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Introduction

A integrated management system encompasses all management and assessment activities.
In this context, quality management(QM) and dependability management (DM) as well as
safety management and occupational health have an increasing importance to enhance the
safety and safe operation of nuclear installations like nuclear power plants and radioactive
waste repositories, to determine appropriate maintenance and testing activities.

The integration of DM, QM, safety management and occupational health into an integrated
management system is shown for structures, systems and components of waste repositories
because they have to fulfill reliability requirements derived from comprehensive safety
assessments, and these structures, systems and components (such as transport vehicles
and stacker trucks for the underground emplacement activities) are especially manufactured
for this purpose and are not series products.

QM institutes a QM system which ensures that there are clearly defined and auditable
procedures. The requirements are written down in specifications or operation manuals
and/or maintenance manuals. The QM system provides assurance that the installed
structures, systems or components meet and continue to meet the prescribed goals with the
help of DM and that safety management and occupational health specified requirements are
fulfilled.

DM focuses on the use of engineering analyses, assessments and methods to improve the
design, specification, construction, dependability and operation of important systems,
structures and components. DM helps to define specified requirements for the design,
manufacturing & installation, operation & maintenance of items which assure that it exhibits
defined levels of reliability, availability and maintainability which are acceptable.

Details to safety management systems and occupational health and safety systems will be
outlined further on.
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Safety management system

The safety management system comprises those arrangements made by the organization
for the management of safety in order top promote a strong safety culture and to achieve
good safety performance. A safety management system has two major aims, first to improve
the safety performance through the planning, control and supervision of safety related
activities through all operational phases and second to foster and support a strong safety
culture through the development and reinforcement of good safety attitudes and behavior in
individuals and teams. Typical elements of a safety management system are the definition of
safety requirements, planning and supervision, implementation review as well as
identification and implementation of corrective actions [1].

Expectations of the supervisory authorities regarding the safety culture in nuclear power
plants can be summarized as follows [2]

- the licenses should establish a safety management system,
safety issues are dealt with highest priority,
the licenses have the aim to promote and supervise safety culture.

As elements of such safety management are, in particular, identified [2]:

quality management,
human factor system,
experience feedback,
deterministic and probabilistic safety assessment,
surveillance of plant operation with respect to safety,
strategic plannings for a further development of safety.

Such a safety management should

clearly define goals,
describe taskes, procedures, and processes and implement them
record the results of the reviews and use them for further improvements.

Any activity in the topic of safety management must rest on the principle that the licensee is
responsible for the safe management of its plant and, by no means, the regulator should
undermine this principle. But the regulator, in particular in deregulated environments, has to
be sure that the utility has the appropriate tools to self-assess its effectiveness in
management activities impacting safety. In addition the regulator should be ready to step in
response to safety/risk concern and do independent analysis if the licensee is not living up to
its responsibility. To be able to accomplish these goals, both of them need to make sure they
have incorporated in their tools the knowledge derived from a scientific assessment of the
role of safety management in the context of overall nuclear facility operation.

Also CNRA has recognised the relevance of the topic of safety management and safety
culture, and its increased importance on an environment of deregulation.

CNRA stated that a significant knowledge base has been developed in the last decades by
the management and behavioural sciences. This knowledge has been applied successfully
to improve understanding and results, not only in the corporate world but in every field where
human action takes place, whether individually or collectively. It should follow that nuclear
safety should be obtaining whatever benefit reasonably possible from that knowledge base.
Eventually this question may become a social demand for a better regulatory action or could



be pointed out as insufficient in the case of a significant event that could be traced back to
causes related to non adequate Safety Management. On the other hand, as regulators, it
might not be trivial to assert, today, that a reasonable look for significant improvements has
been performed, derived from that knowledge base.

To adequately consider this question CNRA formulated the need for a scientific assessment
of the issue of management of safety.

This assessment should cover

- the identification and selection of self-assessment organisational models and
methodologies being used; comparison or, if possible, benchmarking of results of the
different methodologies; identification of areas for further development,
incorporation on present self-assessment methodologies of the advanced approaches
identified in the assessment of the management and behavioural sciences knowledge
base.
Comparison of recommendations based on good-practices approaches with insights
derived from models and self-assessment methodologies being used; this may help
underpin the present safety culture approaches.
Review of the application of business excellence models to the management of safety.

