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Abstract

For the qualitative part of the method for the Safety Culture assessment we
quantitative part was developed based on expert judgement and statistical methods. The
quantitative assessment should go in parallel with the qualitative part already presented. The
essential part is based on expert opinion which organizational factors are the most important
for certain risk significant components and how well are they implemented. The problems
with getting the ratings are described in the paper.

1.INTRODUCTION

Studying descriptions of old major accidents lead us to conclusion that in many cases
problems arise much earlier than the accident. Progression of a problem into an accident is
due to the organization as a root cause if it does not cope with the precursors timely although
the trigger or direct cause is in many cases human related error.

Contemporary hazard identification methods can reveal many hardware problems, less
human errors and least organizational problems connected with the process. Nevertheless,
the accidents do occur inspite all of the efforts and analyses. The completed analysis is not
the end of the safety improvement process, but is rather the beginning of it, focusing our
attention on the important components of the systems where improvements are needed the
most.

A qualitative upgrade for finished quantitative part of the safety analysis has been
developed based on the list of the critical components. These critical components are main
contributors to the plant risk and are common points for many activities of different staff
groups in plant (managers, professionals, supervisors, operators, test & maintenance people,
contractors, etc.) and are also the subject of Operating, Abnormal and Emergency
procedures, Technical Specifications etc. Normally the operators as highly trained personnel
are aware of their importance for the safe operation but this is not always true for the rest
of the people which interface with the components.

The main thing which is introduced in the nuclear power plant is division between
operators and non-operators and the other division between the safety and non-safety
equipment. These two divisions introduced in the organization of the plant singularities which
are in our view one of the sources of potential hazards.
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To be efficient in finding the problems and removing them we have to know where
to look and this is the major thrust behind our new method which incorporates the results of
probabilistic safety assessment, the philosophy of safety culture definition defined by the
INSAG-4 IAEA [1] and uses the principles and methods of the Hazard and Operability
Studies by adopting the expert meetings under leadership of an independent session leader.

To evaluate quantitatively we have to transform expert knowledge to numbers which
serve us for further analysis based on statistical methods. For the transformation we have to
use the expert opinion for which no consensus is needed. Differences in opinions are the
main point of our interest.

2. STEPS OF SAFETY CULTURE ANALYSIS

In the following section steps of the Safety Culture analysis are listed and the most important
definitions related to Safety Culture are described.

1. Collecting and analysis of past events and near misses

2. Selection of safety relevant events and actions and modifications for their repetition
prevention.

3. Incorporation of backfiting experience into training and in the procedures improvement.

4. Looking for latent weaknesses

5. Identification of important organizational factors that govern status of risk significant
components.

6. Evaluation of organizational factors

7. Finding the most critical organizational factors which form the safety culture.

8. Incorporation of the results into the PSA framework

2.1 HUMAN ERROR

As basis we have to accept the fact that human beings tend to err. No matter how
good they are, they are bound to make mistakes. When we accept this fact we must work on
the concept that the system has to be designed in such a way that it protects the errors to
develop in accidents and to prevent consequences of these errors.

This can be done on several ways neither of which is perfect but with the use of them
we can at least reduce the probability for events to evolve into serious accidents.

2.2 LATENT ERRORS

The characteristic of latent errors is that they do not immediately degrade the
functioning of the system but in combination with other events which may be active human
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errors or other random events in the environment they give rise to a catastrophic failure.

The categories of latent errors can be operational or organizational. The above
definition is a reason why we have to identify these errors in order to prevent accidents.

In the Nuclear Safety Report by the Inspector General of Electricite de France [19]
there is a description of USA 1160 MW PWR power plant transient from which there are
some lessons to be learned useful for the nuclear community and which are very much in
connection to the method described in the paper. The problems identified are connected to
- management methods, - clarification of the roles of the operators, - training of the
communication in the control room, - improvement to procedures, - equipment: definition
of priorities in the treatment of accumulated latent problems.

From the above example we can only confirm the most important lesson from TMI2 which
is that no matter how safe and redundant the design, no matter how perfect the procedures,
the operator remains the last line of defence.

