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Abstract

This paper describes the new regulatory objectives and strategy of the Swedish Nuclear Power
Inspectorate. Factors that have influenced the development of the regulatory strategy, including an international
peer review, are discussed. In addition to general technical requirements for a defence in depth, the new strategy
strongly focuses on the quality of plant safety management processes, to be monitored by process-oriented
inspections. Also, quality assurance of regulatory activities is stressed. Experience gained so far shows that the
regulatory approach chosen in Sweden promotes utility self assessment, quality of safety management and
ownership of safety work within the utility staff.

1. STEPS TOWARDS THE NEW REGULATORY STRATEGY

In order to fully understand the present Swedish regulatory approach, it is helpful to recall some
important stages in its development. In the years up to 1980, regulatory activities were mainly focussed on
reviewing and licensing the designs of the twelve Swedish power reactors. Licences were mainly granted by
approval of the safety case presented in the FSARs. After the TMI-2 accident, the Swedish government set
up a special committee to make recommendations on future reactor safety work in Sweden. The committeefl]
recommended inter alia plant specific PSAs and periodic safety reviews, improved analysis of safety-
significant events and substantially increased regulatory attention to human factors and quality assurance in
operation and maintenance, adding specialists in these areas to SKI staff. Also, the committee recommended
improving the capability of the reactor containments to cope with severe accidents, focussing on mitigation
of releases that could cause large-scale land contamination. The recommendations of the committee were
implemented during the 1980's.

In 1992, an incident at one of the Barsebaeck BWR reactors[2] showed that the inlet strainers to the
emergency core cooling system and the containment spray system could be rapidly clogged by insulation
material released to the containment pool in case of a LOCA. This challenged the validity of safety cases built
on old analysis methods and experimental data, even if the set of design basis events was not changed. The
major overhaul of Oskarshamn 1, triggered by cracks detected in piping inside the reactor pressure vessel,
gave further support to the necessity of a thorough critical review of the safety cases presented in the FSARs
of the older reactors. As a result, the nuclear utilities initiated a major effort to reconstitute and revalidate the
FSARs using modern methods and data. On its side, the SKI found it timely with a new external review of
its regulatory activities as more than ten years had passed since the review described above following the TMI
accident.

Thus, in 1994, the Swedish government, on request by SKI, set up an international expert commission
to review Swedish nuclear regulatory activities in the areas of reactor safety and waste management. Both the
activities of SKI and of the Swedish Radiation Protection Institute, SSI, were covered. The commission
included safety experts with a background in nuclear safety as well as in civil aviation and off-shore safety
and from six different countries and the IAEA. The commission submitted its report in April, 1996 [3]. A
basic conclusion of the review was that the SKI and the SSI are providing ample assurance of the confirmation
and further development of safety and radiation protection in Swedish nuclear power production and waste
management through their regulatory activities, which are in conformity with internationally recognized
standards. However, the commission also recommended the SKI and the SSI, in consultation with the
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government, to consider certain changes in the manner in which they perform their regulatory activities in
order to increase their effectiveness within available resources.

As a result of the international peer review and subsequent proposals from SKI with regard to
implementation of the recommendations of the peer review, the Swedish government stated a set of revised
regulatory objectives for SKI in its Letter of Appropriation for the Fiscal Year 1998. Also, the SKI budget
was increased by about 10% to achieve a better balance between regulatory objectives and regulatory
resources, also in line with the recommendations of the peer review.

