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ABSTRACT

SAFETY CULTURE AND QUALITY MANAGEMENT OF KARTINI RESEARCH REACTOR.
The evaluation for assessing the safety culture and quality of safety management ofKartini research
reactor is presented. The method is based on the concept of management control of safety (audit) as
well as by using the developed method i.e. the questionnaires concerning areas of relevance vddch
have to be answered with value statements. There are seven statements or qualifiers in answering the
questions. Since such statements are vague, they are represented by fuzzy numbers. The weaknesses
can be identified from the different areas contemplated. The evaluation result shows that the quality
of safety management ofKartini research reactor is globally rated as "Average". The operator
behavior in the implementation of "safety culture" concept is found as a weakness, therefore this
area should be improved.

I. INTRODUCTION

Previous studies for the Kartini research reactor, a probabilistic safety analysis
(2) and deterministic calculations on its thermal hydraulic behavior (Z) indicate that the
reactor has a good design with respect to operational and safety systems. In the safety
assessment it is assumed that during the lifetime of the reactor its initial quality is
maintained. This assumption has a fundamental impact on the results which are only
valid if good "housekeeping" can be assured. Since, a well designed plant considered
as safe at the outset may become a risk if the housekeeping does not satisfy minimum
standards, a pertinent analysis has to be made in which the question is addressed of
how the quality of technical systems and their operation is affected by attitudes and
organizational aspects.
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Safety is the result of a combination of a good technical design, qualified
operation and organization. Methods for assessing the quality of technical design or
systems and human error in operation and maintenance have matured over the years
and allow achieved standards to be quantified whilst procedures to address the quality
of safety management are less developed (3). This is not surprising since the
management of safety deals with its less tangible part, namely the creation of a safety
culture, which in the terms of reference^ is defined as follows : Safely culture is that
assembly of characteristics and attitudes in organizations and individuals which
establishes that, as an overriding priority, nuclear plant issues receive the attention
warranted by their significance

The term "safety culture" was coined by International Atomic Energy Agency
(IAEA) for a survey of the safety situation of nuclear reactors in Eastern Europe.
Safety culture is concerned with :
• an adequate framework within an organization
• the responsibility of the management hierarchy
• attitude of staff at all levels in responding to and benefiting from the framework
These components are dealt with by requirements at Policy Level, Management, and
response of Individuals as illustrated in Figure 1.

Safety culture comprises an assessment of the quality of both technical and
organizational aspects involved in safety. In doing so it recognizes that both of them
are of importance. For example, a well designed plant considered as safe at the outset
may become a risk if the housekeeping does not satisfy minimum standards. However,
as can be derived from reference^, emphasis is placed on attitude and organizational
aspect, the quality of technical systems is not covered in any detail.

The assessment of safety culture is based on judging the quality of fulfillment
of a number of essential issues for safety. It may serve to either evaluate the reactor
status as such and recommendations to be made if necessary, or to supplement
Probabilistic Safety Analyses (PSA) usually performed for Nuclear Power Plants in
that it permits to verify if hypotheses used in these studies such as "as good as new"
are satisfied or not. A good safety culture must also pervade the infrastructure
supporting all facility operations such as government and corporate policy formulation,
regulation, research, faculty design and construction activities. All of those items are
matters of concern for safety management. Since, as stated above, a well designed
plant considered as safe at the outset may become a risk if the housekeeping does not
satisfy minimum standards, a pertinent analysis has to be made in which the question is
addressed of how the quality of technical systems and their operation is affected by
attitudes and organizational aspects.
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Fig. 1. Illustration of the major component of safety culture(4)

II. THEORETICAL BACKGROUND

In 1991 a Safety Series report on Safety Culture of the International Nuclear
Safety Advisory Group (INSAG) of IAEA was published as 75-INSAG-4 (4). This
report defines safety culture in terms of the organizational structures in which people
work and the attitudes of individuals or groups of people. This document represents
probably the complete description so far of the safety culture concept along with its
definition, features and tangible manifestations.
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It goes on to develop a series of questions by which the safety culture of an
organization or groups within that organization can be evaluated. Thence, the
questions posed in 75-INSAG-4 have been developed into a set of more detailed guide
questions, and indicators against which to judge the adequacy of the response. This
guidance has been used as the basis for the IAEA's Assessment of Safety Culture in
Organizations Team (ASCOT) services and published as IAEA-TECDOC-743 in 1994,
and revised as IAEA-TECDOC-806 in 1996 (5), with the intention that it form a basis
for self-assessment by organizations of their safety culture.

