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FOREWORD

The IAEA Operational Safety Review Team (OSART) programme provides
advice and assistance to Member States for enhancing the operational safety of
nuclear power plants. OSART reviews are available to all countries with
nuclear power plants in operation or approaching operation. Most of these
countries have participated in the programme, by hosting one or more OSART
missions or by making experts available to participate in missions.

Careful design and high quality of construction are prerequisites for a
safe nuclear power plant. However, a plant's safety depends ultimately on the
ability and conscientiousness of the operating personnel and on their tools
and work methods. OSART missions assess a facility's operational practices in
comparison with those used successfully in other countries, and exchange, at
the working level, ideas for promoting safety. Both the plants reviewed and
the organizations providing experts have benefited from the programme.

The observations of the OSART members are documented in technical notes
which are then used as source material for the official OSART Report submitted
to the government of the host country. The technical notes contain
recommendations for improvements and description of commendable good
practices. The same notes have been used to compile the present summary
report which is intended for wide distribution to all organizations
constructing, operating or regulating nuclear power plants.

This report is the third in a series following IAEA-TECDOC-458 and
IAEA-TECDOC-497 and covers the period June 1988 to May 1989. The next report
is planned to highlight the period June 1989 to December 1990. Reference is
also made to a summary report of Pre-OSART missions, which is under
preparation. In addition, OSART Good Practices will be published. The first
compilation is currently prepared and should be available later in 1990.
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INTRODUCTION

The tasks and problems faced by those responsible for ensuring that
nuclear power is used safely are common throughout the world. The primary
objective of this review is to enable organizations operating or regulating
nuclear power stations in IAEA Member States to benefit from experience gained
in the course of Operational Safety Review Team (OSART) missions during the
period June 1988 to May 1989. The IAEA hopes that the organizations
responsible for safe operation of nuclear power plants in each Member State,
and in particular the management of each plant, will closely compare the
recommendations outlined in the first part of the document with their own
practices and, where necessary, implement improvements in a timely manner.

Other objectives of this document are to give the organizations
considering whether to invite an OSART a reliable picture of the nature of the
OSART programme and its results, and to help experts who may take part in
future OSARTs to focus on concerns which have already been identified.

A total of seven OSART missions were made during the period June 1987
to May 1989. Six operating plants were reviewed in full OSART extent and one
in reduced extent, in seven IAEA Member States.

A typical OSART mission consists of a three-week visit by an
international team of experts to a particular nuclear power plant. The team
is composed of ten to twelve experts who make a co-ordinated review in eight
areas relevant to operational safety. About a third of the team are IAEA
staff members with background in nuclear plant operation; the others are
consultants from various countries individually recruited for each mission.
In addition, up to four people from developing countries, often equally
experienced and qualified, may participate as observers in an OSART. By the
end of May 1989, 220 external consultants and observers from 31 IAEA Member
States had participated in OSART missions.

The areas reviewed by each OSART are: management, organization and
administration; training and qualification; operations; maintenance; technical
support; radiation protection; chemistry; and emergency planning and
preparedness. Each area is reviewed by one or two experts, sometimes with an
observer.

The nature and the purpose of the OSART programme can be summarized as
follows:

o The objective of the OSART programme is a worldwide improvement in
operational practices which contribute to nuclear power plant safety.
The primary objective of any individual OSART mission is to conduct a
critical review of operating practices at a single nuclear power plant
and to give advice on how they could be improved from the point of view
of safety.

o An OSART mission is a credible exercise in the eyes of the plant
operators whose plant is reviewed because in most cases the reviewers
of an operational area have, or have recently had, responsibility in
this area at a nuclear power plant, and because recommendations have
been discussed by the team members and plant counterparts, they have
been documented, and the reasons for them are understood.

o A secondary objective is to disseminate as widely as possible the good
practices identified at any nuclear power plant that should be emulated
elsewhere and to alert the world nuclear community to weaknesses that



should be remedied. A channel for transferring these OSART
experiences is OSART feedback reports. The OSART programme serves as a
channel through which experts from different countries can exchange
information on safe operating practices at the working level, and
transmit ideas for improving safety. It is important to note that an
OSART mission takes place in a spirit of mutual respect and balanced
interaction between reviewers and their plant counterparts. The fact
that OSART members themselves learn from their reviews is an important
although less visible product of the OSART programme.

It is also worth mentioning what an OSART mission is not. OSART is not
an evaluation in absolute terms of the safety of a plant and it is not
an objective of an OSART mission to make an evaluation of the nuclear
power plant to determine whether its level of safety is adequate.
There is no intention to rate plants as inadequate, adequate or
excellent. Neither is the OSART programme a process for ranking the
safety performance of nuclear power plants against that of others that
have been reviewed: there is no intention to categorize a plant as
average, above average or below average. To infer from OSART reports
judgement that were not intended would be a misuse of the reports.

A unique component of the OSART programme is its wide representation of
different countries. It is this international perspective which makes
an OSART review a potentially more abundant source of ideas than
national reviews using similar methods. On the other hand, it should
not be expected that all recommendations coming from an international
team lead to concrete actions. It is for experts in the host country
to judge which proposals may be the most valuable contributions to the
enhancement of safety, and should be included in the action plan worked
out after the mission.

