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Abstract: The development and application of safety culture principles has naturally focused
on nuclear power plants and fuel cycle facilities and has been based on studies in Europe, North
America, Japan and Korea. However, most radiation injuries and deaths have resulted from the
mishandling of radioactive sources, inadvertent over-exposure to X-rays and criticality incidents,
unrelated to nuclear power plant operations. Within the Forum on Nuclear Cooperation in Asia
(FNCA), Australia has promoted initiatives to apply safety culture principles across all nuclear and
radiation application activities and in a manner that is culturally appropriate for Asian countries. The
major focus has been on research reactors and to a lesser extent on fuel cycle facilities. The process
has been motivated by annual workshops, where participants have reported against agreed indicators
and shared their experiences in initiating safety culture programmes in these non-power nuclear
activities. This paper provides a summary of some of the outcomes and conclusions on the
effectiveness of these initiatives and some experiences from reviews of incidents in the participating
countries.

1. Introduction

Safety culture has been defined in various ways [1, 2 and most accepted defnitions
emphasize that safety culture is attitudinal as well as structural, relates both to organisations
and individuals, and concerns the requirement to match all safety issues with appropriate
systems, perceptions and actions. Some definitions also emphasise behaviour [2] which are
not always well-correlated with attitudes [3].

It relates not just to the organisation responsible for nuclear plant or radiation equipment but
also to that organisation's corporate body; to supporting activities for design, manufacture,
construction, inspection and research; to regulatory bodies; and to the relevant policy and
legislative activities of Governments. The operating organisation and its senior management
do, however occupy the central role in achieving a good safety culture.

Although some definitions specifically emphasise nuclear (and nuclear power) safety, the
principles are generally applicable to research reactor operation and utilisation, the safe use of
sources of ionizing radiation and general industrial and personal safety. In this regard, safety
with respect to radiation protection of workers and the public cannot be divorced from other
aspects of safety. A good safety culture must permeate all activities of the organisation.

Assessing the level of safety culture has been an elusive goal, although many tools have been
developed (e.g. the NSAG 4 report [1] and ASCOT [4] processes, as well as attitudinal
surveys [5, 6]). The results of the work have provided practical suggestions for developing
safety culture and examples of good safety culture practices [7, 8, 9, 10].
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Among the participants of the Forum for Nuclear Cooperation in Asia (FNCA)', the three
countries with nuclear power programs, China, Japan and Korea, have significant programs in
safety culture in nuclear power plants (NPPs). Other countries without nuclear power did not
previously have programs but have recognized the need for implementing safety culture in
their nuclear and radiation facilities. Even among the three NPP? countries, there are other
nuclear facilities where safety culture programs have not previously been well established.

The authors have previously examined some of the data on radiation incidents and on other
occurrences that have safety culture implications and discussed initiatives taken by Australia
at the Australian Nuclear Science and Technology Organisation (ANST0) in Sydney and
within the FNCA [6,7]. This paper summaries some of the outcomes from initiatives within
the annual FNCA workshops.

2. Safety Culture Workshops within the FNCA

Five workshops organized by ANSTO and the host country have now been held under the
auspices of the FNCA with the objectives:

* To provide a forum for exchange of information among countries on safety culture
developments in nuclear operations and radiation activities.

* To encourage the adoption of safety culture principles in each country in national
policies for non-power reactor facilities.

* To develop methods for evaluating safety culture implementation and to report on such
indicators of safety culture on an annual basis.

* To encourage the application of the nuclear safety convention principles to research
reactors.

* To discuss and implement collaborative activities for developing and strengthening
safety culture within the region, with a focus on non power reactor nuclear and radiation
applications.

The workshops have generally had the following format:

(1) Country reports, reporting on indicators.

(2) Working groups on various topical areas, and

(3) Review of incidents and lessons learned.

Outcomes of the workshops are reported in the following subsections under these headings.

2.1. Country reports

Country reports consist of reports on the agreed activity indicators, selected articles of the
Nuclear Safety Convention and more recently, on agreed benchmarks.

