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INTRODUCTION

The relationship between organizational factors and nuclear power plant safety has most
clearly been identified through the causal analysis of incidents and accidents. The development
of more sophisticated and systematic methods for incident analysis (such as HPES, ASSET,
AEB. etc), has also facilitated the detection of these often less manifest contributions to
incidents and has allowed for systematic improvements to be made. However, the
enhancement of nuclear plant safety cannot rely only on actions taken in response to failures
(reactive prevention). It is also dependent upon the ability of organizations to identify the
nature and causes of developing problems and to develop effective interventions to meet them
(proactive prevention). There is thus a need for organizations to develop a more proactive
approach to safety management through processes that will promote improved performance
over time. Organizations of this kind have been characterized as "learning organizations"
(Senge, 1990; Olson and Thurber, 1991). The ability to learn is central to the plant's ability to
improve. Organizations can learn when they can adapt to changes in external or internal
operating contingencies, and thus be more efficient or effective.

The Swedish Nuclear Power Inspectorate, SKI, has in its regulatory approach to the
area of management and organization focussed on the process of continuous improvement and
have in collaboration with Battelle Human Affairs Research Center, Seattle, developed a
conceptual model of the important characteristics of a continuous improvement organization
and how to assess it. In this work SKI has also recognized the imponance of the regulatory
goals and strategies adopted by SKI for promoting an improvement process on the part of the
utilities, which will be further discussed below.



WHAT IS A CONTINUOUS IMPROVEMENT APPROACH?

With the ascension of Japan as a world economic power, much has been written about
continous improvement as an important element in Japan's success. Students of Japan's
transformation of the safety performance of its nuclear power industry recognize the same
element at work. Commentors on continuous improvement have described it variously as an
approach to life, an integrated theory of management, and a discrete strategy for exploiting
certain types of markets. Its application to nuclear power plant safety, however, causes us to
emphasize the following:

* Continuous improvement implies goals, since improvement must be in reference to
something desired. Thus, activities in a CI organization are essentially intentional and
are oriented toward the goals of the organization. Very little in a CI organization is done
simply due to convention or habit.

* As a derivative of this emphasis on goal oriented activities, CI organizations are
dominated by strategies and plans and all that these imply, including priorities,
schedules and performance objectives and measures. Thus, members of a CI
organization not only know where they are headed, but they also have a pretty good
idea of how they are going to get there.

* CI organizations take responsibility for their own success. While the market or
regulatory agency may present significant challenges to the utility, CI organizations are
active in meeting these challenges; they do not take on the passive role of the victim.

* CI organizations recognize analysis as a primary means for meeting market and
regulatory requirements. CI organizations value useful information, whether from their
own operating experience or from the experience of others. CI organizations value
expertise and organize in ways to get the maximum value out of available data and
experience.

* As a derivative of the emphasis on analysis, CI organizations are inherently
participatory (this does not necessarily mean that they are democratic.) CI organizations
favor the free flow of information and the ability of each staff member to contribute
appropriately to the solution of operational and organizational problems. Techniques of
authority and control that inhibit the sharing of information are inappropriate in a CI
organization. Techniques that encourage team work and cooperation and the flow of
information both upward and downward in the organization lead to decisions based on
more accurate and complete data, a consideration of a wider range of contingencies, and
solutions that are better adapted for implementation within the organization.
While the value of such principles may appear to be self-event, in reality, most

organizations fall short on one or more of these key factors. In the nuclear industry, for
example, there are many organizations that identify safety as their primary goal, but have no
recognizable strategy for promoting safety beyond the requirements of the regulatory agency.
Other utilities maintain a passive attitude toward safety regulation-they only deal with safety
issues when the regulator tells them exactly what to do. Many organizations treat analysis as a
side activity rather than as an activity that needs to be present in the discharge of every
function in the plant.



WHY IS A CONTINUOUS IMPROVEMENT APPROACH IMPORTANT FOR
SAFETY?

Why should a regulator put so much emphasis on the continuous improvement
approach? The answer is that experience tells us that it is important for safety. Three general
reasons can be given.