2. THE NEW SKI REGULATORY OBJECTIVES AND STRATEGY

In its Letter of Appropriation, the government initially states the following general objectives for SKI
regulatory activities with regard to safety1:
- that Swedish nuclear installations shall have a satisfactory defence in depth which prevents serious

incidents and accidents with their root causes in technology, organisation or competence, and which
also prevents or mitigates releases of radioactive substances to the environment in case of an accident;

- that nuclear installations and nuclear material under Swedish jurisdiction are adequately protected
against acts of terrorism, sabotage and theft,

- that final storage of spent fuel and nuclear waste shall be realized in such a way that possible leakage
of radioactive substances to the environment in different time perspectives can be expected to fall
below tolerable levels, so that future generations are not subjected to greater health and environmental
risks than tolerated by society today,

- that the nuclear industry shall pursue a comprehensive and purposeful research and development
programme so that safe management and final storage of spent fuel and nuclear waste can be achieved
and so that methods are available for decommissioning and dismantling of nuclear installations; and
that the necessary economic resources are set aside to cover future costs for these purposes,

- that decision makers and the general public shall be well informed about nuclear risk and safety, and
about management and final storage of spent fuel and nuclear waste, and

- that active contributions are made to the development and strengthening of international nuclear safety
and non-proliferation work, in particular within the framework of the European Union.

The government statement furthermore recalls that according to the Law on Nuclear Activities, the
licensees have the full and undivided responsibility to take all measures necessary to achieve safety, to meet
non-proliferation requirements, and to achieve safe final storage of spent nuclear fuel and nuclear waste. SKI
shall define the detailed purport of this responsibility and supervise how the licensees execute it, by creating
its own well-founded view on the safety status of the installations and on the quality of licensee safety work.

The government statement then continues with specifying the following, more detailed mission
objectives.

(1) Provide a clear definition of requirements
SKI shall give a clear definition of requirements, both with regard to the technical design of plants, and

with regard to licensee obligations to achieve a high quality in safety-related and non-proliferation-related
activities. These requirements shall be of such a general character so as not to have a negative impact on
licensee responsibilities or so that these responsibilities are taken over by SKI.

(2) Control compliance with requirements by supervision focussing on processes influencing safety.
By supemsion focussing on licensee processes for safety, SKI shall convince itself that the licensees

have a fully satisfactory control with regard to safety of plant processes as well as of organisational processes.
SKI shall clearly define the control activities required. Corresponding regulatory supervision should be applied
with respect to non-proliferation requirements.

A statement related to SKI regulatory supervision in the area of non-proliferation has been omitted here
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(3) Initiate safety improvements
SKI shall initiate safety improvements, whenever justified by operating experience, or research and

development. Such initiatives should be directed both towards licensees and internationally.

(4) Maintain and develop competence
SKI shall promote maintenance and development of competence for safety and non-proliferation

activities, at licensees, at SKI, and nationally.

(5) Report and inform
SKI shall issue regular reports on the safety state of plants and the quality of licensee safety work, and,

in general, implement active public information services with regard to events and circumstances within its
area of regulatory responsibilities.

(6) Implement quality assurance of SKI regulatory activities
The quality of SKI regulatory processes shall be ensured by implementation of an internal quality

assurance programme.

(7) Maintain emergency preparedness at SKI
SKI shall be prepared to advise emergency management authorities in order to limit detrimental health

effects and social consequences in case of radioactive releases or situations where there is a threat of such
releases.

It should be noted that the regulatory strategy thus prescribed assigns equal weight to technical and
organisational factors influencing safety and that regulatory inspection and supervision efforts should largely
focus on the quality of plant safety management.

3. IMPLEMENTATION OF THE NEW REGULATORY STRATEGY

The new regulatory strategy and mission objectives as prescribed by the Swedish government are now
being implemented by the SKI. Full implementation is expected to take some three to five years, starting from
1996. In the following, some selected aspects of the implementation are described, with special emphasis on
experience with process-oriented inspections.

3.1. Definition of requirements

SKI has recently published a draft version of general safety regulations for nuclear installations for
public comments. These regulations start with specifying general technical requirements with respect to
defence in depth. They continue to specify fundamental obligations of the licensees with respect to safety
work, such as maintaining up-to-date FSARs, including plant
specific PSAs and technical specifications, performance of
periodic safety reviews, general competence requirements
with respect to staffing, and general requirements with
respect to internal safety review procedures and quality
assurance, including analysis and feed-back of operating
experience. Thus, these general safety regulations aim at
specifying the basic requirements and obligations of the
licensees with regard to what can be described as five
principal links in a chain that builds safety (fig. 1).