The operators must ensure they understand and make full use of the tools available.
To be able to do this the plant personnel has to be involved in safety assessments and
evaluations and not only involved but also be informed with the results to be all the time
aware of the hazards threatening various sources. In this regard the organizational factors
identified are to be closely watched and enhanced. In order not to look in wrong directions
the method is oriented towards the risk significant components and towards the actions
connected to this equipment.

2.3 THE IMPORTANCE OF VERBAL COMMUNICATION

The verbal communication is the mechanism by which team work functions and it also
gives some insight into intermediate cognitive processes.

The differences in operating style are also reflected in the information content of
conversations between the operators.

Four types of communication links were found during simulation of transient:
"omnidirectional" (40%), "unidirectional" (45%), "team discussion" (6.8%), "external
communication" (8.2%). In some important scenarios external communications are of vital
importance and yet they are not normally trained except in rare occasions.

The importance of communication can be seen in different ways but the most
important are examples from which there is a clear message that communications were not
good.

The selection of people for the work in the nuclear power plant tends to find people
with stable character and communication abilities are being identified. Never-the-less the
ability not necessarily becomes the fact of every day routine. During the training process a
lot of exams are being done on written test manner which also does not improve the
communication ability. All of this is talking in favour of training the communication to be
able to communicate in an productive and efficient manner.
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2.4 THE IMPORTANCE OF WORK COORDINATION

During normal operation a lot of activities are being performed simultaneously and
they are being coordinated by the control room operating staff. As long as everything is
going as planned the activities are independent. As soon as something goes wrong a
dependence between these activities arise. If the dependencies are not recognized in timely
manner they create possibility for accident sequence to start. With close look upon these
parallel activities we can predict the possible influences between them and prepare the
personnel for such occasions.

3. QUANTIFICATION OF THE SAFETY CULTURE

To quantify safety culture we do not have very reliable source of information on the
parameters which form or constitute it. In this regard we have to rely on the expert opinion
of the experts participating in the qualitative process. Within the complex system such as
process plant or nuclear power plant there is a vast number of opportunities for failures to
stay hidden in the system. With the constant screening of the systems we can reduce the
probability for accident of such a cause.

The quantitative process goes along with the qualitative process. After each
component is assessed the experts are given possibility to rate the four factors recognized
during the qualitative process. Rating of the four factors is somehow controversial since
people are most sceptical and reluctant towards grades being given by the experts in technical
science and not in the behavioral science. The aim of this step in the method is twofold. The
first is to get the ranking of the factors from the good to the worst. The second is to get
personal opinion about the level of the factors from the experts participating in the process.
The experts put down on separate form their estimates (between the 1 and 10) of the
organizational factors from the result form (redundancy, communication, procedure and
control).

With questionnaire the estimates of the participants of the working sessions are
collected. With ten participants it gives forty estimates per component and 6000 grades per
hundred and fifty components.

What we want to know about these grades is to what level the experts agree on the
over the factors which describe the organizational level in the plant and give the ranking of
the most important organizational factors.

The best way to test the agreement among the experts is to change their estimates into
ranks and to calculate the Kendalls concordance coefficient which compares the sum of ranks
to the maximum sum of the ranks and is defined:

The maximum value of the sum of squares occurs when perfect agreement exists
between the experts and is equal to
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m2 (N3 - N)
12

so the coefficient of concordance W is defined as the ratio of S to the maximum
possible value of S and is

W = 12 S

m2 (N3 - N)

and takes values between 0 for total disagreement and 1 for total agreement between
the experts.

Table 1

No.
1

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

: Example of results for quantitative assessment of

j | Team member

Independent
|| session leader

1. Operator

2. Operator

1.Tester

2.Tester

1. Maintenance

2. Maintenance

1.Training

2.Training

1.Technical
management

2.Technical
|| management

Redundancy

60

30

85

40

55

60

70

50

45

65

55

Procedures

40

35

20

40

30

35

40

45

30

35

30

one component

Communications

30

25

20

10

25

20

15

15

20

25

20

Control

40

40

50

55

45

35

50

45

35

30

35

From the above example we can see that there are differences between the estimates
given by different experts. By changing the grades into ranks we can calculate the
concordance coefficient which is 0.77 thus giving us the information about the agreement
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between the experts. By plotting the means for factors over concordances we can spot the
components which are for the experts controversial and which need more of discussion.