In addition to ASCOT Guidelines (8),other methods used in the safety culture
assessments are : engineering judgement, quality assurance audits, radiation protection
appraisals, system inspections, daily findings, root cause and other incident analyses,
consultative, statistical basis, etc. (*^w . However, these assessments do not put any
special consideration to the data processing regarding the fuzzy nature of the collected
data. Whilst, the preliminary work in assessing safety culture of research reactors and
nuclear facilities in Indonesia has been started since 1996 in a form of Seminars with
related topics w-^11)

The safety culture status of a nuclear power plant is usually assessed through
interview and/or discussions with personnel and management in plant, and an
assessment of the pertinent documentation. The "status" and "quality" have to be
measured and compared with excellence, which should be the objective of any safety
management, expressed in the same metric. However, not all important indicators for
the safety culture and for the quality of safety management are readily measurable.
Whilst, for example indicators like the number of labor accidents, time lost due to
accidents, and, if special provisions are made, the number of near misses are amenable
to statistics, because they are relatively frequent, major accidents are practically not,
because they are rare. However, a correlation does exist between the level of minor
accidents and that of major accidents. The common factor is people, their attitude and
discipline^.

The approach described in IAEA-Safety Series (4)t (5) make uses of a
questionnaire composed of questions which require "Yes" or "No" as an answer.
Hence, it is basically a check-list approach which is quite common for safety
assessments in industry (1Z)> (U)l (14)". Such a procedure ignores the fact that the expert
answering the question usually has knowledge which goes far beyond a mere binary
answer. Additionally, many situations cannot readily be described in such restricted
terms.

Therefore, it was developed a checklist consisting of questions which are
formulated such that they require more than a simple ' 'yes" or "no" as an answer. This
allows one to exploit the expert knowledge of the analyst appropriately by asking him
to qualify the degree of compliance of each of the topics examined. The qualifiers
chosen are given in Table 1. There are seven of them, a number which respects the
psychological rule of thumb that seven plus/ minus two grades may be distinguished
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Table 1: Qualifiers in answering questions

• extremely poor
• very poor
• poor
• average
• good
• very good
• excellent

There may be some argument about the areas to be included in safety
management. Lees(1^ states that in the strict sense all the topics dealt with in his
encompassing standard book might be included. The choice contained in Table 2 is
inspired by a field study and covers the topics mentioned in reference^ supplemented
by several others (3)> (1S) . It may have to be modified or extended depend on the field
conditions.

The areas of Table 2 apply to hazardous industrial installations in general.
Given the specific situation of the nuclear industry this is supplemented by an
assessment of governmental and regulatory agencies, as can be seen from Table 3,
which states the area to be considered according to IAEA Safety Series(S)

Table 2. The areas dealt with for assessing the quality of safety management (3)

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

(11)

Policy
Organization and personnel
Hazard identification and evaluation
Operational control
Management of change
Planning for emergencies
Monitoring performance and feedback
Audit and review
Protection from third party interference
Standards and codes of practice
Safety communication

• 2 9 7 -



JAERI-Conf 99-012

Table 3. The areas dealt with for assessing safety culture status
according to reference ^

(1) Organization:
Corporate
Government
Regulatory agency
Research and design organizations

(2) Plant overview :
Plant visit,
Documentation review

(3) Plant:
Design
Maintenance
Experience feedback
Personnel
Management
Working environment

It is natural that not all the questions included in the above mentioned areas
have the same impact. Some are more important than others. The same holds true for
the areas themselves. In order to cater for this fact, weights are introduced. They are
reflected by the qualifiers given in Table 4.

Table 4: Qualifiers for characterizing the impact of different
questions and areas

very important
important
less important

To facilitate weighting care must be taken to make the composition of the
areas as homogeneous as possible. The questions are developed primarily based on a
check list derived from ample industrial experience (17) supplemented by the Appendix
of IAEA Safety Series No. 75-INSAG-4 (4) and IAEA-TECDOC-860 (5) as well as
from other literature(12)> (13)> (l6). The questions are grouped according to related aspects
or areas (c.f. Table 2 and Table 3). The weights (c.f. Table 4) to any one of the
questions and to the areas involved is assigned through the discussions with a team of
experts / safety analysts. Examples of questions are shown in the Appendix, let say the
question on the area of Policies (as qualifier No. 1, c.f. Table 2): How would you
assess the coverage of safety relevant issues in the company guidelines?, if the answer
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is classified as good, then the fuzzy number representation is <5,1.43,1.43>LH (cf.
Equation 1 and Figure 4).