* Managing and operating a nuclear power plant includes dealing with a number of
uncertainties. Some of these uncertainties have to do with the unplanned interactions of
system parts, others with the causes and consequences of human error, and other with
the effects of aging and other sources of plant degradation. Thus, the knowledge base
that appears adequate today may be proven by events and experience to be inadequate
for managing safety. A CI organization anticipates the dynamic requirements of
managing for safety, and looks constantly for indications of and ways to protect against
developing safety problems.

* A CI organization also looks for ways to do what it is currently doing in better and more
efficient ways. A CI organization looks for ways to improve the efficiency and
effectiveness of each task, so that the available resources can have the greatest impact on
safety and other plant goals. For example, rather than continuing to perform corrective
maintenance on a frequently failing component, a CI organization will investigate
whether the component or the system can be changed to improve the overall reliability
of the system. CI organizations can accomplish more with the same resources than can
non-CI organizations.

* Finally, we believe that the important elements of what is frequently called the safety
culture are imbedded within the more general concept of continuous improvement.
Specifically, a CI organization requires of its members that they take personal
responsibility for advancing the organization's goals (including safety), that actions be
intenational rather than haphazard, and that people look for ways of doing their tasks
better or resolving organizational problems. Further, the CI organization looks to
develop or facilitate organizational structures and processes for supporting these
fundamental aspects of the safety culture.
While there are many clear safety advantages to a CI approach, fostering a CI approach

within a regulatory framework has its own challenges. Many of the common regulatory
strategies and practices are inconsistent with promoting a CI approach within the utility. In the
following section, we discuss how the activities of the regulator may need to be adjusted in
order to promote continuous improvement on the part of the regulated organization. We use
the Swedish situation as our primary example.

THE SWEDISH REGULATORY APPROACH

The overall Swedish regulatory policy is based on the two roles given to SKI and
specified in the SKI charter. The first role is the formal regulatory and supervisory role. It
includes issuing formal rules and guidelines, licensing of installations and procedures,
inspection and enforcement and analyzing incidents and other operational expeiences. The
second role given to SKI is the active promotion of safety improvements. The regulatory
strategy of SKI is expressed as: "The licensee has the full and undivided responsibility for



safety. SKI shall monitor how the licensees shoulder that responsibility by forming a
wellfounded opinion on the safety status of the installations and on the quality of licensee
safety work." SKI's role and strategy thus implies the necessity to both assess management
and organizational factors and to promote a continuous improvement approach.

Assessing and Fostering a Continuous Improvement Approach

In terms of assessment, SKI has various means of gaining information on
organizational factors. These include operating experience through reportable events (LERs)
including trends, incident investigation, periodic safety reviews including PSA studies,
inspections, plant modifications, etc. When these sources of information are used for
assessing improvement, the main strategy for evaluations has been to focus on the learning
process, including the organization's ability to recognize and diagnose problems, to formulate
and implement solutions, and to monitor the effects of the solutions and make adjustments as
required by experience.

Operating experience covers both the follow up of reportable events (LERs), trends
based on these events, incident analysis, and the periodic safety reviews (called ASAR, As
Operated Safety Analysis Report) covering experiences in a 10 year perspective. With regard
to LERs and incident investigations SKI, in addition to the weekly follow up of these events,
makes a more extensive yearly review of how incidents are reported and analyzed, solutions
formulated, implemented and evaluated, particularly with regard to events that are classified as
related to the interplay between man, technololy and organization (MTO). The review is
conducted as a team inspection with the team consisting of MTO specialists and SKI
inspectors. The SKI assessment and feedback on the approach taken is then seen as one
opportunity for promoting improvements. Another effort to support this process has been the
arrangement of a seminar together with all utilities to encourage the sharing of experiences
between utilities with regard to methods and strategies used to deal with the analysis of
events.

The periodic safety reviews have recently changed focus so as to include more clearly
requirements on an analysis of operating experiences from an organizational perspective. The
SKI evaluations of the ASAR reports concern the ability of the utility to analyze experiences,
evaluate them and draw conclusions regarding necessary safety improvements.

