normal operation in terms of temperature, 
pressure, reactivity and confinement, the list of required equipments, and their 
availability 

- the periodic tests, which specify the attainment of pre-defined technological 
as well as of safety criteria allowing for the availability of such equipments and 
systems ; whenever some work has been complemented on a piece of equipment 
during outage, an intrinsic requalification test is to be performed (in order to ensure 
that the required levels of performance are re-obtained after maintenance or 
modification), and this takes place prior to the periodic test on the associated 
subsystem. 

The DRIREs check that such compliance is done correctly. 

2.3. Ministerial order of 1984 on quality assurance 

This overall regulation deals with the quality in design, construction and 
operation of nuclear installations in France. 

The DRIREs check its enforcement with respect to the "operation" part, which 
comprise maintenance activities (see § 4) related to equipment which is either subject 
to pressure vessel regulations or important for safety, and also reactor operation 
activities (see § 5). 

This ministerial order comprises 19 articles, dealing mainly with the quality of : 

- organization 
- checking 
- verification 
- surveillance of subcontractors 
- training 
- documentation 
- reporting of non conformances, events or incidents 

3. Outage follow UP bv the DRIREs 

3.1. Preparation 

Within less than four months ahead of the outage, the plant management sends 
to the DRIRE the main following lists of : 
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- maintenance programs related to the different ministerial orders and decrees, 
and equipment important for safety, which are either the result of EDF national 
preventive maintenance programs, or plant local maintenance programs ; 

- maintenance procedures ; 

- subcontractors ; 

- maintenance work (periodic inspection or repair) with a risk of commom mode 

failure ; 

- temporary special devices used during such work ; 

- modifications of equipment important for safety. 
Besides, other specific plant programs are supposed to take into account 

special requirements from the DSIN, accepted by the EDF central services on specific 
topics like inspection of vessel head adapters, inspection of safety nozzles on pipes, 
etc... which are related to "in line" experience feed back. 

The plant management formally presents the program to the DRIRE and 
technical supports during a meeting, held about two months ahead of the outage. 

The DRIRE then prepares a formal letter of approval to be sent to the plant 
management, which is based on a written analysis by its main technical support, the 
Institute for Nuclear Safety and Protection (IPSN). 

3.2. Real time follow up 

This follow up consists of : 

- general follow up through daily phone calls with the plant management (who 
gives the status reports of maintenance programs, and also information on events, 
incidents, etc...) ; 

- non conformance reports being faxed by the plant ; 

- in general two site inspections : 

* one during cold shutdown for intervention under Low Loop Level conditions 
(when much equipment can be visited) ; 

* an other one which usually is either dedicated to an outage related specific 
incident, or unannounced (for example : during stretch out conditions just 
before the outage, or under Low Operation Internal conditions, with the 
residual heat system operating, if any). 
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3.3. Completion of the outage 

At the end of the outage (about a week prior to criticality), a formal meeting 
takes place with an oral presentation of the results by the plant management, followed 
by a formal telex on results, to be sent by the plant management ; the DRIRE then 
sends a proposal to the DSIN for plant authorization to criticality, with comments or 
provisions if any. The DSIN finally sends an official telex to the plant for authorization 
to criticality. 

An other specific meeting on results of periodic tests and core tests is being 
held later, shortly after completion of full power. 

For all that follow-up, the DRIREs get assistance from their technical supports 
(mostly IPSN). 

The DRIREs now also deal with the follow up of declaration of incidents by the 
plant management (with respect to the international INES scale), and also the approval 
of waiver requests (with respect to the technical specifications for operation), many of 
them during the outages. 

As a result, the DRIREs have a comprehensive experience of the outages and 
associated problems. 

4. Safety and maintenance 

In spite of the strong regulatory frame (in particular, the quality assurance 
ministerial order of 1984) which did exist, important failures occurred during 
maintenance outages in the summer of 1989, which induced non compliances with 
safety regulations. It was shown that these failures were more due to organization and 
interfaces problems between different activities or adjacent work sites, than true 
technical failures. 

In September 1989, the minister of industry, as well as of the environment, 
formally asked EDF to take measures. As a result, EDF launched in 1990 a full set 
or measures for improving things, which did improve the situation. 

The DRIREs therefore stressed their efforts in that direction, verifying that what 
had been decided by EDF central services was implemented at the sites. For that 
purpose, they conducted many inspections dealing with maintenance issues in the 
years 1990-1994, and some of the main conclusions which were drawn in 1994 are 
the following : 

- The management of "temporary special devices" to be used in maintenance 
work (for example jumper wires in switchboard cabinets or protective covers on open 
valves) has been improved, but their number should be decreased. 



5 

- The "safety quality plans" set up by the plant management, which are the 
main measure, have greatly improved things, mainly the organization of work between 
different activities ; a "charge d'affaires" in charge of the overall safety quality plan, is 
to perform a comprehensive risk analysis, with a deep look into the risk of common 
mode failure, as well as at the interface risks arising between neighbouring activities, 
or adjacent work sites, or between maintenance activities and reactor operation (for 
equipment blockings or periodic tests). 

- T h e plant management must reinforce its self verification process, for example 
by conducting internal audits. 

All these measures are to reduce the risk of unexpected failures during 
maintenance work. Still, because of the complexity of the associated operations work, 
and in spite of an overall improvement, there is a margin for human failures. This 
margin has been further reduced by improving the so called "safety culture" of the 
subcontractors performing the work. Thus, the level of proficiency of workers is well 
defined, according to a qualification scale (with one year validation in general), 
associated with training sessions. 

Nevertheless, even if the preparation and planification of maintenance activities 
are adequate, there is a room for human failures, the consequences of which are 
minimized when the actors' safety culture is adequate. 

Tracking such human failures is a difficult job for the plant management and the 
DRIREs do recommend the enforcement of quality assurance and the use of 
experience feedback. For that purpose, they get adequate information from the plant 
management through : 

- declarations of events or incidents by the plant, 
- specific inspections on incidents or other topics. 

A few examples are given below showing the importance of certain aspects of 
human failures : 

Example I : omission of a glove in a check valve 

During a 1994 outage, the following event occurred : 

The reassembly work was being completed on a swing check (non return) valve 
on a primary circuit. The welder welded points on the bolts which lock the bearings 
of the swing. For this operation, he introduced a cotton glove between the body and 
swing, in order to avoid electrical discharge, which is a good professional practice. But 
he forgot to withdraw the glove afterwards... 

At the end of the outage, the primary circuit started being filled up with water. 
At that moment (prior to the reactor tests which would have shown something wrong 
anyway), the worker wondered if he had removed the glove or not... He informed the 
management, who subsequently stopped the operation, and the glove was easily 
found and withdrawn from the upper core structures. 
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Thanks to the safety culture of that worker, which had a good reaction of quickly 
reporting his failure, there was no consequence... It can be stressed upon that the 
cleanliness consciousness is a very important aspect of the "safety culture" in 
maintenance, and the DRIREs always check that during their outage inspections. 

It must be added in that case that the quality plan did not mention any hold 
point for removing any glove or piece of material after completing the welding job. The 
experience feedback consisted in the addition of such a hold point, as a temporary 
measure, later to install nut locking devices. 

But it could be said also that, more generally, it is not possible to write every 
little part of human activities in documents, but that safety culture is a good answer to 
that problem... 

This event was reported in real time to the DRIRE. 

Example II : line-up non conformance for an auxiliary feed 
water pump 

At the end of a 1994 outage, an auxiliary feed water pump had not been 
correctly lined up after intervention by the subcontractor in charge of the intervention, 
but this deviation (with respect to a line up criterion) was found afterwards by a 
supervisor who, thanks to a fortuitous delay at the end of the outage, due to an other 
reason, had time to immediately inform the outage management who subsequently 
planned some work to correct the line up. 

This event was reported in real time to the DRIRE. 

That second example shows also that rapidity of reaction (in terms of 
detecting and reporting deviations or non conformances), can hinder bad effects of 
human failures. It is therefore an other important aspect of safety culture. 

Example III : failure in fuel handling 

During 1994, fuel operators were undergoing unloading in a plant, one operator 
(operator A1) on the reactor building side, an other one (operator Bi) on the fuel 
building side. 

The normal procedure is the following : for unloading one fuel assembly, 
operator Ai removes it from the core towards the lock area between the two buildings, 
where he brings it down into a transfer frame. Then operator Bi carries out the 
transfer operation of the transfer frame with the fuel assembly in it, between the lock 
area and the spent fuel pool. 



7 

The cause of the incident was the following : at the end of the shift, operator 
Bi had left the transfer frame with an assembly still in it, without giving the information 
to operator Ai, to come at the next shift. Consequently, operator A2 put an other fuel 
assembly on top of the one which still stood in the frame (which, after adequate 
control, was found undamaged). 

This failure was clearly due to interface and communication problems : more 
generally, the quality plans or procedures do not make room enough for possible 
interruptions of work, like in this case between shifts. 

This incident was found during a site DRIRE inspection devoted to an other 
topic, and the plant management declared the incident on the INES scale (level 0). 

The experience feed back consisted in improving the procedure, and using a 
specific warning sign in front of the lock area (when transferring assemblies). 

5. Safety and reactor operation during outages 

Since one or two years, the DRIREs emphasize on safety aspects of normal 
reactor operation during outages, mainly compliance with the technical specifications 
when bringing the reactor from one mode to an other one. 

This is due to the fact that it has been proved in safety probabilistic studies that 
probability of core meltdown is higher at shutdown for several reasons : 

- there are less safeguards systems available (mainly because of blocked 
equipments) ; 

- operating complementary circuits, like the residual heat removal system, 
induce additional risks of breaches ; 

- reactor operators do not meet this kind of operating conditions very often (less 
than one time a year). 

5.1. Reminder 

The different standard operating modes during outages are the following : 

- power operation, 
- hot standby, 
- hot shutdown (power = 0), 
- normal intermediate shutdown (double phase), 
- biphasic intermediate normal shutdown,residual heat removal system condition 
- monophasic intermediate normal shutdown, 
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- normal cold shutdown, 
- maintenance cold shutdown (primary circuit open), 
- cold shutdown refueling (reactor vessel head loosened or removed). 

Going from one mode to the next one is well defined by operating procedures 
with hold points to be signed, some of them by specific safety related management 
committees. 

Besides, many different periodic tests have to be performed in relation with the 
mode of the reactor, in order to demonstrate the availability of the safety or safeguards 
systems, with respect to the technical specifications. 

It should be mentioned that operating the reactor under residual heat removal 
conditions must deserve even more attention, for example in these two situations : 

- during intermediate shutdown, when bringing the reactor down to such 
conditions, i.e. after having started the residual heat removal system while the primary 
pumps and steam generators are still running, and just having collapsed the 
pressurizer steam bubble (water then in liquid state). 

- during cold shutdown, for example after refueling the core, when bringing the 
water level very low in the primary loop, under residual heat removal conditions, in 
order to remove the nozzle dams fitted in the leg of the steam generator (which had 
been previously put in place in order to continue control work in the generator) ; this 
specific operation - called operation under Low Operation Internal conditions with the 
residual heat removal system operating, which save outage time - has to be agreed 
upon by the DSIN (for each outage). 

In the first situation, one must be careful about saturation limits because of a 
higher risk of quick possible depressurization of the primary circuit, and also about 
possible inadequate conditions for the primary pumps. 

In the second one, one must be careful about the water level, with respect to 
the operating conditions of residual heat removal pumps (risk of vortex), and more 
generally the fact that the total volume of primary water to cool the core is then at a 
minimum. 

5.2. Compliance with the technical specifications 

The main regulation for such compliance is the quality assurance ministerial 
order of 1984, with quality monitoring of 

a) documentation : 

- adequate and up-to-date operating procedures, 

- checking and verification by the safety technical engineer or operation manager, 
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- training of operators and use of experience feed back to bring a "safety 
culture", 

b) organization : 

- adequate planification of activities (maintenance, blockings, periodic tests, 
etc...), which also need to be flexible enough for taking into account fortuitous 
activities, 

- good management of interfaces : 

* between shifts, 
* between operation and other activities (safety/quality plans when 
necessary). 

Again, like for maintenance during outages, there is room for events or incidents 
in reactor operation during outages due to human failures, even if the above 
mentioned requirements seem to be met. 

It should be mentioned that a new organization of EDF operation personnel has 
been launched in 1992, consisting in increasing the number.of shifts per plant, 
together with removing the safety technical advisor from the shift, and assigning him 
to verification duties, his former safety checking activities being transfered to the new 
"operation manager". 

Example IV : non compliance with the requirements for normal operation 

In 1994, at the beginning of an outage, a 900MWe plant was in the state of 
intermediate normal shutdown after connection to the residual heat removal system 
with one pump being started, the three primary pumps still running, before going down 
to cold shutdown in order to unload the core. 

Because of a succession of failures, the single phase pressure of primary water 
dropped from 27 bars to 8 bars during 2 minutes (because of a temperature drop from 
162°C to 110°C), which induced a non compliance with the requirements for normal 
operation. 

The main reason for that incident was the following : the operators understood 
that the measured flowrate (1200 m3/h) was below a criterion of 1800 m3/h, but they 
were wrong, because this criterion (which implies the primary pumps being shut down) 
was not relevant then. 

There was a second important reason : the fact that the operators who 
subsequently tried to increase the flowrate had the feeling that the valve which 
bypasses the heat exchangers could be not fully opened. They finally - wrongly -
opened the control valve (at the outlet of the heat exchangers), which induced the 
overcooling and associated depressurization of the primary water. However, the 
operators counter reacted very quickly by closing that control valve. 
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The conclusions for this incident were the following : there were several human 
failures due to : 

- procedures out of date, 

- inadequate operators training, and inadequate experience feed back from 
other plants, especially with regards to operation under residual heat removal 
conditions, 

- interfaces problems between shifts as well as between operators and other 
technicians. 

The plant management declared that incident at level 0 on the INES scale, and 
the DRIRE recommended that the plant management should improve quality 
assurance of normal reactor operation during outages. 

6. Conclusions 

In their follow up of PWRs maintenance outages, the DRIREs now not only care 
about maintenance activities related to safety, they also care about reactor operation 
during outages. 

In both cases, they take into account events or incidents which are declared by 
the EDF plant managements, many of them being relevant to human factors and/or 
organization problems. 

Subsequently, the DRIREs have a comprehensive view on outage related 
safety. Besides, the experts on human factors of the IPSN make thorough analyses 
of selected incident reports, in order for the DSIN to make recommendations to EDF. 

Finally, it can be said that one good way to limit human failures lies in a good 
enforcement of quality assurance in all activities, an other one is to improve training 
and experience feed back. 
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MAIN ISSUES 

Compliance with Technical Specications 
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and associated human failures 

WOUMM 9M7« 







EXAMPLE IV : 

PRESSURE (bars) 

Cold shutdown for refuelling 
Maintenance cold shutdown 
Normal cold shutdown 
Monophasic intermediate shutdown 
Biphasic intermediate shutdown, 
under residual heat removal conditions 
Biphasic intermediate shutdown 
Hot shudown 
Hot standby 
Power operation 

DMll/OMS 

Q U I C K DEPRESSUR1ZATION, 

OpERATiNq REqioN 

297,2 

TEMPERATURE 
(°C) 





Improving the quality and safety 

of maintenance operations during unit outages 

A. BARDOT - Institute for Nuclear Safety and Protection (IPSN), France 

1 - Introduction 

The regulatory surveillance of the work implemented by the operator during PWR unit 
outages is carried out by the Regional Directorates for Industry, Research and the 
Environment (DRIREs) under powers delegated by the Nuclear Installation Safety Directorate 
(DSIN), the French safety authority. 

The role of the Institute for Nuclear Safety and Protection (IPSN) is to provide the Regional 
Directorates for Industry, Research and the Environment with technical support in examining 
the maintenance and inspection plans and the solutions proposed by the operator for dealing 
with any anomalies encountered during outages. 

The Institute for Nuclear Safety and Protection is also responsible for analysing, on behalf of 
the Nuclear Installation Safety Directorate, the problems encountered during unit outages 
which concern the entire population of reactors. 

The maintenance operations include both technical aspects (determining the operations to be 
carried out) and human aspects (the manner in which these operations are carried out) as well 
as the context in which they are carried out. 

In this field, a large part of the work performed by the Institute for Nuclear Safety and 
Protection has been related to analysis of the corrective measures implemented by the 
operator further to maintenance incidents which occured in 1989, to improve the safety and 
quality of maintenance operations. 

2 - Lessons learnt from maintenance incidents 

The analysis of maintenance incidents in 1989 showed that failures in human behaviour and 
organisation were the root causes of most incidents. 

After extensive analysis, involving the main players of most power plants, EdF concluded in 
1990 that it was necessary to initiate a programme of improvements essentially relating to the 
fol lowing points: re-determining the tasks and activities of the players combined with 
organisational reform, reinforcing the monitoring activities, improving training of workers and 
surveillance of sub-contractors. 
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The reforms introduced by EdF were considered to be of a nature to improve the situation in 
the long term. However, the Institute for Nuclear Safety and Protection considered that 
concrete measures should be taken in the short term to rapidly correct the defects highlighted 
by incidents. 

It became clear that the main risks in terms of safety were due either to maintenance work on 
equipment which could result in availability of two redundant trains, or to the presence of 
latent defects liable to remain for a number of cycles (this being the case of special tools and 
equipment discribed hereafter). 

It was also noted that installations were at times restarted without sufficient action to verify 
the operability of the systems and functions (functional requalification). 

This led EdF to implement actions to improve operating practices in a number of fields. 
Examples related to main safety aspects are to be found in: 

- maintenance of redundant equipment, 
- temporary use of special tools and equipment, 
- requalification of equipment after maintenance. 

3 - Maintenance work on redundant equipment 

Carrying out maintenance work on redundant equipment during a same outage runs the risk 
of causing an anomaly in both trains, which can lead to loss of installation engineered 
safeguard and protection functions. 

Action to protect against this risk was taken by EdF at both corporate and plant level. The 
main action taken by the operators of plants involved identifying the maintenance work 
carried out on redundant equipment during outages and determining countermeasures to 
minimise the risk. 

The main countermeasures adopted were postponing the maintenance work on one of the 
redundant equipment (generally until the next outage), implementing special fol low-up action 
during maintenance work and during requalification tests for maintenance operations carried 
out during the same outage. 

EdF initially envisaged having different teams carry out that maintenance work on equipment 
of two trains. This solution was not adopted as it could induce other kind of defects 
originated in increasing the number of workers involved and breaking up the 
professionnalism especially for tasks requiring high-skilled workers. 

Analysis of the problem revealed two types of difficulties: 

- relating to the equipment involved: the problem concerned both the need to take into 
consideration all the equipment belonging to redundant systems, or to organise the 
equipment hierarchically as a function of the importance of its failure for the safety of the 
installation, and to the means of considering common equipment with two trains (e.g. the 
water reserves for safety injection), 
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- as concerns the maintenance work: identification of the "high risk" operations was found to 
be a delicate matter. It is evident that full inspection of a pump is an operation to be taken 
into consideration, but it is difficult to see how taking a sample of oil for analysis can 
represent a risk. Yet this occurred in 1991, when a worker successively took three litres of 
oil from the casing of each low pressure safety injection pump, whereas the oil capacity of 
the casings was only five litres. It was only later that he realised his error and added the 
necessary oil. 

It is still found, five years after the approach was implemented, that the prior analysis omitted 
certain operations. Examples of this can be found in incorrect shop lubrication of valve 
servomotors, or incorrect adjustment of the neutral position of containment isolation valves. 

The Institute for Nuclear Safety and Protection for its part, considers that the most effective 
means of protecting against the risks is to divide maintenance work of the same nature on 
redundant equipment between a number of outages, which is possible when the interval is 
greater than one cycle. Although this measure is apparently a simple one, it has not been 
totally adopted in the plants, mainly because the maintenance workers in charge of planning 
the activities do not always perceive the global risk for the installation as a whole. 

As concerns the maintenance work planned at each outage, thought has been given by EdF to 
the possibility of staggering the work over a number of outages, resulting in increasing the 
frequency of verification. This is a delicate process as it is necessary to draw a distinction 
between the risk associated wi th verification work and the risk associated with differing the 
work (as, for instance, in the case of annual verification of the pressure setting of the reactor 
coolant system pressure relief valves). 

4 - The temporary use of special tools and equipment 

Special tools and equipment (French word DMP: "Dispositions et Moyens Particuliers") are 
used both in maintenance operations and in testing. They include, for instance, blanking 
pieces fitted to guarantee the cleanness of part of a system not affected by the maintenance or 
to isolate part of a system during a leak test. They also include jumper wires used to inhibit or 
force automatic actions. There is a large number of them, with plants listing many hundreds 
for a single outage. 

The essential characteristic of these devices is that they have a temporary action and that they 
must be removed or returned to the initial configuration (if part of the installation) after 
maintenance work. Omit t ing to do so represents a latent defect, as in the case of the 
Gravelines Power Plant reactor coolant system safety valves in August 1989 (IRS 1004) or the 
containment depressurization line to the sand filter in the post-accident configuration in a 
number of 900 and 1 300 M W e units. 

Action to avoid this risk is mainly required at the plants. However, at corporate level, EdF has 
prepared guidelines of a highly instructive nature for the management of special tools and 
equipment to heighten the awareness of those involved to the risks associated wi th these 
devices and the means of circumscribing them. EdF head office has also issued a directive 
laying down the principles to be complied with in the plants for the management of the 
special tools and equipment. 



The first measures implemented at plant level related to the identification and administrative 
management of special tools and equipment. Some plants sought to develop a centralised 
management system which, although it can facilitate checking, can be extremely difficult to 
manage in view of the large number of special tools and equipment and does not guarantee 
comprehensiveness, in particular for special tools and equipment used by contractors, or 
those used for short periods of time (less than 8 hours). Other plants entrusted responsibility 
for management to the units in charge of the maintenance work, which heightened the 
awareness of those involved and enabled better identification, but complicated the 
management of interfaces (for instance in the case where a special tools and equipment item 
is used in a number of maintenance operations for different purposes and by different units) 
as wel l as checking. 

This shows the limitations of administrative management, which were identified at the outset 
by the Institute for Nuclear Safety and Protection. As in the case of maintenance work on 
redundant equipment, the Institute for Nuclear Safety and Protection had indeed 
recommended reducing the number of special tools and equipment, which necessitated prior 
listing of the special tools and equipment utilised, as in administrative management. This 
requires subsequent critical analysis to determine the usefulness of continuing to utilise the 
special tools and equipment item or re-specifying the maintenance or testing work involved 
to avoid the need for any special tools and equipment. Action still has to be taken in this 
field. 

