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A Framework for the Organizational Assumptions Underlying Safety Culture

Charles Packer, President, Cherrystone Management, Inc.

Newcastle, ON, Canada

Abstract. The safety culture of the nuclear organization can be addressed at the three levels
of culture proposed by Edgar Schein. The industry literature provides a great deal of insight at the
artefact and espoused value levels, although as yet it remains somewhat disorganized. There is,
however, an overall lack of understanding of the assumption level of safety culture. This paper
describes a possible framework for conceptualizing the assumption level, suggesting that safety
culture is grounded in unconscious beliefs about the nature of the safety problem, its solution and how
to organize to achieve the solution. Using this framework, the organization can begin to uncover the
assumptions at play in its normal operation, decisions and events and, if necessary, engage in a process
to shift them towards assumptions more supportive of a strong safety culture.

1. Introduction

The term Safety Culture was adopted by the IAEA in recognition of the fact that nuclear safety is
heavily dependent on the actions and, therefore, the thoughts of people within the organization. The
power of the concept lies in the notion of safety as cultural phenomenon: we know quite a lot about
safety, we know quite a bit about culture, what happens when we combine the two?

Edgar Schein [1,2], one of the top thinkers on the subject, proposes three levels of organizational
culture:

(a) artefacts: `visible organizational structures and processes... all the phenomena that one sees, hears
and feels..."

(b) espoused values: "strategies, goals, philosophies ... ". .what the organization says about itself.
(c) underlying assumptions: "unconscious, taken-for-granted beliefs, perceptions, thoughts and

feelings... the ultimate source of values and action."

Since the inception of the safety culture concept, the AEA, WANO, INPO, numerous regulatory
bodies, as well as nuclear organizations, have all worked to determine what it actually means both in
theory and in practice. The result in 2002 is a large collection of valuable, but partially inconsistent
and overlapping, insights. The safety culture literature has much to say about the artefacts, espoused
values and underlying assumptions supportive of safety, but is often confusing for not making the
distinction between them.

2. Artefacts: The Defences

The majority of the industry literature addresses the artefact level of safety culture. These are the
things that we actually do to ensure safe operation, including, for example, up-to-date procedures,
conservative decision-making, open communication, self-checking, clear lines of authority,
assessment & improvement processes, etc. Generally speaking, these are the defences that exist to
safeguard the nuclear hazard. As such, they are the ultimate focus of a strong safety culture.

Much is known about the defences needed to maintain nuclear safety. Given the disorganization of the
industry literature, however, it is recommended that operating organizations construct a coherent
model of what safety culture means to them at the artefact level, so that they can perform self-
assessments and upgrade their understanding as they progress.

3. Espoused Values

Espoused values are what the organization says it wants to be and do, usually generated by
management. They often take the form of slogans, posters and mission statements designed to promote
certain types of behaviour, attitudes or expectations. They can assist change by becoming a memorable
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prompt to thought or action. It is obvious, however, that espoused values are not always matched by
action; what we say we want is not always the same as what we actually do. [1,2,3]

Industry insights often enter organizations as espoused values. In particular, the standards and criteria
set out by agencies such as the LAEA (OSART Guidelines) and WANO (Performance Objectives and
Criteria (PO&Cs)) are intended to hold the status of espoused values. Sometimes these are readily
adopted and quickly become artefacts. On occasion, however, changes that would serve to enhance
safety fail to become standard practice. The key to understanding an organization's pattern of
artefacts, as well as the means to change them, lies one cultural level down with the underlying
assumptions.

4. Underlying Assumptions

Assumptions, as discussed here, are largely unconscious beliefs that are only made visible by
interpreting observable patterns of behaviour. Assumptions exist in an organization in order to
simplify what is otherwise an enormously complex reality [4,5]. The assumption 'people are generally
good', for instance, can help people interpret the motives of others, make j udgmnents about who to trust
and shape the disciplinary process. Underlying assumptions in the organization have a significant
impact on artefacts [1,2] and, therefore, on safety.

In order to be successful an organization has to solve certain problems, a process that can be
supported, enhanced, endangered or stymied by the underlying assumptions of the organizational
culture. As such, an organization's underlying assumptions can be separated into three types:

(a) assumptions about the problem - what is it we are trying to achieve?
(b) assumptions about the solution
(c) assumptions about how to organize in order to achieve the solution

4.1. Assumptions about the Problem

When it comes to the nuclear power industry, the significant (although not the only) problem is
obviously safe operation. Industry experience suggests that the best way of conceptualizing this
problem is in terms of vulnerability: we are vulnerable to the (enormously) harmful potential of the
nuclear reactor. The original LAEA document on the subject states that the purpose of safety culture is
"to establish that, as an overriding priority, nuclear plant safety issues receive the attention warranted
by their significance." [6] This is the starting point.

4.2. Assumptions about the Solution

Faced with this vulnerability, the nuclear organization holds a number of assumptions about how to
deal with it, how best to solve the problem. Industry experience also has much to say on this score. It
is commonly accepted that the best, indeed the only way to reduce vulnerability, is through the
principle of defence in depth. "To compensate for potential human and mechanical failures, a defence
in depth concept is implemented, centered on several levels of protection, including successive
barriers preventing the release of radioactive material to the envirornment." [7]

The safety culture of the nuclear organization should, therefore, hold the assumption that defence in
depth is the only means to maintain safety. All defences can be separated into one of three types: plant,
process or people. The nuclear organization holds assumptions about the importance and state of each
of these types of defences. Generally speaking, the organization should assume that each type of
defence is important to nuclear safety and not let assumptions about the efficacy of certain defences
reduce the overall assumption of vulnerability. Assumptions that would be indicative of a strong safety
culture are:

o PLANT: The plant is an effective safety barrier if it is in the design condition and design
configuration

o PROCESS: Processes are effective if they are specified, understood and followed
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o PEOPLE: People are effective if they are trained and qualified and if they get specific personal
performance feedback in adopting human performance practices

o DEFENCE IN DEPTH: The types of safety barrier are mutually interdependent, and
consequently they cannot be traded off against each other.

These assumptions can be looked for in the day-to-day fuinctioning of the organization. For example
operation with degraded equipment in the absence of compensatory measures indicates that decision
makers are not holding to the safety culture assumption about the plant barrier.

4.3. Assumptions about How to Organize

Given the understanding of the problem and the solution, the organization holds a set of assumptions
about how best to go about achieving the solution. n close accordance with Edgar Schein's work
[1,2,3], we suggest that there are six types of assumptions shaping the nature of the organization:

(a) action - assumptions about the sorts of things we should be doing
(b) information - assumptions about the accepted basis for judgments
(c) motivation - assumptions about how people are motivated and how to change behavior
(d) hierarchy - assumptions about the application of power in the organization
(e) leadership - assumptions about the role of leaders
(f) time - assumptions about the relationship between past, present and future

When it comes to the assumptions about how to organize, there are no inherently 'good' or 'bad'
assumptions; the question is whether they are supportive or unsupportive of the organization's
purpose. n terms of the nuclear organization, this set of assumptions should be firmly grounded in the
assumptions about vulnerability and defence in depth.

5. What Can Go Wrong?

There are essentially two potential problems with an organization's set of underlying assumptions: an
invalid assumption (or more than one) or an imbalance in the relationship between assumptions. [1,2]

The most damaging type of invalid assumption occurs when the organization has a faulty conception
of the problem and/or the solution. In the context of the nuclear organization this would include such
assumptions as 'the reactor is inherently safe' or 'it is okay to compromise one line of defence as long
as others are maintained'. If the organization begins with invalid assumptions about the nature of and
the solution to the safety problem, achieving a strong safety culture becomes impossible.

The relationship between assumptions is problematic if one assumption has an undue influence on
other assumptions. If, for example, the organization holds an overly powerful assumption that 'the
leadership must not lose face' other assumptions will come to be defirned in terms of it. Thus an
assumption about information might become 'valid information is that which supports management's
position', which would, in turn, compromise accurate assumptions about the state of the plant. These
overly powerful assumptions are 'black-holes'.

It is important to note that a black-hole assumption is not necessarily an invalid one. It is vital, for
instance, that the nuclear organization have an assumption about the importance of the physical state
of the plant as a defence. A problem results, however, if this overwhelms and undermines assumptions
about the importance of process and people as defences, such that all assumptions about action, time,
motivation, etc. revolve around the plant.

6. Changing the Culture

It is people's actual behaviours and the plant conditions that create or prevent events. The first step
towards improvement is, therefore, to assess which artefacts require change by comparing what
actually happens (artefacts) against espoused values such as the WAiNO PO&Cs. If new procedures,
etc. are capable of fixing safety problems within the existing culture then there is no need to alter the
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organization's underlying assumptions [2,31. However, if there are incorrect or misaligned
assumptions at play then the organization must set about changing them.

Assumptions are social phenomena. They are passed from person to person and organizational
generation to generation, and are significant precisely because they are held by almost everyone. If
assumptions are damaging to the organization's purpose, it is the task of the leadership to shift them.
[1,2] Leaders can only achieve this by becoming aware of the faults of their own assumptions and
targeting a very specific area for change. They must then constantly and persistently model, explain
and demand a new way of perceiving, thinking and acting.

As is evident in the discussion above, assumptions impact on each other and the relationships
between them are often more significant than their actual content. Assumptions breed
assumptions. If, for example, the leadership exhibits the assumption that 'up-to-date
information about the state of the plant is vital', it is logical for people to infer that 'the plant
is not inherently safe, rather it must be maintained in a safe state.' It is this process of
'assumption-hopping' that leaders must capitalize on when embarking on a process of culture
change.

When entering into a process of culture change, leaders have a choice: they can either attempt to
change the content of an invalid assumption or they can try to shift the relationship between
assumptions. When it comes to black-hole assumptions, it may make more sense to build-up another
complementary assumption, rather than attack the overly-powerful, but often valid assumption.

Some techniques for shifting assumptions include:

(a) creating a framework and a vocabulary for discussing the underlying assumptions, together with
phrases that describe the targeted 'old' and 'new' assumptions

(b) developing a method to reveal the assumptions that were at play in certain events and decisions
(c) reviewing certain plans or actions before execution to look for embedded assumptions (both the

old and the new set)
(d) developing communication skills to reveal assumptions through stories and in discussions with

staff
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LNPS Safety Culture Enhancement during Operations Preparation

Su Sheng Bing
Ling Ao Nuclear Power Plant
SheniZhen, GuangDong province
People's Republic of China
Fax: 0086-0755-84479789
Email: susb2dpLnps.com

Abstract: The safety culture enhancement programme during the LING AO nuclear power
plant operation preparation is described in this paper.

1. Generals

1.1. Characteristics of operations preparation in nuclear power plant

Operations preparation in nuclear power plant includes preparation of organization, staff,
technology, documentation and etc. At the same time, cooperation with project departments is
required for commissioning and accepting systems and equipment. It has the following
characteristics.

New staff: the development of civil nuclear industry in China is only of a short period and
qualified personnel in the field of nuclear power is scarce. To set up the new organization for
operations preparation, large number of new staff were recruited from schools, conventional
power companies and other companies in the nuclear power industry and institutes.

New team: Due to the variety sources of operations preparation staff and short period of team
organization, the concepts, knowledge structure and understanding of nuclear power among
staff vary greatly. What's more, the operational organization of nuclear power plant differs
with that of conventional power companies. For a new team, time is required to reach good
understanding, cooperation and communication.

Heavy training tasks: With new staff, new team and new organization, staff require new skills
and knowledge to complete new tasks jointly, and training is a very important method. What's
more, training and promotion are needed to set up a culture commonly recognized by the team
members.

Strict timing: the construction of a nuclear power plant is a huge project with large scope of
investment and high investmnent risks. Thus, strict timing of project construction is
emphasized. To guarantee on-schedule operation of the nuclear power plant, operations
preparation must be scheduled to enable a timely or advanced take-over and every activity
must match the progress of the project.

High risks: the construction site of nuclear power plant is complicated with cross-working
and interfaces of all the activities including construction, installation, commissioning and
take-over and there are many potential industrial safety risks on site. Operations preparation
staff are working on site to be familiar with systems and equipment, prepare and validate
operational procedures, participate commissioning and take-over equipment, systems and
buildings, and be in charge of temporary operation and surveillance of system and equipment.
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The risks and quality of these activities will have impact on the smooth progress of the project
and take-over for operation.

1.2. Significance of safety culture promotion during operation preparation stage

From the above characteristics of operation preparation, it can be observed that it is
significant to strongly promote safety culture development when the new team is set up at the
beginning of operation preparation. Through the promotion of safety culture, the following
advantages will be produced to operation preparation and future safe operation of the plant.

- Cultivate values and cultural concepts commonly abiding by and agreed upon by all the
members;

- Form good work habits and the consciousness of "Safety First, Quality First" in the team
at the beginning;

- On the basis of the commonly recognized culture, reinforce awareness to the importance
of maintaining safe operation of the nuclear power plant, strengthen sense of crisis and
improve the skills and knowledge of the staff;

- Lay a sound organizational, behavioral and mass foundation for the long-term stable and
economic operation of the nuclear power plant.

1.3. Transfer of nuclear safety responsibility

Nuclear safety is unique to nuclear power plant. Its purpose is to set up and maintain effective
in-depth defense to avoid the occurrence of event and to protect plant staff, the public and
environment from the harm of radioactivity exposure.

Once the reactor is loaded, the operational unit of the nuclear power plant will undertake
relevant nuclear safety responsibility in accordance with nuclear safety related national laws
and regulations.

To guarantee the undertaking of nuclear safety responsibility, operational unit of the nuclear
power plant must establish plant organization, mobilize qualified and suitable human
resources and other resources, and set up rules and stipulations and work procedures
governing various operational activities as per nuclear safety related national laws and
regulations

To ensure the safety of first fuel core loading, LNPS has set up relevant fuel loading
conditions check-list and guideline for their fulfillment.

In general, the safety management of nuclear power plant is a rather complicated systematic
project, and the management concept itself involves "systematic safety" and the promotion of
safety culture must be systematic which requires comprehensive planning, development and
management. At the beginning of a new organization in the operations preparation stage, good
and systematic management concepts and good work habits is set up. Good start means half
way to the success. This will contribute greatly to the operational safety management during
the lifetime of the nuclear power plant.
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2. Organization and management of safety culture promotion

2.1. Organization of safety culture promotion

Leadership in the team plays a key role in the formation of a team culture and the activities of
leaders are to be examples. The safety culture promotion organization shall be turned into a
learning organization so as to drive the complete operations preparation organization to
become active learning organization.

This promotion organization shall have project manager of the promotion group as the center
and the promotion facilitator of every department as node so as to form a network structure.
Thus, the promotion activities will not be broken by interfaces between different departments.
The mutual development, impact and cooperation of this network structure can enable the
operation preparation and safety culture promotion to be developed at the same time so as to
realize the target of common values and cultures recognized by all the members of the power
plant.

Leader in this organization functions as designer and coach. He is in charge of the
organization and shall ensure new problems and issues understood during the process and
clear up thoughts; define direction and target; keep learning and renovation spirits within the
organization.

Every promotion facilitator is in charge of safety culture promotion of the department and, at
the same time, is coordinator and liaison officer within the organization. Selection of the
facilitator is very important in that he must have enough knowledge and experience in the area
of safety, strong sense of responsibility, and be capable of promotion and active in learning.

2.2. Promotion management of safety culture

When the organization is set up, the following activity is the management of the promotion
activity. It is appropriate to promote safety culture in the way of project management.

Firstly, investigation must be performed on the current status of safety culture within
operations preparation organization to find out the weakness and potential problems within
the organization, specify policy and strategy for safety culture promotion and define key
points and target of promotion.

Secondly, stipulate implementation and checking schedule as per promotion projects defined.
Every facilitator is in charge of promotion, implementation and follow-up of the schedule in
the department.

Then, implementation of promotion strategy and schedule will be periodically assessed and
reviewed to detect weakness; and at the same time, follow-up will be performed to the new
issues and problems occurred during operations preparation activities, especially the
problems, to update promotion schedule continuously so as to improve promotion by taking
mistakes as chances of learning and lessons.

What's more, integrated consideration shall be given to safety culture promotion of
contractors. Since all the contractors can contribute to the improvement of plant safety, they
shall get involved in safety and quality related activities of the plant. Thus, a comprehensive
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team will be formed so that responsibility of the plant to safety will not be diluted by the

participation of contractors.

2. Promotion of Safety Culture

3.1. Safety culture promotion schedule during operations preparation period

3. 1.1. Design of safety culture promotion schedule

The design of safety culture promotion schedule must be realistic: the operations preparation
organization and status of staff and safety culture must be analyzed and realistic, effective and
operable schedule shall be applied and promoted step by step. It is included the following
contents in the LNPS safety culture promotion schedule:

(1) specify safety policy and safety culture expectation of the organization;
(2) investigate and assess the current safety culture status within the organization;
(3) define areas to be improved and strengthened;
(4) define contents and scope of safety culture promotion base on the above situation;
(5) set up safety culture promotion group and define facilitator of every department;
(6) define promotion schedule and assessment schedule;
(7) prepare for the next step of promotion as per assessment results.

The safety policy of LNPS is stipulated as per P'DCA principle, which is:

- Plan: define safety commitments, standards, targets and purpose, division of
responsibilities;

- Do: promotion of safety culture, process control requirements, risk prevention, normal and
emergent operation control, STAR and transparency, PSA and etc. are included;

- Check: including internal and external assessment, audit and checks, self-assessment and
problem management;

- Action: For all the deviations, root cause analysis and corrective actions must be
performed, and external and internal experience feedback and follow-up and assessment
of corrective actions shall also be carried out.

In our safety policy, it is stressed that:

- Nuclear safety is overriding and has the top priority;
- Strictly abide by relevant nuclear safety related national laws, regulations and criteria, and

commitments to the country, the public and society. Strive to achieve good operation
safety performance and ensure continuous improvement;

- Set up operation safety management system to improve the promotion of safety culture;
- Define clearly responsibilities from management level to working level;
- Ensure in-depth defense of risks, conservative decision-making and transparency for

safety issues;
- Timely develop and apply PSA technology as technical support and safety decision;
- Implementation experience feedback system to set up learning organization and repetitive

event prevention mechanism;
- Safety culture promotion and cultivation is the first step in management process and work

process control;
- Stress the safety responsibility of every staff and that everyone is one safety barrier;
- Encourage every staff to become STAR: stop, think, act, review";
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- Participation of all the staff to realize continuous improvement of safety performance.

3.1.2. Key points of safety culture promotion schedule of LNPS

Safety culture promotion schedule of LNPS includes two parts, which are organization
management and individual behaviors, and their key points are as follows:

(1) organization management level

- define clearly responsibilities, tasks and requirements of every position of the plant;
- Stipulate transparent and clear safety policy which shall be understood and

recognized by the staff and the public;
- Stipulate strict operational safety surveillance and evaluation policy of the plant and

inform the staff the results of surveillance and assessment periodically;
- Emphasize attention to internal and external experience feedback, and

implementation and effectiveness evaluation of corrective actions;
- Guarantee resources for safety management and safety culture construction;
- Set up and standardize various management means to carry out strict management

on every type of operational activities, for example:
Stipulations of abiding by procedures;

*Management patrol;
Staff qualification, performance evaluation, and periodic interview;
Performance indicators, management schedule follow-up and management and
assessment.

- Accept actively and voluntarily the external and internal surveillance and audit
establish good relationship and interface with regulator and auditor;

- Create environment of self-assessment with transparent and open exchange and
communication;

- Launch the Ergonomics study for exerting maximum performance of human and
machine;

- Integration of constructions of safety culture and corporation culture.

(2) Human behavior:

The key to safety culture construction is the individual behavior and attitude in plant. Thus,
the following areas is stressed:

- Firmly set up the idea of safety first and quality first;
- Cultivate good work style and habit;

• Be serious (follow procedure without going through shortcut and never let go
any doubts);

• Keep learning with questioning attitude (continuous learning with questioning
attitude);

• Risk consciousness (safety consciousness, risk analysis and emergency
handling);
Quality consciousness (do the thing correctly at the first time, and zero defect);
Insist on terminating habitual violation of rules for a long term.

- Cultivate professional morality
Sincere and devoting (to career of nuclear power);
Correct idea of life and values;
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• Modest (respecting others, not self-satisfactory, and not complacent for the past
achievement);

• Commitment for safety and sense of responsibility;
• Everyone is a safety barrier;

-Team spirit and individual development;
• Continuous improvement of professional knowledge and skills;
• Mutual trust, cooperation, support and development;
• Common targets and sense of values;
• Sense of team honor.

-Self-improvement and self-criticizing:
• Self-assessment (continuous looking for weakness of oneself);
• Criticize and self-criticize;
• Continuous improvement of team and individual;

-Sense of crisis:
• Discard without improvement;
• Be competitive for positions;
• Accurate knowledge of social environent.

3.1.3. Introduction of the schedule

To realize the key points of the above, the following implementing schedule has been
stipulated to promote safety culture during operations preparation stage of LNPS:

(1) Implementing schedule on organization and management:

- Stipulating the Production Quality Organization Manual (PQOM) and organizing
series training on quality culture and safety culture to all the staff (including series
training on quality promotion such as "economic benefits of quality management and
zero defect quality management", "introduction to PQOM", "introduction to quality
assurance standards and regulations", "quality management inspection",
"4management self-assessmnent", "promotion of quality culture construction" and etc.
and training on nuclear safety regulations and standards such as INSAG-3/INSAG-4
and etc.);

- Periodically organizing internal independent assessments on nuclear safety, inviting
international peers for peer review and AEA for Pre-OSART, and organizing
periodic self-assessments as per the progress of operations preparation. All these
activities help the operations preparation organization of LNIPS to detect and
eliminate timely potential deficiencies and weakness of the team;

- Responsibility of procedure modification and periodic review has been assigned to
individuals;

- Increase the strength of safety culture promotion (such as publishing and issuance of
Safety Culture Pamphlet) and training. As prerequisite of authorization, safety culture
training and promotion must be updated in its content as per its international
experiences;

- Set up and develop performance indicators system;
- The key point of experience feedback is on the detecting of root cause and

implementation of corrective actions and its effectiveness assessment;
- RCA(root cause analysis) group is set up under plant operational experience feedback

committee to be in charge of investigation of event and root cause analysis to avoid
the phenomenon of being prejudiced during root cause analysis;
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- Integration of safety culture promotion and team construction into the management
plan of every department.

(2) lImplementation schedule on individual behaviors

First step: define key elements of safety culture such as safety/quality consciousness,
transparency, abiding by procedures and regulations, exchange, strict and serious, learning
and questioning, professional morality, continuous self-improvement and etc.

Second step: prepare safety culture promotion and enhancement schedule;

Third step: learn from the lesson of the operation stopping of seven units of Canada Ontario
Hydraulic Power Co., improve the safety culture training and integrate its content into
individual training schedule;

Fourth step: after arrival of new staff, provide training on plant nuclear safety policy and
requirements to cultivate good work style, habits, devoting to one's job and cultivating moral
character;

Fifth step: integrate safety culture promotion and enhancement schedule with team
construction, management plan, performance indicator to realize dynamic management;

Sixth step: assess and examine periodically to detect potential weakness and realize
continuous mprovement;

LNPS serves a project linking between the preceding Phase I and the following Phase 1II and
is an honorable and difficult task. Thus, during the operation preparation stage, LNPS has
always been adhering to the principles of "Safety First, Quality First" and "Staff Value" and
enhancing and developing the safety culture so that the operations preparation can be
implemented safety with high quality and efficiency as per schedule and the operation and
takeover can be guaranteed. After multi-reactor management, LNPS, as Operations
Department II, carries out the "Safety Culture Promotion Schedule" common to the five
operations departments which enable the new team to be mature with faster steps. In the PRE-
OSART organized by AEA in August 2001, AEA recommended the safety culture
promotion schedule and measures as good practice to the international peers.

3.2. Function of safety culture elements analysis to promotion of safety culture

By means of detailed analysis of elements impacting safety culture, good and bad tokens of
safety culture is detected, and trained to the staff so that employee especially new employee
can be aware of individual behaviors, and practices, values and professionalism that can help
improve plant safety, work quality and economic benefit of the company. At the same time,
these behaviors and practices may be standardized as common values and professionalism
shared among the staff.

Since the very beginning of operations preparation, LNPS have compiled Safety Culture
Pamphlet to include safety culture, safety knowledge, requirements of operational activities
on staff behaviors, key elements of safety culture and etc.. This pamphlet is distributed to
every staff and, especially when new staff is recruited, training will be organized timely to
educate staff before work starts. Also, by means of teaching by personal example as well as

12



verbal instructions of the experienced staff, common values shared by the plant and concept
of "Safety First, Quality First" is cultivated.

3. Self-assessment

Self-assessment is an important means in the "Feedback Circuit" to maintain and improve
safety management capability. What's more, LNP'S prepared Self-assessment Guideline base
on international guidelines for the operational safety assessment (such as OSART, WANO
Peer Review) so as to provide specific training to staff in charge of self-assessment to ensure
that this tasks reaches acceptable criteria. Self-assessment is a process which not only enable
the management to understand the effectiveness of every safety activity and weakness but
also, more importantly, itself mobilizes the staff to contribute to the improvement of safety
level, that is the chance of giving safety requirements is given to the staff. Practice proves that
this is a very effective method.

During self-assessment, plant performance can also be compared with external and internal
organizations with excellent performance so as to further stipulate staff to "Strive for
Excellence" in work and insist on continuous improvement.

LNPS stipulates system and procedure for periodic self-assessment to detect problems in
operations preparation, normal operation and management of plant and

To ensure integrity and effectiveness of operations preparation, timely and successfully
putting into commercial operation and long term stable safety operation, the quality of
operation preparation is guaranteed by means of the management tool of self-assessment
which is applied to perform self-inspection and assessment to operations and preparation, and
independent review and audit by internal quality assurance system. On the other hand,
exchanges with international power plants are organized. Experts with rich nuclear power
plant operational management experiences. are invited to perform external independent
assessments. By means of reviews by external peers, improvement suggestions are brought on
the management and work of the power plant from different perspectives. Thus, international
experiences are shared to avoid going into wrong ways and to improve the performance.
During operations preparation, EDF, experts with rich nuclear power plant operational
management experiences are invited to perform assessment and exchange and good results are
achieved.

4. PRE-OSART Conclusion

To check the quality of operation preparation so as to ensure a long term safe operation after
commercial operation, LNPS invited IAEA (International Atomic Energy Agency) to send a
team perform the Pre-operational Safety Review (Pre-OSART) to the plant through Chinese
government in August 2001.

IAEA performed Pre-OSART to LNPS in 9 areas of operations preparation including: a.
Management, Organization and Administration; b. Training and Qualification; c. Operation;
d. Maintenance; e. Technical Support; f. Radiation Protection; g. Chemistry; h. Emergency
Planning and Preparedness; i. Safety Culture.

During the three-week period, experts from different countries performed detailed review to
the above areas through site observations and discussions with relevant staff. In the final
review report, LNPS is given ipersonal evaluation, and 5 strengths are pointed out with
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explicit indication of many items and processes of excellent quality, and 4 most important
comments are given. For the weakness in operations preparation, the Pre-OSART team raised
44 comments in all including 33 Recommendations and 1 1 Suggestion. At the same time,
experience of LNPS is given thorough recognition and 12 Good Practices of Ling Ao
operations preparation is promoted to international peers, among which 2, Safety Culture
Pamphlet and Self-assessment Guidance, are for the area of Safety Culture. This activity
improves the confidence of LNIPS in taking-over activities and safe operation, points out the
direction of future improvement and lay a solid foundation for future long term safe operation
of the plant.
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Abstract. The term "MTO" (Man-Technology-Organisation) has been widely used by Swedish
utilities and regulators to describe knowledge and analytical techniques that focus on human and
organisational factors and their relationship with nuclear safety. MTO was introduced in Sweden after
the TMI accident as a concept similar to the "Human Factors" (IF) concept developed in the USA. It
was the intent that the explicit mention of the three interrelated elements in the concept - Man,
Technology and Qrganisation - would stimulate a comprehensive "system view" on nuclear safety.
This view should go beyond a strict technological perspective to recognise and highlight human and
organisational factors as important moderators of risk. In retrospect, the MTO concept has been
successful in stimulating a socio-technological view of nuclear safety in Sweden - a general trend
supported by international developments. A further step along this path has been taken with the
LearnSafe project.

1. THE M[TO CONCEPT

1.1. Introduction

The MTO concept can be looked upon as three domains: as methods, as a specialist domain,
and as an over all system thinking that includes organisational learning. By providing
examples and experience from the Forsmark nuclear power plant (NPP), we will illustrate
how these different perspectives have been applied and what has been achieved over the
years. The description of the MTO concept is a shortened version of a paper presented at the
ENS Top Operation Meeting in Berlin 1999 [1]. The future development of organisational
learning is illustrated by the description of the EU-project LearnSafe [2].

1.2. Domains of the M[TO concept

MTO is associated with at least three different (but related) domains:

(a) MTO as a set of analytical techniques.
In this domain the MTO concept focuses on the methods that analyses the relationships
between humans, their activities and the organisational and technological context in
which these activities take place.

(b) MTO as a human factors specialist domain.
In this domain the MITO concept is foremost perceived as a specialist domain,
supported by know-ledge in human factors, psychology and other human related
sciences.

(c) MTO as a metaphor for system thinking about safety.
In this perspective is the MITO concept viewed neither as a set of specialist domains, nor
as a set of specific methods, but rather as a general attempt to develop a safety culture
thinking that focuses on the entire socio-technical system (including technology, human
factors and organisational issues).
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The difference between the three domains may be difficult to grasp at first. MITO methods do,
after all, require a system perspective if they are to be applied successfully. Experience
supports the conclusion that misunderstanding and neglect of the necessary system
perspective are not that uncommon when HF or other MITO methods are applied. A result of
this may be neglect of the organisational context in which MTO methods are used. Another
result can be that MvTO issues are dealt with too much in isolation.

1.3. Management Support

Management attention, understanding and commitment are key issues. Without this
commitment and support, the MITO concept would still have been viewed as nothing more
than a set of methods or as those specialists who know something about humans`

The introduction of the MITO concept had already from the beginning in 1988 a strong
support from the senior management at the Forsmark NPP. The strong support explains the
positive attitude to the concept, especially in the operating departments. People who have
experienced different cultures and who have worked in different parts of the organisation are
the ones who most readily understand the MITO concept in a broader sense. However it is
undeniable that personality factors also have a role to play - some people seem to have an
aptitude for understanding and accepting a system perspective" and are therefore attracted by
the MT0 concept.

Despite this, some people still have a limited perception of MITO. To change their perception
from a focus on individual techniques to a broader view is far from easy as it relates to the
way the nuclear industry is traditionally organised. The introduction of the "safety culture"
concept has made it easier to support a system-oriented MITO approach. Pressure from the
regulators to focus on MITO issues has also promoted the development of the concept.
Although regulatory pressure may help to develop MTO, there is also a risk that the utilities
will simply comply with regulators' views without gaining a real insight into what MITO
represents in a deeper and broader sense.

Financial pressure, a deregulated market, competition and other external factors may also
represent threats to the time needed for co-operation and the discussions needed for a system
perspective to emerge. On the other hand, these changes may also lead to the need for more
cost-effective strategies in which a system perspective and effective co-operation are
necessary in order to save money and to avoid mistakes. The LearnSafe project aims to find
those strategies.

MITO methods should not be introduced without account being taken of the context in which
they are to be used. A root-cause analysis methodology, for example, is of no use if it is not
supported by the necessary organisational arrangements.

It is important that people constantly feel involved in the work. Human factors people must be
used more as facilitators than "doers" in this process. Line organisation staff can carry out
many of the MTO-related tasks. External support is necessary in this process, but people must
feel that they "own" the methods.
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2. METHODS AND TOOLS USED AT THE FORSMARK NPP

Analytical methods using human factors specialists have been developed to support:
- Root-causel analysis.
- Analysis methods used in the retrofit design process.
- Organisational assessment analysis methods.

2.1. Root-cause analysis

Root-cause analysis was introduced at the Forsmark NPP and other Swedish NPP~s in the
mid-eighties, and is now well established. The technique most often used has its origin in the
HPES method [3] developed by INPO in the USA.
To qualify as a root-cause method, the method must clearly identify the very basic causes of
an event. Earlier versions of the MITO analysis method allowed the analyst to stop too early in
the analytical process and to concentrate only on direct causes. The reasons for this could be
the unease that the analyst may feel when the root cause of an event is found to lie with the
management. Another reason for not following the chain of events and causes to the root
could be the abstract nature of cultural and organisational issues. The methods are in
themselves also partly responsible for failures to find basic root causes. The HPES
methodology, and similar methods involve nothing that really forces the analytical process to
include higher management levels - much is up to the judgement of the person performing the
analysis.

To facilitate the root-cause analysis the method used at Forsmark has the following features:

- The manual used to support the process has a simple "accident cause` model that
describes the differences between direct causes and root causes. In the cause-event
diagram, a line" is used in order to separate direct and root causes. In the space above the
line are causes relating to safety management, organisational culture, internal control
systems etc. shown, below the line are more direct causes shown.

- There is a distinction between barrier functions" and supportive functions". Barrier
functions are defined as those activities or processes that are designed to capture a
deviation or fault, while supportive functions are things that are implemented to support
activities so that errors do not occur in the first place.

- A third change has been to look at the ASSET [4] methodology, developed by LAEA, in
order to support the analysis with questions such as "hy was the event not prevented?"
This and similar questions have been valuable in supporting a more in-depth analytical
strategy.

If event analysis is to be successful, it is important to support a collective awareness that a
system perspective on safety is necessary in order to understand the underlying MTO-related
causes of an event. Such a perspective emerges partly from co-operation between specific
competence's found in the organisation. While it is possible to develop a system perspective
through theoretical training and education, it is hands-on analytical activity that transforms
such theoretical knowledge into real insights. Event analysis provides a very good benchmark
for checking theory against observations and is therefore an important tool in the process of
learning to think in a system-oriented way.

1 The term root cause is used to describe basic causes supposed to be under control of the own
organisation.
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2.2. MWO Methods used in th e retrofit design process

Another set of MTO methods and tools is used in the design process for control-room retrofits
and modernization's. The application of these methods and the use of the analysis tools aim to
enhance the control room's usefulness, ergonomics and working environment. The application
of the MvTO concept is highly relevant in this work, both as a specialist domain and - perhaps
to a greater extent - as a general system perspective.

There is sometimes a tendency to overly separate ergonomic issues from the broader context.
One of the lessons learned is that the organisation of retrofit projects, such as the
modemnisation of control rooms, is highly dependent on the establishment, organisation and
utilisation of different competence's, such as operator experience, instructor competence, HF
competence, IT competence etc. In order facilitate the integration of all these specialist
domains and applying a system-oriented approach has a new method been developed. This
method is called MANFRED and has been developed to support the process for modifications
affecting the control room and other parts of the plant, which have an HIi (Human-Machine
Interface). The MANFRED process is integrated into the overall change management process.

2.3. Organisational assessment

Methods and tools based on the MTO concept are also used to carry out organisational
assessments, for example as part of periodical safety reviews. An example of the application
of such methods and tools is the organisational assessments performed as part of the
mandatory periodic (repeated every 10 year) safety review, P'SR (ASAR). Another example is
the structured assessments made before organizational changes are performed.

3. METHODS FOR PROMOTING MTO AWARENESS

Nuclear safety needs competence from many areas in order to create useful strategies and risk
estimates.

A strategy to support system thinking and organisational learning is needed. Setting up
seminars, creating M1TO groups, supporting human factor methods, integrating the MITO
concept with quality concepts etc. and, most important, letting people with different and
varied competence's be part of this work will all facilitate learning. The organisation should
develop an "open mind" with respect to how different competence's can be used in the
analysis of risk. Such initiatives might include experiencing feedback and exchanging
experiences with other nuclear utilities as well as co-operating with universities, consultant
organisations and other sectors.

3.1. The LearnSafe project

LearnSafe is a EU-project financed by the European Union and a group of European utilities
and organisations, including WANO. The project has 14 partners representing five countries,
it is co-ordinated by VTT Automation in Finland.

The main objective of the LearnSafe project is to create methods and tools for supporting
processes of organisational learning at NPP~s. Organisational learning has become
increasingly important for the nuclear industry in its adaptation to changes in the political and
economic environment, changing regulatory requirements, a changing work force, changing
technology, and the changing organisation of NP`Ps and power utilities. The danger during a
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rapid process of change is that minor problems may trigger a chain of events leading to actual
degrading of safety and/or diminishing political and public trust in the safety standards of the
particular NIPP, utility or corporation.

The focus of the project is senior managers at NPPs and power utilities who are responsible
for strategic planning and resource allocation. This focus was selected with the understanding
that their decisions, approaches and attitudes have an important influence both on the safety
and the economy of the NPPs. The LearnSafe project will develop methods and tools, which
can be used in the management of change, and in ensuring an efficient organisational
learning. Project results will include reconmmendations and inventories of good practices.

The project is set up in two major phases, which cover both theoretical considerations and
empirical investigations. The first phase places an emphasis on management of change and
the second on components of organisational learning. Both phases start with the creation of
data collection instruments to be used in the empirical part of the work. The second include
the development of methods and tools, which can be applied by the NPPs themselves in
creating efficient processes of organisational learning.

One important feature of the project is a continuous interaction between the researchers and
managers at the NPPs in addressing issues connected to organisation and management, which
are important for safety and efficiency. Preliminary results of the project will be presented and
discussed in small workshops during the project, to ensure that relevant problems are
addressed and solved in a practical way.

Five milestones are identified. The first milestone is the selection of a research model
including a framework of concepts and phenomena to be considered in the project. Tools for
describing organisations and data collection instruments for the first empirical phase are also a
part of the first milestone. The second milestone marks the completion of the first major
theoretical and empirical phase of the project. The third milestone and the mid-project
evaluation is based on the finalised analysis of NPP approaches to change and the data
collection methods and tools to be used in the second phase of the project. A mid-project
seminar for a larger audience for presenting preliminary project results is also planned. The
fourth milestone marks the completion of the first major theoretical and empirical phase of the
project. The fifth milestone is connected to the completion of the project. A final seminar will
be used to collect comments to a draft final report. It is the intention to place the completed
final report in the public domain after due review by project partners.
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Abstract. This article presents the approach of Mochovce NPP to the Safety culture. It
presents activities, which have been taken by Mochovce NPP up to date in the area of Safety culture
enhancement with the aim of getting the term into the subconscious of each employee, and thus
minimising the human factor impact on occurrence of operational events in all safety areas. The article
furthermore presents the most essential information on how the elements characterising a continuous
progress in reaching the planned Safety culture goals of the company management have been
implemented at Mochovce NPP, as well as the management's efforts to get among the best nuclear
power plant operators in this area and to be an example for the others.

1. Introduction

The management of Mochovce NPP is aware of the Safety culture importance in ensuring a
safe, reliable, economic, and environent-firiendly operation of their nuclear facilities, and
therefore the issues of Safety culture enhancement were dealt with intensively at the
organisation and a number of measures and activities have been adopted to enhance the Safety
culture level. The basic documents that the management based their Safety culture strategies
on were the Agency's documents INSAG-3 "Basic safety goals and principles", and INSAG-4
"Safety culture". The management's crucial involvement in implementing the safety measures
that enhanced Mochovce NPP units safety to a level acceptable in the countries of Western
NPP operators has been done in the spirit of the principles set out in the above documents.
The management has in parallel dealt with the Safety culture approach of individuals so as to
meet the basic definition of the Safety culture saying that "Safety culture is that assembly of
characteristics and attitudes in organisations and individuals which establishes that as an
overriding priority, nuclear plant safety issues receive the attention warranted by their
significance". Steps, which fulfilled the idea of the definition, were the following.

2. Safety culture history at Mochovce NPP

In the view of Safety culture principles implementation at Mochovce NPP, the history can be
split in two periods: the first one since the issuance of the INSAG-I document (in 1986) till
1995. and the second one from 1995 to 1999.

In the first period the plant personnel was informed about the basic Safety culture documents
(IINSAG-l. NSAG-3, and INSAG-4) as a part of the education process, while the top stress
was put on the terms such as human factor and Safety culture, which can't be separated from
one another, and are mutually conditioned. The main goal of the education process was to
explain to the staff what is the role of an individual in his/her attitude to the Safety culture
within the three attributes: critical approach, exact and prudent approach, and
communication.

The beginning of the second historical period in the view of the Safety culture approach dates
back to 1995, when the Mochovce NPP's management declared the "Safety strategy", which
in the subsequent period became the priority goal at everyday work of the management as
well as executive personnel.
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Prior to the issuance of the "Safety strategy" broad discussions with the power plant personnel
were held, and main tasks and topics were defined, which should have been fulfilled in the
coming period linked to the successful commissioning of the first two Mochovce NPP units.
At the time a series of articles appeared in the plant monthly newspaper "Mochovce"
describing approaches and opinions on the strategy prepared. The plant management on 20
December 1995 declared the ,,Safety strategy" and the document was issued in Slovak and
English and was distributed to each plant staff member annexed to the plant director's New
Year Letter (January 1996).

The "Safety strategy" was a lived document used for work for the next 4 years. The document
issuance was followed by activities related to informing the public, representatives of state
administration organisations in the regions around the NPP. Linked to the "Safety strategy"
the plant director's order "Fulfilment of the Safety strategy goals" was issued defining 93
tasks, which were time-limited till the successful commissioning of Mochovce NPP unit 2.
The tasks of the Order had been fulfilled and the plant director's order was cancelled in
January 2000.

Other activities aimed at Safety culture level enhancement in the period included the
following:
* Establishment of the Nuclear Safety Committee of Mochovce NPP (October 1997)
* Start of issuing the half-monthly newspaper "ATOM plus" (January 1998) as a tool to

improve internal communication and informing the plant staff
* Establishment of a group in charge of documentation preparation for the NPP licensing

(January 1998)
* Issuance of the plant director's order "Safety culture" and establishment of the "Group for

the Safety culture assessment" (January 1999), appointment of which has started the new
strategy and new approach to the Safety culture at Mochovce NPP.

3. Current status of safety culture at Mochovce NPP

By the establishment of the "Safety culture self-assessment group" at Mochovce NPP, the
management decided to implement management tools in the Safety culture area, which had
been recently recommended in LAEA-published documents, i.e. Safety Reports Series No. 1 1
- Safety Culture Development in Nuclear Activities (published in 1998), and INSAG-13 -

Management of Operational Safety in Nuclear Power Plants (issued in 1999).

The group consisted of 9 members who were representatives of Mochovce NPP divisions and
representatives of crucial Mochovce NPP safety departments. Each member of the group was
familiar with Safety culture principles, promoted the principles and thus helped to bring the
organisation culture to the light. Activities of the group were governed by the "Statute" and
to fulfil particular tasks the group suggested "Safety culture Action plans", which - after
being approved by the organisation management - became tools of the Safety culture control.
The Safety culture Action plans since the group establishment were the following:

Safety culture action plan for 1999

1. To issue the rule PR/000 1 - Safety culture
2. To perform Safety culture initial status analysis at Mochovce NPP
3. To organise a seminar on the "Approach to Safety culture Management" through

Electricit6 de France
4. To organise a seminar on Safety culture through IAEA and NRA SR
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5. To issue booklets about Safety culture for the operation and maintenance personnel
6. To include the issue of Safety culture in training programmes of operation and

maintenance personnel
7. To issue declarations of Mochovce NPP management on physical and power

commnissioning of the unit 2 and outage of the unit 1 in the plant half-monthly "ATOM
plus"

8. To perform the Safety culture self-assessment at single divisions of Mochovce NPP

Safety culture action plan for 2000

1. To inform Mochovce NPP employees regularly on Safety culture issues by means of
notice boards

2. To provide a field in the operation and maintenance areas for a Safety culture visual
agitation

3. To organise a seminar on Safety culture in co-operation with JAEA
4. To organise a seminar on the Safety culture self-assessment in co-operation with L&AA
5. To organise a meeting with a western NPP operator with the topic of Safety culture
6. To include regularly the Safety culture topics into personnel training programmes
7. To define methods and criteria of Safety culture self-assessment at all Mochovce NPP

divisions
8. To accomplish the self-assessment of Safety culture at all Mochovce NPP divisions.
9. To improve Safety Culture areas, which based on the Safety culture input analysis at

particular divisions of Mochovce NPP were evaluated as unfavourable and weak
10. To issue regularly articles on positive and negative attitudes and approaches of

Mochovce NPP personnel to Safety culture in the half-monthly "ATOM plus".

Safety culture action plan for 2001

1. To evaluate Safety culture Indicators of 2000 in compliance with the document PR/8400
- Rules of Safety culture self-assessment

2. To organise a motivation training course ,,Safety culture self-assessment" for heads of
departments and foremen, focused on clarification of the contents and importance of
Safety culture, as well as practical application of the Rule PR/8400

3. To prepare a questionnaire for repeating survey of Safety culture level at Mochovce
NPP and to prepare a conduct of the survey for year of 2002

4. To provide suggestions for works during a general overhaul at Safety culture notice
boards.

Safety culture action plan for 2002

1 . To evaluate Safety culture Indicators of 2001 in compliance with the Rule PR/8400

2. To organise a motivation training course ,,Safety culture self-assessment" for the control
room personnel

3. To conduct a repeated survey of Safety culture level at Mochovce NPP
4. To issue a booklet about Mochovce NPP unit 2 outage
5. To issue a new "Safety strategy of Mochovce NIPP"

Practical experience proved that the Safety culture Action Plans became tools that helped
increase the Safety culture level at Mochovce NPP. As a part of Safety culture Action plan
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task fulfilment, we would like to mention five most important ones, which crucially defined
further drift and further measures to enhance Safety culture.

4. Survey of safety culture initial level

Identification of the Safety culture initial level at a company, particularly its weaknesses is a
very important task and therefore this task was included in the Safety culture Action plan for
1999. A questionnaire recommended by LAEA, which had been previously used at operating
nuclear power plants all over the world, was used as a tool for the conduct of the survey. The
survey included 1821 employees of Mochovce NPP and results in 1 1 Safety culture areas -

based on 1417 returned questionnaires - were comparable with a company having the Safety
culture at the world-class level, as shown at the Figure 1 below. When comparing the results
of Mochovce NPP in the three major Safety culture elements, which include safety climate,
safety management, and safety behaviour with Savanah River, U.S., that used the same
questionnaire for the survey, the results are obvious from the Figure 2. The questionnaire-type
survey will be repeated in August 2002 by the same tools as in 1999. At the time of
conference in Brazil the results will be known and trends in the single areas will be compared
to the ones of 1999.

10
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5. Safety culture seminar in co-operation with IA.EA

The IAEA based in Vienna, as a part of services for member countries, offers organisation of
seminars with the topic of Safety culture and Safety culture self-assessment. Mochovce NPP
management used the opportunity to organise such a seminar in 2000, and the task was also
included in the Safety culture Action plan for 2000. At this seminar, which was held in March
2000, IAEA representatives and their foreign lecturers presented trends in the Safety culture
area in the world. The event proved a correct drift of the Mochovce NPP Safety culture
strategy and in parallel indicated which areas and how could be improved. Based on the
seminar conclusions Mochovce NPP management decided that the process of Safety culture
enhancement should include new tools to be prepared by the extended "Group for Safety
culture self-assessment", which had been complemented by new key functions and positions
at the power plant.

6. Defining methods and criteria for safety culture self-assessment

The third task presented as a part of the Safety culture Action plan task fulfilment assessment,
was the task from the Safety culture Action plan of 2000 "Defining methods and criteria for
Safety culture self-assessment at Mochovce NPP divisions". Based on the seminar organised
with the LAEA it was decided that it was necessary to use more tools for Safety culture level
identification. The Safety culture self-assessment group decided that the tools should include
a system of Safety culture Indicators, which should measurable, achievable, inspiring towards
a positive change, and particularly comparable in time within the following 1 1 areas:

* highlighting safety
* definition of responsibility
* selection of managers
* relations between plant management and regulators
* review of safety performance criteria
* training
* local practices
* NPP supervision by the management
* work load
* attitudes of managers
* attitudes of individuals.

The group established a system of indicators and questions to assess Safety culture in a
relatively short time. Suitability of the system was reviewed by a zero assessment done in
2000 based on 1999 data.

The group suggested a regulatory document "Safety Culture self-assessment" issued as the
director's order, and determined a tool for the work with the indicators and questions, which
was issued as the Rule "Rules for Safety culture self-assessment" (PR/8400). The rule clearly
shows results of the group's work that included identification of:.

* guarantors of single indicators
* which department the indicators are related to
* which indicators and questions particular department heads shall deal with
* how shall department heads assess the indicators in their departments
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a manner of filing and accepting suggestions for improvement in areas developing
adversely.

7. Safety culture self-assessment system application process

Teamwork results were necessary to be applied in practice. Plant management decided it is
necessary for all employees to provide training activities and proper enlightenment for broad
Safety culture self-assessment system application. A new task "Performance of motivational
course of Safety culture self-assessment for Heads of departments and Foremen" focused on
knowledge of Safety culture content and relevance and on practical use of Safety culture rule
was included to 2001 Safety culture Action plan. Moreover, information on new approach to
Safety culture and its self-assessment was provided by way of notice boards with Safety
culture theme, articles published in "ATOM plus" fortnightly and lot of information of this
kind can plant employees reach on plant web site called "Safety culture" within Mochovce
NPP computer network.

First Safety culture Indicators evaluation was performed in February 2001 and its results were
published in "2001 Mochovce NPP Nuclear and Operational Safety Status Report". The
reached results from individual Safety culture Indicators evaluation became the basic data for
making comparison in following years.

The next Safety culture Indicator evaluation was performed in February 2002, its results were
compared with results from 2001 as well as development trends in individual evaluated areas
were indicated. Since proper attention to indicator evaluation and data collection and
recording was devoted in 2002 than last year the Plant management, after discussion on "2002
Mochovce NPP Nuclear and Operational Safety Status Report", proposed to carry out
revision of Rule PR/8400. The Plant management made decision to leave out indicators
without any information capability and to add them with new ones suggested by Mochovce
NPP employees after their motivational training course completion organised in 2001. It was
clear to us from the beginning that appropriate indicators choice process is a current issue and
it will take certain time to choose the most advantageous. However providing this process is
deliberate it is a sign of good approach to Safety culture and its continuous improving.

Informing the contractor personnel about the existence of Safety culture Indicators as a part of
pre-outage training can also be considered an important part of the system application. Many
Safety culture Indicators have been focused on the assessment of unit outage preparation and
implementation, which in the view of safety can also be affected by involved contractor's
staff.

8. Conclusion

Bringing new Safety culture elements into life and continuous improvement of results in the
Safety culture self-assessment area has become the prime goal of Mochovce NPP
management that is every year rooted in the main tasks and goals of the company. The effort
of each senior staff member is to apply the Safety culture elements in the work process and to
faniliarise his/her junior staff about the topics and activities performed at Mochovce NPP in
this area. The Safety culture term has become a part of education activities at all power plant
divisions and the issue of Safety culture has been also included into a periodical staff training
organised by Training centre of VUJE Tmuava, which- after a 7-year break-had re-started
at Mochovce NPP in 2001.
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Good approach to Safety culture at Mochovce NPP was awarded by the IAEA, which invite
Mochovce NPP representatives to all activities organised since 1999 in the Safety culture area
with the aim of promoting the good Slovak approach in the Safety culture area. In June 2001,
Mochovce NPP representatives have been invited by AEA to participate in creation of the
document "Safety culture" - Training guide.

This approach towards Safety culture at Mochovce NPP should ensure that the Safety culture
term will become a commonplace for each power plant staff member, and that keeping and
applying of Safety culture will support the culture of our company.

Steps taken at Mochovce NPP in the field of Safety culture have ranked us among companies,
which-in the view of LAEA assessment-shift from the Safety culture level 2, when a "Safe
performance starts to be the company's goal" to the level 3 (top level), when the principle
"Safety can always be improved" is applied.
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Abstract. This paper is focussed on the organizational culture and learning processes required
for the implementation of all aspects of safety culture. There is no prescriptive formula for improving
safety culture. However, some common characteristics and practices are emerging that can be adopted
by organizations in order to make progress. The paper refers to some approaches that have been
successful in a number of countries. The experience of the international nuclear industry in the
development and improvement of safety culture could be extended and found useful in other nuclear
activities, irrespective of scale. The examples given of specific practice cover a wide range of
activities including analysis of events, the regulatory approach on safety culture, employee
participation and safety performance measures. Many of these practices may be relevant to smaller
organizations and could contribute to improving safety culture, whatever the size of the organization.
The most effective approach is to pursue a range of practices that can be mutually supportive in the
development of a progressive safety culture, supported by professional standards, organizational and
management commitment. Some guidance is also given on the assessment of safety culture and on the
detection of a weakening safety culture. Few suggestions for accelerating the safety culture
development and improvement process are also provided.

1. Introduction

Since 1990, in Romania, the Cemnavoda NPP Project status had been reviewed and important
decisions were taken for further project developments. Meanwhile the conflict of interest
represented by the positions of the Regulatory Body and Utility in the same organization was
solved and the new organizations were set-up separately for both main actors of nuclear
sectors. The Nuclear Safety Authority named the National Commission for Nuclear Activities
Control (CNCAN) and the Nuclear Energy Group, today so called
"NUCLEARELECTRICA" (SNN), started to play their important role as the independent
organizations which are in charge to promote safety culture principle and practices in the
Romanian nuclear sector. The Romanian economy environment characterized by the
transition process from the centralized economy to the market oriented one imposed specific
approaches both for CNCAN and for SNN in order to fulfil their duties and responsibilities
defined by the legislation and regulations.

The concept of safety culture was introduced by the International Nuclear Safety Advisory
Group (INSAG) in the Summary Report of the Post-Accident Meeting on the Chernobyl
Accident in 1986. The concept was further expended in the 1988 INSAG-3 Report, Basic
Safety Principles for Nuclear Power Plants, and again in 1991 in the INSAG-4 Report, Safety
Culture. Recognizing the increasing role that safety culture is expected to play in nuclear
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installations world wide, the Convention on Nuclear Safety states the Contracting Parties
desired "to promote an effective nuclear safety culture".

The concept of safety culture is defined in ThNSAG-4 as follows:

"Safety Culture is that assembly of characteristics and attitudes in organizations and
individuals, which establishes that, as an overriding priority, nuclear plant safety issues
receive the attention warranted by their significance."

Safety culture is also a complex system of values, standards, morals and norms of acceptable
behaviour. These are aimed at maintaining a self disciplined approach to the enhancement of
safety beyond legislative and regulatory requirements. Therefore, the safety culture has to be
inherent in the thoughts and actions of all the individuals at every level in an organization.
The leadership provided by top management is crucial.

Safety culture applies to conventional and personal safety as well as nuclear safety. All safety
consideration is affected by common points of beliefs, attitudes, behaviour, and cultural
differences, closely linked to a shared system of values and standards.

No composite measures of safety culture exist. The multifaceted nature of safety culture
makes it unlikely that such a measure could ever be found.

Cultural changes are usually slow and often imperceptible. History demonstrated that cultural
changes could be discerned over finite periods of time. The same should be true with safety
culture.