Inspections. The shift in regulatory strategy adopted by SKI, with a gradual shift in
emphasis from assessing technical performance of systems and components to assessing the
quality of management, operation and maintenance, has in rum required the development of
new methods for inspections. Examples are the new approaches developed to perform
inspections in the areas of organization and management, quality systems and maintenance
programs. In addition to the need to develop models, assessment methods and evaluation
criteria within these areas, the new approach to inspection has involved a change in the role of
the inspectors with new requirements on knowledges and skills. Great efforts have therefore
been devoted, first of all, to the continuous involvement of inspectors in the development of
the conceptual as well as methodological work within these areas, carried out mainly through
research efforts. Also in the field-testing of new "tools" for inspection and in parallel to this
special training in the techniques of interviewing.



This developmental work recently resulted in a first team inspection, again with
inspectors together with MTO specialists, within the areas of management and organization,
quality systems and maintenance programs. An important lesson from these inspections has
been the need to be very familiar with various aspects of organizational context (such as
history, organizational changes, relations to corporate offices, etc) as well as the formal
systems for safety management in order to be able to understand and interpret how these are
carried out in practice. Another challenge for SKI is how to present and follow-up on
observations made in these inspections so as to really promote improvements on the part of
the utility. SKI also realizes the need for monitoring and assessing the impact of these new
approaches to inspection as a basis for further improvements of its regulatory strategies.

Plant modifications are in many cases handled through the interaction of several
functional units within the plant organization and can therefore serve as an important
information source on organizational factors. In fact, one of the major plant modifications
recently made in five of the Swedish reactors served as the case study in the team inspections
mentioned above. It gave a good opportunity to evaluate the organization's ability to handle
the various steps in the learning process and of how the formal systems of safety management
functioned in practice. The importance of proper analyses and resources for these analyses in
the initial phases of this modification work as well as the risk of taking shortcuts in the formal
systems for quality and safety management due to time pressure were some of the findings.

In the evaluation of how the plants handled this major modification, the role played by
SKI was also assessed. In this specific case, the plant modifications were made in response to
a requirement by SKI. The five reactors were ordered to shut down their operation when a
basic design deficiency was discovered in connection with an incident at one of the reactors.
An independent investigation evaluated how SKI handled the regulatory work from the time
of the incident up to the decision to shut down the five reactors, whereas the team inspections
assessed the influence of SKI's regulatory approach on the utilities' ways of dealing with the
necessary modifications. An important obeservation was the need to formulate requirements
so as to maintain the proper roles and responsibilities in terms of safety according to the
regulatory model adopted i.e., for the "ownership" of safety to belong completely to the utility
organizations.

The analysis of the problems connected with this need for plant modifications was at
SKI performed largely through a teamwork effort, with the integration and coordination of the
views from different specialist groups. While this supported the development of a
wellfounded opinion on necessary improvements to be made, it put extra demands on SKI not
to fall into the trap of also suggesting possible solutions to the problems, which is the
responsibility of the utility according to the model adopted for the interaction between the
regulatory body and the licensees in Sweden.

The Relevance of Rules and Regulations in Promoting Continuous
Improvement

In general, the regulatory approach of SKI implies keeping regulations at a minimum.
Two reasons being to support the licensees' full responsibility for safety and also to allow for
the development of the best solutions to safety problems. Too detailed regulations risk limiting



consideration to be taken to new technological innovations in the choice of solutions. The
development of rules or regulations in the area of management and organization is connected
with special problems. Detailed regulations in this area are neither conceivable nor desirable.
SKI has only one regulation that influences the conduct of work within the utilities and that is
in the area of quality systems. However, this regulation is formulated in a broad sense
requiring utilities to implement a quality system "for all activities that affect the quality level",
while allowing for flexibility in organizational structure and approach and encouraging a focus
on improvement over time.