In the case where a special tools and equipment item remains necessary for a maintenance 
operation, the Institute for Nuclear Safety and Protection considers that it must be identified 
(which is the role of the administrative management system) and identifiable. Certain plants 
have developed commendable practices for physical management in addition to 
administrative management. This includes, for instance, storage of special tools and 
equipment in a predetermined location after use, or differentiating the special tools and 
equipment item when in use by a highly visible marker (for example a blanking plate 
provided wi th a brightly coloured external marker) so as to alert those involved to the 
presence of a special tools and equipment item. 

The Institute for Nuclear Safety and Protection also considered that the systems should, the 
intervention being completed, undergo functional requalification testing which should 
normally guarantee that no special tools and equipment are missing. 

5 - Requalification of equipment after maintenance 

Requalification of an item of equipment or a system is an operation which consists in 
verifying that it is capable of fulf i l l ing its functions with the required performance levels in 
situations representative of those provided for at the design stage. An operation of this type 
needs to be carried out each time maintenance work is carried out or modifications are made 
on all or part of a system. It is the only effective means, when a test is technically feasible, to 
guarantee the actual operability of a system. These tests are in addition to the precautions 
taken during maintenance, consisting of the preventive measures which are necessary but 
which cannot alone provide proof of the availability of systems after maintenance. In 
particular, these tests should make it possible to detect any cases of latent unavailability of 
equipment important for safety. 
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The analysis of maintenance incidents has shown that the line of defence constituted by 
requalification has not always properly played its role. It has, indeed, become apparent that, 
in occasions, requalification tests can be inadequate or fail to correspond to the intended 
goal. 

As early as 1990, EdF began a process of critical analysis of the engineered safeguard 
equipment requalification tests. It became clear that it was necessary to supplement the 
requalification tests specific to the equipment, which were generally carried out correctly by 
the operators, with functional tests making it possible to verify the sequences, automatic 
functions, operation of actuators, circulation of fluid and the performance levels of the system 
involved. 

In certain cases, it was found that the operators did not possess clear doctrine concerning this 
matter and that those in charge of the tests in the plants were choosing requalification tests on 
the basis of their own knowledge and awareness. At the time, EdF head office, being aware of 
this problem, drew up a list of the periodic tests able to be used for requalification. 

The Institute for Nuclear Safety and Protection considered that using periodic tests was, in 
certain cases, an adequate response but was unsuitable for certain maintenance operations as 
this did not correspond to their role. The purpose of periodic tests is indeed to ascertain the 
durability of the performance levels of the equipment and systems in the absence of 
maintenance. The Institute for Nuclear Safety and Protection considered that the only 
effective method of assuring the performance levels of the systems after certain maintenance 
or modification operations was total or partial repetition of the tests carried out on initial start-
up of the installations. The operators found it difficult to apply such a policy as, although they 
have a thorough knowledge of the periodic tests, they have only a limited knowledge of the 
initial start-up tests, either due to the length of time since commissioning of the installations 
(in some cases more than ten years), or because the individuals who carried out the tests are 
no longer present in the plants. 

It was also found that the workload of the individuals in charge of the tests during the restart 
period was hard to reconcile with adequate quality of the analyses and verifications in the 
time available. Indeed, in a unit outage with an average duration of 5 to 6 weeks, some 200 
periodic tests and 300 to 350 requalification tests are planned (the numbers depending on the 
modifications incorporated). 

The Institute for Nuclear Safety and Protection proposed two types of measures to address the 
situation: improvements in plants organisation and stricter monitoring by the safety 
organisations. 

As concerns the measures requested of the operators, EdF head office issued a directive 
laying down the principles for requalification testing, the practical details remaining for the 
plants to determine. The plants have already set up plant engineering teams which provide 
those in charge of testing with technical support. What is needed is for the individuals 
involved to acquire a veritable "testing culture" and that they be backed up at corporate level 
by identical correspondents sufficiently distant from day-to-day operations at the plants and 
with an overall view of the population of reactors. 
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For improving monitoring of action taken in the plants, the Nuclear Installations Safety 
Directorate has requested the operators to organise a meeting, at the end of each unit outage, 
to present the main results of the tests and the manner in which the problems discovered 
were solved (this type of meeting has long existed for presenting the results of work and 
inspections). 

These meetings are prepared and chaired by the Institute for Nuclear Safety and Protection 
with representatives from the Regional Directorate for Industry, Research and the 
Environment. These meetings have made it possible to establish a dialogue with the operators 
since 1992, which has led to better understanding of the importance of requalification tests 
and their indispensable role in substantiating safety of the installations. 

6 - Conclusion 

These examples show that there are means of improving the safety of installations on 
completion of work during unit outages. The examples given represent only a part of the 
action taken by EdF, which also includes operations relating to the alignment of sensors 
which have been the cause of a number of incidents and the methods of treating anomalies 
encountered which are to guarantee that any deviations found during inspection, 
maintenance or testing operations are properly solved before commencing return of the 
installation to service. 

The purpose of the different measures implemented is to supply all those involved with 
means of prevention to avoid errors, means of detecting any situations which nevertheless 
arise and means of rectifying any abnormal situations. EdF has combined these actions in 
what it terms the "safety/quality approach" which is applied in major maintenance 
operations. This approach primarily covers activities prior to maintenance, including risk 
analysis on the basis of guidelines for analysing risks. It describes dozens of potential defects 
illustrated by examples including common mode failure, mistaking one item of equipment for 
another, creating unavailability, use of special tools and equipment, cleanness, "aggression" 
by nearby equipment etc. 

The actions to be carried out prior to starting the maintenance work itself are included in a 
document (the safety/quality plan) which is utilised for monitoring the maintenance operation 
(or set of operations). This document specifically covers the requalification tests to be carried 
out after maintenance work. It shall also indicate any anomalies encountered. 

The application of this range of actions of a "technical nature" has revealed the importance of 
the risk management activities supplementing the maintenance activities themselves. The 
practical result is additional work which has necessitated the development of new skills, the 
re-defining of the roles of those involved in maintenance, and changes in organisation at 
plant level. 
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PROGRAM IMPROVEMENTS 

Per-01 of Sanden (a) and Alan Chockie(b) 

(a) Swedish Nuclear Power Inspectorate 
Stockholm Sweden 

0>) Chockie Group International, Inc. 
Seattle, Washington USA 

Introduction 

Over the last few years there has been increased attention in Sweden to the maintenance of 
nuclear power plants. The attention is directed at the issues of safety, effectiveness, and 
quality of the maintenance activities and the impact on the safe and reliable operation of the 
plant. There are three principal reasons for this interest. The first reason is that as the systems 
and components degrade over time and with use, the maintenance requirements tend to 
increase. Second, the licensees of neclear power plants have limited financial and personnel 
resources available to address the consequences of aging degradation. The third reason is the 
increasing number of maintenance-related incidents that have been occurring at nuclear power 
plants in Sweden and other countries. 

It is also clear that there is a need for the nuclear plant licensees to stay ahead of their 
maintenance problems. They need to be proactive and deal with any problems at an early 
stage. This requires that the organization make strategic decisions on where to improve their 
maintenance program activities. These improvements need to be based on the licensees own 
experiences, the experiences of other plants, and a systematic assessment of the performance 
of the maintenance program in relation to the organization's desired performance goals. 

A few years ago the Swedish Nuclear Power Inspectorate (SKI) began a process to identify 
what constitutes a proactive and safety oriented maintenance program. As part of this effort 
SKI initiated the development of a structured approach to assess the performance of 
maintenance programs at the Swedish nuclear power plants. This has involved the production 
of a maintenance inspection guidebook and a companion reference book to assist the SKI 
inspectors in their assessment of the maintenance programs. 

In this paper we review the basis for SKI's development of a process to systematically assess 
the maintenance programs at Swedish nuclear power plants. In the later part of the paper we 
examine how this regulatory assessment will be used by the inspectors at SKI to evaluate 
activities such as the maintenance outage at nuclear power plants. 
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The Regulatory Role of SKI 

It is the responsibility of the licensees in Sweden to work to improve the operational safety of 
their plant. Thus, the responsibility of licencees in Sweden is not limitid to maintaining safety 
according to requirements given at the time when the licencee was granted but they must 
work to improve safety. The role of the SKI is to monitor and assess the performance of the 
licensees.lt is also the regulatory role of SKI to determine if licensees are improving their 
performance. 

With respect to the maintenance program SKI has established a structured process to assess 
the performance of the program and to determine where attention and resources should be 
focused to make necessary improvements. 

In developing this maintenance program assessment process it was clear that there was a need 
to define the essential elements and activities of successful maintenance programs. There was 
also a need to provide the SKI inspectors with appropriate maintenance assessment tools. As 
discussed in the folowing sections, both the assessment process and the tools are based on the 
analysis of other international maintenance assessment activities and the specific requirements 
of the SKI inspectors. 

The Characteristics of an Effective Maintenance Program 

An extensive world wide examination of maintenance programs identified four essential 
characteristics of an effective program. These are: 

* management involvement and support --management understands the importance of the 
maintenance program to the safe and reliable operation of the facility; 

* performing the basis tasks and activities well-the fundamental aspects of maintenance are 
included in the maintenance program and are effectively carried out by the plant personnel; 

* monitoring and tracking performance-evaluating performance in relation to clear and well 
understood goals; and 

* being proactive-identifying and resolving issues before they become major problems. 

This last characteristic, being proactive, is a particularly important characteristic of the 
maintenance program. The effectiveness of the preventive and predictive maintenance 
activities is highly dependent on the management and staff taking a strong proactive approach 
to maintenance problems. The organization must be a "learning organization", that is an 
organization that attempts to avoid being in a reactive mode. A learning organization can be 
characterized by its ability to: 
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* recognize that a problem exists; 
* accurately characterize the nature of the problem; 
* develop solutions; 
* implement the solutions with the appropriate support and resources; and 
* monitor the effects of the implemented solution and makes the necessary adjustments. 

The Five Resource Functions of Maintenance Programs 

Maintenance programs are designed to provide the maintenance personnel with the necessary 
skills, knowledge, resources, and support to properly perform their assigned tasks. This 
involves the support and involvement from a number of different disciplines including 
training, inventory control, information management, work control, and planning and 
scheduling. The maintenance program must also include activities for planning, scheduling, 
and coordinating the maintenance task to effectively and efficiently maintain the plant systems 
within their operating specifications. 

There are many different ways to classify and organize the activities of maintenance. Based on 
a detailed review of maintenance programs and program assessment efforts, it was determined 
that for SKI's purposes the most appropriate approach for establishing a systematic 
assessment process would be to organize the essential elements of the maintenance program 
by their common resource characteristics. An shown below, the essential elements have been 
grouped together into five key resource functions (Figure 1). These are: 

People Resource Function 
* Staffing the Maintenance Organization 
* Qualification 
* Training 

Material Resource Function 
* Procurement of Material and Services 
* Material Receipt and Inspection 
* Material Storage and Issuance 

Tool Resource Function 
* Ensuring the Availability of Tools 
* Control of Tools 
* Calibrating and Controlling the Measuring and Test Equipment 

Information Resource Function 
* Maintenance Performance Information 
* Design Specifications 
* Maintenance Procedures 

Coordination Resource Function 
* Organization and Administration 
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* Management and Supervision of the Work Force 
* Planning and Scheduling 
* Work Control 

These five resource functions provided a structured basis for the SKI assessment of the 
nuclear power plant maintenance programs. 

The Systems View of the Maintenance Program 

Effective maintenance programs are more than just a collection of elements or resource 
functions. They are complex systems with inter-related parts or linkages. It is possible to have 
each element of a mainteance program working effectively but have the total program be 
ineffective. Recognizing this fact is critical to making rational decisions in the allocation of 
resources to improve the maintenance program. 

The implications of making a change in one area need to be recognized. One must assess how 
the entire set of elements of the program work together. By taking a systems view of the 
maintenance program a basis is established for prioritizing decisions on where and how to 
allocate resources to improve the program. 

The Importance of Setting Improvement Goals 

An important aspect of effective maintenance programs is the setting of goals and the 
development of plans to achieve these goals. These goals should be achievable, well-defined, 
and communicated to all involved parties. The effectiveness of the maintenance program is 
defined in part by comparing the current performance with these stated goals. 

The plans for achieving the stated goals are also a source of information on the effectiveness 
and ability of the program to improve. Like the goals, the plans should be well defined and 
understood by all involved parties. The information in the plans should provide the basis for 
examining the improvement of the program over time. Strict adherence to the plans is not 
necessary or expected. However, clear and rational explanations for deviations from the plans 
are expected. 

Maintenance Program Acceptance Criteria 

We have identified three significant criteria for the evaluation of the effectiveness of the 
maintenance program. These are: 

* maintenance programs must have all the essential activities-although how they are 
organized at the plant may differ from one plant to another; 

* there should be formal and informal linkages in place—improvement decisions should be 
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considered in relation to their impact on other program activities (the "systems view" 
should be an integral part of the decision process); and 

* there should be clear and documented improvement goals and plans to achieve the stated 
goals. 

The Development of the maintenance Assessment Tool 

While working with the SKI inspectors it became clear that there was a need for a concise 
document that defines the key activities of an effective maintenance program. It was also 
apparent that a guidebook to assist the inspectors in their assessments would be a useful tool. 
The staff of the SKI Man-Technology-Organization (MTO) group were assisted by the current 
staff of the Chockie Group International, Inc. in the development of a reference book and a 
companion inspection guidebook. 

The development process involved several workshops with the inspectors and others at SKI. 
The initial workshop was conducted to provide information about the objectives of the effort 
and to solicit advise and guidance on how best to meet the inspectors" needs. The second 
workshop was devoted to training the inspectors on the use of the assessment tool that were 
developed to evaluate the status and improvement requirements of the maintenance programs. 

From an early point in the development process it was clear that there was a need for an 
inspection guidebook. The inspectors required a book that could be used both for preparing 
for and during their plant visits. It was requested that the guidebook be a quick reminder off 
the essential activities of the maintenance program. The information in the guidebook was 
organized to provide not only reminders of the essential elements, but also general questions 
upon which the inspectors should base their discussions with the plant personnel. Included in 
the guidebook are reminders on how to gather and analyze the program performance 
information. 

Throughout the guidebook visual cues are used to remind the inspectors of important 
concepts. For example on each page of the book is found a small improvement figure (see 
Figure 2). This figure reminds the user to gather information on the past and present 
performance and the future goals and plans for improvement. 

General criteria for the assessment of the maintenance program is provided in both the 
inspection guidebook and the reference book. But, as clearly stated in these two books, 
neither proviede specific or detailed acceptance criteria. These need to be developed by the 
inspector based on the subject being examined, the level of detail required in the assessment, 
one's knowledge and experience, the general information in the guidebook and reference 
book, and the information from other relevant sources. 

The reference book and the guidebook are useful resources for the inspectors in planning for 
their inspection. These books provide: 
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* a structured and systems view of the essential activities of an effective maintenance 
program; 

* a basis for preparing and organizing questions; 

* an initial set of general or acceptance criteria for the seventeen essential elements; 

* a reminder for taking an improvement-oriented approach to the evaluation of the program 
performance; and 

* a structured way to present the findings on the maintenance program performance. 

The Need for a Baseline Document 

In developing the structured maintenance assessment process it became clear that it would not 
be possible, except in rare situations, for the inspectors to conduct a complete detailed 
assessment of all seventeen maintenance program activities at the same time. Rather, the 
inspectors would focus on those activities and issues that required special attention due to an 
incident or other situation. 

It was concluded that there was a need for a baseline document. This baseline document of the 
maintenance program performance provides a common understanding of where improvements 
are being made and where resources should be directed to make the maintenance program 
even more effective. It also provides the basis for both SKI's and the plant's own monitoring 
of improvement over time. 

The most appropriate people to develop this baseline document are the plant personnel 
themselves. The document presents the organization's perspective for each key maintenance 
activity. In the document the organization explains their current level of performance, what are 
their improvement goals, and what are their plans to achieve these goals. 

A critical element of the baseline assessment document is that it should be as concise as 
possible. The information in the document provides a basis for follow up reviews and 
discussions by the SKI inspectors. As such the format is that for each activity or element 
addressed there should be a short statement on the: 

* past level of performance; 
* the current status; 
* the improvement goals; and 
* the plans to achieve the goals. 

Also included in the document should be a brief discussion of the impacts of changes in one 
aspect of the program on other parts of the program or other activities at the plant. Finally a 
listing of the highest priority improvement plans should be included. Detailed background 
information should be available but not necessarily included in the document. 
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The development of the baseline document involves the following activities by the plant staff: 

* In-Plant Observations: 
- review of policies, procedures, and previous inspection findings 
- examinations of the maintenance activities and programs 
- interviews of personnel 

* Follow-up activities to define the improvement goals and plans 

* Analyzing and organizing the findings into a concise baseline document. 

The objective of this baseline effort is to identify differences among the current plant 
maintenance outage policies, procedures, the actual practices, and the general acceptance 
criteria provided in the guidebook and reference book. Any differences should be evaluated 
and, if appropriate, improvement goals and improvement plans should be specified. 

Assessing Outage Programs Using the Maintenance Assessment Tool 

The maintenance assessment process can be a useful tool not only to assess improvements 
related to the entire maintenance program but also to evaluate specific aspects of the 
maintenance program. For example, the strengths, weaknesses, and improvement 
requirements of the maintenance outage activities can be examined using this assessment 
process and the related guidebook and reference book. By preparing a baseline document of 
the entire maintenance program the organization also captures many of the activities associated 
with maintenance outage activities. 

In the case of the assessment of the maintenance outage program, many of the same elements 
and activities that are essential for an effective maintenance program are also critical for an 
effective outage program. Some of the key elements are: 

* staffing and qualifications (people Resource Function); 

* work control, managemend and supervision of the work force, and planning and 
scheduling (Coordination Resource Function); and 

* maintenance performance history (Information Resource Function). 

The maintenance program baseline document should address these and other relevant elements 
and activities. The SKI inspectors can use the document and other information sources to 
focus their assessment of the maintenance outage program. The report from the inspectors 
would follow much the same format as that of the baseline document and explain how the 
organization has been progressing with respect to their goals and stated improvement plans. In 
this manner the management of SKI has a clear understanding of where and why the plant is 
focusing their resources and activities to improve their performance 
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Conclusion 

The benefits of such systematic assessment process are first, it provides a basis to determine 
where maintenance program is being improved. Second, it provides a foundation for SKI and 
the plant management to make decisions on where attention and resources should be focused. 
Third, and possible of greatest benefit, is that it provides a basis of common understanding of 
the elements and activities of that make up an effective maintenance program (or maintenance 
outage program). 
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Abstract. Complex technological systems, such as nuclear power plants, are especially prone 
to rare but possibly serious accidents that result from a combination of seemingly innocent 
events Such accidents happen when an active failure triggers a number of latent failure 
conditions (LFC). The nature of LFCs is explained in relation to the anatomy of an accident. 
Maintenance activities are especially likely to be the source of LFCs, because the normal 
process responses are muted. A classification is proposed of the types of LFCs and the 
reactions to them, which typically falls into either reactive or proactive measures The 
importance of proactive measures, in particular focused monitoring, is pointed out. 

LATENT FAILURES CONDITIONS 

Due to the technological advances of the last 30 years, particularly in regard to engineered 
safety features, most hazardous systems are now resistant to single failures in either human or 
technical functions. Many systems have also adopted the philosophy of defence-in-depth, 
which means that a number of barriers or safeguards must be breached before an accident 
occurs. Although this has had the overall effect of making an accident less likely, it has not 
made it impossible. It is still possible for an accident to be caused by a combination of several 
conditions where each is necessary but none sufficient to bring about the accident by itself. 

The growing complexity of systems, necessary to meet the needs of end users, provides ample 
opportunities for the harmful accumulation of such conditions. The increased automation and 
functional sophistication high-technology systems, such as nuclear power plants, also means 
that they have become harder to understand for the people who control and maintain them - as 
well as the people who must design, build, and regulate them. These systems are therefore 
especially prone to rare, but possibly catastrophic, accidents that result from a combination of 
otherwise innocent events. This phenomenon has become known as latent failures - although 
it would be more appropriate to call it latent failure conditions (LFC)- meaning that there 
are latent conditions in the system that may become contributing causes for an accident 

Origin Of The Term 
The defining feature of latent failure conditions (LFC) is that they are present within the system 
as unnoticed conditions well before the onset of a recognisable accident sequence The 
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influence of LFCs in low-risk, high-hazard systems such as nuclear power plants, chemical 
process plants, modern aircraft, etc., gives rise to multiple-failure accidents that have their 
origin in conditions arising from design, construction, procedures, maintenance, training, 
communication, human-machine interfaces and the like (Reason, 1990) - that is, organisational 
as well as technological or human action based. Latent failures conditions are thus seen in 
contrast to active failures, i.e. failures of technological functions or human actions, which 
become the local triggering events that usually are identified as the immediate causes of an 
accident. 

The distinction between LFCs and active failures gained widespread recognition in the 
scientific community during the late 1980s. One of the early discussions took place at the 
NATO ARW in Bad Windsheim in August 1986 (Reason, 1987), although related ideas can be 
found in earlier works Conceptually, the origin is in the notion of latency and latent processes 
introduced by psychoanalytic theory. From here the use has slowly spread to other fields, such 
as medicine and engineering. 

ANATOMY OF AN ACCIDENT 

The nature of LFCs can be illustrated by using the well-known description of the anatomy of 
an accident (Green, 1988; also Rasmussen & Jensen, 1973). According to this an accident 
begins when an unexpected event occurs while the system is working normally. Unless the 
unexpected event can be immediately neutralised, it will bring the system from a normal into an 
abnormal state. In the abnormal state attempts will be made, by people or by automatic 
systems, to control or contain the failure. If this control fails, then the system will enter into a 
state of loss of control which means that there will be some unwanted occurrences. Usually, 
even this possibility has been anticipated and specific barriers or obstacles have been provided. 
It is only in the case where these barriers are missing or when they fail to work according to 
their purpose, that the accident actually occurs. 

This general description of how an accident unfolds can easily be extended to show how LFCs 
may play a role in the development of an accident (Figure 1). The starting point is a system 
internal failure, either a breakdown of a technical function or an incorrectly performed human 
action. This failure may lead either to a manifest failure or to an LFC. The manifest failure can 
become the unexpected event that may lead to an accident; alternatively, the unexpected event 
can have its origin in a system external event. If the failure is manifest, the consequences of the 
technical or human failure propagate through the system until they reach their final state -
either an accident or a successfully recovered situation. If not, the LFC remains undetected and 
lies dormant in the system. 