1The FNCA was formerly the International Conferfence on Nuclear Cooperation in Asia (ICNCA). The members
are Australia, China, Indonesia, Japan, Korea, Malaysia, Philippines, Thailand and Vietnam
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2. 1.1. Activity indicators

At the second workshop, several indicators of activity in safety culture (rather than safety
culture indicators themselves) were agreed. These were:

* Meetings between management and employees to discuss and enhance the safety culture
of the organisation.

* A system for analysis of incidents to determine human factors and lessons learned to
improve safety culture.

* Training activities related to improving safety.

* Meetings or activities with regulators, contractors and reactor users to discuss safety
culture.

* Surveys, behavioural studies etc carried out to determine employee.

* Adequacy of resources allocated to promote safety culture activities.

It became clear that the last indicator is really an issue for the individual organisation. Among
the outcomes from these reports have been:

* Most countries have developed communication mechanisms on safety culture. One
organisation uses a regular newsletter, while others have regular meetings with employees
to discuss safety culture. Several countries have developed or re-issued their safety
policies to give greater emphasis to safety culture commitments. Several organisations
reported having prepared some safety related or safety-culture related brochures or
pamphlets for staff.

* Most organisations have extensive systems for incident investigation. Few have specific
human factors experts involved in these investigations. Countries that do so have reported
the effectiveness of this process. Most incident reporting systems, whether national or
international, allow good information on safety culture to be captured. It is regrettable that
the major attention to safety culture in the EINES approach is used to uprate the NES
rating due to poor safety culture. One country highlighted an incident where sectionalism
and treating the safety review function as a formality had led to an incident, and this was
related to discussions at the previous workshop where these phenomena had been
associated with signs of a declining safety culture. Another organisation highlighted an
incident that recurred several times because of inadequate root cause analysis.

* Training in safety culture is not usually separately done. It is part of general safety or not
mentioned directly. However a few organisations have initiated this specific training and
use it for new starters and as part of the refresher process for operators. A proposed
contents of a safety culture course was developed.

* Meetings with regulators and reactor users are an important part of safety culture
enhancement. A few organisations meet regularly with regulators to discuss joint goals,
but in some countries the interaction with regulators is very fonnal and distant. Regulators
need to see progress in safety culture as something that is strongly in their interests,

* A safety culture attitudinal survey was developed in Australia and has now been used in
Japan, Korea, Indonesia, Philippines and Vietnam. This has highlighted the different
cultural approaches to safety. In particular the willingness to criticise managers was
different between the countries. While such surveys only give an assessment of the
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perceptions of safety, they h ave been useful in pointing to areas that need follow-up at the
local levels.

2.1.2. Nuclear Safety Convention Articles

From the fourth workshop onwards, countries also agreed to report on articles 7-10 of the
Nuclear Safety Convention (NSC) and later also on articles 14 and 16. These relate to the
regulatory body, priority to safety and to emergency planning, issues that are relevant in
assessing the importance of safety in organisations. All countries have regulatory bodies
(Article 8) although these vary greatly in their structure, scope of coverage of activities
(nuclear facilities alone or all nuclear and radiation activities) and position within
Government structures. In several, cases there is not effective independence of the regulator
from Government application or promotional activities or regulation does not extend to
Government activities. The need to improve this situation was recognised by the countries
concerned. The resources available to the regulatory bodies also vary greatly and in some
cases are very limited, raising questions about practical effectiveness.

The principle of the licensee having prime responsibility for safety (Article 9) is recognised in
all countries although one country recognised a need to make this explicit in its legislation
and regulations. In several countries a close involvement of the regulator with the safety
activities of the licensees or unlicensed operator created a de-facto situation of shared
responsibility.
The development and implementation of policies that give due priority to safety by
organisations with activities directly related to nuclear installations (Article 10) is at different
stages of development among the participant countries.
In terms of NSC indicators 14-16, several countries reported that there was either no national
emergency plan or that there has not been a major emergency exercise in that country or an
exercise of the national plan for many years.

2.1.3. Benchmarks

The following benchmarks were adopted at the fourth meeting as elements of a good safety
culture process.