SKI is at the moment in the process of revising all its regulations. Special consideration
is being given to the impact these will have on how plant organizations manage their safety
work. There is general agreement that, apart from keeping regulations at a minimum, the
develpment should go in a direction that promotes continous safety improvements to be made.
Or as one manager formulated it: "when the licensee faces a problem we want them to look for
the best solution instead of the right paragraph to follow."
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1. Introduction

Although the concept of safety culture became widely used in the nuclear safety community
only in the wake of the Chernobyl accident1,2,3, the importance of safety awareness and
attitudes towards safety among all persons and organisations involved in nuclear safety was of
course widely recognised long before. For example, the Kemeny Commission, in its report4

on the Three Mile Island accident, stated as its main conclusion that "To prevent nuclear
accidents as serious as Three Mile Island, fundamental changes will be necessary in the
organization, procedures, and practices - and above all - in the attitudes of the Nuclear
Regulatory Commission, and, to the extent that the institutions we investigated are typical, of
the nuclear industry." In fact, the Kemeny report implies that the nuclear safety community -
regulatory bodies as well as industry - must assign equal importance to mastering two sets of
processes: the physical and chemical processes within the reactor system, and the human
interaction processes within the relevant organisations, meaning licensees and their contractors
as well as the safety authority. Hence, these human interaction processes should be analysed
and assessed in the same systematic manner as the reactor processes to identify weaknesses
and to learn from experience.

In Sweden, the concept of an on-going safety dialogue between the regulatory authority,
SKI, and the licensees has always been a cornerstone in the regulatory approach. Precedents
and nuclear safety tradition as developed in Sweden clearly demonstrate that the licensee's
responsibility is not limited to maintaining safety in accordance with the requirements imposed
when the license was granted. Precedents and tradition also show that the licensee must work
to improve safety throughout the entire service life of the installation. The obligation to work
to improve safety is also part of the charter of SKI. It is thus evident that Swedish safety
legislation and tradition clearly state that no one is permitted to 'rest on his laurels' when
safety work is concerned.

Starting from this commitment to continuous safety improvement, an open and frank
dialogue between SKI and licensee experts has become a key element in Swedish nuclear
safety work; this dialogue focussing more on achieving fundamental safety objectives than on
formal compliance with detailed rules and regulations. This dialogue has sometimes had its
difficulties, but by and large, it has promoted an enquiring and learning attitude, which is a
key element in a safety culture. Although the dialogue initially mainly addressed safety issues
from a technical perspective, it has over recent years expanded into organisation and manage-
ment issues and the interaction between man, technology and organisation (MTO for short).
According to SKI experience, the support of experts with a solid background in relevant areas
of behavioural sciences is of vital importance to developing and maintaining a high level of
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safety culture. Some major milestones in the development and implementation of the safety
culture concept in Sweden are discussed in the following sections of this paper.

2. The 1979 Swedish Government Committee on Reactor Safety and the impact of
the Three Mile Island Accident.

The Swedish Government Committee on Reactor Safety was set up in 1979, after the TMI
accident, to review reactor safety work in Sweden. In its report5, the committee endorsed the
basic regulatory approach, as described in the previous section, and recommended sub-
stantially strengthened safety efforts by SKI and the nuclear utilities in a number of areas,
including organisation, training, quality assurance and analysis and feedback of operating
experience, as well as human factors in general.

The Swedish nuclear utilities responded to the lessons learned from the TMI accident and the
government committee recommendations inter alia by strengthening their internal safety
review resources and procedures and by creating a joint Nuclear Safety Board, RKS, with a
small staff, to coordinate and carry out joint safety efforts in areas such as analysis and
feedback of operating experience, training and education, and quality assurance. RKS was also
given the task to coordinate Swedish utility participation in international cooperation programs,
such as INPO, and later, WANO. The utilities had already before created a joint Nuclear
Power Training Center (AKU) to run full-scope simulator training programs as a part of utility
operator training programs.

As a result of the government committee recommendations, SKI strengthened its staff
considerably, mainly in technical areas, but also started to create a group of human factors
specialists with a suitable background in behavioural sciences. Initially, the work of the group
focussed on established areas, such as training, control room ergonomics and procedures, and
incident analysis.

The actions taken by SKI and the utilities in the early 1980's created the necessary basic
framework for contact and communication between utilities, SKI, and research institutions in
the area of interaction between man, technology and organisation and its contribution to
nuclear safety. However, it took about a decade of development and lessons learned before
this area approached the same level of professional maturity as key technical areas, such as
thermohydraulics and structural integrity.