As illustrated by Figure 1, an LFC will show itself at a later stage as either the failure of control 
or as the lack of a barrier or defence. The important thing is that the consequences of the initial 
failure do not become visible until something else happens, i.e., until another unexpected event 
triggers the accident. The notion of an LFC is thus a very important concept for understanding 
how multiple-failure accidents occur. Although much of the recent literature tend to focus on 
either the organisational origins of accidents or on human erroneous actions, it is necessary to 
see LFCs in a larger context, both in terms of their possible causes and in terms of when they 
occur in the system life-cycle LFCs can thus have several different causes such as design 
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failures or deficiencies, inappropriate organisational or managerial decisions, maintenance 
failures or deficiencies, and slow but undetected degradation of system functions or resources 
(e g corrosion, small leaks, tear-and-wear). LFCs are, however, less likely to result from 
operational failures, for reasons that will be explained below. 

Normal 
condition 

Accident 

Loss of 
control 

Abnormal 
condition 

—»(AND 
Lack of 
defence 

— » ( A N D 
Failure of 

control 

LFC 

LFC 

* AND 

Unexpected 
event 

External event - » ( OR ) « -
Manifest 

failure 
LFC 

J-X W OR H 

Technical failure Human failure 

Figure 1: The anatomy of an accident. 

Seen as causes, LFCs can show themselves in several different ways which typically belong to 
one of the following categories: 

• Lack of barriers means that a designed prevention against an accident either is absent or 
is not fully functional (attenuated effect). Barriers are typically either physical or 
functional, but can also exist as procedures and regulations. A physical barrier can be 
breached, displaced, or removed while a functional barrier can be neutralised or have a 
reduced effect. 

• Lack of resources, where the means necessary to counter or neutralise an event are 
missing. In this case it is not the barrier as such that fails, but rather the ability to control 
a function or a subsystem or to provide backup or replacement. A simple example is that 
there may be insufficient power to start the emergency diesels or power emergency 
lights. 

• Unanticipated pathways or links means that changes to the system have created 
unexpected cause-effect relations. In such cases the operators are no longer able to 
predict correctly the effects of planned interv entions, and accidents may therefore occur 
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For example, two tanks may have become connected without the operators knowing it. 
leading to unexpected results (Wagenaar & Groeneweg, 1988). 

• Finally, precarious conditions means that parts of the system have become unstable so 
that only a small active failure is needed to release the latent condition. This can also be 
seen as an unintended amplification of effects or functions. The obvious analogy is that 
of an avalanche or any other supercritical system. 

RESPONSES TO LATENT FAILURE CONDITIONS 

The notion of LFC is valuable because it can be used in practical applications to define 
appropriate countermeasures. These fall into two groups: reactive measures that can only be 
applied after the occurrence of an accident, and proactive measures that can be implemented 
before the occurrence of such events, typically in some form of early detection or as "health" 
checks of workplaces and organisations. The reactive and proactive measures are mutually 
dependent in the sense that effective proactive measures will reduce the need for reactive 
measures; conversely, if proactive measures are ineffective, reactive measures will be in greater 
demand. Effective safety management will require the application of both of these measures 

Reactive Measures 
Reactive measures should be focused upon two major issues. The first has to do with the 
conditions that can bring about failures in a system, either as human or technical failures. Thest 
situation and systemic factors are collectively referred to failure inducing conditions The 
second has to do with the constraints and safeguards that mitigate or block the adverse 
consequences of failures. These are collectively referred to as defences or barriers, and may 
be classified according to the functions they serve (i.e., alarms, warning, protection, recovery, 
containment, escape and rescue) and by the various systemic modes in which they are 
implemented (i.e., engineered safety features, supervision, safety briefings, administrative 
controls, rules and regulations, personal protective equipment, etc.). 

In general, responses to accidents seem to follow a regular pattern (Hollnagel, 1993). The first 
step is to look for an acceptable cause. If one cannot be found within a reasonable time or with 
reasonable resource usage, the event is written off as an act of God or a freak event. Even if 
the cause can be found the occurrence may be classified as an unusual, infrequent event 
(though possibly a predictable one) and because it may be difficult to do something about this, 
the response is to do nothing. If that is a deliberate choice, then the event is in actual fact 
treated as a stochastic event with a spurious cause that must be tolerated In most cases, 
however, when a cause has been found the response may be chosen from several lines of 
action: 

• Elimination of the cause by replacement - either using an identical component or an 
improved component. The principles of replacement vary depending upon whether the 
cause was a human failure, a hardware failure, a software failure, or an organisational 
failure. 
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• Eliminate the consequences of the cause by introducing new barriers As described 
above these barriers can be of several types, (physical, functional, regulator)') 

• Eliminate both causes and consequences by redesigning the system in whole or in 
part This can be achieved by improved system design, improved operational support, 
fault tolerant systems, and better task design and allocation. 

• Eliminate the consequences by eliminating the system Although this is a radical 
solution it may sometimes be the only one that is available. This could be the closing of a 
production unit, abandoning a method or a product, firing a group of people or a 
department, recalling a specific product from the market, etc. This is a brute force 
solution which only is effective if the function provided is one that can be dispensed with. 
Otherwise one should expect that the function will reappear in a different guise, which 
sooner or later may lead to another failure or accident. 

The failure inducing conditions can be removed mainly by redesigning the system .Among the 
other possible reactions, eliminating the system is a solution so radical that it is rarely used. 
Replacement is usually not an option for LFCs, but is better suited as a response to active 
failures. The redesign must include ways of avoiding that LFCs come into existence in the first 
place or that they go unnoticed. Examples of redesign could be changes to the interface or 
procedures, or improvements to training. Redesigning a system in part or in whole to remove 
failure inducing conditions is, however, a costly affair and unavoidably involves a time delay: it 
is therefore not a preferred solution. 

The introduction of new barriers is by far the fastest and most efficient type of reactive 
measure. Organisational type barriers that are based on changes to procedures and regulations 
are among the easiest to introduce, although their efficiency may not always be high The 
development of new barriers unfortunately has the side-effect of increasing the complexity of 
the system, hence unwittingly allowing for more LFCs. 

Proactive Measures 
In considering proactive measure, two fundamental facts about LFCs must be explicitly 
recognised. Firstly, that LFCs are inevitable Even if human actions never failed, the very 
complexity of technological systems makes it is impossible to check every possible 
combination of components and functions (This is a lesson which is increasingly recognised by 
software engineering, since software bugs are quintessential LFCs.) A corollary of that is that 
the number of LFCs will be very large and in practice infinite Secondly, that we can ever only 
find known LFCs, i.e., those that in the past have been detected and remembered It does not 
necessarily mean that there will be an exceedingly large variety of LFCs, but rather that we can 
never expect to produce an exhaustive list by analytical means. The application of proactive 
measures must therefore primarily be guided by experience. 

LFCs can in principle be detected in three different ways. As illustrated by Figure 2, LFCs may 
be detected at the time when they occur or shortly thereafter - but before the onset of an 
accident sequence This can be achieved by improved quality control of performance, extended 
checklists and procedures, etc. Secondly. LFCs may be detected by a general check of the 

Hollnagel Mas '95 



Latent Failure Condit ions Page 6 

"health" of a system, by searching for indicators which are known to be generally valid. 
Thirdly, they may be detected by focused monitoring of specific indications, either 
periodically or continuously This corresponds to looking for early indications of an accident in 
areas where problems have been known to occur. Such measures could, for instance, prevent 
the majority of accidents that are worsened by the lack of resources. It is therefore important 
for any detection method that it is closely coupled to event reporting systems, so that the LFC 
types are continuously revised. 

Maintenance 
! outage Operation Incident / 

accident 

LFC is 
established 

Initiating event 

I 
I 

Qualit^onSJ ^ ^ ^ ^ 

Figure 2: LFCs and proactive measures 

The use of focused monitoring and general system health checks are the most promising of the 
proactive measures Remembering that we can only expect to find known LFCs, it is important 
that the focused monitoring is guided by comprehensive checklists, similar to the clue lists used 
in Sneak Path Analysis (Hahn et al., 1991) Proactive measures should therefore be seen in 
conjunction with other safety initiatives, in particular event reporting and accident analysis. The 
quality of any checking procedure depends on the validity of the symptoms or indicators that 
are looked at. The validity must be of an empirical nature, i.e., referring to past experience 
The basis for dealing efficiently with LFCs is therefore to have a good record of past 
experiences and a good theory or classification system that can be used to analyse and organise 
that experience. 

LFCs And Maintenance 
As mentioned above, LFCs seem to be particularly tied to non-operational phases, such as 
design, building and maintenance The reason for that is simply that failures that happen during 
operation usually are detected because the system/process is monitored continuously. In 
contrast, during maintenance the process is not actually running, and the effects of a failure 
may therefore not propagate far enough to develop observable effects. Maintenance is in 
practice separated from operation, and because operational indicators are deliberately or 
accidentally muted many failures will go unnoticed (Another reason is that if a correct action 
lead to an LFC, it would be tantamount to a design failure. By definition we must assume that 
this will rarely happen.) 
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During maintenance the system is very easily affected by failure inducing conditions arising 
from frequently occurring error modes, such as wrong calibration, failed checks (visual 
inspection), incorrect alignment, improper restoration of operating conditions, disruption of 
procedure, use of wrong components / materials, etc. Common to all these failures is that if 
they are not noted when they occur, then the consequences are very likely to remain latent in 
the system. Other contributing factors are incomplete records of ad-hoc work decisions, 
incomplete specifications of work and tools, high time pressure leading to shortcuts or 
perfunctory tests, incompletely work specifications leading to wrong equipment being used, 
etc. All of these conditions are well-known but seem very resistant to institutionalised eliminate 
efforts. 

Since we cannot detect LFCs when they are created, and since it is too late to detect them 
when they happen, the best solution is to check the status or health of the system continuously. 
Since LFCs cannot be defined analytically, it is necessary to develop consistent clue lists which 
use experience to focus the checks. In relation to the common categories of LFCs focused 
monitoring should look particularly at whether the integrity of barriers is intact and whether 
the resources necessary for a function are present. This is tantamount to checking whether the 
pre-conditions for a specific system facility are within the defined operational limits, akin to 
pre-flight and in-flight checklists in aircraft. It is more difficult to look for unanticipated 
pathways and precarious conditions. Some of the unanticipated pathways can be found if an 
exhaustive search for possible clues is carried out. The experience from sneak analysis shows 
that this is possible, but also that it is extremely labour intensive. Some precarious conditions 
can also be seen by scanning for well-known symptoms or using early warning indicators In 
both cases, however, the search is for something that is out of the usual, hence ill-defined. The 
checking of barriers and resources is likely to be more cost-effective, because the criteria for 
success are explicitly defined in the functional specifications for the system. 
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Containment control during unit outages 

C. Bonnet, Institute for Nuclear Safety and Protection (IPSN), France 

Introduction 

During an outage, when the fuel is replaced and periodic tests are carried 
out on the equipment, containment of the reactor building must be 
maintained in accordance with precise rules, laid down in the technical 
specifications for operation and prioritised on the basis of the safety-
hazard. The principle of these rules is to only accept that the containment 
is not totally leaktight for carrying out the maintenance operations insofar 
as leaktightness can be rapidly restored. It is thus that, a few days into the 
outage, during unloading of the fuel, the airlock enabling personnel access 
may be opened provided that dynamic containment is provided and that 
the two doors can be rapidly closed. On the other hand, the equipment 
hatch, which is used for the passage of large items of equipment, such as 
the pressure vessel stud detensioning machine, must be kept closed as it 
would be impossible to rapidly reclose it in the event of an incident 
(Figure 1). 

Examination of operating experience has shown that maintenance 
operations and construction work can jeopardise containment. For 
instance, containment is required when the non-destructive tests are 
carried out on the steam generator tubes during each outage (as fuel is 
present in the reactor building). This testing necessitates running cables 
through a service penetration as the testing equipment is located in the 
reactor building and the data is processed outside it. The free space 
between the cables and the inner wall represents a risk of communication 
of the air inside the containment with the exterior in an incident (handling 
accident, loss of cooling etc.). Certain operations also involve 
simultaneous opening of the secondary side of the steam generators and 
the water or steam lines, particularly for carrying out an internal inspection 
of one or more of the valves forming part of these lines, which constitutes 
another possible path between the inside of the containment and the 
exterior. 
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The operators, being aware the problem, first utilised temporary blanking 
devices of different types to close the contaminated air leak paths: 
synthetic foam for the service penetration and an airbag for the secondary 
pipes. In 1992, two incidents revealed ambiguity in the respective 
responsibilities of the operators and contractors with regard to the 
temporary devices utilised. In the first case, outside workers damaged the 
synthetic foam surrounding the cables in the service penetration to recover 
their equipment and tools after completing their work, and in the second 
case removed the inflatable device which had the dual role of preventing 
the introduction of foreign objects into the steam circuit while the work 
area was open and making the steam pipe leaktight. 

As a general rule, there was insufficient clarity in identifying the 
temporary devices used to blank off certain penetrations. The opinion of 
the Institute for Nuclear Safety and Protection regarding these incidents is 
that to blank off the penetrations the operator should use devices qualified 
for accident situations (irradiation, temperature and pressure) and which 
avoid any risk of mistakes. Outside workers cannot have an overall view 
of the different works being carried out at a given time and it is not their 
responsibility to ensure that containment is permanently assured. 

Further to this analysis, EDF has qualified two types of blanking devices, 
one for the service penetration and the other for the steam line at the steam 
generator outlet. 

Specific requirements concerning containment penetrations 

When the reactor is in the cold shutdown state for refuelling or 
maintenance, the technical specifications for operation require, for 
penetrations carrying fluid in contact with the containment atmosphere or 
the primary fluid, that two isolation devices be operable or that one of 
them should be closed. However, when maintenance operations or periodic 
testing require, the use of a temporary device is tolerated. It is, indeed, 
highly improbable that an accident would result in a sudden increase in 
pressure in the containment, degradation of the fuel and release of 
radioactive materials. The highly improbable accidents to be taken into 
consideration are, for instance, the dropping of a fuel assembly during 
handling, dewatering of a fuel assembly during handling due to dropping 
of the level in the reactor building pool, or the total loss of cooling of the 
fuel present in the reactor building. The temporary blanking devices used 



must be capable of withstanding, possibly for a limited period of time, the 
hazards involved in accidents ; indeed Eventual reclosure of the 
penetrations by isolation devices is envisageable. 

Description of two ty pes of blanking devices 

Service penetration 

• Description 

The service penetration of each unit is utilised to run cables and pipes 
containing the utilities necessary for the maintenance and testing work 
during the outage. Depending on the nature of the outage, the number of 
cables or pipes will vary. It is for this reason that EDF has opted to utilise 
a modular device for equipping the service penetration. This device 
consists of a metal frame, rubber modules with openings of the different 
possible cable and pipe diameters, two half-shells surrounding the cable or 
pipe involved, solid rubber modules to complete the array, and an anchor 
plate and compression system (Figure 2). A tapered adapter is used to 
secured the frame to the inner end of the penetration. Furthermore, it is, if 
necessary, possible to secure, under accident conditions, a solid cover to 
the end of the penetration after having separated the cables (providing 
certain safety conditions are met), closed the outside valves and removed 
the hoses in the case of pipes. For the purpose, each pipe section with a 
valve is of a size smaller than that of the penetration. 

• Qualification 

This device successfully underwent to trials in 1981 in a test loop 
simulating large primary break conditions (6 bar absolute, 156°C, steam 
laden atmosphere). It has also been qualified for irradiation (2 x 108 rad). 
It was tested at Chinon Power Plant in 1993 in a section of pipe simulating 
the reactor building penetration. A trial with water was carried out at 5 bar 
for 16 hours without any leakage or pressure drop being detected. 

It is the quality of the installation which guaranteed the leaktightness of 
the penetration with which this blanking device is fitted, as requalification 
is not possible after installation. 



• Ergonomics 

The duration of the installation operations at the pilot plant was 1 hour and 
30 min. 

The device must be taken out to remove even a single cable, and this can 
only be carried out using a special tool. This special tool is the 
responsibility of the plant. Contractors are therefore subjected to a further 
constraint: to determine in advance the cables and pipes required for the 
work area for which they are responsible so that the plant can draw up the 
installation plan, and to set up their equipment and recover it at times set 
by the plant and no longer at opening and closing of the work area. 

Steam lines 

The installation of a blanking device in a steam line is unnecessary except 
when work has to be carried out simultaneously on a steam generator and • © 
the associated steam line. This is because in other cases (only opening the 
secondary side of a steam generator or only opening the steam line) the 
leaktightness of the containment is assured. In the first case, it is the closed 
steam valve which provides this function, and in the second it is the 
secondary pressure boundary of the steam generator which provides it. 

• Description 

The blanking device consists of two half-rings, secured to a base with 
40 bolts, which ensures double sealing with two lip seals operating in the 
manner of an autoclave under the effect of the internal pressure of the 
steam generator, bearing on the end of the steam line nozzle. The blanking 
device is secured with 6 pivoting arm assemblies which bear on the tops of 
the vertical pipes of the flow limiter at the steam generator outlet 
(Figure 3). 

• Qualification 

The blanking device has been qualified for temperature (0°C to 90°C), 
pressure (+200 mbar to 6 bar in air), and irradiation (50 mrem/h) 
conditions. Its leaktightness is permanently monitored. 
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• Ergonomics 

The blanking device is introduced via the top of the steam generator 
(dryer). It is important that this operation does not result in the 
introduction of foreign objects into the tube bundle. It is for this reason 
that the components of the blanking device are all provided with retaining 
systems and the cyclones must be protected by an inflatable floor (in 
900 MWe units). The installation of a blanking device is a relatively 
complex operation which normally requires the simultaneous presence of 
4 workers inside the dryer. The time estimated for the entire operation is 
8 hours. 

Conclusion 

The specification and implementation of such blanking devices at the 
plants is conducive to ensuring compliance with the rules relating to 
containment by the operators. Indeed, this compliance must be 
independent to the different works being carried out at a given time and 
their hazards. 

More generally, this paper illustrates the need to think about the actions of 
workers which could have a major effect on the quality of the safety 
barriers. This kind of reflexion favours of the development of better tools 
or organisation. 

3 



Figure 1 





1ére barriére 

2éme barriére 

Dra in de fuite 

C o u v e r d e 

Centreur 

Socle 

Figure 3 



Abstract of the paper, presented at the 

INTERNATIONAL SYMPOSIUM 

on 

HUMAN FACTORS AND ORGANIZATION IN NPP MAINTENANCE OUTAGES 

in 

STOCKHOLM 

from 19th to 22nd June 1995. 

Title; Control of the critical safety functions during outages 
Subtitle: Impact on future Technical Specifications 

Author : Hugo De Backer 
Manager Operations Support Doel 3-4 
Doel Nuclear Power Station, Belgium 

ABSTRACT : 

During a maintenance outage, certain systems, structures and 
components are kept available for their critical safety 
functions. 

Therefore, the Outage Planning and Scheduling takes care 
that proper control of the critical safety functions is 
guaranteed. 

The paper and the presentation deals with the specific 
safety concerns that are taken into account during outages and 
shutdowns at the Doel NPP, and describes how those concerns are 
implemented in the Outage Planning and Scheduling. 

Those concerns are: 

* Reactivity control. 
* Residual heat removal from reactor and spent fuel pits; 
* Protection against loss of coolant from primary systems; 
* Protection against pressurization of the primary system; 
* Availability of electrical systems; 
* Containment integrity during nuclear fuel manipulation 

and during midloop operations; 

During the presentation, the 'Outage-specific Technical 
Specifications' which are under discussion with our Authorities 
for implementation in the near future, will be highlighted. 
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1. CRITICAL SAFETY FUNCTIONS DURING OUTAGES 

Reactivity control 

Residual heat removal from reactor, reactor building 
and spent fuel pits 

Protection against loss of coolant from primary systems 

Protection against pressurisation of the primary system 

Availability of electrical systems 

Containment integrity during nuclear fuel manipulation 
and during midloop operations 

Stockholm international symposium june 1995 / kcd-paper Page 3 



2. LOSS OF SHUTDOWN COOLING 

RISKS TO BE CONSIDERED 

1. Fuel damage or even core melt, if the core gets uncovered, 
due to: - boil off 

- failure of nozzle dams 

2. If containment not isolated: 
radioactive releases to the environment 

3. Abnormal conditions inside the containment building: 
- high temperature 
- pressure 
- high humidity 
- contamination 
- hydrogen (if fuel gets damaged) 

4. If boil off continues : boron precipitation 
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3. LOSS OF SHUTDOWN COOLING 
ACTIONS TAKEN OR PLANNED 

1. Studies 

- Rate of phenomena in reactor vessel (heat up, boil off) 

- Pressure increase in reactor coolant circuit 

- Rate of phenomena inside containment building 

- Consequences of increased boron concentration 

- Decay heat removal using steam generators 

2. Systems 

- Level in reactor coolant circuit visually displayed in the 
control room 

- Safety injection system designated as ultimate means to 
avoid core uncovery during cold shutdown 

- Opening of the manway on the pressuriser, when nozzle dams 
are installed in steamgenerator(s) 

- Alarms when loss of shutdown cooling 

3• Training 

- Operators made aware of consequences of loss of shutdown cooling 

- Classroomtraining 

- Simulator training (open reactor coolant circuit) 

4. Procedures 

- Special procedures for abnormal conditions in shutdown 

- Procedures for draining and filling improved 

- Status of reactor coolant circuit and systems required for 
decay heat removal more closely monitored 

5. Organisation 

- Tech Specs requirements during shutdown considered as 
absolute minimum 

- Outage planned accordingly 

- Formal review of outage planning: redundancy of systems for 
decay heat removal verified 

- Enhanced Technical Specifications for midloop operation planned 
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4. DISCUSSION OF THE MINIMUM REQUIREMENTS IN EFFECT IN DOEL NPP 

TO MEET CRITICAL SAFETY FUNCTIONS DURING OUTAGES 

4.1 REACTIVITY CONTROL 

PROTECTION AGAINST INADVERTANT DILUTION 

Minimum Requirements : 

* At all times, EA- or PB/CV-boron injection to the primary 
circuit has to be available. 

* During cold shutdown, with all primary pumps stopped and/or 
the control rods inavailable, the antidilution consignation 
will be in application, i.e. isolation from all pure water 
sources to the RC-system OR the availability from the 
reactorprotection through scram on high flux at shutdown with 
the shutdown rods withdrawn. 

* Neutron flux source range detectors and their signalisation 
is available. 

. Every 8 hours, the boron concentration will be determined on 
the basis of a primary water sample. 

. Permanent homogenisation-flow through the core is 
maintained, either with the RC- or SC-pump(s). 