1 . lop level policy statement outlining commitment to safety culture and giving top
priority to safety. Adopted by all facilities.

2. There is an active nuclear safety review committee that reports its findings at
corporate level.

3. Formal meetings of the top management board (or equivalent) include agenda items
on safety.

4. Effectively independent and active regulatory organization that establishes standards
and regulations.

5. Safety assessment process for all activities with approvals reviewed on an annual
basis.

6. Mechanism to promote safety culture in the organization - e.g. task group or
committee.

7. A system of regular reporting against safety performance and safety culture indicators
with a program for the improvement of performance.

8. System for allowing feedback from employees on nuclear safety.
9. The assignment of safety responsibilities at all levels of the organization has been

clearly enunciated, through for example, a delegation document, or set of duty
statements.
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10. Regular training courses on safety culture for all nuclear facility employees.
1 1. Accident/incident investigation process, conducted independently of operating group

and involving assessment of organisational and human factors.

3. Working groups on various topical areas

Over the five workshops, working groups have been held on

* Communicating a high-level management commitment to safety in the research reactor
environment; establishing a safety culture task group, its membership and
responsibilities

* Identifying indicators of safety culture for use in the research reactor environment;
whether the indicators were sufficient or practical

* Promoting safety culture at research organisations and new facilities by regulatory
authorities

* Identifying early signs of deteriorating safety culture; threats to safety culture particular
to research organisations; and communication of safety culture matters with the public.

* Identifying warning signs of declining safety culture

* Organisational factors in safety culture

* Training staff in safety culture and safety awareness and safety consciousness

* Undertaking peer reviews of research reactors.

Some highlights from a few of these working groups are identified below.

3. 1. Role of the regulator

Regulatory processes vary considerably from country to country and are in themselves culture
dependent. It was agreed that safety culture should not, and probably could not, be mandated.
The role of the regulator should be to facilitate and encourage the development of a strong
safety culture in nuclear facilities and activities rather than to try to enforce it. It was also
essential that there be a strong safety culture within the regulatory organisation. The operator
"owned' the responsibility for safety and the regulator should not become the operator's
decision maker. The independence of the regulator was essential and should be reflected in a
"healthy tension" between regulator and operator. However, the regulators safety culture
should exhibit a preference for non-punitive approaches to achieving regulatory objectives.
With respect to safety culture indicators, several issues were identified as deserving close
attention. Various types of indicators were available but they needed to be auditable to be of
regulatory use. For example, the extent and effectiveness of the operators application of
ALARA could be a useful and measurable indication. Other questions to be answered
included whether the regulator should prescribe indicators, whether the indicators of most use
to the regulator were the same as those useful to the operator and whether the regulator should
adopt an active or passive approach to the application of indicators.
The group identified a special responsibility for regulatory bodies to foster and provide
guidance on the development of a strong safety culture in operating organisations where
nuclear programs are newly established or prospective. A similar responsibility should be
recognised by regulators where licensees have small scale or diverse operations, are
inexperienced, or where radiation safety is a minor or incidental part of the operators activity.
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Finally, it was agreed that in fostering a strong safety culture in a nuclear organisation, the
nuclear safety regulator must take appropriate cognisance of the fact that radiation, industrial
and occupational safety are also involved, but, depending on the regulatory regime, these may
be regulated by other authorities.

3.2 Essential elements of a good safety culture

The following elements were suggested:
* Safety Culture should be declared by the top level management, including the government

and regulators if appropriate, but certainly by the Board or president of the operating
company

* A Safety Culture Promotion Committee (SCPC) should be set up involving all aspects of
the organisation's management structure.

* Safety Culture activities should be implemented through a task force or working group.

The activities of the SCPC or the working groups should include:
* Setting guidelines
* Establishing a Safety Culture Promotion Plan
* Fact finding, including looking at root causes
* Solutions for problems
* Reviews of the results and lessons learned
* Feedback for improvement of Safety Culture
* Involving everyone in team work, including unions and contractors.
* Covering all issues.