Mathematical Implementation

As the procedure outlined above involves values judgements, these are vague
by their nature. For example, what is classified as "good" may well contain an element
of "average" and one of "very good". This situation is adequately echoed by the
theory fuzzy sets, which allows linguistic variable to be represented in mathematical
terms and operations to be performed on them (3). Hence triangular fuzzy numbers
were adopted to represent the linguistic terms mentioned in Table 1 and 4.
Mathematically they are described as follows

T(m-x\ /_.. m-x\ . n

L\ = max 0,1 x•£mand a>0

R

a
x-m

\ a
x-m\

max 0,1 -
p ) \ P

and /3 > 0
(1)

Equation (1) is a fuzzy number of LR-type, i.e. L(0) = R(0) = 1, and L denoting the
left branch of the function, and R describing its right branch, m is the mean value of
the number, a being its left (J its right spread. The spreads reflect the vagueness of the
linguistic statements. The parameter values chosen to describe the qualifiers of Table 1
are given in Figure 2 and the weights of Table 4 are described with the parameters
given in Figure 3, where the shape of the functions are also shown.

extremely poor <l,0,1.43>LR

very poor <2,1,1-43>LR

poor <3,1-43,1.43>UI

- • • - • • - • • average <4,1-43,1-43>LR

good <5,1.43,1.43>UI

••• very good <6,1.43,1-43>LR

— — excellent <7,143,0>LR

Figure 2. Representation of the qualifiers as fuzzy number
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•less important <0.8,0.05,0.05>LR

"important <0.9,0.05,0.05>LR

-very important <1.0,0.05,0.05>LR

0.7 0.8 0.9 1.0 1.1

Figure 3. Representation of the importance of questions of areas as fuzzy number

The assessment of the quality of safety management is performed in terms of a
weighted average of the areas and the answers to the questions contained therein. For
area i and average for the plant, we then have respectively :

Ji

_ J - l
Ji

t, ,(*)

(2)

and

R
2hBi(x).Ri

i - l

(3)

In equation (2) u ^ are the qualifiers for the individual questions (cf. Figure 4), g ^ are
weights as defined in Figure 2, and Jj is the number of questions belonging to area i. In
equation (3) hBi are the weights assigned to the different areas using the functions of
Figure 2, and I is the number of areas analyzed (cf. Table 2 and Table 3). The
operations of addition, multiplication, and division needed for evaluating equations (2)
and (3) are fuzzy number operations, performed and implemented in a computer
program. The operations propagate the vagueness of the different answers through the
calculations hence reflecting them in the final result. Triangular fuzzy numbers are then
obtained which have to be assign to one of the qualifier from Table 1. This process,
called defuzzification, and performed by calculating the Euclidean distance between
the edges of the resulting triangle and the qualifier triangles of Figure 4 and making the
assignment to the qualifier such that this difference becomes smallest. It should be
noted that the mean values as well as the spreads, which characterize the vagueness,
influence the outcome of this operation.

If the resulting fuzzy number from equation (2) or (3) is denoted by
(IR^HJYIJLH an^ t n e qualifiers from Table 1 by (mija^p^m where i = 1, ...,7 the
assignment of the result is obtained from :
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(4)

The qualifier i* which makes D;. a minimum is then used to characterize the
aggregated value.

III. RESULTS AND DISCUSSIONS

As stated in reference^ that safety culture is the assembly of characteristics
and attitudes, from government right through to the individual on the plant, that makes
possible a culture which gives safety issues the attention warranted by their
significance. Government and Regulator provide the necessary statutory safety
framework. The organizations that designed and built the reactor facilities as well as
those who provide technical support also have a large impact on the safety
performance of the reactor in operation. Therefore an effective assessment of safety
culture must also consider the organizations external to the reactor.

The first step in this assessment is to study and to review its safety
management and organization system, then the second step, based on the developed
concept and computer based procedures, the safety culture status of the Kartini
reactor is evaluated. Then the weak areas if present, can be identified. The first step is
carried out according to concept of management control of safety (the audit method is
used). The schematic diagram of process safety management control loop are depicted
in Figure 4 and Figure 5, which representing of an underlying model of accident
causation and prevention. (18) Throughout the audit it can be evaluated whether the
left hand side (the implementation side) of the management control loop stronger than
the right hand side (the review and assessment side) or weaker, i.e. whether there is
degradation of the control loop from the ideal represented by Figure 4. (Note that the
Engineering Reliability as Level 1 is beyond the scope of this topic of discussion)
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The analysis result shows that; the revision of regulations, guidance and
industry norms, not available explicitly, and there is only a little measurement or
feedback about the performance of the system, therefore the safety management
system control loop is rated as "Average".