. During each filling operation of a steamgenerator secundary 
side, after maintenance/repair of steamgenerator tubes, the 
verification that no water is leaking will be done locally. 
During this operations, the nozzle dams are still in place. 

. Proper management of the amounts of demineralized water used 
during decontamination and cleaning of the reactor pit. 

* = under discussion with the autorities for implementation 
in the technical specifications ( during modes 5 and 6). 
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4.2 RESIDUAL HEAT REMOVAL FROM REACTOR AND REACTOR BUILDING 

Minimum Requirements : 
* 2 RHR-trains for residual heat removal through RN and CC/LU, 

and their respective emergency- and safety-diesels are 
available. 

. 2 out of 6 VC-containment ventilation and cooling groups are 
available, each of them belonging to trains with different 
electrical polarity. 

. During the first decrease to midloop level, minimum 2 out of 
3 steamgenerators are kept available for residual heat 
removal. This condition is no longer required when the 
nozzle dams are installed in the steamgenerators. 
Also, the shift technical advisor is present. 

Especially during midloop operations : 

* All SC-trains are available for residual heat removal. No 
maintenance work is planned on those systems. 

* The core-exit-thermocouples are kept available as long as 
possible. 

. No work is scheduled on the steamgenerators and the AF- and 
EF-systems are kept available, until the nozzle dams are 
installed in the steamgenerators. 

. No maintenance is performed on systems for de-aeration of 
the SC-system (Shutdown Cooling), and those systems are 
tested prior to midloop-operations. 

4.3 RESIDUAL HEAT REMOVAL FROM SPENT FUEL POOLS 

* Minimum 2 PL-cooling trains are available with at least 
1 cooling pump and cooling source in each train, manual 
operational from the bunker (already in TSpecs). 

. Additionally, at least one heat exchanger can be cooled with 
CC-water. 

. As much as possible cooling sources are kept available when 
the amount of residual heat is high. 

. Maintenance on PL-system in the Spent Fuel Building is only 
performed outside the refueling outage period. 

. Maintenance periods on AC-busses from the bunker are kept as 
short as possible, and the other AC-busses have their diesel 
supply available. 

* = under discussion with the autorities for implementation 
in the technical specifications ( during mode 5 a or b). 
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4.4 PROTECTION AGAINST LOSS OF COOLANT FROM PRIMARY SYSTEM 

Minimum Requirements PRIOR AND DURING MIDLOOP OPERATIONS : 

* Each outage and prior to midloop-operation, the tree level 
measurements are calibrated, and they are compared with the 
visual level measurement. 

* The tree level measurements are available prior and during 
mid-loop operation. 

* Prior to each decrease to midloop level, the level 
measurements in the control room are compared with the 
visual level measurement. 

* EA- or PB/CV-boron injection to the primary circuit has to be 
available. 

* 2 out of 3 LHSI-pumps are available and lined up to the hot 
legs . 

* 1 out of 3 HHSI-pumps is kept available. 

* The manhole from the pressuriser is open. 

. The TV-camera on the visual level indicator is available. 

. The gravity drain is lined up from the RWST through LHSI and 
SC-system to the RC-system, and is tested prior to midloop-
operations. 

. No maintenance or tests are planned that can influence the 
water level in the reactor coolant system. 

* = under discussion with the autorities for 
implementation in the technical specifications 
(during mode 5 i.e. no level in PZR or RC open). 
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4.5 PROTECTION AGAINST PRESSURISATION OF THE PRIMARY SYSTEM 

Minimum Requirements : 

* During cold shutdown, the primary system is protected 
against overpressure by at least two trains of SEBIM-safety 
valves installed on the SC-system that is connected with the 
primary system. 

* When nozzledams are installed in the hot and cold legs of 
the steamgenerators to allow maintenance, those nozzle dams 
are protected against overpressure due to loss of core 
cooling, by opening the manway on the pressuriser. 

* = under discussion with the autorities for 
implementation in the technical specifications 
(during mode 5 a or b respectively). 
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4.6 AVAILABILITY OF ELECTRICAL SYSTEMS 
The Limiting conditions for Operation are mentioned in the actual 
Technical Specifications. 
1st level power supplies, 

when Tavg >°90 C (modes 1, 2, 3 and 4): 
* the 2 busses S10-HVS-M AND S20-HVS-M are available, with 

independent sources from the external grid, i.e. 380 kV 
and 150 kV. 

* 3 safety diesel generators with their daytank, sufficient 
fuel and fuel transfer pumps are available. 

* the related electrical power distribution subsystems are 
available. 

when Tavg < 9 0°C (modes 5 and 6): 
* 1 out of 2 busses S10-HVS-M OR S20-HVS-M is available 
* 2 safety diesel generators with their daytank, sufficient 

fuel and fuel transfer pumps are available. 
* the related electrical power distribution subsystems are 

available. 

2nd level power supplies, at all times: 

* 3 emergency diesel generators with their daytank, sufficient 
fuel and fuel transfer pumps are available. 

* the related electrical power distribution subsystems are 
available. 

Further requirements, on voluntary base (until now), 

Especially during fuel handling operations : 

. While the fuel-handling machines in the reactorbuilding and 
the spent fuel pit building don't have a power supply from a 
safeguard bus, and although they are 'fail safe' and can be 
operated manually, a redundant power supply to their bus is 
foreseen. 

. No maintenance is done on the safety (1st level) diesels 
during an outage. Maintenance on the emergency diesels (2nd 
level) is planned on a train by train schedule during the 
outage period. 

Especially during midloop operations : 
. No maintenance or tests are performed on the external 150 kV 
or 380 kV power-supply, so that both stay available. 

. No maintenance or tests are performed on the safety- or 
emergency-diesel-generators. 
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4.7 CONTAINMENT INTEGRITY 

Containment integrity is maintained or can be reestablished in a timely 
manner to prevent releases when the plant is in a shutdown condition 
(mode 5 and 6 ) . 

Minimum Requirements during nuclear FUEL MANIPULATIONS : 
* automatic containment isolation on high radiation in containment. 

* There is no direct connection through the steamgenerators to the 
outside atmosphere (MS, FW) due to simultaneous work on the 
secundary side of the SG's and work on MS- or FW-valves. Eventually, 
such situation will be avoided by installing inflatable bellows. 

* The equipment hatch is closed or can be closed in a timely 
manner. Trained personnel is available to do so. 

* The reactorbuilding penetrations, as mentioned in the 
Technical Specifications, are either closed with at least 
one penetration valve, or can be closed by at least one 
valve from the main control room or with a check valve. 

* The main personnel hatch and the emergency personnel hatch 
can be closed by at least one door. 

. The outage penetrations of the reactorbuilding are designed 
in such a way that they are closed or can be closed rapidly. 

. No maintenance will be planned and realized on two 
penetration valves in series, unless one of them can be 
closed with a flange. This is mentionned in the 
consignation-procedure. During maintenance on such temporarely 
closed valves, those penetrations are visually checked at least 
every 12 hours. 

Minimum Requirements during MIDLOOP OPERATIONS : 

* The equipment hatch is normally closed, with all bolds. 

* The main personnel hatch can be closed immediately after 
evacuation of the reactorbuilding, with air pressure on the 
seals. 

* The emergency personnel hatch is operational, with 1 door closed. 
. The outage penetrations from the reactorbuilding are normally 
closed. 

. The secundary side of the steamgenerators is closed. 

. The Fuel Transfer Tube from the reactor building to the 
spent fuel building is closed. 

. The Sl-recirculation-valves are closed. No work is going on 
on the containmentsystem from those valves. 
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5. IMPLEMENTATION OF THE CRITICAL SAFETY CONCERNS IN THE OUTAGE PLANNING 

5.1 NETWORK PLANNING WITH STAGES 

On the basis of elements from the long term planning, a first draft 
Outage Planning is realized, at least 7 months in advance of the outage. 

This Outage Planning is worked out as a NETWORK PLANNING WITH STAGES. 

THE STAGES 

Each stage is defined in such a way that it fulfills certain 
conditions: 

* It is related to a well defined functional area or other 
parameter, such as a particular system, the level in the 
primary system, a well defined time-period or an action-
domain that is covered by one specific procedure. 

* Each stage is covered by at least one consignation, 
consignationmodule or standardconsignation. 

* The content of a stage is established by all works and 
tests that are to be carried out within the defined 
functional area or other parameters of that stage. 

* Each stage has a letter-code, which is used in general and 
detailed planning documents. 

This Outage Planning is realized in such a way that the Operations 
- Department will have disposal of all necessary systems and components to 
guarantee safe operation of the plant. 

For each outage, this network is presented to the Operations Department 
for verification and their agreement. 

This verification refers to: 
1. The sequence of the different stages, in such a way that they can be 

realized by the Operations Department unther optimal conditions. 
2. The fulfillment of all safety prescriptions. 
3. The fulfillment of all conditions, to be able to guarantee the 

critical safety functions. 

This verification is realized by use of a checklist. 

No changes are implemented without the permission of the Operations 
Department, as well prior to or during the outage. Nevertheless, 
changes to the outage planning can easily be evaluated and implemented 
thanks to the method of working with network planning with stages. 
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5.2 START-UP COMMITTEE DURING AND AT THE END OF THE OUTAGE 

During the outage and during startup-operations of the plant, some stages 
of the network planning are defined as 'key'-stages. 

The permission to enter such a key-stage is given by the so called 
"Start-Up committee". 
A 'key'-stage is a stage that requires particular attention with respect 
to nuclear or classical safety, or with the start-up of the plant. 

Those 'key'-stages can only be started unless a preceding and formal 
control, at which is verified that all requirements are met. 

This verification is done by the Start Up committee, in which 
participate: 
* the Shift Supervisor, who is the chairman. 
* a representative of each department. 
* the Shift Technical Advisor who is on duty. 
The following 'key'-stages have been defined: 
* taking in to service of the CW-system and the cooling tower 
* each decrease to midloop level 
* refueling operations 
* warming up from cold shutdown to hot standby 
* fysical testing 
* startup and power operations 

The agenda from the Start Up committee is the following: 
* Verification that all working orders that should be finished prior to 
entering the next 'key'-stage are properly closed. That verification 
is done on the basis of the working-order computer generated list and 
the checklist of that 'key'-stage. 

* The Technical Specifications Control Requirements and the Temporarily 
Operations Instructions are checked to verify that all required 
equipment is available. Hereby, all working orders for repair, testing 
and modifications are checked, and the is a verification that all 
Technical Specification Requirements related to the mode-change are 
met. 

5.3 INDEPENDENT VERIFICATION BY AN AUDITOR OF THE OA-DEPARTMENT 
Independent from the previous organization for implementation of the 
critical safety concerns during outages, there is also a systematic 
verification by an auditor of the QA-department. 
To do so, different checklists are used to verify for the heat removal, 
water inventory, inadvertant dilution and containment integrity. 

Stockholm international symposium june 1995 / kcd-paper Page 10 



Process-analysis by use of System-groups to 
Promote Outage Performance 

C A R L ROLLENHAGEN 
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PG NILSSON 
F o r s m a r k s K r a f t g r u p p A B 

Abstract 

The paper discusses the use of process analysis and user participation in evaluation and promotion of 
quality. Two case studies are discussed; outage analysis and a project focused on safety culture in 
maintenance operation. It is argued that the system group concept (i.e., analysis and problem solving in a 
group setting, with members from a whole process chain, including management) is a useful tool for 
quality work. The paper describes the methodology used in the outage analysis and some of the major 
results. Moreover, it is argued that quality work which underestimates the importance of a process 
perspective, tends to induce a false belief that minor deviations (or difficulties) can be seen in isolation 
from each other (lack of process thinking). A process perspective clearly shows that even small problems 
must receive strong attention: what may appear as a minor problem in one part of a process may cause 
bigger problems in another part. In the second case study, a method for promoting awareness of safety 
(i.e., safety culture) for maintenance operation is discussed. 

Introduction 

The purpose of the paper is to discuss some experiences of process analysis in 
NPP.s in the context of system groups (i.e. problem solving in group settings). 
T w o case studies will be discussed; analysis of outage, and analysis of 
maintanence activities. Both studies were made at Forsmark, Unit 2. This paper 
is primarily concerned with methodological issues, although comments will also 
be made about some the specific results that were obtained. 

Process analysis 

The interest in process analysis as a tool to improve quality has increased over 
the last years. Process analysis as a technique is far f rom new, however. In the 
field of Human Factors, process analysis has a long historical tradition: some of 
the various methods used for task analysis may be seen as process analysis in 
the sense that they seek to describe what people actually do to reach system 
goals and subgoals. Most techniques of risk analysis are, of course, also based 
on process thinking. However , technical processes have been the primarily 
interest of many such techniques. The "new look" of process analysis is, 
however, concerned with a broader spectrum of processes than those typically 
studied in risk analysis. The concept of processes in this more general sense, 
refers to administrative-, technical-, economical-, and work processes. (For some 
current thinking along these lines see Davoudian et al., 1994). 



For any complex industrial activity, a focus on processes (in a broad sense), is 
essential in order to increase quality. Although a process orientation may seem a 
quit self-evident starting point, it has not always been so. Much quality work is 
still directed at departments and relatively isolated functions in the system. 
Moreover , the traditional way of organizing is typically characterized as 
"depar tment" thinking rather than process thinking. By the same token, 
responsibilities are often assigned to reflect responsibility for parts rather than to 
a whole chain of activities. 

Outages in NPP:s reflect a highly complex activity with strong demands of 
coordination, planning, and communication. Several departments are typically 
involved in outage activity. Each department , or work funct ion , may be 
regarded as a culture in itself with its own traditions, attitudes and work 
practices. Such "cultural frames" are essential to know in order to understand 
how the quality of a process may be developed. For an effect ive analysis of 
outage performance it is thus important to understand how different cultures 
meet in the overall process. 

In order to evaluate and strenghten quality in outage, the process perspective 
seems as a nice stalling point. In such effort the formal description of a process 
is often not the main problem; such information may be obtained f rom plans, 
instructions, work studies etc. It is rather the way to evaluate and suggest 
improvements in such a process that constitute the main challenge. The way to 
do this is far f rom self-evident. As a tool for such activities, the system group 
concept has been developed (i.e., E Roland Andersson, 1993). The method has 
been extended and modified by the first author to include a focus on process 
thinking in the context of NPP:s. 

The system group concept 

In short , the sys tem group concepts or iginates f r o m the idea that if 
representatives f rom a whole process will come together, a productive setting is 
created for evaluation and improvement. Note that a system group is not the 
same as a quality group in a conventional meaning of the word. In a system 
group the whole process is represented, both horisontal ly and vertically 
(managers participate). The participation of management in system groups is 
important because suggestions made by the group get immediate management 
attention. Also, managers typically feel ownership regarding the ambition to 
actually implement suggested changes. 

System groups promote individual awareness of the whole process chain, which 
is important in order to create a common understanding and acceptance of the 
quality work. 

A classical problem in a complex system is that people may not be aware of each 
others activities, at least in any deeper sense. As said above, system groups are 
designed to increase such awareness. For instance; people in a system group 
may suddenly come to realize that even minor problems in one part of the 
process may have severe effects at other stages in the process. By adopting a 
system group perspective, the metod of evaluation quite naturally becomes 
focused on the causes of observed deviations as well as of possible solutions. 
In psychological terms, a system group may be seen as a collective "problem 



space", in which solutions and possible risks can be simulated by making use of 
the collective knowledge in the group. Or simply stated; the intelligence and 
exper ience of the group is larger than the sum of each group members 
experience and intelligence. 

Study 1: Outage improvement 

Purpose and method 

The purpose of the first study was to evaluate outage f rom a human-factors 
perspect ive and to suggest improvements . Because the control room is a 
coordination center of outage activities, the evaluation took its departure there. 
In retrospect, it may be argued that the departure in control room functions, and 
not in the whole process, is really a limited process analysis of outage. This 
criticism is justified with respect to the first stages of the project. However, as 
will be seen below, in the later phase of the project, a system group was formed. 
This group included persons representing the whole outage chain of activities. 

It should be noted that the first study is a human-factor oriented extension of a 
previous study focused on administrative and physical barrier functions during 
outage. Some examples of findings from this former study were: 

- Before d ismount ing the cover lid of the reactor pressure vessel, top fil l ing was per formed, 
us ing the high head auxi lary feedvvater pumps . These p u m p s have a pressure head far 
above 1 MPa, which is the m a x i m u m allowed pressure when the reactor vessel is cold. The 
safety barrier for prevent ing overpressurizat ion was purly administrat ive (supervision by the 
cont ro l room opera tors ) . A technical barr ier was instal led us ing one of the low head 
auxilary feedwater pumps. The automatic pumpstop at high level in the vessel could then be 
leaved in operat ion mode . 

- Dur ing ma in tenance of the internal re-cirkulat ion pumps , work was pe r fo rmed during a 
s ix-hour period in which leakage f rom the loops was prevented by one single mechanica l 
barrier only. Accidental removial of this barrier, consist ing of a sealing lid, could cause a 
coolant loss f rom the vessel at a rate of 500-700 kg/s. Administrat ive barriers were added to 
protect the sealing lid and to reduce the consequences of a leakage. 

The result of the above-mentioned study gave a lasting knowledge in the 
operating organisation about which phases in an outage that are most critical. 
Although the above-mentioned study is very interesting in itself, it is, however, 
not the focus of the current presentation: The former study is mentioned here 
only to inform that there already existed a good baseline f rom were to depart 
towards more detailed human factors issues associated with outage at Forsmark 
2 at the onset of the study reported on in this paper. 

In brief, the human-factor project consisted of the following phases: 

(1) Task analysis: a hierachical task analysis was made which focused on 
the control room activities during outage. 

(2) Departing f rom the task analysis, questionnaries and interviews were 
used to collect information about the following topics (among others): 

- planning and organization 
- safety goals 
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- conflict between goals 
- roles and responsibilities 
- coordination 
- information systems 
- administrative issues 
- work orders 
- training 

- theoretical 
- hands on 

- knowledge about consequences of mistakes 
- change management 
- communication 

- oral 
- written 

- supervision 
- stress and work load 
- instructions 
- experience feed-back (after outage) 
- man machine-interfaces. 

Already, during the first phases of the project, several innovative suggestions 
were made regarding possible solutions to some of the identified weaknesses. 

(3) A system group was organized, consisting of people f rom the 
whole outage process (planners, maintenance, radiolgical protection, 
shift workers, station management etc). 

The analysis was organized as a two-day seminar. Firstly, the 
result of phase two were summarized. Secondly, the group 
selected four themes which they considered ought to be 
analyzed deeper. Thirdly, the group engaged in a problem-
solving phase i.e. suggested possible solutions to the identified 
problems. 

(4) Implementation phase. In a second group meeting the 
different suggestions, that came out as a result of the system-
group, were assigned priorities and responsible persons 
for different activitities were assigned. 

(5) Follow-up meetings were held to check that implementations 
were made according to the plans. 

Results 

Questionnaires and interviews 

The main identified weaknesses as a result of the questionnaires and interviews 
were: 

Weaknesses in systems and praxis to get overview of what was going on 
during the outage. 



Unnecessary troubles bound to such things as irrelevant telephone calls, 
looking for people, administrative rutines etc. 

Weaknesses in systems and practice for handling suddenly 
appearing changes in plans or priorities. 

Weaknesses in experience feed-back (learning from own and others 
outage activities) 

System groups 

The system group discussed the results of the questionnaires and interviews and 
were asked to select among those themes for the most important candidates of 
improvement. In addition they were asked to add other themes that they 
thought should be placed on the priority list. The following themes were 
selected, among others, by the group to receive specific focus: 

- communication and coordination 
- experience feed-back 
- workload, planning, manning 

It should be noted that the system group selected themes that were common to 
all persons in the process chain. Remember that the results of phase two (inter-
views and questionnaires) had been focused on shift-personnel only. 

After the priority list were completed, the group was divided into two parts with 
6 persons in each group. The groups were instructed to come up with as many 
solutions they could think of in relation to the above themes (much like a 
brainstorm session). 

More than 120 suggestions were made by the group. These suggestions were 
basically centered around administrative improvements, but also technical sug-
gestions were made. About 60 of the suggested improvements have been 
implemented today. Some of the suggestions were not possible to implement 
because they violated current organizational rules (the shifsupervisor has the 
full responsibility for all activities in the control room). Some other suggestions 
are still considered to be valid but have not been implemented due to time 
limitations. 

The number of operation orders and their coordination was considered a 
problem. A new administrative concept with one operating order during the 
complete outage is now being implemented. This new concept includes co-
ordinators as support to the operation manager and the shiftengineers. It also 
includes a large number of procedures and time planning where safety 
regulations are connected to the practical work. 

An important part of the startup phase is to make sure that all valves and other 
moveable components are in the right operation mode. For this purpose, 
administrative documents of various kinds have been developed in a more 
consistent and logical way than those that were used before. 



Another main improvement has been to use smaller groups to follow up the 
outage activities and to improve the structure of the follow up activities. 
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Study 2: Safety culture and maintenance 

The second study was centered around the concept of safety culture and 
primarily directed towards maintenance personnel. The main purpose was to 
promote consciousness about the concept of safety culture in the context of 
maintenance. The system group was adopted in the sense that personnel f rom 
operat ion, management , and a mixture of persons represent ing d i f fe ren t 
maintenance functions. The process perspective was adopted in the sense that 
the part icipants were asked to analyse some typical maintenance processes 
(planning, implementation, testing and follow up). 

Me thod 

The following structure was adopted: 

(1) The station manager informed about the goal of 
the seminai-. Information was also made about Forsmark's 
quality and safety policy. 

(2) A short session was held regarding key safety concepts such as 
redundancy, diversification, separation, safety margins etc. These 
concepts were discussed in the context of the broader safety culture 
concept . 

(3) A longer session was held about the human factors area. 
Different models of accident causation were highlighted. 
Psychological processes about the background of human 
errors were explained. 

(4) A short session was made about administrative barriers in 
the context of work protection. 

(5) The personnel was informed about methods for root-cause 
analysis and given an example to try out for themselves. 

(6) Two different versions of process analysis were adopted. In 
one of the seminars the focus was on analysing activities 
in a specifik maintenance task. In another series of seminars 
a more general maintenance process was analysed with the 
steps: planning, coordinations before work, implementation 
and testing. Different problems in each of these phases were 
analysed and suggestions for improvements were made. 



Results 

Evaluat ions of the seminar showed that personnel experienced insights in 
safety thinking, knowledge of human factors, and especially appreciated to 
know metods of root-cause analysis. The process analysis sessions (analysis of 
weaknesses and suggestions) also received high ratings. 