This document is intended to offer practical advice to assist in the development, improvement
and evaluation of a progressive safety culture.

The approach to developing a safety culture has much in common with the approach to
developing an effective organization. The process can be assisted by a learning process within
an organization.

2. The safety culture progress assessment

We have to abandon the search for a single composite measure and concentrate on identifying
the range of indicators that reflect the individual sub-components of culture. The basic range
would comprise measures and the measurement methods are presented in Table .
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TABLE . BASIC RANGES AND MEASUREMENT METHODS

Basic range Measurements methods

* Third party audit
)servable behaviour * Observation

* Shadowing
* Employee surveys

rnscious attitudes * Interviews
* Focus groups
* Psychometric instruments

iconscious attitudes (perceptions and beliefs) * Gap analysis

2.1I. Behavioural measures

This is the easiest cultural component because the change is observable. The observation may
be for general activities or of a specific individual or group. It must be conducted carefully to
minimize any influence on the behaviour. Otherwise the conclusions may be erroneous.

The use of a person familiar to those observed should minimize any influence but runs the
risk of a biased view. Conversely, using a third party unfamiliar to those observed could
ensure an unbiased viewpoint but increases the likelihood that the behaviour observed may
not be typical.

The best solution for an in-depth behavioural evaluation may require the use of a trained and
skilled third party. Changes in behaviour will only be revealed by a serious observations and
evaluations over a period of time. The results of these observations will reveal a trend, which
can be used as a basis for measuring behavioural change.

2.2. Attitudinal measures

Employee attitude surveys are the most common method for obtaining information at this
cultural level. This survey can be done by a person skilled in attitude measurement. Analysis
and interpretation of the results require equally high skills.

Before conducting any large-scale employee survey it is worthwhile carrying out a sall-
scale trial to test the usefulness of the survey. The trial may include interviewing small groups
of employees to test the practical implementation of the survey. The results of an employee
survey can provide useful information that allows management to target areas for more
effective safety improvement actions.

The survey questions can explore not only the personal attitude of the individuals, but also his
or her perceptions on the attitude of their supervisor, other line managers and their peers.

Repeated use of the same attitude surveys over time and the same population can provide
useful information about trends in attitude.

30



The results of an attitude survey can be compared with the results of behavioural observation
to identify correlation.

2.3. Perceptions or belief measures

It is very difficult to measure change in perception or belief, particularly since many of them
may be at the subconscious level. An indication that a subconscious belief may be having an
important influence is the presence of a significant inconsistency between observable
behaviour and conscious attitude (or between words and acts).

To measure beliefs requires psychometric techniques of an advanced nature and the
interpretation of results can be difficult. Normally, behavioural observation and attitudinal
surveys should provide ample information for major cultural changes.

3. Specific organizational indicators of a progressive safety culture

Safety culture does not exist in isolation and is influenced by the prevailing organizational
climate or culture. It is important that the organizational culture is supportive of safety and,
particularly, that it should encourage the appropriate behaviour, attitudes and values on the
part of employees.

Some organizational indicators of progressive safety culture are:

a) Widespread employee commitment to good safety performance, including visible
leadership by top management;

b) Good safety performance, considered to be a goal in itself that is important to the
organization, and not merely intended to comply with regulatory requirements;

c) Investigations of the fuindamnental causes of events or near misses to learn lessons rather
than to allocate blame;

d) Effective communication of safety information including safety performance trends;
e) No blame attached to employees who voluntarily report mistakes;
f) Commitment to continues evaluation and improvement of safety performance;
g) Coordinated and regular audit programme;
h) Managerial awareness of safety culture issues;
i) Employee involvement in safety improvement activities;
j) Primarily organizational goals include safety and are not focussed on cost or financial

targets only;
k) Adequate allocation of financial and other resources to support safety;
1) Positive efforts made to learn from safety performance of external organization;
m) Safety performance measures include measurement of the effectiveness of activities on

processes that affect safety, and not just measurement of the results of this activities or
processes.

The above indicators reflect, in the words of 1NSAG-4, the intangible attitudes of personal
dedication, safety thinking and a questioning attitude. The indicators are the tangible
manifestation of a progressive safety culture.
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4. Detection of incipient weakness in safety culture - symptoms of a weakened safety
culture

There is often a delay between the development of weakness and an event involving
significant safety consequences. Alertness to the early warning signs allows remedial actions
to be taken in sufficient time to avoid adverse safety consequences.

4.1. Organizational issues

4.1.1. Pressure from external environment

- Increasing economic and market pressures to reduce cost base through
downsizing the workforce;

- Major political and social changes;
- Significant corporate change processes not well managed;

These changes create uncertainty in organizations that inevitably affect personal behaviour
and attitude.

4.1.2. Inadequate resolution of problems

- Repeated crisis;
- Significant accumulation of corrective actions;
- Lack of effective managerial prioritization of remedial actions;
- Failure to address the root cause of the problems.

The constant barrage of problems may provoke a sense of hopelessness in employees who
perceive that their individual efforts are ineffective.

The frustration of management in this situation may appear as an increased tendency to blame
those individuals who seem to be the source of their problems.

4.1.3. Organization insularity

- Managers come to believe that their safety performance is satisfactory and
therefore became complacent.

- Managers have no bench marks or learning opportunities;
- Lack of interaction with other plants, lack of interchanges of information and poor

collective problem solving.

4.1.4. Openness

- Lack of open and honest communication between representatives of an
organization and regulator;

- Restrictions of the organization to participate and contribute to international
exchanges and initiatives.

Difficulty in obtaining information may be a sign that there is a weakness in the safety
culture.
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4.2. Employee issues

4.2. 1. Excessive hours of work

- Tiredness and stress of employees
- Excessive and sustained overtime
- Continued reuse of staff on call-outs or replacement work

Fatigue is a significant factor in the degradation of the personal performance and would
indicate that resource levels and planning of work require investigation.

4.2.2. Number ofpersons not completing adequate training

- Inadequate attention paid to the quality and applicability of training programs;
- Continuous monitoring of the attendance and performance of staff at training

sessions;
- Regular checks of the status of training hours and the result of training.

This information, when correlated with the results of occurrence analysis, particularly if
groups or departments are highlighted, can provide supporting evidence that further
investigation and targeted corrective action are needed in the training area.

4.2.3. Failure to use suitably qualified and experienced persons

- Identification of the principal duties and responsibilities of the job holder;
- Definition of the attributes required for the task to be performed;
- Preparation of a profile outlining the characteristics required of the incumbent in

order to carry out effectively the duties.

Good safety culture would not only have all the basic systems in place, but would seek to use
incident feedback, amongst other things, to identify any personnel deficiencies, and
incorporate any such identified features into their selection and recruitment procedures for
future application, as appropriate.

4.2.4. Understanding ofjob descriptions

- Job descriptions have not been properly prepared;
- Individuals have not been properly briefed on their employer's expectations;
- The licensee should produce the necessary safety components of the relevant

job description;

It is necessary an evidence that there is a one-to-one correspondence between the job holders'
understanding of their job responsibilities.

4.2.5. Employment of contractors

An emerging trend in plant maintenance and support is the increased employment of
contractors to replace traditionally plant-based personnel. Whilst this policy has financial
benefits for the utility, it often comes at the expense of safety, either directly, as a result of
lower standards or indirectly through the effects on permanent plant employees.
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Control and directions of contractors employees can fall short of that expected
from permanent plant employees;

-The effect of employment of contractors on regular employees who may feel
threatened, insecure or resentful, all of which may adversely affect their safety
performance.

4.3. Technology issues: plant conditions

Plant conditions provide a useful and valuable insight into the general health of an
organization's safety culture.

- Poor housekeeping standards;
- Lack of attention to alarms;
- Not repair of malfunctioning equipment;
- Overdue maintenance work;
- Poor information recording and archiving system;

These deficiencies are prevalent when there is inadequate managerial and supervisory
attention to safety matters and reflect the absence of an effective self-assessment and self-
inspection regime.

5. Revitalizing a weakened safety culture

a) Early detection of problems will lead to early diagnosis and the application of effective
remedial measures;

b) Senior management must be seen to be committed to stabilizing the situation by
demonstrating leadership and taking responsibility for the problems;

c) It is essential to regain effective control of the safety mission and implement effective
remedial action when faced with a weakening safety culture;

d) Making inroads into outstanding corrective actions can lead to early feeling of success
and resumption of control;

e) Management have to emphasize that safety takes priority over production objectives;

f) Introducing a safety performance measurement systems based on the indicators of a
progressive safety culture can help refocus an organization's safety efforts in the right
direction.

6. Nuclear Safety Authority Objectives

The main objectives for the Nuclear Safety Authority (CNCAN) specific actions were to have
in place an appropriate regulatory process designed to maintain regulatory surveillance on
Cernavoda 1 NPP` project implementation related activities, as follows:

a) Compliance with legislation and regulations requirements;
b) Unit 1 project completion as per the best international recognized methodologies and

practices;
c) Acceptance criteria fulfillment during all commissioning process;
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d) Safety goals achievement;
e) Turnover process of responsibilities from AECL-ANSALDO Consortium (AAC) to the

Romanian Utility (now "Nuclearelectrica" SA);
f) Romanian staff training process;
g) Adherence to the safety culture related aspects.

The relevant regulatory actions, which define the CNCAN policies and practices adopted
in the areas of safety management and safety culture regulatory surveillance related
activities have focussed on the practices adopted to harmonize the Romanian regulatory
prescriptive approach with the Canadian non-prescriptive approach in the Cernavoda 1
NPP project.

The management of the interfaces relations between Regulatory Body and Utility, the
complexity of the relations developed within project imposed a specific regulatory
strategy strongly focussed on the implementation of the safety culture at the all Romanian
relevant players.

The key elements of the CNCAN policy to maintain an adequate regulatory mechanism to
survey the level of safety culture implementation are as follows: 

a) To set up from the beginning very clear interfaces between all licensing process players
and to agree an appropriate level and level HI commissioning and licensing schedules,
including the local contractors participation;

b) Periodically high level regulatory/utility managers meetings to discuss
achievements in the utility commitments to excellent performance in all activities
important for the safety of nuclear plants;

c) Monthly licensing meetings to review that the nuclear plant safety has the utmost
priority, overriding if necessary the demands of production or project schedules;

d) Regulatory self-assessment on its commitment status to implement legislation
and to act to promote plant safety and the protection of individuals and the public,
and to protect the environment.

e) Periodically high level regulatory/supporting organizations/contractors managers
meetings to discuss their primary responsibility for quality of the product, whether
this is a design or a manufactured component, installed equipment, a safety report or
software development, or any other output important to safety;

f) Systematic regulatory audits on various process aspects important to assess the
achievements within nuclear safety area and safety culture level implementation;

g) To use extensively the IAEA support to review on independent basis the
implementation status of various recommendations and suggestions considered for
both utility and regulator;

h) To promote and to contribute to the international exchange of safety related
information.

i) The promote an management style to ensure that common concern for safety leads
to relations between CNCAN and SNN that are open and co-operative and yet have
the formality and separateness appropriate for bodies with recognisably different
accountabilities.

j) To solve controversial topics in an open approach adopted to setting safety
objectives.

k) To ensure that regulatory requirements are clear but not so prescriptive as to set
undue constraints.
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1) To have periodically meetings with those organizations who regulate economic
aspects of nuclear power to discuss their decisions based on purely economic
factors, which could be prejudicial to reactor safety, if any.

7. Overall assessment of safety culture

The information accumulated from the behavioural observation and attitudinal or belief
surveys can give a valuable indication of whether safety culture is developing successfully.

The information can also be used to confirm the effectiveness of specific management in
relation to safety. This is in addition to the more tangible evidence of a maturing safety
culture, namely sustained improved safety performance.

Sustained improved safety culture can be achieved with appropriate training and development
of existing resources.

7.1. General evaluation model

The screening matrix presented below illustrates a general model that provides a framework
for a high level screening evaluation of safety culture. The model identifies factors that can
significantly influence safety culture. The potential benefit of the model is that it prompts
consideration of the various influences on safety culture and can highlight areas that warrant
more detailed consideration.

Although the model is primarily qualitative, it can serve as a basis for a simple screening
matrix that provides a quantitative dimension.

The matrix can be used to evaluate generally the synergistic influence of the various factors
that could affect the successful development of safety culture in an organization.
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TABLE II. RATING OF FACTORS WITH A POTENTIALLY HIGH LEVEL IMPACT ON
SAFETY CULTURE

Influencing factor Tendency Rating criteria

*Regarded as a successful and profitable
Positive business

Business * Stable or growing market share
environment * Unprofitable business

Negative * Market share under threat because of
competition

* Well established and mature regulatory
RegulatoryPositive framework

egulawntor * Experienced regulators

Negative * Recently deregulated
Negative * Inexperienced regulators

* Experienced in managing change
* Good communication

Positive * Well defined goals

Organizational ~* Employee participation
Orniztonal * Leadership visible

* Inexperienced in managing change
Negative * Poor communication
Negative * Lack of employee involvement

* No visible senior level commitment to safety
* Long term (>20 years) experience in nuclear

Positive industry
* Internationally recognized

Organization * No recent takeover or reorganization
history * Limited experience of nuclear industry

Negative * Recent major reorganization or takeover
* Recent attempts to change organizational

culture
* Flexible
* Competence based training

Positive * Experienced in teamwork
* Reasonable educational background

Worker * Local pool of skilled labour
characteristics * Inflexible

* Classroom based training only
Negative * Inexperienced in teamwork

* Limited educational background
* Low morale
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TABLE Hl RATING OF FACTORS WITH A POTENTIALLY HIGH LEVEL MPACT ON
SAFETY CULTURE (CONTINUED)

* Mature technology
* Safety features incorporated in design

Positive * Limited modification required
* Good ergonomics
* Fault tolerant

Technology * Immature technology
characteristics * Obsolete technology

* Poor design from safety perspective
Negative * Significant on-going modification

* Poor ergonomics
* Not fault tolerant
* Significant consequences if fault occurs
* Ethos of personal responsibility

Positive * Not status conscious

National culture ~* Questioning attitude
National culture 0~ Hierarchical orientation

Negative * Unquestioning attitude
* Overly sensitive to criticism
* Stable
* Adequate funding

Positive * Mature institutions

Social and * Cohesive society
political * Respect for law
environment * Volatile

* Immature constitutions
Negative * Fragmented society

* Recent experience of major change
* Severe governmental budget restraints

7.2. Scoring criteria

TABLE III. SCORE AND) CRITERIA DESCRIPTION

Score Criteria

5 All positive tendencies strongly evident
4 All positive tendencies evident to some degree
3 Majority of tendencies positive
2 Majority of tendencies negative
I Majority of tendencies negative with at least one strongly evident
0 All tendencies strongly negative
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7.3. Screening matrix

TABLE IV. SCREENING MATRIX (SAMPLE FOR A HYPOTHETICAL NPP)

Influencing factor Weight Rating Score

Business environment X 2 5 (sample) 10
(sample)

Regulatory environment X 2 3 (sample) 6 (sample)

Organizational environment X 3 3 (sample) 9 (sample)

Organizational history X 1 3 (sample) 3 (sample)

Worker characteristics X 3 3 (sample) 9 (sample)

Technology characteristics X 2 5 (sample) 10
(sample)

National culture X 2 3 (sample) 6 (sample)

Social and political environment X 1 3 (sample) 3 (sample)

Total score 56
(sample)

7.4. Evaluation

TABLE V. EVALUATION RESULTS

Total score General evaluation

>60 Satisfactory

30 - 60 Likelihood of some incipient

weaknesses

<30 Significant potential for latent
weaknesses
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8. Conclusions

There is no consistent and visible prescriptive formula for developing a strong safety culture.
However, a prerequisite is genuine and consistent commitment by the top management of an
organization to improving safety. Provided this commitment exists the best recommendation
is to do something tangible and visible to improve safety, preferably involving employees
from the outset.

The choice of practices for developing an improved safety culture should take account of the
existing national and organizational culture in order to ensure effective implementation.

The importance of the learning process has been emphasized. A mechanism is necessary to
ensure that international experience of practices to develop a strong safety culture is shared on
a regular and frequent basis.

The maintenance and improvement of a safety culture is a process of continuous evolution.
Indicators are available to assess positive progress in this evolution and to detect a weakening
safety culture.
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Abstract. The Canadian nuclear industry is undergoing change in response to a variety of
internal and external pressures on licensee organizations. Operational experience also indicates that
management and human performance aspects are among the leading causes of unplanned events at
licensed facilities. These observations have raised the CNSC's awareness of the importance of
organization and management processes and human performance to the safety performance of a
facility. The CNSC is utilizing quality management and organizational assessment approaches to
address this issue. The Organization and Management Review Method has been developed to canry
out organizational evaluations. The method has been applied to a number of nuclear facilities in
Canada. Results have provided a more complete profile of the organizations and have thereby
contributed to the oversight monitoring of licensees. Some of the data are being meta-analyzed to
determine what influence culture has on the other organizational dimensions and whether there are
performance indicators that can predict future safety performance. We hope that a clear profile of a
"good performer" will allow us to compare and rate facilities against a series of benchmarks or
standards yet to be developed. Some of the challenges that the CNSC faces with respect to the
implementation of the O&M Method are being addressed. All of the information relevant to safety
performance should be taken into account when giving recommendations pertaining to licensing
decisions.

1. Introduction

In recent years a number of pressures have come to bear on Canadian nuclear facilities. These
pressures include the need to improve operational performance, the privatization of nuclear
power plant operating organizations, deregulation of the electricity market, organization
downsizing and outsourcing of selected support functions such as engineering and safety
analysis services. In addition, operational experience has indicated that management and
human performance aspects are among the leading causes of unplanned events at licensed
facilities. These have raised the CNSC's awareness of the importance of organization and
management, and human performance to the safety performance of a facility.

The CNSC is utilizing two approaches to respond to these challenges in the organization and
management area. The first is quality management (QM), traditionally referred to as quality
assurance. This approach focuses on establishing the adequacy of implementing formal
management processes such as design, engineering change control, operating experience
review and corrective action. Quality management audits demonstrate that a management
structure and managed processes, which meet specified standards, are in place. For many
years quality management was implemented at Canadian nuclear facilities on a voluntary
basis. The new Nuclear Safety and Control Act and Regulations, and the introduction of QM
requirements in facility licence conditions, have made mandatory the implementation of
quality management programs at nuclear facilities. This is resulting in organization and
management improvement as management and structured processes, which meet defined
standards, are being put into place and implemented.

42



The quality management audit approach, however, is not well suited to assess organizational
culture and the behavioural aspects associated with activities such as communication,
organizational learning and the coordination of work. To assess those behavioural aspects, the
CNSC has, since the late 1990's, developed and implemented the Organization and
Management Review Method (O&M Method), which was based on the preliminary work
conducted in the US and Sweden (Haber and Barriere, 1998). It provides the user with the
tools, both qualitative and quantitative, for measuring those organizational factors, including
safety culture, that influence safety performance. Based on our experience to date, we believe
that the O&M Method complements the quality management approach and gives the CNSC
an improved understanding of the safety performance of a licensee's organization and
management processes. A review of the literature that examines the importance of
organizational factors and their relationship to safety culture follows.

Sorenson (2002) provides a survey of the state of the art in the study of safety culture and its
link to safety performance. In his review of the empirical evidence, he notes that much work
has been done to validate the notion that safety culture and other organizational factors have a
strong relationship to the safety of operations. Although there has only been little direct
research on the organizational factors that comprise a "good" safety culture, much literature is
available that makes the indirect assumption that plants with low accident rates have a
relatively good safety culture (Lee, 1998). In its extensive study of the predictors of safety
performance, the Advisory Committee for the Safety of Nuclear Installations (ACSNI, 1993)
has shown that the regulator's behaviour will affect the culture of the licensees, and that the
most effective safety cultures will develop in less prescriptive regulatory structures. The study
goes on to indicate that, along with the external impact of the regulator on the organization,
the key predictive indicators of safety performance are effective communication, good
organizational learning, and an organizational focus on safety.

Haber and Shurberg (2002) have shown that safety culture is a construct that can be
measured. They suggest that the O&M Method can tell us about the organization's
performance and will discriminate between high and low performers. High performers will
demonstrate such behaviours as constructive values, a drive to perfection, a questioning
attitude, effective communication, as well as a strong emphasis on safety. These behaviours
are consistent with those described by AC SN (1 993).

2. Organization and Management Review Method

The O&M Method starts with a conceptual model of the organization (Haber and Barriere,
1998). The model, known as the Canadian Adaptive Machine Model, or CAIMM, was
developed to assist the CNSC in examining the various functional groupings or components
of the organization and the ways in which information flows. The model was adapted to the
Canadian nuclear industry to illustrate a typical facility that could adapt itself or reconfigure
itself to off-normal situations when necessary. A nuclear organization can be configured into
five components that include the Strategic Apex (to set the corporate vision, goals and
policies), a Middle Line (to oversee activities related to operations, maintenance and service),
a Technostructure (to standardize work processes, outputs and the skills of the operating
professionals), an Operating Core (to accomplish the work of the organization) and Support
Staff (to facilitate work and minimize any disruptions to the flow of work). Once the model
was described, statements about the roles, responsibilities and interactions of the various
components were generated, along with their coordinating mechanisms. From those
statements, nineteen observable behaviours, that we refer to as dimensions, were identified
that could be measured within the organization.
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3. Application of the Method

Five types of data collection tools are used to measure the dimensions. First, a functional
analysis of the organization's documentation such as its organization charts, procedures
(especially those related to safety), and results from recent performance assessments is carried
out. Based on this analysis the evaluation team chooses a subset of the dimensions to
examine. Structured interviews, behavioural anchored rating scales (BARS), work
observations (using Behavioural Checklists) and a paper-and-pencil survey (an Organization
Culture Survey, including safety scales) are then used at site to assess each of the identified
organizational dimensions. Depending on the size of the facility and the extent of the data
collection, the evaluation can take fromn 10 days to 2 weeks. The corporate units that have a
direct working relationship with the facility are also included in the evaluation. The method
has been applied to all nuclear power plants in Canada, as well as other types of facilities,
such as a mine/mill facility, a conversion facility, a research reactor and a particle accelerator.
A total of 9 facilities have been evaluated to date.

4. Results

The results of the O&M Method have been used by CNSC staff to obtain a more complete
profile of organizations and have thereby contributed to the oversight monitoring of licensees.
More specifically, results have pointed out those organizational factors and management
principles and processes that are working well, and those requiring improvement. They have
also verified findings from previous audits and inspections, and have provided information to
assist CNSC staff in identifying areas for more focused follow-up examinations utilizing
audits or inspections.

The reaction of the licensees to the method varies from those that embrace it whole-heartedly
to those that remain unconvinced of its merit. Many licensees see the value of the evaluations
in confinning organizational weaknesses. On the basis of the results, some licensees have
developed facility improvement plans, incorporating the findings from multiple performance
assessments, including the O&M evaluation. Some licensees have also expressed concern
with the intrusiveness of the evaluation team on-site because of the labour-intensive nature of
the data collection activities.

At present, some of the data from all of the evaluations are being meta-analyzed to determine
what influence culture has on the other organizational dimensions and whether there are
performance indicators that can predict future safety performance. This research is
preliminary and no clear conclusion can be drawn at this time.

5. Regulatory Challenges

There are a number of challenges that the CNSC faces with respect to the implementation and
reliance on the O&M Method as a regulatory inspection tool. Although the method is
generally recognized by CNSC staff as providing additional information about the
effectiveness of the organizational factors, management principles and processes of the
facility, its role in the CNSC compliance program has yet to be established. Areas requiring
attention include: the lack of criteria which define when organizational behaviours are
acceptable; the use of results to monitor improvement in the facility; and the enforcement of
corrective actions.
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In addition, the role that the O&M Method may play in the regulatory oversight of the
changes facing the Canadian nuclear industry is currently under consideration. Examples of
regulatory challenges that have emerged in this area include: the adequacy of a change
management process to confirm that a licensee can justify and rationalize proposed changes
within the organization (with no negative impact on safety); the industry's increasing use of
contractors, raising issues such as contractor training, work protection and worksite
supervision; the aging of plants and the problems associated with maintaining or replacing
components while complying with regulatory requirements; and the costs and difficulties that
the industry faces to maintain and attract a skilled workforce while ensuring that safety is not
compromised.

A number of activities are under consideration to address those challenges. Workshops and
information sessions have been initiated to better assist regulatory staff in tracking licensee
improvements. The production of a regulatory document which touches on those
organizational areas not currently addressed in other regulatory documents or requirements
may be developed. In order to do that, first the criteria for good performance must be
established before it can be determined whether all organizational factors should be included.
The ACSNI has suggested that the best safety standards "can arguably only be achieved by a
program which has a scope well beyond the traditional patterns of safety management
functions" (1993, pg. 37). Thus, it is incumbent on the regulator to ensure that any regulatory
documents encompass the scope and breadth of those issues that are intrinsic to safety but
may not be evident. The CNSC will endeavour to meet that challenge.

Sorenson (2002) points out that it is important to identify performance indicators that capture
the attributes of safety culture and its relationship to safety and operations, and safety
regulation. It is therefore our longer term goal to develop performance indicators which can
be used to flag potential problems in the licensee's organization and that will help us to
predict when safety in a nuclear facility is likely to decline.

6. Future

One way that we are trying to advance the practical aspects of the O&M Method is to suggest
a complementary way of integrating O&M evaluations with QM audits to embrace their
similarities. Although, in some respects, some of the methods used in both approaches are not
compatible with each other in terms of their data collection techniques, results from each
method show both confirmatory finidings and the unique information that each method
contributes to build an organizational profile of the licensee's facility. QM audit information,
although most effective for ensuring compliance, can provide information useful in O&M
evaluations, and vice versa. From the research presently being conducted on the data, it is
hoped that what will emerge will be a clear profile of a "good performer" which will allow the
CNSC to compare and rate performers against a series of benchmarks or standards yet to be
developed. That step will help licensing staff to better monitor those areas of their licensee
facilities where improvements are needed in terms of organizational effectiveness.

7. Conclusion

Organizational change can occur over a long period of time and through informal processes,
as well as through planned and managed change initiatives. It is therefore important that the
regulator keep a close watch on organizational factors as part of the normal regulatory
oversight activities. In today's economy with unstable markets and de-regulation of the
electricity industry, it is more important than ever that a regulator make informed decisions
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that benefit the health, environment and safety of the public. This is the modem regulatory
environment in which the regulator needs to be mindful of the challenges that the nuclear
industry faces. The most comprehensive information about licensee performance is the key to
making well-informed regulatory decisions. That means that all of the information relevant to
the organizational factors, management principles and processes that relate to safety
performance, whether it comes from specialized audits, inspections or evaluations, should be
taken into account when making licensing decisions.
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Abstract. Since its appearance, as a result of the investigations of the accident in the
Chemobyl Nuclear Power Plant, the term Safety Culture has been considered a key element to achieve
a high level of safety in the nuclear installations, becoming a basic safety principle, internationally.
The Cuban regulatory authority understood from very early the importance of the promotion and
development of attitudes and characteristics in the organizations and personnel involved in the nuclear
sector, reflecting a high Safety Culture, in order to propitiate a higher involvement of all employees in
safety, contributing this way to the prevention of accidents in the nuclear facilities. Although the
Cuban Nuclear Program was significantly reduced in the 90's, the regulatory authority has continued
working in this direction and assimilated all the international experience for its application in its
strategies for the development of a Safety Culture in the nuclear activities in the country. The present
work summarizes the Cuban experience in the establishment of a National Program for the fostering
and development of a Safety Culture.

1. Introduction

The appearance in 1987 of the term Safety Culture after the investigation of the causes of the
accident in the Chemnobyl Nuclear Power Plant (NPP) meant an important recognition of the
influences of the human and organizational factors on safety of the nuclear installations.
Numerous studies and investigations have been carried out to achieve a clear understanding of
this concept and to develop methods that allow evaluating the level of Safety Culture. In
Cuba, the regulatory authority understood from very early the importance of this concept. At
the beginnings of the 90's it started the dissemination and promotion of Safety Culture by
means of several studies and investigations to obtain a preliminary diagnosis on the actual
situation in regard to Safety Culture. The aim of these first steps was to elaborate a strategy to
develop the attitudes and characteristics in organizations and individuals which would reflect
a high Safety Culture. Although the Cuban Nuclear Program was drastically reduced in the
90's, fuindamentally in the nuclear power area, the regulatory authority continued working to
promote and to develop the Safety Culture in the rest of nuclear activities, basically the
preservation of the Juragua NPP structures, buildings and equipment and in the practices
involving the use of sources of radiation in sectors like medicine, industry, research and
education. The validity of this strategy has been corroborated in several of the papers and
documents presented in international events or by the International Nuclear Safety Advisory
Group (INSAG) of the International Atomic Energy Agency (LAEA) [1, 2, 3 in which have
been recognized that the root cause of most of the problems and shortcomings that have
occurred in the industrial and medical practices using sources of radiation has been, in fact, an
inadequate Safety Culture. Therefore one of the main strategies for the control of the
radiological risks and the management of safety in these practices is the development of a
strong Safety Culture.

The Cuban regulatory authority has established a National Program for the fostering and
development of Safety Culture in the nuclear activities that constitutes the basis for the whole
regulatory strategy in this field.
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2. National survey on safety culture

During the years 1990 trough 1994 the Cuban regulatory authority focused its efforts in the
study of the AEA documents and other reports and publications on Safety Culture in the
nuclear sector and other non-nuclear industries with high technological risk. For this purpose
a Human Factors Group (FWG) at the regulatory authority was created. As a result of this first
stage a First National Survey on Safety Culture was carried out in 1995 [4], focusing the
attention mainly toward those aspects that affect the creation of a national climate for the
development of the Safety Culture.

An important part of this survey was oriented to obtain a diagnosis about the utilities
understanding the Safety Culture issues and also to know their appreciation of the regulatory
performance. This allowed to identify areas that required improvement from the point of view
of Safety Culture. The survey was based on several IAEA documents [5,6]. The poll
comprised a total of 32 questions on the following topics:

(a) Regulatory safety objectives and regulatory authority role
(b) Responsibility for Safety of the organizations involved in the Nuclear Program
(c) Regulatory Requirements: Clear statement, understanding and acceptance. Feedback and

review systems for comments
(d) Communication and interaction between the utilities and the regulatory authority
(e) Presence and interference of the regulatory authority in the utilities
(f) Safety information dissemination
(g) Professional recognition to the regulatory personnel and to the regulatory activities

The poll was taken from all provinces of the country, from different kind of practices and
from several types of organizations, with the aim at achieving the broadest range in the results
of the survey. Of those interviewed, 36% were managers and 64% workers [4].

As a result of the analysis of this survey 10 general recommendations fromn the Safety Culture
point of view were given for the Regulatory Directives for enhancing the styles and work
methods of the organization and its staff. Amongst the immediate actions taken were the
statement of the Regulatory Safety Policy, the implementation of a new regulatory practice
practical through the Annual Regulatory Conference and the reformulation of the National
Program for Safety Culture of the whole nuclear sector.

3. National program for the fostering and development of safety culture in the nuclear
activities in Cuba.

Based on the experience gained from the first national survey on Safety Culture, the actions
undertaken, the study of similar experiences in other industrial sectors with high technological
risks and, the knowledge acquired during LAEA Regional Workshop on Safety Culture for
Non-Power installation, held in Santiago de Chile last December, the H1FG reviewed and re-
elaborate the National Program for Safety Culture.
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National Program for the Fostering and Development
of Safety Culture in the Nuclear Activities in Cuba

(PCS-FR)

LEVEL Regulatorya Users of Sources Supporting
Body of Radiation Organizations

PLAN Plan 0CRO Plan CSUER Plan CSEA
(No. 1) (No.2) (No.3)

SCHEDULE 1200-04 20 04

FIG. 1. Simplified scheme of the National Program for the Fostering and Development of the
Safety Culture in the nuclear activities in Cuba.

This program is structured in three main stages to consider the three types of organizations
that are involved in the nuclear sector: regulatory, users of radioactive sources and supporting
organizations. Since each type of organization has its specific functions and features with
regard to safety, the aspects to consider during the assessment of their respective Safety
Culture level are different. For this reason a specific plan to assess the Safety Culture level for
each kind of organization was elaborated. Each one of these plans has a close relationship to
each other and they are executed in semi-parallel form, to be able to obtain a general
diagnosis of the Safety Culture in the nuclear sector and an Integrated Action Plan. In Fig. 1
appears a simplified scheme of the National Program, where the levels or organization types
to be evaluated, the codes of the respective plans and the schedule dates are indicated.

The Board of Directors of the regulatory authority approved the new formulation of the
National Program in January of the 2002. At present the Plan No. 1 is being carried out,
focused on the development of Safety Culture in the regulatory activity. This plan integrates
the results of the previous studies and actions taken together with the new activities of
assessment, action implementation, follow up and independent review. In Fig. 2 appears a
graphically represented Plan No. 1 that at present is in its second stage. The Plan No. 2 is
being currently organized to be initiated in 2003.
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NATIONAL PLAN FOR SAFETY CULTURE IN THE REGULATORY ACTIVITY
(PLAN CSOR)

Stage ttmn fteRqitr
(1995-2001) Implementation of Authority Safe ty Policy (1 998)

D ignosis of the Second NSSCRA Training and
ef fect iveness of the (Follow up) Activitinestondn

eOcAciiiso
0 c Reuaory Authority Poll bistribution Safely Culture for

M C4 Safet PolIicAsesPrcsy Regulatory Staff
U)C Internal.Survey fAnalysis of the Result ~ Seminlar's

Inter views ra icson

Ob 0serv7fas LPolm dniiation

(2003-2004) Action Plan Im lementation

Action Plan Follow up

Stage4 xter nal Independent Review of Safely Culture in Regulatory Acite

FIG. 2. Graphic representation of the Plan No. 1 for the Development of the Safety Culture in
the Regulatory Activity. (Plan CSOR).

4. Conclusions

For fostering and developing a Safety Culture it is important to define national strategies that
allow carry out the diagnosis of the existing situation considering the particularities of each
country and their organizations. This contributes significantly in the identification of the
Safety Culture issues that require improvements and in establishment of an effective Action
Plan to obtain the expected results in as short term as possible. With this purpose, the Cuban
regulatory authority has been working, to create a national climate where a strong Safety
Culture prevails in the performance of the organizations and individuals involved in the
nuclear sector.
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Abstract. The case of early closure of one of the units at a plant is one example of a situation
where the regulator has to reflect on and choose its role in order to prevent an impairment of the safety
culture at the plant. The strategy chosen by the Swedish Nuclear Power Inspectorate is presented and
some conclusions are drawn.

1. The legal basis of regulation

Swedish legislation requires that those who have permits to carry out nuclear activities also
have the full and sole responsibility for taking all necessary actions to achieve safety. This
includes organizational as well as technical measures. As a consequence the regulatory
supervision must cover both types of measures. In 1998 SKI issued general safety regulations
[1]. They have a strong focus on the quality of key processes for safety for example the
processes for investigating and learning from incidents, for ensuring competence of staff and
contractors, for ensuring appropriate working conditions, for managing organizational
changes and plant modifications, and for conducting safety reviews. SKI evaluates the design
and implementation of the processes in process-oriented inspections and in reviews of the
self-assessments by the licensee in accordance with the supervision strategy of the
Inspectorate.

The general safety regulations do not have specific requirements on safety culture. Safety
culture is mentioned with reference to IN SAG 10 [2] as a necessary condition for achieving
an effective defence in depth. It is required to make recurring analyses and assessments and to
develop a safety programme containing measures, technical as well as organizational, to
improve safety. The safety programme shall be reviewed annually. Analyses and self-
assessments of safety culture and measures to improve safety culture are expected to be part
of a licensee safety programme. The role of the SKI is to evaluate the licensee programme and
assessments. We have not yet systematically evaluated the safety culture self-assessment and
development initiatives of the licensees. Safety culture issues are however addressed
indirectly as part of "the way supervision is done at SKI" and directly in preventive and
reactive ways. In the following an example is presented of a situation where we analysed
potential threats to safety and safety culture and developed a suitable regulatory strategy.

2. The case of early termination of production at one plant

In the late 1990's SKI was faced with regulating the decommissioning of a plant for the first
time, when the Swedish government decided to shut down Unit 1 of the Barseback nuclear
power plant. In the spring of 1997, the Swedish Parliament adopted a bill on a new energy
proposal. The proposal included the closure of one of the two units of Barseb~ck in 1998 and
the closure of the other one in July 2001. It was a political decision and it dragged on for a
lengthy period of time. During the decision-making period SKI established requirements for
Barsebdck to meet prior to shutdown. SKI required that the plant provide special safety
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reports on decommissioning focusing on first, the operation of both units until closure of Unit
1 and second, the operation of Unit 2 when Unit 1 was closed.

In addition, SKI identified areas that might be affected by decommissioning and called out
these areas for special attention. They included:

- The organizational consequences of the shutdown
- The staff competence and motivation
- The plant safety culture
- The safe operation of the site
- The maintenance of the site
- The safeguards and physical protection of the site
- The strategies to be used for decommissioning

With regard to these areas of special attention, SKI required that the plant provide monthly
reports on changing and emerging issues as well as self-assessments of the areas to be
addressed in the special safety reports.

The key safety culture and organizational issues that were identified as emerging during
decommissioning were:

A) Obtaining and retaining staff competence during decommissioning
B) Sustaining organizational memory
C) Identifying key organizational functions and management skills that are critical during the

transition from operations to decommissioning

D) Sustaining organizational viability and accountability for decommissioning

E) Sustaining motivation and trust in management

F) Overseeing contractor work

G) Decommissioning a multi-unit site when one unit continues to operate

H) Delaying dismantling of decommissioned nuclear power plants

I) Establishing organizational processes and control systems to identify and address
emerging as well as known safety issues

J) Determining and communicating the level of risk during decommissioning.

3. Response of Barsebick and SKI to key safety issues prior to and during initial
stages of decommissioning

A brief summary is presented below of the activities taken by SKI and Barseb~ck. with regard

to several of these safety issues. A more extensive review is presented by Durbin et al [3].

Obtaining and retaining staff competence

Barseb~ck provided a five-year guarantee of employment for all staff in order to prevent that
key staff would leave while their skills were still needed for the safe operation and, then,
decommnissioning of the plant. In addition, Barseb~ck made an initial review of competence
needed now and in the future and availability of staff for the first phase of decommissioning.
SKI requires a monthly report from Barseb~ick evaluating the current status of staff
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competence and SKI and Barsebiick discuss staff competence at monthly meetings. In
addition, SKI conducts inspections of the system that Barseb~ick uses to assure staff
competence.

Sustaining organizational memory

Barseb~ck addressed two primary sources of information on organizational memory,
documentation and staff knowledge. Barsebdick conducted a quality audit and assessed the
status of documentation to assure adequate written organizational memory. A program was
also implemented to obtain information from staff leaving the plant. SKI reviews these
assessments and this program.

Assuring adequate organizational structure for decommissioning

Barseb~ck analysed alternative ways of organizing the work for energy production in one unit
and decommissioning of the other and produced a plan for a new organization. The transition
to the new organizational system was made in May 2000. SKI reviews and provides feedback
on all proposed organizational changes that may impact safety. For example, SKI required
that Barseb~ck develop a procedure for managing organizational change and required an
analysis of control room staffing.

sustaining organizational viability and accountability

When plants decommnission there is a risk that the organization will lose staff and/or resources
to the point that it is no longer able to conduct necessary work and maintain safety. In
addition, since the plant is no longer producing power, it may be difficult to assure that there
is an adequate organizational presence to maintain accountability for safety and fnancial
costs. There were discussions between the Swedish governiment and owners of Barseback
about a transfer of the license to another organization. There also were discussions about
mergers among power plant owners. SKI:s role in this process is to review proposed changes
and to advise the Swedish government on potential safety concerns.

Sustaining motivation and trust in management

The strategy of the plant was to continuously keep the staff informed and ensure their
participation in the discussions of the future. This together with the five-year employment
guarantee was essential in sustaining motivation and trust in management. In order to track
any changes in safety culture and motivation Barseb~ck conducted regular surveys. In
addition, Barsebaick requested that WANO (World Association Nuclear Organizations)
conduct a peer review and provide recommendations for improvements. SKI reviews the
monthly reports regarding these efforts and plans, and discusses the issues that have emerged
at monthly meetings as well as covering this area as part of its regular inspections. Incidents
are analysed and trended by the plant in search for possible indications of impacts. SKI
inspects the process for analysing and learning from events following through on how the
licensee has assured that measures are implemented.

Overseeing contractor work

This has not been a significant issue at Barseb~ck so far because there has not yet been a
significant change in the use of contractors. SKI continues to monitor lans for future reliance
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on contractors and adequate contractor oversight as well as plans for enhancing the in-house
competence.

Decommissioning at multi-unit sites

SKI made a safety decision for all sites that dismantlement activity is not allowed until all
units at a site are closed. Barseb~ick has done a number of analyses with regard to this safety
issue that has been evaluated by SKI. Barseb~ick analysed the use of unit 1 as a backup for
unit 2. Barseb~ck also identified the need for workers to give the same level of attention to the
closed unit as to the operating unit. In order to assure that shift staff members were motivated
and to improve integration of the work at the closed and operating unit, Barsebaick has
integrated staffing of units and 2. In this system the shift crew covers both units (1 operator
per shift is assigned to unit 1 and operators rotate this assignment) and maintenance, quality
assurance, and other service departments cover the needs of both units. SKI is monitoring the
effectiveness of this strategy.

4. Conclusions

Melber and Durbin [4] have discussed different regulatory strategies, their differences,
strengths and weaknesses. In the example provided SKI worked with a combination of what
they define as a self-assessment strategy and a process-based or system-based strategy. The
main strengths of the self-assessment strategy as discussed by Melber and Durbin were
observed, and also some of its weaknesses. One of the strengths is a clear responsibility for
safety on the licensee fostering plant initiatives in preventing and solving problems. The
licencee took many good initiatives such as "the future factory", and training of managers in
handling crisis etc and several were successfully implemented. Some of the potential
disadvantages of the strategy were also observed. Melber and Durbin point out that there
might be a delay before the regulator recognizes specific problems in the plants due to an
inadequate self-assessment process of the licensee. Such delays were sometimes experienced
and brought to the licensee senior management to make sure that management understood that
a reorientation was needed in order to solve the problems identified.

Systematically gathering information from the experiences of others by research, visits and
seminars proved to be extremely helpful in responding effectively to the needs for regulation
of a new phase of nuclear power plant activity.
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Abstract. In this paper, there are describe the activities already accomplished and the activities
planned to be executed by the licensee and the regulator with the aim to develop, maintain and
strength Safety Culture in all the Laguna Verde Nuclear Power Plant activities.

1. Legal framework

The legal requirements related with safety in nuclear installations are:
The Regulatory Law of the Constitutional Article 27 on Nuclear Matters (the
Nuclear Law") decrees that in every activity accomplished by nuclear installation
owner, always shall be given to safety (nuclear, radiological and physical
protection) the first place in priority. There is not a specific requirement
concerning safety culture, but it is required to count with procedures, qualified
personnel, training and responsibility for all the tasks to realize.
Mexico is a Contracting Party of the AEA Convention on Nuclear Safety, this
obligation was ratified on July 26th, 1996.
On the Laguna Verde Nuclear Power Plant Units 1 and 2 Operations Licenses,
emitted on December 8, 1999, were established as the Requirement No. 19 to
maintain the licenses force that: "The LVNPP shall encourage the Safety Culture
elements, making a special emphasis in the conservative decision-making and the
strict follow-up of the procedures, which would be reflected in a substantive
improvement of every safety indicator, as they are defined in the international
field.

2. Development, licensee activities

In 1996, there were developed the first activities in the compile and analysis of the
information related with the Safety Culture concepts, as well as the formalities to obtain the
IAEA technical assistance. Later on, there were developed several diffusion activities of the
Safety Culture concepts.
As a result of these activities and of the IAEA technical assistance, on November 1996 it was
developed the "Continuous Improvement Integral Programn", which contained the Safety
Culture Strengthening Plan.
It is considered that this preliminary stage of the Safety Culture implementation ends with the
OSART mission visit, on February 1997, in which the Safety Culture Strengthening Plan was
presented, and do not seemed to be appropriate since it contained in first priority productivity
objectives rather than the safety ones. They emitted an Observation with the aim that the
Management stress on safety as its maximum priority.
The Safety Culture Strengthening Subcommittee was integrated, which performed an
applicability study of the INSAG-3, NSAG-4 and the ASCOT Guidelines, and executed a
self-assessment based on INSAG-4. As a result, there were obtained the improvement actions
for the weak areas detected, and finally, it was executed an identification process of the
specific Safety Culture characteristics for LVNPP.
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On March, 1997, it was established the Safety Policy, as follows: "The L VNP Management
declares that safety (uclear, Radiological, Physical Protection and Industrial) has the
highest priority to full its mission to produce safe, confident and profitable kw-h, with a
deep respect to the environment".
It was promoted the Safety Culture Strengthening Plan, with the aim of foster the working
groups, the communications and the self-assessment as indispensable tools to maintain and
continually improve the safety levels and the operations quality. The Total Quality
Management Committee, marking the beginning of the massive diffusion and promotion of
the Safety Culture concepts, for all the personnel in the Organization, approved this Plan on
August 1th, 1998. The strategic statements in which the Plan is based on the following
declarations: the Vision: "To be recognized as one of the best Plants in its type in the world,
by its safety, environmental, technical and economical optimal results, supported in the
constant training and its personnel positive attitude, compromised to make a leader
enterprise of excellence"; and the Mission: "To generate electricity in a safe, confident and
competitive manner, promoting the development and comfort of the human resources, with
a deep respect to the environment".
The activities performed until the end of 1998 were principally focused to the supervisor
personnel (medium and high level managers) with the purpose that through their attitudes,
decisions and operative methods, would be showed to all the personnel of the LVNPP which
is the real priority that is assigned to every safety related affair.
With the purpose of maintaining a chronological reference in the advance of the activities of
Strengthening, it is consider convenient to establish the visit of an LAEA expert, on May 12'h
to 16 , 1998, as the point which marks the end of the initial stage of Strengthening and the
beginning of a second stage in which the pending activities would continue and should be
given a more firm and decided for the diffusion and training in all the levels of the
Organization of the Safety Culture concepts.
In this second stage, on August 1 7t to 2 1 't, 1998, it was received the follow-up visit of the
OSART mission, which expressed its satisfaction due to the big effort performed in solving
their recommendation and their convincement that with the participation of all the personnel
the Safety Culture Strengthening Plan would be enriched.
During 1998 and 1999, the Safety Culture diffusion and training continued in all the levels of
the Organization and during the fourth quarter of 1999 it was performed the analysis of the
results of an inquiry developed to feedback the Safety Culture Strengthening Plan with the
opinions of all the personnel.
Since the Safety Culture Workshop performed on November, 2000, in which the IAEA
experts granted the basic concepts of the self-assessment methodology, the LVNPP Manager
decided to conform a professional team of several areas to be trained in the self-assessment
methodology implementation.
IAEA experts, trained the members of the Assessment Team on March, 2001, to leader the
self-assessment process.
Later on, the Assessment Team met weekly during the period April - September 2001, to
develop the activities related with the self-assessment process, which first step was the
execution of a Safety Culture concerns interviews for Managers.
It was designed and applied an interview format, which was conformed by several questions
related with Safety Culture characteristics previously defined as specific for LVNPP, with the
IAEA experts help.
The interviews were performed on May and June and as a result, it was obtained a qualitative
measure of the main problems that the personnel perceived regarding Safety Culture. As a
result of the interviews it was developed a questionnaire based on the same Safety Culture
characteristics. This questionnaire was tested with a small group of employees of several
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areas of the Organization to validate and improve it. Mainly, it was looking for well-
formulated and understandable questions for the personnel majority.
The resultant questionnaire included a first section to compile general data, like the personnel
seniority / experience, age, sex, education, etc.
The 80 questions of the questionnaire were grouped in the 22 characteristics selected in
accordance with the aspects of interest for the LVNPP`.
The questionnaire was applied in all the areas; all the permanent, temporary, incidental and
contracting personnel were invited to participate. The application period was August 6 -

17th, 2001. The total number of validated questionnaires was 1142, which represented a
participation of around the 45% of the population.
In this process of self-assessment in all the areas resulted in a big interest for knowing the
more urgent areas of opportunity, and the initiatives to be taken to improve them.
The characteristics that obtained the lowest evaluations were: Visible leadership (66.1 1%);
Collaboration and Team Working (65.72%); and, Responsibility for the Performance and
Rewards (65.71%). (See Ref. 1)
The characteristics that obtained the highest evaluations were: Fulfilment with Regulations
and Procedures (83.64%); High Priority to Safety (82.99%); and, Relationship with the
regulatory body and other external groups (8 1. 74%). (See Ref 1)

3. Activities plan. licensee

On May 2002, the IAEA experts will perform a validation process of the methodology of self-
assessment developed by CFE, and CFE will inform CNSNS about the results.
Once the LAEA has validated the self-assessment, the Action Plan formulated for the solution
of the improvement areas and, in general, for the 22 characteristics evaluated, will increase
and make notice in the leadership of the managers and the team working in all the hierarchy
levels of the Organization.
With the purpose of verifying the effectiveness of the resultant Action Plan, it will be applied
a second questionnaire 12 months after the implementation of the improvement measures.

4. Development, regulatory body activities

In 1999, the CNSNS included as a requirement, into the conditions to maintain the force of
the LVNPP Units 1 and 2 Operations Licenses, in which is established that CFE shall
reinforce the Safety Culture elements. The fixed term for this requirement is to realize a
program of continuous follow-up with an assessment every 12 months, beginning on February
2000.
On March 2 2 d, 2001, the CNSNS developed a follow-up to the CFE activities performed to
comply with the Operations License conditions. The CFE made a presentation giving a
description of all their activities concerning Safety Culture and establishing the Mission,
Vision, Values, the Redefinition of Strategies, Improvement Actions and its results. It was
shown the document "Safety Culture Policy Declaration". There were given details of their 4
goals: (1) Seminaries and Workshops, Diffusion; (2) Safety Culture Characteristics Revision
and Analysis; (3) Self-assessment Process; and, (4) Strengthening Actions Implementation.
Finally, there were shown graphs of the results of an inquiry related with how the personnel
have observed changes due to safety culture improvement. (See Ref. 2)
On April 1 h 2002, CNSNS performed a second follow-up of the activities that CFE has
developed to strength the Safety Culture elements. Again, the CFE made a presentation of
their activities and hand over the safety culture executive report "Self-Assessment Process -

2001". As a result of the presentation and the report, CNSNS observed that the 3 first Goals
mentioned above are already met. CFE is waiting for the visit of the IABA experts to make
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the validation of the self-assessment process, since after the process has been validated, CFE
will proceed to the execution of the 4 d' Goal, this means, the Strengthening Actions
Implementation. (See Ref. 3)

5. Activities plan. regulatory body

CNSNS is also waiting for the results of the validation of the self-assessment process and the
establishment of the improvement actions plan to make a detailed follow-up of every
improvement action definition and implementation. In addition to the follow-up, CNSNS will
evaluate, and depending on the case, will approve or rectify each one of the improvement
actions.
By the other hand, CNSNS is preparing a program of activities with the aim to develop an
independent evaluation process. CNSNS will perform inquiries and apply questionnaires to a
sample of the L~NPP personnel to verify their safety culture current state and make a
comparison with the results obtained by the licensee in its safety culture self-assessment
process. Besides, CNSNS will conclude which is the licensee safety culture level.
In this point, we can mention that CNSNS performs semi-annually an Evaluation of the
Effectiveness and Implementation of the Inspections Program, in which, based on the
inspections results (i.e. findings, observations and reconmmendations) are concluded some
licensee strengths and weaknesses, which could be an extra tool to determine the licensee
safety culture current level.

6. Conclusions

It has been taken 6 years of work to reach the point in which we actually are, the advance has
been very slow in the process of LVNPP Safety Culture developing and implementation, but
basically this has been happen because of 2 motives: (1) the lack of resources (economical
and human); and, (2) the organizational changes that has been taken in LVNPI`. In general,
this kind of problems causes a break in the continuity of every established plan or program.
The aim of CNSNS of making a follow-up of the LVNPP activities is to promote an effective
advance and avoid another break in the continuity. In the other hand, CNSNS is beginning a
verification process to validate the results obtained by the licensee.
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Abstract. More than 15 years have passed since the term ',safety culture" was introduced by the
International Nuclear Safety Advisory Group (INSAG), and although the concept now is widely
accepted, practical applications and characteristics have been disseminated mainly for nuclear power
plant operating organizations. There is still a lack of international guidance on the use of safety culture
as a regulatory matter and on the application of the concept within regulatory organizations. This work
explores the meaning of safety culture in two different fields: as an element of safety management
systems it shall be a matter of regulatory control; as a complementary tool for quality management it
should be used to enhance regulatory effectiveness. Brazilian recent experience on regulating nuclear
power reactors provide some examples on how the concept of safety culture may influence regulatory
strategies and regulatory management.

1. Introduction

The concept of safety culture is stated in INSAG-4 [1] as "safety culture is that assembly of
characteristics and attitudes in organizations and individuals which establishes that, as an
overriding priority, nuclear plant safety issues receive the attention warranted by their
significance".

The Safety Fundamentals publication, The Safety of Nuclear Installations [2], does not
mention the expression safety culture at all. However, within its section 4, Management of
Safety, related aspects are addressed as, for instance, the need to recognize the safety
significance of each organizational activity. Principle (4), of reference [2], requires that
"4organizations engaged in activities important to safety shall establish policies that give safety
matters the highest priority, and shall ensure that these policies are implemented within
managerial structure having clear divisions of responsibility and clear lines of
communication."

As regulators have considerable discretionary authority in matters of nuclear safety, this
Principle (4) should have influence on regulatory organizations, as well. According to
INSAG-4 [1], in all types of activities, for organizations and for individuals at all levels,
attention to safety involves the following elements: (1) individual awareness; (2) knowledge
and competence; (3) commitment; (4) motivation; (5) supervision; (6) responsibility. These so
called universal features of safety culture should imply on requirements at policy level and
requirements on managers and on the response of individuals.

In spite of that, the LAEA Safety Requirements on Legal and Governmental Infrastructure [3]
does not make use of the expression safety culture, although its scope covers regulatory body
organization and activities. With respect to regulatory management system, it states only that
"the regulatory body shall establish and implement appropriate arrangements for a systematic
approach to quality management which should extend throughout the range of responsibilities
and functions undertaken".
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Regulatory management systems have recently been the subject of a peer discussions among
senior regulators, promoted by IAEA, which produced a technical report [4] containing a
valuable set of good management practices on the subject.

Consistently with such practices, the top management of the Brazilian regulatory body issued,
in 1996, its safety and quality policy statements. Later, a project co-ordination team was
appointed to control the development and implementation of a quality management system
within the Brazilian regulatory authority. This work presents some practical experience on the
matter of safety culture and lessons learned during preliminary steps taken in this project,
particularly when trying to apply available concepts to regulatory management and regulatory
strategies.