In the second step, the safety culture status of Kartini reactor is assessed by
finding the answers to the questions contained in the ASCOT Guidelines and to the
question developed in this work for the status of the quality of safety management
(example of questions is shown in Appendix 1) and the data analysis is performed
using the developed computer program. In conducting this safety culture assessment
the "assessment-team" of 2 to 3 expert members is necessary. Some 180 questions
from the areas stated in Appendix 1 were answered. The analysis results shows that
the Kartini reactor was globally rated as "Average". Slight flaws were identified in the
evaluation of the operator behavior in the implementation of "safety culture" concept
is found as a weakness. Table 5 gives some examples of the analysis results.

In addition to the analysis explained above, it is also anticipated and try to
identify indicators that will give a warning before the problem occurs. These indicators
will not "measure" the safety culture of Kartini reactor but rather indicate the need for
a "fault finding" process to improve some of the different contributors to safety
culture. It can also be used to indicate the trend in safety performance. Example of
quantitative safety culture indicators calculated here is shown in Appendix 2.

Table 5. Examples of the analysis results, areas, questions and their
qualification and rationale.

Area

(1)

(2)

(3)

(4)

(5)

(6)

Question
How do you judge the workers
and managers pay maximum
attention regularly ?

How do you judge the coopera-
tion between the reactor
operator and the work com-
mittee to assure the plant
operation ?
How is completeness and
quality of safety analyses for the
plant assessed ?
What is the quality and
reliability of the electric supply?
How do you judge the
completeness and updating of
the documentation
What is the quality of training
for emergencies?

Rating
Good

Average

Good

Average

Average

Average

Rationale
There is daily annunciation at the end of
office hour relating to safety matter. Weekly
meeting attended by managers to evaluate
safety condition, however not followed by
similar meeting at the reactor staff level
The reactor safety committee need to be more
activated. Several maintenance activities were
delayed.

Several safety analyses were performed for the
reactor itself and for the experimental and
reactor utilization.
The supply is provided by single grid, EPS
and UPS are available, failures have occurred.
Component modifications does not always
followed by updating of documentation

Emergency drill carried out once a year, but
the incompleteness were found. However the
drill is evaluated afterwards.
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IV. CONCLUSION

The method presented has proved useful in assessing the quality of safety
management of the research reactor. The method is also flexible and allows one to add
questions to existing areas or to introduce new areas covering related topics. The
evaluation result shows that the status of safety culture and the quality of safety
management of Kartini research reactor is globally rated as "Average". The operator
behavior in the implementation of "safety culture" concept in operation and
maintenance of Kartini research reactor is found as a weakness, therefore this area
should be improved.
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APPENDIX 1. Examples of questions for safety culture and safety
management assessment

1. Policies
(1) How do you judge whether the corporate (plant) have a safety policy statement ?
(2) How would you assess the coverage of safety relevant issues in the company guidelines ?
(3) How do you judge the guidelines obviously contain the safety position as the uppermost objective?
(4) How do you judge the workers and managers pay maximum attention regularly ?
(5) Whether the corps of workers familiar with the safety policies and regulations and can they

utilize (practice) it in occurrence of accident ?
(6) How do you judge the existence of the agency which supervise the corporate (plant) safety ?
(7) How do you judge the participation of the workers in the discussions of plant safety performance
2. Organization and Personnel
(1) How do you judge the average annual fluctuation of personnel ?
(2) How do you judge the corporate or plant organization (explain the organizational regulations and

guidance)
(3) How do you judge the safety regulatory and responsibility ?
(4) What is your prediction to the hierarchical relationship in the Safety Division ? (Guidance,

Responsibility, Budget)
(5) How do you judge the staffing at Safety Division ? (Number of staffs, qualification / expertise

required)
(6) How do you judge the existent and activities of the safety's qualified employees at the workplace?
(7) How do you judge the possibility of utilization of the safety's qualified employees?
(8) How shall the equipment classify from the time restricted point of view (e.g. safety committees)?
(9) How is the responsibility and coordination settled from time restricted point of view of safety

committee ?
(10) How do you judge the utilization of supervisory system is taken measures ?
(11) How do you judge the staffing of plant personnel?
(12) How do you estimate the expertise of the staff with regard to the output activities requirement ?
(13) How are the possibilities of the recruitment of qualified employees from the job market?
(14) How do you judge the cooperation between the corps of worker and the work committee to

assure the plant operation ?
(15) How do you judge the processing and instructions to new workers ?
(16) How do you judge the implementation of further education and safety instruction? (Period,

Contents, Participation)
(17) How do you estimate the book-keeping about the participation of the safety instructors ?
(18) What is your comment on the education and training of the staff in the use of fire extinguisher