3. The development of the Swedish approach to safety culture and MTO

General safety review programs
As already mentioned, an enquiring and learning attitude is a key element of a good safety

culture. In practice, a number of technical safety improvement programs carried out in the
1980's promoted such attitudes among utilities and SKI before a more systematic and MTO-
based approach to safety culture issues had been developed. For example, the Swedish
program on periodic safety reviews of each plant (the ASAR program), initiated in 1982,
focussed on the following areas:

* a review of the organisation of plant safety work
* a review of operating experience
* a plant-specific probabilistic safety assessment (PSA), identifying strengths and

weaknesses in plant safety systems



* a review of safety improvement measures taken in the past; and
* a proposed safety improvement program for the next few years, based on the findings

and conclusions of the periodic safety review.

Thus, the basic aim of the ASAR program was to promote a continuous safety improvement
process, rather than to demonstrate formal compliance with current regulations and safety
standards. Substantial involvement of plant technical staff in the program was encouraged and
largely achieved. In the first round of periodic safety reviews (ASAR-80), the review of the
organisation of plant safety work was rather limited and formal, compared to the technical
reviews. However, the PSAs included substantial efforts to identify and analyse sequences
with major contributions to risk from human errors in the control room.

Other activities promoting a continuous safety improvement process at the utilities included
their active involvement in peer review activities such as the INPO and IAEA/OSART
programs. Thus, by 1990, IAEA/OSARTs had been performed at all the four power reactor
sites in Sweden.

RKS activities
On its side, RKS developed and implemented a system for analysis and feedback of

operating experience for the Swedish NPPs, resulting, inter alia, in a series of reports,
published annually. In internal reports, distributed to the Swedish NPPs, and to the joint
training center AKU, RXS also analysed and discussed events at foreign NPPs. Selected
events were then addressed in the simulator training and retraining programs for all control
room staff. Moreover, RKS developed and implemented advanced training courses in reactor
technology and reactor safety for NPP staff members. In 1988, RKS and AKU were merged
to form the Nuclear Training and Safety Center (KSU) of the Swedish nuclear utilities.

SKI activities
In parallell, SKI in dialogue with the utilities, developed new versions of regulations on

operator training and plant quality assurance systems. Early versions of the regulations were
rather detailed, and required detailed reporting to SKI to demonstrate compliance. These
regulations were found to generate considerable formal paperwork without conveying adequate
information on the actual performance of the systems. Therefore, later versions of the regula-
tions became more general, focussing more on quality and safety objectives, requiring the
utilities to set such objectives and to develop their internal management systems and pro-
cedures to ensure that the objectives are achieved. Evidently, this also called for a develop-
ment of SKI inspection and review methods, based more on an 'organisational process' -
oriented approach than control of formal compliance .

Within SKI, it took some time before the human factors group was recognised as a pro-
fessional group of equal importance to safety work as the technical specialists. In 1986,
however, the group was organised as a human factors department (in Swedish: the MTO
department) on an equal level with technical specialist departments such as structural integrity.

Establishment of a MTO research program
Already in the late 1970's SKI had initiated some research projects on human factors, mainly

focussed on traditional man-machine interface issues. With the establishment of a human
factors group within SKI, this research program was expanded and started to address additio-
nal topics, such as issues related to organisation and management. Several projects were
carried out in cooperation with the utilities and within the framework of the joint Nordic
Nuclear Safety Research Program (NKS) or the OECD/NEA Halden project. Some of the



research projects were successful, others less so. However, even the less successful projects
taught the organisations involved valuable lessons with regard to how research could be used
to improve safety efforts related to the interaction between man, technology and organisation.
Successful projects included for example improved methods for analysis of human factors
issues in PSAs and incident analysis6, as well as a study of the impact of work environmental
factors on the performance of NDT technicians, a multidisciplinary project in cooperation
with NDT specialists.