2. Applying the concept for regulatory bodies

If the universal features of safety culture are easily recognizable as also applicable to
regulatory organizations, some specific features of regulatory activity are not explicitly
addressed in many LAEA documents dealing with safety culture. They were mostly developed
for, and applicable to operating organizations. Nevertheless, they usually claim the
applicability for any organization with some responsibility on safety:- The authors experience
showed the need to adapt some concepts to specific features derived from the regulatory
mission.

The report INSAG-13, Management of Operational Safety in Nuclear Power Plants [5], has
the purpose to build upon the ideas outlined in INSAG-4 and to develop a set of universal
features for an effective safety management system, which is considered to be an integral part
of the organization's quality management system. As safety is primarily the responsibility of
the plant operating organization, to discharge its responsibility, the operating organization
needs to establish an effective safety management system which, by definition, "comprises
those arrangements made by the organization for the management of safety in order to
promote a strong safety culture and achieve good safety performance". Therefore, the concept
of safety management system does not apply to regulatory body itself. Nevertheless, as a tool
to enhance safety performance of nuclear installations, safety culture should be object of
systematic regulatory actions.

According to INSAG-lO , Defence in Depth in Nuclear Safety [6], "safety culture is broadly
relevant to all areas related to defence in depth and is particularly important for operational
safety. One of the most important lessons learned from severe accidents is that there is a need
to encourage a questioning and learning attitude to protection and safety and to discourage
complacency." As an element of the defence in depth system, safety culture should also be a
matter of regulatory control.

While the operators should declare, in their policy statements, a commitment to excellence in
all activities important to safety, making it clear that safety has the highest priority, for
regulators such an equivalent statement should declare a commitment to implement legislation
and act to promote plant safety and protection of individuals and environment. As safety is the
only aim of regulatory mission, instead of highest priority, the policy statement should
address the commitment to apply the limited resources where the benefit to safety would be
the greatest.

The Safety Report N2 1 1, Developing Safety Culture in Nuclear Activities [7], recognizes that
the approach to develop a safety culture has much in common with the approach to
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developing an effective organization and that, in promoting an improved safety culture, an
appropriate balance of behavioural sciences and quality management systems approach
should be pursued. As a subset of the wider organizational culture, safety culture inside
regulatory body can play an important role for regulatory effectiveness.

3. Regulatory control over safety culture

As discussed above, as an element of the defence in depth system and of the safety
management system, safety culture within operating organizations shall be a matter of
regulatory control. NSAG-13 [5] identifies two complementary aspects of the relationship of
the regulator with the operator's safety management system which contribute to its
effectiveness, by ensuring that there are critical self-assessment and corrective actions
(described as self-regulation) and by avoiding to act in a manner that diminishes the
responsibility for safety of the regulated organization.

The Safety Requirements, Safety of Nuclear Power Plants: Operation [8], does include, as
general requirements for operating organizations, some "shall statements" with respect to
safety culture, although it does not include neither the concept of safety management system
nor the safety culture as regulatory matter.

The Brazilian nuclear standard, Safety in the Operation of Nuclear Power Plants [9], was
issued in 1996 based on the previous LAEA standard for operation, Code on the Safety of
Nuclear Power Plants [10], and it has just one broad "shall statement" addressing safety
culture.

The Safety Report N2 1 1 [7] recognizes considerable international diversity in the regulatory
approach to safety with regard to where emphasis should be placed, particularly when dealing
with the regulation of human and organizational factors. Three types of regulatory strategies
are discussed, named compliance based, performance based and process based approaches.
The report states the advantage of process based regulation for the areas of organization and
safety culture because the assessments focusing on the logic of key organizational processes,
and the care in implementing and self-assessing these processes, allow a degree of flexibility,
avoiding to transfer to the regulatory body undue responsibilities over plant safety.

A solely performance based approach characterizes a "corrective regulatory control", based
on indicators of safety performance. In nuclear safety matters, preventive actions should
prevail over corrective ones. For the compliance based approach, a regular inspection
programme covering all areas of operational safety characterizes a "preventive regulatory
control". However, to increase regulatory efficiency, a "predictive regulatory control" should
complementarily be followed, monitoring processes of the safety management system,
focusing on trends of key process variables.

In 1997, Brazilian regulatory practices over nuclear power plant safety have experimentally
introduced a formal strategy which included explicit consideration of safety culture within the
operating organization. A methodology to determine the safety significance of a violation or a
deficiency introduced the so called "Nuclear Safety Significance Scale" [ 11]1. As a tool for the
regulatory enforcement, the scale provides a classification of the issue into 3 possible levels of
severity:

*Level 3 or Impeditive, which corresponds to unacceptable risk or unreviewed safety
problem;
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* Level 2 or Conditional, which corresponds to temporarily acceptable limitations;
* Level 1 or Potential, which corresponds to a systematic failure or deficiency in safety

culture.

Additionally, when the deficiency has no safety consequences and can be considered as an
isolated failure, the issued is classified as Deviation, corresponding to a Below Scale of
Severity.

By definition, the existence of a single deficiency of severity level 3 is enough to impose a
restriction to plant power operation mode. If a nominal weight of 1000 is associated to this
single deficiency, it is possible to investigate how many deficiencies of different levels of
severity will correspond to the same level of unacceptable risk. Assuming weight 100 for
severity level 2, weight 1 0 for severity level 1, and weight 1 for below scale deviations related
to safety, a Total of Demerits is defined as the weighted sum of all deficiencies and is used as
a performance indicator for the safety management system. As one example of "predictive
regulatory control", monitoring time trends of the Total of Demerits, the regulatory strategy is
focused on the ability of the safety management system to prevent or correct deficiencies
during operation.

4. Enhancing regulatory effectiveness

According to the Safety Report N9 11 [7], within an organization, safety culture is a subset of
the wider organizational culture. Many practices which are used internationally to improve
organizational effectiveness aim to promote the unity of purposes among the employees,
motivating them to achieve organizational goals. The concepts of Mission, Vision, Goals and
Values are often used to achieve these desired requirements.

To implement the safety and quality policies inside the Brazilian nuclear regulatory body, a
project was launched for the development of a quality management system applicable to the
main regulatory functions: rulemaking, licensing and control, review and assessment,
inspection and enforcement. Soon it was recognized the importance of considering the
cultural aspects inside regulatory organization. Different from operating organizations, a
failure in human behaviour of a regulatory staff can not directly challenge the safety of
nuclear installations. A consistent regulatory strategy, however, may have a stronger influence
over plant safety performance.

If an adequate set of shared values can promote attitudes and behaviours of the individuals
towards organizational goals, a selected set of regulatory principles will define the
consistency of regulatory strategies. Focusing the resources on the mission, both initiatives
will contribute to enhance regulatory effectiveness.

Initiatives derived from the adoption of the Nuclear Safety Significance Scale, to categorize
deficiencies associated with the operational safety of nuclear power plants, and so prioritizing
regulatory inspection efforts or escalating enforcement actions over plant operators, are
consistent with the application of the concept of safety culture to regulatory bodies,
warranting attention to issues proportionally to their safety significance.

5. Final remarks

As an element of defence in depth system and as a tool for the effectiveness of safety
management systems, more than a regulatory concern, safety culture shall be matter of
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regulatory control. Because safety culture involves human behaviour and organizational
factors, special care should be taken when developing related regulatory strategies, to avoid
being excessively prescriptive or unduly transferring responsibilities over safety management
to the regulatory body.

Inside regulatory organizations, in the framework of a quality management system, the
adoption of values and principles consistent with a strong safety culture will promote the
fulfilment of the regulatory mission.

There is still room for international guidance on subjects related to safety culture within
regulatory bodies and their relation with regulatory strategies and regulatory effectiveness.
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Abstract. This paper is the result of a reflection within the framework of a Ph.D. research at
SCK'CEN (Belgian Nuclear Research Centre) in collaboration with the University of Liege. The
starting point of the work was the "safety culture" model presented in the LAEA report 75-INSAG-4.
This model is applied to the working organization of the SCK*CEN, also considering the safety
culture as an open concept given its multidimensionality. The methodology is based on three methods:
observations, focus groups and interviews. The fieldwork was limited to two main installations : a
research reactor, and a dismantling site. The preliminary findings are based on the data resulting from
4 Focus Groups. The most prominent components of a safety culture and the multiplicity of safety
cultures in a large organization such as SCK.CEN will be discussed.

1. Introduction

Some years ago, the board of directors of the SCK*CEN decided to launch a research program
on the theme Science and Society" in collaboration with universities. In this human sciences
program SCK*CEN offers opportunities to social scientists to work on a Ph.D., in fields such
as sociology, law and philosophy [1].

To trace the evolution of our reasoning it is needed to consider the LAEA report 75-IINSAG-4
which presents a theoretical model" of safety culture [2]. Since this publication the term.
"safety culture" became rapidly famous [3]. The difficulty of this notion relates to its
complexity of dimensions and to its broadly defined characteristics, which allow multiple
representations of the safety culture [4]. Our ambition is to combine the contribution of the
75-IINSAG-4 report with this complexity of dimensions. Our objectives are firstly to confront
the model defined by the Group with the working organization of the SCK*CEN, secondly to
consider new components of the safety culture and fintally to understand how the organization
can enhance or spoil the safety culture. This paper presents our investigation field and the
scope of this paper, our approach and method. To conclude, some results will be presented
concerning the components of the safety culture and the unity of the safety culture.

2. Fieldwork

The fieldwork is limited to two installations in SCK*CEN: the BR2 MTR and the BR3 PWR.
The BR2 is a research reactor, which is used to realize different experiments to test the
reliability of materials. The BR2 is in use since 1963. The BR2 is also well known in Europe
for producing radioisotopes [5]. The BR2 employs 80 workers for shift teams, maintenance,
and nuclear experimentation. The BR3 is a small nuclear power plant started in 1962 and
definitely shut down in June 1987 [6]. The European Union selected the BR3 in 1989 as a
pilot-decommnissioning project. The project gives a unique opportunity to demonstrate that
direct dismantling is safe and cost effective. The BR3 employs 50 people divided into two
main departments: decommissioning and dismantling. The target population also included the
safety advisors.
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3. Approach and Objectives of the research

The International Nuclear Safety Advisory Group (NSAG) defined the term safety culture as
"that assembly of characteristics and attitudes in organizations and individuals which
establishes that, as an overriding priority, nuclear safety issues receive the attention warranted
by their significance". The framework refers to related attitudes as the questioning attitude,
the prudent and rigorous approach and the communication at the individual level and it refers
to a set of characteristics such as safety committees, safety rules, reward and sanction at the
organizational level. But no mention is made of informal elements that can reinforce or spoil
the components of safety culture. Therefore one of the objectives is to make concrete the
components of safety culture, by discussing these components with our target population. The
following step is to open up the notion of safety culture by considering our target population
as the holders of particular experiences, allowing them to present new components of the
safety culture. Finally the last step consists in, , in understanding how the working
organization can enhance or weaken the safety culture, based on experiences of our target
population

Our approach draws its inspiration from theories of social construction of risks, which defined
risks as the product of social interactions [7]. According our point of view safety culture is
also a social construct, which emerges from the working organization, and not an
organizational variable as specified in "In Search of excellence" [8]. Rochlin recently
suggested this approach [9]. Therefore our method aims first to collect representations and
perceptions related to safety and to the elements which contribute to safety or not. Then we
wish to go deeper into these representations in order to understand their construction process
applying the bases of the comprehensive approach [1 0].

4. Methodology

Observations of the workforce

These observations also gave us the possibility to observe interactions between the workers
and the middle management. They were designed to have a first experience of their work
given it was our first enquiry in a nuclear research reactor and to have the opportunity to talk
informally. The observations were also planned to feed further official discussions" with
practical examples and to facilitate them.

The Focus Group

This technique was used with several groups: 3 groups with the shift teams and 1 group with
the nuclear maintenance of the BR2, 1 with the workforce of the BR3, 2 groups with the
middle management of the BR2 and the BR3, 1 with the safety advisors. Each discussion was
planned over two hours. The Focus Group technique is a collective interview conducted by an
animator. This technique derives from the social psychology based on the group dynamic and
whose data result from the group interaction [ 1 1]. We applied a sociological analysis based on
the "Cut and Paste" technique.

Interviews

The interviews, with the safety advisors, were needed in order to go deeper into their
representations, which was particularly difficult during the Focus Group given the bilingual
discussion.
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5. Preliminary Findings

The preliminary findings are based on the data resulting from the Focus Group with the shift
teams of the BR2 and the workforce of the BR3. These data allow us to answer several
questions. First we want to focus the attention on the representations of our target population.
Their representations related to safety are generally complex, defining safety as something,
which is overall and pervasive. The difficulty to catch precise information with such a fuzzy
concept gave strong importance to the role of the animator of the focus groups, particularly
for constantly interrogating constantly the answers [12]. The framework of safety culture
designed by the INSAG presents three important elements (questioning attitude, prudent
approach and communication) at the individual level. Our results confirm these elements but
they are expressed throughout a collective working inside the teams which can lead to either
collective work rules or to practical knowledge often defining as savoir-faire" in French
sociological literature. According to these preliminary results, we identify three new
components of safety culture: the collective work rules, the "savoir-faire" and the personality.
The collective work rules can have a direct or indirect impact on safety. In the sociological
literature we can link them to the work of Jean-Daniel Reynaud [13]. The second component
relates to the savoir-faire, which is well developed by D. Cru and C. D~jours [14] concerning
the building sector. Finally, the personality: The participants have always conditioned their
answers according the personal characteristics. This particularity means for example that no
collective work rule is absolute, for each work situation workers take into account the nature
of people for the execution of their tasks. We think this third element has to be mentioned
even if actually we cannot explore it into greater depth.

As an illustration, we present some results for the two installations in greater detail. During
our observations with the shift teams we noted some practices, which seem to be obvious for
workers. For example, workers put on a ventilated suit and gloves before going down the
reactor's pool in order to lock the channel of the reactor. They also use scotch at the level of
the wrist. They explain that it is a question of individual safety" in order to avoid to be in
contact with the contaminated water. For example also, when they lock the channel the last
attention is given to a click" which guarantees the lock. These practices can serve different
objectives such as protection at the level of the individual, the execution of the work, the team
management, and the physical resources management. According to us they are a component
of the safety culture because they directly or indirectly relate to safety and depending on the
case they relate to different dimensions of safety: individual safety, collective safety and
technical safety. Throughout the data analysis resulting from the workforce at BR3, we
discovered a set of rules which lead their work: know your job", "consult the most
experienced before executing the job", the right to retreat, the right to intervene with the
colleagues.

To conclude, we wish to stress the classical question concerning the unity of the safety culture
within an organization. Comparing results originating from the two installations, we can
argue that more than one safety culture exists at SCK*CEN. The different safety cultures
regroup identical components but the distinction between the cultures results on one hand
from the complex articulation between the components themselves and on the other hand
from the interaction between these components and others factors such as the organizational
context or the history of the installation and so on. This point emphasizes the need for
research and knowledge about safety culture in order to exchange experiences and to
appreciate "the specific level of safety culture" within a team.
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6. Conclusions

Although a complex and broad concept, the safety culture is very real for workers of the BR2
and the BR3 at SCK*CEN. Throughout their experience, it appears that safety culture become
manifest in realization of the work. The working team leads to the adoption of ways to
execute the work, defined as the savoir-faire` and to adoption of collective work rules in
order to regulate the work. According to our cultural approach, we consider that these two
new elements are new components of the safety culture because they serve directly or
indirectly the safety and this, at different levels: individual safety, collective safety, and
technical safety. Even if the two installations present some identical components, we argue
that more than one safety culture exists at SCK*CEN because the articulation between them
and the articulation between the components of safety culture and others factors as the
installation's history, the relations between the staff and the management, and so on, can
conduct to different representations and as a consequence to different safety cultures. We
benefit also from this paper to argue it is difficult to determine what can be the deciding factor
which influences the safety culture, only a global and integrated view can map the reality of
the safety culture.
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Abstract. In nuclear organizations, quality and safety are inextricably linked. Therefore, the
search for excellence means reaching excellence in nuclear safety. The International Atomidc Energy
Agency, IAEA, developed, after the Chemnobyl accident, the organizational approach for improving
nuclear safety based on the safety culture, which requires a framework necessary to provide
modifications in personnel attitudes and behaviors in situations related to safety. This work presents a
Total Safety Management Model, based on the Model of Excellence of the Brazilian Quality Award
and on the safety culture approach, which represents an alternative to this framework. The Model is
currently under validation at the Nuclear Engineering Institute, in Rio de Janeiro, Brazil, and the
results of its initial safety culture self assessment are also presented and discussed.

1. Introduction

Deep analyses of industrial accidents with severe consequences have demonstrated that safe
and reliable operation of industrial processes based on complex and risky technology, such as
nuclear, depend not only on the technical issues, but on issues related to human and
organizational factors as well. Therefore, new methodologies for reliability and safety
improvement started to be developed, giving rise to the development of human factors
approach, and more recently, organizational approaches have been proposed and utilized.
After the Chemnobyl nuclear accident, in 1986, IAEA [ started the development of the safety
culture organizational approach aiming at improving nuclear safety. This approach requires
the implementation of a management change program in the organization in order to improve
the organizational factors related to safety.

Many scientists have commented on the crucial importance of the organizational culture when
implementing management change programs. According to Schein [2], organizational culture
components must be organized in three levels: underlying assumptions, shared values, and
artefacts, and that cultural changes are consolidated when the level of underlying assumptions
are affected. A research performed by Hofstede [3] has demonstrated that, on the
organizational level, cultural differences reside more on the daily management practices than
on the organizational values, and consequently that the shared perceptions of the routine
practices may be considered as the center of the organizational culture, meaning that its
underlying assumptions can be modified by the implementation of new management practices
within the organization. According to Schein [2], when the members of the organization get a
shared perception of the good results achieved by the new practices introduced, a process of
cognitive transformation starts, modifying the cultural underlying assumptions. Therefore, a
deep inter-relationship between the organizational culture and the daily practices occurs
permanently and simultaneously, in a complex fashion. This means that a successful cultural
change program requires the implementation of a management process in the organization so
that these inter-relationships can be properly treated. Fig. 1 presents an adaptation of the
complex causative bi-directional inter-relationship model proposed by Souza-Poza [4],
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considering reasonable to assume safety culture as the major importance subset of the
organizational culture due to the determinant importance of safety to the nuclear field.

This work introduces an integrated organizational management model named 'Total Safety
Management Model', TSM, composed by an organizational management process based on the
Model of Excellence of the Brazilian Quality Award [5], that integrates the safety culture
approach (assessment and enhancement of organizational factors related to safety) as one of
its management practices. The Model constitutes a complex adaptive system that adapts
continuously, providing the possibility for improving the safety culture and facilitating an
effective implementation of the management process, thus assuring a certain level of
"governability" to the system.

The rnanagement practices affects attitudes and behaviours.
and consequently, the underlying assumptions of the safety culture.

Managemient Safety
process Culture

Safety culture affects which management
practices will be emphasized. 

FIG. 1. Causative bi-directional inter-relationships between the management process and the
safety culture, mod jfied from [4].

2. Development of the Total Safety Management Model

21. The Model of Excellence of the Brazilian Quality Award

The Model of Excellence of the Brazilian Quality Award, BQA, was established in 1991
based on the Malcolm Baldridge American Quality Award, with the objective to identify
'world class' organizations. It comprises a sociotechnical, holistic and non-prescriptive
model, designed to assess the level of excellence achieved by the organizations, through a set
of requirements established to each of its seven criteria of excellence: Leadership; Strategies
and Plans; Clients and Society; Information and Knowledge; Personnel; Processes and
Results. The level of attendance by the organization to these requirements, as a function of the
management practices and their corresponding results, reflects the level of excellence
achieved. This model fosters a culture of excellence within the organization and considers that
its evolution towards excellence is a function of its continuous learning processes, as well as
of the management process assessment, performed by external experts, that identifies
strengths and weaknesses which turn into a management improvement action plan.

2.2. The Total Safety Management Model

The 'TSM' model constitutes a complex adaptive system, where the management process is
embedded in the safety culture, and the following actions cycle, partially represented in Fig.
2, is performed:

1: The influence of the safety culture over the management process is evaluated by the safety
culture practice, which assesses the organizational factors related to safety and identifies those
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that miust be improved. Since the M~odel of Excellence of the Brazilian Quality Award
provides a holistic management approach to the organization, it is possible to correl ate these
orgjanizational factors to te seven criteria of excellence of the management. process as
presented in 'fable I. for the organizational factors assessed bV EN. n its first safety culture
assessment. Thereffore, this enables that new practices be implemented within the scope of the
requirements of these criteria, aimning at iproving those organizational factors identifie as
critical.

2: The new systematic practices implemented within the management process, through the
corresponding criteria of excellence, and theirs consequent results, are supposed to affect
persons attitudes and behaviors and, therefore modifying the associated sa fety cture
underlying assumiptions.

3: The Performance Measurement System of the organization (item 2.3 of the BQA model).
developed using the balanced scorecard technique [6]. specifies safetV' as one of the output
perspectives. whose results are controlled by performvance indicators such as safety clture
meian global index, nuclear/radiological accident rates. aiong others. The performance of all
safety indicators is evaluated by the Critical Analysis Practice (item 13 of the BQA model).
which identifies corrective actions where needed, and provides a learning means to improve
the mnageiient practices of each criteria toward excellenice.

Safety Culturt

FIG. 2. Siililfied chnwj of i'he s.afetiv culture proetice, as part of/lhe TA/Ma!

Iii order to monitor the systemn's evolution, the 'T-SM' model assesses the level of excellence
achieved by the organization. uasing the methodology of the Brazilian Quality Award Model
of Excellence. During each actions' cycle a simultaneous and continuos adaptation happens to
the sstem.. meaning that the safety culture underlying assumptions are modified and the
effective implementation of the management process is facilitated. The degree of adaptation
achieved by the system is mnaily a function of the initial conditions prevailing within the
organization and on the effectiveness of the practical implementation process.

As a complex adaptive systemn, the TSM' model suggests that a 'facilitated change' type of
intervention be used, based on the eergence and self-organizing properties, instead of' the
frequently used planned change' type. which is framed under the mechanical paradigm that
1sees' the organization as a controllable machine and -whose results have little lasting radical
effects" [7].
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TABLE . CORRELATION BETWEEN THE SAFETY CULTURE ORGANIZATIONAL
FACTORS ASSESSED BY EN AND THE CRITERIA OF EXCELLENCE OF THE
BRAZILIAN QUALITY AWARD MODEL OF EXCELLENCE.

Organizational Factor Assessed Criteria of
Excellence

Fl1. High-level management commitment to safety / F2. Evident leadership/
F3. High priority to safety / F4. Systematic approach to safety / F6. Lack of1
conflicts between production and safety / F9. Management of changes / F 1 0. LEADERSH-IP
Quality of documents and procedures / F 19. Error treatment at work / F20.
Management of conflicts / F2 1. Organizational evolution through learning.

F5. Inportance of safety on the organization's strategic plan / F6. Lack of 2
conflicts between production and safety / F7. Relationship with licensing and STRATEGIES
regulatory body / F 8. Proactive and long-term perspective / F 1 2. Qualified and AND
well dimensioned personnel / F 13. Well defined tasks and responsibilities / PLANS
F 1 7. Adequate resources allocation / F2 1. Organizational evolution through
learning.

F3. High priority to safety / F7. Relationship with licensing and regulatory 3
body / F 11 .Compliance with regulations and procedures / F2 1. Organizational CLIENTS AND
evolution through learning. SOCIETY

F7. Relationship with licensing and regulatory body / F14. Transparency and 4
communication / F2 1. Organizational evolution through learning. INFORMATION

AND
KNOWLEDGE

F6. Lack of conflicts between production and safety F9. Management of
changes / F 12. Qualified and well dimensioned personnel / F 13. Well defined
tasks and responsibilities / F 14. Transparency and communication / F 15. 5
Motivation and satisfaction at work /F 16. Good working conditions related to PERSONNEL
execution time, workload and stress /F 1 8. Collaboration and teamwork / F20.
Management of conflicts / F2 1. Organizational evolution through learning/
F22. Commitment to performance and rewards.

F4. Systematic approach to safety / F 1 0. Quality of documents and procedures 6
/ F 1 1. Compliance with regulations and procedures / F 1 7. Adequate resources PROCESSES
allocation / F 1 9. Error treatment at work / F2 1. Organizational evolution
through learning.

3. Validation of the Total Safety Management Model at 1EN

The Nuclear Engineering Institute, EN, is a research and technological development unit of
the Brazilian Nuclear Energy Commission, CNEN, where a nuclear research reactor and a
cyclotron type accelerator are operated, industrial radioactive waste is stored,
radiopharmaceuticals are produced, among others activities. In 1999, EN started an
organizational change program in search of excellence based on the 'TSM' model. In 2001
IEN performed its initial safety culture self-assessment based on IAEA approach and on the
same 22 organizational factors used by Eletronuclear [8]. 73% of EN's task force
participated in this assessment, whose general results, presented in Fig. 3 and 4, indicate that
LEN's safety culture mean global indexes were classified as REGULAR [50, 65%), 4
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organizational fctors were classified as unsatisfactory (<50%1'). 12 as regullar, and 6 s
satisfactory [65, 75%), demonstrating the existence of critical factors that miust b iiproved.

lThe TSM model introduced in this work has not completed a full cycle of application at EN
vet. The results obtained at EN's initial safety cthtre self-assessmnent demonstrate that the
influence of the safety culture is Mainlv concerned to the criteria 1. Leadership and 2.
Strategies and Plans, of the BQA model. To complete a full cycle of application, an
adaptation plan is under development, which is composed by, the design and iriplermentation
of new management practices related to these criteria of excellence, which are supposed to
improve the corresponding organizational factors identified as critical and. therefore affrct the
safety culture underlying assumptions. After implementation. considering the cycle timfe.
safety culture will he assessed aain. and the results may demonstrate that the TSM' model
conistitutes an effective alternative to the necessary, integ-rated framework for safety culture
strengthening programs in nuclear orgranzations as well as in any other industrial segment.

S --.~~~~~~~~----.~~~~~~~~---- U -- -- --

- - - -- - - - -- - -

FIG. 3 )Ie indexese of nh~ atio2a1 FIG., 4. EN's sihcuitn i can lobal nee
Ifh tors USS(
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Abstract. Safety culture of an organization is influenced by many factors such as employee's
moral, safety policy of top management and questioning attitude among site staff. First this paper
analyzes key factors of safety culture on the basis of site interviews. Then the paper presents a safety
culture composite model and its applicability in various contexts.

1. Introduction

A healthy safety culture plays a crucial role in safety assurance of nuclear facilities. On the
contrary, decline of safety culture increases the possibility of errors and accidents. The
reasons for shifts in safety culture (from healthy to unhealthy situation or vice versa) can be
determined by analyzing several typical cases of the sites and their context.

2. Essential factors extracted from the group interviews with site employees

The Nuclear Safety Commission (NSC) of Japan has had group interviews with employees of
nuclear facility sites all over the country since July 2001. The interviews were carried out
directly by the chairperson of the NSC and a few of Commissioners, who have visited ten
nuclear sites and exchanged views on safety culture with section chiefs by April in 2002. In
this section we present an overview of good practices and problems gathered in the group
interviews and classify factors that compose safety culture.

2. 1. Good practices enhancing a safety culture

We would point to some of good practices, listed as follows, for a healthy safety culture in the
nuclear facilities where the group interviews on sites were held.

1) Boosting motivation and morale of individuals
- Set out basic rules for actions, mottos and illustrated posters on a section-by section

basis (e.g. Establishing 7 basic rules at workplace)
- Let younger staff have the time to sit in Zen meditation (in a cross-legged position) to

cultivate their moral senses
- Put up a board with the names and photographs of each day's workers, near the

entrance of the workplace for increasing their sense of responsibility
- Build an organizational climate to actively investigate problems (e.g. Daily group

discussion, rotational talking)

2) Learning a lesson from past mistakes, being able to be informed each other
- Investigate causes of the errors thoroughly not to repeat the same ones
- Make a database of small troubles in which site workers voice their concern for the

possibility of the troubles leading to accidents (called "Hiyari-Hat" experience in
Japan)

- Learn lessons from troubles in other facilities and industries

3) More effective learning and training, with frank communication
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Trainees make their manual by themselves to prevent taking the existing manual on
trust and understand multifacetedly what is described in it
Share small trouble experiences (near-miss incidents) through regular report meeting
Simulate accident situations (case studies or virtual simulators)
Risk predictive activities by small groups (e.g. Investigation of causes of disaster
examples)

4) Realizing open communication inside and outside the site
- Opinion box to seek employees' views and proposals, which gives employees much

opportunity to speak out freely and get a feedback from views of the workplace
- Cultivate a questioning attitude (Organizational climate of recommending

subordinates to propose or question to their bosses)
- Executive director's regular visit to the sites
- Take members in subcontracting companies into the party to issue house journals,

have a campaign of exchanging greetings among workers cheerfully and host social
gathering meetings

- President's visit to contractors and lecture on the safety there
- Local meetings with local for younger staff to explain their own daily behaviors to

local people (Thereby younger staff can know general society)
- Actively Open a facility to local people

2.2. Important problems in safety culture

We will list some of important problems with which nuclear facilities are confronted, as
follows.

1) Problems in relation to changing circumstances around the nuclear industry
- Decline in motivation of younger employees under the adverse wind against the

nuclear industry
- Change of business environment (Future concern about safety-economics trade-off)
- Weakened morale due to unreasonable regulation

2) Problems in relation to awareness of employees
- Unique attitude of younger employees that they manage their work well but don't

consider it carefully
- Lack of customary report, communication and consultation
- Difficulty of changing an inclination to hide their own mistakes
- Expanded and complicated manuals because of reflection of many lessons from past

experiences
- Lowered adaptation to rare events through employees' excessive dependence on

manuals (merits and demerits of manuals)

3) Problems in relation to difficulty in taking over experiences and skills
- Difficulty in developing human resources and organizational culture because of

regional characteristics and multicultural background
- Difficulty in handing lessons from the past accidents on to the younger people who

don't have their experience nor knowledge
- Difficulty in handing the hard experiences in the early days of nuclear power

development on to the next generation

4) Problems in relation to difficulty of communication inside and outside sites
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Organizational climate of Inhibiting subordinates from making suggestion to their
bosses
Difficulty in establishing an organizational identity due to collection of various
contractors
Difficulty in coping with frequently changing contractors

23. Key factors of safety culture based on site interviews

The result of group interviews on 10 nuclear sites, as we showed above, has identified several
items of concern and interest common to the sites, based on classification by good practices
and problems. We can summarize those items related with safety culture as the following
keywords. Motivation, Morale, Communication, Experience and Learning, Adverse Wind
against Nuclear Industy, Risk Awareness, Top Manager's Attitude

Especially "Communication skipping hierarchy" must be noted as the most effective one for a
healthy safety culture. Such communication of knowledge and will on safety has
psychological influence, that is different from that of commands by bosses. It produces a
pleasant atmosphere for a safety culture all over among the persons communicating directly.

3. How to think the components of a safety culture model?

Survey of existing safety culture assessment methods and safety culture management tools
shows that three factors are common to the components of safety culture [1] [2]. These factors
can be summarized as follows:

(a) Individual's safety consciousness and behavior.
(b) Organizational features of site (e.g. Rank relationship and communication).
(c) Awareness of working environment.

These are the internal factors of safety culture of an organization (components of safety
culture in a narrow sense). On the other hand, there exist some external factors that can affect
safety culture. The external factors, including "local community", "mass-media", "public
sentiment", "industry" and "regulators", and "market force (deregulation, price competition"
have not been discussed so much in the concept of safety culture. We suggest here that they
must be included in the safety culture in a broad sense, for the sake of development of
effective management plan.

The factors that influence situations of safety culture are described in Fig. 1. The inner area of
the broken line shows the inside of certain (facility) site. Safety culture of an inner
organization is categorized into three elements: individuals, group/organization, and working
environment. Each of these safety culture elements also contains component factors'. The
external factors of Fig. 1 can influence some or all the components of internal factors in
accordance with various situations.

'The element of individuals contains two factors, "motivation" and "mnorale/ethics". The element of
group/organization contains "communication" and "management", and the element of working environment
contains man-machine interface" and "risk perception". As three factors are strongly connected with one
another, there exist some factors that belong to two or three elements. The overlap area of the elements of
individuals and group/organization contains "leadership". The overlap of the elements of group/organization and
working environment area contains "learning/training", and the overlap of the elements of working environment
and individuals contains "experience/expertise".
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FIG.]. Safety culture composite image model.

For the purpose of improving safety culture, each factor must be activated by driving forces.
The result of our interviews and conceptual surveys suggest that one of the most effective
driving forces to activate all the component factors is "questioning attitude". In other words,
the situation of questioning attitude among site staff can be regarded as a dominant indicator
of safety culture management.

4. Conclusions: next step to manage safety culture model

The image model that we showed in Fig. 1 is highly abstracted from actual facts in site. When
the image model is applied to safety culture management in nuclear facilities, it must be
interpreted in the context of each site. So it is important for us to observe how the model is
interpreted and applied in the context of sites. Field research with the methodology of
anthropology and sociology are practical in assessing and modifying the applicability of a
safety culture component model.

The safety culture model like Fig. 1 tends to be considered as static one. On the contrary,
safety culture will not remain in regular conditions, but always move from one situation to
another. So the model must be thought as a dynamic concept. To understand the dynamism of
safety culture, especially the dynamism of an organization and its driving forces, learning
from case studies is the most effective method.

Our next step is to conduct case studies on the important accidents that occurred in nuclear,
railway, food processing, and other fields on the basis of safety culture composite model.
Especially we will analyze how the cultural factors affected on recent accidents and how they
depended upon inner or outer organizational contexts.
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The safety performance management system:
A tool for diagnosis, intervention, and measurement
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Abstract. Many organizations depend on human performance to avoid incidents involving
significant adverse consequences. Such organizations are typically termed high reliability
organizations (R~s). While heavy emphasis has been placed on designing system hardware and
software to intercept and mitigate events that could cause adverse consequences, dealing with the
design of the human component has proven to be more complicated. Examination of various safety-
related incidents makes it clear that human performance, and in particular organizational processes,
plays a dominant role. The human errors are of various origins and are typically part of larger
organizational processes that encourage unsafe acts that ultimately produce system failures. It is
generally postulated that without an effective organizational safety culture, a safe working
environment is impossible. While many different perspectives exist from which safety issues might be
addressed, a method that allows the quantitative measurement of organizational processes deemed to
impact overall safety performance is considered useful to understand the potential for future
inadequate safety performance. This paper describes the Safety Performance Management System, a
method useful for diagnosis, subsequent intervention and follow-on measurement. Implications for
use of this method are presented and the concluding discussion includes insights regarding the general
application of the method to improved facility safety performance.

1. Introduction

Many organizations depend on effective human performance to avoid incidents involving
significant adverse consequences. Heavy emphasis has been placed on designing system
hardware and software to intercept and mitigate events that could cause adverse
consequences. However, it is clear from an examination of various safety-related incidents
that human performance, and in particular organizational processes, has played a dominant
role in the root cause of such events. The significant industrial catastrophes of modem times
(e.g., Chernobyl, Bhopal) have led to greater attention being placed on some components of
human performance. Yet, safety statistics continue to attribute at least 50 percent [1], and as
high as 90 percent [2] of the causes of many accidents to human error. The human errors are
of various origins and are generally part of larger organizational processes that encourage
unsafe acts that ultimately produce system failures.

It is generally agreed that without an effective organizational safety culture, a safe working
environment is impossible. The organizational culture consists of the context within which
behaviors occur and more specifically the expectations and values that are perceived to be
reinforced by the organization. While many different perspectives exist from which safety
issues might be addressed, a method that allows an objective and quantitative measurement of
organizational processes deemed to impact overall safety performance is considered to be a
useful tool in the assessment of safety culture and the potential for future inadequate safety
performance.
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2. Identification and assessment of organizational processes

The organizational processes which impact overall safety performance have been identified
and a method for their assessment developed. The effectiveness of this method has been
demonstrated in numerous different organizations representing industries as diverse as nuclear
power, research, mining, health care, and chemical reprocessing. Seventeen organizational
dimensions are postulated to impact safety performance. These dimensions, and their
definitions, have been reviewed in detail elsewhere [4]. Data collection tools have also been
developed to assess and evaluate these dimensions within an industrial setting. The five data
collection tools developed to assess the seventeen dimensions have also been reviewed in
detail elsewhere [5]. The tools include: Functional Analysis, Structured Interview Protocols,
Behavioral Anchored Rating Scales (BARS), Behavioral Checklists, and Organizational and
Safety Culture Survey Instrument.

Multiple tools are used to assess each of the identified seventeen dimensions. Convergent data
from the multiple tools is of particular interest. The tools allow for collection of both
quantitative and qualitative data, which can be used to provide supporting evidence for the
results obtained regarding the dimensions of interest.

3. High reliability organizations

A set of literature exists that defines one type of organization as a "high reliability
organization" (HRO) [6]. HROs are defined as organizations which (1) must maintain high
levels of operational and/or safety reliability in order to be allowed to continue operations, (2)
cannot easily tradeoff between capacity and safety because of the consequence of error, (3)
are not allowed the benefit of learning through trial and error due to the cost of error, (4) must
be able to manage normal operations while maintaining flexibility to cope with unanticipated
events, and (5) are judged to fail if high levels of performance are not continually maintained
[7].
The issue becomes determining how an organization achieves the status of an HIRO. Some
common characteristics of successful HROs [8] include:

* Employees buy into the big picture through consistent communication and teamwork
to arrive at a common path forward;

• Being 'learning organizations' by aggressively seeking to know what they don't
know; and

• Measurement is used to manage so that reward and incentive systems are designed to
recognize the costs of failure as well as the benefits of reliability.

Further amplification of each of these attributes and their proposed relationships to the
dimensions identified earlier is provided in Fig. 1.

4. Safety performance management system

The Safety Performance Management System (SPMS) has been developed to assist in the
assessment of organizational performance in relationship to the attributes identified as
important for achieving the status of HRO and the dimensions related to the identified
attributes. The SPM1S is graphically displayed in Fig. 2.
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SPMS is a dy-namnic and iterative model especially useful in organizations that engage in
complex operations that impact employee and public health ad safety (e.g. HAR~s). The
model allows for:

• The diagnosis ofimanagement and organizational strengths and weaknesses,
* The development of intervention strategies to address the areas identified for

improvement, and
* The measurement of per-formianice to ensure the effectiveness of programs for enhanced

safety.

Using the set of 1 7 organizational dimensions identified and te five tools foi- measurement.
the ability of an organization to perfi.orm the behaviors important to achieving the status of anl
H-R() can be assessed. Outcomes of such an ssessm-ent include:
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* Overall organizational profile with respect to the behaviors important to safety,
* Identified differences within organizational groups,
* Highlighted strengths and areas for improvement,
• Prioritized and integrated recommendations to enhance safety performance in a cost-

effective manner, and
* Comparisons to other organizations on which similar data has been collected.

Once the organization is well understood with respect to safety performance, targeted
solutions for organizational improvement can be developed. Intervention strategies might
include:

* Human performance skills training, in topics such as communications, leadership,
management and supervisory skills, and safety culture.

* Programmatic initiatives to enhance organizational infrastructure.
* Streamlining existing organizational processes.

Finally, the SPMS model ensures that once targeted solutions have been implemented that the
desired effect is being achieved. The measurement phase of the model includes a process for
the collection and incorporation of feedback related to intervention strategies. Such a process
is essential to ensure continual organizational safety performance improvement. The SPM1S
measurment phase includes:

• Use of interviews, focus groups, and employee surveys to measure the effectiveness of
the balance between efficiency and safety.

• The development of measures to allow continued monitoring and self-assessment in
key areas.

* Development and maintenance of a database for trending and tracking performance
measures related to safety.

Data collected during the measurement phase of the SPMS model is evaluated to determine if
the organization is where it wants to be, is going where it wants to go, and what needs to be
done to get where it wants to go. This evaluation provides the critical link from measurement
back to diagnosis.

5. Implications

The implications of this work are broad based and particularly critical in the identification of
those organizations which are performing in a manner more or less indicative of a high
reliability organization. Organizational safety culture is an assessable construct and the Safety
Performance Management System is an effective method for diagnosis, intervention, and
measurement of those attributes important to sustaining a safety culture. By systematically
measuring safety culture, organizations can identify' areas for improvement or continued
maintenance.
Data from such assessments can be used to improve overall safety performance by
implementing highly cost-effective and focused intervention strategies. By identifying the
specific variables or organizational areas in which improvement is most needed, such focused
and cost-effective strategies can be developed to ensure that the focus of the entire
organization is on the development and maintenance of a safety culture that will support
achievement of a high reliability organizational focus.
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Abstract. Sometimes, many from negative external factors can be compensated by human
psychological readiness of worker. However there would be main worse to come: some cases of
personnel activity and organisational factors, some person's peculiarities (attitudes, responsibility,
etc.) add considerable number of the events at NPI's. A lot of aspects of Humnan. Factor Reliability
are united in Safety Culture concept. This paper presents some results of our recently research in that
area.

In "proactive approach": Unique methods for measuring maturity and satisfaction of personnel
motivation: comparative analysis of the labour and safety culture motivation from attitude;
organization of the socio-psychological climate and safety attitude examining monitoring at all of
Russia's NPPs; working-out recommendations for managers on improving human performance are
presented. Besides, ergonomnical research concerning work conditions at the NPP is displayed.

In "reactive approach": Analysis of the incorrect activity cases, which led to the breaches of work of
the Russian NPI's, is shown. The special method to work-up is used. It was issue, that events caused
by a human error, depends not only on the worker's professional competence, but on the attitude and
motivation, some professionally important psychological and psycho-physiological quality data, the
functional state, the group's socio-psychological climate, etc.

The researches of the human factor reliability in Russia have been carried out for more than
20 years. ORC "Prognoz" accomplishes methodological co-ordination of sociology-
psychological work of the nuclear safety services and other services of NPPs and
organizations, which are in charge of improving personnel safety situation, consulting and
rendering psycho-pedagogical services. ORC "Prognoz" keeps central data base for the
industry, which holds more than 10.000 psychological and psycho-physiological tests-data of
the personnel in Russia's Minatom companies.

The experience of normal work and an event cases on Nuclear Power Plants (NPPs ) shows
that the human factor provides both reliability and failure cases. It is difficult to overestimate
the role of human factor. Our approach in definition of the human factor role consists of
recognition and measurement as possible more complete list of the factors, which influence
on mistakes and (or) work successful of the NPP-personnel. We was convince, hat safety
culture is really the main condition of normal work.
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The enhancement in Nuclear power industry includes an optimisation of organizational
structures and development of personnel safety attitudes (NSAG-3, INSAG-4, NSAG- 12,
etc) as global problems. Organizational factors can be root causes of human errors, they need
to be identified, assessed and improved. Now twelve organizational factors are identified as
an important for access in determining organizational safety performance, "organizational
safety"[1].

The system of maintenance of the personnel reliable work is reflected in the legal
documentation creating the rules of works and legal space for realization of the personnel
activity in objects, using atomic energy, at a faultless level. Reliability of the human factor
depends on many parameters, external and internal, psychological.

The reliability researches of the human factor in Russia have been carried out for more than
20 years. The researches have shown that there are a lot of external factors, which influence
on performance and activity of the man, but which can be compensated by influence of
human psychological readiness of worker.

The decrease of psychological readiness becomes obvious in a situation of wrong action and
incident at station. The psychological situation of events caused by a human error depends on:

(a) The professional competence;
(b) The professional motivation;
(c) The some professionally important psychological and psycho-physiological qualities of

a person, including mentality, attention and memory data,;
(d) The functional state of human in the work time. This parameter is most vulnerable to

influences of external environment. The latent mood or weariness influences on the
accuracy of hands movement, on correctness of the decision acceptance.

The analysis of wrong actions of the personnel has the purpose to raise reliability of work,
with the help of mistakes correction, improvement of rules and methods of work.

Following logic of influence to the man behavior from external organizational factors in
Russia as well as over all countries - JAlEA members, the work in two directions is carried out
[1]:

(a) Prevention of infringements and preventive maintenance of failures;
(b) Analysis of the direct and root reasons of infringements in work of plants.

In Russia the careful activities of a legislative and organizational character are carried out. So,
The Law on Use of atomic energy was accepted, somec decisions of the Russian government
were accepted, including strengthening of a request on professional training and health in
admission of staff to work.. The requests to the personnel selection organization are changed.
As to the second problem of safety culture - to form the staff "safety attitudes ", such problem
is concerned with psychological area and decided due to a context of the world and national
culture. Both problems of the safety culture - perfection of organizational structures and
formation of the personnel attitude to priorities of safety - are interconnected and decided only
simultaneously. The appropriate methodical maintenance is developed for deriving an
objective picture about outcomes of such correlation.
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Investigation of motivation to the safe work of employees at nuclear power objects included
studying motivational sphere of IIPPE's scientific and submarine reactors' operational staffron
the Russian Federation Navy Fleet.

The example of examining safety motivation is presented in Fig. 1, where U stands for
utilitarian motivation, P - for prestige motivation, T - for achievement motivation, C - for
cognitive motivation and - for avoidance motives.

Comparative analysis data on the motivation sphere of specialists at different plants of the
nuclear industry gives evidence that NPP workers are characterized by the most mature
motivation sphere.

In this rating they are followed by the research workers of PPEI and the Navy officers. And
the last in the list are the students as the future employees of nuclear industry, although they
have rather mature utilitarian motivation ().

marks

is

motives
*UStudents Navy's employees EOPPE1 staff ONPP personnel

FIG.]1 Motivation sphere of the specialists at different nuclear power installations concerning safely.

In Russia the method of reasons of the staff incorrect actions in failures of the NPP operation
analysis is rare for the global experience [2, 3. Not only operational and technical
characteristics of incorrect actions are studied, but also psychological root reasons, which
induced the person to take this actions. The application purpose of this method is to study
factors reducing and raising professional reliability of the worker, synthesis of optimising
measures of staff activity.

There is a specialized service on problems of HIF reliability, which represents a system of
Psycho-physiological Maintenance Laboratories (PMiL), at the enterprises of Russia's Atomic
Energy Ministry on many objects of power energy usage. This system realizes:

(a) Psycho-physiological inspection and monitoring in the medical selection system
(according to desire of supporting and monitoring of Russia Health Services),

(b) psychological support and rehabilitation of staff,
(c) ergonomical examination of jobs and technological processes, monitoring of social

and psychological climate and settlement of conflicts,
(d) participation in the work of commissions on investigation of the direct and root

reasons of failures and malfunctions in work of the enterprises,
(e) management of data bank with results of the psychological service work.

PML1 are successfully working functioning almost on every Russian NPP. The purpose of
creation of a service on NPP, and now at the remaining enterprises of Russia Ministry for
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Atomic Energy - extension of professional longevity of staff and increase of the human
factor reliability of industry.

The scientific - methodical management of a psychological service, including PLM, is carried
out by Obninsk Research Center "Prognoz" (ORC "Prognoz"). The personnel of ORC
"Prognoz" consists of PHD specialists in psychology, biology, medicine, sociology, pedagogy
(teaching) and etc. The ORC "Prognoz" implements scientific research and services under the
contracts with different organizations.

Activity of the ORC "Prognoz":

(a) Legal and methodical co-ordination of the laboratories of psycho-physiological
maintenance (LPM);

(b) Methodological co-ordination of work of the nuclear security services, labor protection
service and other services of the NPPs and organizations, which are in charge of the
improvement of the situation with personnel safety;

(c) Socio-psychological maintenance of the activities of the personnel department;
Sociological analysis of the NPP personnel problems, analysis of the work motivation,
organization of the monitoring examining socio-psychological climate on the NPPs,
creation of the prognosis concerning social tense on the NPPs and working-out
recommendations for managers to adjust conflicts;

(d) Working-out the problem of reliability of personnel working on NPP;
(e) Ergonornical research concerning work conditions on the NPP;
(f) Consulting and rendering psycho-pedagogical services;
(g) Central data base for the industry, which holds more than 10.000 psychological and

psycho-physiological tests of the personnel of companies of Minatom of Russia;
(h) Central data base of the industry of the incorrect activity of the personnel (including

psychological and psychophisiological, ergonomnical, socio-psychological, economical
and socio-political factors), which led to the breaches in the work of the NPP and
affected the professional reliability of the personnel;

(i) Conception of psychological service in the industry of nuclear power.

Unique methods: measuring the maturity and satisfaction of work motivation of the
personnel, motivation of the improvement of safety culture on the NPPs ; analysis of the
causes of incorrect activity, which led to the breaches of the work of the NPP; number of
diagnostics psychological methodics and criterions, which help to estimate the psychological
reliability of the management of NPPs.

At present, the most actual directions in maintenance of reliable personnel activity are:

(a) Developing and perfection of the information supply system of NPP personnel work,
taking into account psychological features of communications;

(b) Perfection of information strategy in maintaining safety culture;
(c) Perfection of training system and improving professional skills of chiefs and personnel

in the human factor reliability field;
(d) Training in NPP safety culture and developing psychological aim at the safety priorities

in the system of personal values for manufacturing activity;
(e) Measures of material encouragement during work with the personnel in the motivation

field of the safety culture raising.
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The monitoring of preferences and moral values of personnel allow to diagnose an attitudes
in field of safety. Par example, safety attitude allocation (2), obtain in the socio-psychological
monitoring of 2001I's year, is presented in Fig.2.

Results of monitoring are necessary for the organization and perfection of administration
work with the personnel in order to strengthen discipline and responsibility. As active
methods of work with the personnel we can recommend further developing and application of
social - psychological support methods and these of consultation of NPP workers for the
personal problems solution influencing safety of their actions.

Fields of the work results application of ORC "Prognoz" - nuclear power engineering and
industry. Besides, the T1 rognoz` conducts researches of regional problems of the population
of territories, affected by the Chernobyl disaster, and problems of the population of territories,
located close to nuclear stations.
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FIG. 2. The comparative analysis (in %) of the estimations offactors - qualities, developed
in group interactions. The selection - 1528 workers from all Russian NPPs.
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Abstract. Change management continues to be an imperative for organizational leaders as they
move into the 21`t century; globalization, hyper-competition, advanced technology, employee
expectations and a changing workforce significantly impact the way in which organizations operate.
Unfortunately up to 75% of change initiatives fail. Nuclear power plants in the United States face the
same challenges as manufacturing and industrial firms with the added challenge of deregulation. Faced
with these new business realities, restructuring the electric utility has raised a number of complex
issues. Under traditional cost-of-service regulation, electric utilities were able to pass their costs on to
consumers who absorbed them. In the new competitive environment, customers can now choose their
suppliers based on the most competitive price, quality and efficiency of service. The purpose of this
study was to determine the degree of congruence between non-supervisory and supervisory personnel
regarding the perceived implementation levels of high performance workplace practices at a nuclear
power plant. In today's business environment it is those plants that can demonstrate integrated and
aligned high performance workplace practices that will survive a deregulated and competitive market.
The population for this study consisted of organizational members at one nuclear power plant. Over
300 individuals completed surveys on high performance workplace practices. Two surveys were
administered, one to non-supervisory personnel and one to first line supervisors and above. The
determination of perceived implementation levels of the high performance workplace practices
identified was accomplished through descriptive statistical analysis. Results of the study revealed 32
areas of non-congruence between non-supervisory and supervisory personnel. Factor analysis further
revealed the order in which the respondents place emphasis on the variables differs between the two
groups. This study provided continuous improvement recommendations designed to build upon the
existing change management strategy. The implementation of these recommendations can help the
plant sustain the changes introduced through a major transformation initiative implemented in 1998.

1. Introduction

In response to shifting markets, the expectations of Boards and financial markets, technology,
global competition, changing demographics, and consumer choice; many organizational
leaders are attempting to diffuse innovations into their organizations in an attempt to keep
pace with the competition. As discussed in Ref. [1], the problem lies in the failure rate of the
adoption and diffusion of the innovations. Although the concept of change is nothing new it is
often viewed as something to be endured rather than embraced. Change typically creates
instability and disrupts the status quo; as a result it is often quite uncomfortable and disturbing
for some. Building lasting and sustaining change is not an easy task; it has been estimated that
up to 75 percent of organizational change initiatives are met with failure.

In attempts to quickly alter organizational cultures, many innovations are cast to employees
with the expectation that they will "buy into" the change and produce management's hoped-
for results. The problem, however, is that organizational members have often been conditioned
through past experience to avoid the distress and instability that occurs when something new is
introduced into the environment. Hence, when programs and initiatives designed to produce
change are introduced, perception and past learning have taught employees to avoid the
situation and in turn avoid the discomfort in the hope that it will eventually go away. The
problem is confounded in that many change initiatives do go away, many are implemented in
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such piecemeal fashion that the y do not stick they become the program of the month. As a
result of the current business environment increased attention has been focused on the effects
of management styles, employee satisfaction, the values and norms of organizations, human
performance factors. As discussed in Ref. [2], when planning for organizational change all of
these factors should be negotiated, a systems perspective assists in alignment of the various
activities occurring throughout the enterprise.

Based on this background and rationale, this study sought to discuss and determine the degree
to which there was congruence or a lack of congruence between management and employee
perceptions of the implementation of high performance workplace practices at one nuclear
power plant. As described in Ref. [3], this study used as its foundation the practices identified
in the Road to High Performance Workplaces: A Guide to Better Jobs and Better Business
Result by the U.S. Department of Labor's Office of the American Workplace, as well as
variables consistently identified in a review of the literature. Nuclear power plants face both
the same challenges as industrial firms, with the added challenge of deregulation. With the
onset of deregulation, a multitude of change occurring within the broader business environ-
ment, and extremely poor plant performance, a nuclear power plant located in the Midwestern
United States set out to reassess its culture and change the way in which the plant was
managed. The objective was to move from a predominantly technical and hierarchical culture
to a participative and continuous improvement environment.

As described in Ref. [4], change that occurs in any organization, if indeed it does occur, is
often superficial rather than substantive. An organization may adopt the words of an initiative
designed to change the culture without internalizing what those words mean, espoused versus
expressed change. When an initiative is implemented, then specific changes should be evident.
Those changes revolve around the specific characteristics of an organization and the
perceptions of the organization's members surrounding the adoption and significance of the
change

2. Establishing the case for change, vision, skills and outcomes

2.1. Events triggering the transformation effort

From 1988 to 1996, a declining trend in personnel performance at the plant was documented
in numerous Nuclear Regulatory Commission (NRC) reports, Institute of Nuclear Power
Operations (WNO) evaluations, and internal and external audits and assessments. Prior efforts
by plant management failed to identify and correct the reasons for the decline. The actions
taken by the leadership team to mitigate problems were usually viewed as punitive and often
ineffective in resolving generic problems that resulted from inadequate processes, procedures,
and leadership. Although the senior leadership team attempted to resolve these issues, the
changes were repeatedly met with failure.

According to the plant's Quality Assurance department, from 1994 to 1997 there were 70
external assessment reports, 16 internal assessment reports and eight quality-assurance audit
reports documenting poor operational activities. The quantitative data were onerous; the plant
had serious performance problems.