(fire drill)?. (In a group, Periodically)
(19) How do you judge the documentation of the instructions?
(20) etc
3. Hazard Identification and Evaluation
(1) How is completeness and quality of safety analyses for the plant assessed ?
(2) What are the connections between safety relevant authorities?
(3) How do you judge the handling of authorization methods?
(4) How do you judge the handling of operating limits? (i.e. its assessment, method of authorization)
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(5) How do you judge the assessment potential endanger for the surroundings ? (Level of danger, by-
products possibility)

(6) How is the quality of risk analysis and its improvement methods?
(7) How do you judge the recording and handling of hazardous substances in the storage room?
(8) What is your estimation on the potential hazard of the certain equipment?. ( e.g. centrifuges,

heater, mixer, etc.). (Very little = extremely good etc.)
(9) How do you judge the quality of (spent fuel) containers / shielding?, (sufficing and covering )
4. Operational Control
(1) How do you assess the degree of familiarity with critical steps of the process ?
(2) How do you judge the quality of instructions for start-up and shut-down as well as for cleaning

the plant ?
(3) How do you judge the handling of safety related laws and regulations?
(4) How do you judge the quality of welding works and similar works of the tank and retain bins?
(5) How do you judge the instructions of safety practices for employees reviewed by the third party,

what is their appraisals?
(6) How do you judge the regulation of physical protections from accident in general?. (Order,

cleanness)
(7) How is the implementation of building lay out including the record keeping and further

supervision ?
(8) How is the availability of equipment for physical protection of workers from the necessity point of

view?
(9) How do you judge the regulation related to the use of apron from the necessity point of view?

(Continuously).
(10) How do you judge the regulation related to the use of respiratory equipment from the necessity

point of view? (Manner, Continuously)
(11) How do you judge the primary physical protection?
(12) How is the protection of equipment from the external hazard? (Train, Road, Airplane,

Hazardous Installations)
(13) How do you judge the protection of equipment from natural disaster? (Storm, Lightning,

Earthquake, Flooding)
(14) How well the protection of equipment at work area from old equipment point of view? (As

consequence of a wars, natural disaster)
(Definite no scrap metal = very good)
(15) How do you judge the instruction of the procedures for cleaning process of equipment?

(Possibility in danger)
(16) How is the quality of safety related regulation, and methods for appraisal?
(17) How is the quality improvement of online process control system?
(18) etc.
5. Management of Change
(1) How do you judge the completeness and updating of the documentation (operation manuals, P&I

Diagrams, etc.?
(2) How do you judge the implementation of materials transfer? (Risk, Warranty of transfer)
(3) ...(4) etc.
6. Planning for Emergencies
(1) What is the quality of training for emergencies ?
(2) ...(3) etc.
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APPENDIX 2. : Example of quantitative safety culture indicators for
Kartini Reactor

1. Occupational Dose Indicators (ODI) = 0.97
ODI = (CDs - CDc) / CDs, where : CDs is the Atomic Energy Control Bureau
(BPTA) stipulated annual occupational collective dose for reactor operator or
radiation worker, CDc is the total occupational collective dose consumed in a year
by the reactor

2. Public Dose Indicators (PDI) = 0.75
PDI = (RDa - IDc) / RDa, where : RDa is the reactor dose apportionment for
release of radioactive effluents, IDc is the calculated sum of maximum dose
contribution from each radionuclide released by the reactor through air and water
routes. The maximum dose to individual member of the public can be taken as IDc.
PDI assess the performance of the reactor in the area of radioactive effluent release.

3. Fuel Reliability Indicators (FRI) = 0.64
FRI = (FRd - FRa) / FRd, where : FRd refers to the design fuel failure rates and
FRa refers to the actual fuel failure rates obtained from failed fuel detection system.
The fuel failure rate can be calculated as a comparison between the number of failed
fuel elements and number of fuel elements discharged.

4. Outage Indicators (01) = 0.88
OI = (TO - FO) / TO, where : TO is the total number of outages and FO is the
number of forced outages. The TO represents the number of scheduled or planned
outage and FO represents forced or unscheduled outages. The FO used to calculate
OI does not include outages due to external causes such as : due to severe or
extreme environmental conditions, grid instability, or ordered by the regulatory
body. The proposed OI will reflect on the preventive maintenance program and
maintenance practices for both safeties related and balance of the plant equipment.

Acceptance Criteria :

For a satisfactory performance a value of greater than 0.5 can be taken as acceptable
for each of the Safety Culture Indicators defined above. Negative value of these
indicators indicates unacceptable performance. A value of zero indicates that that the
reactor is just complying with the regulatory requirements / design objectives.
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