These projects also helped to establish university research groups interested in the impact of
MTO issues on nuclear safety. The lack of such university research groups had been pointed
out by the 1979 Government Committee on Reactor Safety. There existed in Sweden,
however, an excellent research tradition on the interaction between work organisation,
working environment and occupational health and safety which could be built on. In fact,
several of the MTO experts recruited by SKI had a background in this area.

It was recognised that applied research into safety issues related to the interaction between
man, technology and organisation could not only be carried out at research institutions but
must involve and affect the operating organisations to a considerably greater extent than
technical safety research. Hence, it was of paramount importance to ensure the cooperation
and support of the operating organisations at all levels. Therefore, SKI took the initiative in
1987 to form a coordination and cooperation group on MTO research and development,
consisting of the NPP managers, the managing director of KSU and SKI top management
representatives, with the head of the SKI MTO department as secretary. This group provided
a useful forum for discussion and development of mutual understanding of sometimes
controversial issues. For example, a research project, consisting of a comparison from the
operator's point of view between the oldest control room (Oskarshamn 1, mainly using hard-
wired, analog instruments) and the newest (Oskarshamn 3, largely using computers and CRT
displays for process surveillance) took some years of discussion and information before it
could be carried out with necessary support from plant management and control room crews.
However, once carried out, the specific scientific results of the project were perhaps less
important than the fact that the project turned out to create new and improved interaction and
cooperation patterns between control room crews, technical specialists and plant management
with regard to planning and implementing successive improvements in control room hardware
and procedures.

Impact of accidents and incidents
The analysis of the Chernobyl accident, and its root causes7 further emphasised the impor-

tance of organisational and management factors as risk contributors. Although the root causes
to the Chernobyl accident, in terms of deficiencies in design, management and organisation
were largely specific to the prevailing circumstances in the then Soviet Union, the analysis of
a number of incidents in Western reactors indicated that close attention had to be given to
safety culture related issues also at Western plants. In Sweden, the incident in July 1987 at the
Oskarshamn 3 NPP served as an efficient reminder. The incident involved performing local
criticality tests during start-up with the fast-acting hydraulic scram system turned off and only
the slow, motor-operated scram system in operation. The root cause analysis8 indicated a
number of deficiencies in safety awareness, decision-making and work organisation at several
levels. The SKI root cause analysis, which was largely accepted by the utility, was performed
by a team of two technical experts with a background in control room work and PSA, and one
MTO expert.

The analysis of this event and a number of less severe, but nevertheless safety significant
events at other plants, e.g. related to fuel reloading operations, clearly demonstrated the



usefulness of a systematic MTO analysis in order to identify and correct significant weaknes-
ses in safety awareness, training, work organisation and management - all important compo-
nents of a high-level safety culture. As a result of lessons learned from the analysis of the type
of incidents just mentioned, international exchange of experience, e.g. within the framework
of WANO, and the continuing dialogue with SKI, the Swedish nuclear utilities started to
strengthen their own competence with regard to MTO-related safety issues, organising special
groups responsible for MTO issues, and implementing new procedures, e.g for their own root
cause analysis of incidents and for internal quality audits. No doubt, the development of SKI
activities in the MTO, area exerted a pressure on the nuclear power plants to develop their
own competence to be able to respond to SKI questions in this area; questions that they
themselves found relevant to safety.

General characteristics of the development phase
The decade between 1980 and 1990 can in perspective be regarded as an important develop-

ment phase as regards the MTO and safety culture approach to nuclear safety in Sweden.
Based on the description of the various activities given above, some conclusions about the
general characteristics of this development phase may be drawn.

Firstly, the safety culture approach is not a matter for human factors specialists only. Most
of the features of a good safety culture have for a long time been recognised as 'good
practices' in many areas of safety work, in the nuclear sector, as well as for example in the
civil aviation sector. However, much can be gained by using models and methods developed
in the behavioural sciences to ensure consistent and efficient use of such good practices in
existing organisations. Improving the safety performance of people and organisations needs the
professional advice of behavioural scientists in the same way as improving fuel performance
needs the advice of experts in reactor physics, thermohydraulics and material sciences.