Reviewing operating experience is one of the main tasks for plant operators in their daily
activities. Therefore, self assessment should be at the centre of any operational safety
performance programme. The primary requirement for a self assessment programme is to
develop a systematic and continuing process that evaluates the status of the plant, systems,
equipment, personnel, procedures, policies and practices. Thus, this self assessment
process should be proactive in nature with motivation and support at all levels of plant
management and personnel.

A self assessment programme has to ensure that it is effective in monitoring operational
safety performance and that timely, corrective actions are taken to improve performance in
due time. Thus, potential weaknesses can be detected and often resolved well before they
degrade any margin of safe operation. Self assessment also helps to identify and overcome
process weaknesses and obstacles to the achievement of safety performance objectives. An
effective self assessment programme should strive for self improvement, rather than
demonstrating minimum compliance with codes and regulations. Experience has shown that
integration of operational experience feedback within the self assessment process provides
a positive benefit to overall plant safety. Part of this operational experience feedback should
be the assessment of low level events and near misses which are far below any regulatory
reporting criteria but allow to identify precursors to declining safety performance.

Figure 1 shows the general features of an effective operational safety performance
programme [3].
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Figure 1 : The general features of operational safety performance

Occupational Health and Safety

The British Standard BS 8800 "Guide to Occupational health and safety management
systems" [4] is an approach which is based on the ISO 14001. Beside the specific health and
safety requirements one can find basic quality system elements and the need for continual
improvement which is a basic requirement of the ISO 14001 standard.

The British Standard offers guidance on:
• The development of occupational health systems and management systems and
• The links with other management systems standards.

The Standard based on the ISO 14001 approach encompasses the following elements. It
starts with an initial status review of their existing arrangements for managing the
occupational health and safety system. This review will provide information for the decisions
on the scope, policy, planning, implementation and operation and last not least checking and
corrective action. The initial status review answers the question "Where are we now"!
Starting from there the next steps as pointed out before can be planned.

Similar approaches were performed by different German federal states, like Bavaria and
Hesse. Here guidelines for a occupational health- and risk-management system were
developed which focus - besides occupational health - on the safety of equipment. A safety
management system protects the health of the employees, increases their motivation to act
in accordance with occupational health and safety systems. The introduction of such a
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system leads to increasing cost in short term but with the reduction of work accidents and
working hours lost through absenteeism to decreasing cost in long term.

/Checking and
/ corrective action

Figure 2: Elements of an occupational health and safety management system [4]

The approach of the State of Bavaria is called "Occupational Health- and Risk-
Managementsystem", the word risk is used in the sense of occupational safety for systems
and components with a high risk potential. It encompasses the following elements: tasks and
responsibility of the management, the management system, duties, prevention, auditing,
surveillance and corrective actions, rule for emergencies, procurement, control of documents
and personal. One aim is to reduce accidents and stoppages, and increase working hours.

One can find safety management approaches not only in the nuclear industry. In the petrol-
chemical industry a management system for safety, health and environment was introduced.
Contractors working for this industry need to have a certified safety, health and environment
management system and are called "Safety Certificate Contractors". Auditors follow a
uniform checklist which cover topics as occupational health, workers and management's
qualification, regular instructions, project specific procedures, control system of work
accidents. One main objective is to reduce work accidents.

It has been shown nowadays that technical reasons are not always as important as
organizational and behavior failures, the so called risk in this approach, especially for small
and medium enterprises. The opinion about standardization of occupational health and risk
management systems differs. ISO proposals exist, but so far a an international standard was
not introduced. It would be far better to integrated the occupational health and risk
management system requirements into an integrated management system.

A new certifiable safety standard would force the employers to more audits, new certifying
bodies have to be founded etc. Therefore, an approach via a new standard doesn't seem to
be sensible, but it would make a lot of sense to include the occupational health and safety
management requirement in the ISO 14000 standard, following the British approach or in the
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ISO 9001 standard. The draft of new ISO 9001:2000 standard [5] states requirements for the
work environment like occupational health and safety within the resource management and
encourages to integrate requirements of other management systems into the quality
management system.

The connection of Standards between dependability and quality is planned to be cut so that
there will be no longer a direct connection between the ISO family and the IEC 300
Standards. In future the dependability requirements have to be integrated in the QM systems
as stated above.