Historical review found a number of major areas, which were the cause of increased Nuclear
Regulatory Commission scrutiny and the subject of several Notices of Violation (NOV)
resulting in civil penalties by the NRC. The problems identified in the reports can be
categorized into the following areas: procedure adherence, procedure adequacy, lack of

94



conservative nuclear safety decision-making, poor management decision-making, poor
communications, poor equipment performance and material condition, lack of engineering
rigor, operations training which was placed on probation by the National Academy for Nuclear
Training, and an ineffective corrective action program. The plant was out of touch with the
standards of acceptable performance for the nuclear industry; its operating future was at stake.

In order for any change initiative to occur, a clear and concise business case must be made.
As deregulation was becoming a reality, the need for change was more important than ever.
All nuclear power plants within the United States were facing the same basic market and
environmental changes that were on the horizon. For this plant, adding to the case for change
was the poor performance and impending threat of sale; combined, these realities became the
impetus for significant change. The question for senior management was "where to begin?"

The leader's role cannot be overlooked when discussing organizational culture and change; the
two concepts go hand in hand. Leaders create organizational cultures, and one of the most
decisive fuinctions of leadership may well be the creation, the management, and -if and when
that may become necessary-the destruction of culture. As discussed in Ref. [2], culture and
leadership, when one examines them closely, are two sides of the same coin, and neither can
really be understood by itself. As identified in Ref. [4], a discussion on culture and change is
often accompanied by a discussion on the leader's role in facilitating that change. In a study
of 10 major companies implementing cultural changes that succeeded the single most visible
factor was the leadership at the top.

2.2. Beginning the transformation - a description of the organizational intervention

In line with the literature findings and in order to expedite the change process, between 1996
and 1997 more than 17 key leadership positions were filled with personnel who possessed a
new philosophy of leadership. This change allowed for a new approach to problem solving,
clear expectations for performance and safety and the ability to communicate those
expectations, experience in quality processes and new ways of engaging employees. The
significance of this change cannot be overstated. In order for the plant to survive, a complete
paradigm shift in management philosophy was necessary. The prior command and control
style of leadership that was prevalent across the site was no longer tolerable. The new team
brought to the station a fresh approach to leadership style, primarily an understanding of the
significance of employee engagement and empowerment.

With a new leadership team and philosophy in place, a clear business case for change and an
organizational vision, the next step was to rally the support of all station personnel, both non-
union and union-represented personnel. In the United States, there is a heavy investment in
training programs designed to improve human performance and train employees in the use and
application of new philosophical approaches to business. As described in Ref. [5], in 1994
U.S. employers spent an estimated $52.4 billion on formal training. When indirect costs and
expenses for informal on-the-job training are included, total annual expenditures are estimated
to be in the $200 billion to $400 billion ranges. Yet as identified in Ref. [6], as little as 10
percent of these expenditures are believed to pay off in on-the-job performance improvements
resulting from the transfer of knowledge, skills, and abilities.

Critical to the adoption and transfer of skills, knowledge and abilities to the workplace is the
organizational environment and culture. If an individual is unable to put new skills to use and
if the culture does not support the application of those skills, then they will quickly be
forgotten. With the change in management style a campaign was put into place focusing on the
organization's most important asset - the site's personnel. Over a three year period numerous
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workshops were implemented site-wide to help employees understand the impact of their
behaviors on others, their impact on the change process, transformational leadership
techniques, and attention to detail and self checking. Sending the entire staff through the
behavioral and leadership training was a huge investment, both financial and emotional. The
success of this training was dependent on the new leadership team's recognizing the criticality
of this foundation building and supporting the employees in the application of what they
learned.

Many site personnel were skeptical of the proposed changes and anticipated outcomes. Many
were leery of the new leadership team, as they had seen programs come and go before and for
all they knew this was just another "flavor of the month." Part of an effective change plan is
recognizing that people will go through emotional and psychological response to the change.
Effective "change agents" develop strategies prior to implementation of the change and
proactively help organizational members move through the change process. Accordingly, the
significance and impact of the "soft skills" training became immeasurable.

In order to enhance the leader's ability to cope with potential resistance, 100 percent of the
leadership team received additional training through a "Walk the Talk of Change" program;
this included first line supervisors and above. Support groups were put in place involving
change agents from across the site. These change agents comprised a cross section of the site
population. So it was with the help of fellow co-workers, training interventions, and the
progression of time, that many personnel were finally ready to assist in the continued
transformation effort. This initial foundation building occurred in 1997 and 1998 and required
a significant investment in time, money, energy and leadership focus.

In 1998 the site vice-president and organizational managers, with the help of the change
agents and other site personnel, held a two-day offsite conference in which 650 personnel
(about two-thirds of the station's personnel) took part. The purpose of the conference was to
clearly articulate what the organization's transformation process would look like with the
assistance of those directly affected - the employees. It was at this juncture that the
significance of the foundation building became crucial in moving the organization forward.
As stated previously, quite often employees are provided training to help assist in new
philosophical approaches to business and never given the opportunity to formulate them in
their own minds, as well as apply those leamnings; the "Visioning" Conference was the
opportunity for station personnel.

The conference started out with opening remarks from the company's senior leaders followed
by a panel discussion of top executives from the electric, regulatory and automotive business.
The executives shared their personal perspectives on the significance of change and the
change process within their own industry. The discussion was followed by a video that
portrayed the organization's future if significant changes were not made. The videotape
presented a mock news broadcast in the year 2003 in which the decision is made to shut the
plant down due to its inability to compete in a deregulated market

Throughout the conference, station personnel were encouraged to accept one another's
contributions and to recognize that there are often many varying perspectives to a particular
question and that there is no single answer. The participants focused on their past experiences
and generated information to help learn about and appreciate their collective history, the
changes they had experienced in life, and what the past meant to them. The participants then
focused on commonality of experience, history, and values to provide a starting point for the
preferred future. The remainder of the conference focused on identification of the steps
needed to realize this new state.
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As a result of the conference, employees developed an organizational vision statement agreed
upon core values and identified strategic initiatives required to achieve the desired state.
Organizational core values identified included ownership, high personal standards, people,
ability to change, customer satisfaction, efficiency, honesty/trust, safety, and communication.
Ten strategic initiative teams were formed using volunteers from all levels of the organization
to focus on such areas as regulatory performance, communications, teamwork, safety and
capacity factor, to name a few. These teams were composed of site personnel with a passion
and interest around the topic. The role of management was to sponsor the teams' activities,
provide resources and eliminate barriers - the employees were participating in the design of
their destiny.

While the "Visioning Conference" itself can be viewed as a significant catalyst for
organizational change, it was one piece of a larger transformation process that continues to
date. Critical to the success of the conference was the foundation building that took place -

the training and commitment by senior management to institute fundamental change. Crucial
to the continued transformation would be the ability of the leadership team to follow through
on their commitments, support the 10 strategic initiative teams, and rally support for
continuous improvement.

Any transformation effort will require the senior leaders of the organization to continuously
monitor the internal and external environment, and ensure the organization is heading in the
right direction. It is those organizations that sit back and take intense satisfaction in their
newfound success that will find themselves back where they started. Although a lot of good
work had been done in three years, there was still much more to do. As described in Ref. [7],
change sticks only when it becomes the way in which organizational members do things -

when it seeps into the very bloodstream of the work unit or corporate body. True change, as
discussed in Ref. [8], often requires metanoia and takes time; it is an ongoing process that
typically takes three to five years to embed. The inability to scan the business environment
and create an impetus for continued change often occurs among those organizations reveling
in past accomplishments. It is often those that are weeded out through bankruptcy, takeover, or
- in a worst-case scenario - organizational demise.

2.3. Measuring the results and determining next steps

With a major change initiative introduced into the culture and the desire to continuously
improve the plant, the station's management team agreed to identify what was working well
and what needed to course correct. The purpose of this study was to provide quantitative data
to assist in identifying opportunities for improvement. Based on the results of this study,
station management could refine the business strategy and course correct as needed. The
intended results of this study would: (a) Provide insight to the nuclear power plant concerning
opportunities to improve overall plant performance as the industry moves towards a
deregulated environment. (b) Identify the relationship between the current level of
implementation of the intervention and management and employee perceptions of its impact.
(c) Identify areas for continued training and staff development. (d) Identify areas of
alignment/misalignment of activities and allow for adjustments in strategy. (e) Serve as a tool
to monitor the plant's vision and strategic planning.

This study sought to answer the following questions: (a) Was there congruence between
management and employee perceptions regarding the implementation of the high performance
workplace practices identified in The Guide and related review of the literature? (b) How
many the principle components do non-supervisory and supervisory personnel identify when
thinking about the workplace practices? (c) Based on the components, what factors are
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identified by non-supervisory and supervisory personnel? (d) What was the relationship
between the degree of congruence and factors identified?

This study was limited to one organization therefore generalizability is a limitation. This study
utilized as its foundation the practices identified in The Guide and variables identified in a
review of the related literature. Since consensus has yet been established on a single definition
for a high performance workplace, a variety of practices were reviewed and incorporated into
the final survey instrument. The Road to High Performance Workplaces recommendations
was inclusive enough to encompass more specific practices so this limitation was minimized.

3. Description of methodology and survey results

3.1. Research methodology

Due to the nature of the study and the research questions posed, the population at one nuclear
power plant was surveyed. In order to conduct a full assessment of the perceived levels of
implementation of high-performance work practices, it was necessary to receive feedback
from all levels of the organization. This approach assisted in identification of gap perceptions
that existed between leaders and line personnel. The organization consisted of 1,200 contract
and full-time employees. Only full-time company employees were sent a questionnaire. The
company's human resources management system database was used to identify full-time
company employees as well as distinguish between first-line supervisors and above and line
personnel. A total of 808 surveys were mailed out. Of that population, 209 were identified as
first-line supervisors and above and 599 were identified as line employees. A total of 266
usable surveys were completed and returned by line employees and 93 from first-line
supervisors and above.

The questionnaire was constructed based on the items in The Guide, as well as those criteria
identified in the literature reviewed as relevant to high-performance workplaces. Questions
were grouped according to content, with demographic information requested last. Answers on
the questionnaire were consistently formatted from strongly agree to strongly disagree to avoid
any confusion to the respondent. The questionnaire was given to constituents for review of
clarity, terminology, appropriateness, and design in order to identify any potential defects in
the questionnaire. The questionnaire was anonymous and optional; there were no coercive
measures in place requiring mandatory participation.

Data concerning the perceived level of congruence between management and employee
perceptions of implementation of the practices recommended by the Department of Labor's
guide were collected through an on-site mailed questionnaire. In addition to the questionnaire,
historical documents and records were reviewed to assess this plant's performance beginning
in 1995 versus its current performance. These written documents consisted of NRC reports,
INPO findings, job satisfaction surveys, as well as innovation strategies and events that had
been captured through photographs, feedback sheets, and documentation.

3.2. Research questions

Research question 1 sought to examine the congruence between management and employee
perceptions regarding the implementation of the workplace practices as identified in the
Supervisory and Non-Supervisory questionnaires utilized in the study. Two survey
questionnaires were mailed out, one to first line supervisors and above, the other to line
personnel. Data to answer the question were obtained from responses for each questionnaire
item. The scale recorded information about the degree of implementation of high performance
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workplace practices at one nuclear power plant. The response data were analyzed using
descriptive statistics to indicate the implementation level for each practice as reported by the
two groups, z scores were calculated to identify areas of congruence and non-congruence.

Research question 2 asked how many principle components do non-supervisory and
supervisory personnel identify when thinking about the workplace practices. In order to
answer this question respondents were asked to what extent they believe the following
practices are important to a high-performance workplace. Again, these are practices that have
been identified through the Guide and a review of the literature:

a) Training and continuous learning,
b) Information sharing,
c) Employee participation,
d) Organizational structure,
e) Worker-management partnerships,
f) Compensation systems linked to performance,
g) Supportive work environments,
h) Safety,
i) Organizational mission/vision,
j) Feedback on performance, 
k) Strategic business planning,
1) Leadership, and
m) Human resource focus.

Each of the questions asked related directly to one of these aforementioned variables. The
questionnaire recorded information regarding the importance level of high performance
workplace practices. The response data were analyzed using frequency distribution to indicate
the importance level for each work practice. The mean and standard deviation for each
practice were analyzed. In order to analyze interrelationships among the variables and to
explain these variables in terms of their common underlying dimensions, factor analysis was
applied.

Research question 3 sought to determine, based on the components, what factors are identified
by non-supervisory and supervisory personnel. This question was answered through factor
analysis of survey responses.

Research question 4 sought to determine the relationship between the reported degree of
congruence and the factors identified by non-supervisory and supervisory personnel. This
question was answered through analysis of the results from the descriptive statistics and the
components identified by non-supervisory and supervisory personnel.

3.3. Survey results

Research question 1 sought to determine whether there was congruence between management
and employee perceptions regarding the implementation of the high performance workplace
practices identified in The Guide. In order to answer this question, this research had to first
determine the degree to which both non-supervisory and supervisory personnel perceived the
variables as currently implemented. The questionnaire used a five-point Likert scale in which
the following values were assigned: 1 = strongly agree, 2 = agree, 3 = neutral, 4 = disagree,
and 5 = strongly disagree.

99



Descriptive statistics were used to analyze question 1. The mean and standard deviation for
each workplace practice were reported for both the non-supervisory group and the supervisory
group. The minimum for each response is and the maximum is 5; these were also reported.

When compared with one another, the data showed that for 32 of the high performance
workplace practices, perceptions between management and employees were significantly
different based on absolute values of:2 scores. The:- scores were calculated to determine the
number of standard deviations a corresponding raw score was above or below the mean.

When viewed against the practices identified in the review of the literature as contributing to
high performance workplace, perceptions surrounding the implementation level of questions
associated with: organizational leadership, the implementation of training and continuous
learning, information sharing, employee participation, organizational structure and supportive
work environments, there was a significant variance between the two groups. Based on a
review of the data, the perceptual differences in the implementation of these aforementioned
practices was significant enough to warrant further investigation into strategies that could be
employed to reduce the gaps.

When management and employee perception regarding the implementation of the high
performance workplace practices differ, there is often misalignment. Any perceived
disconnect between the behavior of the senior leaders and the values of the organizational
members will strongly undermine the commitment of the organization to those values in the
minds of its members.

For research question 1, the related null hypothesis was there is congruence between
management and employee personnel surrounding the perceived implementation level of the
high performance workplace practices. Because 32 perceptual differences exist, the null is
rejected.

Question 2 sought to ascertain how many principle components non-supervisory and
supervisory personnel identify based on the high performance workplace variables. Based on
the principle components, research question 3 sought to identify the factors. Descriptive
statistics and factor analysis were applied to answer this question. Based on analysis of the
data when presented with the 13 workplace variables, non-supervisory personnel identified
two principle components. Variables associated with relationships and variables associated
with organizational policies; two factors were identified. Organizational leaders, however,
identified three principle components. Variables associated with organizational policy,
variables associated with leadership, and variables associated with two-way employee
engagement; three factors were identified.

The related null hypothesis for question 2 is non-supervisory and supervisory personnel will
identify the same number of components. Based on the analysis of the data, the null is
rejected. The related null hypothesis for research question 3 is non-supervisory and
supervisory personnel will identify the same factors. Based on review of the data, the null is
rejected.

Research question 4 sought to determine the relationship between the degree of congruence
and the corresponding factors. Perceptual gaps were identified in the areas of leadership,
training and continuous learning, communication and employee participation, organizational
structure, compensation, supportive work environments, human resource policies, loyalty, and
comnitment. Based upon the results of the factor analysis, non-supervisory and supervisory
personnel are interpreting the same set of questions differently. The differing perception
employees and organizational leaders place on the variables associated with high performing
organizations may influence this gap.
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While all employees and leaders identify the variables as important, when thinking about the
13 practices, they place different emphasis on the identified factors. Employees emphasize
variables associated with relationships while leaders emphasize policy and organizational
structure. If the two groups are emphasizing different variables as important, it is likely to
affect how they respond to the questions associated with each and could possibly explain the
32 areas of non-congruence.

For research question 4, the related null hypothesis was there were no relationships between
the degree of congruence and the factors identified. The analysis and findings for this study
indicate there is a relationship between the degree of congruence and factors identified at the
nuclear power plant under study.

Analysis of the findings from this study can be summarized as follows. There were 32 areas
of non-congruence identified between non-supervisory and supervisory personnel regarding
the implementation level of the workplace practices. Non-supervisory personnel identified
two principle components, while supervisory personnel identified three. Based on the
components, non-supervisory factors were relationships and organizational policy.
Supervisory factors were policy and structure, leadership, and two-way employee engagement.
There was a relationship between the degree of congruence and the factors identified.

3.4. Identification of organizational deltas and next steps

What gets measured gets managed. This study was integral in helping the station's
management team determine the next steps in their change management strategy. A lot of
time, energy and money had been put into the Visioning Conference and the need to follow-up
and sustain the momentum for change was critical. Based on measurable results, the
leadership team was able to capitalize on what had been working well and re-think those
strategies that were not. Organizational alignment is defined as the extent to which strategy,
structure, and culture of an organization are able to combine to create a synergistic whole.
Effective organizations are those that monitor all aspects of the organization ranging from
leadership to organizational structure - they take a systems perspective. Successful
organizations are those able to see the interconnections between programs and initiatives and
the subsequent impact on all departments and levels of individuals in the organization.

4. High performance practices and alignment of organizational activities

4. 1. The impact of leadership

Effective leadership has been linked to strong organizational performance. As described in
Ref. [9], a key element to an organization's success is the leadership required to continually
keep its vision of success in focus, translate that vision through a strategic plan with
effectively aligned activities. Transformational leaders inspire others to action through their
own personal commitment and practice; they are able to walk the talk. The single most visible
factor for instilling change is the leadership at the top.

Core values associated with the Malcolm Baldrige criteria on leadership include commitment
to the development of the entire workforce, participation, life-long learning, innovation and
creativity, the ability to set clear visible values and high expectations, and the ability to build
leadership initiative in all levels of the organization. Throughout the literature, a discussion on
change is typically accompanied by a discussion on leadership; the two concepts are
inextricably interwoven.
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Perceptions are the crucial link between the incoming stimuli and a meaningful response.
Additionally perception is an active and selective process that is influenced by attitudes and
prior experience. If organizational members perceive their leaders as deficient in the ability to
set clear and visible direction to move the organization forward, there will be hesitation to
follow. In a time when companies are downsizing and life-long employment is no longer a
certainty, the ability to effectively harness the collective genius of constituents is more
important than ever. People are searching for satisfaction and meaning in their work; the
leader is in the position of enabling an environment conducive to individual growth.

Six survey questions were related to organizational leadership. Of these items, perceptions
between management and non-supervisory personnel differed significantly on the perceived
implementation level for the following: (a) "I believe the quality of leadership provided by this
organization is excellent"; (b) "Management is well trained and demonstrates leadership
skills"; (c) "Management sets the direction that builds high performance organizations"; (d)
"My management has an open door policy"; (e) On the supervisory survey, "I effectively
communicate what expect my employee to accomplish in their jobs"; and (f) On the non-
supervisory survey, "My supervisor effectively communicates what he/she expects of me."

Based on these results, leadership development was an area identified for continued evolution.
Survey results revealed significant perceptual gaps between non-supervisory and supervisory
personnel regarding the perceived leadership competency at the plant. Supervisory personnel
perceive their leadership skill and ability as stronger than the line personnel do. Factor
analysis further revealed that when thinking about the 13 high performance workplace
categories, non-supervisory personnel identified factors associated with leadership and
relationships as important in high performance workplaces while supervisory personnel
identified factors associated with policy and procedure.

This dichotomy reveals a management focus in line with the scientific approach to
administration, while non-supervisory responses emphasize factors associated with
participatory approaches to management. The participative approach to management and
employee involvement programs is most often found within high performance organizations.

Based on the results, the plant under study decided to emphasize within their leadership
training program, concepts and applications of empowerment, two-way communications,
employee involvement, and teamwork to name a few.

4.2. Organizational mission

An organizational mission and, more important, the organizational members' understanding of
that mission and their role in its success have been identified as critical elements in
establishing a high performance workplace. If the organizational members do not understand
how their work contributes to the success of the company, alignment is unlikely to occur
because people do not know what path they should follow. As Ref. [ 101 describes, inspiring a
shared vision and establishing an organizational mission is the least frequently applied of the
fundamental practices of impeccable leadership. Based on the research, when leaders
effectively communicate the organization's vision, constituents report significantly higher
levels of job satisfaction, motivation, commitment, loyalty, clarity about the organization's
values, pride in the organization, and organizational productivity.

Five survey questions were associated with organizational mission. Of those questions,
perceptions differed between employees and management for two of the questions. (a)"I
understand how my work directly contributes to the overall success of this company" for the
non-supervisory survey, and "my employees understand how their work directly contributes to
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the overall success of this company" for the supervisory survey. (b) Addressed employee
familiarity with the company strategic plans.

A major step taken by this organization during the three-day conference event was the
establishment of their organizational mission and core values. Based on analysis of the data,
two areas for follow-up were identified: (1) linking the incumbents' day-to-day activities with
the overall mission of the organization. A large part of understanding the mission of the
organization is the understanding of the strategic plans in place designed to achieve that
mission, and (2) clearly communicating those strategic plans.

Based on recommendations from The Guide to be truly successful, information must flow
throughout the organization. Workers' ideas and knowledge are conveyed at all levels of the
company, and the organization is fully responsive. In companies where this kind of internal
communication system is in place, productivity, quality, and customer service improve.

In that this organization had an established organizational mission and strategic planning
process, deployment of communications surrounding the employee's role in achieving those
results became an area of focus. Many organizations have vision and mission statements
hanging on their walls. Unless the organizational members know how their work directly
contributes to obtainment of that mission and can articulate such, there is no value - it is
simply another wall hanging. Through frequent town hail meetings, written reminders and
day-to-day interactions the management team began implementing continuous updates on the
plant's mission and strategy.

4.3. Training and continuous learning

According to The Guide, high performance organizations are those that view their workers as
their most valuable asset and make the appropriate investments in them. Training is
continuous and should have a life-long focus. A fundamental challenge for leadership is
helping individuals learn from their performance as well as their personal life experiences.

In regards to survey questions associated with training, perceptual gaps existed for the
following questions, (a) "training and development are valued in the work environment" and
(b) "employees are provided with the developmental opportunities needed to keep pace with
industry changes."

Much has been written on the subject of life-long learning and continuous improvement.
Employees today, at all levels of the organization, must be in a frequent state of self-renewal
and discovery. As described in Ref. [1 1], the andragogical model of learning posits: 1. The
learner is self-directing; there is a need to be perceived by others and treated by others as
capable of taking responsibility for ones-self. 2. Adults enter an activity with a wealth of
experience; they want the experience acknowledged. 3. Adults become ready to learn when
they experience a need to know or do something to perform more effectively in some aspect of
their life. 4. Adults enter an educational setting with a life-centered orientation to learning. 5.
While adults will respond to some external motivators (i.e. a promotion or salary increase),
more potent indicators are self-esteem, personal development, and self-actualization.

Much of the training within nuclear power plants in the United States is based upon criteria set
forth by the NRC and INPO; the majority is centered upon job-related tasks, skills, and
knowledge. Developmental opportunities centered on personal growth and personal needs
have been found to enhance the life-long learning process. Personal development activities
based on the needs of the organizational members could serve to narrow the gap between
perceptions surrounding training and continuous improvement.
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In order to address this area an organizational needs assessment was administered to identify
potential training, development, and educational opportunities.

4.4. Organizational structure and information sharing

High performance organizations are those that recognize the workers are often the ones closest
to the customer and as a result, typically possess the most knowledge about the product,
service, or equipment. The front-line employee is often in the position to make a significant
impact on quality and efficiency. In high performing organizations, the workers solve
problems, are self-directed and are a critical part of the decision making process.

Both vertical and horizontal communications exist within high performing cultures. Workers
have access to information needed to execute the strategic plans and tactics of the
organization. Information may include: business plans, operating results, competitor
performance and plans for new technology, to name a few.

Survey questions associated with these facets of high performance workplace practices found
perceptual differences existed for questions that addressed communications between station
management and employees, and questions associated with feedback loops.

Perceptual differences existed for all questions associated with organizational structure: (a)
"the plant has reduced the number of layers of management"; (b) "employees have the
equipment they need to do their job"; (c) "employees can accomplish their work within their
regular schedule"; (d) "employees are organized into teams with substantial team authority";
and (e) "cross-functional teams are used to increase innovation across the organizational
boundaries."

Data obtained from the organization's human resource management database indicate there is
a 1:4 ratio of supervisory to non-supervisory personnel. This type of ratio does not lend to an
organizational structure in which decision-making can be pushed down and employees able to
participate in self-directed work teams.

In order to address this area a thorough workforce plan was implemented. The plant
aggressively benchmarked its staffing levels with others in the industry utilizing criteria
similar to those associated with the plants design basis, and capacity factor. A sound
workforce planning process allows the leadership team to make strategic hiring decisions
based on the business strategy. Having the right people in the right place at the right time is
critical to establishing an efficient and effective organization.

These gaps were further addressed through the formal establishment and utilization of an
"open door" philosophy. As mentioned earlier, the management team began conducting
regularly scheduled informational meetings and updates on organizational issues, as well as
providing ongoing feedback to employees when they provided suggestions.

4.5. Worker-managem ent partnerships

According to The Guide, high performance organizations work to end confrontational
relationships between management and employees. They seek partnerships with workers and
unions on a variety of issues. Perceptual gaps between supervisory and non-supervisory
personnel exist for the following question "employees are partners in decision making."

104



High performance organizations have addressed these issues through the use of cross-
functional teams, developmental assignments, and joint accountability between management
and their constituents in decision-making. In order to foster an environment of mutual respect
and trust, effective leadership skills are once again required; employees will be looking for
congruence between espoused and expressed beliefs. The plant management and union
leadership have made great strides in their partnership. Key union personnel are actively
involved in priority projects and are a part of the site Vice Presidents regularly scheduled
strategy sessions.

4.6. Compensation

According to The Guide., high performance organizations create innovative compensation
systems tied to individual, team, and corporate performance. Compensation systems in high
performance organizations focus on the skills and competencies of individuals while, at the
same time, reinforcing the structure and design of the organization. Perceptual differences
existed for the question "employees receive fintancial rewards for improvements they
recommend."

As described in Ref. [12], new compensation systems are based on roles rather than on narrow
job descriptions, have greater flexibility to reward contribution, and have variable pay
incentives. According to The Guide, skill-based pay encourages a continuous learning
environment as employees are rewarded for new skills they acquire. With regards to actions
associated with closing this gap, the corporate office sets the strategic direction for
compensation strategies, based on this, the plant management began focusing on innovative
reward and recognition programs that they could control.

4.7. Supportive work environments, safety and human resource focus

High performance firms recognize the importance of safe and supportive work environments.
Companies initiating family-supportive and quality of life programs are able to attract and
retain a highly talented workforce. As described in Ref [3], a survey of 60 fortune 100
companies, focusing on the period from 1966 to 198 1, found that where employees perceive a
high level of company concern with employee welfare and work conditions, the company
tended to show a higher profitability, measured by average return on assets over 5 years, than
companies where employees did not perceive such concerns.

Perceptual differences between supervisory and non-supervisory personnel existed on the
following questions: (a) "the organization attracts a talented workforce" (b) "the organization
is able to retain a talented workforce"; (c) "the accident rate is below the industry average"
(d) "employees can compete for jobs posted throughout the organization"; (e) "all positions to
be filled are posted for competitive hire"; and (f) "the pressures related to my job are
reasonable."

Based on survey feedback plant management was able to assess the data and identifyr areas in
need of immediate attention. As discussed earlier, ten strategic initiative teams were formed as
a result of the Visioning Conference. With additional data to support the need for continued
action, the site Safety team became heavily involved in the establishment of a site-wide Safety
initiative. Observing Workers Learn Safety (OWLS) was initiated by represented, non-
represented, and management personnel. Through collaboration and a mutual desire to
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improve the safety culture at the plant the program has become a way of doing business; it is

embedded in training, communications and the industrial safety program.

4. 8. Value, loyalty, and commitment

High performance workplaces are those where employees feel valued and in turn demonstrate
comitment and loyalty to the organization. When organizational members operate from true
commitment they feel a tremendous sense of responsibility and ownership for organizational
success. With regards to perceptions of loyalty management and employee perceptions
significantly differed.

Based on the feedback, the senior management team committed to the annual distribution of a
site-wide employee engagement survey. Based on results of the survey adjustment to
workplace practices are made. Each workgroup at the plant spends time discussing the survey
results and identifying opportunities for improvement.

As described in Ref. 11 organizational alignmnent is the degree to which an organization's
design, strategy, and culture are cooperating to achieve the same desired goals". It is this
agreement that creates synergy and harmony within an organization and allows for enhanced
efficiency and effectiveness of work processes.

The criteria put forth in The Guide, as well as additional criteria obtained from the review of
the literature, can serve to monitor and enhance the effectiveness of an organization. The
comprehensive questionnaire and subsequent results have identified areas in which one
nuclear power plant was able to implement continuous improvement strategies based on
quantitative results. The information obtained through the survey questionnaire provides an
opportunity for management to develop sound strategies and tactics to address the identified
deltas.

4.9. Level 3 results

Understanding how the organizational members view the plant's current condition is a key
element in developing sound strategies and tactics in which employees will feel both capable
and willing to head. When management and employees are aligned, communication is clearer
and strategy implementation has the potential for greater focus and effectiveness. When there
are differences of opinion among management and employees about their perception of the
culture, there is often internal dissent and misalignment of activities.

According to Fermi-2 's vice president since the transformation began in 1996 numerous trends
indicating improvement have been observed: (a) On average, with scheduled outages taken
into consideration, the capacity factor has increased from 62.3 percent to 93 percent. (b) Plant
production costs have dropped from $36.6/NMh to $1 7.97/MWh. (c) Forced outage rates
have dropped from 25.6 percent to 1.2 percent. (d) Maintenance backlogs have dropped from
800 to 200 job tickets.

In addition to these trends, station personnel have established numerous programs focusing on
human performance. In 1999, a formal supervisor development program was initiated, with
site management, including union leadership, serving as facilitators; they are "walking the
talk." All departments on site now operate under a five-year strategic plan directly linked to
the company's objectives through their department-specific business plans. The Nuclear
Training Department, through its training excellence plans, has turned its performance around.
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Through a concerted effort between the training department and plant personnel, the quality of
training programs has improved across the board.

A key aspect to this plant's continued success will be its union-management partnership.
According to Fermi-2 's bargaining unit chairman, the level of grievances is far below what
existed prior to 1997. Weeks will go by without issues resulting in grievances, and when they
do they are usually resolved before an "interest-based bargaining session" (a process by which
both parties find common ground). There have been only eleven numbered grievances in four
and a half years. In 1996, the site developed Partnership Principles. In 1997, a new
relationship between management and union personnel began, culminating in the formation of
a Business Unit Partnership Team in 1999. The partnership process has been slow, but
progress has been made.

The Fermi-2 organization continues its pursuit of excellence today. According to Ref. [14], it
is the utility that will survive and succeed in the 2 1st century must take control of its own
destiny. Nothing will preserve its right to exist, as yesterday's corporate dinosaurs confirm.
Being a commodity provider always has a limited life when customers and competition
demand change.

In the 2001 NPO plant evaluation, Fermi-2 was recognized for performance excellence.
While numerous strides have been made, there is still much more to do. The journey
continues.
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Abstract. The Institute for Radiological Protection and Nuclear Safety has undertaken a
stud y3 for getting a better understanding, especially in terms of Safety and Human Factors, of the
changes caused by the progressive deployment of the Quality Management in French high risk
industries. This study is based on both theoretical elements from the human sciences and management
and practical elements from the field, collected from interviews in large French industrial sites
involved in integrating this management method. The results show frequent discrepancies between
theory, which is very positive and production-oriented, and reality, which is more complex and subtle,
ever looking for trade-offs between production requirements and safety constraints. Thus, each step
forward announced in the literature may be matched by possible steps backward in terms of safety on
the ground. Where, in theory, processes enable practices to be mastered, in practice they can reduce
autonomy and fossilize know-how. Where theoretically continuous improvement stimulates and
strengthens performances, in reality it can also generate stress and deadlock. Where theoretically
personal commitment and collective responsibility work towards all-out performance, in reality they
can also operate to conceal safety deviations and inflingements. The assessment of Quality
Management processes in the nuclear field will benefit from these first results raised from theoretical
review and confirmed by similar management changes.

1. Introduction

The French operator Electricitd de France (EdF) has decided to gradually introduce a Quality
Management policy throughout its facilities. It is an important organisational change that may
have consequences, in terms of human factors, on the safety of nuclear installations. The
Institute for Radiological Protection and Nuclear Safety (RSN) has carried out a first study
dealing with such managerial changes and their possible impact on safety from human factors
point of view, through a bibliographical study and the analysis of experience carried out on
ten or so French companies engaged in a similar approach.

2. The key points of quality management

Quality Management, as it is specified for instance by the EFQM defines a strategy of
continuous improvement of all performances, focused on two broad areas: customers - or

3Carried out under a contract with IRSN.
4European Foundation for Quality Management. The EFQM Excellence Model is widely used as an

organizational framework in Europe. It is a non-prescriptive framework that recognizes there are many
approaches to achieving sustainable excellence in all aspects of performance. Excellence, defined as a practice in
managing the organization and achieving results, is based on a set of eight fundamental concepts: Results
orientation, Customers focus, Leadership and constancy of purpose, Management by processes and facts, People
development and involvement, Continuous learning, innovation and improvement, partnership development,
public responsibility. In this EFQM model, nine criteria can be used to assess an organisations progress towards
excellence. This information is an extract from the information available in http:\\www.efqm.org.
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more generally, all the actors involved in the company's activity, whether shareholders,
managers, employees, suppliers, intermediate customers or consumers - and results
orientation.

The customer-oriented approach involves rethinking the workings of the company by
describing all the processes that characterize the activity and seeking to rationalize them with
the object of eliminating all wastage - of raw materials, equipment, time, services, activities,
etc. This type of management gambles on optimally exploiting human resources, in all their
dimensions, by promoting universally recognized values such as respect, loyalty, trust,
personal commitment, rigour, effort, sense of community, transparency. All the actors,
whatever their hierarchical level, are involved in the dynamics of continuous improvement, by
contributing new ideas for improving performances and working conditions, by
communicating, by training, by being responsible for the overall operation of the company.
This dynamics is created around a charismatic leader, capable of mobilizing people, giving
them a sense of responsibility and ensuring the group's cohesion while maintaining a constant,
consistent vision of the results to be achieved.

The results approach consists in managing through processes and through facts. It requires the
introduction of performance indicators enabling the company to measure, assess its own
perfonnances, to have an accurate view of its operation and the satisfaction of all customers,
and to be able to anticipate, plan and set realistic objectives.

Applying these theoretically promising principles is certainly more complicated to carry out
than is described in the specialist literature. Before undertaking the field study, the main
strengths but also limits were raised from a bibliographical review (cf. References [1] to [22]).
Because an organization that institutes Quality Management commits itself to a long-term
process of profound change, since it affects the very values of corporate culture and of people,
this review considered several typical changes caused by the introduction of Quality
Management model (for instance: flattening out of the organization, redefinition of rules
between actors and managers, setting up of working groups related to processes, evolution of
values in the company, etc.). One very general conclusion of the review was that before
arriving at a complete, total and really systematic stage of quality, the organization must
necessarily go through periods of instability, even periods of crisis which may weaken it on
all levels, including those of safety.

3. Field study

In February and March 2002, a field study was conducted on 12 French industrial sites5 ,
predominantly Seveso classified, all characterized by strict safety constraints. On each of the
sites, semi-directive interviews were conducted with actors of various levels of responsibility
(Quality Managers, safety managers, senior management, shop foremen, field operators, etc.).
lIn all, fifty accounts were collected regarding the introduction of Quality Management into a
company and the consequences that arose from it, in terms of changes in the activity, in social
climate, safety and corporate culture. All the information collected was supported by facts and
was subjected to a cross-analysis carried out by three investigators to ensure the reality of the
strong and weak points identified.

The methodology was based on semi-structured interviews. The framework for the interviews
is built on fifteen main human and organizational dimensions raised from quality management

Socidtd Nationale Maritime Corse MWditerrande SNCM, Hydro Agri France, BP chimie, Les Chantiers de
I'Atlantique, Poitou Foundries, Donges Refinery, Airbus Industries, IN SNEC, Legris Autoline, Naphtachimie,
Nitrochirnie, Oxochimie.
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model (for example self-control, redefinition of rules, commitment of managers, processes
analysis, workload, communication, etc.). For each dimension, one or several hypotheses
about the possible human factors impacts of the statement were made. A list of questions is
associated to these hypotheses. For example, one dimension was the concept of continuous
improvement, about which the following hypothesis was formulated: "in medium or long
term, the continuous improvement leads to instability, that can generate a feeling of
insecurity, even stress, for the company's staff, and will be no more accepted by actors,
whatever their level in the hierarchy. They will try to maintain some stability in using
indicators in a way to hide this stabilised situation". Six questions are associated with this
dimension, concerning the improvements mechanisms, rhythm of change of the procedures,
feeling of interviewees about the instability of the situation, etc.

Another dimension was the workload. Because of evolution and increase of quality
requirements, results are more and more difficult to achieve, people have the feeling to run
without end. A first hypothesis is: facing with such a situation, staff people will build
strategies to saving time (to the detriment of safety?). A second hypothesis is that the different
actors will share these strategies, they'll be tacitly accepted but they'll be hidden. Eight
questions concerned these two hypotheses.

On the whole, the interviews were structured by a set of about 35 hypotheses and 100
questions.

4. Main results

The transition from a conventional type of management (pyramid structure, organization
according to specialist activity logic, hierarchical control, vertical rules of communication), to
Quality Management involves profound changes that are structural, strategic and cultural. The
field survey identified the strong points of Quality Management, but also revealed negative
effects for safety. A few results obtained from this field study are presented in this paper.

4.1 Structural Changes

Deploying Quality Management requires reorganizing the company by no longer necessarily
following a specialist activity logic, but a customer-oriented, fuinctional unit logic. Each unit
guided by a customer process must determine who its customers and suppliers are and who is
responsible for its results. Accordingly, organizations will pass more or less gradually from a
pyramid structure to a flattened structure, like a rake, (see next figure No. 1).
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FIG. 1. Comparison of an example of pyramid organization (post-Taylorian) and an example of
process-oriented organization.
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Positive effects - Such a change may have a number of advantages. Thus, the formalization of
processes and the search for better resource management strengthen the organization: they
help the actors to have a better view of the overall operation of the company, give meaning to
certain tasks, and especially to tasks associated with communications and the safety of the
system. Furthermore, this work of construction makes the participants in the company aware
of certain inconsistencies damaging to the company's operation, and sometimes to its safety. It
also sometimes brings to light deviant (rules not applied, no respect of procedures, etc.) or
illicit practices (fraudulent practices, embezzlement, etc.), which may have existed for a long
time and threatened safety. This exposure can be accompanied by effective corrective
measures. In addition, the autonomy given to teams in carrying out their assignments makes
them more responsible, more involved in their work. The search for versatility within teams
may help overcome some risks due, for example to absence, illness or other unusual
circumstances.

Negative effects - On the other hand, a number of negative effects were noted. Thus, it was
observed that the work of formalizing processes is almost routinely accompanied by a phase
of rejection on the part of the field operators who do not subscribe to the objectives and fear a
loss of autonomy. This resistance movement can cause deviant, inflexible behaviour and
absences (especially sick leaves). The work of formalization is also accompanied by an initial
phase characterized by an excess of procedures and bureaucratic functioning, not very
compatible with the responsible activity that the actors have to perform in a system at risk.
The rigid use of procedures can gradually break up an oral culture rich in lessons passed on to
beginners by the most experienced. While they are criticized for complicating reality,
procedures are actually bound to simplify it and do not cover all situations. For these reasons,
they cannot completely replace human intervention in a complex incident context. Finally,
some safety officers complain about the fact that safety procedures are merged with quality
procedures, trivializing them and making them invisible, to the point of sometimes being
regarded by the actors as pointless steps making an operating method more cumbersome.

The flattening out of the organization leads to a progressive withdrawal of middle
management, thus eliminating a communications link between senior management and the
shop floor. This withdrawal can help create a gap between management and shop floor and
prevent the company from stepping back from its operations, necessary when dealing with
safety problems. The risk is that of setting up an organization that operates with a
management team directing far frm the shop floor, via indicators, and shop floor teams too
engaged in the work of production to stand back objectively, but responsible for self-
inspection, etc. and endeavouring to make the indicators say what the management expects of
them.

The multi-skilled versatility advocated by the approach poses serious problems. In order to
standardize the skills within a team, training courses are generally given internally in the form
of guidance or counselling by fellow workers, or externally with the issue of formal or
informal qualifications. When badly administered, training may have very negative effects on
safety. Very often, the coach I trainer does not have the resources (time, teaching equipment),
or the training, or the reference framework, or the equipment for testing the skills acquired
that would enable him to perform his work as a trainer suitably. Generally it takes up his
working time to follow the progress of his "pupil", gives him responsibilities beyond his
competence and makes him take risks. Moreover, such tutors sometimes teach deviant
practices - by omitting to speak of the possible consequences of these practices - to meet the
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demands of production. Badly managed training guidance has repeatedly been identified as
the source of serious incidents or events. Versatility also poses the problem of loss of
specialists in the company, actors possessing a highly specialized skill essential for sorting out
an abnormal or incident situation. These specialists see their field of action widened, and they
exercise their specialization increasingly rarely. Less used, the special skill loses its fine edge.

4.2. Strategic changes

The quality approach involves adopting a method of operation enabling the company to
continuously plan for the future and anticipate situations. It makes the introduction of
experience feedback inescapable (in theory).

Positive effects - This method of management favours risk prevention. When placed in
general use, it can prove positive in tackling safety problems. In fact, continuous, honest
reappraisal, which accepts making a true assessment, can lead the actors to embarking on their
activity with a heightened awareness of the risks and a concern for safety that can place it at
the same level as that of production.

Negative effects - In an economically and socially unstable context, if the improvement
targets are over-ambitious, if the gap between the present situation and the objective to be
attained in the short term is too wide, the actors are going to take risks to achieve it, stray
from. procedures and display deviant behaviour. In a more stable context, the risk is that of a
deadlock, a refusal to join in, capable of ending up in a social crisis. In any case, if the context
is too unsettled or the changes demanded are too great, the situation will quickly become
untenable, being too unstable and causing stress. The actors will seek to introduce a routine
"at any price" and will set out to redistribute roles and responsibilities by placing priorities
where they may find recognition (generally in favour of production and at the expense of
safety).

4.3. Cultural changes

Quality Management promotes a sense of personal commitment and collective responsibility.
It advocates self-inspection based on the principles of trust and professionalism.

Positive effects - All the objectives of quality control are highly positive since they aim at
excellence. Their strength lies first and foremost in their ambition to count on the quality of
human relationships in the company and on recognized values outside the company. The key
is to mobilize staff and give meaning to collective action. When it is really acknowledged and
rewarded, personal commitment enables the actors to put great effort into the operation of the
company, and it can produce excellent results. A team leader committed to his work carries
his crew along, motivating them and drawing them together to achieve high levels of
performance, in terms of both production and safety.

Negative effects - However, if production targets are very high, the team leader can also take
his crew in the direction of accepted collective deviations and cover for the crew in the event
of a problem. Personal commitment can lead to taking risks and deviant behaviour with
respect to safety (deactivating a safety system to continue production, using non-compliant
materials, taking short-cuts in restrictive operating methods, etc.). Collective responsibility is
not always compatible with safety. That is to say that actors, at the limits of their competence,
may hide behind the group and feel less concerned about safety. The principles of self-
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inspection form no inducement to the company to take an outside look at itself. It has a
tendency to check everything internally, without standing back, which is not compatible with
safety. Moreover, the self-inspection system within a team may be very perverted and lead to
deviant collective behaviour. Examples have been reported of concealment of negative safety
results being accepted by all the actors in the company. The problems become even more
acute when subcontracting is involved, which may combine quality management systems of
differing levels of maturity.

5. Conclusion

Quality Management embraces far-reaching concepts. They can be interpreted and put into
practice in many ways. The discrepancies that were discemnable between theory and practice
rest on the very basis of these concepts, which seem to ignore the variability of a company, a
team or an actor. The grand ideals of total quality have been built upon the ideal
representation of a company, existing over a long period, looking after its employees, trusting
them and motivating them without recourse to financial incentives. On their side, individuals
are seen as fuindamnentally good, capable of learning, but also capable of teaching, altruistic
and trustworthy. The reality is much more complex. The area of quality is the scene of
multiple compromises, which may sometimes take on the appearance of conflicts. The
application of Quality Management can give amazingly positive results, but quite often comes
up against cultural differences, conflicting interests and organizational routines, and generates
deviations that are not always compatible with safety. In any case, it must never be lost sight
of that this values-based system is fragile. A few inopportune discrepancies or "counter-
actions" may suddenly destroy brilliant results.

One objective of the study was to bring out some impacts on safety from a human factors
point of view, of the Quality Management approach. It was for the IRSN a first step for
gathering information from experience in other industries than the nuclear industry. The
results of this field study provided some positive facts in favour of the Quality Management
approach, but also some difficulties that may have a negative impact on safety. Regarding the
assessment of Quality Management application in the nuclear field, the study provided a
number of important issues to be considered. A next step will be to carry out a more detailed
qualitative analysis, to understand more precisely what happens during the application of
management models. Another further step would be to extend this field investigation, using
the same semi-structured interviews methodology, to other countries where risk industries are
engaged in similar managerial changes, in partnership with national organisations involved in
nuclear safety in these countries.
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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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Abstract. The present paper describes the Eletronuclear's safety culture assessment and
enhancement program. The program was launched by the company's top management one year after
the creation of Eletronuclear in 1997, from the merging of two companies with different
organizational cultures, the design&engineering company Nuclen and the nuclear directorate of the
Utility Furnas, Operator of the AngralI NPP. The program consisted of an assessment performed
internally in 1999 with the support and advice of the IAEA. This assessment, performed with the help
of a survey, pooled about 80% of the company's employees. The overall result of the assessment was
that a satisfactory level of safety culture existed; however, a number of points with a considerable
margin for improvement were also identified. These points were mostly related with behavioural
matters such as motivation, stress in the workplace, view of mistakes, handling of conflicts, and last
but not least a view by a considerable number of employees that a conflict between safety and
production might exist. An Action Plan was established by the company managers to tackle these
weak points. This Plan was issued as company guideline by the company's Directorate. The
subsequent step was to detail and implement the different actions of the Plan, which is the phase that
we are at present. In the detailing of the Action Plan, special care was taken to sum up efforts,
avoiding duplication of work or competition with already existing programs. In this process it was
identified that the company had a considerable number of initiatives directly related to organizational
and safety culture improvement, already operational. These initiatives have been integrated in the
detailed Action Plan. A new assessment, for checking the effectiveness of the undertaken actions, is
planned for 2003.

1. Introduction

The present paper describes the Eletronuclear's safety culture assessment and enhancement
program. The company's top management initiated the program. The main motivation to start
the referred program arose from the formation of the company Eletronuclear in 1997, from the
merging of two companies with different organizational cultures, the design & engineering
company Nuclen and the nuclear directorate of the Utility Fumas, Operator of the Angral1
NPP. The merger faced a strong opposition by the several workers unions. The merger
process itself was complex, being stopped several times by court decisions. When the merger
was finalized, Eletronuclear's top management was seriously concerned that the animosity
resulting from the merger process could have spread throughout the company. Several
immediate top down actions were taken, such as frequent meetings of the top management
with the managerial level of the company, for discussion and establishment of the mission and
goals of the new company; performance of managers training emphasizing teamwork;
issuance of the company Quality Assurance policy; issuance of the company Nuclear Safety
policy and initiation of a Safety culture self assessment program. This program, was
conceived as an assessment to be developed internally by Eletronuclear, with the support and
advice of the JABA, to be followed by a safety culture enhancement program and a further
assessment for checking the effectiveness of the adopted measures.

2. Eletronuclear's safety culture self-assessment

The conception and execution of the self-assessment phase of the program have already been
described in references [1] and [2]. The main points of this work were:
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Obtaining support from the IAEA for program development, advice and supervision;

setting up a multidisciplinary group with people from the different levels of the
Company hierarchy, to conduct the work;
Definition and agreement, by this group, of 22 safety culture categories, taking into
account the situation of the new company (conflicts, organizational changes, cultural
differences, etc.);
Development of a survey instrument with 70 statements; a specific set of 2 to 5
statements was conceived for assessing each of the above mentioned safety culture
categories;
Application of the survey through a specific program;
Collection and statistical treatment of the data;
Evaluation of the results.

This assessment, performed with the help of the referred survey, pooled about 80% of the
company's employees.

The overall result of the assessment, shown in Table , was that a satisfactory level of safety
culture existed in the new company. This result "per se" was not unexpected. Both companies,
Fumnas and Nuclen, were well acquainted with the concepts of INSAG-4 [3] for quite some
time before the merger: the implementation of INSAG-4 recommendations was done as early
as 1991 in the Fumas nuclear directorate and one of the 1NSAG-4 co-authors was Technical
Division Manager at Nuclen. On the other hand a number of points with considerable margin
for improvement were also identified in the assessment, as shown at the bottom half of Table
I.

TABLE . MAIN RESULTS OF THE SELF-ASSESSMENT PHASE

The self-assessment at ETN addressed 22 Safety Culture Categories. The overall assessment
was "satisfactory" (67%), where "satisfactory "is defined as the range 75%> X > 65% of the
safety culture oriented answers.

The 7 safety culture categories with the worst performance were the following,
* Motivation and Job Satisfaction (50%)
* View of Mistakes (5 1 %)
* Absence of "Safety versus Production" conflict (51%)
* Good working conditions with regard to Time Pressure, Workload, and Stress (5 7%).
* Handling of Conflicts (59%)
* Management of change (59%)
* Organisational Learning (62%)

It should be mentioned that some of the problems identified in the assessment, as presented in
Table , were already known to Eletronuclear top management, and actions were already
initiated for their resolution. Some the activities resulting from these actions are listed in
section 4 of this paper.
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3. Safety culture action plan

The step following the evaluation of the results of the self assessment, was to establish an
Action Plan for improvement of the identified weak points and have it formally approved by
the company's Directorate. This Action Plan, in accordance with IAEA advice, was to address
not more than 5 to 6 points and to be prepared by the company managers, the ultimate
responsibles for the Action Plan implementation. This was done in the first quarter of 200 1, in
a series of meetings involving the company managers at the Division and Department levels.
One of the first joint decisions was to select the items to be improved bottom up, that means,
the safety culture categories with the worst evaluation. The 5 selected categories are shown in
bold in Table above. The Action Plan was reviewed in a Safety Culture Seminar for
Managers held by the AEA, in June 2001, at Eletronuclear's premises. The resulting
Eletronuclear's Action Plan is summarized in Table 2 below.

TABLE II. SUMMARY OF ELETRONUCLEAR'S MANAGERS ACTION PLAN

* Motivation and Job Satisfaction (50%)

Proposed Actions:
a) Training Plan and Career Evolution Program.

-Improve personnel evaluation system
-Implement training for career evolution.
-Implementation of Plan for employee education enhancement (participation in post-
graduated, MSc and Doctorate programs).

b) Managers development plan
-Specific managerial skills training;
-Safety Culture training;
-Improvement of company communication;
-Regular contacts of managers with directorate.

c) Rewards
-Implementation of bonus system for rewarding of individual performance.

* View of Mistakes (51%)

Proposed Actions:
a) Development! improvement of Plan for analysis of human errors with influence on

plant safety;
-Establishment/training of working groups for this purpose (emphasis on
"understanding what happened").

*Absence of "Safety versus Production" conflict (51%)

Proposed Actions:
a) Improvement of information on Safety Policy of the company

Training on Safety Culture fundamentals
Managers/employees monthly meetings to discuss examples of safety vs.
production conflict either internal or external to their areas;
Training and information on Nuclear Safety subjects, and in particular on the
company's Safety Policy through internal communication channels,
information to new employees, courses, seminars etc.
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* Good working conditions with regard to time Pressure, workload, and stress (57%).

Proposed Actions:

a) Plan for reducing of stressing conditions at the work place
Improve definition of responsibilities, material and human resources planning;
Strategic long term planning for the individual areas and the company as a
whole;
Re-evaluation of administrative routines and work processes.

* Handling conflicts (59%).

Proposed Actions:
a) Training of managers in the techniques of conflict handling

The above Action Plan was approved by the Directorate and formally issued as Company
directive in July of 2001.

4. Detailing of the action plan

The subsequent step of the program was to detail the different actions of the Plan, which was
done in close cooperation with the company managers. Insights derived from the IAEA Safety
Culture Managers training Seminar referred above as well as from Ref. [4] were extensively
used in the detailing of the Action Plan. In this detailing, special care was taken to sum up
efforts and avoid duplication of work or competition with existing programs. This was
particularly important considering the large number of initiatives, already operational in the
company, directly related to the organizational and safety culture improvement categories of
the Action Plan shown in Table II. Several of them were inherited from the mother
companies, other were running in parallel with the program described in this paper, for
example,

- Issuing of the Company Safety Culture Policy, based on INSAG-4 [3].

- Development of material and training on safety culture fundamentals at the Site;

- Employee performance evaluation and career program;

- Human performance training;

- Teamwork training;

- Organisational Culture Enhancement program;

- Several work processes assessment initiatives;

- Knowledge Management program;

- Development and use of safety and performance indicators,

- Evaluation of internal/external operating experience,

- Improvement of external/internal information program etc.
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The integration of these initiatives in the detailed Action Plan was a natural decision. The
detailed Action Plan was ready by end of September of 200 1.

5. Implementation and follow up of the action plan

This is the present phase of the Eletronuclear's safety culture enhancement program. For
every safety culture category of Table 2 there are actions in development, some new and some
from activities previously in development. Every activity of the Action plan in development,
is being continuously monitored and if necessary, modified in accordance to the received
feedback.

The overall coordination, planning and follow up of these activities is being done by a team
composed of four senior staff members from the Technical, Nuclear Operation and
Administrative Directorates, respectively. The dissemination and follow up of the Action Plan
activities within each Organizational Unit is performed by a designated safety culture
facilitator. Presently, most of the Units have a facilitator; the goal is to have a facilitator for all
Units in the Company. The pre-requisites set for the facilitators were that they should be
preferentially front line supervisors, and most important, wanted to work with the subject of
safety culture.

With the objective of harmonizing the knowledge throughout the company a concentrated
training package with emphasis on safety culture fundamentals, is being conducted at
Eletronuclear's Headquarters, where personnel, particularly from the non technical areas, has
less acquaintance with the basic safety culture concepts.

Another activity to be highlighted refers to the local organization of the AEA International
Safety Culture conference to be held in Rio in December of 2002.