The group emphasised the high level commitment needed, the requirement for a promotional
committee with the aim of implementing an agreed programme and the need to involve
everyone in the process.

3.3. Indicators of decline

The group considered indicators that might be relevant to nuclear power plants and to

research reactors.

Five indicators were proposed by the group on nuclear power plants:
• Loss of expertise, low morale and no new people entering the industry.
• Overly-prescriptive regulation leading to a reactive culture - lack of innovation and no

new development of processes. The group noted that de-regulation in the U.S. had
improved safety and performance.

* Lack of adequate resources to safety from downsizing and economic downturns.
* Poor plant performance - exemplified in poor housekeeping, more abnormal reports, low

availability, more incidents etc.
• Poor communication leading to people not being involved, not being consulted, lack of

feedback from staff and not getting support from engineers and design into operations.

For research reactors, the indicators were:
*Increasing number of scrams or abnormal events due to human error, procedure

deficiencies or procedure violations reflecting complacency, inattentiveness or lack of
belonging;
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* Lack of, or deficient processes or criteria for accepting plant back into service after
maintenance reflecting a lack of control of maintenance work;

• Lack of or deficient safety training for contractors;
• Poor documentation or record keeping associated with maintenance;
* Poor communication between operators and reactor users;
* Increasing collective doses reflecting poor housekeeping and poor work environment; and
• Fewer meetings, or decreasing attendance at meetings, of operators of similar reactors

reflecting an increasing sense of isolationism (a sense that our reactor is unique and we
cannot learn lessons from others).

4. Review of incidents and lessons learned

Reviewing incidents has been a strong focus within the FNCA workshops. Countries
indicated the importance of having systems for learning from experience. In Japan, direct
benefit was received from applying lessons learned from the TMI accident. These lessons had
been incorporated into simulator training for the Mihama NPP and were influential in safely
terminating a steam generator tube rupture at the Mihama-2 SGTR in 1991. The simulator
training had allowed the operators to feet at ease and confident when the accident arose.
Learning from experience was a key element in training in JAERI and Hamaoka.

A comprehensive presentation was given on the JCO accident and the lessons that had been
learned. The direct cause was the pouring of an excessive amount of uranyl nitrate (1 6.6 kgU)
into the precipitation tank. This was an unapproved use of the precipitation tank, caused by
lack of adequate training and education of the operators. The two principal root causes were
deduced:
* Degradation in safety culture - with contributing factors being commercial pressures,

insufficient regulatory oversight and insufficient quality control over modifications.

* Failure to give appropriate attention to the infrequent, small scale and specific tasks.

An update on the source accident in Thailand in February 2000 revealed that contributory
factors were the lack of a disposal route for the spent source and no notification of the
disposal by the licensee; there were no warning signs in the local language on the source to
alert the scrap metal worker; the national regulations were not sufficiently clear on source
long term storage or disposal and there were inadequate resources to do inspections. The
accident emphasized the need for continued attention to safety culture, especially the need for
active and effective regulatory systems and thorough training of users of radioactive
materials.

5. Peer reviews and national reports

At the fifth workshop it was recommended a national report format and voluntary peer review
process to foster safety culture in research reactors by identifying good practices and areas for
improvement. The review should commence with the preparation of a report that identifies the
research reactor organisations and facilities and that focuses on factors affecting safety
culture. Following the meeting, Australia and Japan drafted a list of topics for discussion.
This was agreed and endorsed by the FNCA project coordinators meeting in March 2002.
Countries will be asked to complete some information on a selected research reactor and this
information will serve as a basis for peer review visit. Vietnam has agreed to such a visit to
coincide with the holding of the next workshop.
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6. Conclusions

Some recent initiatives in safety culture in Asian countries participating in the FNCA have
shown the need for cultural issues to be clearly addressed in implementation of safety culture.
The experiences of the nuclear power countries have provided useful information for
beginning an application of safety culture to non-power reactor facilities. Initial collaboration
has focused on exchange of information and on reporting activities against an agreed set of
safety culture activity indicators. These exchanges have stimulated new initiatives in nearly
every country.
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