Requirements on the design and operation of a planned repository for
radioactive waste

One example of applying a dependability program is the procedure used in the design
process of a repository for radioactive waste. In this context, quality is a measure to define
the characteristics of equipment, systems and components as required for compliance with
stipulated requirements mainly resulting from a comprehensive incident analysis as one
important part of the safety assessment. Many requirements are derived on the repository
design, in particular on the design of transport and handling equipment. These requirements
have to be fulfilled in order to ensure the necessary safe operation of the facility. On the
other hand the incident analysis and its probabilistic evaluation allow a classification of
quality assurance (QA) areas in a reasonable and traceable manner.

Within the safety assessment for a waste repository, the possible events in the above-
ground and underground part of the repository have to be identified, assessed and
classified. This procedure has resulted in the definition of two classes:
class 1 events, i.e. events limited in their radiological effects by the plant and/or waste
package design, and
class 2 events, i.e. events practically excluded by the plant and/or waste package design [6].

The necessary protective measures against the class 1 events are regarded as having been
taken if the potential radiation exposures in the environment of the plant, which have been
determined for these events, are below the incident dose limits set in the German Radiation
Protection Ordinance. This must be guaranteed by the design of the facility and by the
requirements on the waste packages.

For the second class of events no radiological calculations are required, but it is necessary
to demonstrate that the specified precautions have been taken. The events concerned are
either prevented or controlled by these precautions.

The following specific requirements were evaluated for the planned Konrad repository in a
reliable and traceable manner [6]:

• Limitation of the velocity for several types of plant internal transport systems (Lateral
stacker truck, transport vehicle, stacker truck)
For example the driving velocity of the stacker truck is limited to maximal 2.78 m/s. In this
way, possible mechanical impacts on the transported waste package during a drive
against the stops are reduced.

• Top limit of the lift (Bridge crane, Portal lift truck, Stacker truck)
The height of lift during crane operations is limited in such a way that the transport unit
can only drop from a height of 3 m at maximum onto the floor. This upper limit of lift
ensures the boundary conditions of the radiological calculations. Due to the dimensions in
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the emplacement room in the deep underground (about 6 m high), the maximum drop
height of the waste packages is limited to 5 m.

• Limitation of fire loads
The fire loads of the transport truck are limited to about 700 litre oil and about 1,700 kg
rubber. The fire extinguisher aboard is equipped with thermometer probes and separate
fire extinguishing nozzies for motor, transformer and gear unit. It is designed for two
extinguishings and is triggered by tackles which are arranged at both sides of the vehicle.
The fire alarm is performed by thermometer probes to an operating mechanism. It is
indicated inside the drivers cabin by a fire warning lamp and outside acoustically by a
horn.

• Design of the above ground structures of some facilities regarding fire and earthquake
impacts.

DM requirements for the planned Konrad repository

The safety assessment deals with the design of the respective repository and with the
question as to whether the technical concept is balanced with respect to safety, in particular
for the operational phase of this facility. In this context, the requirements described above
have to be fufilled and respective DM measures have to be implemented.

In order to demonstrate the safety-related balanced concept it is an usual way in nuclear
technology to apply probabilistic safety considerations in order to investigate the frequencies
of occurrence of all relevant events.

The frequency of occurrence depends on the degree of reliability of the structures, systems
and components because the reliability data are input data for the safety considerations.
This fact leads to respective requirements on the structures, systems and components which
have to be fulfilled in order to ensure the correct modeling within the incident analysis.
Therefore, one important part of quality management is to check whether the design and
reliability of the structures, systems and components are in compliance with the
requirements resulting from the safety assessment.

For probabilistic safety considerations of facilities for the processing, storage or final disposal
of wastes, both the plant design and the waste properties have to be taken into
consideration.

The calculations of the expected frequencies of occurrence of safety significant events was
the goal of the probabilistic procedure. In a first step, the associated reliability data were
determined. Because operational sequences of a waste repository are similar to those of
conventional loading facilities and mining techniques, failure sequences and probability data
were derived from these conventional sectors. The data used were made available - among
others - by authorities, insurance companies, and expert organisations.

For events relating to the hoisting plant, the operational experiences of the last 35 years with
mining in the Federal Republic of Germany could be utilised to a large extent. Operational
experiences with trackless operation and with storage on an incline (emplacement) in potash
and salt mining were available for the determination of the reliability in the underground area
of the facility. Operational experiences with comparable industrial enterprises as well as
statistics and investigations with comparable initial tasks are the basis of reliability data for
the above-ground facility area.
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In a next step, the frequencies of occurrence of each incident were calculated on the basis
of the determined reliability data.