A new overall company safety culture assessment is planned for mid 2003. This will be an
opportunity to compare the results with the ones obtained during the first safety culture self
assessment. This will also permit to verify the adequacy of the measures being taken within
the frame of the present Action Plan, and to modify them as needed.
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Abstract. The present article describes strategies, methodologies and first results on the
Safety Culture Self-assessment Project under way at EINB since August 2001. As a Brazilian
Government company in charge of the nuclear fuel cycle activities,, the main purposes of the Project is
to evaluate the present status of its safety culture and to propose actions to ensure continuous safety
improvement at management level of its industrial processes.
The proposed safety culture assessment describes INB' s various production sites taking into account
the different aspects of their activities, such as regional, social and technical issues.
The survey was performed in March/2002 very good attendance (about 80%) the employees. The first
global survey results are presented at item 4.

1. Introduction

As a nuclear fuel cycle company, the INB Safety Culture Project carried out with the
methodology recommended by the AEA, becomes a worldwide pioneer effort, as this
concept was applied before only for nuclear power plants. The fact that NB assembles
several activities within the nuclear fuel cycle, including mineral exploitation and rare earth
processing, along through five different production sites made the assessment more complex.
Such as multiplicity led to distinctive aspects of work force, and created a real challenge to
determine a common safety culture for the organization.
This paper presents the boundary conditions, scenarios and first results of the INB Safety
Culture Project Assessment; meanwhile this paper was in preparation, the latest data analysis
was concluded and the survey executive report outlined

2. MN Organization

INB (ndi~strias Nucleares do Brasil S/A) is the Brazilian Government Company responsible
for uranium exploitation and development of the nuclear fuel cycle technology (see Figure 1),
which also include activities in relation to rare earth processing. The Organization as a whole
comprises five different production locations besides the administrative headquarters, as
shown on Figure 1 and table 1. NB activities correspond to 4 out of the 6 nuclear fuel cycle
stages, namely: mining, powder and pellet production, enrichment (in implantation) and fuel
assembly. In the near future (one year approximately) the enrichment stage will be complete.
At that time MIN will then reach 95 % of the nuclear fuel cycle.
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FI, I, INB Sitcs Reference MAP1

TABLE. I INB3 O:RGANIZAT ION S S ACoDN OHEREFER-ENCE MAP

.. INR9 ORGANIZATION WYSITE

Reference ~~~INB SITE .STATE

I Itataia - ___ New Mine, CE

2 0 aetit~ M'ininLŽ and uraniumn concentrate
processing.

3 caldlas M \,ona-izite and other minerals
chemical processing. _ _ _ _ _ _ _ _ _ _ _ _ _

.4 Buena - Rare earth and nazie sand K.
______ physical processing. _______

Rio ... IIeadquaiters and Board of
Directors.

6 iResende O10 Powder and Pellet

3. Safety Assessinent Methodology Applied

There is no prescriptive formula. for iproving safety culture. In any case. the first step is
check and find 'wihat is the status-quo oft/ic oigantiz:ation7 safetv cu/lu". In this connection.
INB has started its own Safety Culture Assessment Project assisted by the IAEA Member's
State Support Plrogram., The main project structure is sown onFi.2
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a- INB Self-Assessment Project Structure

1- Organization Awareness Raising Stage
1.1- Top management safety culture enhancement program launch.;
1.2- Top management workshop - safety culture understanding seminar

[with INB CEO presence]. (*)
1.3- Medium management, facilitators and leaders of people workshop - safety culture

understanding seminar. (*)

2- INIB Safety Culture Self-Assessment Stage

2.1- Appointment of an assessment team (A.T.) to perform the task.
2.2- Training of the assessment team.(*
2.3- Development of assessment tools *
2.4- Execution of self-assessment, analysis of results and assessment reports preparation.
2.5- Presentation of findings - A1EA Peer Review. (*)

3- Development of an Improvement Program Stage - based on the Organization Self-
Assessment

3.1- Top management, medium management, facilitators and leaders workshop -

assessment understanding seminar [Organization with CEO presence].(*
3.2- Development of an improvement program. (*

3.3- Execution of the improvement program.
3.4- Follow-up of the improvement program effects 2 years after is beginning by

means of a new safety culture self-assessment
3.5- A1EA Peer Review.

The assessment team (A.T.) structure shown in Fig. 2 was implemented considering all NB
production activities and sites, aiming at better approach to the organization assessment. Each
IN-B site had two people assigned to the assessment team, one acting as the base leader, with
the responsibility for the assessment actions themselves and reporting to the main base at

MN-Resende.

The first stage of the Project was concluded after two safety culture seminars, on September
2000 and March 2001, respectively.

The second stage is still in process Actions 2.1 to 2.4 are already concluded. The Action 2.5 is
expected to be concluded no later than June 2002.

Actions 3.1 to 3.3 are expected to be concluded until the end of 2002, whereas the other two
(3.4 and 3.5) until - August 2005.

130



PRESIDENCY

PRESIDENCY
ASSESSOR

- Ru~~~nn/ ~-ainddn / can "CO Roconudo " jO - Cnpvoti /

FIG. 2. INB Safety Culture Assessment Structure

C) Support mission from AIFA expertise.
(C*) MN and A1EA.

b- INB Safety Culture Self-Assessment Stage 2 Remarks

Since there is no specific approach applicable to all purposes measuring, simultaneously, all
the intangible aspects of the NB safety culture, such as norms, values, beliefs, attitudes or
behaviours, the A.T. elected as the assessment tools Interviews and questionnaires.
Considering the model created by Schein - Three Level Model [3], the A. T. decided on the
use of that tools accordingly.

"Artefacts (including behaviours)"
Architecture, greeting rituals, dress, form of address - visible.

"Espoused Values"
Strategies, goals, philosophies - can be elicited.

"Basic Assumptions (or underlying) "
Human nature, basis on which people are respected - unconsciously held and usually tacit.

After accomplishing a training step (actions 2.2 and 2.3), established by AliEA experts in
August 200 1, the A.T. planed the following strategy to perform the assessment survey:

* Definition of Safety Culture categories considering the Artefacts, Espoused Values and
Basic Assumptions levels.

* Assessment team meetings (all MB base members) to develop guidance strategies and to
prepare the questionnaire

* Revision of selected categories and questions together with IAEA consultant to check
their compliance with the project objective (minimum of three sentences per category,
including negative and not applicable statements.

* Piloting step - A selection of statements from the survey questionnaire (/3) was
submitted to a population sample, in order to check their comprehension terminology,
sense, difficulties, ambiguities, etc. Another purpose of this step was to motivate people
to help improving the questionnaire. An A.T. small group also interviewed the sample
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group (observed by a psychologist), in order to obtain feedbacks on possible
questionnaire weaknesses as well as other feelings and/or perceptions that could affect
the survey effectiveness.

* Questionnaire final revision and edition.
* Planning and implementation of the awareness raising survey (on the job speeches,

folders distribution, small slogan gifts, bottoms, shirts, INB intranet propaganda, etc,).
* Safety Culture Assessment survey implementation.
* Survey forms validation and database load and check.
* Analysis of results! statistical handling and assessment executive report elaboration.
* A1EA peer review of the INB Safety Culture Assessment.
* Final MIN Safety Culture Assessment Report issuance and organization widespread

presentation of results .
* Preparation of INB Safety Culture Project stage 3

4. Survey assessment follow-up and main remarks

4.1I. Survey scenarios

During the survey preparation and implementation employees' statements and opinions about
scenarios a were collected, being noteworthy:
* Interest in participating, and in following the project phases, (advertising survey's results

and the action plan;
* Wish to express personal opinions by written comments on the survey questionnaire;
* Fear of being identified;
* Some scepticism on the actions to be taken by the company as a survey results function.

4.2. Global survey results

There were 19 categories chosen to assess the Safety Culture of INB: High Priority to Safety,
Top Management Commitment to Safety, Relationship Between Managers and Employees,
Visible Leadership, Clear Roles and Responsibilities, Good Working Conditions with Regard
to Time Pressure, Workload and Stress, Sufficient and Competent Staff, Collaboration and
Teamwork, Quality of Documentation and Procedures, Handling of Conflict, Compliance
with Regulations and Procedures, Relationship to Regulators and other External Groups,
Openness and Communication, View of Mistakes, Motivation and Job Satisfaction, Absence
of Safety versus Production Conflict, Management of Change, Proactive and Long Term
Perspective and Organizational Learning.
Only three of them were evaluated as regular by the employees. The majority was considered
as satisfactory or good. Correction measures will be proposed after the diagnosis, aiming at
improving safety conditions, practices, documents, norms, etc.

5. Conclusion

Although, safety conditions and procedures are properly defined in the nuclear sector, also at
the NB organization, they can always be improved. The self-assessment of Safety Culture
project at MN is still on its way to do it. Based on statistical diagnosis, the survey proposed
categories which requires improvement for a better safety practices are already identified. A
resulting action plan will be developed by NB managers to achieve this goal. In order to have
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a successful Plan implementation and to avoid difficulties, it should contain a limited number
of measures considering a short and long-term basis.
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Abstract. Steps necessary to be taken to ensure safety in nuclear installations are suggested. One of
the steps suggested is enhancing the safety culture. It is necessary to gain a common understanding of
the concept itself, the development stages of safety culture by way of good management practices and
leadership for safety culture improvement in the long-term. International topical meetings on safety
culture may serve as an important forum for exchange of experiences. From such conventions new
initiatives and programmes may crop up which when implemented around the world is very likely to
improve safety management and thus boost up the safety culture in nuclear installations. International
co-operation and learning are to be prompted to facilitate the sharing of the achievements to face the
challenges involved in the management of safety and fixing priorities for future work and identify
areas of co-operations. Key lessons learned from some major events have been reported. Present status
and future trend of nuclear safety culture in Bangladesh have been dealt with.

1. Introduction.

Life and property are in jeopardy for lack of safety in any scientific and technological
enterprise. So the popular saying "Safety First". But safety is a matter of culture. Culture
again develops from long practices which ingrain it in an installation making it part and parcel
of it. It is equally true for safety in nuclear installations. It is worth mentioning that the
concept of safety culture in nuclear installations was first introduced following the Chernobyl
mishap. Since then safety culture has been an issue that the nuclear community has striven to
understand, develop and improve. The very use of the term presently all over the world
discloses the fact that it captures the insight gained through years of experiences and that
safety is reached through the people managing and operating nuclear installations. Again
leadership, commitment and management strategies applied set the frame work for how
people will behave and think relating safety. Now since nuclear installations are facing new
challenges imposed both externally such as political as well as economical and internally
created ones such as reorganizations hence it has become quite clear that success depends on a
safety culture and efficient safety management founded on insight, knowledge and capacity to
manage the unique interaction between technology, economics, human factors as well as
safety in an ever changing environment. The said challenges put into confrontation the
management teams of nuclear power plants, the governments, regulators, owners, operators
and staff having a role to ensure safe and successful handling of the changes.

It is necessary to develop programmes by international organizations such as the IAEA to
enhance safety culture in the nuclear installations with objectives to gain a common
understanding of the concept itself, good management practices, leadership to improve long-
term safety culture, etc. International topical meetings on safety culture in nuclear
installations is likely to serve as an important forum for exchange of experiences. New
initiatives and programmes may crop up from such conventions which when implemented
around the world will improve safety management and thus enhance safety culture in the
relevant organizations. International co-operation and learning are to be prompted to facilitate
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sharing of the achievements and thus face challenges involved in the management of safety
and safety culture as well as fixing priorities for future work with identification of areas
requiring further international endeavor.

2. Safety culture Bangladesh perspective

Since establishment and promotion of an effective safety culture in nuclear installations is a
vital pre-requisite for continued growth of nuclear science and technology, Bangladesh is also
adherent to the concept of nuclear safety culture like many other countries. It has formulated a
national policy and set up action plans to enforce the safety culture in various nuclear
installations both at organizational and individual levels under the guidelines of a national
regulatory framework. The present status and future trends of nuclear safety culture in
Bangladesh are depicted below:

2.1 Present nuclear activities and nuclear installations in Bangladesh:

Bangladesh is presently using nuclear technology in the fields of medicine, industry,
agriculture and research and development. A 3 MW TRIGA Mark II research reactor, a
radioisotope production laboratory, a nuclear agricultural institute, scores of nuclear medicine
centres, two commercial irradiation plants, a 14 MeV neutron generator, a 3 MeV Vande
Graaf generator, etc. form the present coterie of nuclear installations here. A central
radioactive waste processing and storage facility (CWPSF`) is now in the final stage of
construction and an SSDL, is in active operation.

The concept of safety culture is yet to take a universal shape ever since its introduction after
the Chemobyl accident. Bangladesh shares the common views prevailing among most of the
JABA member states in this regard. It is strongly emphasized that safety culture is attitudinal
as well as structural, relates both to organizations and individuals, and concerns the
requirement to match all safety issues with appropriate perceptions and action plans.

In order to ensure and promote an effective safety culture, Bangladesh mainly follow the
guidelines provided by the International Nuclear Safety Advisory Group (NSAG). A
'defense in depth strategy' and a 'quality assurance' approach form the essential components
of the national nuclear safety culture. Figure-i illustrates the scheme of safety culture and
Figure-2 shows the 5-level defense in depth strategy.

2.2 Implementation of nuclear safety through defence in depth strategy:

A 5-level defence in depth strategy as described in IN'SAG-10 is followed to ensure safety in
nuclear installations. Rigorous training both at managerial and operating staff levels, periodic
mock up exercises, emergency response plan along with a sound QA programme in each
nuclear installation constitute the general scheme of things to implement the safety objectives.

2.3 Present experience and future developments:

At present a safety culture regime is in existence in the safe management of the TRIGA
research reactor facility, radioactive wastes, sources of industrial and medical radiation
sources. INSAG documents and TABA Basic Safety Standard Series form the core of the
existing safety practice and safety management in nuclear installations in Bangladesh. A
rigorous and regular training programme is in force both at management and operating staff
level. A well prepared and well reviewed emergency response plan is awaiting
implementation in each nuclear installation to maintain a constant state of vigil and
preparedness. Safety analysis on present safety performance is carried out regularly and future
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LEVELS OF DEFENCE IN DEPTH

Level 1 Prevention of abnormal operation and
system failures

Essential Conservative design and high quality in
construction and operation, including in particular
well trained operators.

Level 2 Control of abnormal operation and system
failures

Essential Control, limiting and protection systems
and other surveillance features.

Level 3 Control of accidents within the design basis

Essential Engineered safety features and accident
procedures.

Level 4 Control of severe plant conditions,
including prevention of accident progression and
mitigation of the consequences of severe accidents

Essential Containment building, complementary
measures and on-site accident management
procedures.

Level 5 Mitigation of radiological consequences of
significant releases of radioactive materials

Essential Off-site emergency response procedures,
such as evacuation plans.

FIG. 2: 5-Level defense in depth strategy.
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improvements are outlined. Greater efforts are dedicated to learning from experience and
sharing good practices of worldwide use is the mode of 'predictive risk analysis' or 'risk
assessment methodology' during the preparatory phase of an activity. Future developments
are strived for on the basis of learning approach.

3. Steps necessary to be taken for safety in nuclear installations:

Site Safety:

While establishing a nuclear installation enough consideration should be given in respect of
siting such as that it should not be located in a densely populated area or near a public place or
busy roadside as well as near an earthquake zone because a regional or national catastrophe
could possibly turn into a global one.

Operation Safety:

Utmost care should be exercised for safe operation of nuclear procedures. The procedures
should be written and operations carried out systematically with strict pursuance of a check
list.

Fire Safety:

Adequate steps should be taken to stop fire. Fire fighting accessories must be available near at
hand.

Material Safety:

There should be regular accounting of nuclear material stock. This will ensure that nuclear
materials do not find their way into wrong hands. There are instances that radioactively
contaminated materials have been used in furniture and utensils. Besides, there are instances
that materials used in nuclear facilities and materials of containers of abandoned sources have
gone to junkyard, picked up and dismantled by unskilled people thus contaminating man and
environment leading to several deaths such as the mishap in Gionia in Brazil and elsewhere.
Hence it is essential that radioactive sources must be kept in safe custody and their transfer
recorded in movement registers showing the issuance and return data in details.

Safe handling:

There must be set procedures for safe handling of radioactive materials to avoid
contamination of people and the environment. No breach in the set procedure of handling
should be allowed.

Safety culture :

Practices bring perfection. So there should be long-time practices and mock exercises on
implementation of safety procedures in nuclear installations. Long time practices ingrain
things into habits and eventually form part and parcel of culture which ensures execution of
safety plans with utmost perfection.

4. Lessons learned from major events:

There are many reports of casualties and loss of properties due to accidents on account of
nonobservance of safety procedures in operation and maintenance of nuclear facilities. One
such to mention is that occurred in EL Salvador (1989) due to mishandling of the irradiation
source and another example is the abandoned source at Gionia in Brazil (1987) (both events
have been reported by the AEA). One other example is the overexposure of an unskilled
worker during handling of an industrial radiography source in Bangladesh. The said worker
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had neither radiation survey meter nor any personnel monitoring devices during work
(Reported in Health Physics Vol. 57, No.1, P.P. 117-119, (1989), Vol. 62, No. 1 PP 74-76,
1992, Vol. 66, No. 5 P.P. 5 89-590 (1994). This event led to the enactment and enforcement of
Nuclear Safety & Radiation Control (NSRC) Law, 1997 in Bangladesh. These events taught
us that there should be adequate law and regulations to control radiation exposures and that
definite set rules and procedures must be followed in using radiation and radioactive materials
to avoid casualties and contamination of the environent. There are more then 160 large
gamma irradiation facilities and over 600 electron been facilities in operation around the
world in almost every member state of the LAEA. Experiences over 40 years have shown that
such technology is generally safely used. Nevertheless there have been instances as in Italy in
1975, in Norway in 1982 and at Soreq in Israel in 1990, when safety systems have been
circumvented and serious radiological accidents have ensued. On June 21, 1990 at Soreq in
Israel an operator entered the irradiation room and received overexposure with fatal
consequences. In this case the intensely radioactive Co-60 source in a movable' rack stuck up
in irradiation position. The operator having misinterpreted two conflicting warning signals
bypassed installed safety system and contravened procedures in order to enter the irradiation
room to free the blockage. He felt burning sensation in his eyes and pounding in his head in a
minute or so and left the room. These accidents occurred due to violation of established
operating procedures. These accidents demonstrate that it is required to maintain close
supervision over operation of nuclear facilities and training of operators and indicate the need
for research into the contribution of human factors to such events. Yet two other accidents
worth mentioning are the Chemnobyl accident (1986) and the criticality accident in Japan
about two years back that happened due to serious breach in operation procedures by the
operators.

5. Conclusions:

Safety culture and safety management embrace all the activities, interfaces and processes
necessary for the establishment and maintenance of safety. However, it also needs the added
ingredients of proactive approach to safety which characterizes the practising organization.
The ever increasing demand, and risks facing the nuclear industry dictate that safety must be
managed professionally and competently with due emphasis being given to human and
cultural factors.

Safety can no longer be treated as a separate issue that belongs only to the experts in the
nuclear safety field. All organizations need to re-examine their approaches to, and
expectations from, a comprehensive safety process that minimizes risk, maximizes resource
and optimizes the performance of all its staff. New ideas and initiatives should emerge from
the past experiences through a concerted effort from all the members of an organization.

Finally international topical meetings on problems encountered in safety of nuclear
installations should be convened frequently with audience from all LABA member states
exchanging ideas and sharing experiences. As a result new initiatives and programmes may
crop up which when implemented will improve safety management in nuclear installations all
over the world.
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1. Introduction

Nuclear Power Corporation Of India Ltd. (NPCLiL) is a company owned by Government of
India and is responsible for Design, Construction, Commissioning, Operation and
Decommissioning of Nuclear Power plants in India. Presently, a total of 13 Nuclear power
Stations are in operation with an installed capacity of 2620 MWe and 2 VVR type PWR Units
of 1000 MWe capacity each, 2 P~iW type units of 500 MWe capacity each & 4 PHWR type
220 MWe capacity each are under construction. NPPs generation capacity has been increased
from 70% to 85% in the span Of last 7 years with high level of safety standards. This could be
achieved through Management commnitment towards building a strong Safety Culture.

2. Safety Culture

"Safety culture is that assembly of characteristics and attitudes in organisation & individuals
which establishes that as an overriding priority nuclear plant safety issues receives the
attention warranted by their signi~ficance ".

This definition of safety culture brings out two major components in its manifestation.

The framework within which individuals within the organisation works.

The attitude and response of individual towards the safety issues over productivity and
economics in the organisational work practices.

3. Safety Management & Safety Culture within Nuclear Power Industry in India

The above two attributes of safety culture are built in and upgraded in each individuals
through special training at the time of entry in the organisation and later through in built
procedures in the work practices, motivation and encouragement for free participation of each
individuals. Individuals are encouraged to participate in Quality circle teams at the sectional
level and review of safety proposal originated by individuals in "Station operation Review
Committee at Station level. In addition to this to continuously enhance the safety culture,
refresher training courses in the following areas are being organised at regular intervals:

> ~~Emergency operating procedures
> ~~~Simulator training
> ~~~Industrial safety
> ~~~Radiation propection and radiation procedures
> ~~~Re-licensing of each licensed staff by regulatory authority every
three years

,Q* The safety related proposals are categorised in to two namely
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(a) Proposals from Operating Plants, and
(b) Proposals from projects & Design

* All the proposals from operating plants are reviewed at following levels in
sequence

> Review by "Station Operation Review Committee"
> ~Review by "Safety Review Committee at NPC11L head quarters"
> Review by " Station level Safety Committee at AERB"
> ~Review by "Safety review committee for Operating Plants at

AERB"

* Proposals from Design and Projects are reviewed by

> ~~~"Reactor safety analysis experts"
> ~~"Safety review committee for Projects and Designi"

"Project Design safety committee appointed by AERB"

* In addition to this inspection of operating plants and
projects is also carried out by a team of experts appointed by Atomic Energy
Regulatory Body and other government statutory authorities like Pollution
Control Board, Explosive Hazard Control Board etc.

Each station has an independent official to maintain a record of safety
recommendation made by various agencies. These recommendations are followed up by
him on regular basis with responsible agencies and are being reviewed by station
management for compliance once in three months.

Station management and headquarter management has an attitude to
demonstrate a great respect for the reactor core and conservative approach towards plant
operation - for reactor safety -in all decision & action. Management also encourages
free and fair communication at all levels to identify problem area and gives priority to
safety items over productivity and economics.

4. In last 7 years, a marked change in characteristics and attitudes of individuals has been
observed in the Nuclear Power Industry in India. A mindset of individual in the
organisation on "higher safety level means low productivity" has been changed to a new
concept of "higher productivity goes with higher safety level ". NPCI1L has been
improving its capacity factor progressively since last 7 years, from as low as 70% to as
high as 85% during 2001-2002, along with improvements in the safety standards. This
could by achieved by adopting principles of safety management and safety culture in
each individual through training, work practice monitoring of safety issues on priority
and the safety oriented behavior of managers.

40 NPC1L has enhanced safety culture and safety management through:

Events like Spurious dousing at Rajasthan Atomic Power Station Unit-i and a Major
fire incident in Turbine Building at Narora Atomic Power Station.
Internal Safety Review of Operating Plants And WANO Peer Reviews.
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Adopting Pre job Briefinigs

The concept of safety culture is being used and continuously being upgrade in:

Training
Work procedure
Work practice
Internal information exchange Seminars/Workshops/event analysis reports
sharing between various units in the country.
International information exchange programme through IAEA & WANO
programmes
Information exchange through e-network of IAEA/WANO

The detailed paper on Safety Management and Safety Culture will be
forwarded on confirmation of selection of this extract.
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1. The Need to Improve

The self-assessment is an integral part of person's vital activity. All people make self-
assessment from a certain criterion standpoint: appearance, state of health, feasibility to
conduct particular work, etc. As far as managing procedure, the activity self-assessment is a
relevant factor to enhance efficiency of the work performance. The assessment of the
administration activity and the activity performed by the enterprise under his managing is a
part of the managing procedure the realization of which needs to have definite idea of the
sequence, methodology and implementation criterion. The self-assessment provides for
detecting and solving NPP problems and creates the necessary prerequisites for finding,
analyzing and following problems and defining trends. However, detection of problems
contributing to decreasing of operating safety and reliability is of first priority. That is why
safety/reliability-related activity is the first priority in the self-assessment.

The administration self-assessment in Russian NPPs is performed as routine daily meetings,
detours, control of partial progress and personnel training. Moreover, Annual Safety Reports
are issued; current safety level, experience, safety culture are analyzed, and internal quality
audits are performed. However, recently the worldwide self-assessment experience providing
for more effective process from safety enhancing has been pooled. To make self-assessment
at all managing levels: from the top structural unit to the executives, is of great importance. A
wide-implemented "safety culture", the assessment of which is of great importance now as
well, is one of vital aspects in enhancing the self-assessment efficiency. Thereby, there is the
possibility to improve the self-assessment at the Russian NPPs.

Considerable personnel are involved in the self-assessment and therefore the development of
the self-assessment program (guidelines) describing "who" makes "what" and in which
sequence as well as which indices are used in the course of the procedure, is especially
important. This has the effect of detecting the available safety shortage and elaborating the
corrective actions. The self-assessment and corrective actions programs are the tools for
detecting and further realizing of required modifications to enhance NPP managing efficiency
and to decrease the probability of likely events.

For an early detection of problems the self-assessment of both the administration and
executives is of particular importance. Thereupon the self-assessment culture takes on great
significance, when the personnel are motivated for the independent and permanent self-
assessment of their activity. Thereby, the self-assessment in the Russian NPPs should be
improved by the following two ways: development of detailed instructions to conduct the
self-assessment and arrangement of conditions to develop the self-assessment culture.

2. Activity in Support of Self-Assessment in NPI's

Different International Self-Assessment Programs (e.g. IAEA OSART, ASSET and ASCOT
Programs) have been developed to support the self-assessment in NPPs. The experience
gained in realizing of the programs together with the experience in conducting quality audits
(together with VNILAES experts) available in "Rosenergoatom" provides for the development
of an individual efficient self-assessment methodology for all activities performed in NPPs.
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At that it should be taken into consideration that the self-assessment methodology depends,
first of all, on the qualification of the personnel using the methodology. So the top
administration self-assessment may be expressed in auditing both internal and external
(between partners). Managers of operating level (heads of divisions and their deputies) may
make self-assessment by means of internal audits and analyze personnel's proposals. The
operating level (operators, engineers, workers) should have the tool, first of all, for the direct
self-assessment like STAR (Stop, Think, Act and Review).

Thus, the top administration self-assessment takes a kind of "strategy". The "strategy" should
result in improving the design characteristics and decreasing NPP event recurrence. During
the self-assessment of managers of the operating level they realize tactical schemes, namely:
decreasing a number of non-conformances detected during the external audits, work off
maintenance backlog, etc. As a result of the self-assessment the personnel directly involved in
the implementation of the work should develop proposals on improving the organization and
implementation of work. In this case a share of personnel participated in the self-assessment,
a quantity of proposals on the improvement and, that is not less important, the results of the
response to the personnel's proposals may be the indices for the self-assessment efficiency.

The self-assessment, being the tool for the effective administration provides for the NPP
administration confidence in supporting safety operation of the plant. The methodology and
controlled parameters should be developed to have more effective tool for understanding
current safety operation conditions and for detecting the ways of its improvement.

3. Perfection of the Self-Assessment

Since 2000 the self-assessment improvement of the NPP operation safety has become the first
priority activity in "Rosenergoatom". On February 2001 "Actions for Perfection of the Self-
Assessment System for "Rosenergoatom's" NPP Safety Operation" were developed and
signed by the President of "Rosenergoatom". The Actions were targeted at the analysis of
documentation and experience gained from the application of the self-assessment in Russian
and Western NPPs in order to obtain the best experience and to develop the effective-
operating self-assessment system for NPPs in Russia. In the result "Rosenergoatom"'..s Self-
Assessment Standards should be developed and NPP personnel should be trained.

At the initial stage of the Actions realization in March 2001 "Rosenergoatom"
organized and held, jointly with WAINO-MC and VNILAES, a coordination meeting on NPP
safety self-assessment. 26 experts from different organizations involved in the operation and
supporting of Russian NIPPs, took part in the above meeting. Representatives of the seven
nuclear stations, RC GAN RF(Research Center NRC RF) , ORC "Prognoz" (Research Center
"Prognoz", RRC KI (Russia Research Center "Kurchatov institute") and even MEI (Moscow
Energy institute) have participated in the meeting. Papers describing various self-assessment
approaches were represented by the participants from "Rosenergoatom", VNILAES, WANO-
MC, RRC KI and ORC "Prognoz". In the course of discussions there was made a decision to
form a Working Team that includes the representatives from NPPs, XVNIAES and some
supporting organizations. The Working Team's mission is to acquire and process information
of best self-assessment experience, activity optimization and also to develop the self-
assessment methodology and indices for each activity.

In compliance with the Actions the two integrated quality system documents in the
form of NPP safety self-assessment standards, with titles NPP Self-Assessment
Methodology in Respect of NPP Operating Safety" and NPP Self-Assessment Criterion in
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Respect of NPP Safety", should be elaborated for a year. The IAEA documents (AEA-
TECDOC-l1125 "NPP Operating Safety Self-Assessment", AEA-TECDOC-l1141 "Safety
Indicators in Nuclear Stations Operation" and IAEA-TECDOC-632 "ASSET Guidelines"),
INPO ("The Way for Assessing Experience Use" and "Principles of the Effective Self-
Assessment Programs and Corrective Actions"), and risk assessment by the probabilistic
safety analysis Technique. But it should be noted that the self-assessment differs from the
independent assessment performed by a third-party organization, and has much in common
with the internal audits conducted in NI`Ps. Consequently, the internal audit methodology
may be a basis for the development of the self-assessment methodology.

In addition, the lines of NPP activity should be chosen that are related to the utmost to the
operating safety, and the self-assessment of which is the task of the first priority. Own self-
assessment matrix and criterion for its realization (self-assessment indices) should be
developed for the activity specified. Having regard to the fact that the self-assessment
methodology is a document of a common nature and is used to assess different NPP activities,
the Annex describing examples of the assessment of some activity is required. In the final
analysis, all NPP activities should be provided by their own self-assessment directions
representing the sequence of the self-assessment procedure and persons responsible for this
stage.

Personnel's training is a subject of importance as well as the development of the documents.
The personnel involved in the self-assessment should know well enough the self-assessment
methodology and indices in proper lines of activity. To this end the NPP personnel training
within the "Rosenergoatom' s" activity of "The Quality Training Centers is envisaged by the
Actions. The Quality Training Center is a relatively recently established division in
VNILAES, equipped with the required computers and office equipment. Nuclear experts with
the experience of NPP operation and elaboration of quality assurance documentation are
involved in the Center's activity. All experts have taken a course of quality audits training and
implementation that was organized by the English Party.

4. Conclusion

The operating organization has scheduled for the forthcoming year to elaborate the NPP
safety self-assessment standards and to settle precise criterion for its performance. Toward
this end it was decided to form a Working Team including of NPP and VNHAES
representatives to elaborate major tasks on the self-assessment improvement, development
and implementation of new documentation and training the personnel in new methodology.
Actions developed by "Rosenergoatom", one of its items is the participation of
"Rosenergoatom" and VNIIAES representatives in the workshop, contains the sequence of
Russian NPP safety self-assessment improvement at the first stage.
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XA0203449
Approach to the Safety Culture in the Slovak Republic

L. Kuchta, V. Sladek

Nuclear Regulatory Authority of the Slovak Republic
Bratislava, Slovak Republic

Abstract. The Nuclear Regulatory Authority of the Slovak Republic was established on
January 1 St 1993, after division of former Czech and Slovak Federation Republic to two
independent states - Czech Republic and Slovak Republic. As there were inherited four units
on the site Jaslovske Bohunice and Interim Spent Fuel Storage on the same site under
operation and four units under construction on site Mochovce it was necessary to keep on
regulatory activities from very beginning of regulatory authority existence. The new regulator
has been all time co-operating closely with AEA and countries with developed nuclear power
to cover all nuclear safety related areas including the safety culture. It is, however, to be said,
that the issue of safety culture begun to be an object of considerations of Czechoslovak NPPs
as early as in 1986 after issue of IAEA NSAG 1. Since that time the NPPs try to enforce the
safety culture principles as a part of nuclear safety into their daily work in consensus with an
utility Slovenske elektrame, nuclear power plants and Nuclear Regulatory Authority. A
purpose of the article is to provide an overview on safety culture practices at nuclear
installations in the Slovak Republic./

1. Introduction

Immediately after the creation of the Slovak Republic on January I1st, 1993, all necessary state
authorities had to be constituted. As there were nuclear facilities either under operation or
construction on Slovak territory it was also needed to establish a relevant regulatory authority
not to brake supervision upon nuclear safety of nuclear installations. Therefore the Nuclear
Regulatory Authority of the Slovak Republic (UJD) was created on the same day as an
independent authority on the level of ministry and started to work. Consequently the Slovak
Republic joined the International Atomic Energy Agency the same year, on 27 September
1993.

At present following nuclear installations are under supervision of UJD3:

Nuclear facility Power/Type Start up
(shut down)

- NPP A-i Bohunice HWGCR 150 MW 1972 (1978) under decommissioning
- NPP V-IBohunice 2x VVER 440 MW/230 1978, 1980 without bubble condenser
- NPP V-2 Bohunice 2x VVER 440 MW/2 13 1984,1985 with bubble condenser
- NPP Mochovce 2x VVER 440 MW/2 13 1998,1999 with bubble condenser
- Interim Spent Fuel Storage wet pool 1987
- Conditioning Centre for RW: 1999

(cementation, incineration, bitumninization, compaction)
- Bitumninization line - experimental facility 1984
- Incineration facility - experimental facility 1986
- National RW disposal facility - near surface 1999

In spite of the fact that UJ1D started its work in 1993 issues of nuclear safety and than safety
culture have been always of main concern of NPP operators in former Czechoslovakia and
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continuity had not been broken by political events and separation of the both, Czech and

Slovak republics.

2. History of Safety Culture

The history of implementation of principles of safety culture can be divided in two periods.
An issue of the AEA document NSAG 1 [1] in 1986 started the first period which lasted up
to approximately 1995. The management of each NPP was aware of their responsibility for
the nuclear safety and an effort had been made to inform the staff of Slovak NPPs on basic
documents on nuclear safety related to the safety culture area, i.e. documents INSAG 1,
INSAG 3 [2] and NSAG 4 [3]. These documents were treated particularly and in frame of an
education and training process the main stress was put on human factor and its links to the
safety culture. To clarify the staff the main role of the individual in his approach to the safety
culture was the main objective of these activities. Three main basic attributes of the safety
culture - questioning attitude, a rigorous and prudent approach and communication in relation
to the nuclear safety were explained. Also requirements of the NPP` management to the staff
in the light of safety culture were treated and clarified by both NPPs, Bohunice and
Mochovce.

The second period of the safety culture implementation beginning in 1993 can be
characterised by preparation of "Safety Culture Programme" at the NPP Bohunice in 1993
and issue of the "Safety Strategy" declaration related to start up preparation in NPP
Mochovce. IAEA document INSAG 4 - Safety Culture was used as a basis for issue of these
safety culture leading documents in both NPPs. In frame of these documents following
actions were taken:
- Nuclear safety committees were created
- Task group to prepare the basic safety culture action plan was nominated
- Internal orders of the NPP directors concerning the safety culture were issued
- Safety culture self assessment groups were established
- Many explaining articles on safety culture were published in periodic NPP journals

The large inquiry on current level of the safety culture was made using a questionnaire
prepared by LAEA which was used before at different nuclear installations over the world. As
many as 1400 employees of NPP Mochovce were engaged to answer the questions covering
eleven areas of safety culture. Based on results of the inquiry principal objectives to be
achieved were determined. To reach these objectives a special training on safety culture was
provided to selected staff members who now have a role of safety culture lecturers.

3. Action plans

Every year each NPP prepares the Safety Culture Action Plan [4], [5] where the activities in
the area of nuclear safety and safety culture are planned. These activities are targeted to
particular issues related to operation of NPP and are based on experience coming from the
preceding performance of NIPP An example of the contents of one of the action plans is
introduced bellow it contents may, however vary from year to year:

Safety culture plan of NPP for a current year:

1. To issue the Order of NPP director on safety culture;
2. To carry out a Safety Culture Status Analysis at NPP;
3. To organise a conference on "Approach to Safety Culture Management";
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4. To organise a seminar on safety culture with a support of UJD3;
5. To issue a booklets with the topic of Safety Culture for operation and maintenance

personnel;
6. To incorporate continuously topics of safety culture into the training days of the shift

personnel;
7. To publish a statement of NPP management on safety policy as the basic priority of all

NPP activities;
8. To carry out self assessment of safety culture at individual departments and sections of

NPP.

The action plan is a commitment for every organisational unit and every employee of the
NPP. For each task a dead line is set down which is then controlled and evaluated. Criteria for
evaluation of results are based on safety culture indicators introduced in JINSAG 4. The
indicators chosen are oriented to the measurable results achieved by individuals and working
teams, correctness of prescribed activities, compliance with regulations and procedures,
phenomena with positive motivation and comparable within determined time scale.
Altogether following eleven areas were selected by safety self-assessmnent group:

1 . Highlighting safety
2. Defintition of responsibility
3. Selection of managers
4. Relations between plant management and regulators
5. Review of safety performance criteria
6. Training
7. Local practices
8. NPP supervision by management
9. Work load
10. Attitudes of managers
1 1. Attitudes of individuals

For each indicator a responsible person or guarantee is appointed and the way of his or her
work is defined. After the evaluation of results of the action plan a proposal to improve
particular areas with unfavourable development is prepared and enforced in coming period.

4. International co-operation

To further increase the nuclear safety level and strengthen the safety culture in Slovak nuclear
installations international workshops were organised in co-operation with IAEA. During these
seminars the lecturers of IAEA presented new trends in safety culture over the world. The
main stress was put particularly on safety culture indicators - procedures of self-assessment,
effectiveness of corrective actions programme and also the role of regulatory authority in the
area of safety culture. The human factor and its importance in operation and complicated way
to evaluate its impact in case of some operational event was analysed. These workshops have
confirmed the strategy of Slovak NPPs in the area of safety culture and at the same time
indicated the areas where further improvement could be achieved. Based on conclusion of the
workshop the management of NIPPs decided to include further tools into the process of safety
culture improvement and particularly the group for self-assessment was strengthened.
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5. Complementary means to improve and support the safety culture - good practices

Not only the orders, directives and action plans and similar documents are the means how to
improve safety culture. Many materials supporting safety culture has been developed. Based
on the safety culture action plan a booklet, based on movements ,STAR' (STAR: Stop-
Think-Act-Review), has been issued, where the right approach to work is explained in a
simply way pointing out the fact that in many case the a work became a routine and can lead
up to the failure of the human factor. There are NPP journals issued on a regular base semi-
monthly or monthly where the articles on safety culture issues are published. Wall-boards are
utilised to show the results of activities and achievements of the safety culture in the plant as
well as evaluation and comparison of safety culture indicators. Issues of safety culture are also
put to the NTRANET so that everybody has an access and may be acquainted with the news
of safety culture. The pictures on appropriate places and sites are also very useful. It is
sometimes better to see something than to remember it. Discussions between management or
work leaders and manpower are of a great importance too because the requirements and stand
points of both sides related to the objectives of nuclear safety can be clarified.

5. Conclusion

Maintaining and improvement of safety culture is the process of permanent development. It is
one of principal objectives of NPP management. The efforts are focussed to keep the highest
level of nuclear safety as well as personal safety. The enforcement of new elements of safety
culture to daily practice through the yearly action plans helps the plant to achieve good
production results. Attitudes of individuals are impacted by their working atmosphere. Clearly
defined operation regulations, rules and procedures are the key to the efficient application of
the safety culture and they contribute to a formation of this atmosphere and support attitudes
of individuals directing to the high level of nuclear safety. The approach of Slovak NPPs to
the safety culture implementation was appreciated by LAEA and representatives of Slovak
NPPs are invited to participate in activities of IAEA in the area of safety culture. This is the
confirmation of a right way towards economical and safe production of electricity and
acceptance of public.
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Operation of TRIR-1/M1 for 25 Years and
Lessons Learned in Management of Safety and Safety Culture
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Abstract. The first Thai Research Reactor, TRR-1, was installed and put into operation in 1962. In 1975 the reactor
was converted to a 2 MW TRIGA Mark 1 by replacing of the reactor core and the control system. The renamed TRR-lM
research reactor went critical again in November 1977. TRR-lM has been operated safely for 25 years with its main
utilization in research, isotope production and training. Safety management and safety culture have been implemented for 25
years both in the legislation level and the operation level. There was no nuclear incident and there were a few radiological
incidents during the 25 years of operation of TRR- /Mi. The lessons learned from the incident events such as the release of
N-16 and Ar-41. the release of radioactive Bromine gave valued opportunities to improve our operation procedure, safety
procedure and safety culture. All type of activities with respect to safety culture such as individual awareness, commitment,
motivation, supervision and responsibility have been seriously reviewed and being set as normal practices.

1. Introduction

The Office of Atomic Energy for Peace (OAEP) was established in 1961 in order to promote the
nuclear for peaceful uses and conduct research. The first research reactor, TRR-1, was then built to
support such activities. The TRR- , pooi type reactor, is designed and constructed by Curtiss-Wright,
U.S.A. and then put into operation in 1962. In 1975, the reactor stopped operating and the core was
replaced by TRIGA Mark HI type of General Atomics, U.S.A. The reactor was named TRR.-1/Ml and
went critical in 1977. To date, this 2-MW reactor has been used for 25 years. The main purpose of the
TRR-U1/M is isotope production for the country use. Additionally, a number of research, analysis and
training have been conducted.

The safety management has been implemented since the establishment of the reactor both in the
legislation level and operation level.

2. Safety Management and Safety Culture

2.1 Nuclear Safety Policy

The organization chart of nuclear safety policy in Thailand is represented in Fig. 1 and responsibilities

are described below.

Thai Atomic Energy Commission MWinistty of Science Technology and Environment
(THAI A.E.C.) (MOSTE)

Nuclear Facility Safety Sub-committee IOffice of Atomic Energy forPec
(NFSS) (OAEP)

A

NcerFacility Regulatory Cne
(NFRC)

Fig. 1 Organization Chart of Nuclear Safety Policy in Thailand
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2.1.1 The Thai Atomic Energy Commission for Peace (The THAIA.E.C.)

The Thai Atomic Energy Commission is a governing board (policy making body) of the government
of Thailand. The Thai A.E.C. is chaired by the Prime Minister of Thailand and at present consists of
14 sub-committees.

2.1.2 The Nuclear Facility Safety Sub-committee (NFSS)

In accordance with the Atomic Energy for Peace Act of 1961 and the Ministerial Regulation No.6 of
1974, a license from the Atomic Energy for Peace Commission must be obtained for the establishment
of a nuclear reactor, hereinafter referred to the "operating license". In order to carry out regulatory
activities for the nuclear reactor, the commission assigns the authority through a sub-committee,
established in 1994, with the Nuclear Facility Regulatory Center (NFRC) as the secretariat of the Sub-
committee. At present, the Nuclear Facility Safety Sub-committee is composed of 17 members (only 3
are OAEP personnel) chaired by the well-known and well-recognized person outside OAEP; at present
the president of Chulalongkorn University.

2.1.3 The Nuclear Facility Regulatory Center (NFRC)

The Nuclear Facility Regulatory Center, as a functioning arm of the Nuclear Facility Safety Sub-
committee, is responsible for the assessment of safety features of a proposed reactor and related
facilities, undergoing licensing deliberation, physical inspection and audit of licensed facilities to
ensure that prescribed safety measures are strictly complied with safeguards of nuclear materials in
accordance with national regulation and international commitment.

2.2 Duties and Responsibilities

The operating organization of the facility is the Reactor Operation Division, which is composed of 4
sections: Technical section, Operation section, Maintenance section and Non-destructive Testing
section. The qualified staffs in each section are assigned to operate the reactor every week. Health
physicists from Health Physics division are responsible for radiation safety. In each shift, 2 operators
and 2 technicians operate the reactor under supervision of a shift supervisor and a health physicist. The
responsibilities of operating staffs are described as follows:

2.2.1 Director of the Reactor Operation Division

The Director of the Reactor Operation Division is responsible to the Principal Scientific Officer for the
safe operation and maintenance of the reactor, for the safety and good order of the reactor area and for
carrying out the agreed reactor operation programmed. He will issue Reactor Operating Instructions
for the guidance of his staff and these operating instructions must fall within the framework of the
principles laid down in these standing orders. He will issue instructions of a temporary nature in the
form of 'Temporary Operating Instructions` which will be valid only for a stated period.

2.2.2 Shift Supervisors

The Shift Supervisor accepts responsibility for the safe operation of the reactor at all time during his
shift. He should recognize when reactor components are operating normally or abnormally and should
know what action to take in order to prevent any dangerous incidents. He supervises the activities in
all phases of reactor operation and makes certain that all procedures are followed. He carries out the
daily checkout and appropriate safety checks of the reactor and its associated equipment. He
supervises the keeping of records and log and ensures that all records are complete and accurate on all
phases of reactor operation and maintenance.
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2.2.3 Reactor Operators

Reactor operators on duty are responsible for the safe operation of the reactor and its associated
equipment within the term of the operating procedures and under the direction of the shift supervisor.
On each shift of reactor operation two reactor operators are on duty; one manipulating the reactor
control in control room, the other works outside the control room. The two will be designated as the
inside control room operator and the outside control room operator respectively. They interchange
roles at regular interval, normally at every two hours.

2.2.4 Maintenance Engineer

The maintenance engineer is responsible for the efficient maintenance of the reactor plant and
equipment. He will issue detailed maintenance instructions and will ensure that no work shall begin
without written permission of the Director of the Reactor Operation Division.

2.2.5 Health Physicist

The health physicist is responsible for advising the Director of the Reactor Operation Division on all
aspects of radiation protection. He is responsible for making an independent regular check on the
radiation and contamination levels in the reactor area, and for providing adequate equipment to enable
the operation staff to carry out surveys on all radiation and contamination hazards at any time.

In the event that an operation is to be performed, or is being performed, which, in the opinion of the
health physicist is hazardous, he is authorized to suspend operations, pending review and resolution of
the hazard.

2.3 Safety Culture

Although the safety culture issues have not been published in the operating manual, operators and
technicians are trained in such issues from operator training course and radiological training course.
They are emphasized on safety awareness, knowledge, responsibility and communication. For
example, operators will report any incidents to the director of reactor operation via the in-shift
supervisor. Operators have to work strictly in accordance with the overtime work policy. They are not
allowed to operate the reactor more than 8 hours a day. The reactor operating procedure is rigorously
performed in order to ensure maximum safety.

Observation method has been introduced to monitor behaviors of operators and technicians. This is a
very applicable method because the safety culture is developed continuously. For instance, operators
and technicians sometimes forget to bring film badges with them when they work in the reactor hall
because they keep the film badges individually. Therefore, compartments for film badges are provided
in front of the reactor hall entrance to ensure that operators and technicians will not forget to bring
film badges with them into their working area. These film badges are also collected and sent to the
Health Physics division every 3 months to check for the dose rates.

Nuclear Facility Regulatory Center (NFRC) is the regulatory body that conducts the external
inspections for safety operation and safety culture. The inspections will be performed in both pre-
notification program and un-notification program. These combined programs will ensure that the real
situation of reactor operation and operators' behaviors will be inspected.

3. Lessons Learned from Events

No nuclear incident occurred since reactor commissioning and there have been very few radiological
incidents during 25 years. One example of radiological incidents is the release of N-16 and Ar-41
above the reactor pool. This incident happened when the diffuser pump, the pump used to disperse
heat at the core, did not work. Normally, the RAM channel above the reactor pool can monitor the
radiological gases. Unfortunately, there was electrical problem with the absence of one phase of the
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power supply, so the diffuser pump using that absent phase did not work. The reactor still ran but the
diffuser pump did not work. Radiological gases accumulated and dispersed above the reactor pooi.
The RAM channel used the same phase of the power supply as the diffuser pump. As a result, the
RAM channel did not work either. Thus, it could not detect the Ar-41 and N-16 released. This
situation was reported to the director of Reactor Operation Division. As the result of the lesson
learned, operators are always taught to be aware of such situation.

The release of radioactive Bromine is another good example regarding safety culture. It happened on
the last operating day before annual maintenance. The user wanted to use radioactive Bromine during
the shutdown period. So he put a large amount of Bromine in the container without a wrapper. He also
punctured a hole on the top of the container because he was concerned and worried of the gaseous
expansion during irradiation. The container was then loaded into the reactor core. From the
carelessness of the user, the container was accidentally dropped on the floor when the sample was
unloaded. The powder of Bromine was released and dispersed on the floor. As a result, the reactor hall
was contaminated and operators and technicians were evacuated. The reactor was then stopped
operating before scheduled time. It is concluded from this scenario that the user lacks of safety culture
and experience caused the contamination and related problems. The incident was then reported to the
Director of Reactor Operation Division to figure out the solution. It was thereafter concluded that the
experiment loading procedures have to be revised and the safety culture training should be conducted
by Reactor Operation Division to all the users rather than individual training by other divisions.

4. Current and Future Challenges That May Impact on Our Safety Culture

Reformation of the Office of Atomic Energy for Peace is due to complete before October
2002. The office will be divided into 2 organizations: the operating body and regulatory body.
Unlike the current organization, the regulator will be obviously separated and will result in
more effective safety management. For legislation level, the Atomic Energy for Peace Act has
also been revised and supposed to enact in the near future. In addition, safety policy has been
revised to cope with the new organizations.

5. Conclusion

Safety management and safety culture are very important issues that must be studied and developed.
Safety culture must be taken into account both at policy level and operation level. For Thailand, all
type of activities with respect to safety culture: individual awareness, commitment, motivation,
supervision and responsibility, have been seriously reviewed and being set as practices. There should
also be a safety culture training to provoke individual awareness both users and operators.
Furthermore, the safety culture questionnaires have to be established to encourage self-examination in
organizations and for individuals.
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Management of Safety and Safety CultureXA235
at the NPPs of Ukraine

Vladimir Koltakov
Ukraine

(Synopsis of the report)

Introduction. Contains general aspects of safety and safety culture. The brief
description of operational characteristics and basic indexes of atomic power plants at the
Ukraine are represented. The information referring to structure of NPP '5 of Operation
organization license-holder, safety responsibility of both Regulatory and Utility Bodies also is
given.

The main part of the report includes seven sections:

1. "Practical application of safety management models" In the first section of the
report is shown principle scheme's model of the operational safety management NPP's at the
Ukraine. The basic results of changes in nuclear power branch management and its impact to
safety condition are presented.

2. "Perspective on the relationship between safety management and safety
culture" The information about role safety culture at safety management area and influence
safety culture basic features to the effectiveness of safety management is given at this section.
The basic elements and characteristics of a perspective interaction of those two aspects: -

safety management and safety culture inhering of an atomic power branch structures at the
Ukraine are represented. Development of Performance Indicators System.

3. "The role of leadership in achieving high standards of safety" Leadership's
role in the progress of safety and safety culture level at the NPP's of Ukraine is shown on an
example of relations NPP's stuff to specialist of experience - "production manager". Role of
leadership at the state body and operation organization levels for achievement high safety
standards in the nuclear power also is discussed. The information about leadership's role in
management of safety and reliability improvement programs are presented.

4. "Current and future challengers that impact on safety culture and safety
management (e.g. the impact of competition, changing, economic and political
circumstances, workforce demographics, etc.)" The important current economic and
political problems bound with management of nuclear power branch, their analysis and
impact to safety and safety culture management in a point of view of workforce demography
are also described at fourth sections. The brief results of competition between Ukrainian NPPs
on the basis operation indexes that were developed by USA NPO are given.

5. "Key lessons learned from major events" Results of the root cause analysis of
three events that have occurred at the NPPs of Zaporozhye, South-Ukraine, Rovno and
Khmelnitsky and brief results of an experience performances extracted from an estimation of
these events ere given at the fifth section.
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6. "Practical applications of safety culture concepts (e.g. learning organizations,
training staff communications, etc.)" The results of an improvement operation
organizational process at the Ukrainian NPP's units on the basis of the experience study and
analysis obtained at visiting foreign NPPs and examples from a point of view safety culture
on interaction of the management and operation personnel at all hierarchies levels are
considered.

7. "Advance in human performance" The information on advance in human
performance is shown on examples of the operational and repair personnel work during
reactor installation control and repair work. The results of an estimation of operation safety
level, safety culture state both of the administrative and operative personnel at the Ukrainian
NPPs are given. Some of the main pending safety and safety culture problems that is
necessary to execute on the proximate perspective are cited.
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Abstract:
Prior to te accident at Three Mile Island, little attention was being paid to te human role in the safe
operation of civilian nuclear power plants. The investigation of the TMI accident showed that its root
causes were primarily human-related. The Kemeny Report on the TMI accident does not use the term
"safety culture"; however, it fully identifies all relevant aspects of safety culture.
It was only after the accident at Chernobyl that the term safety culture" came into widespread use.
However, it should be noted that, during the years after TMI and before Chernobyl, already major
changes had been instituted concerning human factors and human reliability in the civilian nuclear
energy programs of many countries. Greater credit should be given to the remarkable insights
developed by the Kemeny Commission as contained in the Kemeny Report.

1. Introduction

Until the accident at Three Mile Island (TMI), little attention was being paid to the important
role of human factors and human reliability in the operation of nuclear power plants. The
prevailing opinion (mindset) at that time was that the many safety systems were capable of
terminating and stabilizing any and all safety-related operational events in a timely and safe
way. The human role was largely ignored and, if considered at all, the operators were
assumed to only undertake actions favorable to safety. This mindset is the probable cause that,
at that time, human errors (of commission and omission) were given little or no attention.

The Reactor Safety Study (WASH-1400, usually referred to as the Rasmussen Report [1])
which was the first probabilistic safety assessment of civilian nuclear plants, should have been
a warning. However, the insights gained in this study that human factors play an important
role in safety did not penetrate into the nuclear establishment until after the accident at TMI.
This situation was in large measure a consequence of the reticence of the U.S. Nuclear
Regulatory Commission (NRC) to give credence to the results of the Rasmussen study. In
fact, at that time, a letter was issued by the chairman of the NRC warning all N-RC employees
to refrain from using probabilistic safety considerations in reaching licensing decisions.

During the investigation into the root causes of the TMI accident it was found that, while
some design deficiencies and system malfunctions were contributory, the main causes were
human-related. The well-known Kemeny Report [2] presents the results of one of the main
investigations into the TMI accident. It does not use the term `'safety culture"; however, it
fully identifies all relevant aspects of safety culture, including the important role of the
mentality (culture) existing in organizations from the highest level of management down to
the individual workers. Subsequent probabilistic safety assessment studies confirmed these
findings and concluded that human factors constitute the main contributor to the overall risk
of nuclear power plants of the current generation. The realization of this fact has become the
driving force in the search for innovative reactor designs that are more forgiving of human
errors and component/system failures.
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Safety Culture and the Accident at Three Mile Island

It was only after the accident at Chemnobyl that the term safety culture" came into widespread
use. However, much had already happened during the years after TMI and before Chemnobyl:
Major changes had been instituted in many countries based on the findings gained from TM!
concerning the important role of human factors and human reliability in the safe operation of
nuclear power plants.

