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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.
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FIG. 3 )Ie indexese of nh~ atio2a1 FIG., 4. EN's sihcuitn i can lobal nee
Ifh tors USS(
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