As explained these frequencies were statistically generated using conventional technology.
The events were often chosen without considering the stringent design requirements based
on the current state of the art of science an technology for the planned Konrad repository
(conservative approach). Most of the events considered for generating the reliability data
occurred because of high productivity and because of shift and piece-work. The training level
of the persons involved in the events could in most cases not be evaluated. Consequently, it
must be assumed that the conditions are very different to those in the planned Konrad
repository. These differences as well as the stringent design requirements for the Konrad
mine have mostly not been considered in determining the frequencies of occurrence. The
calculated frequencies can therefore be considered as upper bounds. The frequencies of
occurrence calculated for the various events show that the requirements on a balanced
concept with regard to safety have been met.

Because the result of the safety assessment are based on certain scenarios and reliability
assumptions, the basic plant conditions are converted into requirements on the plant design
and operational procedures which have to be reflected in the dependability management
programme.

All requirements are laid down in specific descriptions which are proved by the licensing
authority and its experts and which form the basis for the construction.

Based on the probabilistic safety considerations three different QA areas resulting in
different extent of quality management measures have been derived, in particular for the
handling, transport and emplacement equipment.

Integrated Management Systems

Requirements like quality, protection of the environment and safety are cornerstones in
today's business life. With the introduction of the ISO 9000 family at the beginning of the
eighties and the introduction of the environmental management system the need for an
integrated management system has become important. Integrated management means that
the management system is open and can integrate future developments like occupational
health and safety. An integrated management system has, therefore, the ability to add or
delete requirements, i.e. to react on changing requirements without rewriting the entire QM
manual. New requirements can be added easily at the respective interfaces and future
requirements can be integrated into the QM system depending on the chosen structural and
operational organization.

An integrated management system can encompass all 20 elements of the ISO 9001 quality
standard as well as those of the ISO 14001 environmental standard and safety requirements
as listed further on in this paper or those described in the British standard BS 8800 "Guide to
Occupational health and safety management systems" [4], as far as applicable. The
elements of any management system can be split up into as:

Policy
Plan
Do
Specific requirements
Check
Act
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In such a scheme new requirements can be added easily in the specific groups and into the
integrated management system. This has the advantage that one has to take care only of
one management manual and not of a quality management manual, environmental
management manual, occupational health and safety manual etc. For matters of continual
improvement the plan-do-check-act circle is implemented.

This door is will be opened with the new ISO 9001:2000 standard ( chapter 0.4 Compatibility
with other management systems). Here is stated, that the ISO 9001 Standard "does not
include requirements specific to other management systems, such as those particular to
environmental management, occupational health and safety management, or financial
management. However, this International Standard allows an organization to align or
integrate its own quality management system with related management system
requirements." In Figure 3 one can find the model of the process approach used in the ISO
9001 Standard. The requirements can encompass not only the ISO 9001 requirements but
those of all other relevant systems as well.

CONTINUAL IMPROVEMENT OF THE
QUALITY MANAGEMENT SYSTEM

Measurement,
analysis,

Improvement

Product

M

E

R

Figure 3: Model of the process approach [5]

Conclusions

In the past the specific management systems have been seen as different programs,
sometimes performed by different organisation units. Due to the recently achieved clear
distinction between for example QM and DM relevant actvities on the one hand and the
correlation between QM and DM, in particular regarding reliability requirements during the
operation & maintenance phase on the other hand, one approach is to integrate DM into QM.

Thus, today's QM having integrated DM should not be restricted to formal checks. If the QM
system is applied in an appropriate way and if the work done is in compliance with the QM
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procedures, QM is the basis for a safe operation and can provide proposals for the
improvement of the items as well as of procedures, because one important element is the
comprehensive experience feedback to all involved.

The integration of DM into QM has been shown for structures, systems and components of
waste repositories because they have to fulfil dependability requirements derived from
comprehensive safety assessments, and these structures, systems and components (such
as transport vehicles and stacker trucks for the underground emplacement activities) are
especially manufactured for this purpose and are not series products.

Hence, the evaluation of requirements of structures, systems and components during the
design and construction phase have to be based on dependability, safety and occupational
health data. The respective dependability and occupational safety has to be demonstrated
compared with available data from non-nuclear industry and mining. This allows to review
the dependability and occupational health data during the whole life cycle of the respective
structure, system or component.
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