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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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