General Discussion 

Both projects briefly overviewed in this paper have made use of process 
analysis and system groups to various extent in order to increase quality. The 
acceptance of activities designed to increase quality is much dependent upon 
management approval as well as an active participation f rom all persons. In both 
projects, the support of management and the problem solving nature inherent in 
system group methodology, was an essential factor. It should be borne in mind, 
however , that both case studies were organized as projects. Quality work 
should be based on a continous improvement approach, i.e. be integrated in the 
process as a day-to-day activity. Quality work organized as projects has an 
obvious risk of being just highlights. Without a deep commitment towards 
continous improvement, quality work may turn out to be short-lived events. 

In the study focused on outage, it was clearly seen that many minor difficulties 
sometimes add up to great difficulties. Some people in the system group also 
expressed the fol lowing observation: the observation of minor diff icul t ies 
during outage is often perceived in isolation both f rom the major process as well 
as f rom other minor difficulties. Also the outage follow-up activities tended to 
neglect minor difficulties at the expense of the time invested to discuss major 
difficulties. The insight that many small problems may add up to a big one was 
strong in the group. From a safety point of view this is also a very important 
observation. The shiftcrews are disturbed if many minor administrative problems 
occurs in the system: the collective burden to cope with these may draw 
attention f rom safety monitoring. 

Perhaps one of the more significant results of the outage study was the need for 
an on-line experience feed-back system. This suggestion was also considered 
by Forsmark unit 1, (they had an representative in the system group) and have 
now led to a computer-based feed-back system for experiences obtained during 
outage. 

Another observation, in the same spirit as above, was that minor difficulties in 
coordination often has surprisingly simple solutions given that they receive 
attention. The system group approach appears particulary suited to promote 
problem solving of such solutions partly because individuals in the group can 
make use of each others knowledge 

Regarding the maintenance seminars, it was clearly seen that the integration of 
persons f rom operation and maintenance led to usefull experience feed-back. 
An understanding of each others activities in a process is essential for quality 
and also for attitude formation: sometimes bad attitudes among different groups 
have their roots in inadequate understanding about what is done at various 
points in a process chain. 



In conclusion, a strong focus on process analysis and system groups appeal's, in 
the light of the two cases dicussed above, to be a strong tool for quality 
development. In the future more efforts should be invested to find ways to 
implement such methods on-line. 
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ABSTRACT 

Recent PSAs Ik ire demonstrated that shutdow n conditions of a nuclear power plant cttn involve risks comparable to the 
normal /x>wer conditions. Many factors contribute to that during the outage: [xx>r or tnexistent technical s])ecifications, 
test and maintenance in systems and continents im/x)rtant to keep the safe shutdown condition. lack of emergency 
proc edures as well as emergency classification for tin.' above condition, to mention some of them, /he maintenance and 
ofK'nuion teams must work in ax>peration, in order to avoid that human factors arise to increase the associated risk of 
fatal accidents. In a previous /xtper, the authors described a possible imxleI to study the beha\ior of the human beings 
during the shutdown phase. However, even when \tv take into account tin.' humans interacting alone with the machine 
systems, it is not enough. We must also simulate the human behavior in groups (mamtenivice and operation crews), as 
II ell as in the » hole structure of the organization responsible for the operation of a nuclear power plant. Some trials in the 
past uere done to study the belun ior of the human beings in these two levels: groups and organizations, the i.TA and 
I IA techniques used in the PSA for components and systems have been applied in groups and organizations. 
Xevenhe/ess, uv judge that the social processes and events occurring in groups and organizations are much more 
complex than those occurring in "hardware", that means systems cmd components: without the presence of human beings. 
Ihe complex interaction existing between individuals, groups, and de[hirtments of a business organization, and the system 
slates in terms of quality in the management decisions making generated as a function of that interaction, carries its to 
other altertKittves such as Markovian A lode Is, where the Markov chains represent the information processing nerw ork. not 
only betw een individuals, but groups and departments, ft has been already demonstrated that there is an analogy betw een 
Markov processes and the Boltzmann Machine in the reliability analysis of groups. 11k Boltzmann Machine is a 
particular case of neural networks architectures which utilize the Signal Hebbian Learning Law with additive (iaussian 
noise scaled by the system "temperature". In this jxtper. the authors intend to apply the neural network equations to the 
problem of organizational belunior associated to the nuclear safety, using two hypothetical events as practical examples 
to make clear the identiftcatron between the [xirameters of the mathematical model and the social structure and concepts 
III thin the organization responsible for the maintenance and operation. 

I. PSA MODELS FOR THE ORGANIZATIONS AND G R O l PS 

The models of organizations and groups for PSAs can be divided into two groups: 1) use of the classical methods of 
systems reliability like ETA and FT A, 2) use of expert opinion In our previous work [Alvarenga'Gromann] we tried to 
show the influence of the different modeling possibilities like ETA and FTA concerning the cognitiv e processes occurring 
with the humans judgments Humans can not be modeled as hardware components In the second method, it is difficult to 
validate and verify the expert knowledge bank and its extraction methodology We need a tool that can extract 
automatically the expert rules without knowing which processes are contributing to them The neural networks are a 
potential candidate to that, in view of being a biological paradigm of our cognitiv e processes in our brains, applied to the 
engineering problems 



2. MATHEMATICAL MODEL OF THE BOLTZMANN MACHINE APPLIED TO THE GROUPS AND 
ORGANIZATIONS 

The Boltzmann Machine allows several interpretations when applied to the physical systems. It is based on the 
Maxwell-Boltzmann statistical distribution of the total energy among the molecules of a gas [Beiser] The intent is to find 
the most probable distribution within states space formed by the position and momentum of each particle In the information 
theory we can find a parallel between the energy distribution and the information distribution in communication channels. 
Consequently, we can interpret the Maxwell-Boltzmann distribution as the most probable distribution of the information 
among the communication channels This distribution is not unique. In fact, we have three statistical distributions laws in the 
statistical mechanics: 

Maxwell-Boltzmann Bose-Einstein Fermi-Dirac 

g/ g, g, 
n, — n, - - — /?, 

e" e kt e° e^r-l e" ckt - 1 

The difference between them is that the first one is applied to the identical particles, distinguished one from the others, while 
in the second, the particles are identical but undistinguished The third one is similar to the second one, but the particles 
obeyed the exclusion principle one particle per each cell in the states space, dxdp 

In all the expressions above, n, is the number of particles with energy u, and g, is the number of states (cells) that 
contains particles with energy u, The occupation index is given by the expression: 

n, 
tfu,) ~ 

X, 
The relative probability between two levels has the same formula for all the three law s: 

tfu,) 
.tfu,) 
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where flu,) is the probability of finding a panicle with energy u„ and ftuj'ffu,). the relative probability between two states, 
lias the same expression for all the three distributions 

When applied to the distribution of information among sources or channels of communication, we have the following 
interpretations 

n, is the source of the information, and 
u, is the worth of all information available to the source n, 

Here we can consider the organizational departments or groups as the sources of information Thus, we get the total 
"energy" or information adding the individual information or "energy" of each department [Rumelhart et 
al ],[Kosko],[Levine]: 

Y V 

K - X M V S V S , 
' / i 

where w„=w |I and S, or Sj is the state of the department (S, or S, is 1 when the i-th or j-th department has made a correct 
decision and is 0 when it has made an erroneous decision) 9, is a threshold that represents the strength of the information 
inside the i-th department, while the w,j represents the strength of the information in the communication channel between 
the i-th and the j-th departments A department changes its state when the strength of the connections of all other 
departments exceeds its threshold [Rumelhart et al.],[Kosko].[Levine]: 
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This kind of network resembles the Hopfield network (1982), a kind of neural network that use an additiv e activation 
model, applied to an autoassociative topology [Kosko],[Rumelhart et al ].[Levine] In the Hopfield model a neuron 
(department in our case) state is updated one at time In the language of neural networks. w,j is the strength of the synaptic 
connections between neurons and S, is the non-linear threshold signal function that bounds the neuron activation signal x, 
between 0 and 1 M and -1 in the Hopfield net), usually a sigmoid function The additive activ ation model is represented by 
the equation [Kosko],[Levine],[Rumelhart et al.]: 

.Y 
J 

where 

m 
V1V • Jests', 

< / 

S:(x,k ' )= l . S,(x,k). or 0(-l in the Hopfield net) ifx,k '>U„ =L'„ or <l',.respectively, and 

p, l.-v.-.e, - f p , w„) 

The variable x,k is the knowledge state for the i-th department in the time k. during the process of short term in the 
judgment or decision making. The time k of the coefficient w M is related to a process of long term w ith successive events 
and decisions making took in this period It is the Hebbian Learning Law [Kosko].[Rumelhart et al ].[Levine] The 
parameter 3, represents the difference between a threshold L", (maximal individual knowledge) and the information input I; 

The energy E is the Lyapunov function of the Hopfield network, in view of the fact that dE/dt<0 and diminishes along 
the updating If we use the law of the statistical distribution with ct=0 (photons gas, no mass), K=l (a constant), and one 
department per cell, we have the following expression for the Hopfield network, expressing the probability of changing 
states 

ff -^r.-S! I 
I e r 

that means, the probability of changing from S,=0 to S,= l In our case this represents the probability for the i-th member or 
department to make a correct judgment or decision in the next moment, giv en a configuration k of 2N possibilities for the 
systems states, being N the number of departments Therefore, 

SI:} - 0, 

when 

c.r, 

the network achieves its equilibrium in a point of the states space. 
Furuta [Furu taKondo] uses the expanded expression for the threshold 0, 

0, -//?,, M,cr,) 



where p. denotes the level of abilities of the i-th department. \v,a,=\v„. and a, denotes the worth of information available in 
the environment of the i-th department and w, is the degree of the i's efforts to seek information from the environment 
[FurutaXondo] 

Furuta recommends a means to evaluate a,. w„. w,. and c, [Furuta/Kondo]: 

"The connection strength w,j should be evaluated taking both informational and normative social influences into 
account can be defined as the product of the mean communication frequency' from the member j to i between successiv e 
commitments of member i and mean w orth of the information transported in each communication. The connection strength 
with the environment vv, can be defined by mean perceptive action frequency by each member between successive 
commitments The mean communication frequency and the mean perceptive action frequency can be measured by-
observing group behavior in the real or experimental setting The worth of unit information w hich determines \vy or a, is 
related to the odds of conditional probabilities of the correct judgment The individual ability level P, can be deriv ed from 
the absolute value of success probability and the total worth of information used." 

Due to the similarity between Boltzmann distribution and the Markov random fields [Rumelhart et a! ], we can affirm 
(see Furuta for the proof) that the stationary distribution of the Boltzmann Machine is: 

where CK is a maximal consensus function 
Although W.ĵ Vj, is not valid for social systems, we are going to apply this mathematical model to an utility responsible 

for a hypothetical NPP (Nuclear Power Plant) operation in the next i tem in order to have a first approach to the problem of 
modeling organizations. 

3. MODELING THE UTILITY RESPONSIBLE FOR A HYPOTHETICAL NPP 

We imagine here an utility responsible for a hypothetical NPP organized in four divisions and three groups, all of them 
subordinated to a main department (Nuclear Generation Department) In practice, each division or group connect itself with 
all others, because there are meetings of the PORC (Plant Operation Reviews Committee) and the NORB (Nuclear 
Operations Review Boards) that play the role of homogenizing the information among the divisions and groups In these 
meetings, the divisions and groups are represented respectively by their heads and coordinators 

The four divisions and three groups are: operation division (OD), maintenance division (MD). technical div ision (TD). 
radiological and environment protection division (REPD). outage planning group (OPG). operational experience group 
(OEG) and safety analysis group (SAG). The quality assurance coordination is subordinated to a superintendence different 
from that to which the main department is subordinated The support services department (spare pans and others) is in the 
same level as the main department 

In view of the experience with the Significant Ev ents Reports analysis, related to the NPP abov e, we judged that the 
parameters P„ w,j, and w, should be evaluated according to the following expressions: 

P,=TAF,*TF,*PF„ when TAF,=individual technical abilities factor. TF,=training factor, and PF,personality factor 

\v,J=GRDF1*PPF„-CF1j*IF,j. where GRDF„=group responsibility distribution factor, PPF,j=political power factor. 
CF,. c o n f i d e n c e factor, and IF, interchanging factor. 
w ,=PSF*PRF. where PSF=procedures sufficiency factor, and PRF=procedures review factor 

P*k=exp(C\)/0 

m 

k I 

The strength of the interdepartmental connections can be calculated making an analogy with the sy naptic connection in 
the Hopfield network 



m 

k -/ 
where the sum extends along all states observed in the experience 
The parameter P, is a threshold and can be fixed as a constant value in the training ev aluation when qualify ing the operation 
personnel and during the periodic re-qualifications We can use a scale from 0 to 10, for example 

Therefore. (3, is the only parameter to be measured, while w;,. including vvu=w,a, (the diagonal of the matrix \V) can be 
evaluated, knowing a representativ e set of samples inv olving operational events in the plant. We do not need to ev aluate the 
parameters mentioned above, which compose w,j and w, They are encoded in the matrix W found by the expression 
coming from the Hebbian Learning Law for the Hopfield network In other words, 

in m V \ 
iv s!cs Xstctst 

k I k 1 i 1 i 1 

and ck is a constant that represents the strength, credibility or frequency of the k-th state configuration. 

4. TVVO HYPOTHETICAL OPERATION AL EVENTS AS EXAMPLES 

We will use here two hypothetical operation events to make clear our approach 

4 1 Reactor Cooling Flow Interruption in Hot Shutdown Condition 

In this event, the reactor was being cooled by the RHR-2 (Residual Heat Removal) pump at the Hot Shutdown 
condition, w hen the motor coil of a valv e burned This valve is in the discharge line after that pump, and therefore the core 
cooling was interrupted, because the RHR-1 pump was being revised by the maintenance division. Because there are poor 
technical specifications related to shutdown conditions in this case, the operators group decided to wait the valve to be 
repaired This was successful after some minutes, and during this time, the core cooling was interrupted There was no 
critical situation at that time because the residual heat curve was in its lower region. 

A report was issued about this event and it was detected that the maintenance procedures were deficient because they 
did not preclude the human failures that occurred (there were three other similar cases in the past). Nothing was written or 
said about the core cooling degraded 

Analyzing this event, we can identify- the following points: 

1) The OD did not have any technical specifications to guide it (PSF decreases); 
2) The OD took a decision inside the control room without asking additional group for more information (PF increases), 
3) It is difficult to judge if the O D had conscious about the residual heat curve at that time (nothing w as said in the report, 
nothing can be said about the TF); 
4) The OEG did not detect the maintenance failures in time (three cases had already occurred in the past) and it did not 
mention the aspects related with the degradation of a safety function, the core cooling in this case, this occurred because the 
OEG does not have an adequate method to identify' root-causes (PSF decreases); 
5) The MD failed because the joint in the valve was substituted by another of different thick, causing the failure of the 
torque-switch in the end of the trajectory This was finally discovered by an electrician after sev eral similar events in the 
past (TF decreases) 

Resuming the commentaries above we can conclude that: 

Son l:S'\(r> -/ :Std I: S'M-M, I:S!>r,, I ;s! >!.,-, -};Ssi<-, I 

or S ! - ( 1 -I 1 1 1 -1 1) This is the first state vector that will contribute to W 



4 2 Low Boron Concentration in the BIT (Boron Injection Tank) 

This kind of event contributed probably for a potential state of technical specifications violations, in view of the fact 
that the BIT (Boron Injection Tank) boron concentration must be kept above 20.000 ppm. usually next to 22.500 ppm. 
otherwise the plant has to be tripped 

The difficulty in keeping this concentration above 20,000 ppm was an incorrect procedure that was being used in the 
plant at that time According to this procedure, the addition of water to the BITST (BIT Surge Tank) was done 
inadequately, because an operated valve in the system allowed the entrance of demineralized water in the BIT .After the 
identification of the cause (no root-causes method was used), a training was organized to "demonstrate" the importance to 
follow technical specifications during an event. A month after this, during the event, the procedure for boration was used, 
causing again a low concentration event and violating the Technical Specifications like in the former event After the event 
analysis, they identified a mistake in the procedure and decided to rewrite it. 

The observations above lead us to the following conclusions 

1) The O D could have violated the technical specifications during the period between two successive samples (borated 
water is sampled once a week) and there was a delay in identifying the direct cause for this failure (TF decreases) Once 
detected and corrected, the failure occurred again a month later (TF decreases); 
2) The OEG was not able to identify the root-cause (PSF decreases) 

In this case, we have S"=<-1 1 1 1 1 - 1 1 ) If we investigate a sufficient number of cases, we can compute the elements 
vv,, of the matrix W . with S,k of SK. k= l . . .m. where m is the number of the events, and 
i=!OD.MD.TD.REPD.OPG.OEG.SAG| The parameter (J, can be computed through an ev aluation of the relative number 
of training failures per division or group, in the events set. 

Once having w„ (and consequently w„=w,a,) and (3,. we can compute Ck . k= l . .m to determine 0 and p, k W ith this, 
we can find the success (unanimous) probabilities of the organization, in which S=( 1 1 1 I 1 1 1). and. therefore, we can 
determine its efficiency or performance index 

5. FINAL CONCLUSIONS 

The use of Boltzmann Machines to model organizations can become an useful tool in the future to diagnose 
degradation in the organization performance, and consequently to measure the risk level associated to the decisions making 
w ithin the operational management of a NPP. 

If we compute different performance indexes for each class of operational activity (always taking into account a 
representative number of events), we could use them integrated to the PS.As to evaluate the impact of the organizational 
structure or specific group in safety 

We expect to demonstrate this last assertive in the future for a NPP in operation. This NPP shall have a reliable set of 
operational events, analyzed through an adequate methodology of identifying root-causes, in order to show the evolution of 
the performance indexes with the time per events class, as well as globally. 
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IMPROVING THE RELIABILITY OF ON-SITE NDT INSPECTION 

C Waites & G M Worrall 
(AEA Technology, Risley, Warrington, Cheshire, UK) 

It is now generally agreed that the reliability of non-destructive testing performed during on-
site inspections (eg during a NPP maintenance outage) can be less than that carried out in a 
research and development laboratory. In an attempt to identify the various factors which can 
affect the reliability of inspections various programmes have been conducted, including the 
international PISC III programme. This paper reviews the conclusions of a number of 
projects conducted at AEA Technology to determine the effects of various possible factors. 
The factors investigated include: 

• Working practices and work scheduling, eg the effect of long working hours and time 
pressures. 

• The local environment, eg the effects of temperature, humidity and noise. 
• The inherent capability of the inspectors, eg the influence of the inspector's training, 

qualifications, experience and attitude. 
• Inspection systems and procedures, eg the relative performances of manual and 

automated inspections, and the role of validation and procedure assessment. 

Results and conclusions of previous and current studies are be presented, and examples are 
given to show how inspection reliability can be improved. 

1.0 Introduction 

Non-destructive testing (NDT) inspections are part of most planned maintenance 
outages in nuclear power plants. The purpose of the inspections is to search for 
possible defects (eg cracks and corrosion) in items of plant in order to produce a 
safety case for continued operation. The main NDT techniques employed are 
ultrasonic testing (UT), radiography, eddy-current testing (ECT) and visual testing 
(usually dye-penetrant and/or magnetic particle). In addition these techniques can be 
performed either manually or with various levels of automation; in all cases though 
there is a significant involvement of inspectors, and therefore, in recent years it has 
been recognised that the human factors aspects of NDT inspection need to be 
considered. 

One area in which human factors has had a major input is that of inspection 
reliability. This can be defined as a combination of performing an inspection 
correctly, so that all the reportable defects are discovered, and maintaining that 
performance consistently in all inspections during the outage. Until a few years ago 
inspection reliability was not a subject of much research, however, various 
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international studies (eg the PISC II Programme) suggested that differences existed 
between the performance of manual inspectors even when performing inspections in 
laboratory type conditions and in the absence of severe time pressures. Under the 
conditions in which outage inspections are usually performed it is likely that the 
reliability will be worse than that observed under relatively ideal conditions, therefore 
various programmes have been performed with the following general aims: 
• collect data on the reliability of inspections 
• identify some of the factors influencing inspection reliability, ie why do 

inspectors occasionally miss defects? 
• suggest and develop methods for reducing the incidence of human error, ie 

improve the inspection reliability 
It is worth emphasizing that the improvement of reliability is a major aim of most 
programmes. 

2.0 Inspection Reliability Studies 

2.1 FACILITIES 

In order to achieve the objectives of the various reliability studies, in particular the 
aim of observing how inspectors can miss defects, a dedicated facility has been 
designed and equipped with video monitoring equipment. The facility allows the 
inspector to work whilst being closely monitored in an unobtrusive a manner as 
possible by a full time invigilator. The environment in which the inspector works can 
also be controlled in terms of temperature, humidity and noise. All the programmes 
are controlled by a set of written protocols to ensure that an inspector's performance 
is not uniquely influenced by the invigilator. The precise details of a test programme 
will depend on the aims of the programme, but in general they contain structured 
questionnaires to encourage an inspector to talk about the tests and a variety of 
inspection tasks. One task uses an inspection simulator to allow close monitoring of 
the inspection process; in particular information concerning an inspector's technique 
can be recorded for subsequent analysis along with the video recordings if a defect is 
missed. 

2.2 EXAMPLES OF RELIABILITY PROGRAMMES 

Various programmes have been conducted to study the reliability of NDT inspections. 
In the nuclear industry a large programme was undertaken as part of the PISC III 
Programme to investigate the reliability of manual inspectors working under typical 
on-site conditions. Other programmes have studied automated inspection systems, the 
effect of time pressures and the effect of training on performance. Programmes have 
also been conducted for the civil aviation industry. 

2.3 TYPICAL WORKING CONDITIONS 

In order to investigate the reliability of on-site inspections the working conditions 
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shown in Table 1 are often used to simulate typical outage situations. 

Table 1 
Typical conditions used to simulate on-site inspections 

Condition Value 

Programme 
duration 

12 days with 1 rest day in the 
middle 

Shift length 12 hours 

Temperature 25-27 °C 

Humidity 40-50% 

Noise level 75-80dBA: from a recording of 
a typical working environment 

2.4 INSPECTION PERFORMANCE RESULTS 

Most inspections can be broken down into three stages: i) calibration of the inspection 
equipment, ii) inspection of the item to search for defect signals, and iii) further 
analysis and evaluation of indications to determine whether they should be reportable. 
The performance at all these stages has been studied by various programmes as 
summarised below. 

2.4.1 Calibration Stage 
The calibration repeatability can be assessed throughout the duration of the test 
programme. Figure 1 compares the results for two series of tests performed by the 
same inspectors. The first series were performed under typical laboratory conditions, 
whereas the second were performed under typical on-site conditions (see Table 1). 
The graphs show the deviations from the optimum calibration gain setting of the 
ultrasonic equipment. There is a significant difference between the two series of tests, 
indicating the detrimental effect of the on-site working conditions. This degradation is 
important as correct correct calibration is necessary for the reliable performance of the 
subsequent inspection. 