This paper intends to show that important advances had been made in the area of human
factors and human reliability as a consequence of TM!; specifically, attention will be focused
on the important contributions made by the Kemeny Commission in this respect. To that end,
the paper briefly discusses the sequence of events that resulted in the T! accident,
identifying some of the main design deficiencies, mechanical failures and human-factor
deficiencies that were the cause. It then reviews the Kemeny Report and highlights its major
findings, showing that the basis for safety culture had already been laid before the accident at
Chemnobyl occurred. In this connection, it is important to note that the Kemeny Report
attributes serious shortcomings to all parties involved, including design/construction
organizations, operating organizations and regulatory organizations.

3. Brief Description of the TMI Accident

The accident at Three Mile Island started on March 28, 1979, at about 4:00 AM and evolved
over about six days until April 2, 1979. It took place near Middletown, Pennsylvania, USA.
Two weeks after the accident, the President of the United States - Jimmy Carter - established
a Presidential Commnission under the chairmanship of John G. Kemeny with the task to
conduct a comprehensive investigation into the accident. This investigation was to include (a)
a technical assessment of the events and their causes, (b) an analysis of the role of the
managing utility, (c) an assessment of the U.S. Nuclear Regulatory Commission' s emergency
preparedness and response capability as well as its licensing, inspection, operation and
enforcement procedures.

In order to identify some of the human-related aspects of the TM!i accident, a brief summary
of some of the main points of the sequence of events is presented in the following:
(1) A plant malfunction caused the pumps of the main feed water system to be tripped

automatically at a time when TM! unit #2 was operating at 97% of nominal power;
(2) As a consequence, the steam generators (being of the once-through type and having a

small feed water inventory) started to boil dry, resulting in increased pressure of the
primary cooling system;

(3) In response to this increased primary pressure, the pilot-operated relieve valve
(PORV) of the pressurizer opened (as required by design), allowing release of primary
coolant into the quench tank;

(4) Because the primary coolant pressure continued to rise, the automatic protection
system of Unit #2 tripped the reactor 8 seconds after the first feed water pump had
tripped, thus terminating the nuclear fission chain reaction;

(5) Three pumps of the emergency feed water system started automatically as required by
design. However, no feed water was delivered to the steam generators, because the
block valves on the two emergency feed water lines had inadvertently been left closed
(human error). Furthermore, the operators did not notice for some 8 minutes that these
valves were closed (human error);
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(6) The primary pressure decreased (because of the reduced reactor power level and the
loss of primary coolant to the quench tank) to the point at which the PORV should
have closed automatically. However, the PORV remained mechanically stuck open.

(7) The operators assumed that the PORV had closed because the status lights on the
control board erroneously indicated so (design deficiency). As a consequence, the
PORV remained open for 2 hours and 22 minutes, resulting in a loss-of-coolant
accident draining the primary system;

(8) As a consequence of the loss of primary coolant, the primary coolant pressure
decreased to the point where the emergency core cooling system (ECCS) started
automatically;

(9) The liquid level in the pressurizer increased because saturation temperature had been
reached in the core, resulting in a steam bubble at the core outlet.

(1 0) The ECCS was shut down by the operators because they had been trained to do so
when the liquid level in the pressurizer became too high (training deficiency).

(1 1) The operators had not been adequately trained to recognize the prevalent plant
conditions. Under most operating conditions, if the liquid level of the pressurizer is
too high, the primary system could go solid", thus incurring a risk of over-
pressurization. However, in this case, there was a large steam bubble at the top of the
core, so that there was no danger of the primary system "going solid".

(12) The continued loss of primary coolant through the open PORV and the shutting down
of the ECCS resulted in uncovering of the fuel assemblies, and eventually in the
melting of approximately 50% of the core.

If the TNIvI operating staff had refrained firom shutting down the ECCS (error of commission),
the automatic safety systems would have prevented core damage by establishing a feed-and-
bleed mode of operation and the accident could have been terminated without major
consequences. However, the operating staff is not to be blamed for their actions because, at
that time, the action of shutting down the ECCS for high pressurizer level was in full
compliance with the (then) existing operating instructions. Similarly, if the operators had
stopped the loss of primary coolant in the early part of the accident sequence by closing the
pressurizer block valve (error of omission), the accident would have remained a minor
incident.

We shall not follow here in detail the entire further evolution of the accident. Suffice it to say
that the accident resulted in melting of the core for about 50% and that many lessons were
learned, in particular in the area of human factors.

4. Discussion

This paper will draw mainly from the Kemeny Report, highlighting by direct quotations the
important insights that were gained by the Kemeny Commission from its TMI investigation..
Some of these main findings and recommendations are as follows:

Findings:
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`To prevent nuclear accidents as serious as TMI, fundamental changes will be necessary in
the organization and practices of the Nuclear Regulatory Commission and the nuclear
industry";

Safety Culture and the Accident at Three Mile Island

"Equipment can and should be improved to add further safety to nuclear power plants. But as
the evidence accumulated, it became clear that the fundamental problems are people-related
problems and not equipment problems";

"When we say that the basic problems are people-related, we do not mean to limit this term to
shortcomings of individual human beings... We mean more generally that our investigation
has revealed problems with the "system" that manufactures, operates and regulates nuclear
power plants. There are structural problems in the various organizations, there are
deficiencies in various processes, and there is a lack of communication among key individuals
and groups".

The (TMI) equipment was sufficiently good that, except for human failures, the major
accident at TMI would have been a minor incident. But, wherever we looked, we found
problems with the human beings who operate the plant, with the management that runs the
key organization, and with the agency that is charged with assuring the safety of nuclear
power plants.

...weare convinced that regulations alone cannot assure safety. Indeed, once regulations
become as voluminous and complex as those regulations now in place, they can serve as a
negative factor in nuclear safety... This Commission believes that it is an absorbing concern
with safety that will bring about safety -- not just the meeting of narrowly prescribed and
complex regulations".

".... we find that the approach to nuclear safety had a major flaw .... Some potentially serious
scenarios, such as the break of a huge pipe.... were studied extensively and diligently... the
attitude developed that we need not worry about the analysis of 'less important' accidents if
such large-break accidents could be controlled. Large-break accidents require extremely fast
action that therefore must be automatically perfonned by equipment. Lesser accidents may
develop much more slowly and their control may be dependent on actions of human beings.
This was the tragedy of TMI, where the equipment failures in the accident were significantly
less dramatic than those that had been thoroughly analyzed, but where the results confused
those who managed the accident".

"The most serious 'mindset' is the preoccupation.... with the safety of equipment, resulting in
the down-playing of the importance of the human element in nuclear energy generation. We
are tempted to say that what the NRC and the industry have failed to recognize sufficiently is
that the human beings .... constitute an important safety system"

"The control room, through which the operation of the TMI-2 plant is carried out, is lacking in
many ways. The control panel is huge, with hundreds of alarms, and there are some key
indicators placed in locations where the operators cannot see them"

"The WASH-1400 Reactor Safety Study (the Rasmussen Report) analyzed events, equipment
failures and human errors that could happen during reactor accidents, including those
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associated with the TMI accident. However, NRC has not made sstematic use of WASH-

1400 in its design review analyses"

Safety Culture and the Accident at Three Mile Island

Recommendations:

The nuclear industry must dramatically change its attitude towards safety and regulations:
* The industry should establish a program that specifies appropriate safety standards

including those for management, quality assurance and operating procedures and
practices;

* There must be a systematic gathering, review and analysis of operating experience at all
nuclear power plants coupled with an industry-wide international communications
network to facilitate the speedy flow of information to affected parties;

Although the Commission considers the responsibility for safety to be with the total
organization of the plant, we recommend that each nuclear power plant have a separate
group that reports to high-level management;

Clearly defined roles and responsibilities for operating procedures and practices must be
established to ensure accountability and smooth communication;

Since, under our recommendations, accountability for operations during an emergency would
rest on the licensee, the licensee must prepare clear procedures defining management roles
and responsibilities in the event of a crisis;

5. Conclusions

Although the importance of the human role in the safe operation of nuclear power plants had
already been established in 1975 by the Rasmussen study, this insight did not penetrate into
the nuclear establishment until after the accident at Three Mile Island.
The investigation of the Kemeny Commission into the TM! accident firmly established that
the root causes of the accident were primarily human-related. The Kemeny Report does not
use the term safety culture`; however, it frully identifies all relevant aspects of safety culture,
well before the Chernobyl accident subsequent to which the term safety culture came into
widespread use.
Greater credit should be given to the groundbreaking work performed by the Kemeny
Commission in the area of safety culture and to the remarkable insights that are contained in
the Kemeny Report which established the concept of "safety culture" well before it became
part of the accepted terminology.
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Abstract. Promoting and Evaluating Safety Culture (S.C.) in Operating Organizations must be
one of the main Nuclear Regulator goals to achieve.
This can be possible only if each and every one of the regulatory activities inherently involves S.C. It
can be seen throughout attitudes, values, uses and practices in both individuals and the whole
regulatory organization [ 1].
One among all the regulatory tools commonly used by regulators to promote and evaluate the
commitment of the licensees with safety culture as a whole involves organizational factors and
particular attention is directed to the operating organization. This entailed a wide range of activities,
including all those related with management of safety performance. Operating Experience Feedback
Programme as a tool to enhance safety operation is particularly useful for regulators in the evaluation
of the role of S.C. in operating organization [2].

Safety Culture is recognized as a subset of the wider Organizational Culture. Practices that improve
organizational effectiveness can also contribute to enhance safety.
An effective event investigation methodology is a specific practice, which contributes to a healthy
Safety Culture [3].

1. Background

The role of the regulator is presented in this paper according to the inherent responsibilities
(promoting / evaluating) using different approaches:

Promoting Safety Culture (S.C.) basically has its origin in the regulatory organization safety
culture.

Evaluation of operating organization safety culture is focused in specific fields related with
the normal activities developed by the author of the report.

In fact, even when other subset of regulatory commitments with S.C. are not included here, it
does not mean that such activities are not carried out.

2. Regulatory activities carried out to promote and evaluate S.C.

2.1 ]Promoting Safety Culture

One of the basic points to take into account was to be aware of how different regulatory

strategies could influence positively the operator's safety culture

However, regulators were inherently using most of the strategies. At this point, the main

modification was to distribute separately those strategies in order to clarify written concepts.
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2. 1.1 Through its own performance

Evolution and growing up through the years proved that one of the most valuable ways

regulators can apply to promote operator's S.C. is the use of regulator's own proficiency.

- Proficiency of regulatory organization involves:

- Organizational and individual commitment with safety issues.

- Clear responsibilities and roles within the regulatory organization

- Being technically competent. It implies continuous training to maintain regulatory staff
capability.

- Attitudes, policies, professionalism as well as an environment in which workers set high
Safety Culture standards for themselves.

- Teamwork: clear concepts about the importance of acting and working as a team. Efforts
made by individuals are not effective enough. Clear goals like "Safety is never
compromised" are inherently involved in all team 's attitudes. Also managers are involved
to help motivating people to work, act and think as a team

- Comprehensible instructions to lead inspections

2.1.2- Relationship regulator - operator

- Polite and professional attitude in verbal communications

- Honest dialogue particularly focused to accomplish safety objectives more than on strict
compliance with rules.

- Promote good practices: Providing constructive support for high performance in plant
activities

2.2. Evaluating Safety Culture

2.2. 1. Direct evaluation

Performing on-line evaluation of S.C. of the operating organization is something difficult to
achieve for our regulatory body, despite of the presence of on-site inspectors.

However, day to day operation follow up is a good approach we use through resident
inspectors, some of whose activities to detect early sign of declining S.C. are included in
check lists based on those given in [2] and [4].

2.2.2. Evaluation through follow up of Operating Experience Feedback (O. E. F.) Programme

Additionally, safety analysts fom Argentinean Regulatory Organization, apply a different
perspective throughout assessments. The main goal to be reached by analysts is the evaluation
of the influence of organization and management (organizational factors) in root and direct
cause of events.

163



These assessments include, among others, surveillance of operating feedback programmes
followed by the Utility. Some regulatory tools are used to indirectly evaluate S.C.
The use of the commonly defined regulatory approaches [2] highlight the importance of the
aspects considered in the follow up of the O.E.F. programme.

"Process based approach" takes specific account of the fact that the safe operation depends on
the effectiveness of the organizational processes established to operate, maintain, modify and
improve a facility.

The advantage of processes based regulation for areas of organization and S.C. is that
assessment can be applied to major organizational processes.
In this point, one of the most important facts we recognize is that Argentinean Utility has
analysts teams in headquarters as well as in the N.P.P's. Characteristics of those groups are
experience and qualification both to find root causes of events and to make recommendations
concerning to corrective actions

The use of "performance based approach" requires understanding organizational factors,
which are important to safe performance in plants: As an example, lack of communication
between plants and other external organizations can be seen as an alert. Follow up of O.E.F.
programme shows that both Utility and N.P.P's are not isolated as they use external and
internal operating experience for corrective actions and training.

S.C. is an underlying cause of performance based events. Consequently, it is important to
recognize early signs of declining S.C., such as accumulated corrective actions, unidentified
root causes and recurrence of minor events. For events with human performance causal
factors, the lessons learned may be useful to increase human or organizational reliability in
plants, regardless of the type of reactor. (In next point some examples will be shown).

Furthermore, practices that improve organizational effectiveness can also contribute to
enhance safety. An effective event investigation methodology is a specific practice, which
contributes to a healthy S.C. For that reason, it is important to specify those events subject to
complete event investigation. These include non-consequential events or near misses [3].
Regulatory analysts verify that every event is evaluated, and in some specific cases, regulators
analyze events themselves.

Other routinely activities developed by regulatory analysts include:

- Check out that corrective actions resulting from O.E.F. programme are executed. Revision
of operators ability to identify, prevent and correct problems.

- Review of trends in event report (one of the regulatory tools used is "Safety Performance
Indicators").

2.2.3. Examples of influence of S. C. in root causes of events

Some examples of analyzed events (taken the wide range from near misses to significant
events), showed safety culture as one of the root or contributing causes. Due to the fact that in
our country there are only 2 operating N.P.P's, only a small amount of information will be
showed in this report, excluding details about where those events happened.
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Type of event Year of S.C. related causes (2)
occurrence (1)

Operating event 1998 Root causes: Lack of double-checking, not
enough training for the job

Significant event 1999 Root causes: Management: not well defined
policies of work, risks associated with
implemented changes not evaluated.
Secondary causes: System operation: operation
out of limits, effects and consequences not
evaluated. Surveillance: erratic performance of
the system not analyzed.

Operating event 1999 Recurrence of failures during the last past
years, corrective actions never implemented

Minor events (4 2000 Lack of double-checking, lack of supervision,

different) procedures violations

Minor event (a) 2000 Root cause: lack of Safety Culture

Significant event 2001 Root causes: Risk associated to job not

evaluated, lack of Safety culture

Operating event 2001 Multiple event: 1: recurrent, 2: possible

precursor of accidents.

Minor events (2 similar 2001 Root causes: Lack of S.C., recurrent event
events)
Minor event 2001 Inadequate operation of a component:

recurrent.

Minor event 2001 Recurrent (a). Lack of S.C.

(1) These are only a sample of the events happened during the mentioned years
(2) Mentioned are not the only root causes of the events

3. Conclusions

Regulatory activities in progress to promote and evaluate Safety Culture in N.P.P 's were
briefly explained in point 2. Therefore, those are part of the activities carried out by one group
of inspectors and evaluators. More different activities are carried out in other areas and by
different personnel.

Nevertheless, activities to promote and evaluate S.C. are still in evolution, adding more new
tools continuously.
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To the activities in progress at the moment (like follow up of O.E.F. programmes), some
others will be added during the next months. The scheme includes the development of a set of
Indirect Safety Culture Indicators and improvement of regulators training to deal with
"4organizational factors".

Despite of all the objective remains unchanged; these new steps will be only a way of adding
new resources to achieve the main regulatory goal: Improving Safety.
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Abstract. After the Chemnobyl NPP accident a public acceptance has become a key factor in
nuclear power development all over the world. Therefore, nuclear safety culture should be based not
only on technical principles, responsibilities, supervision, regulatory provisions, emergency
preparedness, but the public awareness of minimum risk during the operation and decommissioning of
NPPs, radioactive waste management, etc.

1. Introduction

It is interesting to analyze the situation with public acceptance on the example of Belarus.
Republic of Belarus, as a part of the Soviet Union, having highly energy-intensive economy
and few indigenous fuel and energy resources has been initially oriented towards nuclear
power. Four nuclear power plants with total capacity of about 12GW have been constructed
near the borders of the Republic. In Belarus the constructing of nuclear CHP not far from
Minsk and the planning of NPP construction in Vitebsk region have been begun. The
Chemobyl NPP accident has stopped this Program.

On the other side the Republic of Belarus has been suffered from the Chernobyl accident most
of all other countries including Russia and the Ukraine. About a quarter of its territory and
population had turned out in the radioactively contaminated zone (Caesium-137, over 37
kBq/sq. in). The attitude of a considerable part of the Belarus population towards the nuclear
energy is aggravated with the consequences of this accident. Therefore the work on the
public opinion formation is to be stated long in advance the beginning of NPP construction.

2. Results of sociological surv'ey of the perception of nuclear power in Belarus

During 1995-1999 the sociological monitoring of public opinion about nuclear safety of the
existing NPPs and further nuclear power development were provided in Belarus. The first poll
was conducted among 1164 inhabitants of the more "pure"~ region in the Republic - the
Vitebsk one (34.8% respondents), as well as in the regions contaminated with radionuclides -

the Gomel region (32.7%) and the Mogilev region (32.5%). 38.8% of the polled persons
declared in favour of nuclear power development and 20.3% of the polled ones declared
decommissioning of all operating NPP in the territory of CIS. The opinion about the level of
NPP safety was as follows: more than three fourth of the polled respondents (75.8%)
consider the increased safety of operating not only the Chernobyl NPP but also all other NPI's
located close to Belarus is necessary to be provided with; 63.8% respondents said that only
NPPs with the increased safety are necessary to be constructed in Belarus.

Approximately half of the opponents of nuclear power (50.5%) explained their negative
attitude, in some way or other, by the apprehension of risk increasing for people's health
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becoming worse. It is clearly seen in the regions having been subjected to the affect of the
Chernobyl NPP accident consequences: 55.5% of the polled persons consider radiation
contamination of the territory to be the main reason of their health becoming worse last time,
whereas 4 1.8% - decreasing of family income and 36.6% - the absence of ecologically pure
and qualitative nourishment.

The second sociologic survey involved the inhabitants of the whole territory of Belarus
including the capital of our Republic - Minsk city. From the total number of respondents (999
persons) 83.6% constituted townspeople, 43.3% - engineering and technical personnel, 15.5%
- workers, 13.6% - the pupils and the students; 54.9% had higher education, 23.9 -

specialized secondary education; 68% were at the age from 21 to 50.

The main question of the questionnaire "Should the project of NPP construction be adopted in
Belarus?" was answered in a following way: 40.9% of the respondents answered "Yes", 39%
- "No" and 19.2% of the respondents were embarrassed to answer.

Thus, on the whole, the respondents are accepting the idea on NPP construction in Belarus
calmly, but the next question "Nuclear Power Plant could be constructed close to your town,
settlement, couldn't it?" revealed that only 23.5% of the respondents take it normally, 32.1%
- with anxiety, but 47.7% - negatively (Fig. 1).
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FIG.]. Attitude towards possibility of NPP construction close to respondent's city/settlement

The situation, as a matter of fact, is a typical one, it answers the natural desire of the
population to have and chemical industries, and prisons, and other potentially troubled
affairs, only "at the neighbour's", what concerns nuclear power, such approach is scarcely of
common sense because exactly in Belarus, as nowhere else, the people could be convinced of
the fact, that the distance is not a reliable protection frm the accident at the nuclear reactor.
In this connection , it is interesting to examine the distribution of opinions as to various
categories of the questioned persons (Fig. 2).
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The more negative attitude towards nuclear power has the inhabitants of the Brest region
which has been partially suffered from the Chemnobyl NPP accident, opinions of the
inhabitants of "Pure" Vitebsk region and the more contaminated Gomel and Mogilev regions
are less negative and vary between themselves a little bit, the more positive attitude is shown
by the respondents living in the capital of the Republic. Supporters of nuclear power are
absolutely more among men, and relatively - among the leaders of different ranks and
persons older than 50, less- among women and the youngest participants of the inquest at the
age of up to 20.

As it is seen from the results above-given, they have turned out to be not logically adequate in
all to the situation having been established in Belarus. One of the explanations of this
phenomenon is the answer on the question "Is the population informed on the problems of
nuclear power sufficiently?". An absolute majority (89.1%) of the interrogated persons
answered "No".

Among the sources the information we received from the IAEA and other specialized
international organizations (Fig.3) is trustworthy most of all among the participants of the
inquest, home scientists and specialists are trusted less than the foreign ones, and mass media
has extremely low rating of confidence.
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3. Conclusion

Nuclear safety culture must include the following aspects connected with public acceptance:• Openness. All the elements ensuring nuclear safety (technical, organizational and others)must be completely open not only for specialists, but also for general public. Just theabsence of such openness is one of the reasons of the Chernobyl accident.
• Clearness of safety principles for general public. As it has been shown above, thepopulation trust journalists little on questions of nuclear safety. Therefore, the task to makesafety culture clear for general public must be solved by specialists in this field first of all.• Information. Safety culture must include the information system for population, whichcontains exhaustive data on safety level at all stages of fuel cycle, as well as on allincidents or accidents in nuclear installations.
• Competitiveness. Public opinion must be sure that the main solutions on nuclear safety areaccepted on a tender basis, that in this case monopolies and lobbyism do not play a

sufficient role.
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Abstract. An evolution is made upon external factor that accompany the development of safety
culture at Kozloduy NPP (KNPP). The two basic stages and the major results achieved independently
and with external assistance were considered in the process of development of safety culture. The
areas in which the regulatory body insists on having active participation were defined.

1. Introduction

The significance of nuclear safety issues may vary among countries and reflect particular
needs. It will always be necessary to decide which are the pririority issues, using the recourses
available. The efforts made to enhance safety culture can benefit plant performance through
improved organization, analyses and work processes. The particular development and
improvement of safety culture is a dynamic, progressive process and the time scale required
cannot be predicted.

The evolution of safety culture at KNPP occurs with the existence of several external factors
that are particularly topical for the beginning of the 90s of the previous century. They are:

- Essential political and economical changes; severe economical break down, new market
interface and high rates of unemployment accompanied with lack of clearness about the
future progress of professional career;

- Intensive usage of Russian operational rules; To some extent limited relation of
KNPP with other NPPs and international organizations as LAEA and WANO;

- The design safety of the existent units with reactors VVER-440 in KNPP is a subject
of concern by the international community. The Bulgarian government is put into
political pressure for their shut-down (that problem is present till these days).

2. First stage of the development of safety culture

Conditionally two stages of the development of safety culture may be determined at KNPP. At the first
stage (1991-1996) some measures were taken to ensure appropriate personal motivation of the staff, its
training in the principles of strong safety culture and its deep involvement in the implementation of the
measures for increasing the safety.

By the proposal of the operating organization and the regulatory body additional payments of
the KNPP? staff were approved by the government according to the riskful factors and the
influence of the executed functions to the safety. This led to the employment of highly
qualified specialists in broad range of technical and scientific branches of knowledge. Now 76
per cent of KNPP staff is with technical and university education and 29 per cent - with
university degree.
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With WANO assistance a "twinning" program with Bougue NPP France was developed and
implemented. Prominent specialists from KINPP were trained in the evolution and realization
of contemporary approaches for ensuring the quality, experience feedback and safety
management. That practice appeared to be especially valuable because of the convergence of
both national cultures and with insignificant breaks continues till nowadays.

A special team wit WANO specialists was created to assist the K!NPP management. That team
was working on site and participated in the everyday work of the units. The significant results
achieved with that assistance are:

- Quality assurance program was developed and implemented;
- Council on safety and quality as consultancy body to the management was created;
- System for experience feedback was realized;
- Training of management and executive staff was made on the principles of strong

safety culture;
- System of "work in team" was applied;
- Step by step procedures were developed for functional tests of systems and

equipment important to safety;
- Requirements for housekeeping were determined.

A special model was created for interfaces between the regulatory body and operating
organization under the principle "2 + 2". The developed program by KNPP and WANO team
for improving the safety of units with VVER-440 reactors was evaluated by the Bulgarian
regulatory body with the assistance of Consortium of western regulatory bodies and expert
organizations. By that a transfer of western methodologies and practices was provided in
order to evaluate the safety.

The implementation of the measures from that program for improvement of the safety was
with the active participation of the whole staff. In the realization of the complex tasks an
interaction between the various organization units is sought, the role of every single
participant was considered and appreciated. The management actively took part in those
activities and with its attitude to the safety stroke with respect others.

The regulatory body realized the role of the contractors in the implementation of the activities
important to safety and changed the system for license. The usage of contractors by KNPP is
done after issuing of permissions by the regulatory body based on:

- Set by a contract interrelations;
- Justified qualification of the executive staff and existence of the necessary equipment

and devices;
- Quality assurance program;
- Determined responsibilities for auditing activities by KNPP staff.

3. Second stage of the development of safety culture

The second stage of the development of safety culture at KNPP is characterized with the
admit ion of long-term policies and strategies, with strengthening the organization structures
for management and control of safety, wit profound assessment of the role of the human
factor and with the applying of the self-assessment methods. The major results achieved at
this stage are as follows:
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The management declared its anticipations and goals in the document "Policy for
safety and quality";
A department "Safety and quality" was created under the direct subordination of the
executive director. The staff of the new creation has large authorities for
management and control of safety and quality including the power to cancel the
implementation of activities when this measure is in interest of safety;
All operational events and failures of equipment including near-miss events are put
into systematical assessment according to approved by the regulatory body
methodologies for determination of the root causes. A special procedure was
developed for assessment of the role of human factor in initiation and evolution of
operational events. The PSA results are used in the training of the staff;
The potentialities and limitations of human factor are put into consideration in the
technical measures for improving the safety. New diagnostic systems are installed for
controlling the equipment important to safety, symptom - based emergency
procedures are developed for management of design and beyond design accidents,
analyses of man-machine interface are conducted and improvement of main control
rooms are implemented;
The concept "ZONE" which is the Bulgarian acronym of STAR (stop, think, act,
review) is widely spread in the implementation of activities significant to safety;
Large scale programs for modernization are under implementation in all units of
KNPP, although the political decision taken to shut down two units till the end of
2003;
A system of performance indicators for self-assessment was developed. Some of
performance indicators are compared to WANO indicators and on that grounds long-
term goals are settled. During the implementation of the system problematic areas are
not fixed which require urgent measures.

The major motivations for KNPP staff are the given positive conclusions from the conducted
in 2000-2001 OSART, FOSART and the special AEA mission for evaluation of
organizational structure. The achieved operational level of safety is in accordance with the
international practice, the organizational structure of KINPP ensures adequate management,
the priority of the safety is realized by the management.

4. The role of the regulatory body for the development of safety culture.

The role of the regulatory body for the development of safety culture depends to large extent
on existent legislation, national culture and the nowadays social-economical circumstances. In
the process of seeking its own place in the development of the safety culture the Bulgarian
regulatory body had to consider those factors while simultaneously had to contemplate on the
existent international practice. For that reason some of the decisions of the regulatory body
may not always be in context of the common rules but in reality they have their own
significance for ensuring the safety.

Typical example is the approach of the regulatory body in the usage of the contractors by
KNPP. Nowhere permissions are issued for the usage of contractor only once. But during the
period when the old foundations are ruined and the new grounds are not dressed in the
legislative requirements, this measure was the necessary solution. Nowadays when KNPP has
created an internal system for election and control of the contractors and the national
legislation determines the responsibilities and duties on the concluded agreements that seems
a needles measure.
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The same thing is valid for the licensing of the activities important to safety. The licensing
system foresees issuing of permissions for every single stage, while between every of which
time is needed to present the compulsory justifications of safety and for analyses by the
regulatory body. This procedure was not significantly presented when the measures had to be
accomplished during the plant outages of the units for refueling and at the same time the
design as well as the delivery of the equipment were late because of external reasons. That
imposed to be developed special procedures for licensing which gave some flexibility to the
operating organization to do technical modifications accordance with the conditions of the
issued permissions.

Factors in which the regulatory body insists on having active participation in the development
of safety culture:

- Expertise of the high-level management. The role of the management is essential for
the evolution of strong safety culture and in accordance of that fact the regulatory
body changed its requirements on the high-level staff that has to be examined by The
State Qualification Commission ( SQC - a commission to the regulatory body that
bestows certifications to the chosen staff). 31 positions were determined that have to
pass an exam through SQC. During the exam are discussed topics as safety
management, safety culture, defense in depth concept, self-assessment methods,
long-term planning and configuration management;

- Knowledge of duties and their adequate implementation. The regulatory body
approves the job descriptions of the staff that is directly involved in the fulfillment of
leading and control functions. According to that functions are determined the
positions that have to be certified by SQC. The adequate fulfillment of duties is
checked during discussions of the staff with SQC and during regulatory inspections;

- Preservation of the technical support in the field of nuclear energy. In the process of
continuing changes in the social-economical area significant alterations emerge in
the ensurance of adequate technical support in the field of nuclear energy. The
problem is particularly important for the countries with small nuclear programs and
limited possibilities to serve nuclear fuel cycle. In this direction the regulatory body
has chosen the practice to participate in the internal examinations of the staff and to
determine the areas in which the necessary expertise maybe done. With the available
funds the regulatory body assigns the analyses and expert ices connected to the safety
problems and investigations for perspective development. The experience shows that
there is a plenty of room for future improvements.
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Abstract. The Cuban regulatory authority has been working during several years for the fostering and
development of a high Safety Culture level in nuclear activities in the country. As starting point to
achieve this objective the assessment of the Safety Culture level in the regulatory authority
performance was considered an important issue. For this purpose a preliminary diagnosis was carried
out by means of a national survey that allowed identifying some areas of the regulatory activity that
required improvements in order to achieve a higher Safety Culture and to immediately implement
appropriate actions. Two of the most important actions undertaken were: the statement of the
regulatory authority Safety Policy which governs and determines the performance of this organization
and its staff and also the implementation of a new interaction practice at top level between the
regulatory authority and the utilities of the nuclear sector through the Annual Regulatory Conference.
The present paper summarizes these two introduced practices into the Cuban regulatory activity.

1. Introduction

The fostering and development of a Safety Culture in the Cuban nuclear program have been a
purpose of the regulatory authority after the appearance of this concept as a result of the
investigations of the accident in the Chemobyl Nuclear Power Plant, in the former Soviet
Union. From the beginnings the Cuban regulatory authority understood the role that it should
play in the creation of a national climate that foments and develops the Safety Culture in all
the organizations involved in the Cuban Nuclear Program. For this reason first efforts were
focused toward the assessment of Safety Culture in the regulatory authority styles and work
methods. To achieve this objective a revision of the available information on Safety Culture
was made and the steps to be executed were determined.

Based mainly on the documents published by the International Atomic Energy Agency
(JAEA) [1, 2], a survey was organized to know the opinions of specialists and managers of the
regulatory authority and of the utilities with regard to essential topics of safety and to
regulatory authority performance during the fulfilment of its task: regulations, licensing,
inspections, enforcement, accident investigation and dissemination of safety information,
among others. This poll, carried out at national level [31 resulted in a valuable information
that allowed identifying aspects of the regulatory performance that could be improved to
achieve a strong Safety Culture.

2. Statement of the Safety Policy of the Cuban regulatory authority: the first step.

As a result of the national survey [3] it was obtained that more than 70% of those interviewed
persons had not a clear understanding of the roles and responsibilities of the regulatory
authority with regard to safety and more than 56% did not know the Safety Policy of this
body. For that reason the first action undertaken was the formulation of a public document
with the Statement of the Cuban regulatory authority Safety Policy. This document openly
defines the regulatory authority commitment to achieve a high safety level during the use of
nuclear energy inside the national territory and it also determines the framework, which
governs the performance of this organization and its staff.
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The main aspects included in the Statement of Safety Policy are:

(a) Organization commitment to safety, aimed at ensuring the safety of personnel, public and
environment due to possible risks of the use of nuclear energy. This commitment
constitutes the basis for its performance as organization and for its decisions that have
fundamentally a preventive character This should be reflected in its style and work
methods in regulatory activities like:
- establishment of legal and regulatory framework
- licensing process
- inspections and enforcement
- research and development
- experience exchange on safety topics
- periodic corporate self-assessment
- international relations
- training of human resources

(b) Managers' Commitment to safety that defines the styles and attitudes that should
characterize their acting to achieve a high Safety Culture. Also it defines their
responsibility with the creation of an organization climate that propitiates the
development of that culture in each one of their subordinates and in the whole
organization.

(c) Personnel commitment to safety that describes the behaviour that should characterize
specialist's performance in their regulatory functions reflecting an appropriate Safety
Culture.

(d) Ethics and Competence, that emphasizes the need for managers and specialists of the
regulatory authority to have safety as their overriding priority.

(e) Interaction between the regulators and the institutions using the nuclear energy, that
defines the basis that should govern the interaction of the regulatory authority and it
personnel with the rest of the Cuban institutions that use the nuclear energy. In this
interaction should prevail a favorable climate to safety, a mutual respect and trust based
on the recognition of the responsibilities and functions with regard to safety that
correspond to each part.

(f) Commitment to the Public, to maintain an open communication with all the institutions
and members of the Cuban society. It should contribute to the development and
maintenance of a public trust on regulatory authority actions.

(g) International Co-operation, that expresses the will to actively cooperate and participate in
regional and international activities related to safety, with special emphasis on the
activities promoted by IAEA.

This document was established in 1998 by Resolution No. 11/98 of the Director of the
National Center for Nuclear Safety. It has been broadly disseminated through publications,
events and meetings with the institutions of the nuclear sector.

At present, as part of the National Program for the Fostering and Development of a Safety
Culture in nuclear activities in Cuba, the Safety Policy is under revision by means of surveys
and interviews. This will allow identifying possible aspects of improvements in a permanent
effort to contribute to a higher Safety Culture of the regulatory authority.
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3. The Annual Regulatory Conference: the second step

The national survey on Safety Culture [3] mentioned above reflected that more than 50% of
the interviewees considered that the contacts and working meetings between the utilities and
the regulatory authority on safety topics should be more frequent. Near 74% had not a clear
understanding about communication lines to contact with the regulatory authority and also
about other regulatory issues.

To contribute in the solution of this situation, the regulatory authority introduced into its work
style a recognized good practice [4] with the aim at providing the nuclear sector with an open
and effective means for the information exchange and feedback on safety topics. This new
kind of contact has been named the-Annual Regulatory Conference (ARC) and it was defined
as follow:

"It is a top-level annual meeting between the Cuban regulatory authority and the
Organizations using sources of radiation for presenting information and exchanging views on
safety topics such as new regulations and the most frequent problems found in the different
practices, based on the recent results of licensing, inspections and radiological events."

In order to meet the purpose of these meetings, its main characteristics were previously
defined:

(a) They are requested to participate the top-level managers of bodies and institutions of the
nuclear sector (decision-makers), because they can have an important influence on
Safety Culture of their respective organizations. This is essential for the success of these
meetings but some difficulties have been existed due to the tendency of some managers
to send only the Radiation Protection Officer.

(b) In fact, this meeting is short in time and scheduled so to facilitate the attendance of as
many managers as possible.

(c) The meetings consider several safety topics or are focused on just one current issue.
(d) There is a Central Conference Report that is the basis for discussion. This report is

prepared by the regulatory authority or by any other of the participating organizations in
accordance with the central topic of the ARC. This report is send in advance to all of the
participants to achieve a better preparation of the assistants and higher quality of the
debates.

(e) The meeting promotes an open discussion of both technical and procedural or
methodological issues.

(f) Responsibility for the problems discussed in the ARC are not sought from any of the
participating organizations. The results of the meeting discussions in no way become an
obligation for any of the participating organizations.

(g) Lectures on the most relevant issues or trends, national or international, related to safety,
are presented at the end of each Conference. This way the regulatory authority
contributes to disseminate this information amongst managers and decision-makers.

(h) A poll of the type PN1 (Positive, Negative, Interesting) is taken from the participants to
know their opinions, in order to enhancing the future ARCs.

The first ARC was carried out in February 2000, with a favorable acceptance on the part of
the participants. The second was carried out in May 2001. Both ARCs discussed the situation
of the radiological safety in national facilities through the results of the licensing, inspections,
new regulations and other related topics. For special lectures topics like "Analysis of
radiological incidents and the lessons learned", "Role of the management in safety", "Control
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of the Sources of Radiation" and "Project for the National Prize of Radiological Safety" were
chosen. Both Conferences had a high participation of managers, although it is still necessary a
wider attendance. The third ARC is foreseen for June 2002 that will be focused on
radiological safety in medical use of source of radiation.

4. Conclusions

The strategy followed by the Cuban regulatory authority to contribute to the creation of a
national climate for the development of Safety Culture in nuclear sector starting from it own
Safety Culture assessment has had an important effect on personnel of the regulatory authority
and on the whole nuclear sector. This process has allowed a wider knowledge of the Safety
Culture related issues and the introduction of practical methods that enhance the regulatory
performance. At present the regulatory authority continues working to detect other possible
areas of improvement and to begin new actions through the National Program for the
development of Safety Culture in nuclear activities in Cuba.
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Abstract: Hungarian Atomic Energy Authority (AEA) is changing its inspection practice and
assessment methods of safety performance and safety culture in operating nuclear facilities. The new
approach emphasises integrated teams inspection of safety cornerstones and systematic assessment of
safety performance of operators.

1. Introduction
Regulatory assessment of the improvement of safety culture in operation of nuclear
installations requires new methodologies and evaluation techniques from Regulatory Bodies.
HAEA is implementing a new inspection philosophy following the recommendations of an
International Regulatory Review (IiRRT) mission and the RAM-G project of the European
Union in order to provide a good basis for assessment of safety culture.
Inspection and assessment have been governed by detailed internal guidelines in the
framework of HAEA's Quality Management System. The guides cover following areas:

* core inspection program for planned inspections of operation, maintenance, refuelling,
technical support etc. (elements of the earlier inspection program)

* integrated team inspection program for new, general inspection areas
* safety indicator evaluation and assessment program
* new event investigation program (under development).

This paper introduces the new elements of the inspection program.

2. Integrated team inspections

- Integrated team inspection program was introduced in 2001 as implementation of the
following IRRT-recommendations: strengthening of the inspection department, utilisation
of the corporate knowledge, implementation of a middle term inspection plan, inspection
experience feedback etc.

- Mean features of the program are as follows:
- detailed guidance for preparation, execution, documentation and utilisation of

inspection results
- 3 inspections per year
- 12 selected topics (average inspection period: once in 4 years -

rearrangement between topics is possible)
- inspection time: 1 week with 6-8 participants from all departments of HAEA
- "mild" enforcement (An evaluation report is sent to Licensee within 3 weeks after the

inspection. A response with the intended corrective actions is expected. Regulatory
actions are taken on the base of the aforementioned documents.)

- Inspection topics for 200 1-2002:
- Operations management
- Documentation handling
- Strategic maintenance planning
- Waste management
- Fire protection strategy
- Safety analyses
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An example of the integrated inspection: operations management:
- 12 areas of inspection were identified: external influences, goals and strategies,

management fnctions and overview, resource allocation, human resource
management, training, co-ordination of work, organisational knowledge,
proceduralization, organisational culture, organisational learning,
communication.

- A questionnaire of about 80 items was prepared for the inspection, which is
going to be a guide for inspection of the management self-assessment required
by the Requirements for Quality Assurance.

- Typical findings of the inspection
a) The Licensee has no plans for substitution of important subcontractors
b) The list of positions important to safety is not complete - it only consists of

shift personal.
c) No strategic plan exists for preventive maintenance program.
d) There exists shortage of personnel at the Safety Directorate and at the

Technical Support Directorate.
- Licensee' s response: the Licensee agreed most of the findings and sent a proposal for

corrective actions.
- H-AEA actions: The proposal was agreed with, some remaining activities were prescribed

to the Licensee.

3. Operational Safety Performance Assessment

- The program relies on all relevant information gathered by HAEA:
- results of inspection activities (including assessment of databases through on-line access

to computer network of the Licensee),
- quarterly, annual and other regular reports of the Licensee,
- event investigation reports and their analyses,
- results of evaluation of licence applications,
- results of Licensee' s self-assessment including its own safety performance assessment

program.

- The structure of the program is based on the LAEA-TECDOC-l1 141 recommendations.

- HAEA tried to collect its own set of performance indicators (PI). PI used by the utility are
considered as supplementary information for the HAEA.

- Every specific indicator (the lowest level of the system) has evaluation criteria for ranking
it in green, yellow or red field. The meaning of evaluation criteria are as follows:

- green: everything is "ok", no deviations
- yellow: small deviations identified within the approved limits or conditions
- red: deviations exceeded the approved limits or regulatory expectations- there is a need

for corrective actions from the Licensee or Regulator.

- Strategic indicators are painted according to the colour and trend of their specific PI
(trends are established for the last five years).

- Overall indicators are not coloured. Their assessment takes in consideration not only PI
values but also other information gathered by HAEA.
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Overall indicators are collected in three safety attributes: characteristics of smooth
operation, risk characteristics and safety attitude of operation. Safety attributes have a
rather detailed evaluation with recommendations of the HAEA for corrective or
improvement measures. fIAEA understands that safety culture can be assessed only by
both quantifiable and non quantifiable characteristics, and no one of them can be
nominated as a single mark of safety culture.

Current situation

A safety performance assessment manual has been elaborated. It identifies
- the purpose of every PI,
- the methodology of calculation,
- the source of input information,
- the evaluation criteria,
- the responsible person for obtaining or confirming the input

information,
- the responsible person for evaluation,
- the documentation requirements,
- the date of introduction of the PI (some of them will be introduced

only after having reliable input information by the HAEA)

The tasks (the indicators) were distributed among the whole staff of the HAEA and a team
leader was appointed.

The first official report on 2001 year was issued recently. HAEA intends to issue the
report every year in April-May in order to give an explanation for the Licensees about the
regulatory evaluation of their safety performance.

Only the safety indicators of the Paks Nuclear Power Plant have been elaborated yet, but
HAEA is planning to introduce a set of safety indicators for research and training reactors
and also for the dry spent fuel storage facility.

The results of the first-year-report should be handled very carefully. Measurement of
safety performance should be in accordance with goals of whole performance assessment:
improvement of performance, identification of weaknesses etc. That's why both
quantitative and qualitative comparison of safety performance indicators of the Licensee
with it's similar indicators at an earlier assessment or with widely recognised good
practices are necessary. (In other words: some times not the values are most important but
the trends.)

However there is a significant finding in the first-year-report on safety performance
evaluation of Paks NPP: the safety indicators of smooth operation and the risk
characteristics are very good, but in the third area (safety attitude of operation, which is
part of safety culture) there are numerous "red" indicators and both the Licensee and the
Regulator have to investigate this results and take necessary measures.

4. New approach to event reporting and investigation

A new event investigation guideline is under preparation at the HAEA. There are some

new features in our regulatory approach to this sensitive inspection area.
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- HAEA will not directly participate in the International Nuclear Event Scale rating of
operational events. It will issue the Hungarian version of MNS manual and prescribes to
follow its instructions in rating of events.

- At the same time HAEA elaborates it's own event rating scale with more emphasis on
INES-0 level, on human errors and management issues in operational events. This new
regulation is going to be introduced in 2003-2004.

182



XA020396 1
SAFETY CULTURE IN NUCLEAR INSTALLATIONS - THE ROLE OF THE
REGULATOR.

AUTHOR: Alice W. Karigi
INSTITUTION: Radiation protection Board.
ADDRESS: P.O Box 1984 1, Nairobi -KENYA
FAX: 714383
E-MAL !]2bkenya(a~nbnet.co.ke

ABSTRACT: Safety culture is an amalgamation of values, standards, morals and nonns of acceptable
behavior by the licensees, Radiation workers and the Regulator.
The role played by a Regulator in establishing safety culture in a nuclear installation is that related to
Authorization, review, assessment, inspection and enforcement. The regulator is to follow the
development of a facility or activity from initial selection of the site through design, construction,
commissioning, radioactive waste management through to decommissioning and closure. He is to
ensure safety measures are followed through out the operation of the facility by laying down in the
license conditions of controlling construction of nuclear installations and ensuring competence of the
operators.

INTRODUCTION:

The long-term management of safety, calls for approaches that go beyond simple adherence to
established design standards and operating procedures, but requires the development of a
comprehensive " safety culture" at all levels of an organization with visible and consistent
leadership from senior management [1]. Safety culture is the assembly of characteristics and
an attitude in organizations and individuals, which establishes as an overriding priority
nuclear installations safety, receives the attention warranted by their significance. This is also
an amalgamation of values, standards, morals and norms of acceptable behavior, by the
licensees, Radiation workers and the Regulators.

Regulatory inspections and enforcement are essential tools for monitoring nuclear safety at
installations. The safety culture in this case is of three stages. Compliance- based regulation,
performance based regulation and process based regulation. The licensee is required to
comply with safety objectives and the regulator to observe trends in safety, and to provide
prescriptive standards and requirements for operators to follow and to penalize non-
compliance.

1. LICENCING.

The construction and operation of nuclear installations all over the world are subject to a
number of laws and regulations. This requires that a construction license be obtained before
an operating license. The regulator must lay down in the license the method of controlling
whether the nuclear installation is being constructed according to the legal requirements and
the condition of the license [2]. The facility is not to be licensed if it does not meet basic
requirements like, putting in place a person responsible for radiation safety, qualified
personnel to operate the facility, appropriate signs, symbols, alarms, safety assessment report
detailing foreseeable incidents and their consequences.
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The operating license must impose the condition that nuclear installation may not be operated
unless the general regulations concerning operation of the facility and conduct of the
personnel have been established. In Kenya, the licensing of nuclear installations is carried out
by the Radiation protection Board that is established under the Radiation Protection Act Cap
243 Laws of Kenya [3]. The licensees are responsible for setting up and implementing the
technical and organizational measures that are necessary for ensuring the protection of the
radiation workers and the public.

2. INSPECTIONS.

Inspections both announced and unannounced are to be done on continuous basis to ensure
that the internal safety checks of nuclear installations are functioning satisfactorily. The
regulator should be empowered to suspend the operation if conditions for granting a license
are not met. In Kenya, the regulator who is the Radiation Protection Board is empowered by
the Radiation Protection Act to carry out inspections of nuclear installations. Section 7(3) of
the Act states that, " The approved nuclear installations shall be inspected by or on behalf of
the Radiation Protection Board once a year in order to ensure that proper radiation protection
procedures are followed when using the building facilities together with use of appropriate
warning signs."[31.

Compliance monitoring provides the assurance that radiation safety requirements are being
met and the opportunity to enforce corrective action. This can take the form of on site
inspections or regulatory mechanisms that require the user to notify the regulator in specified
situations e.g. equipment malfunctions and actual or suspected overexposures. [7]. One of the
most positive components of compliance monitoring is on the site inspection that is often the
principal means for direct personal contact between the users and the regulators. An adequate
inspection programme can be based on the use of 'Checklists' that are formulated from
predominantly prescriptive regulations. An attitude of openness and co-operation should be
fostered between the regulated legal persons and the regulators, which includes facilitating
access by inspectors to premises and to information. [6].

3. RADIOACTIVE WASTE MANAGEMENT.

The regulator is to be empowered to enhance legal requirements related to all aspects of
radioactive waste generated from a nuclear installation. Prior to the granting of an
authorization for activities that generate radioactive waste or for radioactive waste
management facilities, the regulator shall ensure that interdependencies among all steps in the
generation and management of radioactive waste are appropriately taken into account. [4]. He
shall also ensure that appropriate consideration is given to making provision for the necessary
capacity and storage of the anticipated radioactive waste. He should also ensure that the
processed waste and waste packages are compatible with the anticipated nature and duration
of storage, with account taken of the strategy for the regular surveillance of waste and the
need for retrievability of waste from storage for further processing or disposal. The regulator
is to specify the value of dose constraints although the licensee may additionally specify them
in their internal rules. [6].
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4. ENFORCEMENT.

A strong and effective enforcement programme is a key component of the regulatory
infrastructure for assuring the success of regulatory objectives. The regulatory authority must
have sufficient authority to impose sanctions that will deter deliberate or careless deviation
from the regulatory standards.

The main functions of the regulator are carried out within and are dependent upon the national
legal framework. The regulatory process continues through out the life cycle of a facility or
the duration of an activity. Enforcement actions are designed by the regulator to respond to
non - compliance with specified conditions and requirements. The action is to be
commensurate with the seriousness of the non-compliance. Thus there should be different
enforcement actions, from written warnings to penalties and ultimately withdraw of an
authorization [5]. In all cases the operator shall be required to remedy the non-compliance, to
perform a thorough investigation in accordance with an agreed time scale, and to take
necessary measures to prevent recurrence. The regulator is then to ensure that the operator has
effectively implemented any remedial actions.

Enforcement can only be accomplished by instilling the enforcement ethic within the
regulator. He should have thorough knowledge of the legislation and regulatory framework
of the country and be familiar with the relevant international standards. The establishment of a
published enforcement policy will put the licensees on notice about the possible sanctions and
penalties for failure to comply with regulatory requirements. [71. A published policy also
benefits the regulator by providing guidance and justification for enforcing the standards and
requiring prompt and effective corrective actions.
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Abstract. This paper outlines the basis of the legal system for the regulation of health & safety at work within
the United Kingdon (UK), and in particular, the regulation of the nuclear industry. The framework, formulated
by the regulator, which has been published as a practical guide for directors, managers, health and safety
professionals and employee representatives for the successful management of health & safety is explained. This
guidance, however~concentrates, to a large extent, on management systems and only addresses in part the types
of issues, such as behaviours, values, attitudes and beliefs which contribute to the safety culture of an
organization. The regulator of the UK nuclear industry has considered research, and other work, carried out by
several organizations in this area, notably the Advisory Committee on the Safety of Nuclear Installations
(ACSNI) and the International Atomic Energy Agency (AEA), and produced its own framework for managing
for safety at nuclear installations. As a regulator, the Health and Safety Executive (HSE), and its inspectorate
responsible for regulation of the nuclear industry, I Nuclear Installations Inspectorate (MNIare not the
appropriate organization to assess the safety culture of an organization, but positively encourage organizations to
both carry out this assessment themselves and to monitor their performance. To this end, HSE has developed,
and made available, the Health and Safety Climate Tool which is aimed at providing organizations with
information which can be used as part of a continuous improvement process.

Regulation of health and safety in the UK nuclear industry
In the United Kingdom the primary legislation governing the health, safety and welfare of
both workers and the public, from activities at work, is the Health and Safety at Work Act
1974. For the vast majority of work activities, the regulation of the requirements of this Act,
and the associated secondary legislation, is the responsibility of the Health and Safety
Executive (HSE) which is a non-Departmental Government body. Regulation of the nuclear
industry is the responsibility of HISE's Nuclear Safety Directorate (NSD) whose operating
arm is HIM Nuclear Installations Inspectorate (IMI). The legal framework within which
HIMNII regulates is provided by the Health and Safety at Work Act 1974, the associated
relevant statutory provisions of the Nuclear Installations Act 1965, and other relevant
Regulations. Under this legislation, no site may be used for the purpose of installing or
operating any commercial nuclear installation unless a nuclear site licence has been granted
by the Health and Safety Executive. HMNII is that part of the HISE responsible for
administering this licensing function. The Acts lay down only general requirements for the
safety of nuclear installations. Specific requirements are a matter for FDMNII to formulate and
apply. These take different forms, for example, conditions, binding in law, which may be
attached to the site licence. Additionally, guidance is set out in the Safety Assessment
Principles for Nuclear Plants' which IMAII has developed for its own internal use to assess
the adequacy of licensees' safety cases.

Managing for health and safety and safety culture.
It is now widely accepted that an organization needs to have in place an effective management
process if the risks to health, safety and the environment from its activities are to be controlled
effectively. In 1991 the UK regulator, HSE published a Guidance Document HS(G)65
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Successful Health and Safety Management 2 and the second edition was published in
December 1997. This describes good practice in managing health and safety based on the
model shown in Figure 1. Together with the requirements of the relevant statutory provisions,
the framework described in HSG 65 provides the basis for the approach which HSE
inspectors take when auditing an organization's arrangements for managing health and safety.
HSG 65 is referenced in HSE's guide to the Control of Major Accident Hazard Regulations
1999 (COMAH) which implement the Seveso II Directive in Great Britain.

The performance of an organization's arrangements for managing health and safety is
ultimately and critically dependent upon people. Any group of people develops shared
attitudes, beliefs and ways of behaving. These form a culture that is more than the sum of its
parts. In a safe organization, the pattern of shared assumptions puts safety high in its
priorities. New events and decisions are then handled in the light of that priority, by whatever
individual they affect. Thus the commitment to, and the style and proficiency of, an
organization's safety programmes matters as much as the formal definition of those
programmes. This commitment and style are the product of individual and group values,
attitudes, competencies, and patterns of behaviour, and it is suggested that this is used as a
working definition of "safety culture". Without this culture, an otherwise effective safety
department is no guarantee of a low accident rate. If the problem of reducing hazard is
regarded as the responsibility of others, then that attitude may be positively dangerous. For
the organization to be safe, every part of it must be concerned with safety. Many
organizations have learnt that there are limits to what can be achieved in health and safety
solely by addressing hardware/technological solutions. Similarly, the introduction of safe
systems of work and operating rules and procedures are of little use if people do not work in
accordance with them. Increasingly organizations are coming to recognise that they must
address the specific part which human factors has to play if high standards of health and
safety and a positive safety culture are to be achieved and maintained.

Managing for safety in the nuclear industry.
In the nuclear industry, the social, political and financial implications of failing to manage
safety effectively are considerable and add a further dimension to the importance of health
and safety. At nuclear licensed sites the regulatory control system and the way licensses tend
to organize corporate and site responsibilities differ from the methods used in general
industry.
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Several publications have addressed the particular needs of the nuclear industry and described
management processes and activities considered to make up an effective management of
safety system and to promote the development and maintenance of a good safety culture.
These include Organising for Safety 3 (Advisory Committee on the Safety of Nuclear
Installations report), The Safety of Nuclear Installations4 (IAEA NUSSAG report) and Safety
Cultures (IAEA NSAG report).

