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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 T o 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. Prece
dents 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 permined 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 
focusing more on achieving fundamental safety objectives them 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 management 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 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 im
pact of the Three Mile Island Accident. 

The Swedish Government Committee on Reactor Safety was set up in 19797 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 substantially 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 govern
ment 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. 
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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 professio
nal 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 MTObased 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 conclu
sions 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 IAE/OSART programs. Thus, by 1990, 
lAEA/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 expe
rience for the Swedish NPPs, resulting, inter alia, in a series of reports, published annually. In internal re
ports, distributed to the Swedish NPPs, and to the joint training center AKU, RKS 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 parallel, 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 consi
derable formal paperwork without conveying adequate information on the actual performance of the 
systems. Therefore, later versions of the regulations became more general, focussing more on quality 
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and safety objectives, requiring the utilities to set such objectives and to develop their internal manage
ment systems and procedures to ensure that the objectives are achieved. Evidently, this also called for a 
development 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 professional 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 additional 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 instru
ments) and the newest (Oskarshamn 3, largely using computers and CRT displays for process surveil
lance) took some years of discussion and information before it could be earned out with necessary 
support from plant management and control room crews. However, once earned 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 importance 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 analy-
sis8) indicated a number of deficiencies in safety awareness, decision-making and work organisation at 
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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 syste
matic MTO analysis in order to identify and correct significant weaknesses in safety awareness, training, 
work organisation and management - all important components 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 compe
tence 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 development 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 organisations 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 processoriented 
approach to regulatory oversight: monitoring and understanding technical as well as organisational 
processes are becoming equally important parts of SKI work1"). Inspection methods based on this 
approach are being developed as a R&D project run in close cooperation 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 parallel 
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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 leamina attitude, SKI 
subjected its own management of the clogged strainer issue to independent expert review"*). 

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 University of Stockholm, paralleling 
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 addres
sed on a regular basis in the SKI annual reports to the Swedish government on the safety status of the 
Swedish NPPs1 3) . It is also interesting to note that the proposed international 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 focusing on formal compliance with detailed safety standards. 

In conclusion, the safety culture approach may simply be seen as a recognition of the close interdepen
dence between technical safety and organisational processes: Achievement of technical safety objecti
ves 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 substantial safety significance. 
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