The chain that builds safety

FIG. 1

These general regulations will be complemented by
more detailed regulations covering specific areas. Such
regulations have already been issued with respect to the
integrity of mechanical components. Existing requirements
with respect to monitoring competence of control room staff,
presently issued as common licensing conditions will be revised over the next few years and issued as general
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regulations.

Specific regulations are also being prepared in the areas of core and fuel safety and safety systems
design and performance. The latter are intended to include a requirement for successive upgrading of
redundancy, diversification and physical and functional separation to make older reactors comply as far as
reasonably achievable with safety standards applied to new reactors in Europe, such as the EPR concept. It
is expected that the utilities will be given a period of about ten years for full implementation of the new
requirements, to enable coordination with on-going modernisation programmes, e.g. of instrumentation and
control systems that anyhow are approaching the end of their technical and economical life.

3.2. Regulatory supervision focussing on processes influencing safety

3.2.1. General approach

For several years, SKI has worked on developing inspection and supervision methods and strategies
focussing on assessing the quality of safety-related activities performed by the licensees. Considerable
progress has been made in the past few years, learning from practical experience, both with regard to
regulatory supervision of major plant modifications, such as the Oskarshamn 1 overhaul, and investigations
of events of special safety significance. Key elements of these process-oriented inspection and supervision
practices include:
- Clear objectives: the purpose is not to punish but to promote continuous improvements with special

attention to specified safety issues;
- Planning based on an integrated assessment of plant safety performance by SKI management and

senior experts;
- Coordinated, in-depth inspections in several areas;
- Inspections performed by mixed teams: Inspectors with a background in plant operations, and expert

reviewers, including experts on the interaction man-technology-organisation (MTO);
- Structured interviews with management and staff;
- Findings and observations discussed with management and staff in meetings on-site trying to create

a common understanding of organisational processes and any deficiencies with regard to safety and
quality;

- Feed-back of SKI conclusions and recommendations to management and staff, also in meetings on-site;
- Follow-up after about one year.

3.2.2. Experience from process-oriented inspections at Barsebaeck

So far, the process-oriented supervision approach has been used fully only in the special supervision
of the Barsebaeck plant in 1994-97, which was triggered by several indicators of deficiencies in safety
management. In 1994, the utility performed a major reorganisation. Various safety significant events related
to the interaction man-technology-organisation were subsequently noted. Also, the full implementation of the
utility's new quality system was delayed. Deviations from technical specifications were noted and documents
supporting applications for plant modifications were not of expected quality, which indicated deficiencies in
the internal safety assessment process of the utility. However, there was in principle a strong management
commitment to safety, but there were indications of stress and overload as a result of the reorganisation.

As a consequence, the SKI decided to introduce special supervision of the plant including more frequent
inspections, periodic reporting on actions to improve the situation and more strict requirements from the SKI
to comply with technical specifications. In response, the utility introduced a programme for improvements
consisting of audits and self-assessments with analyses and planned actions in several areas. In 1996, SKI
conducted an extensive process-oriented inspection project focussing on a number of areas of importance to
safety. By means of this inspection project, the SKI performed an independent assessment of the utility
improvement programme and its effects, scrutinising both the formal quality management system and actual
practices in several areas, promoting further improvements where found appropriate. The inspection project
covered areas such as organisation and safety culture, quality system, internal safety assessment, feedback
of operating experience, management of interaction man-technology-organisation, manager training,
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competence issues, control room work and in-service inspections. The inspections on-site were carried out by
mixed teams of inspectors and expert reviewers as described above. In total, 11 members of SKI staff
participated, spending about a person year on this inspection project. About 100 plant staff members were
subjected to structured interviews (out of a total plant staff of about 400).

The inspection findings showed that the management had come to grip with many of the problems but
that further measures were needed in some areas. The utility responded favourably to the additional demands
from the SKI and continued its efforts in order to further enhance the quality of the safety work. At this
moment, SKI decided to supervise the outages in 1997 before issuing an opinion on the status of the safety
work.