The conclusion drawn from the publications mentioned above, coupled with considerable
regulatory experience of operating the licensing system gained by HRv Nuclear Installations
Inspectorate, and the way in which the regulation of the nuclear industry has evolved, is that
the management of safety systems for nuclear licensed sites is entirely consistent with the
basic management steps of the model in Successful Health and Safty Managemen? but that
special emphasis needs to be given to particular elements within these basic steps. HISE' s
Nuclear Safety Directorate (NSD), which incorporates HINII, has further developed the
HSG 65 model and placing a greater emphasis on planning and implementation, the
assessment of risks, the control of risks and the application of operational controls, has
produced the publication Managing for Safety at Nuclear Installations 6

It is acknowledged that one of the major influences in shaping people's safety related
behaviour is the prevailing health and safety culture of the organization in which they work.
There have been many definitions of the term "safety culture" and it remains the subject of
numerous academic papers. One of the definitions of health and safety culture which has
received widespread acceptance is that from the UK's Advisory Committee on the Safety of
Nuclear Installations in their third report "Organising for Safety"2 .
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"The safety culture of an organization is the product of individual and group values, attitudes,
perceptions, competencies, and patterns of behaviour that determine the commitment to, and
the style and proficiency of an organization's health and safety management."`

The term health and safety climate is often used to describe the tangible outputs of an
organization's health and safety culture as perceived by individuals or work groups at a
particular point in time, i.e. the way things are around here". For example how people view
the importance their organization gives to health and safety relative to quality or production,
or how committed they believe their superiors or peers are to health and safety. The health
and safety climate provides a practical focus for measurement and can provide some insight to
the organization's health and safety culture. Many organizations have now reached a stage of
maturity in their approach to the management of health and safety where they feel ready to
tackle the complex area of health and safety culture/climate.

Health and safety climate tool.
As the regulator of the UK nuclear industry, LIMNI is not the appropriate organization to
actively measure the safety culture or climate of a regulated organization, not least of all
because the organization, in line with the management model in lrISG 65, should have its own
system for measuring performance. 1-Iv~I does however, positively encourage licensees to
assess and monitor their safety culture. HSE, following intensive research and development
work, has produced a software-based tool for organizations to use to assess aspects of their
health and safety climate. The tool consists of a 71 statement employee questionnaire and
enables easy analysis of the data produced. The tool includes computer software and a user
manual which describes how to use it. It has been designed to be used in a Windows
environment. The primary purpose of the tool is to promote employee involvement in health
and safety and to provide information which can be used as part of a continuous improvement
process. It was made available to the public in December 1997 and to date, over 500
organizations across all employment sectors including high hazard industries have made use
of it.
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Abstract. Based on several Safety Culture self-assessment applications in nuclear organisations, the paper
stresses relevant aspects to be considered when programming an assessment of this type. Reasons for assessing
Safety Culture, basic principles to take into account, necessary resources, the importance of proper statistical
analyses, the feed-back of results, and the seting up of action plans to enhance Safety Culture are discussed.

Introduction
Safety culture rests on those who work in the organisation, built up by the way safety has
been and is practised. It can have a high or low level, but it exists since the start of the
organisation activities and can always be enhanced. In general, safety conditions and
procedures are appropriately set in the initial stages of a nuclear project. All what is required
after its implementation is to maintain and update them, with continuous monitoring efforts,
at relatively low costs, to check that degradation of these conditions and procedures does not
occur. This process is at the base of a safety culture assessment and enhancing programme
[1.
Safety culture assessment surveys carried out in different organisation, by exploring the
perceptions of the employees regarding their working conditions and managerial enviromnent,
allowed objective findings on whether the safety doctrine, that the organisation claims to
apply in everyday activities, is really carried out [2] [3] [4] [5].
Reasons for assessing safety culture
The decision to implement a safety culture enhancement programme, or even an assessment
of the current situation of an organisation, has many reasons such as:

*organisational changes of large impact in the management of personnel,
*recurrence of minor events, impairing the smooth operation of plant facilities,
*relaxation in quality assurance measures, leading to frequent reworking and

replacement of materials or equipment,
*coexistence of different technologies in the same site, requiring special actions for

blending into a common culture, the different safety conditions and procedures
coupled to such technologies,

*reaction to environmental groups criticism related to safety conditions in the
organisation.

Some of these aspects, or a combination of them, can provide a basis for concern regarding
the possibility of degradation of the safety culture level of an organisation. This, and the
experience of other companies having endured radical consequences due to safety culture
degradation, prompted in some of the surveyed organisations, a decision for conducting an
assessment of their safety culture.
Basic aspects
Safety culture, as in any cultural expression of human activity, depends on particular aspects
related to social environment, historical background, and accepted values. Thus, it may not be
meaningful to compare in absolute terms safety culture levels between two different
organisations. However, it is very important to have a reference status from which an
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organisation can start a process of safety culture enhancement. Through an assessment of its
current safety culture level, the organisation will be able to find out where weaknesses exist,
set up a plan to correct them and, in due time, check the new level of safety culture reached,
to confirm if the measures taken have been effective. In this way, there is no comparison with
other organisation's safety culture levels; the only possible comparison is between situations
of the same organisation in two points in time, by using same assessment processes.

To successfully implement a safety culture assessment, some basic principles need to be
observed:

* Since the start up of an organisation activities, the assessment of safety culture
should be the concern of the senior management, because it represents a tool for the
management of the organ isation safety.

* As there is always the risk of unsatisfactory results, mainly in the case of an initial
assessment, it is very important that senior management be involved in the decision
to proceed with the assessment, so that they will stand behind any findings that may
appear.

* The assessment can focus on a specific part of the organisation, for instance, on the
operational area. It has to be understood that safety culture permeates the whole
organisation (i.e. Operations rely on procurement of materials and equipment,
which could be performed by the area of Administration, on manpower
qualification and training which could be provided by Personnel, on third-party
services to be contracted by the Commercial area, etc). Thus, when making partial
assessments, it is necessary to have a good understanding of where area boundaries
lie. Also, because employees in the particular area being assessed may feel
discriminated against, when such an exercise is performed, special care has to be
taken to provide them with a clear explanation of the objectives of the assessment
in their particular area.

* A self-assessment has the advantage of creating a process within the organisation
allowing for continuity of application, as well as for creating a complete internal
infrastructure of expertise for its implementation and follow up. Also, with respect
to safety issues that were observed in some cases, one of the senior management
main concerns was to assure a thorough analysis of results before publishing them.
In this respect, it was more suitable to have a self-assessment of the safety culture
of the organisation than to do it through external consultants or audits.

* The self assessment body should be a unit representing all company's divisions, in
order to produce results accepted by all employees due to its overall representation
and unbiased composition.

* It has to be borne in mind that, especially if a self-assessment is being done for the
first time, results need to have credibility both internally and externally. It is
therefore important to have an independent organisation, with reputed expertise in
the field, to audit and endorse the applied methodology and the quality of the
assessment performed. Surveys performed in different organisations selected the
LAEA for this support, by taking into account its experience in dealing with
internationally accepted assessment methodologies and statistical analysis
techniques.

Internal and external resources
An assessment of safety culture requires resources of the organisation in terms of manpower,
employees' time, publications, meeting places, computer programmes for statistical analysis
of results, and external resources either in terms of experts, if the assessment is done by
outsiders, or in terms of auditing support, if the assessment is self-performed.
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As already mentioned, in the case of a self-assessment, a team has to be established with
members of different professional backgrounds related to the different disciplines involved in
a safety culture assessment (in one case, the team was made up of nuclear safety engineers,
nuclear physicists, operators training specialists, psychologists, sociologists, personnel
management specialists, mathematicians and statistics technicians). This team has to undergo
a special training on the concepts of safety culture, on methodologies to assess safety culture
and on interviewing techniques. Some of its members would need training on the specifics of
statistical handling of data for this type of research. To perform the assessment this team
should be given the authority to reach all areas of the organisation and work as a task force
acting under a manager specially appointed by the top management.
In order to have an employees' universe large enough to extract meaningful conclusions, the
organisation could consider different approaches to obtain their responses:

•survey by using questionnaires; this has proved to be one of the preferred methods
of data gathering because of its easy way to get a large number of replies. In this
case, employees can fill the questionnaires after working hours or, as in some of the
cases considered, during working hours which assured a rather large universe (in
surveys performed using this approach, the range of responses was between 73 and
82% of the whole population under study). This approach involved senior
management approval, due to its cost implications (about one-hour working time
for each employee).

* individual interviews by selecting a sample of the total population, requiring a
special selection process to identify groups to represent the whole organisation.

Tools for statistically analysing the results should be made available to the assessment team,
like computer programmes for analysing profiles, means, standard deviations, significant
deviations, etc.

Communication with the whole of the employees population to explain the importance and
scope of the assessment, and its results, is another example of other activities the assessment
team will need to perform. This will be translated in information letters, questionnaires,
publication of results to all employees that the organisation would need to consider in the
assessment budget.

In the case of an assessment made by external organisations, many of the above resources will
be included in the service contract to be signed with such organisation. However, a minimum
team of the organisation employees, to act as a liaison group, will always be required.
Training of this team, along the lines described for the self-assessment case, will also be
necessary.

Statistical analysis
Statistical analysis can give a diagnosis of deviations of certain safety culture components, as
a function of different background conditions of employees, or as related to specific units of
the organisation. These deviations are the basis for future actions of safety culture
improvement.
The statistical analysis is a key element to reach meaningful conclusions. It requires careful
judgment on the way survey results are handled. In one occasion, the statistics of the results
was based on a grouping of data that concealed the existence of weak areas. This was due to a
kind of compensation between high and low marks by such grouping. A different way of
grouping the results allowed to find out clear indications of weak areas, and this by using the
same survey data bank
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Feed-back to the organisation
Senior management is informed of the results and may decide to communicate them to all
participants of the survey. As in several of the assessments performed, this action helped to
respond to expectations of a number of surveyed employees who were sceptical of its results
when the process was initiated.
The process of sharing of results is useful to get a feed-back from the. surveyed population
regarding relevant elements that could have been misunderstood or underestimated.
Action plans
Based on statistically diagnosed deviations and relevant feed-back information, action plans
can be developed for application to enhance the safety level found in the survey.
The action plan should result from consensus of the managerial corps of the organisation, as it
is this body who will implement it and apply the corrective measures that are proposed.
The safety culture team's role is to report on results and deviations detected, and on relevant
feed-back information gathered from the surveyed population, for the managers to agree on
the set of measures to be applied.
This set will constitute the organisation action plan to be submitted to the senior management
for approval. This plan should be applied during a reasonable period of time (i.e. 18 months)
for the measures to be implemented and turn out the desired results.
The number of measures shall not be too large as it may lead to an action plan too difficult to
implement or manage.
Conclusions
A good Safety Culture in an organisation translates itself into sound safety practises that
contribute to run its production smoothly, according to its strategic planning.

Safety Culture assessment is a managerial tool allowing to recognize where areas of
improvement are required in terms of safety practise. Self-assessment projects applied in
several organisations demonstrated the feasibility of applying such a tool and of implementing
plans for enhancing Safety Culture. A great deal of the success of these applications was
based on the credibility of their results, reached through the endorsement of the IAEA on
applied methodologies and the quality of the assessment performed.

An efficient way for obtaining reliable results is a survey on the perceptions of the
organisation working population regarding how safety practise is being performed in their
everyday activities.
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Abstract. Interviews and opinion surveys are instruments used to assess the safety culture in an organization as
part of the Safety Culture Enhancement Programme. Specific statistical tools are used to analyse the survey
results. This paper presents an example of an opinion survey with the corresponding application of the statistical
analysis and the conclusions obtained. Survey validation, Frequency statistics, Kolmogorov-Srnmov non-
parametric test, Student (T-test) and ANOVA means comparison tests and LSD post-hoc multiple comparison
test, are discussed.

Introduction

One of the main steps on a Safety Culture Enhancement Programme is the assessment of the safety
culture in the organization. A tool used to assess the safety culture of an organization is the
performance of an opinion survey of important characteristics related to it. Statistical handling of
survey results gives the detailed information on the strength and weakness of each safety culture
characteristic in the organization. The partition of the population surveyed into background conditions
such as 'Area of activity', 'Time experience', 'Education', 'Age' and 'Sex' is used in the survey
analysis. Statistical analysis of the survey data on these background conditions provides clear
statistical results on which actions for enhancing safety culture can be readily set up.

To demonstrate the statistical analyses, a fictitious organization with 500 employees is used. The
surveyed population is 250, 50% of the total amount of employees. The survey is composed of two
characteristics here called characteristic 1 and characteristic 2. Characteristic evaluation ranges from 0
to 4.

In section 2 the validation of the survey "representativeness" (its condition to represent the whole
universe of the research) is presented. Section 3 shows the application of descriptive and non-
parametric statistical tests on the total survey. Section 4 presents the application of means comparison
and post-hoc multiple comparison tests on the background conditions. Finally, in section 5 conclusions
of statistical analyses application on Safety Culture self-assessment are given.

Representativeness of the survey

The total survey is considered representative of the organization if, at least, 30% of the total
amount of employees is surveyed. The representativeness of the survey for each background
condition is validated comparing the survey distribution with the employees' distribution in
the respective categories of the background condition. The distributions must be consistent for
all categories in each background condition. If, for any background condition, the survey is
considered not representative, this background condition shall not be used for the assessment
of the organization safety culture.

Table I shows an example of a valid and an invalid survey for the background condition
'Sex'. It can be noted that the survey distribution compared to the organization distribution
for the valid case is similar (89.20% and 11.80% in the survey and 88.60% and 11.40% in the
organization, for categories 'Male' and 'Female', respectively) and strongly different for the
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invalid survey (98.00% and 2.00% in the survey and 88.60% and 11.40% in the organization,
respectively).

TABLE . EXAMPLE OF A VALID ANT) AN INVALID SURVEY FOR BACKGROUND
CONDITION 'SEX'

Sex Total Surveyed Sex Total Surveyed

No. % No. %No. % No. 
Male 443 88.60 223 89.20 Male 443 88.60 245 98.00
Female 57 11.40 27 11.80 Female 57 11.40 5 2.00

Total 500 100.00 250 100.00 Total 500 100.00 250 100.00

Total survey statistics
A frequency analysis with mean and standard deviation shall be carried out for each
characteristic of the total survey. Standard deviation too high in any characteristic indicates a
possible lack of confonmity with expected normal distributions. In this case, a Kolmogorov-
Smirnov test is applied to compare the survey distribution fuinction to the normal distribution.
Small significance values (less than 0.05) indicate that the survey distribution does not
correspond to the normal distribution. As a result, statistical analyses on the background
conditions shall be applied to those characteristics to fd out if the evaluation of the
characteristics by the categories of background conditions differs significantly and, if this is
the case, where and how.

Table II shows the frequency analysis of the survey example. The high standard deviations for
both characteristics indicates that, possibly, the survey distribution does not correspond to the
expected normal distribution. In this case, the Kolmogorov-Smimov test shall be applied.

TABLE II. FREQUENCY ANALYSIS OF SURVEY EXAMPLE

Characteristic 1 Characteristic 2

Number Valid 250 250

Missing 0 0
Mean 3.31 3.00

Std. Deviation .53 .80

Table III shows the Kolmogorov-Srnimov test applied to the survey example. The results
confirm that the survey distribution differs significantly from the normal distribution in both
characteristics (significance values less than .05). Specific statistical analyses shall be applied
on the background conditions.

195



TABLE I. ONE-SAMPLE KOLMOGOROV-SMVIRNOV-TEST OF THE SURVEY
EXAMPLE

Characteristic Characteristic
Number 250 250
Normal Parameter Mean 3.31 3.00

Std. Deviation .53 .80
Most Extreme Differences Absolute .189 .338

Positive .128 .270

Negative -.189 -.338

Kolmogorov-Smirnov Z 2.988 5.344

Significance Value .000 .000

Background condition statistics

Specific statistical analyses are applied on each background condition to determine which
categories differ significantly from the others. Significant mean differences, between
categories are interpreted demonstrating which category has higher or lower perception of the
safety culture than other(s).

Student means comparison, called T-test, is applied on the background conditions with only
two categories. Table 1V gives the result of the T-test for background condition 'Sex' of the
survey example. Levene's test high significance value (greater than .05) for characteristic 1
indicates that the results assuming equal variances for both categories shall be used. For
characteristic 2 (significance value smaller than .05) the results not assuming equal variances
shall be used. Analysis of T-test results shows that, in characteristic 1, there is no significant
difference between 'Male' and 'Female' evaluation (significance value .368). I characteristic
2, however, the results show a significant evaluation difference (significance value .023). The
positive mean difference (.039) demonstrates that 'Male' gave significantly higher evaluation
than 'Female' for this characteristic.

TABLE IV. T-TEST OF BACKGROUND CONDITION 'SEX' FOR THE SURVEY
EXAMPLE

Mean Levene's test T-test
Difference Significance Significanc 95% Confidence

Value e Value Lower .Upper

Characteristic Equal variances .08 .152 .368 -9.1 IE-02 .25
1 ~assumed

Equal variances not .510 -.16 .31
assumed

Characteristic Equal variances .039 .000 .002 .14 .64
2 assumed

Equal variances not .023 5.54E-02 .73
assumed

ANOVA means comparison is applied on the background conditions with more than two
categories. Table V gives the result of the ANOVA test for background condition 'Area of
activity' of the survey example. Results show that, in characteristic 1, there is no significant
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difference between the categories (significance value .138). In characteristic 2, however, the
results show a significant evaluation difference (significance value .03 1). For this
characteristic, a post-hoc analysis shall be performed to verify which categories differ and
how.

TABLE V. ANOVA-TEST OF BACKGROUND) CONDITION 'AREA OF ACTIVITY'
FOR THlE SURVEY EXAMPLE

Sum of df Mean F Significanc
Squares Square e Value

Characteristic Between Groups 1.556 3 .519 1.855 .138
1 Within Groups 68.803 246 .280

Total 70.360 249

Characteristic Between Groups 5.614 3 1.871 3.001 .031
2 Within Groups 153.382 246 .624

Total 158.996 249

Post-hoc LSD test is then applied on the characteristic 2 of background condition 'Area of
activity', for which ANOVA test has indicated significant differences on categories
evaluation. Table VI gives the result of the LSD test for characteristic 2 of background
condition 'Area of activity'. Results show that categories 'Operation' and 'Engineering' gave
significant different evaluation from category 'Maintenance' (significance values .014 and
.020, respectively). Positive means differences demonstrate that 'Operation' (mean difference
.30) and 'Engineering' (mean difference .40) gave significant higher evaluation than
'Maintenance' (mean differences -30 and -.40, respectively).

TABLE VI. LSD-TEST OF BACKGROUND CONDITION 'AREA OF ACTIVITY' FOR
THE SURVEY EXAMPLE

Dependent Area of Area of activity Mean Significanc 95% Confidence
Variable activity (1) (2) Difference e Value '~"

(1-2) Lower Upper

Characteristic Operation Engineering -9. 74E-02 .577 -.44 .25
2 Maintenance .30* .014 6.OOE-02 .54

Administration 5.92E-02 .677 -.22 .34
Engineering Operation 9.74E-02 .577 -.25 .44

Maintenance .40* .020 6.1 8E-02 .73

Administration .16 .398 -.21 .52

Maintenance Operation -.30' .014 -.54 -6.OOE-02
Engineering -.40* .020 -.73 -6. 1 8E-02

Administration -.24 .080 -.51 2.88E-02
Administratio Operation -5.92E-02 .677 -.34 .22
n Engineering -. 16 .398 -.52 .21

Maintenance .24 .080 -2.88E-02 .51

*The mean difference is significant at the .05 level
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Conclusion

Some statistical tests, if appropriately selected and applied, form a very robust tool for
analysing any kind of opinion survey. This study gives an example of the application of
statistical analyses in the safety culture self-assessment as part of the Safety Culture
Enhancement Programme.

The whole path of the analysis is shown from the validation of survey representativeness up
to the identification of safety culture perception differences between categories of background
conditions.
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Abstract. Living in a social community, the culture of an enterprise is certainly under the
influence of that society. Safety culture of nuclear utilities is the core of the enterprise culture. As
a formal expression as defined in INSA G 3 & 4 by L4EA, it as a matter of fact originated from
the summing up of the experiences of western nuclear industry, particularly after such epoch-
making accidents of Three Miles Island and Chyelnoble. In view of the geographical culture
theory, whether or not this conception of western industrial culture will e absorbed and
assimilated by Chinese Nuclear Industry is a challenging issue. This is because, on the one hand,
Nuclear Power is comparatively speaking a newly developing industry in China and, on the other
hand, China has enjoyed an uninterrupted history of traditional culture over five tho usand years.
In other words, whether the new and alien values will conflict with or be constructively
assimilated by our traditional mindset is a critical question to be answered in any development
program of safety culture.

Since Guangdong Nuclear Power Plant (GNPS) under CGNPC has come into commercial operation in
1994, it has made incessant efforts to develop a safety culture with Chinese characteristics. All these
efforts have already paid off as demonstrated by the outstanding performance of the plant. In addition, the
practices have been successfully applied and innovatively frther developed in the construction and
operations preparation of Ling Ao Nuclear Power Plant, the second project of CGNPC at Daya Bay. Our
experience has proved that so long as we keep an open mind we can learn from the west in one regard and
make innovations by applying our traditional culture in developing the safety culture in the other.

During the consultation program of safety culture training text material and the safety culture
development symposium, both organized by IAEA in 2001, the author of this article has expressed
some of the views on the development of safety culture from the perspective of Chinese traditional
philosophy. Some of these views are commented as very constructive and wave-like under the
framework of safety culture development program of the Agency. This paper is intended to highlight
some of these views with the writer's latest findings. The key points include the following.

1 . Revelation from the definition, the nature of safety culture
2. Culture versus substance, the part versus the whole, the basic intention of the development of

safety culture
3. Integration of technology and human performance, the main contents of the culture

development program
4. Education and coaching by the leaders and managers, the key to the success of safety culture

development
5. Upholding both moral forces and regulations, the principal way of developing safety culture

Key Words: nuclear, safety, culture, Chinese, tradition, characteristics

1. Introduction

Since 1994 Guangdong Nuclear Power Station (GNPS) has been enthusiastically developing a
safety culture with Chinese characteristics. For GNPS the challenge lies in the fact that
nuclear power industry is still very young on the one hand, and on the other hand China
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enjoys a long incessant traditional culture. The question is how to adapt the modemn western
safety management philosophy to our living environment without being obsessed by our own
traditional understanding and practices, or rather in the processes making the best of those
traditions to promote the safety culture of our industry. The practice of the recent years has
shown us a very interesting and encouraging revelation, that is, our traditional culture in terms
of both philosophy and methodology could be an invaluable bridge to the innovations of
safety culture development.

2. Revelation by the Definition

What is culture? It is very difficult to define, especially in such terms as enable the non-
philosophers like engineers and mechanics to understand as clearly as a concept of physics or
a method of fixing a machine.

In view of the western philosophy, which don't know much, recently read in a paper a
definition of culture by a British anthropologist, MVr. Edward Burnett Tylor (1832-1917). His
definition runs to the effect that culture or civilization is, in a broad sense of nationalities, a
complex whole of knowledge, believes, art, morality, customs and the capability and habits of
any individual as a social being.
From the view of Chinese traditional philosophy, which is rather a set of how-we-should-live
ideas than any kind of ratiocinated models, culture is a concept opposite Nature.
More than 2500 years ago, Confucius, the master of Chinese philosophy said,

"When natural substance prevails over culture, you get the boorishness of the rustic.
When culture prevails over natural substance, you get pedantry of the scribe. Only when
culture and substance are duly blended do you get the true gentleman."

Whatever the definitions are, certain characteristics can be derived and the understanding of
these characteristics is certainly important to develop safety culture.
First of all, culture is not of biological nature, and thus not the output of instincts, but the
result of learning, understanding and living harmoniously with nature. This characteristic
means that creative and innovative power of man is the key to the success of developing a
culture.
Secondly, developing an intended culture is in essence to teach and coach people into " true
gentlemen", or in our terms, the qualified staff of the utility.
In the third place, culture is not ascribed to any particular individual but to a group, a
corporation, a community and a nation, and thus culture is of social nature. This
characteristic leads us to the conviction that only until the concepts and values are recognized,
accepted and practiced by the majority of our corporation or utility, we cannot boast of
having a substantial culture in our favor.
The fourth characteristic of culture is the fact that it takes a gradual long process to grow into
being. For a national culture it takes generations and generations, for a successful corporation
it takes years as well, for without such a long and gradual process, it is impossible to have
sufficient deposits of knowledge, believes, art, moral criteria and so on. Here tradition is
naturally the hallmark of a culture and justifiably a bridge to its innovation.
All in all, the definitions of culture reveal the significance of the issue, that is, developing a
safety culture is a strategic issue of utmost importance. To the changes of market, enterprises
may be able to alter their financial arrangement quickly but they cannot make sure of their
response unless their culture which cannot change overnight is such as ready to stand out to
challenges.
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3. Reconstruction of the Broken Mirror

In his well-known book The Fifth Discipline, Mr. Senge advocates to restore a broken mirror
as he points out the fact that business management has for long suffered from unsystemnatic
thinking. In general terms this could mean to nuclear power industry the integration of
technology with human performance. According to our ancestral thinkers, this concept could
be reflected in the analogue of a carved wine cup, from which originated the Chinese
character wen (part of the phrase of culture): the cup will have little value without artistic
engraving but lose its usefulness if the artificial cutting makes holes on its wall. According to
Sun Tzu, the renowned Chinese strategist of more that 2500 years ago, a general can never
win a campaign without a whole picture in mind of the ultimate goals, the forces of both
sides, the battlefield geography, the weather conditions and, finally the tactics.
Thus, the intrinsic structure and wholeness of a culture necessitates system thinking rather
than haphazard approaches. And this is why personally prefer the definition of the safety of
a nuclear power plant as simply as Plant Safety, containing not only the element of reactor
safe operation but industrial safety, fire protection, health physics and environment protection
as well. Saying, the drop of a tool might either injure a person or damage a fuel assembly, and
the real important thing from safety culture's point of view, is to prevent the event from the
very beginning no matter what consequences are anticipated.
Instead of an inconsistent way of getting together the pieces of glass, the restoration of the
broken mirror shall be a well melting and merging process within its own frame and as a
whole. This concept is particularly important when different cultures meet one another. Such
a meeting sometimes is constructive and sometimes deleterious depending on what a selection
of approaches is made. For instance, the western culture is characterized with a strong linear
pattern of logic reasoning and action, while the Chinese traditional culture centers upon the
moral cultivation of an individual's character, which is believed to be the essential power
source for action, in such a homocentric manner as to reach his folk at hand and the cosmic
being in the end. This could be illustrated by what Confucius said about governing people.

"Govern the people by regulations, keep order among them by chastisements, and
they will flee from you, and lose all self-respect. Govern them by moral force , keep
order among them by ritual and they will keep their self-respect and come to you
of their own accord. "

Which patterns of thinking and action as mentioned above is better than the other is not a
good question, just as we cannot ask which culture is better than the other. To my mind, the
important thing is to make a reasonable choice that blends the foreign cultural strength with
our own merits.

4. Ways of Developing Safety Culture

In the process of integrating technology and human performance our experience has
demonstrated that the most difficult part as well as the most essential one is to cultivating the
integrity of the staff and changing their mindset and behavior in respect of plant safety.
According to our traditional assumptions of human being, we believe that majority of our
staff desire to do a good job, and that the motivation of the people is based upon their needs,
checked and regulated by the rules, but essentially motivated by moral force cherished in their
heart. In view of this assumption the development of corporation's culture calls for all the
efforts to stimulate the staffs needs, simplify regulations and reinforce their moral force.
The process of developing culture, as said before, is a long, gradual and continuous process.
As for a corporation, it is not so simple as for the top management to make a policy statement
and repeat it at various meetings. It needs systematic down-to-earth actions starting from the
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daily performance of every individual staff. Just as Lao Tzu, another leading philosopher of
our nation, said,

"For the tree big as a man 's embrace began as a tiny sprout, the tower nine
storeys high began with a heap of earth. The journey of a thousand leagues began
with what was under the feet. "

Thus the initial concrete step of developing the safety culture is to help the staff not only to
know but also to feel the importance of their daily work to the overall safety of the utility. 
remember that in Mr. Philip Crosby's book Quality is Free, a hundred luxurious Benz cars
standing better than a figure for the equivalent loss due to poor quality performance is a
typical example to let people feel the importance of quality. As a result, the people will no
longer act as on-lookers but as participants, for before that they believed that safety was only
the reactor operators' concern, and even the operators said to themselves that safety was the
business of on-shift STA (Safety Technical Advisor).
To help people understand the mechanism of human errors and the nonlinear s~ystem
accidents through case studies is an efficient way to assist the staff in understanding and
feeling their roles in the whole safety structure of the utility. An analogue could be made
between the complicated systems of a nuclear power plant and the biological and physical
complex of human body. Every part has its role to play in constituting the whole function of
the body, and antibiotics are not sufficient to recover but a healthy living style is fundamental
for standing health.
The difficult part of developing culture is how to help the staff to be fond of or love his job. It
is only until he feels interested and happy in his job, which occupies the major part of his
daily life, that he will not devotes himself to the job, thus leaving a higher chance of making
errors which might initiate or join the sequence of an incident. Therefore, human resources
management and the construction of a friendly working environment play a profound role
in the development of safety culture.
Among all the elements of moral force cultivation the most important is integrity of the
individuals. This integrity hereby means honest to safety as well as to one's conscience, for
by Chinese traditional values integrity is th e primary value without which nothing can be
achieved with grace and stand long. That is why our ancestral philosophers emphasized more
on what we term today as self-assessment. Confucius said,

"A true gentleman makes self-assessment three times a day", and
" Without cultivating self one cannot support a family let alone govern a state "

5. Moralization, the Example by the Managers

The managers of the corporation are certainly decisive in the process of culture development.
Their personal integrity, commitments to the values, and actions to materialize their concepts
etc., all makes a beacon to the staff to follow. Just as Confucius said,

"~He who rules by moral force is like the pole-star, which remains in its place
while all the lesser stars do homage to it. "

The moral force of the managers, according to the Master, manifests in attending strictly to
business, punctually observing his promises, being economical in expenditure, showing
affection to his subordinates in general, and using the resources only at proper times of the
year.
All this makes up the essential virtue of a manager and could be manifested as in an old
saying,

" When missing the target, not blame your bow but yourself"
But nowadays we seldom have such a manager who first of all looks at himself in face of a
problem rather than criticizes his subordinates. Sometimes, if not so much often, we face such
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an embarrassing scene that just yesterday the manager solemnly stated that all the staff were
encouraged to report any events because the events were "learning opportunities and good
resources", but today upon such a reporting he immediately jumps to reprimand in fury.
I am fully in support of the modem west management allegation that managers should be
designers and coaches as well. Not only are they supposed to direct and control but also they
are expected to carefully plan and personally show or guide how the job should be done and,
of course, when the job has been successfully accomplished, they would withdraw to the
background leaving their staff to feel proud. remember that Mr. Senge cited in his book The
Fifth Discipline, from Lao Tzu the criteria of future leaders and managers:

"Of the highest the people nearlv know that such a one exists;
The next they draw near to and praise.
The next they shrink from, intimidated; but revile.
Truly, 't is by not believing people that you turn them into liars,'
But from the Sage it is so hard at any price to get a single word
That when his task is accomplished, his work done,
Throughout the country every one says 'It happened of its own accord.'

Unfortunately, however, nowadays it seems still always the managers that show in spotlights.
It is not an exaggeration to say that leaders create culture and start it from themselves.

6. Conclusion

In the first few years of our safety culture development program there was a heated argument
among our staff. As it were, the aggressive party believed that "safety culture" was another
modem west panacea for nuclear safety, and the conservative said that it was just kind of
western painting of nude, which was not in line with our traditional aesthetic tastes. (Such
arguments have been discussed in the first edition of the textbook, Safety Culture, edited by
the writer.) But today, people's mindset has changed already. We have come to a more
constructive and insightful understanding, and believe that our tradition could do us good as a
bridge spanning the differences of the cultures and connecting to the innovations of own
characteristic.
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Abstract: This report discuses a relationship between safety culture and evaluation of quantitative
indicators. It shows how a systematic use of generally shared operational safety indicators may
contribute to formation and reinforcement of safety culture characteristics in routine plant operation.
The report also briefly describes the system of operational safety indicators used at the Dukovany
plant. It is a PC database application enabling an effective work with the indicators and providing all
users with an efficient tool for making synoptic overviews of indicator values in their links and
hierarchical structure. Using color coding, the system allows quick indicator evaluation against
predefirned limits considering indicator value trends. The system, which has resulted from several-year
development, was completely established at the plant during the years 2001 and 2002.

1. Introduction
LAEA has defined Safety Culture in [ as the assembly of characteristics and attitudes in
organizations and individuals which establishes that, as an overriding priority, nuclear plant safety
issues receive the attention warranted by their significance`. It follows from the definition that the
safety culture is a very complex concept based mainly on intangible sociological aspects (individual
behavior and attitudes, working environment, personnel relationship), that cannot be directly measured
or quantified.
Performing employee surveys and observing their behavior and attitudes to organization practices can
facilitate a qualitative evaluation of safety culture at the plant. However, to be able to monitor and
manage the level of safety culture in an organization, a continuous quantitative evaluation of safety
culture is necessary. Although the safety culture cannot be directly quantified, there is a number of
quantitative performance indicators that, from their nature, imply the actual level of safety culture in
the organization and can be used for its indication. The values of these indicators reflect some
particular symptoms of safety culture characteristics. Such indicators may include those evaluating
plant equipment performance, personnel radiation exposure and overall radiological situation as well
as plant administrative processes and work practices. Also quantification of qualitative surveys
belongs to these indicators. Many plants currently face the task of finding a set of suitable indicators to
help quantifying the level of individual aspects of safety culture.
This report, however, does not address the specific safety-culture-related indicators. It rather discuses
an influence of a broad use and evaluation of operational safety indicators to the safety culture
formation and improvement. It also provides an example of a computer application that may
significantly promote such a development.

2. Monitoring of operational safety performance contributes to safety culture improvement
For the plant staff to perceive safety improvement as the top-priority task and permanently adjust their
behavior and approaches accordingly, they need to see that plant top management systematically
monitors and evaluates plant safety performance and culture. Operational safety indicators provide
managers and plant staff with a tool for evaluation of performance status and trends in their areas of
activity or interest. Regular use of these indicators reinforces and cultivates such safety culture
elements like systematic approach to safety, self-assessment, questioning attitude, motivation to
improvements, review of quality of administrative and work processes, understanding of connectivity
in organization and time, respect for colleague's work, etc.
Should the operational safety performance indicators have the positive effect to safety culture
improvement, the indicator values and trends must be transparently, intelligibly and truthfully
communicated to all plant staff. The indicator results should be presented in a synoptic,
comprehensible form allowing a quick overview of the actual safety performance and trends in a
specific area of interest. As such, the performance indicators form an important means of
communication within the plant. In addition to actual indicator values, however, safety measures and
decisions based upon the indicator trends have to be taken and communicated in order to provide an
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efficient feedback and to complete the effect of performance monitoring on safety culture
improvement.

3. Computer based Indicator Display (INDI)

In its publication [6], the IAEA submitted a comprehensive concept of operational safety performance
indicators. In this concept, the indicators are organized in a hierarchical structure based on specific
performance indicators at the bottom line. From this baseline, the indicators are sorted into groups and
aggregated into strategic and overall indicators forming the upper hierarchy levels. In order to
facilitate evaluation, monitoring and displaying of the structured indicators, a computer database
processing system may be effectively applied.

Considering the aforementioned concept, the computer database application called NDI (Indicator
Display) [7] was developed at the Dukovany NPP over the past three years. The application is based
on a performance indicator value database extended by build-in functions that enable indicator
evaluation and display at all hierarchy levels as well as generation of operational safety performance
reports and charts. The application is accessible from all plant computer network workstations and
allows simultaneous work of several users logged in the network.

The main features of the application include:
* Distributed system of data entry
• Structured hierarchy of indicators
* Indicator evaluation using acceptance criteria (goals and limits)
* Aggregation of evaluations into the hierarchical structure
* Colour coding of evaluated indicators
* Synoptic display of indicator values and their trends
* Easy generation of charts and tables

4. Examples of INDI functions

4. 1. Indicator specification

Each specific indicator in the system database is
determined by its descriptive data (name, 
concept, definition, data source and note) and 2'".

. . (UF Pj
parameters (unit, type, evaluation criteria, ~ ~ ~ ~ o

numeric format, range, basic reporting period
and unit pertience). The indicator specification ___

also includes an indicator guarantee (responsible
department) and list of data providers. The
specification section (see Fig. ) assures that
individual indicators will be correctly
understood and interpreted.

FIG. I Indicator specification

4.2. Report generation .! ~ ......

FIG. 2. Chart generation The system provides a
report generation option allowing generation of a M

periodical reports using predefmned templates.
The user-defined report template can includeNa
charts, tables and text. The chart templates are [, ~ ** .1
prepared using the standard MS-Graph 
fuinctions; the tables are based on the MS-Excel- -

format. To generate a periodical report, a user
selects only the report template and reporting i.
period. Generated reports (see Fig. 2) can be
exported to MS-Word. The report generation -
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function is routinely used at the' plant for reparation of weekly, monthly, quarterly and annual
performance reports.

4.3. Performiance Monitor
. .... ..... .. L L L .4ir .... .. ....I-...... . .............

This function provides a synoptic display of the . ...... 

entire indicator structure (see Fig. 3). The _______________

selected structure tree is displayed in both
vertical and horizontal format. It provides
information about actual status and trends of
performance in the selected areas of interest.
Color codes are used to show the actual 
"position" of indicator value in respect of the
evaluation criteria. The performance monitor is
used as an efficient tool for performing routine
reviews of operational safety performance at the .. ..

FIG. 3. Performance monitor

4.4. Specific indicator displa .' ,

The INDI Performance Monitor includes also a ~~ ~ ~~~±: 
specific indicator display ( see Fig. 4). It Z -____________

provides possibility to monitor and analyze
indicator trends. The relevant criteria (goal, ~ --

annual plan, limit) used for indicator evaluation
are displayed in both numeric and graphic form.j__
Together with the specific indicator details also ~ Z
the indicator structure is displayed on the
screen. The display offers the user a ~{ I I I j
comprehensive information about the indicator 
including its definition and specifications,
which are here also available. - i-m-a -,i

FIG. 4. Specific indicator display

5. Conclusion
The user-friendly computer based Indicator Display (INDI) system developed at the Dukovany plant
represents an important tool also in the plant Safety Culture Management. The application has been
widely accepted by Dukovany plant personnel, and has been also positively acknowledged at some
peer plants. It has significantly enhanced the performance indicator processing culture and improved
efficiency of indicator evaluation and trend monitoring at the Dukovany plant. The INDI provides a
clear feedback to all plant personnel showing them, how their own attitudes and practices are reflected
in a measurable performance, which increases their involvement and accountability. It also provides a
qualitatively new means of communication within the plant staff and between the plant staff and
management.
Successful development and introduction of the performance indicator display system, however
demanding and important, has been oniy one pace on the way the plant should pass through. The
system will be continuously revised and amended to optimize the specific indicator selection and their
relationship. User training will also continue to effectively use all possibilities the system offers to
improvement of both operational safety and safety culture at the plant.
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Abstract. Human factor plays an important role in development of safety culture in any nuclear
fuel cycle facility. This is more relevant in major nuclear facility such as a reactor or a
reprocessing plant. In Indian reprocessing plants, an effective worker's training, education and
certification program is in place to sensitize the worker's response to safety and safe work
procedures. The methodology followed to self evaluation of safety culture and the benefits in a
reprocessing plant is briefly discussed. Various indicators of safety performance and visible signs
of a good safety management are also qualitatively analyzed.

1. Introduction

The principles of radiological protection evolved by the ICRP are well known and
generally accepted and practiced in nuclear fuel cycle facilities, worldwide. Such
facilities, as per the requirement, are well designed and equipped from the safety
considerations. The accidents at the TMI-2 plant in 1979 and several years later, in 1986,
the accident at Chemobyl, brought into focus the human factor in radiation safety. It is
now well understood that the long-term management of safety calls for approaches that go
beyond the engineered safety and adherence to the safe procedures. Continued
improvement in the safety performance of a facility requires the development of a "safety
culture" at all levels of an organization [1].

2. Safety Culture

The Safety Culture as defined by the International Nuclear Safety Advisory Group
(INSAG), is: that assembly of characteristics and attitudes in organizations and
individuals which establishes that, as an overriding priority, nuclear plant safety issues
receive the attention warranted by their significance" [2]. The safety culture is an
amalgamation of values, standards, morals and norms of acceptable behaviour. It has to
be inherent in the thoughts and actions of all the individuals at every level of an
organization, from the top management to the lowest level workman. It needs to be
established in all the nuclear fuel cycle facilities and other facilities, which handle
radioisotopes and equipment, which emit radiation.

3. Indian commitment to safety

India is committed to give priority to safety and continue to maintain and further improve
the overall safety record in its nuclear fuel cycle facilities. For example, the first Indian
reprocessing plant at Bhabha Atomic Research Centre, Trombay, began its operations in
1964 and has processed spent uranium metal fuel from research reactors. The plant has
met the plutonium demands of several programs including the fuel requirement of Fast
Breeder Test Reactor, at Kalpakkamn, in the eastern coast of southern India. The plant has
provided invaluable experience in decontamination and decommissioning aspects of
reprocessing plant. The safety record of the plant is very good; the average exposures are
maintained at about one-tenth of the annual effective dose of 20 mSv, without any
significant internal exposures to the workers.
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4. Safety considerations

A reprocessing plant handles, annually, several million Curies of fission product activity and
highly toxic actinides in highly dispersible form. Due to very nature of the operations and in-spite
of the engineered safety features (such as containment, shielding and ventilation), the potential for
significant external and internal exposures is quite high if not handled properly. A well-designed
and plant specific radiation protection program, established in the plant, over the years, ensures the
radiological safety in the plant. A separate Radiation Hazards Control (RHC) Unit attached to the
facility, which works on round-the-clock basis, carries out the radiation monitoring and exposure
control activities. A technically competent regulatory body controls the discharges from the
reprocessing plant. The regulatory procedures evolved over the years help to enhance safety
culture.

5. Training, education and licensing procedures

The plant management is responsible for the safe operation of the plant and safety of the
personnel. This calls for deployment of well trained and highly disciplined work force in
the plant. Efforts are continually made for establishment and upgrading of the safety and
reliability of various systems in the plant. In addition to the basic requirement of a degree
or diploma at the entry level, the workers have to undergo a year's comprehensive training
before their regular employment. To meet the regulatory requirement of licensing,
procedures are available to meet the requirements for qualifying the workers to various
levels - level TI being the highest level in a reprocessing plant, i.e., position of a Plant
Superintendent / Shift Charge Engineer, level 11I of a Junior Shift Engineer, level V of a
Control Room Assistant and Level V of technicians. Experience of 4 to 8 years at a given
level is one of the eligibility criteria for elevation to a higher level. Similar system is
applicable to health physics personnel. Minimum staff requirements, educational
qualification and experience of the staff members are specified for the plant operation in
round-clock-shift.

In addition to the necessary regulatory certification process, which the personnel have to
undergo, in major facilities such as reactors and fuel reprocessing plants, the work force,
including the management staff, is provided with financial incentive to achieve certain
level of competency in terms of education and training. The scheme called Qualification
Incentive Scheme (QIS), is a comprehensive scheme, consisting of classroom lectures,
written examination, clearing checklists, walk-through examination and finally personal
interview by a team of experts. Every three years, the personnel are re-qualified. The
scheme is popular and quite effective.

6. Inculcation of the safety culture

In general, a good safety record reflects an effective safety culture that exists in the plant.
Some of the attributes of a good plant management committed for the continued
development of safety culture are:
* Clear lines of authority for decisions on protection and safety. The radiation protection
manual for the plant specifies the lines of authority for the decisions connected with the
safety.
* The manual also clearly identifies and defines responsibility of each individual.
* Each individual is suitably qualified and trained in the plant operations and radiation
protection. Certified operators are employed in all important areas of the plant.
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* In establishing of the operating procedures safety is given highest priority. The
procedures are discussed and approved by the local safety unit, which is responsible for
providing safety surveillance in the plant.
* Problems affecting protection and safety are promptly identified and corrected in a
manner commensurate with their importance. ALARA is the buzzword.
* Safety is not just atechnical issue. Maintaining high level of awareness of behavioral
and attitudinal issues of the work is important. The RHC unit provides all the necessary
support to the management in maintaining high standards of safety.
* The plant management should strive for continuous improvement in the safety
performance. Safety status is reviewed in multi-tier safety review committees, which meet
at regular intervals.

7. Self evaluation of safety culture

Process of self-evaluation / assessment is a way of providing some formal structure to the
development of safety culture. The existing activities in a plant and the safety related plant
parameters should be critically compared with that of pre-determined set of expectations.
The expectations are arrived at by taking into consideration regulatory requirements and
are generally lower than the Technical Specifications for the plant. The actual
performance targets for effluent releases, man-sievert expenditure, etc should always be
maintained lower than the Technical Specification values. The targets should be
periodically reviewed to ensure that they continue to promote improvement.

For example, the management in a typical reprocessing plant can assess the safety culture
in the plant by:

a. Comparison of the trend in personnel exposures of the last say 5 years. Any
increasing trend, which is not explained, should be of safety concern and should be
investigated.

b. Number of spillage / enhanced air activity levels taken place in the recent past.
These occurrences during the operation of the plant should be investigated without
delay. Causes identified and rectification measures taken and lesson learned should
help to reduce recurrences of such incidents in future.

c. Waste generated in the plant is an indicator of the working status of the plant.
Amount of waste produced per ton of the spent fuel reprocessed is an important
indicator for comparison with similar plants. The radioactive waste transfer/
disposal are authorized by the relevant regulatory body.

d. Industrial /radiological incidents! unusual occurrences in the plant help to assess
the safety performance of the plant. Such event are reported in the specified format
and investigated by the appropriate regulatory committee(s). Workers also
participate during the initial stages of the investigation carried out by the local
safety committee.

The process of self-evaluation of the safety culture can be complemented by audits,
such as compliance checking, interactive review of the work procedures, arranging
operational feedback sessions, etc.

In some of the nuclear fuel cycle facilities in India, a concept of Quality Circle [4] has
enabled to achieve worker's participation in identifying problem areas, to utilize their
full potential in creating safe working environment and ultimate reduction in man-
sievert. The Circle is a group of employees who voluntarily come forward to assist the
management.
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8. Benefits of self evaluation

The benefits of self-evaluation of the safety culture are:
* Promotion of safety performance through direct involvement of the personnel in

critical examination and improvement of their own work.
* Ensures that the line of management is effective in monitoring operational safety

performance and takes timely corrective actions to improve performance.
• The staff involvement results in a better understanding of the safety culture in

relation to both, their own jobs and the organisation as a whole, and
* Promotes good communication within the organisation.

9. Visible signs of good safety management

• Publicizing safety objectives and monitoring progress towards meeting the
objectives.

* Creation of safety related post, such as safety engineer, with appropriate level
of authority.

* Safety performance is recognized through, awards, appreciation letters, etc.
* Interest is shown in safety issues through dialogue, debate and brainstorming

sessions, operational feedback sessions, etc.
* Workers are encouraged to take interest in safety issues, identify safety

problems, suggestions to improve procedures, etc. For example, in nuclear
facilities, March 4 is generally celebrated as National Safety Day, where
workers are encouraged to take part in quiz contest, safety related poster
competition and exhibition of the safety related equipment. The management
appreciates good work openly.

* Periodic training and refresher courses for the workers.

10. Conclusion

A good safety culture is the key to continued progress in safety management. The
safety culture should be inherent in the thoughts and actions of individuals at all levels
of an organization. In nuclear fuel cycle facilities, such as reprocessing plant, this is
very relevant due to the potential radiation hazards associated with the facility.
Effective functioning of the local and regulatory safety committees provide the
necessary inputs, by way of investigation and recommendations, required for the
overall safety culture development in a plant.
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Abstract. Regulatory strategy needed for management of safety and safety culture involves
careful planning and use of engineering concepts keeping in mind feasibility to implement
certain safety requirements. It also requires adequate attention on working environment and
mental conditions of designers, operating & maintenance staff and regulators. Different
strategies followed during safety review and regulatory inspection of nuclear power projects
for improving status of safety management and safety cultures have given certain results. The
present paper brings out certain experience gained during regulation of Indian Nuclear Power
Projects by Atomic Energy Regulatory Board of India in the area of management of safety
and safety culture.

1. Introduction

The International Nuclear Safety Advisory Group (INSAG), in its publication on 'Safety
Culture' in IAEA Safety Series No. 75-INSAG-4 [1], defines safety culture as: "Safety
Culture is that assembly of characteristics and attitudes in organizations and individuals
which establishes that, as an overriding priority, nuclear plant safety issues receive the
attention warranted by their significance ". To achieve the mission for ensuring adequacy of
safety management and safety culture at nuclear power projects/plants (NPP) at various stages
of design, construction, commissioning, operation and decommissioning, an effective
regulation is needed, which is a highly specialised task and require a lot of efforts.

2. Scope

Nuclear power plants being regulated in India are of different types viz, boiling water
reactors (BWR), pressurized heavy water reactors (PHWR) and pressurized water reactors of
VV-ER-1000 type (VER-1000). At present 14 NPP units are under operation (e.g. 2 x 160
Mwe BWR, 4 x 200 MWe PIWR, 8 x 220 MWe PHW) and 8 units under construction (e.g.
4 x 220 MWe P1HWR, 2 x 540 PI-W and 2 x 1000 MWe VVER-1000). Design of a proto
type Fast Breeder Reactor (PFBR) of 500 MWe capacity is under review.

Atomic Enegry Regulatory Board (AERB) of India, which was consituted by the Government
of India in 1983, has grown up to a mature level. AERB has been regulating these NPPs
effectively and independently by adopting different strategies to improve quality of work and
working environment. Significant improvement in management of safety and safety culture as
well as a downward trend in safety related incidents have been achieved by performing
intensive safety review and regulatory inspections during last 15 years.

t The Anther is an M.Tech. (Mechanical Engineering) from Indian Institute of Technology Kanpur, India
and Scientific Officer (F) in Atomic Energy Rgeulatory Board (AERB) of India.
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3. Objectives

While regulating an NPP, one of the objectives set by AERB is to improve management of
safety and safety culture at all stages by way of working out certain strategies as given
below:

(1) Provide good regulatory documents to the regulator, designer, operator and the public.

(2) Granting of authorization to NPP for specific activities after detailed safety review in
line with AERB regulatory safety codes & guides.

(3) Conduct planned and reactive inspections and enforcement actions.

(4) Exchange feedback experience gained during safety review and regulatroy inspections

to improve safety review/inspection strategies.

(5) Continuous updating of knowledge to keep on improving technical competence of
AERB staff.

(6) Publish important findings and keep public informed about improtant safety issues.

4. Strategies

To achieve above objectives for meeting dynamic requirements of effective regulation
following strategies were adopted by AERB, which include: internal re-orgianization;
development of regulatory docuements; improvements in techniques for safety review; and
regulatory inspection of NPP.

4.1 Re-organisation of regulatory activities related to NPP?

AERB, since its constitution, has re-organized its internal structures time to time to suit
dynamic requirements for effective regulation of NPPs through various Technical Divisions
and associated Safety Review Committees and Advisory Committees. These Technical
Divsions have optimum trained and qualified staff and facilities for carrying out safety
review, regulatory inspections and development of regulatory documents.

4.2 Development of regulatory documents

AERB has taken up speedy preparation of several Codes of Practices and Safety Guides in
the area of design, operation and quality assurance. Certain published regulatory documents
are being revised incoporating feedback experience gained during safety review, regulatory
inspections and published international documents such as revised LAEA Safety Standards.

4.3 Enhancement in technical competence and related abilities of regulators

AERB has been training its staff through training courses conducted by AERB, [ABA and
other nationallinternational bodies and use of internal library resources for self-studies. Every
computer terminal of AERB has been connected to Internet to provide access to rich
information available on the net.

4.4 Availability of guidelines for safety reviewer and regulatory inspectors

AERB staff have been equipped with necessary national and international standards, codes,
guides, manuals and other reference tools required for safety review/assessment and
regulatory inspection activities. Based on these standards and safety guides, necessary
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manuals and checklists are prepared as per requirements and followed during safety review
process and regulatory inspections.

4.5 Safety review strategy

AERB Safety Manual on 'Governing the Authorization Procedure for Nuclear Power
Plant/Projects' [4], is being followed for granting stagewise authorization to an NPP for
carrying out construction and commissioning activities. Detailed requirements regarding
submission of necessary documents along with application, for Authorization for each stage
of construction, commissioning and operation, within stipulated time frame for review are
given in the manual. It prescribes format for safety analysis reports, design basis reports and
the applications. The safety review follows 3-tier review process. Levels of authorization are
defined to decide levels of review. The three levels of reviews and clearances are: review by
Project Design Safety Committee (PDSC); review by Advisory Committee for Project Safety
Review (ACPSR); and review by AERB Board. Nuclear Projects Safety Division (NPSD), a
Technical Division of AERB, monitors the safety review process through a programme
evaluation and review technique (PERT) chart (in line with that followed by an NPP) to
ensure timely completion of safety review. Compliance of implementation of safety
requirements in design and commissioning documents is checked by a working group chaired
by Head of the NPSD).

4.6 Regulatory Inspection and enforcement strategies

Regulatory inspections are conducted in parallel to safety review for checking compliance of
regulatory requirements by the NPPs. Applicable AERB Safety Guide and associated
Manuals are followed for regulatory inspections [3]. As per need a field check-list is prepared
on the basis of outcome of safety review and other technical documents. Depending upon the
stage of the NPP and schedule of certain special tests, inspection programmes are planned and
implemented. These inspections include planned team inspections as well as reactive
inspections. These are either announced or unannounced. In case of commissioning, resident
inspectors are posted at NPP site itself for continuous monitoring of NPP activitiy for
management of safety and safety culture. Special attention is paid on quality assurance (QA)
programme of the utility during all activities and protection of commissioned equipment.
Inspection programme is updated incorporating feedback experience from inspections as well
as safety review.

5. Effects of strategies on improvement in management of safety and safety culture

Even though safety culture can not be mandated, AERB has been able to get this mentioned in
its safety documents [3]. Various strategies followed during safety review and regulatory
inspections yielded certain results time to time. Some of them are brought out here:

5.1 Frequent re-organisation of regulatory functions

Dynamic organisation of AERB has established better structure for carrying out regulatory
work, through Technical Divisions by optimum use of expetise and resources, and providing
good opportunity to every individual to have exposure to different types of works and
enhance their knowledge. This helps in ensuring adequate backup staff for safety review and
regulatory inspection activities for all types of NPPs. Thus regulatory works do not suffer in
case of unavailability of an individual and every body has capability of effectively monitoring
of NPP for management of safety and safety culture. Documentation system ensures
retrievability of required information in time from an established data bank for each NPP.
Also, regulatory staff get more job satisfaction as psychological load is minimum and they
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feel more comfortable in carryin g out safety review and regulatory inspections of any type of
NPP. Communication gap regarding technical information between different persons is
minimised and same quality of regulatory work is almost assured.

5.2 Safety review

The three tier safety review process has been effective in resolving safety related issues in
time at different level of management. Defined levels of Authorizations help in controlling
NPP activities as per importance of safety requirements at its various stages. To ensure
implementation of recommendations of various safety committees and AERB, following
method has been adopted:

5.2.1 Categorisation of safety issues

Safety issues emanating from safety review of an NPP are categorised into following
categories:

(1) Category-A: to be resolved before Phase-A commissioning (e cold or hot run of the
systems without fuel loading in the core);

(2) Category-B: to be resolved before fuel loading in the core;

(3) Category-C: to be resolved before initial criticality and low power physics
experiments;

(4) Category-D: to be resolved before raising initial power of the reactor from 0. 1% full
power to 100%full power; and

(5) Category-E: requring research and development and of long term nature.