2.4.2 Detection Inspection Stage 
The main parameter measured in the inspections is the flaw detection frequency (FDF) 
ie how many of the known defects are detected by the inspector; this is used to assess 
and compare the capabilities of the various inspectors. The results in Figure 2 show 
the performance of six inspectors in on-site conditions over an 11 day test period, and 
indicate a large variation between inspectors and throughout the test programme. For 
one inspector a variation throughout the day was also observed as shown in Figure 3; 
in this case the performance in the first half of the shift (morning) is compared with 
that in the second half (evening). 
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2.4.3 Evaluation and Reporting Stage 
During the evaluation stage the inspector takes measurements in order to enable the 
defect size and position to be calculated: the calculation is usually performed by 
drawing a cross section of the test item and plotting the defect using the 
measurements. In one test programme, inspectors were asked to plot out defects 
using supplied inspection measurements and measure the size and position of the 
plotted defect. If a ruler and protractor were used to plot the defects, the average 
percentage of defects which were reported owing to mistakes in the plotting process 
was ~5%. Examples of typical mistakes were: drawing a 44° beam angle as 54°, 
drawing a 116mm long line as 106mm and measuring a 14mm long line as 24mm. 

2.5 IMPROVING RELIABILITY 

2.5.1 Sources of Poor Reliability 
The previous section highlights some examples of poor inspection reliability. In order 
to be able to improve the reliability it is necessary to identify the causes of the poor 
performance; this is done by analysing all the records from the programme, including 
the video and simulator records, concentrating on times when defects were missed. 
The programmes to date have highlighted certain sources as indicated in Table 2 

Table 2 
Sources of poor reliability and suggested or demonstrated methods of improving reliability. 

Source Method of improving reliability 

Poor technique 
• coupling efficiency 
• scan coverage 
• vigilance 
• loss of place 

Training: focused on specific weak areas for each 
inspector. 
Review qualification examination conditions. 
Validation. 
Automated equipment (but introduces other potential 
sources of poor reliability). 

Mistakes / blunders Redesign drawing equipment. 
Automate process. 

Time effects 
• long work periods 
• long shifts 
• time pressures 

Reconsider work schedules. 

Inspector's characteristics Identify characteristics of reliable inspector. 
• Devise selection methods. 
• Review training schemes. 

2.5.2 Methods to Improve Reliability 
Table 2 also lists possible methods to improve inspection reliability. Some of these 
have been tested and proved successful. For example, one programme tested 
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inspectors for five days in order to characterise the inspector's performance and 
identify reasons for poor performance. For the inspectors studied the main cause was 
a poor inspection technique, therefore specific training was given using the inspection 
simulator to give the inspector feedback on improving his performance. After two 
days of training the inspectors were tested again, with a significant improvement in 
performance. 

3.0 Conclusions 

There can be large differences between the performances of inspectors who are 
nominally qualified to the same level and have similar amounts of experience. 

Inspection reliability can be affected by the working conditions. 

Sources of poor reliability have been identified as including: poor inspection 
technique, mistakes during the evaluation and reporting of results, the length of the 
shift and inspection period and the inherent characteristics of the inspector. 

Inspection reliability can be improved if the root cause is identified. 

Working long hours in an environment typical of an industrial environment can cause 
tiredness and demotivation for some inspectors, and these factors have a profound 
effect on reliability. 

The results have implications for way in which inspection examinations and 
qualification are carried out. Consideration should be given to revision of 
examination conditions in the light of these data. 

The use of automated inspection systems has the potential to reduce or eliminate 
certain observed causes of poor reliability. However, other potential sources of poor 
reliability may be introduced. 
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Management of Risk during Maintenance and Outage 
- Experience from Research and Independent Surveillance in Germany 

Gerhard Becker, TUV Rheinland e.V., Koln 

Introduction 

The reliability and safety of the Nuclear Power Plants (NPP) in western industrial states is 
largely based on well-established engineering rules and Probabilistic Safety Assessment 
(PSA). PSA in particular has led to a steady improvement in the technical facilities of the 
plants, which can be proved by different performance data. On the other hand, the continuous 
development of new and improved plant equipment has contributed to the complexity of the 
system. This is partly due to the fact that human behaviour has been judged to be less reliable 
than technical equipment. Consequently technical automation has increased in German 
Nuclear Power Plants. 

The usefullness of the Probabilistic Risk Assessment of plant safety during operation has 
some essential preconditions. One important precondition - and this leads to the subject of this 
meeting - is that all the components of the plant remain in predefined states. Checking such 
states and reestablishing the performance of components which do not perform as required are 
the essential tasks of plant maintenance. This type of task is for the most part assigned to 
humans and this is where human factors come in. The growing complexity of the plant due to 
automation aimed at avoiding human error during operation underlines the relevance of 
human factors contributions to the field of maintenance because this has not even simplified 
the maintenance tasks. On the contrary, this may be seen as another aspect of the "Ironies of 
automation" pointed out by Lisanne Bainbridge III. 

Thus, human factors engineering may make a relevant contribution to the further improvement 
of nuclear safety. As we have performed several studies in this area I will try to give some 
insight into what has been done already in Germany and what the pertinent next steps could 
be. 

My presentation deals with the following aspects: 

Why are human factors of importance in maintenance? 
What does maintenance mean in this paper? 
Which items are focussed on in studies concerned with maintenance in general ? 
What can be adapted from other industries? 
What has been done in the NPP area already? 
Which regulations and technical standards have been developed? 
How to deal with safety relevance? 
What are relevant HF tasks for the future? 
What are the conclusions? 
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Why are human factors of importance in maintenance? 

The importance of human factors in maintenance outages was already pointed out already 
several years ago 121. But the broad interest the topic currently receives seems to be based on 
other reasons. At least in the United States the relevance of maintenance was clearly indicated 
on the basis of the evaluation of Significant Event Reports (SER). As shown in Fig. 1, the 
evaluation performed by the Institute of Nuclear Power Operation 131 (INPO - the U.S. nuclear 
industry's own organization) demonstrates that about 70 % of the SER in which human acts 
contributed to the events consisted of testing, preventive maintenance, corrective maintenance 
and calibration. The results presented cover the SER from the years 1983 and 1984. 

Distribution of Types of 

Activities Being Performed 

Preventive Maintenance 

8% 

from INPO 85-027 cited by Reason, 1990 

Fig. 1: Human Performance Problems identified in 180 significant event reports 1983 and 
1984 

We may assume comparable results in Europe even if comprehensive precautions have been 
taken to detect possible maintenance errors by means of careful testing before restarting 
systems. Furthermore we know that there are certain error types which may not be detected by 
testing e.g. reversely installed bearings in a pump or the use of the wrong grease in bearings. 
Moreover such errors could lead to common mode type defects if undedected for some time. 
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What does maintenance mean in this paper? 

My interpretation of the term "maintenance" is based on the German term "Instandhaltung" 
which in general covers the tasks of inspection, preventive maintenance (Wartung) and cor-
rective maintenance (Instandsetzung). A great deal of these tasks in NPPs must be performed 
during outages. Nevertheless, due to the redundancy of components and units in several 
systems, the plant staff is also engaged in maintenance tasks throughout operation. Under 
maintenance I also include what is referred to as "Wiederkehrende Priifungen" in Germany -
the repeated testing of safety relevant components to show that they perform as predefined. 

Which items are focussed on in studies concerned with maintenance in general? 

The main emphasis of the work dealing with humans and maintenance is different in the 
nuclear industry to other industries. The main interest within the nuclear field concentrates on 
the reliability of the results of the maintenance in order to avoid hidden errors. Such "latent 
errors" (Reason, 1990) could undermine the safety barrier concept if they came to light during 
operation. Studies about people and maintenance in other industries are more concerned with 
work safety aspects during the maintenance work. 

Overall maintenance as an engineering area has developed more and more into a separate 
subject of research. It has become an independant engineering discipline which is even 
currently called 'maintenance science'. The German 'Handbuch Instandhaltung' (manual of 
maintenance) /4/ contains the structure of a curriculum for university training in this subject 
area. 

In general, studies on maintenance currently focus more on the commercial aspects. As the 
facilities become more complex and expensive, concern is directed towards 'maintenance if 
necessary'. 

The goals and main topics of the work performed up to now may be considered from two 
points of view. On the one hand, the aim of the work is to improve the maintainability. This is 
a task which should be taken into account in the design phase of the plants. It may also be of 
importance if systems or components need to be replaced. Some studies in different countries 
dealt with the aim of improving the maintainability by application of Human Factor design 
principles. As an example I would like to mention the Swedish study performed by 
Ergonomrad AB 151. 

A second group of studies aim to improve the process of maintenance. This is linked to the 
management of the maintenance especially during outages. On the Basis of this work some 
rules and guidelines which try to improve maintenance reliability by establishing formalized 
procedures for the planning of tasks have been developed (see below). 

In recent years there have been some meetings in Germany which dealt with maintenance in 
Nuclear Power Plants. They were mainly concerned with radiation protection topics and the 
practical problems of carrying out maintenance in existing plants. An excample of the topics 
dealt with is the installation of monitoring systems which allow the radiation dose trends to be 
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surveyed immediately when people leave work in the containment in order to shorten the time 
required for couter-measures. 

What can be adapted from other industries? 

As mentioned at the beginning, the main interest in the nuclear field is in the reliability of 
carrying out the maintenance tasks. With respect to the maintainability, there may be some 
lessons to be learned from 'maintenance science' in general summarized in papers on 
"maintainability analysis". Different kinds of possible human errors during maintenance have 
been collected, from which check lists to be used by designers have been derived. These 
check lists may also be applicable for nuclear power plants in order to assess their equipment 
with respect to maintainability weak points or for defining requirements for spare part orders. 
The German manual of maintenance /4/ mentioned above contains several check lists of this 
kind. 

It is very informative to see how often the term "error" is used in such check lists. In all cases 
this term means different forms of human error: design errors, control and test errors, as-
sembly error, organization errors, corrective maintenance errors. One should draw the conclu-
sion that in "maintenance science" should include a lot of teaching about human factors, in 
particular about human performance strengths and limits. When these findings are compared 
with the content of the curriculum for 'maintenance science' mentioned above /4/, such 
knowledge is obviously not considered to be necessary for students of maintenance science. I 
feel that at least in Germany the knowledge transfer from human sciences to maintenance 
engineering may offer chances for improvement. 

What has been done in the NPP area already? 

The human factors relevance of maintenance and outage was already pointed out in our very 
first study on "human factors in nuclear power plants" 111. The aim of this study was to 
demonstate which human actions are relevant for safety in nuclear power plants. In order to 
illuminate the complex interactions we followed a series of questions: 

What are relevant tasks? 
How are the tasks performed? 
Which strain and stress factors influence the work? 
Which tools are available? 
Which knowledge and skills are necessary? 
What communication is required and what may impair it? 

Although power plants have since been considerably improved as far as electronics is 
concerned, the results are still useful as a survey of the area. As one consequence of our 
experience, we recommended a different approach to human error as a precondition for 
improvement: when a human action fails, we should not look for the guilty party, instead, the 
causes of such unsuccessful acts should be eliminated. This question seems in practice to be 
still (partly) unsolved, however this conference gives hope for the future. 
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Which regulations and technical standards have been developed? 

In the aftermath of this study in Germany, two federal guidelines on maintenance were 
developed. The first deals with the preparation and carrying out of maintenance and modifica-
tion work in the power plants 161, while the second deals with the necessary radiation protec-
tion measures during such work 111. The rules mainly concentrate on radiological work safety 
and formalize the work process. The main steps of the procedure to be followed according to 
the rule mentioned are shown in the flow diagram (Fig. 2). The formalized process shall be 
followed after incidents as well as during preplanned maintenance whenever there may be a 
risk for persons or for plant safety. In this case an extensive work permission procedure has to 
be started, including permissions from the shift leader, from several persons responsible for 
different safety aspects and from the supervisor at the work place. The sequence of steps ends 
with the confirmation of the system function on completion of the work. 

Preparation and carrying out of 
Maintenance and Modifications in NPP 

r Incident 1 

Fig. 2: Guidelines on maintenance: simplified sequence of work steps 76/ 
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When looking at such guidelines from a human factors point of view, the most important 
aspect is that the procedure requires a signature at each step. This assigns responsibility to 
persons, which may be important within the scope of legal provisions which supervising 
authorities are obliged to observe. But 'looking for responsibilities' is close to 'looking for the 
guilty party' and in my opinion hardly contributes to the improvement of the 'learning system 
of maintenance' which should be the overall aim. From this consideration it follows that other 
means for the further development of maintenance reliability are also necessary. 

Contributions to maintenance reliability may also be expected from technical standards which 
were developed over the years as for example the rules of our Kerntechnischer AusschuB 
(KTA). Generally the KTA rules are design rules but some of them are applicable to 
maintenance questions as well. The KTA 1401 /8/ defining general requirements for quality 
assurance should be mentioned in this context as well as KTA 1201 "requirements for the 
operation manual" which contains ergonomic design rules for instructions useful also for the 
paper forms used in maintenance tasks. Special requirements in the sense of "designing for 
maintenance" have not been laid down in the standards for nuclear power plants in Germany 
up to now. It is doubtful that the requirements for maintainability in the nuclear industry differ 
very much from those in the other industries, thus the conventional technical standards may be 
used. In this context it should be mentioned that there is a German standardizing committee 
on maintenance (NormenausschuB Instandhaltung - NIN) in the German Standards 
Association (DIN) and the German Society of Engineers (VDI) has also developed rules on 
that subject. 

How to deal with safety relevance? 

Up to know, only a few studies in Germany have focussed on the special situation of the 
nuclear industry. As mentioned already the reliability of performing the maintenance tasks is 
of special interest with respect to system safety. We have developed proposals for an approach 
to identifying the safety relevance of maintenance tasks /10/. In order to establish a sound and 
systematic basis for the study, we first looked for useful methods. The following main 
questions were investigated: 

1. Which promising methods are currently available with respect to 

identifying the essential factors? 
ascertaining the necessary data? 
evaluating the data obtained? 

2. Do the methods found allow the definition of investigations which verifiably result in 
optimum conditions for maintenance with respect to 

the completeness of the identification of relevant factors? 
the sensitivity of the data evaluation? 
the transferability of the findings? 
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The results of the study are structured as follows: 

methods of investigation at the work place 
indication of problem areas according to safety relevance 
assignment of methods to problem areas 
proposal of a formalized procedure for the assessment of the safety relevance 
criteria for the selection of relevant maintenance tasks 
aspects of the selection of power plants 
proposal for a common investigation together with the utilities. 

The proposal of a formalized procedure for the assessment of the safety relevance of main-
tenance tasks is the central aspect of our report. The safety relevance (SR) is summarized in a 
formula from which priorities may be derived: 

The equation combines factors of the work situation in a special maintenance task and their 
actual relevance with the experiential knowledge and the potential of consequence for the 
power plant. The systematic method of analysis proposed as shown above is, in our opinion, 
well suited to safety relevant aspects of NPPs. 

The study documents the particular relevance of human factors for the reliability of 
maintenance tasks. The following human factors related areas have been judged to be 
relevant: 

work organization 
design for maintenance 
work tools 
plant/system design 
environmental factors 
work load factors 
qualification of personnel 

What are relevant HF tasks for the future? 

The systematic method of analysis leading to system improvements is promoted by the PSA, 
which is widely used in the nuclear safety area. In recent years the PSA has been used in 
several shutdown risk studies / l l / , /12/. Such Shutdown Probabilistic Safety Assessments 
(SPSA) have shown that the actual level of risk during shutdown is in the same order of 
magnitude as the risk during power operation which was not expected earlier. Human 
interaction was found to be the most important subject area in SPSAs. 

SR Z (Aj *B;) *D*E*F 
where 

Aj 
Bi 
D 
E 
F 

difficulties of the work situation 
actual relevance of A; 
the extent of preplanning 
the state of the system (in operation, switched off, outage period) 
frequency of potential consequences. 
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The calculation of the human contribution to the plant risk remains a difficult task. The 
applicability of the available data (e.g. from Swains Handbook /13/) is doubtful for European 
plant designs and - this is my opinion - also because of the different qualifications of the 
people involved in maintenance in the different countries. Thus a systematic analysis of the 
safety relevance of maintenance tasks in power plants as proposed above seems to me to be a 
necessary precondition for obtaining sensible results from plant specific SPSAs. 

The outage periods of the NPPs have decreased over the years. This is, on the one hand, the 
result of experience gained in pre-organizing the outage periods. On the other hand, there is a 
trend towards 'in-service maintenance' and 'state oriented maintenance'. The short outage 
period and the probable consequence of time pressure resulting from any delay in one single 
work step falling out of the preplanned time schedule will be covered and assessed in the 
systematic analysis proposed above. 

The recently much discussed 'state oriented maintenance' is still undergoing development and 
research, even though some diagnostic systems are already in use /14, /15/. The methods 
intended are directed towards the safety related assessment of the operational state of pumps 
and other components. Ongoing research aimes at the development of reliable decision criteria 
on the basis of pertinent signal characteristics. The human factors questions in this area will 
certainly be linked to the new field of decision support systems: to what extent is it 
permissible to rely on machine generated diagnostics and decisions? 

Another aspect of 'state oriented maintenance' is well known in nuclear power plants. The 
state of stand by safety systems is routinely tested in fixed time intervals (Wiederkehrende 
Priifung). The frequency of such testing is derived from reliability studies performed during 
the plant licensing procedure and usually defined in plant specific technical regulations. From 
a human factors point of view, the large number of such tests in German plants should be 
reviewed from time to time in the light of increasing experience. There are indications that 
sometimes the number of errors induced during testing is not well in proportion to the number 
of errors the test really uncovers. 

The maintenance during outage in German NPPs is generally performed by specialists of the 
suppliers. Very often the company supplying the main system components carries out the 
maintenance from the beginning of the plant operation and even the same employees are 
involved in performing the work. Together with the systematic recording and documentation 
of these experience, stable business connections contribute to the successful outage results in 
Germany. A lot of experience has been gathered by the maintenance staff over the years. The 
experience referred to here are the skills and know-how normally not documented even in the 
best task desciptions. In the coming years a new generation is to be expected on the shop floor 
of the suppliers and partly in the power plants themselves. This will give rise to serious 
challenges as far as managing these changes and transfering the experience of the senior 
maintenance experts to their successors is concerned. In this situation, the expertise of human 
factors specialists familiar with behaviour and skill analysis will offer the opportunity of 
extending the knowledge base available for maintenance and thus contribute to 
"organizational learning". 
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What are the conclusions? 

The intended steady improvement of reactor safety is to a large extent dependent on success-
ful maintenance especially during outage. As human actions determine the outcome of 
maintenance tasks to a large extent, human factors engineering for maintenance as well as the 
organization of human tasks under consideration of human performance possibilities and 
limitations are of crucial importance. 

The recent focus on risk analysis during outage tends to increase the relevance of concerns to 
deal with human contributions to safety. With respect to the special interest of the nuclear 
industry in the reliability of the maintenance outcome, special efforts should be concentrated 
on the systematic analysis of the safety relevance of maintenance tasks, for which methods 
have been proposed. The new trends towards in-service inspections, state oriented 
maintenance, and the questions of know-how transfer will lead to new challenges for human 
factors contributions to the management of maintenance. 
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CARLOS F. OTTON MARTINS AND GILBERTO SOARES RIBEIRO 

ANGRA I NUCLEAR POWER PLANT 
FURNAS CENTRAIS ELETRICAS S.A. 

ANGRA DOS REIS - RJ - BRAZIL 

ABSTRACT 

As part of an effort to improve the outage peformance in Angra I NPP, a study was 
made about shutdown safety, based on documents released by INPO, NUMARC and 
information received from some other plants. This study became a proposal, presentlly 
being submitted to a review by plant staff and further management approval, to be 
implemented in the next refueling outage, in March 1996. This proposal introduces new 
terms like defense-in-depth, contingency procedures, high risk evelutions, risk levels and 
safety relevant functions to plant staff. It atributtes new responsibilities to plant staff and 
creates the Outage Safety Review Commitee for independent review of the plan. Among 
the safety functions covered by the plan are residual heat removal (at reactor and pit), 
primary and spent fuel pit inventory, electrical power supply, reactivity control/shutdown 
margin and containment integrity. 
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1. Introduction 

The probability of events leading to fuel damage during shutdown can be the same order of 
magnitude as their probability during power operation, and these events are typically 
associated with a few risk evolution's. 
During periods of reduced inventory, plants are particularly vulnerable to events that could 
result in fuel damage. The time available to mitigate the effects of an event is reduced even 
further during periods of high decay heat generation. Having key systems out of service 
increases the potencial for loss of essential services and also decreases the ability of 
operators to mitigate the consequences of an event. Compared to operation at power, 
operators have more difficulty during outages maintaining awareness of the current status 
of components and systems due to the amount and pace of work in progress. Operations 
during shutdown should be controlled to minimize the potential for fuel damaging events 
during shutdown. 
The overall outage goal at Angra I Nuclear Power Plant is to opmitize plant safety, 
operational reliability and availability. Reactor safety is our priority and will not be 
compromised. 
Protection against fuel damage and inadvertent release of radioactive materials shall be the 
highest priority during all phases of outage planning and execution. All other considerations 
such as outage duration and cost shall remain secondary to this priority. 
The Angra I Shutdown Safety Plan is being proposed for plant staff review and further 
management approval. In the mean time, contingency procedures are being developed to be 
available for next refueling outage, in March 1996. 

2. Definitions 

A long list of definitions is given inside the plan, to assure that the terms provide a single 
meaning. We will highlight some of then: 
1. DEFENSE - IN - DEPTH: In risk management during outages, it means: 
1.1 Provide means, through structures, systems and components, to assure backup to a 
safety relevant function, using redundancies or alternative paths, in a manner that the 
function is not lost. 
1.2 Plan and program the outage activities, in advance, in a manner to optimize the 
availability of support system to a safety relevant function. 
1.3 Provide administrative controls to support or suplement items 1.1 and 1.2. 
2. CONTINGENCY PROCEDURES: they are approved procedures, with compensating 
actions for the contingencies, with the objective of maintaining and/or restabilishing 
defense - in - depth and minimizing the possibility of losing a safety relevant function. 
3. HIGH RISK EVOLUTIONS: Activities, plant configurations or situations during an 
outage in that the unit is more susceptible to an event that is able to cause the lost of a 
safety relevant function. 
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4. RISK LEVELS: they are the risks associated with the lost of safety relevant functions 
and are classified and identified as followed: 
4.1 High risk: Red - Level I 
4.2 Medium risk: Orange - Level II 
4.3 Low risk: Yellow - Level III 
4.4 No accountable risk: Green - Level IV 

5. SAFETY RELEVANT FUNCTIONS: As long as the unit stays shutdown they are: 
5.1 Residual heat removal. 
5.2 Inventory control (primary, pit and refueling cavity). 
5.3 Availability of power supply (AC/DC). 
5.4 Reactivity control/shutdown margin. 
5.5 Containment closure. 