The SKI continued during 1997 to follow and review the measures taken by the plant and in particular
the conduct of the outage periods. Following extensive review and discussions with the utility, SKI reassessed
the situation in December 1997 and concluded that the utility had significantly improved its capabilities to
develop and enhance its safety work. Also, the outage periods had been well managed, with good advanced
planning, better management of the work during the outages and significantly better coordination between the
various departments of the plant. Therefore, SKI decided to return to normal supervision of the plant. Thus,
the approach chosen by SKI had proved effective. Substantial improvements in plant programmes and
procedures were observed both in follow-up inspections and in quality of safety assessments related to current
issues. Staffing was strengthened in some critical areas to reduce overload. After some initial adverse
reactions, the SKI inspection efforts were well received by both plant management and staff, resulting in an
open, frank and constructive dialogue. Part of the success in the enhancement of the quality of safety work
lies in the communication with the staff of the utility, stressing their ownership of safety work. In the case of
Barsebaeck, SKI gave importance to the communication with all the personnel who had been involved in the
inspection activities. In fact, the inspection team met with the personnel to give feedback directly to them on
the outcome of the inspections. Based on this experience, SKI plans to submit each year one site to a similar
in-depth inspection effort, even if there are no special indications of deteriorating safety performance.

3.3. Initiating safety improvements

It is clear that both the development of regulations, and inspection efforts such as those described
above, provide powerful tools to initiate safety improvements. Other tools are provided by the PSAs, periodic
plant-specific safety reviews performed about every ten years as well as analysis of operational experience
nationally and internationally. National and international research programmes also provide the basis for
initiating safety improvements.

3.4. Maintaining and developing competence

The SKI safety research programme, presently running at about 8 M$ per year, is of critical importance
with regard to implementing this mission objective. Although all research is contracted out, active involvement
by SKI staff in the specification of research projects and in the follow-up and use of their results is of key
importance in order to maintain and develop SKI regulatory competence. Moreover, the SKI research
programme is used to maintain and develop national competence in key subject areas at Swedish universities.

3.5. Reporting and informing

As a regulator, SKI is accountable to the public, who have given SKI the task to supervise nuclear
safety. This mission is accomplished by publishing periodicals and reports on the safety of the Swedish
nuclear installations, and more important regulatory actions. SKI also tries to provide a high level of service
to the media and to the local safety information committees established by law in communities with major
nuclear installations. The SKI has recently started to make most of the information referred to above available
via an Internet home page (www.ski.se).
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3.6. Implementing quality assurance of SKI regulatory activities

In 1996, SKI started the development and implementation of the SKI internal quality system, SKIQ.
SKIQ is based on the principles applied by the Swedish Institute for Quality Development (SIQ) for the
Swedish Quality Award. Key processes in the SKI regulatory work have been defined, such as Issuing of
regulations, Regulatory reviews, Inspections, Research, Public information and Competence maintenance and
development Procedures for their implementation are being developed or revised. The SKIQ procedures will
replace the more traditional 'civil service-type' internal regulations and procedures used by SKI up to now.

4. CONCLUSIONS

As existing reactors age and nuclear utilities face tougher competition in deregulated electricity markets,
regulatory bodies have to pay increasing attention to the quality of plant safety management Also, the
effectiveness, efficiency and quality of nuclear regulatory activities have come under scrutiny, as a result of
the International Convention on Nuclear Safety[4], and as most governments face severe budgetary
constraints. Although SKI has developed its regulatory activities over the past decade recognising these trends,
the international peer review of SKI provided additional thrust for further improvements, resulting inter alia
in a more clear and consistent statement of the SKI regulatory missions and strategies by the Swedish
government. Throughout, equal importance is assigned to technical safety and the quality of safety
management, including quality assurance of regulatory activities. The regulatory approach described in the
government statement has also been welcomed by the nuclear utilities, whose comments were invited in the
development process. Experience gained so far shows that the regulatory approach chosen in Sweden
promotes utility self assessment, quality of safety management and ownership of safety work within the utility
staff.
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