Close follow-up for implementation of recommendations of safety committees as per the
above categories is done by way of having interaction among regulatory staff, designers and
operators. Necessary safety analysis and safety review are carried out quicly to resolve
outstanding safety issues. However, trend to request change in category of a safety issue, by
the utility to get more time, is observed and a regulator needs to take a stand at appropriate
level.

5.2.2 Assistance to utility in resolving safety issues

During safety review, experts of various safety committees give certain advices how to
improve the systems to meet certain safety requirements. These guidelines are not a part of
recommendations of AERB but for helping designers to share experts' experience. This
approach has given very good results.

5.3 Regulatory inspections

Regulatory inspections are carried out with alertness and keeping its objectives in mind.
Planned inspections are generally carried out with announcement at short period to assess
more realistic status of management of safety and safety culture of an NPP. However,
announced inspection results in temporary corrections in certain areas. Unanounced
inspections are generally carried out in case of an unusual occurrence to ensure that evidences
are not lost. This gives an opportunity to assess the incident to find out the real root cause to
compare with the reported one.

5.3.1 Regulatory inspection and enforcement techniques
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During an inspection, a dynamic field-checklist is prepared and modified/augmented at NPP
site as per requirements. Discussion with an NPP staff is held in a strategic manner. Absence
of boss while discussing with the NPP personnel gives true picture of most of the deficiencies
at NPP which exist for want of resources. Positive attitude and friendly approach brought a lot
of improvement in managing safety and safety culture. Site personnel become more open if
design support is assured based on inspection. Similarly, during inspection of maintenance
areas, true history of failures at NPP is revealed if availability of more spares and tools is
assured because of inspection. Based on insepctions and enforcement actions, AERB creates
an interface between NPP site and designi organization. This helps in solving design-related
problems and improving safety. Repeated direct observations with small time gap help
detection of unsafe situation or violation at times. In case of serious violations, strong
enforcement actions improve safety culture. Initiation of enforcement actions based on
categorization of inspection findings, as given below, has improved the safety culture:

(1) Category-I: Direct Violation of Technical Specifications or Mandatory Safety
Requirements;

(2) Category-11: Serious problems discovered which require urgent safety review;

(3) Category-I: Design related and generic deficiencies;

(4) Category-1V: Inadequacy in procedures and their compliance or deficiencies in
equipment/quality assurance related deficiencies; and

(5) Category-V: General observations which are of minor nature but NPP have to correct
themselves.

Follow-up of previous insepction in the next inspection as per the above categories reduces
the pending safety issues.

5.3.2 Areas of improvements at NPP

Role of top management positions: Top management positions having personnel of sharp
brain and foresightedness with positive approach give better output in terms of maintaining
good safety culture among NPP staff and effective safety management. They play catalytic
role in understanding the difficulties or problems arising in variuos systems and process and
working out on-the spot solutions to avoid further degradation in the system. Following a
management approach rather than beaurocratic approach gives good results in preventing
safety related incidents or in mitigating consequences of an incident, should it occur. This
creates an environment of openness among the operating and maintenance staff.

Role of middle management positions: In-plant Operation Review Committee (IORC)
plays an important role in solving the problem at NPP and recommend corrective measures at
times. The Committee consists of members mainly from middle management positions.
Immediate publishing of the root cause, of any problem and violations during NPP operation
or maintenance, gives good operational feedback to all and similar problems are avoided in
other NPPs. In view of this, keeping Member-Secretary of IORC independent of operation
and maintenance group improves quality of record on deliberations of ORC. Middle
management positions having hard working personnel and good communication become an
important advisor to top management and an effetive guide to the working level staff.

Role of working level staff: It is known fact that working level staff expect timely
appreciation of their good works, else, they may lose interest in improving their performance
in the area of safety management. Motivating of the staff, without wasting time and through
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reward on the basis of their work and not due to good relation with bosses, increases
competitiveness as well as friendly environment and eliminates feeling of comparison.
Effective utilization of their skill, knowledge, hard working capability gives them job
satisfaction and enhance interest in improvement of safety management and safety culture.

Differentiation between operators and maintainers: Giving importance to operator over
maintainer creates a jealousy attitude and quality of maintenance work may suffer. This may
result in safety related incidents. Thus avoidance of a comparative approach results in good
coordination, friendship and better safety management.

Communication gap between designer and operator: During NPP operation certain design
related improvements are required. However, due to a communication gap between designer
and operator, sometimes design-related dificiencies remain unattended and operator has no
choice and forced to violate safety requirements or some times misinterprate the write-up of
the procedure. Thus interaction between designer and operator improves a safety culture a lot.

Coordination between regulator and utility: Relation between regulator and utility is very
important in improving safety management and safety culture. Utility expects help from
regulator and not a beaurocratic enforcement. Thus while conducting safety review and
regulatory inspection an exchange of design/operational feedback really help very much to
designers and operators to overcome certain difficulties. Beaurocratic approach is necessary
only for enforcment actions where serious violations are observed. Most of the time a good
communication between regulator and utility solves several problems and better management
of safety and safety culture is expected.

Safety awards: AERB gives safety awards in certain areas of industrial safety. These awards
gives motivation to other projects to improve industrial safety. However, this award is given
to the NPP who really has shown improvement and not merely only on comparative basis.

Strong database and information management: Providing of local area computer network
has improved quality of documentation, better management of operational and design data,
quick analysis of any problem and availablity of required consultation at times. In parallel,
provision of access to internet updates the knowledge level of operator, maintainers and
designers with full utilization of feedback from worldwide NPPs and other institutions
available on web sites.

6. Conclusion

Management of safety and safety cultures at an NPP are dependent upon many factors which
include: availability of resources and expertise; healthy mental and environmental conditions
of staff; and appreciating approach of top managements in the areas of design, construction,
operation and regulation.
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Abstract. Safety Culture covers all main directions of plant activities and the plant departments involved
through integration into the NPP Quality Assurance System.

Safety Culture is represented by three components [1]. The first is the clear 1NP Safety and Quality Assurance
Policy. Based on the Policy INP is safely operated and managers' actions firstly aim at safety assurance.

The second component is based on personal responsibility for safety and attitude of each employee of the plant.

The third component is based on commitment to safety and competence of managers and employees of the plant.
This component links the first two to ensure efficient management of safety at the plant. The above mentioned
components including the elements which may significantly affect Safety Culture are also presented in the
attachment. The concept of such model implies understanding of effect of different factors on the level of Safety
Culture in the organization.

In order to continuously correct safety problems, self-assessment of the Safety Culture level is performed at
regular intervals.

IN4TRODUCTION

This section provides a brief description of the history of Safety Culture program
development and improvement at NPP. According to the Law on Nuclear Energy of the
Republic of Lithuania, Article 27, the following requirement is set forth: the enterprise
granted with the license on NPP operation shall guarantee to VATES1 the high level of safety
culture in the organization. Such a requirement is described in the Terms and Conditions of
VATESI issued license No 12/99 for Unit 1 operation, clause 17: Ignalina NPP shall annually
submit a report to VATES1 presenting analysis of implementation of Safety Culture
improvement measures.
The General Requirements to the Quality Assurance System at Nuclear Power Plants and
Other Nuclear Facilities, VD-KS-02-99 describe the requirements to plant employees on
vocational training including understanding of the policy, objectives and Safety Culture
principles [2]. The above mentioned requirements apply to all activities having either direct or
indirect influence on nuclear plant safety.

METHOD

Current plant practice

Establishment of Safety and Quality Assurance Department

At the beginning of 1995 the Safety and Quality Assurance Department subordinated directly
to the Director General of INPP was established at INPP. The Director General delegated to
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that department the responsibility for monitoring and evaluation of safety of the plant. The
department is responsible for elaboration and adoption of the quality assurance program and
development of safety culture at INPP.

Management Structure Improvement

In 1995 the INPP management structure was brought to conformity with the Law of the
Republic of Lithuania on state enterprises and municipality enterprises that resulted in
establishment of three directorates and three services. The established INPP organization
structure appeared to be quite effective since authorities and responsibilities of the heads of
the Directorates and Services were well distributed and described and it could be easily
managed. More detailed description of development of the organization structure and
responsibility of the administration is given in Chapter 9.2 of SAR-2 Task 9.

INPP Safety and Quality Assurance Policy

In May 1995 the Director General of INPP declared the Safety and Quality Assurance Policy
of IiNP [29]. The following is stated in the declaration:
* Having clear understanding that the INP1P management under the leadership of the Director

General bears full and formal responsibility for the plant safety, we are declaring:

* The aim of INP is to become the safest plant with RBM type reactor and economically
competitive among all power units.

* Only in case if the Director General of 1NP can give positive answer to each of the above
mentioned provisions, the plant will operate with the required quality level. Only in case if every
employee can give positive answer to each of the above mentioned provisions, they will perform
their job with the required quality level.

The INPP management is willing to ensure irreproachable performance of all works linked
with safety and strives for the improvements.
The declaration was circulated among the plant personnel. During safety culture audits
understanding and perception of the Safety Policy at INPP was reviewed.
In order to provide the plant personnel with the working guide for performance of the routine
activity, 5000 booklets "High Safety Culture in the Nuclear Energy" were issued. The booklet
contains appeal of the General Director of INPP to the INP employees to seek the high
Safety Culture. This booklet refers to the daily activity arrangement and behavior of each
plant employee. Every employee of the plant received such booklet.

Training of INPI` top and middle managers in modern management techniques

In order to implement new management styles complying with the Safety Culture principles, a
number of seminars regarding modem management styles was arranged for top and middle
managers of INP and conducted by the Swedish Institute of Management (IFL). In total 15
seminars were conducted within the period of 1995-1997.

INP Safety Committee

At the beginning of 1996 the Safety Committee was established at INP. It has been an
advisory group for the General Director to make safety related decisions. The Committee
consists of 9 members; the specialists have been selected so that to provide the highest level
of expertise [7].
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The Safety Committee is responsible for conducting review and assessment of acceptability of
safety related proposals submitted by the NPP directorates and services, including:
* Safety and quality assurance policy;

* Safety related modifications and solutions prior to their submission to VATESI;

* Safety cases; changes in Operations Regulations;

* Preparation for licensing of Unit 2;

* Proposals on safety related organization changes;

* Reports on safety related events;

* Issues related to decommissioning of INPP Units;

* Other issues related to tasks and functions of t he Safety Committee according to the Regulations
on the Safety Committee.

Minutes of meetings of the Committee are submitted to General Director and VATESI. The
final responsibility for making decisions regarding implementation of Safety Committee
recommendations lies on General Director.

Safety and Efficiency Indicators

In the long term the main Safety Culture indicators are plant safety indicators which were
declared as activity objectives at NPP? at the beginning of 1996. Annually the plant
management sets new activity objectives to achieve a higher level of safety. The following
indicators were accepted for evaluation of safety and efficiency of the plant:
* Gross Production;

* Unit Capability Factor;

* Capacity Factor;

* Unplanned Capability Loss Factor;

* Unplanned Automatic Scrams

* Collective dose;

* Individual dose;

* Industrial Safety Accident Rate;

* Volume of Low Level Solid Radiation Exposure;

* Safety System Performance;

* Fuel Reliability;

* Chemistry Index;

* Releases through the Stack;
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* Safety Significant Events (level 1 and higher).

These indicators are subject to regular analytical reviews in order to learn lessons and define

necessary corrective measures and track their timely implementation.

Plan of Measures on Safety Culture Improvement

In May 1997 an international seminar on development of Safety Culture of NPPs with RBMI
type reactors was arranged at INP with the assistance of IAEA, ES-konsult and SYDKRAFT
Konsult consulting experts. Representatives from six countries and ten organizations from
Lithuania took part in the seminar. Representatives from the Lithuanian Government and
members of the Seimnas were also invited. The participants of the seminar got familiar with
experience of Safety Culture development at NP`Ps in Sweden, the USA, Switzerland, Russia
and the Ukraine. Based on the seminar results JAEA report No RBMIK-SC-05 1 was prepared.
In June 1997 a Plan of Measures on Safety Culture Development, was prepared and approved
by the Director General. The Plan included recommendations from the Safety Analysis Report
for Unit 1 and described specific measures of safety culture development at INPP.
The Measures primarily aimed to achieve the following goals:
* The Safety Policy shall obtain support of the plant management;

* Safety Culture shall become the key element of the plant activity management;

* To change attitude of the plant employees to their work, to form new mentality and inner critical
position of the plant personnel which would ensure safe performance of works;

* To conduct Safety Culture audits resulting in the subsequent corrective actions and improvements;

* To use operating experience in order to define areas for their improvement;

* To provide the plant personnel with information on all works performed at INPP in order to ensure
understanding of the common tasks and plant operation perspectives by each employee of INPP;

* Training of INP personnel using the examples of good and bad practice.

Creation of Openness of Communications

One of the most important elements for high Safety Culture is an atmosphere of openness
which ensures free communication of safety related information by the plant personnel.
Especially it applies to admitting and communicating mistakes by the personnel.
In order to achieve these goals a Director General appeal on the Policy of openness was
prepared in August 1997 and a procedure was developed which enabled the personnel to
report safety problems to their managers and directly to the Director General.
During Safety Culture seminars INPP employees and managers were additionally explained
that punishment for the error enables it to be hidden and its possible reoccurrence in future
while informing on the error considers to be an act of plant safety improvement. A booklet
was developed wherein the General Director advised the plant personnel on the Policy of
openness towards errors and safety problems. This booklet was purposed to create the
atmosphere of openness and trust. The Appeal contains the following theses:
* If after having reported the error the employee is punished, no reports will follow;

* If error reports are considered as positive actions and a person is rewarded for that, employees will
report the errors;
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* From time to time everyone makes errors but seldom do they want to cause damage or injury;

* The root cause is not a human error;

* Staff errors are symptoms not reasons;

* The problems which have been reported shall be considered and assessed at the management level

and corresponding corrective actions shall be carried out;

* Punishment is not a corrective action.

Independent Safety Audits, Internal Audits

Ignalina NPP is open to international missions on assessment of operating safety. ASSET
missions (1 989 and 1993) and OSART missions (1 995 and 1997) were held at INPP
In 1996-1997 Safety Culture audits were conducted in the plant departments: Reactor
Department, Control Room, Electrical Department, Instrumentation & Calibration
Department [3], [10]. The audit plan included the following questions:
* Personnel understanding of INPP Safety and Quality Assurance Policy;

* Personnel responsibility for safety;

* Use of operating experience;

* Management and personnel relations;

* Incentive and punishment of personnel;

* Training of personnel.

During the audits plant-general deficiencies relating to Safety Culture were identified:
* Managers do not discuss Policy issues with the personnel;

* Most of the operating personnel could not mention the most important thesis of the INPP Safety

and Quality Assurance Policy;

* Not all job descriptions of the personnel define responsibility for safety;

* Managers do not encourage the personnel for proposals to improve safety;

* In the plant departments there is no procedure on how the personnel get familiar with the plant and
industrial operating experience;

* In the plant departments there is no procedure and accounting system for proposals to improve
safety received from the personnel;

* Most of the maintenance workers do not get familiar with reports on violation of work
requirements at INPP;

* Employees do not receive enough information in connection with their activities (insufficient
amount of technical literature, reference books, specialized magazines);

* The devices and instruments used on repair sites in the plant departments are old;
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* The relations "subordinate-manager" are not open enough, employees not always report problems

occurred at work to their managers;

* Audit results are not always discussed between managers and employees;

* Training programs and the scope of personnel knowledge do not contain questions on Safety
Culture and INPP Safety & Quality Assurance Policy.

Audit reports were submitted to the General Director, Technical Director, department heads
and INPP Safety Committee.
The heads of the audited departments together with the personnel reviewed the audit results
and developed corrective measures to eliminate the detected findings. The issues identified
during the audits were discussed with the personnel at the Safety Culture seminars. As a
result, recommendations to improve the existing practice were submitted by the personnel.
Booklets containing clarifications on the basic provisions of the Safety and Quality Assurance
Policy were spread among INP personnel. The contents of these booklets had been reviewed
and discussed with the personnel at the Safety Culture seminars.
The annual plan of internal audits conducted under the Quality Assurance Program includes
issues on Safety Culture.

Safety Culture seminars for INPP Personnel

Training seminars have been conducted since June 1997. The programme of the seminars
covered the information on the Safety Culture elements described in 75-IINSAG-4,
information on the quality assurance program, description of good and bad examples of
Safety Culture based on INPP operation experience, issues of personnel incentive and
punishment.
During these seminars the causes of Chemnobyl NPP accident relating to Safety Culture [9]
were reviewed, the problems in the Safety Culture area and their possible solutions were
discussed. The reason of shutdown of seven Units at Ontario Hydro which were caused by the
Safety Culture related problems occurred in this company were also reviewed.
The participants of the seminar received the reports on events at INPP and other nuclear
power plants relating to deficiencies in Safety Culture. Based on the discussion results, the
participants proposed work and safety improvements. A report on the results of each seminar
was prepared [4].
The seminars rendered significant assistance to establish understanding of necessity and
advantage of the quality assurance programme, foundation of the Safety Committee,
implementation of Safety Culture at 1NP.
The employees of the plant participating in the seminars consider them to be successful and
necessary for exchange of experience and open discussions. This is witnessed by a big
number of proposals submitted with regard to the safety improvements.
One of the most important results of the seminars both for the management and personnel was
creation of the collective approach - team work on the basis of trust, openness, cooperation
and mutual assistance.
In order to conduct the seminars, monthly schedules and a training plan were developed and a
training manual was used. In total more than 150 seminars were conducted.
In 1998 training tools were prepared giving basic information on general principles of Safety
Culture. A schedule for training of the top and middle managers of the plant, operating
personnel including Control Room operators and engineering staff of the plant was drawn up.
Within the period of 1997-2002 more than 2000 employees were trained under this
programme. The Safety Culture manual for WNP [8], has been included into the plant
personnel training programme.
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Information posters on the self-control method of STARK had been issued which were placed
in the personnel working area. Prior to issuing the posters, long discussion regarding the their
contents had been conducted. There are indications given how to monitor oneself during
performance of works related to safety.

Personnel Proposals

Within the period of 1997 - 1998 proposals on improvement of safety and work performance
were submitted by the personnel of departments. These proposals were considered at a
meeting with Technical Director. As a result, measures to implement these proposals were
developed, [5]. These measures apply to almost all activities at INPP.
A procedure on processing of proposals for improvements, code flT032a-03 12-1, was
developed and implemented. The plant employees can submit their proposals to the heads of
departments in accordance with this procedure. Each plant department is provided with
proposal journals. Special forms for proposal submission directly to the General Director were
also developed.
While analyzing operation events, the events relating to Safety Culture deficiencies and use of
the STARK method during work performance shall be investigated without fail. A description
of the STARK method is given in Attachment 1. At Safety Culture seminars employees of the
plant submit proposals which could be used for work performance. Such improvements can
be proposed also by means of "yellow sheets" which are submitted to NPP Director General
and "proposal journals" available in the plant departments.

Self-Assessment of Safety Culture

The IAEA Workshop "Self-Assessment of Safety Culture"

Implementation of recommendation 9.2.1-4 of Safety Analysis Report NPP Unit 1. The
IAEA Workshop "Self-Assessment of Safety Culture" was held at NPP in August 1998 [14].
Experience of other nuclear power plants in self-assessment of safety culture was presented
by the LAEA experts. The self-assessment method proposed by AEA was applied by the
INP project team to develop management procedure QA-2-022, "Safety Culture" [6], and to
develop own self-assessment method which would be based on interview sheets-
questionnaires.
In 1999 under the SIP-2 programme and together with consultants of the Swedish companies
ES-Konsult and SYCON [40], the method to assess Safety Culture was complemented with
features describing Safety Culture and special forms for assessment were prepared. By filling
out the form, positive trends of improvement or deterioration of the Safety Culture features
can be identified. The assessment results enable the plant management to detect problems at
an early stage and draw up measures to eliminate these problems.
Self-assessment of Safety Culture consists of 5 steps:
* Determine problem areas (causes impacting the safety level reduction);

* Select importance priority for each problem area;

* Determine the connection between problem areas ad Safety Culture indicators;

* Determine Safety Culture weak elements;

* Determine corrective actions priority regarding the improvement of Safety Culture.
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Results of Safety Culture Self-Assessment

Within the period from December 2000 to February 2001 an attitude survey of 1500 plant
employees was carried out. 33 questions (1 1 World - class characteristics).
The participants were represented by employees of 1 0 plant departments mostly Technical
Directorate and S&QA Department.
Option grades :

1 . Strongly disagree;

2. Slightly disagree;
3. Undecided;
4. Slightly agree;
5. Strongly agree

Statistical handling of survey data of total 300 Questionnaire

Criteria:
* very good 85%< X
* good 75%< X <85%

* satisfactory 65%< X < 75%
* regular 50%< X < 65%
• non satisfactory X < 50%

The questionnaires were filled anonymously and were purposed for three categories of INPP?
employees: heads of departments and their deputies, engineers and workers.
Preparatory work was performed prior to the plant personnel attitude survey:
* The attitude survey objective and sequence of assessment performance were explained to the

heads of the departments;

* Specialists of ten plant departments were involved in attitude survey arrangement and
performance of filled questionnaire analysis.

In March 2001 the tentative assessment results were submitted to the heads of INPIP
Directorates and Services at the meeting with the General Director. The management and
representatives of VATESI participated as well.
Table below presents the results of the attitude survey held in 1998 and 2000. The following
was used as criteria: features of Safety Culture applied by the BNFL company and presented
to INPP in 1998 at LAEA Workshop.

TABLE I. THE RESULTS OF SAFETY CULTURE SELF-ASSESSMENT N 1998 AND) 2000

BNFL INPP NP
Safety Culture characteristics 1998, 1998, 2000, Rating

1. Visible leadership and commitment to safety of 80 69 83 good
top management

2. Safe role of line management as regards safety 100 79 8 1 good

3. Strategic business importance of safety 92 91 80 good

4. Supportive organizational culture 80 84 78 good

5. Involvement of all employees 69 74 62 satisfactory
6. Organizational learning 80 80 78 good
7. Safety assessment 74 84 82 good
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8. Mutual trust and confidence between 85 76 82 good
management and workshop

9. Openness of communications 80 62 64 Improvements are
needed

10. Absence of safety vs. production conflict 72 62 65 Improvements are
needed

11. Demonstration of care for all those affected by the 100 82 55 Improvements are
business needed

TNP presented the results of Safety Culture Self-Assessment in 2000 May 2001 for the
Directors of nuclear power plants WANO Moscow Centre [4 1].
The assessment results will be used for identification of the problems impacting the Safety
Culture level deterioration and for determination of the corrective measures purposed to
Safety Culture improvement. The self-assessment results may be of great importance with
regard to timely response to the problems occurred in connection with making decisions on
early decommissioning of INPP Units.
Safety Culture is planned to be assessed in 2002 by using computer software and the Internet
as tool. To present the software has been prepared for testing.
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RESULTS

Corrective actions following Safety Culture Self-Assessment

13.Employee involvement in improving safety is encouraged by managers - 35%

In order to improve the 13th Element relating to the 5th of the Safety Culture characteristic
the following corrective actions are suggested to implement [42]:
* The plant management aims and objectives with regard to social protection of INPP personnel in

connection with the planned closure of Unit 1 should be specified in the Safety and Quality
Assurance Policy.

* Personnel encouragement and punishment practice shall be carried out under the formally issued
Policy. A procedure on encouragement of INPP employees shall be developed.

* A procedure on the use of safety indices and Safety Culture indicators shall be developed and
continuous practice of applying Safety Culture indicators at WNP shall be implemented.

32.Plant management care about social protection of the employees in connection with Unit 1
decommissioning - 36%

I order to improve the 32nd Element relating to the 1th of the Safety Culture characteristic
the following corrective actions are suggested to implement [42]:
* To assist the Ignalina NPP in selecting and appointing a team to address Human Resources (R)

and Industrial Relations () issues, and in arranging appropriate organizational and
communication links

* To train the appointed Team in HR/IR/ strategy issues to be addressed in period approaching
closure and assist with developing strategies appropriate for [NPP.

* To train the appointed Team in Formal Change Management Process and assist with developing
processes and documents, and iplementing processes at WhP

* To train the appointed Team in processes for retaining key skills for Ul1 and U2 to closure and
assist with developing processes appropriate for IN4PP

To train the appointed team in information exchange and public relations, to assist and consult
on arranging work with the staff representatives, the Regulator and public.

Conclusions

Key safety culture and organizational issues were determined. The list of safety issues
suggests a scope for safety culture and organizational evaluation of plants during
decomnmissioning [43].
A number of organizational aspects the Ignalina NPP Top Management to address in
developing a long-term strategy were identified:
* Setting the appropriate priority for decommissioning oversight;

* Developing an organizational strategy for decommnissioning;

* Obtaining and developing necessary staff expertise for oversight of decommissioning;

* Determining and developing framework for oversight of decommnissioning.
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INPP had three foci for addressing human factors and organizational issues of
decommissioning:
* Oversight and safety assurance during the period prior to and after shutdown of Unit of the NPP

* Identifying and addressing the issues that were likely to arise regarding oversight of all stages of
decommissioning and

* Identifying and responding to the safety issues that were likely to arise as a consequence of all
stages of the decommissioning process.
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Abstract. Although nuclear activities are among the safest, having an enviable record
in this respect, public perception is quite different. It is argued here that, regardless of the fact
that environmental groups and the media in general look unfavourably towards the nuclear
sector, the emphasis the sector places on safety matters is a liability rather than a asset. In
short, public acceptance of a risky enterprise increases with the safety concerns shown by an
entrepreneur up to a certain point. Beyond this threshold the enterprise is found too risky to be
accepted, and it looks like the nuclear establishment has already crossed it. Ideas for further
relationship with the public are then shown.

1. Introduction

It can be argued that the word "nuclear" is more frequently associated with "safety" than with
"4energy". Although the common man does not usually refer to nuclear safety, every time he reads
about or talks about nuclear energy, concerns about safety are implicit. This should be good news,
were it not for the fact that the common man perceives all nuclear activities as inherently unsafe. This
skewed perception was long attributed to the. association between nuclear activities and the Hiroshima
bombing. The idea that the world population could be wiped out in a flash was almost too much to
bear, and any activity dealing with uranium or plutonium or radiation was likely to be seen as
unacceptable. However, the fact that scores of wars have killed millions since 1945 and not one single
atom bomb was dropped has certainly shown the public that a nuclear weapon is more nuclear than
weapon. And hundreds of nuclear reactors have been operating for more than half a century, and not
one of them came close to exploding like an atom bomb.

Despite the nuclear sector's enviable safety record (even the Chomnobyl accident cannot be counted
among the worst man-made disasters), news reports on nuclear matters are systematically negative and
almost always full of mistaken data. They usually deal with "radioactive leaks", "radioactive doses",
"exposure", "radiation contamination"' (whatever that may be) and the like, and are not complete
without words like "risk", "danger", "cancer" and "death". Inevitably, even minor nuclear or
radiological accidents never fail to attract massive media coverage - and are never forgotten. An
explanation for that is attempted here.

2. How much safety is too much safety?

A sizeable portion of man's activities throughout the centuries have centred on personal safety,
starting with housing. Although it is not ethical to confer a monetary value to human life, the fact is
that the rising cost of occupational accidents - in terms of loss of production, legal imbroglios and
class action - was one of the main stimuli of the recent emphasis on personal safety. One way or the
other, the culture of safety is, broadly speaking, something so deeply ingrained in everyone's mind
that whenever a new product or technique is launched preoccupations with safety aspects very rarely
are among the first priorities of potential users. It is implicitly assumed that whoever is capable of
developing a product or technique should not be as incompetent or irresponsible to create anything
unsafe.
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In the old days, when this idea was not completely consolidated, acceptance of new ideas was far from
immediate. One good example of the stepwise acceptance of a hazardous product is provided by the
aeroplane. At first a very risky occupation, being almost solely the pastime of daredevils and
stuntmen, flying nowadays provides a convenient, enjoyable and safe travel experience. Although it
does not share with other means of transportation the possibility of mid-course stopping, flying is
found safer by any yardstick. Even first-time flyers now enter jet planes with full confidence that
nothing wrong will happen.

One interesting aspect of this public confidence in air travel is that it was not fuelled by any particular
effort by airlines or aeroplane makers to stress safety. True, cabin crews are required by international
law to demonstrate safety procedures just before takeoff, but very few passengers really bother to pay
attention. But fear of flying is real, as the post-Sept. 1 1 syndrome showed. A zealous entrepreneur
could well address this problem by stressing safety. His aeroplanes would be spotlessly clean and
passengers would be shown maintenance reports indicating that parts are routinely replaced much
earlier than technically required. While waiting for takeoff, passengers would watch a video
explaining how recent air crashes occurred, being reassured that they would never happen to this
company's planes. Finally, in order to allay any remaining fears, each passenger would be supplied,
just in case, with a parachute.

It is not difficult to forecast the future of such a company (and
even of all aviation industry, if such a company is ever
launched): confronted with such an emphasis on safety, potential
clients would certainly be completely terrified, because they had 
never been aware of the real danger behind air travel. The 
zealous entrepreneur crossed the threshold separating "enough 
safety" from "-too much safety". Man has always lived with 3
risks, and did his best to minimise them, especially when new J
technologies were introduced. The riskier the undertaking, the
stronger the concern with safety, in order to deal with legal
requirements, but mainly to ensure public acceptance. But there ______________

seems to be a limit to that, and a probable representation of the Preoccupaton Mdh safety

public acceptance of something risky is given in Figure 1. Given _______________

the direct relationship between risk and preoccupation with
safety, if this preoccupation crosses a certain threshold the risk is FIG. 1. How public acceptance ]

judged too high to be acceptable. It looks like the nuclear sector something inherently risky changes
has already crossed this threshold. with safety concerns.

3. The case of nuclear safety

The concept that guides nuclear activities apparently states that they should be made entirely risk-free.
This inevitably led to two alternatives: either these activities should be phased out or, in case some of
them still had to be performed, no amount of effort and cash should be spared in order to guarantee
that their risk was set as close to zero as reasonably achievable. Therefore, after having assured the
world that all radiation doses, however small, could be harmful (through a strange concept known as
linear non-threshold dose response, or LNT), after having created countless national and international
associations devoted solely to the cause of radiation protection, after having swayed health authorities
into passing legislation to control clinical X-ray exposure, after having convinced everybody that a
tiny deviation of the planned dose in radiotherapy would kill the patient by rendering the applied dose
either ineffective or deadly, these specialists told common man that they were so concerned with
safety that neither him nor his progeny would ever be affected by nuclear activities, despite all risks
associated with them.

Indeed, no economic sector is seen to be so obsessed with safety as the nuclear sector. This obsession
is evident in the smallest details. Books on nuclear engineering, besides the usual engineering topics,
will always add at least one chapter on the biological effects of radiations. Even the so-called popular
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science books incorporated these trends: no book on radioactivity, nuclear energy, nuclear reactors or
similar topics leaves aside Three Mile Island or Chomnobyl. Which other engineering field would be
so concerned with the effects of their activities on human lives? Which other human endeavour must
stress that it is only promoting the peaceful use of anything? Which other economic activity (with
exception of those having safety as their product) spends so much human and financial resources on
one topic only, safety? Finally, which other sector, despite so many pledges, is still not trusted by the
common man? Adepts of conspiracy theories credit this skewed perception of radiation, radioactivity
and nuclear matters to oil and hydroelectric companies that would have plenty to lose by the
proliferation of nuclear power plants. Others recall that radiation is an invisible threat, that can fatally
affect people without their being aware of. What is the nuclear establishment's reaction to all that? It
simply places more emphasis on safety.

Nuclear reactors, for instance, are surrounded by all types of biological barriers, in case anything
wrong, however unlikely, happens. The reactor building is capable of withstanding the impact of a
fighter jet loaded with conventional bombs. Redundancy systems are activated in case the standard
systems fail. Environmental assessment in the area is carried out annually from the moment the reactor
is planned. Moreover, no nuclear reactor is built before an emergency plan, necessarily involving the
quick evacuation from a wide area, is designed and discussed with the community, the local
government, the police authorities, the armed forces and so on. Of course, all these precautions are
entirely justified. But other installations, like oil refineries or chemical plants, are also dangerous.
However, the same precautions are not taken by their proponents, thus leaving the nuclear companies
in the same position as the `zealous aviation entrepreneur".

Probably an even greater threat than the nuclear reactor itself is presented by the wastes it generates,
although they are produced in very small amounts. All existing proposals to deal with radioactive
waste are quite similar and start by choosing a suitable geologic formation (after countless studies and
public hearings) as a final repository. In one of them, the waste is diluted and embedded in glass
blocks. Each block is then encased in a steel drum full of concrete. Once this drum survives gruelling
tests (broiling at 1 0000C for one day, ramming by a 150 km/s locomotive), it is pronounced safe for
burial.

Well, man has lived with toxic waste from immemorial times. Toxic chemicals are produced and
disposed of in increasing amounts. Some are so dangerous that even minute quantities are capable of
killing thousands. However, stricter regulations and a plethora of safety measures managed to reduce
their risk to a minimum. But none of these regulations and measures compare with the almost sacred
awe towards nuclear waste. It can be argued that the world will not become less safe if nuclear waste
is treated like all hazardous waste, but it will be rendered unfeasible if all hazardous waste is treated
like nuclear waste.

This is an area in which the common man's viewpoint should be heeded. He knows that highly-
poisonous wastes are carefully sealed in steel drums that are later buried in engineered repositories,
and he is satisfied with that. When confronted with the way nuclear waste is treated, can he be
condemned if he thinks that, judging from the extreme precautionary measures taken, nuclear waste is
so utterly dangerous that not only kills but also leads to eternal damnation, so that all nuclear activities
should be immediately stopped? The irony is that all these precautions stem from the nuclear sector's
safety culture. The philosophy behind radioactive waste management is that it should be disposed of in
such a way as never to present any threat to future generations. This is clearly ideal, but negates future
generations' ability to deal with environmental problems, besides being a highly questionable goal.
Once again the "zealous entrepreneur" comes to mind.
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4. Suggestions

It is commonly said that Caesar's wife must not only be virtuous, but above all look virtuous'
However, if Caesar's wife roamed the streets of Rome proclaiming her virtue to the sound of drums
and trumpets, the citizens would have all the right to be suspicious. So this is the nuclear
establishment's present conundrum: it must assure the world that its activities are not unbearably risky
without emphasizing safety, even though the potential risks have been raised by the nuclear sector
itself. How is it to proceed?

In the first place, safety details can be presented in such a way as not to call attention to safety.
Everybody knows what an electric switch is for, but it is in essence a safety device: connecting and
disconnecting two wires would do the same job, but with a switch the risk of an electric shock is all
but eliminated. By the same token, a nuclear reactor's containment building must withstand the
collision of an aeroplane not only for safety reasons, but also to safeguard a one-billion-dollar
machine. And X-rays exposures must be controlled not only due to radiological risk, but also to reduce
costs and obtain better images.

Secondly, information, albeit accurate, must be conveyed in the simplest terns. If possible, a condition
should be stated as either safe or unsafe, acceptable or unacceptable, and so on. Brazilians remember
quite well when the government imported milk in 1987 and that this milk was branded as radioactive
(some called it "Chomnobyl milk"). Instead of commissioning one single laboratory to analyse the milk
and issue a simple verdict on it (safe or unsafe), officials allowed the release of several different
figures for the presence of radioactive materials in milk samples. Confronted with strange names like
becquerel per gram, microsievert, permissible doses and, above all, with the conflicting results the
laboratories periodically released, the population simply stopped consuming milk, thus risking
malnutrition.

Thirdly, unnecessary connections between radiation or radioactivity and risks should be avoided. For
example, well-meaning researchers have shown that tobacco contains natural radioisotopes (which is
not surprising), but ended up by spreading the idea that smoking is harmful not because of nicotine or
tar, but due to the inhalation of radioactive materials. And why stress all the time that a nuclear reactor
will never explode like an atom bomb?

Finally, truth must prevail. Nuclear risks must be analysed, presented and dealt with accordingly, i.e.,
all safety procedures and their costs should be well justified. What is the point of telling a community
that hundreds of millions of dollars are being spent to prevent an accident which is highly unlikely to
happen anyway? And what will be the position of the nuclear establishment if something wrong does
happen? Unfulfilled promises are by far the worst publicity.

5. Conclusion

The nuclear establishment disseminates the idea that it is a victim of the media, environmental groups
and others that have put the public against it. Perhaps it is true. But it can easily be argued that after
calling the attention for so many years to the safety aspects of nuclear activities and waging a
campaign for the control of radiation doses that bordered the paranoia, the nuclear establishment has
nothing to complain about: the 400-plus nuclear reactors that produce about one-fifth of the world's
electricity, the nuclear fuel reprocessing plants still operating and the current use of radioactive
isotopes are clear indications that if the public is not exactly enthusiastic about nuclear activities, at the
very least it tolerates them. There is a universal tendency to take with a pinch of salt all concerns with
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safety, especially if they look exaggerated. It is quite probable that the common man thinks that
nuclear and radiation specialists have gone too far in their quest for safety.

In all, the nuclear sector, since it deals with palpable risks, must have a well-developed safety culture,
which is certainly the main reason behind its fantastic safety record. However, this concern with safety
seems to have crossed, at least on some occasions, the threshold that separates care from obsession. At
a time when the world is beginning to feel that their energy needs will not be met by fossil fuels or
hydroelectricity without significant environmental damage, nuclear energy appears as the obvious
choice to bridge the gap to a time when more convenient energy forms are available. Food irradiation
with gamma rays may be the answer to the pressing needs of agribusiness. Newer medical techniques
using radioisotopes will extend the lives of millions, helping in the diagnosis and cure of many of
today' s fatal ailments. All this can only be possible if the common man perceives nuclear activities as
risky but manageable (which they truly are). This perception, for its tumn, can only be possible if the
nuclear establishment exploits the advantages of its safety culture without looking obsessive towards
it.
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Abstract. The Safety Culture Change Process Performed in research reactor MARIA is described in
this paper. The essential issues fulfilled in realization of the Safety Culture Enhancement Programme
are related to the attitude and behaviour of top management, co-operating groups, operational
personnel, relations between the operating organization and the supervising and advising
organizations. Realization of this programme is based on changing the employees understanding of
safety, changing their attitudes and behaviours by means of adequate training, requalification process
and performing the broad self-assessment programme. Also a high level Quality Assurance
Programme helps in development of the Safety Culture.

The culture change process

The Safety Culture as a part of material culture is conditioned and developed in historical
process and the level of culture is the function of industrialisation level, social-political
relations, economical development and so on. The feeling of culture and its understanding is
highly dependent on ethnic and national group, so also the culture change process must be
dependent on these specific circumstances. The attempt on standardization of mechanisms by
which we will try to change the culture seems to be unusful.

The culture change process should be conformed to national culture.
The most important factor in creation and development of Safety Culture is that it

influencing the people awareness and its modification which allows to increase the Safety
Culture understanding and creation of the processes which help the people to achieve this
goal.

By the conventional training, system of motivation it is possible to create some
attitudes, to respect the procedures, to respect the principle of behaviour i.e. the factors
increasing the nuclear plant safety but they are only derivative issues of Safety Culture.

The process of development and improvement of Safety Culture contains the following
issues, which we've considered as the most important and our efforts are focused on it
achieve:

- Visible commitment of the management of the Reactor Operation Department to the
improvement of Safety Culture.

- Involvement of the co-operating groups (project office, safety analyses and reactor
measurement service, maintenance group) to increase their safety improvement.

- Improvement of co-operation with supervising and advising organizations such as:
Regulatory Body, Safety Committee, Inspector of Nuclear Safety and Health
Physics, Inspector of Quality Assurance.

- Involvement of operational personnel to improve the safety.
- Adequate training as an important factor improving safety.
- Introduction of the broad self-assessment process.
- Improvement of teamwork.

These issues are realized in the first stage of programme of improvement Safety Culture. In
the second stage the elaboration of the system of performance indicators for assessment of
Safety Culture is foreseen.
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Safety Culture Enhancement Programme

1I.l. Commitment of the top management of the Reactor Operation Department to the
improvement of the Safety Culture

The top management must show the personnel why the improvement of Safety Culture is very
important, what negative consequences can be created as the results of low level of Safety
Culture. As often as possible should to be underlined the high significance of Safety Culture
in the time of training, exams, organization of work and so on. Senior manager is a member of
examination commission for requalification of personnel, which gives him an opportunity to
verification the meaning of the Safety Culture concept and to record these questions which
weren't properly understood. After they are being discusses in the time of training sessions.

11. 2. Involvement of the co-operating groups (project office, safety analyses and reactor
measurement service, maintenance group) to increase their safety improvement

The good practice performed in Reactor MARI Operation Department is to invite the
personnel of these groups to training meetings where the safety related problems are
discussed. Such common meetings help the people to aware the importance of well performed
work and it influence on safety. It's very important to aware what can be the consequences of
badly done even the small work.

113. Involvement of operational personnel to improvement of Safety Culture

Engagement of operational personnel to improvement of Safety Culture is very
important and without it the process of Safety Culture change is unrealistic.
For this item we convoque many efforts and time.

Realization of it is carried out by following means:
a) Promotion of openness attitudes what help to avoid the cases of hiding the errors and

events. Errors related to safety are considered as an opportunity to improve the safety
through experience feed back. All detected defects and organizational errors have to be
reported, after their analysing the lessons learned must be drawn. To obtain this goal it is
necessary to aware the people that even small error if it has been analysed can by the
source of knowledge which can be useful in development of safety. The error hidden by
one person can be repeated by the second person. The important item of this question is of
course the adequate system of reward and sanctions. The sanctions provoque to hiding the
errors.

b) Taking into account the themes of training to be requested by employees. This gives us an
opportunity to clarify the questions bothering the employees. Each training is ended by
discussion which gives the opportunity to compare different points of view on Safety
Culture and to choose the optimal solutions.

c) Performing the requalification process.
All licensed personnel: shift supervisors, reactor operators, health physicists, I&C
operators, mechanics, electricians have to pass the requalification exams.
Requalifications is performed in every three years for shift supervisors, and in every two
years for the rest of personnel. The exams are oral, because this gives the excellent
opportunity to verify the understanding by employees the safety problems and the
relations between their work and the reactor safety. Only the oral exams give this
possibility. For experienced personnel this kind of exam is more reasonable then the test
exam.
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11.4. Open and partnership co-operation with supervisory organizations

The role of Regulatory Body and others supervisory organizations is important to
improve Safety Culture but the co-operation between these organization have
to be correct.

There are three external bodies supervisoring the reactor MARIA:
- Regulatory Body (Level of National Atomic Agency);
- Inspector of Nuclear Safety and Health Physics (Level of Institute of Atomic

Energy);
- Inspector of Quality Assurance (Level of Institute of Atomic Energy).

We promote the open and partnership co-operation with this bodies, they are invited to
discuss all problems related to safety, all new projects and modernization plans are negotiated
with them. The inspections are always announced and their programme is determined. The big
projects are discussed by Nuclear Safety Committee which is composed of specialists of
different fields. Nuclear Safety Committee is the highest level endorsing board appointed by
IAE Director.

11.5. Adequate training as an important factor improving safety.

Training is performing in such a way that it enables to increase not only the knowledge
but also to change the personnel understanding of safety, attitudes and behaviours. To realize
this goal it's very important to have the high level trainers who can not only transfer the
knowledge but also are the agents promoting Safety Culture. The trainers have to be an
authority on nuclear safety. To underline the importance of safety quite often the members of
Nuclear Safety Committee are the trainers.

Very important item is also an adequate composition of training programme. The
themes of training are chosen in such way that they enable to increase an understanding of the
Safety Culture.

Frequent themes of training are:
accidents which happened in nuclear reactors and analysing the reasons of these

accidents, particularly if the human error was involved;
unplanned shut-down in our reactor with detailed analyses;
disturbances and defects in our reactor;
presentation of new projects and modifications.

I 6. Broad selff-evaluation process.

The managers of services analyse disturbances and unplanning shut-down occurred and
present this in the timne of training. Lessons learned serve to undertake the actions which
resolve the problems before they will appear. Errors are also an opportunity to improve safety.
The Officer of Quality Assurance verifies the reports of performed verifications, tests,
calibrations of measurement devices and their accordance with the schedule contained in
Quality Assurance Programme. He verifies the registration in the cards of disturbances, the
safety documentation, updates of procedures and so on.

Essential item of self-evaluation are quarterly reports on reactor operation. These
reports constitute a proof of operation of the reactor in accordance with Safety Analyses
Report and Quality Assurance Programme. The reports are accepted by Inspector of Nuclear
Safety and Health Physics and after they are approved by Director of LAE and sent to
Regulatory Body.
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11.7. Improvement of teamwork

Correct preparation of tasks is one of many important factors influencing the Safety
Culture. Each task is based on standard procedure or if it is unusual task or project it must be
realised according to an individual Quality Assurance Plan. In these documents the detailed
organization plan is presented and the responsibility for each employee is clearly defined.

It is the first, essential step which have to be fulfilled if we want to achieve satisfactory
teamwork, particularly when a task is complex. The second step it is to make an appointment
of all employees involved in execution of the task before the task has been performed. In the
time of this appointment the task and the way of it realisation is presented, all unclear issues
are discussed and first of all these related to safety. This gives a guarantee that all employees
properly understand their role in execution of the work. These two steps are essential in
achieving the high level of teamwork and in consequence high level of Safety Culture in
performing the task.

The additional mean in improvement of teamwork it will be the training on
understanding of group behaviour, interpersonal relations and the means of resolving the
conflicts inside the group. This training should especially be addressed to managers.

Continuous improvement of Safety Culture

Always can be better then it is now, this is the motto which we repeat the employees.
The continuous improvement of Safety Culture can be realised only when both the
management and the employees will be genuinely interested in this. We do the efforts that the
suggestions of improvements, both these related to equipment as these related to procedures
would be initiated by employees. This gives the guarantee for the better engagement of
employees in safety improvement process. The man who sees that his initiative is appreciated
and realized will be more committed in performing his tasks.

Important aspect, applied in our reactor motivating the employees to creative attitude to
Safety Culture is appropriate system of rewards (bonus, foreign mission for training and
technical visit). Also the paths of promotion, depened on employee attitude and his
commitment to improvement of Safety Culture.
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Abstract. The qualitative and quantitative leap recorded by economical companies after the
Romanian Revolution occured in 1989, has positively influenced the functioning of the workplaces
and working environment by incresing the employees' occupational safety, well being, health and
results of their activities. In fact it has determined a new approach of safety culture. This has resulted
in a change of attitude: from rescue to prevention.

1. Introduction

Safety culture is a term used to identify an overall approach to manage safety within an
organisation. Safety culture consists of shared belief, practices and attitudes, which are
deemed to characterize the organisation. Culture is the atmosphere, the invisible force which
shapes our behavior.

The first thing to recognize about safety culture is that it cannot be quantitatively measured.
Instead, it is more appropriate to survey attitudes and observe employee and management
behaviors and the quality of the work process on the other hand.

Reviewing the way safety culture is achieved, we can conclude that it results from:

• management and employee attitude
• policies and procedures
• supervisory responsibility and accountability
• safety planning and goals
• actions in response to unsafe behavior
• employee training and motivation
• employee involvement

Safety as well as the work performance are functions of behavior. Behavior is a function of
attitude. Therefore the right attitude is the cornerstone of a safety culture. Thus, safety culture
should starts during the hiring process. To hire the right people, people with the right attitude
should be an important requirement of corporate management.

2. Safety culture in a high centralized economy

Safety culture should be adopted by management. But divisional and corporate management
is held responsible and accountable for both production and safety.

In a country with a high centralized economy, as Romania was before 1989, the major
objective of the economic policy was the production increasing with a high productivity in
any conditions. The principle "safety is topmost priority" was substituted by the assumption
that danger does not really exist or, if so, only for beginners but not for experienced people.
As result of this assumption, our rules had provided the employee training as a part of hiring
process, but often the employees training appeared to be inadequate. As per the companies
programs, knowledge refreshment was provided, but the productivity items did not permit to
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spend an unproductive time. The mechanism of cost reducing and effective productivity
increasing by reducing the number of accidents was not known as a viable one. Cost - cutting
mania was sweeping through companies. Spending time and money on health and safety was
not the agreed solution. Under planned economy conditions, in the companies, managers had
often told workers that no additional costs would be incurred in maintaining a safe
workplace. A variety of symptoms identified the absence of, or breakdown in safety culture.
This situation may not be defined as a safety issue.

Beginning with the first work days, safety norms did not become salient in the minds of the
people involved. But other issues were salient, such as efficiency. Improper selection of
equipment or material, poor maintenance of facilities or equipment added to unsafe behavior
resulting in a near-miss, injury or fatality.

Different situations activate different goals, norms and identities. These lead to situational
ethics where norms are violated because they do not appear relevant to the situation at hand.
Safety was not seen as an integral part of the workplace. More, when a fatal accident
occurred it was hidden for good and all. The leadership ears should not learn of it. Employees
were afraid to report accidents or injuries. Management "hided" behind the chain of
command. Top-management was unaware of the real condition of the company and
employees.

Lack of consistency in worker attitudes about what issues are important and unwillingness to
face difficult problems or correct them are two important symptoms of safety culture
problems.

Reviewing any of the components of a safety culture mentioned above, a conclusion is clear:
the absence of safety culture is quite visible in the former Romanian economy. The rescue
was the only action performed in an accident situation. Rescue was the only feature of safety
and health activity. This concern may characterize the workers attitude in former Romanian
companies.

3. Developing a safety culture in the new political era.

The changes occurring in Romania after the Revolution of December 1989, called for
fundamental and structural modification of life quality. The new economic look, the new
relationship with the external strong companies have led to a really safety culture.

There is no consistent and visible prescriptive formula for developing a strong safety culture.
The choice of practices for developing an improved safety culture takes into account the
existing weakness. To create a safety culture is a process involving many elements or
sequence:
• individual awareness of the importance of safety got through communication, safety

posters, warning signs
• knowledge and competence conferred by education and training
• commitment requiring demonstration of the high priority of safety
• recognition through observation to understand the objective of work and to know the

methodology for completing the task
• corrective action and change through investigation of accident and near-misses and

behavioral changes
• accountability through safety goal and activities
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a results and benefits through reduced costs and increased productivity
These steps are now under development in most companies. When all these steps have been
successfully taken, then we can truly affirm that safety culture exists in the company.

It can be appreciated that changing an existing culture has been a difficult process, because
change may result in a temporarily increase of uncertainty. This change is product of a long
learning process, during which an organization has to develop accepted ways of dealing with
its problems.

Each important company has created an appropriate corporate management. The safety
culture has formed as the management component. Divisional and corporate management
actually has became responsible and accountable for both production and safety as "one of the
same". The safety culture has begun to embrace all aspects of the organisation's way of doing
business. Safety becomes the "way of life" for all employees at every level of the company.

Important changes become visible. When implementing a change in an employee's behavior
should clearly identify the behavior to be changed and explain the basis of that behavior and
the benefits of change.
When implementing a change in management system it is necessary to re-train employees
relative to any new equipment, materials or procedures. The results of the changes will be
monitored and the productivity enhancements can be quantify', a feedback on progress must
be provided on a regular basis.

To hold employees accountable, they must be trained on a regular basis. The three elements:
knowledge, skill, attitude must be in balance for successful training. Training is on-going, it
never ends. The training sessions are more effective by using actual equipment and getting the
employees involved, not looking in from the outside.

There are many results and benefits already proved from a safety culture for both the
company and employees:
• direct and indirect costs of accidents as well as overall operating costs are reduced
• productivity improves when accident are prevented
• profit margins increase when accident costs go down
• job security, job satisfaction

Safety banners can be seen more often in our companies such as "Preventive Maintenance
First", "Safety Before Profits", "Safety is Everyone's Responsibilities", "Safety First", "Think
Safety". They express the essence of safety management and they give the message that
accident prevention is primarily the responsibility of individual workers.

The actions to be performed are guided by corporate management for:
-avoiding hazards through design conception and completion of the installation
- assessment of the risks which cannot be avoided
- preparing specific norms
- employees training
- ensuring a competent control over the system operation.

Since accident prevention has been defined by management as an individual worker
responsibility, it is often a subject of employee involvement programs. It is recognized that a
safer workplace has been created in majority of our companies. It can be argued that the
primary thing that has usually changed is that the reporting of injuries has been reduced.

241



Good maintenance, inspection and training programs act as a preventive measure reducing the
probability or severity of an accident.

The analysis of accidents at work determines prevention measures, which are implemented.
Prevention is an important function of corporate management in safety culture. Now, it is
recognized that the cost - benefit analysis of preventive measures shows an undeniable
benefit of the prevention actions if they are well designed and performed.

4. Nuclear safety culture - a high performance work system

The concept of safety culture or a safe conscious work environment takes a different view in
high reliability organizations such as in the nuclear field. The idea is to couple safe behavior
with safe work process. This means creating an environment where everyone is actively
involved in safe work process and incorporate the concept of "defense in depth" into the work
process.

Safety culture is seen as an important factor for an effective regime in nuclear power plants.
The IAEA definies safety culture as the "assembly of characteristics and attitudes in
organizations and individuals which establishes that, as an overriding priority, nuclear plant
safety issues receive the attention warranted by their significance". For this domain, more
than anywhere else, safety culture requires all duties important to safety to be carried out
correctly, with alertness, due to thorough and full knowledge, sound judgement and a proper
sense of accountability. All those engaged in matters related to nuclear safety are likely to
insist that what is described is entirely characteristic of their own approach.

I have to let you know that, fortunately, in our company - the owner and operator of the
nuclear power plant, safety culture was created in the new era, when the social - politic
framework has already been changed. The management duty has been easier than changing an
existing conception.

The special training carried out by all people involved in nuclear power project have given the
concept of safety a greater meaning than just compliance with safety regulations. It
emphasizes the reduction of risk and uncertainty that hinders safety and reliability. The basic
underlying assumption is that when employees are working safely, they are considering the
risk of their actions, are aware of their environment, and are prepared with contingencies.

Some concepts and action are found in our nuclear plant as elements of safety culture:
• unqualified commitment to safety as a behavioral pattern and pervasive way of life by top

management
• for all employees, safe life patterns and work habits are as normal as breathing they must

be practiced off the job as well as on the job
• availability of quality, standardized equipment with which to accomplish the assigned

tasks
• clear, easily understood operating procedures, followed without deviation
• inclusive system of communication for collecting, analyzing, and exchanging incident

data related to safety
• re-training without penalty or stigma when safety is involved
• system for tracking incident and accident data, analysis of trends, and feedback of results
• peer acceptance that accidents are preventable, regardless of operations
• peer acceptance that safety is a matter of lifestyle - a matter of culture.
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The Cemnavoda Nuclear Power Plant has been operated safely through a period of five years.
No event affecting nuclear safety has occurred. No event was rated higher than the first level
on the NES scale. These aspects give a valuable indication of that safety culture is
successfully developing and confirm the effectiveness of specific management action in
relation to safety, achieved by a continuous process of growth and maturity.
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