3. Responsibilities 

Besides their normal attribution the following individuals and groups receive additional 
responsibilities concerning shutdown safety: 

1. Plant Manager. 
1.1 Approval of the shutdown safety plan for Angra I. 
1.2 Nominating of an Outage Safety Review Group for independent review of shutdown 
safety plan and its implications in the outage schedule. 
1.3 Approval of any change in the outage schedule that takes the unit to a non-predicted risk 
level I or II. 

2. Plant Operating Review Commitee (PORC). 
2.1 Recommending to Plant Manager the initial outage schedule and the shutdown safety 
plan for approval. 
2.2 Evaluating the safety plan, the risk levels, the high risk evolutions, the contingency 
procedures, the system windows, the defenses - in - depth, i.e. the whole safety plan, as well 
as the Outage Manager and the Outage Safety Review Group. 
2.3 Evaluating any schedule modification that could take the unit to a level I or II. 

3. Outage Manager 
3.1 Developing a safety plan and a schedule for the outage. 
3.2 Controlling all outage, including planning, implementation and close out. 
3.3 Approval of any change in the outage schedule as long as it stays in a level IV situation. 
3.4 Submitting the safety plan and the outage schedule to the Outage Safety Review Group 
to review. 
3.5 Provide training to all plant staff and contractors about the safety plan. 
Note: The outage manager shall hold a SRO license. 
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4. Outage Safety Review Group (OSRG). 
4.1 Independent analysis of the safety plan and initial outage schedule. 
4.2 Independent analysis of any schedule modification that could affect the safety status of 
the plant. 
4.3 Submitting the safety plan and outage schedule to PORC for initial analysis and 
approval by the plant manager and also any further modification in the schedule that could 
take the unit to a level I, II or III. 
Note: One or more of the review team shall be SRO licensed or formerly licensed. 

5. Operating Crews. 
5.1 Monitoring the safety status of the plant, according to the shutdown safety plan. 
5.2 Informing the outage manager of any modification in the risk level assumed by the 
plant, predicted or not. 
5.3 Implementing a contingency procedure, if necessary. 

4. Outage Planning and Control 

4.1. Outage Management 
4.1.1. Plant manager shall release an Outage Notification, in advance, to all those involved 
in planning and executing the outage. This notification shall include management guidance 
about outage risk assessment. 
4.1.2. A guideline for preservation of the relevant safety functions, included in safety plan, 
shall be used to develop the outage schedule. (Example: Attachment A). 
4.1.3. A risk evaluation sheet (Example: Attachment B) shall be filled in for any change in 
systems configuration that could affect plant safety. This sheet will provide a classification 
according to risk level. Along the outage a sheet like this shall be filled in at least once a 
day. 
4.1.4. A critical equipment status sheet (Example: Attachment C) shall be filled in at least 
once a day by operations to check plant systems status against outage schedule. 
4.1.5. The outage meetings shall discuss plant safety, to have everybody update with plant 
conditions. Also shift turnovers shall cover the same subject. 
4.1.6. The outage shall be planned for risk levels III and IV, as much as possible. 
4.1.7. The outage management shall prepair a map that shows all risk levels that the plant 
will assume along the outage. 
4.1.8 Any significant change requires evaluation/approval on specific form (Attachment D). 

4.2. Defense-in-depth. 
4.2.1. The outage will be planned taking into consideration the unavailability of trains and 
systems, in a manner that the alternative train/system shall be classified as protected path, in 
a way that the safety relevant functions are protected. 
4.2.2. The status of a train/system related to defense-in-depth shall be verified once a shift. 
4.2.3. The functionality of the system or equipment is guarantee by the execution of post-
maintenance tests and checklists. 
4.2.4. The safety plan shall include time-to-boiling curves for reactor/cavity and spent fuel 
pool (Example: Attachment E). They shall be taken into consideration before going into a 
high risk evolution. 
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4.3. Contingency Procedures. 
4.3.1. Contingency procedures provide guidance in a case of losing a safety relevant 
function. They shall be clearly identified in the safety plan and developed, as necessary. 
4.3.2. Contingency Procedures shall be developed for the following conditions: 
a.) When required safety system for core cooling equal one primary and one backup with 
less than one hour to core boiling. 
b.) When required safety system for core cooling equal to one primary without a backup 
with time to boil greater than one hour. 
c.) At all times CONTAINMENT CLOSURE is required. 
d.) When entering defined RISK EVOLUTION. 
4.3.3. Personnel expected to implement a contingency procedure shall be identified and 
trained in the use of the plan. 
4.3.4. Contingency procedures should be verified to meet acceptable response time for the 
plant condition. 

4.4. Training. 
Training of permanent and temporary plant personnel shall be conducted as needed to 
ensure adequate awareness of the requirements of the site directive regarding management 
of shutdown risk. The specific training in regard to managing shutdown risk should include 
the following: 
a.) The importance of safety systems and protected path/equipment during the outage. 
b.) Potential problems associated with safety systems, as consequence of maintenance 
activities. 
c.) Availability of information about safety system status, protected path/equipments and 
risk levels. 
d.) Outage safetty plan. 

4.5. Barriers and Relevant Safety Functions. 
The safety plan looks foward to preventing the release of radioactive material. The barriers 
against this release are fuel cladding, primary system and containment. 
The barriers are protected, during the outage, by maintaining the relevant safety functions. 
These are: residual heat removal, inventory, reactivity control/shutdown margin, 
containment integrity and power availability. 
A guidance to plan, execute and modify the outage in order to preserve the relevant safety 
functions is provided in the safety plan (Example: Attachment A). 

4.6. System Status Control 
Shutdown safety depends in large on the ability of the operator to monitor and control the 
status of safety and support systems required during the outage. The status of redundant 
systems should be reviewed prior to change safety trains, change electrical work sequences, 
or authorize work on electrical power distribution equipment. Provisions made to assist the 
operator and communicate to all personnel involved in management of outage work shall 
include the following: 
a.) Appropriate alarms and indications should be available to alert operators to problems 

with components and systems in service. 
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b.) Detailed awareness of each activity is not necessary, operators should have detailed 
awareness of safety systems out of service and safety systems available for decay heat 

removal. 
c.) Consideration of the use of status sheets should be made to include; defense in depth 

color coded, available safety equipment, applicable contingency plans. 
d.) All information distributed to fulfill the purpose of communicating applicable 

information should have provisions made for daily update and distribution via outage 
briefings and turnovers. 

4.7. Post Outage Assessment 
A post outage review of the outage shall be performed to determine the effectiveness of the 
management of shutdown risk. Action items as a result of this review will be assigned and 
followed for completion. 
The post outage review will be conducted by members of the original independent review 
team and outage management. The critique shall evaluate the following: 
a.) Review of any incident that resulted in a decrease of planned defense in depth. 
b.) Review of all contingency plans in the outage. 
c.) Review of any incidents deemed significant by independent review team. 
d.) Industry events that have occurred since the last independent review. 
e.) Changes to the outage schedule that required an independent assessment, to 
incorporate into future outage planning. 
f.) Review the amount of time spent in defined risk evolutions to determine if future 

reductions can be made. 

5. Conclusion 

Nuclear plants are presently in a very competitive world, facing the challenge to be 
economically feasible, against some other sources of energy. This makes several licensees 
to feel pushed to reduce outage lengths,compaired to previous outages and to similar plants. 
The existence of a shutdown safety plan, enforced by management and followed by all 
participants in the outage guarantees that plant safety will not be neglected. Angra I 
shutdown plan intends to be a resume of industry experience provided by organizations like 
WANO, NUMARC and some similar plants and guidance given by regulatory agents like 
AIEA. 
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ATTACHMENT A 
OUTAGE SAFETY RELEVANT FUNCTIONS PRESERVATION GUIDES 

H) CONTAINMENT INTEGRITY 

Objective: Establish the containment closure whenever the existing conditions requires. 

RELATED SYSTEMS AND COMPONENTS 

1. Containment Equipment Hatch 
2. Containment Personnel Air Lock/Annulus Personnel Access Door 
3. Containment Isolation Systems (Manual Phase A/B & Auto. Cont. High Radiation) 
4. Containment Isolation Valves 

GUIDELINES 

1. The Containment Closure shall be established prior entering Reduced Inventory. 
2. During Mode 5 with de RCS not intact or during Mode 6 condition/operations with 

the Refueling Cavity level < 17.39 m or with the upper internals installed, we shall: 
2.1 Have the Equipment Hatch installed. 
2.2 Have the Personnel Air Lock Doors closed and the containment access controlled 

(the doors interlocks may be defeated). 
2.3 Have the Annulus Personnel Access Door closed and the annulus access controlled. 
2.4 Keep track of contaiment penetration conditions so that Containment Closure can be 

attained in a minimum time, if necessary. 
2.5Temporary contaiment penetrations (e.g. Steam Generators sludge lancing hoses) 

must be configured so that they can be closed in a timely manner. 
3. Temporary closures should be available for all penetrations that cannot be closed by 

normal means, (they must have the same capacity as the normal isolation device). 
4. Develop Contingency Plans for Containment Closure without electrical power. 
5. If the opening of the Equipment Hatch is required, the following shall be considered: 
5.1 The opening shall wait for the fuel to decay as much as possible. 
5.2 The Equipment Hatch should not be opened during Midloop condition. 
5.3 If the Equipment Hatch must be opened during reduced inventory, the Outage 

Management shall develop the necessary controls. 
5.4 The Equipment Hatch closure will be based on the time to boil in the RCS. 
5.5 A dedicated and well prepared group will be ready to close the Equipment Hatch. 
Attention! 
1- Any temporary RCS closure device (e.g. temporary incore thimble tube seals, steam 
generators nozzle dams) are not sufficient to consider the RCS pressure boundary intact. 
2- The RCS pres. boun. include RCS/connected systems parts communicated with the fuel. 

PROCEDURES 

1. PO-T 15 CONTAINMENT INTEGRITY VERIFICATION 
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ATTACHMENT B 
RISK LEVEL EVALUATION SHEET 

OUTAGE SAFETY RELEVANT FUNCTIONS 

YES=1, N0=0, OPTIONS=(0,1,2) 
POINTS 

RISK 

LEVEL 

FUEL BUILDING WITH FUEL IN THE SPENT FUEL PIT 

1. The core defueling to SFP did not begin yet. the fuel in the SFP 
has already been out of the core for more than 12 months and 
the gate valve in the transfer tube is closed 

2. There are no SFP alterations in progress 

3. The two Fuel Building Ventilation Trains are operable, lined up 
through the charcoal filters and the pressure in the fuel building 
is <0,125 inches o f H : 0 

4. # Borated Water Flowpaths available to suply the SFP (0, 1, 2) 

5. The SFP level is > 17,39 m and the Fuel Pool Cooling System 
is in operation (*) 

6. There is suplpy available from the BRS, DW or FP to the SFP 

7. The SFP Boron Concentration is > Tec. Spec.minimum (2000 

ppm) 

(*) Required for level IV (green) Total 

Risk Level ( ) Requires ( ) Does Not Require Contingency Plan 

0-2=1 red 

3-4= II orange 

5-6=111 yellow 

7-8= IV green 

DATE / / UNIT RISK LEVEL 

PREPARED BY TIME SHIFT 

O.S.C. DATE / / O.M. DATA / / 

O.S.C= OUTAGE SHIFT COORDINATOR 

O.M. = OUTAGE MANAGER 
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ATTACHMENT C 
OUTAGE REQUIRED EQUIPMENT STATUS CHECKLIST 

THE EQUIPMENT DESIGNATED BELOW IS REQUIRED TO BE IN 
THE CONDITION PRESENTED IN THE CHECKED BOXES 

EQUIPMENT 
TRAIN/CHAN. 
/DIV. A 
OPER. AVAIL. 

TRAIN/CHAN. 
/DIV. B 

OPER. AVAIL. 

FIRE 
RISK 

YES NO 

CONDITION 
FOUND 

OP. AV.INO. 

BATTERIES 
125 VDC 

• • • • • • • • • 
BATTERY 

CHARGERS 
• • • • • • • • • 

INVER.SUPPLY 
D. C. A.C. 
(A) (B) 

• • • • • • • • • 
CONSTANT 

VOLT.TRANS. 
DIVI. 1=A, 2=B 

• • • • • • • • • 
INVERTERS & 
INSTR.BUSSES 

120 VAC 
• • • • • • • • • 

EMERGENCY 
DIESEL GENER. 

(1A - IB) 
• • • • • • • • • 

EMERGENCY 
DIESEL GENER. 

(3 - 4) 
• • • • • • • • • 

OFFSI.POW.BR. 
1A1 e lA2(l/2/3/4) 
FAST/SLOW TR. 

• • • • • • • • • 
480V BRE.1B-1A/ 
2A/3A/4A/3B/4B e 
BT-12/3 ABM AB 

• • • • • • • • • 

EQUIPMENT 
CONNECT. 
TRAIN A 
YES NO 

CONECT. 
TRAIN B 
YES NO 

FIRE 
RISK 

YES NO 

CONDITION 
FOUND 

OP.AV.INO. #A #B 
BATTERY 

CHARGER 
BC3 

• • • • • • • • • • • 
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ATTACHMENT D 
OUTAGE SAFETY MANAGEMENT FORMAT 

UNIT I OUTAGE N° DATE / / 

CHECK ALL APPLICABLE ITEMS 

TRAIN SWAP 

SAFETY SIGNIFICANT CHANGE 

SIGNIFICANT LOGIC OUTAGE PROGRAM SEQUENCE 

CHANGE 

DEVIATION FROM OUTAGE SAFETY PLAN 

LEVEL I RISK CONCER 

LEVEL II RISK CONCERN 

CONTINGENCY PLAN 

OTHER (SPECIFY) 

DESCRIPTION (ATTACH ADDITIONAL PAGES AS NEEDED) 

RESOLUTION AND REASONING (ATTACH ADDITIONAL PAGES AS 
NEEDED) 
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ATTACHMENT D 
OUTAGE SAFETY MANAGEMENT FORMAT 

APPROVAL (AS APPROPRIATE BY THE OUTAGE SAFETY PLAN) 

ANGRA I GENERATION DEPARTMENT - DGA.N 

OUTAGE MANAGER - OPG 

PLANT OPERATIONS REVIEW COMISSION - PORC 

OUTAGE SAFETY REVIEW GROUP - OSRG 

OPERATION DIVISION - DNOP.N 

MAINTENANCE DIVISION - DNMA.N ' 

TECHINICAL DIVISION - DNTC.N 

RADIOLOGICAL AND ENVIROMENTAL PROT. DIV. - DNPA.N 

OTHERS: 

1-

2 -

3-

11 



ATTACHMENT E 
TIME TO BOIL FAMILY CURVES 
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DEVELOPING SAFER SYSTEMS IN A NPP ENVIRONMENT 
USING THE OPERATOR'S COMFORT PARAMETERS 

AND VIRTUAL REALITY 

DR. ALENKA BROWN-VANHOOZER 

ARGONNE NATIONAL LABORATORY 
P.O. BOX 2528, MS 6000 
IDAHO FALLS, ID 83403 

A B S T R A C T 

The contents of this paper is based on two studies 
involving the design of visual displays from the operator's 
point of view, and the utilization of virtual reality for 
operations, training and maintenance repairs. The studies 
involve a methodology known as Neuro-Unguistic 
Programming (NLP), and its use in strengthening design 
choices from the user's perspective model of the 
environment. The contents of this paper focuses on the 
results which may be implemented in nuclear power plants 

for the purpose of providing systems which are less 
inherently error prone. 

I N T R O D U C T I O N 

uThe decisions made to model systems into image 
displays have a disadvantage because of the cognitive 
phenomena that decisions are unobservable internally to 
the mind, so there is no completely empirical way to 
describe and measure decision processes. However, we can 
use several other types of methods, one of them being 
mental representations of how people make decisions based 
not on the actual data available to them, but on how they 
represent or perceive the data presented to them," (Helander 
1991, 999). 

Users can always adapt to their systems through sheer 
need or "brute" force, based on prior experience or 
intelligence. Intelligence or experience, however, is not 
the point of this paper. Instead, this paper focuses on the 
importance of how users access and process information 
and its significance. By ignoring the importance of the 
integration of the user interface at the information process 
level, the result can lead to inherently error prone systems 
regardless of the skill level of the operator/user. 

Therefore, to minimize or eliminate these errors in 
human-interactive systems, it is essential that designers 
understand how each user's processing characteristics 
affects how the user gathers and communicates relevant 

•Wodc Supported by U.S. Dept of Energy. Nuclear Energy Programs, under Contract W-
31-109-ENG-38. 

information to the designer and other users. Such a tool at 
the designer's disposal is a methodology known as Neuro 
Linguistic Programming (NLP). 

N E U R O LINGUISTIC P R O G R A M M I N G 

u...the basic premise of NLP is that there is a 
redundancy between the observable macroscopic patterns of 
human behavior (e.g., eye movements, hand gestures, voice 
tonality) and patterns of human of the underlying neural 
activity governing this behavior," (Dilts 1983,3). 

In other words, individual behavioral indicators are 
indicative of their neurological indicators. By observing 
the two, the designer can establish the user's "favored 
representational system" and cultivate a rapport with which 
to attain explicit information about a system or situation 
from a wil l ing operator/user. 

"When NLP was first used to study subjective 
experience, the structure of meaning was found to occur in 
the specific sequence of the representational systems a 
person used to process information. These representational 
system sequences are called strategies " (Bandler and 
Mac Donald 1988). 

For example, hitting a nail with a hammer requires 
specific strategy cues. One sees the nail (visual), then one 
strikes the nail (kinesthetic) and hears (auditory) the nail 
strike. T 

he user is in a test-operate, test-exit mode. In other 
words, the user is testing the strike to the nail for a 
successful completion of the task; then exits the task. 
And, it is the representational systems of: visual, auditory, 
and kinesthetic which are the modalities of the strategies 
with which we use to establish our accomplishments of the 
tasks. These modalities are the "favored representational 
systems (FRS)." 

"The concept of a favorite representational system' 
asserts that many individuals tend to value and use one 
representational system: visual, auditory or 
kinesthetic, over the others to perform their tests and 
operations. This kind of preference is often generalized to 



many different types of tasks, even to those for which the design model of the system being experienced. Below is an 
preferred representational system is inappropriate or example of an unspecified referential index violation under 
inadequate " (Bandler et al 1980). the gathering darn category. 

In other words, most of us are multisensory, we use 
all three representational systems: visual, auditory and 
kinesthetic, to gather information. However, we tend to 
favor (or be oriented towards) one of these modalities or 
representational systems over the other two. This 
preference establishes our non-verbal and verbal 
communication cues which may or may not match the 
FRS of person we are speaking with. The outcome is a 
mismatch in communication which results in incorrect or 
deficient data or responses. 

By knowing a person's representational strategy cues 
(visual-auditory-visual or auditory-kinesthetic-auditory-
visual), we can begin to understand how a person 
constructs his or her model of a system from their 
surrounding environment. From this, we can realize the 
needs and comfort parameters of the users thus obtaining 
greater reliability and user performance with visual 
displays. 

Once general patterns can be detected, then more 
explicit distinctions can be generated which reveal 
strategies that are outside the normal, conscious awareness 
of the subject. These strategies can then be utilized in 
assessing a variety of necessary categories of information 
with respect to the user's total experience of the system. 
The means by which all this information is gathered from 
a user is through the utilization of several NLP techniques: 
meta model, synesthesia and the seven 
categories of an experience. 

Meta Model 

This model "is a linguistic tool for using portions of 
a person's spoken or written behavior to determine where 
he has generalized, deleted, or distorted experiences in his 
model of the world. " (Lewis & Pucelik 1982) 

The meta model is "a model of a model." It is a 
technique which makes explicit those semantic and 
syntactic contexts in which meta model violations occur 
through the categories of gathering data, expanding 
limits of the communication and c h a n g i n g 
meanings. Within each of these categories is a set of 
eight linguistic variations: referential index, 
nominalizations, unspecified verbs, modal operators, 
universal quantifiers, mind reading, cause and effect and 
lost performative. And, it is these variations that limit the 
user's ability to provide significant or reliable data or 
responses during the description feedback process. 

Therefore the meta model works to replace or repair 
the deficient communications with more explicit, accurate 
descriptions that are then used in the construction of the 

Operator: It is feels similar to moving in water. 
Designer: What is it? 

Operator The transfer arm. 
Designer What feels similar? 

Operator. The liquid sodium medium. 
Designer. What is the significance of 

this description? 
Synesthesia 

Synesthesia "is the crossover connections between 
representational system complexes, such that the activity in 
one representational system initiates activity in another 
system" 

Hearing a the sound of a particular voice causes your 
stomach muscles to tense is an auditory-kinesthetic 
synesthesia. 

These synesthesia patterns constitute a large portion of 
how the human processes the information while 
communicating with others. The correlations between 
representational system activities are at the root of such 
complex processes as knowledge, choice and 
communication. By replacing missing information 
(given by the user) in its most concise possible form, 
specific details (that are required for diminished "error free" 
systems) are gathered and incorporated into the system's 
model. 

Seven Categories of An Experience 

The seven categories of an experience is a framework 
which from the designer can elicit detailed description of 
ongoing experiences in order that sufficient, high quality, 
reproducible data, insofar as that is possible when dealing 
with human subjects, is obtained for the calibration 
process. 

It is believed that this model was inspired by Miller's 
theory of plus or minus seven bits of information possible 
to be processed by humans. This technique is designed to 
evoke responses to supply specific answers describing: 
(1) what the person is doing; (2) how that information is 
stored by sensory based; (3) what impact the experience 
has internally; (4) the precise situation in which the person 
is involved, which includes, but is not limited to: location, 
time, persons other than subject with whom engaged, etc.; 
(5) how important the experience is in personal terms for 
the subject - a rank ordering; (6) what, exactly, makes the 
experience occur, and (7) what it all means, to the subject. 



Derived from these efforts is the expectation of 
developing general or specific models that can be applied to 
the design of visual displays for safe reactor operations that 
would reduce human error. The focus of both studies was 
to establish a way to determine how a person accessed and 
processed information, and how this would relate to the 
development of more accurate visual displays or system 
models for safe reactor operations. 