Secondly, developing and implementing the safety culture concept needs a 'bottom - up'
approach. The understanding in existing organisations of the processes involved must be based
on the ability to relate to practical experience, e.g. from incident analysis. Therefore,
technical specialists, human factors specialists and operating staff and management must work
together to develop a common language of understanding. This is in itself a learning process,
and as such, a characteristic of a good safety culture. This also underlines the importance of
an open and ongoing dialogue between operating organisations, regulatory bodies and research
institutions.

4. Present status and future outlook

By now, the safety culture approach is entering into a more mature phase in Sweden,
although further development is needed in a number of areas. By and large, the approach has
been accepted and increasingly implemented by the nuclear utilities. The concept of organisa-
tions characterised by continuous learning and improvement processes plays a central role.
This has been evident in utility response to the lessons learned from the issue of clogging of
strainers in the ECCS by fibre insulation material released in case of a LOCA, which led to
the forced shutdown of five Swedish reactors for several months and extensive backfitting
measures. Reviews by independent expert groups of the utility safety management have been
commissioned9 and the cooperation on safety matters between the Nordic BWR operators and
ABB-Atom has been reorganised and strengthened. MTO-based approaches are routinely used
by industry in incident analyses and internal safety audits.



On the regulatory side, SKI has taken and is taking successive steps towards a more process-
oriented approach to regulatory oversight: monitoring and understanding technical as well as
organisational processes are becoming equally important parts of SKI work10. Inspection
methods based on this approach are being developed as a R&D project run in close coo-
peration between the Inspection and MTO departments of SKI and the Batelle Human Affairs
Research Center in Seattle, USA. Utility organisational performance in handling unexpected
events and technical problems is reviewed in parallell with the review of the technical
solutions proposed. The SKI review of the clogged strainer issue provides a good example11.
Living up to its own policy of promoting an enquiring and learning attitude, SKI subjected its
own management of the clogged strainer issue to independent expert review12.

University-based research in relevant areas has been strengthened by SKI financing of a
special chair as professor of MTO and safety at the Department of Psychology at the Universi-
ty of Stockholm, parallelling similar support to technical safety research by SKI financing ,
since many years, a special chair as professor of reactor safety at the Royal Institute of
Technology in Stockholm.

The process-oriented approach is also reflected in the SKI regulatory strategy which was
adopted by the SKI Board and endorsed by the Swedish government and parliament as a part
of the the SKI work program and budget for the fiscal years 1992/93 - 1994/95:

"The licensee has the full and undivided responsibility for safety. SKI shall monitor how the
licensees shoulder that responsibility by forming a well-founded opinion on the safety status
of the installations and on the quality of licensee safety work. SKI shall initiate additional
safety efforts whenever operating experience, research results and technical development give
grounds for such efforts."

In fact, the process- and safety culture - oriented approach has now become a routine part of
the continued dialogue on safety matters between SKI and the nuclear utilities. Such issues are
also addressed on a regular basis in the SKI annual reports to the Swedish government on the
safety status of the Swedish NPPs13. It is also interesting to note that the proposed internatio-
nal convention on nuclear safety, now in its final stages of preparation by IAEA, is largely
based on an incentive and safety culture - oriented approach, rather than focussing on formal
compliance with detailed safety standards.

In conclusion, the safety culture approach may simply be seen as a recognition of the close
interdependence between technical safety and organisational processes: Achievement of
technical safety objectives will largely depend on the quality of the implementation processes
in the organisations concerned. With a slight modification of the original INSAG formulation,
SKI defines safety culture as "a consciously formulated and implemented set of values in an
organisation, which establishes that, as an overriding priority, safety issues receive the
attention warranted by their significance". In practice, a high level of safety culture means the
systematic organisation and implementation of a number of activities aimed at creating a high
quality defence in depth against both technical and human failures that may cause accidents.
An enquiring and learning attitude is a key element of such a safety culture. For example, to
prevent accidents, the organisation always needs to be reactive to incidents, by performing
proper root cause analysis of both technical and organisational factors, and taking appropriate
corrective actions. The long term organisational objective should be to be proactive and
identify deficiencies in technology and organisation that may lead to serious incidents or, at
worst, accidents and take corrective action even before actual occurrence of incidents of sub-
stantial safety significance.
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