From these estimates we get different indicators which can be calculated from
comparisons between the members of the groups by paired comparisons and between the
experts regarding the different factors across the components.

The final result is the mean value and standard deviation For the final result we have
a large number of data which give us the normal distribution.

As the final result we get the mean value and the standard deviation because of the
central limit theorem we will get normal distribution when combining different distributions
and also information which factors are critical over components and which departments will
have to improve some of the organizational factors. By comparing the grades of independent
session leader (who acts as control group in this case) with the grades of the experts we can
get the impression of the bias of the results gathered and if the differences are statistically
significant we have to find out what is the reason for such differences.

By grouping the components according to RAW values we get the information which
factors are most critical in certain region of RAW. If this factors are different we can orient
our attention to these components selectively thus using resources on the proper places.

Getting the final number gives us the reference point for the next evaluation rather
than to use the absolute number for comparing different plants. If this approach is used
within the organization it can help to improve the knowledge of the participants about the
critical issues and in the same time gives the data to the management to allocate the available
resources which will help to reduce the possibility for accidents.

Quantitative assessment is complement of the qualitative one while the grades give
the information how the experts think about the critical issues in numbers which is not
possible to get during the qualitative sessions. In our opinion this approach can give us new
information, although crude, it can warn us where we must be aware of hazards in our
systems.

In the end the estimates form the matrix of four parameters and N lines, N being
equal to the number of experts. For these data we calculate Kendalls coefficient of
concordance showing the agreement of experts ratings. This is the measure how much can
we trust the experts.

On the Kendall coefficient of concordance basis we can see to what level agreement
exists between the experts what is the level of safety culture.

The most important components have higher importances. In this regard we can set
the weights so that the factors for more important components get higher weights then the
ones for less important components. The most important component has according to this
gradation several orders of magnitude higher impact on safety than the ones from the back
of the tail.
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On the other hand also the not so important components deserve some attention. In
this respect we have to distinguish them from the first group in order to see whether the
problems with these components are similar to the first group or there is specific problem
related to them. With this kind of approach we can trace the problems in different groups of
components which have similar importance measures. There should be no major differences
between the groups. If there would be major difference we should investigate the reason and
find out what are the causes.

4. RESULTS

With suggested guide words approach connected to the critical components different
viewpoint on safety attitudes is defined. This enables the identification, judgement and
improvements of the most vulnerable places in the plant. Any potential overlapping of the
duties and points where clear split of the responsibilities is needed is thus revealed. Also, the
need for communication between and within different groups becomes evident.

In the quantitative part we grade organizational factors which influence safety culture
in two ways for the plant as a whole as well as for each component or group of components.
The differences in estimates and in Kendall concordance coefficients give us the alarm that
some improvements are needed prompting urgent action.

The idea is that we can defend the facility only against those hazards which we have
identified. Our proposed method of assessment of the organizational factors by the group of
experts from the plant under the coordination of an independent session leader would help
in this direction by pointing out the organizational problems which are spread through the
organization and which can produce hidden latent problems in the systems. The time needed
for such an assessment is very much shorter than classical safety assessment so we hope that
it would be useful for a number of potential users.

Based on the rates given by the experts we can make the new list of the components
which is based on the judged organizational factors. From the new list we can see which
components have changed the places from the first list. So from the second list we can
identify components which are below their original place in the list. These components
should be looked at once again to find out what is needed to be improved.

Components for which the same organizational factor is the worst can be put in the
same group since they are coupled by the same organizational factor. The level of coupling
is based on the fact if these components are being maintained, tested and operated by the
same crews. (How many people are common for all these components).

By comparison between the rates of experts from the same department we can see the
agreement between them and judge what is the level of agreement between them. With this
comparison we can compare the level of agreement of four organizational factors within and
between the departments which is an indication of the level of safety culture.

5. CONCLUSIONS

With the prepared tools we can now test the method in live environment. The method
is designed to help the plant with the threats which are not covered by classic PSA.
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