Research Study I: Visual Displays (on CRTs) 

This was a general research experiment conducted for 
the purpose of determining whether there was a correlation 
between a user's FRS and visual display attributes. The 
result was the beginning of establishing the users' comfort 

- parameters of the for visual displays. 

Study 

The study consisted of 38 subjects whose FRS were 
- established as well as their likes and dislikes on graphic 

displays. The FRS were resolved through a video-taped 
interview and calibrated against both a written instrument 
and visual examination of the tapes. The focus of the 
examination was the establishment of individual-specific 
eye accessing patterns associated with other non-verbal 
cues and linguistic usage patterns (predicates). A survey 
was used to provide a crude profile of the person and a 
basis for speculation from the information that was 
obtained. 

The subjects were asked to complete a survey, answer 
questions that were used to establish individual strategies 
based on eye accessing cues, and evaluate six different 
visual displays from which their comments were correlated 
with their FRS. The results revealed areas that overlapped 
between the three modalities and areas that were divided. 

Findings 

Of the 38 subjects tested the FRSs established were 
as follows: 22 were kinesthetic, nine were visual and seven 
were auditory. Of the 18 reactor operators that were tested 
out of the 38 subjects; 11 were kinesthetic, four were 
visual and three auditory. The mechanical and maintenance 
personnel tested tended towards being kinesthetically 
oriented first. 

The study showed that the representational systems 
overlapped in areas of color contrast, standard color and 
iconic coding, consistency in and between displays 
regarding color, symbols and text sizes and fonts, and 
displays in which the information could be quickly 
accessed, scanned and interpreted. 

It was also found that all three representational 
systems preferred illustrative (iconic or symbolic) visual 
displays over text or document style displays, though the 

visually oriented group reported they were comfortable 
using both. The visual affect of pictorial displays allows 
for a larger amount information to be processed more 
quickly with less error. This is supported by the fact, 

"...that icons are faster to "read" compared to text...are 
easier to leam than text; they are easier to remember and to 
recognize once we know which one is advantageous (to 
the process), since recognition is easier than recall," 
(Rasmussen et al 1994,286). 

Also, colors that were "easy-on-the-eyes (less 
fatiguing)" seemed to be an issue more for the auditory and 
kinesthetic groups than for the visual group. For example, 
gray lettering on a black background was difficult to see and 
caused eye strain and fatigue. 

Visually Oriented Individuals 

Individuals that were visually oriented did not favor 
any specific realm of colors. They especially disfavored 
gray text or lines on black background or 
fluorescent/extreme colors. These combinations were 
difficult to see causing eye strain and fatigue, and the 
concern was with the acuity and resolution (brightness) of 
the colors. They preferred colors that were "easy-to-see" 
(no fussiness around geometric figures and text) close up or 
at a distance. This group considered seven to nine colors 
comfortable to work with. 

Visually oriented people found it comfortable to work 
with "busy" displays that were not "complex." These users 
defined "complex" displays as having to consciously 
construct or create additional geometric pictures in their 
minds to complete what was being depicted on the display. 

These individuals memorizes by pictures, remember 
what has been seen, and have trouble remembering verbal 
instructions. They would rather see a picture of text or 
symbols or read a set of instructions or procedures. These 
individuals are very observant and cautious until mentally 
clear about the task to be performed. (Grinder 1991). 

Auditorily Oriented Individuals 

Individuals that were auditorily oriented favored "pure" 
earth-tone colors of yellows, greens, blues, reds, orange, 
etc. and disapproved of colors that were "muddy" (lower 
levels of saturation), e.g., yellow-greens, green-browns, 
blue-greens, and so forth. Colors had to be clear (distinct) 
and of good contrast within the spectrum of "pure" earth-
tone colors (again no gray on black). They were 
comfortable working with no more than four or five 
different colors per display. 

This group preferred a single system be shown per 
display and relevant information be expressed in an 
illustrative format. Labeling techniques needed to be used 



in ways that would explicitly describe the system. 
Fluorescent colors were a consideration of this group in the 
color scheme design of visual displays. Sound was a 
strong factor in the generation of any visual display. 

These individuals memorizes by steps, procedures or 
series and remember what has been discussed; therefore, 
they have no trouble remembering verbal instructions. 
These individuals are easily distracted and try alternatives 
verbally first through internal and external dialogues. 
(Grinder, 1991). 

Kinestheticallv Oriented Individuals 

Individuals of kinesthetic orientation also leaned 
towards colors that were earth-tone base and made them feel 
bright (happy, soothing, relaxing, and pleasant), e.g., 
greens, yellows, yellow-greens, light blues and so forth. 
Most seem to disapprove of black backgrounds, because of 
the "negative" feelings that were generated. Acceptable 
number of colors on a display ranged from five to six, and 
they preferred displays that illustrated the information of a 
system in a dynamic flow pattern. This group 
specifically liked tactile feedback responses, i.e., touch 
screens. 

These individuals memorizes and learn by doing. They 
are physically oriented, and remember an overall 
impression of what was or is experienced. (Grinder, 1991) 
They are weak on visual details, however, they are very 
good at describing process flow. 

The Surveys 

It may be worthwhile to mention the two part survey 
that was given. Part two of the survey seemed the closest 
in correlating to the FRS results of the video-taped 
interviews. What was surmised (but requires more 
extensive research) is that people access and process written 
information differently from that of their physical 
environment. It is this difference that can be seen in when 
designers give out surveys regarding a product or system 
and find later that was written by the user did or does not 
match what was or is being discussed or said by the user. 

Conclusion 

Whether developing visual displays, system models, 
safety procedures, or process controls for safe engineering 
controls of NPPs, the designer needs to be aware of the 
different impacts the three representational systems have on 
how individuals process information. It would be to the 
designer's advantage to incorporate the users' comfort 
parameters that overlap from each of the representation 
systems: visual, auditory and kinesthetic. How this is 
accomplished will depend on how the designer utilizes the 
operator's feedback. 

Moreover, it is important to realize several issues; (a) 
that by using the users' comfort parameters, the designer is 
establishing positive outcomes, (b) he will attain shorter 
learning curves from the operator/user, (c) will provide a 
less frustrating work environment, (d) reduce the amount 
of resistance by the operator/user in accessing and utilizing 
visual displays, (e) realize the elimination of (or less 
emphasis on) force adaptability from the operator/user, 
and (f) the designer should obtain more reliable and precise 
information from the operator/user at the conceptual stage 
of the design model. 

Research Study II: Virtual Reality Models 

The focus of this informal study was to use the NLP 
techniques of meta-model, synesthesia and the seven 
categories of an experience to develop a virtual environment 
that closely resembled the operator's mental perspective of 
the fuel handling system of Argonne National Laboratory's 
Experimental Breeder Reactor - II. An informal study was 
conducted using NLP as the behavioral model in a virtual 
reality (VR) setting. 

Background 

An AutoCAD model of EBR-II was used as the test 
model for determining whether a VR environment would be 
feasible in the area of fuel handling for operation and 
training. This model was designed by Linda Hansen and 
Charles Weigand of ANL-W. 

Operation of the fuel handling system at EBR-II is 
based primarily on tactile feedback during fuel handling 
operations, and conceptual visualization as seen in 
photographs, blueprints, training and operational manuals 
and through verbal communications. Lack of direct 
visualization is due to the configuration of the reactor. 
So, in an attempt to provide the operators with a visual 
perspective of the system and process that was dynamic and 
"life-like" a VR model was constructed in a CAVE 
environment. The research began at the University of 
Illinois-Chicago (UIC), and was completed and evaluated at 
Argonne National Laboratory-East in Chicago. 

The word CAVE is not an acronym, but refers to the 
time when man-made fires would project images on the 
cave walls. The CAVEs at UIC and Argonne are 
projection-based VR systems that surround the viewer with 
three screens for walls, and a down-projection screen for the 
floor. A head tracking device is attached to the viewer so 
that the computer can calculate for each wall the correct 
perspective and stereo projections as the viewer moves 
freely around the CAVE. The walls consist of five screens 
(three walls, a ceiling and a floor). A sensory based wand 
is held by the viewer which provides interaction with the 
virtual environments, (CAVE User's Guide, 1994). 



The implementation of the CAVE interface requires 
computation of viewer-centered perspective projections 
(viewer's orientation within the CAVE), tracking 
equipment, synchronization of displays and understanding 
of the projector and tracking limitation. (Cruz-Nelra 1992) 
The outcome is an experience of immersion (a degree of 
visual simulation a virtual reality interface provides for the 
viewer (Cruz-Nelra 1992)) within the model being 
projected. The EBR-II CAVE model covered three of the 
four aspects of VR, static segments (the reactor), dynamic 
segments (fuel handling process), and low-level human-
interactive behavioral control (menu selection for 
operation). The artificial intelligence aspect was not 
incorporated. 

The human factor study (proposed of the VR model) 
was to interview at least six to nine operators with 
different levels of training and learning experiences of the 
reactor and fuel handling system and process. The 
operators were to describe their experiences and 
understanding of how and what the primary tank, the 
reactor vessel and fuel handling system "looked, felt and 
sounded like to them." By using the NLP techniques a 
detailed description of the reactor was revealed from each 
participant, which was then to be applied to the VR model. 
The final objective was to create a model that included both 
the users' comfort parameters and their mental image or 
perspective of the reactor system and fuel handling process. 

Findings 

Six of the nine operators to be selected have been 
tested. Their experience with die EBR-II reactor ranges 
from 4-35 years. Based on their FRS and experience, the 
operators described the system in very "detail" or "general" 
visual terms of the components and process, or by 
component functionality and process flow. The following 
is a brief description of what reactor operator's described. 
Each of the six operators tested at this time took four to 
six hours to describe the reactor system and process. 

Participant One 

This participant was one of the original operators who 
had worked inside the primary tank and reactor vessel 
before the sodium fill in the early 1960's. The FRS of the 
individual was established to be "detail" visual. This 
where the subject communicates experiences in very 
explicit visual details. The system described by the 
individual was portrayed in different shades of color, 
shapes, sizes, component locations, spatial relationships, 
and the feel of the environment with respect to how the 
environment was seen. Colors ran from stainless steel of 
dull grays to blue-grays. Recall included how pitch black 
the internals of the reactor was without lighting, detail 
description of color and shape of fittings for scaffolds, the 
size, color and location of each nozzle, the intricate detail 

of the neutron shield and catch basin, and so forth. Even 
the color and texture of the scaffold was remembered. 

Texture was described with respect to the physical 
recall of touch of the components and equipment such as; 
the pipes were shiny or glossy looking and smooth to 
rough in touch. An example of size was illustrated by the 
extension of the subject's arms around the storage basket as 
he saw himself extend his arms around the basket. The 
fuel handling equipment and process was recounted in just 
as great visual detail. Haptic remembrance was 
occasionally referenced for description of the system, but 
never sound. 

Participant Two 

This participant has operated the reactor over the last 
fifteen years, and was not present before the primary tank 
was filled with sodium. The FRS of this individual was 
established to be more "general" visual. This is where 
the individual communicates experiences thoroughly, but 
not in explicit or precise detail. The overall system was 
described from the photographs, design blueprints and the 
verbal training received over the years. However, the 
individual concentrated more in describing the fuel handling 
system and primary tank based general visual details and 
component or process functionality rather than in terms of 
explicit physical characteristics or layout of the reactor 
components and equipment. 

Colors of the equipment or components were defined as 
different shades of grays of the stainless steel, and other 
colors equated or was relative to temperature. The 
individual related the subassemblies to be blue-grays in 
color, except for the top portions of some subassemblies 
which were red, blue, and yellow corresponding to the heat 
generated by the fuel pins. Distance between components 
related to what had been seen in the design prints, i.e., the 
basket was as wide as probably his two arms extended. 

The individual felt that lighting would be visible inside 
the primary tank and reactor vessel if the covers to both 
sections were retracted. The participant thought he 
mentally could hear an audible sound generated when the 
transfer arm and subassembly made contact. This, the 
subject explained, was due to the vibration induced by the 
two components. The first participant stated that the only 
sound that may exist in the primary tank was the pumping 
of the sodium coolant. 

Participant Three 

This participant has operated the reactor over the last 
31 years. The subject was employed before the fill of the 
primary tank, but never say the inside of the reactor. The 
FRS of this individual was established to be more 
kinesthetic. The overall system was described from past 
long experience of verbal communications supported by 



photographs, blueprints, training manuals, and system 
design manuals that had been reviewed over the years. 

This participant described the reactor and the fuel 
handling system by their functionality and process flow or 
operation of the system. When asked to describe the 
hardware of a component, e.g., the primary pump, the 
response was in the form of functionality, and the only 
colors were "stainless steel." Whereas, the first 
participant described the physical hardware structure of each 
component and focused less on functionality process. This 
reactor operator could feel have everything worked and 
correlated this feeling to how he imaged the process worked 
and looked like. 

_ Evaluation 

After describing their perspective experiences of 
EBR-II, the participants were asked to evaluate an EBR-II 
virtual reality model displayed in a virtual reality (VR) 
CAVE environment and on a VR Silicon Graphics 
Interface (SGI) monitor. The model consisted of three 
sections: the primary tank, the reactor vessel and the fuel 
handling components. Each of the sections were created 
as general models with minimal details. Surface lighting 
effects (produced through the computer) gave the illusion 
of different shades of metallic gray. 

The first participant described the VR model as very 
recognizable, the shades of gray were close to what was 
remembered, certain components needed to be a little more 
shiny or glossy to reflect stainless steel, and there needed 
to be more detail to the storage basket and the neutron 
shield. The shades of gray were exactly what the first 
participant remembered and the second imaged the colors to 
be. The dynamic segments of the VR model required 
minor changes with respect to elevation of the gripper to 

- the hold down mechanism, and the retrieval of the 
subassembly from the core. 

The second participant described the model as "just 
what he had imagined die internals of EBR-II would look 

- like if he could see it;" however, he felt that more color 
should be added to the fuel pin area of the subassembly. 
The dynamics of the model made the image in his mind 
more realistic and uniform. He felt that overall the model 
was what he had described, and that sound and touch would 
be a significant attribute to the model. 

Both participants expressed that the model would be an 
excellent tool for training and operations. The experience 
of stepping through, atop and into the reactor was 
captivating for both participants. They remarked how 
important and less frustrating this type of model would be 
in helping them to explain to new operators, engineers and 
maintenance personnel how the reactor operated. They 
saw great potential in the use of VR as a tool for 
troubleshooting areas that were not accessable by humans 

or could not be seen through direct visualization. Their 
perception of the VR model on the monitor was one they 
felt could be utilized at the operational and on-site training 
levels. 

Conclusion 

The work for this study is complete, however the data 
analysis is on-going. What has been found from this 
research study is that the user can be asked to describe 
his/her model in detail in which all deletions, distortions 
and generalizations are replaced or explain using NLP. 

The designer needs to understand that the users' mental 
models are very significant to the design and understanding 
of how the users interact with their systems. From their 
models, the designer can find the flaws and accuracies in the 
way the system is operated, as well as, the retrieval of 
each user's mental image of the system. Combined with 
that of the designer's blue print model, the outcome is a 
more "realistic" model closer in actuality to both that of 
users' and maybe the designers with reduced inherent 
errors. 

The feasibility and usability of a virtual reality 
environment for training, operations (control and safety), 
research and development is a positive step in the direction 
of system modeling for understanding how a concept can be 
applied through seeing, hearing and feeling. All modalities 
are taken into account, thereby including all three 
representational systems. 

Summary 

The key in the design of successful system models, 
visual displays, safety operations, etc., is to provide the 
designer with an effective means of communicating with 
the user that will allow the designer to "characterize" or 
"map the design territory" based on the user's model of the 
system. This will identify and minimize any problems or 
operator errors at the onset of the initial design, and 
thereby, remedy any deleterious design in a cost-effective 
manner. These are the principal thoughts in utilizing NLP 
methodology in the design of visual displays and systems. 
Therefore, implementing NLP techniques for design 
purposes is practical. The challenge comes in developing 
the model that is capable of matching each user's model of 
the world. Success will be based on how flexible the 
designer is with his/her assessment of the model to remain 
in harmony with that of the user's. By understanding the 
strategic cues given by the user, the designer has taken the 
first step in gathering the precise information required for 
the development of a successful system. 
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I WHAT IS QRAM?| 

• Outage Risk Assessment and Management 

• A software tool developed by ERIN Engineering for 
the Electric Power Research Institute (EPRI) 

• Provides qualitative measure of safety in Risk 
Management Guideline (RMG) module 

^ ^ • Provides quantitative measure of risk in Probabilistic ^ ^ ^ 
Shutdown Safety Assessment (PSSA) ^ ^ 

IZZZ • Can interface with maintenance activities schedules Z^Z 

• Used by 58 Plants in US and 2 Plants in Europe 

STEPS IN 
I ORAM PROCESS 

• Development of Probabilistic Shutdown Safety 
Assessment (PSSA) 

• Development of Risk Management Process (RMG) 
• PSSA and RMG can be used separately 
• Applications of PSSA and/or RMG using ORAM 



ORAM FLOW DIAGRAM} 



MAINTENANCE/OPERATIONS 
ISSUES 

• Work activities entered into ORAM 
- Manual ly and/or 

— Automatic tie-in with scheduling software 

• Relative safety levels evaluated by RMG module 
• Color display of results 
• Guidelines for each situation 
• Traceability back to maintenance activity 
• Ability to conduct "What-if" scenarios 

FEATURES OF 
RMG METHODOLOGY 

• Outage represented as series of plant states 
• Safety reviewed in terms of 

shutdown safety functions 
• System dependencies captured with fault trees 
• Each plant state/safety function combination 

reviewed with an SSFAT 
• Risk Management Guidance (RMG) specific 

to each plant state/safety function/color 
• RMGs derived from industry 

(NUMARC/INPO/NRC), 
plant specific concerns and PSSA insights 



Automat ing O R A M Risk Managemen t Guidelines | 











SHUTDOWN RISK ELEMENTS ^ 

• Shutdown PRA methodology is used as the basis of 
ORAM PSSA 

• Use shutdown-oriented initiating events 
• Use recoveries and failure probabilities applicable to 

shutdown 
• Input thermal-hydraulic analysis 
• Linkage to actual maintenance schedule 
• Tracks outage as changes occur 
• Displays risk profiles 
• Tracing back to maintenance activity 

FEATURES OF 
PSSA METHODOLOGY 

FEATURES OF 
PSSA METHODOLOGY 

• Initiators reflect industry experience 
• Multiple endstates 
• Outage model is timeline of Plant States 
• Accident sequences using event trees 
• Top events modeled emphasizing 

- Human actions 
- Train unavailabilities 

• Results displayed as 
- Frequencies vs. time 

Insights for risk management 



















SUMMARY} 

• PSSA is a demonstrated, practical tool for outage 
risk management 

• PSSA uses PRA methodology applied to shutdown 
configurations 

• PSSA results include both generic and plant specific 
insights and quantitative curves of frequency vs. 
time 

• PSSA has been applied at numerous units, both 
PWRs and BWRs. 

• PSSA is designed to be useful by plant personnel 
and cost-effective for use in outage planning and 
control 

PSSA AND RMG MODEL 
RELATIONSHIP 

• PSSA and RMG Models can be developed 
independently, and 

• PSSA results can be used to streamline 
administration defense-in-depth requirements or 
justify technical specification relief 

• PSSA insights can be reflected in the RMG Model in 
the form of color changes and guidance 









ORAM MODEL DEVELOPMENT PLAN 
FLOW CHART 



CONDUCTING TEST CASES | 

• ORAM can be used extensively to conduct 
"What-iP' scenarios or test cases 

• ORAM will give immediate evaluation for changes 
in the actual schedule that impact safety 

ACTIVE ORAM USERS 
(Partial Listing) 

• WESTINGHOUSE PWR UNITS 
- Diablo Canyon 
- Vogtie 
- Farley 
- South Texas Project 
- Catawba 
- McGuire 
- Seabrook 
- Salem 
- KRSKO (NEK-SIovenia) 
- Sizewell B (UK) 



ACTIVE ORAM USERS 
(Partial Listing) 

• COMBUSTION ENGINEERING PWR UNITS 
- Calvert Cliffs 
- Arkansas Nuclear One Unit 2 
- Waterford 
- Fort Calhoun 

• BABCOCK & WILCOX PWR UNITS 
- Arkansas Nuclear One Unit 1 
- Oconee 

ACTIVE ORAM USERS 
(Partial Listing) 

• GENERAL ELECTRIC BWR UNITS 
- Limerick 
- Peach Bottom 
- River Bend 
- Grand Gulf 
- Washington Nuclear Plant Unit 2 
- Susquehanna 
- Nine Mile Point Unit 2 
- Perry 
- LaSalle 
- Clinton 
- Browns Ferry 



COST SAVING EXAMPLES] 

• Limerick Plant contributed at least 3 days savings 
from ORAM in 2 recent outages 
(over $4 million) 

• Diablo Canyon saved $12 million in outages cost by 
using ORAM to save 4 days for each of 2 units 

• Grand Gulf used ORAM PSSA to save manpower 
and reduce risk 

ORAM ENHANCEMENTS 
Combining with SENTINEL 

• On-Line Evaluations 
- Safety Function Assessment 
- Plant Transient Assessment 
- Integrated Safety Assessment 

• Maintenance Rule Performance Criteria 
• One Tool for SHUTDOWN and AT POWER 



OVERVIEW OF CONFIGURATION RISK MANAGEMENT 

Shutdown 
Risk 

Management 

T 
ORAM 

Software 

r 
Deterministic 
Assessment 

SSFATs 
RMGs 

V j 

At-Power 
Risk 

Management 

T 
SENTINEL 
Software 

E P R I 

Probabilistic 
Assessment 

• PSSA 
• Dial CAFTA 
• R&R Workstation 
(Future) 

Deterministic 
Assessment 

SFATs 
PTATs 

Probabilistic 
Assessment 

Off-line PSA 
• R&R Workstation 
(Future) 

• Other PSA Tools 
(Future) 



ORAM ENHANCEMENTS 
Interface with EPRI 

R&R WORKSTATION 

Access to Real-Time Risk Meter 
Calculates "New" Combinations and Stores 
Results in a Look-up Table for Refinement and Use 
Within Color Logic 

FOR MORE INFORMATION 
CONTACT: 

Dr. S. Pal Kalra, Electric 
Power Research Institute 

3412 Hillview Avenue 
Palo Alto, CA 94303 
Tel: 415-855-2414 
Fax: 415-855-1026 

Bill Dagan, ERIN 
Engineering and Research, Inc. 
740 Springdale Drive, SuitellO 
Exton, PA 19341 
Tel: 610-524-0986 
Fax: 610-524-0924 