Feedback from the plants reviewed has indicated that many OSART
recommendations have resulted in corrective actions; but there are also
examples of recommendations which, from the national point of view,
have not been considered important enough to warrant modification of
the existing arrangements. The most systematic feedback is through a
follow-up visit to the plant after the OSART mission. The purpose of
such a visit is to receive information from the plant management on the
actions decided on by the operating organization in the light of the
OSART recommendations. This feature has only recently been added to
the OSART progamme and is expected to contribute to further
improvements of the service.

In general, the managements of plants have responded to OSART
recommendations and suggestions by developing action plans and taking
actions most appropriate to plant-specific conditions. Thereby,
improvements in operational safety were accomplished.



PART A

EXECUTIVE SUMMARY

The results of the twenty-five OSART missions completed by the end of
May 1988 have been summarized in IAEA-TECDOCs-458 and 497 (OSART Results I and
II). The document at hand, the third in the series, presents significant
observations made by the seven OSART missions carried out from June 1988 to
May 1989. An increased effort has been made in the present report to point
out not only matters for improvement but also good practices identified during
the OSART missions. These good practices are presented under the heading
"Strengths" and they include exemplary practices and noteworthy practices or
ideas that enhance some function or equipment performance. In addition, a
separate document on OSART Good Practices will be published in which the good
practices are presented in more detail, including the names of persons at the
respective power plants to contact for additional information.

Valuable exchanges of information have taken place in all OSART
missions. Team members have frequently been impressed by the innovative
approaches they have seen, and have returned to their own organizations with
new ideas. In addition, some areas were identified where improvements could
be made at each plant. The operators of all the plants have responded
positively and have made plans to implement the recommendations.

The most significant observations by the OSART missions are listed in
this section of the report under headings which correspond to the eight areas
of expertise into which the OSART reviews are structured. In Part B, the
results are presented in more detail. It is hoped that operators, especially
at plants that have not yet been visited by review teams, will examine the
assessments reported here with a view of determining their relevance at their
own plant.

Management, Organization and Administration

The management structure of the nuclear power plants visited differed
from each other considerably in that the numbers of site personnel varied from
400 to 5000; the larger number of personnel at some sites included staff
covering non-plant related tasks. Generally, these operating organizations
were considered to be effectively organized and staffed with competent
personnel. In addition management functions were adequately defined and
documented. Several recommendations for improving the co-ordination of
maintenance activities were made by OSARTs at some of the plants visited.

Quality assurance (QA) and quality control (QC) programmes were found
to differ considerably from plant to plant, as did methods of ensuring high
quality in work performance and equipment and in feedback to line management.
This was attributed largely to differences in organizational structure and
national or cultural practices. OSARTs usually looked for distinct QA
practices to ensure high plant performance and good operational safety. In
some cases OSARTs found that whilst strong QC in daily tasks has led to high
plant performance, some typical QA functions have been lacking. The conclusion
of the OSARTs1 reviews was that the arrangements were generally satisfactory
but some recommendations were made to strengthen existing QA programmes and
the capabilities of the QA staff to ensure continued good performance.

Considerable variation in document control systems were observed;
however, most plants had well organized and thorough systems and sufficient
staff to administer them. Generally, documents were found to be up to date



and distributed to appropriate locations on time, although recommendations to
improve the efficiency of systems were proposed for some plants.

At most plants, OSARTs found good professional relationships between
the regulatory body and plant management. In one case, however, it was
recommended that regulatory control over the plant be simplified by having a
single authority to co-ordinate all the actions required.

Fire protection programmes were found at all plants visited, but with
wide variations from plant to plant. The best programmes had a large site
based professional fire brigade, attached to either the plant organization or
the municipal fire organization. These brigades had a good understanding of
the plant and of the detailed room based extinguishing capabilities and
operational action plans. The other programmes had a smaller fire brigade
consisting of a couple of professionals and of men from operations or
maintenance departments. This brigade was backed up by a municipal fire
brigade which was available within 30 minutes when needed. OSARTs found that
both these arrangements enabled acceptable fire fighting standards to be
maintained.

Industrial safety programmes existed at all plants visited. Generally,
OSARTs were very satisfied with policies and procedures in practice. In some
of the better programmes, employees participated in regular meetings with
management on industrial safety matters and in discussion of accidents
involving personnel.

Training and Qualification

Well established training organizations were found at most plants and
others made acceptable arrangements with outside training organizations. The
division of responsibilities between line organization and training units were
usually clear but some recommendations were made for improvement. Most
instructors were found to be well qualified, having plant experience and
training in instructional skills. However, some weak areas in instructors'
continuing training programmes were noted and recommendations were made to
strengthen them with special attention paid to keeping instructors up to date
on plant modifications and changes.

The facilities and equipment available for training purposes were
usually adequate. In some cases design and operating documentation was used
as training material but the general tendency was to develop study books
specifically for training purposes.

In some cases the use of modern up to date equipment as teaching aids
was limited. For instance, the availability of plant specific simulators for
training varied considerably among the organizations visited. OSART
recommended additional training objectives and programmes as necessary where
plant simulators were not used. In all cases however, simulator training was
provided for control room operators. In some cases mock-ups of plant
equipment and training workshops were used for the training of maintenance
personnel and other groups.

In most cases initial training programmes were adequate, having
classroom, simulator and practical training as well as tests and examinations
to ensure training effectiveness. It was noted however, that at smaller power
plants with low staff turnover, there were difficulties in providing
comprehensive initial training to individuals in the most effective manner.
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Recommendations were made to pay more attention to continuing training
programmes, and to provide for periodic refresher training on safety systems
and infrequent operations, as well as for expanded simulator training.
Topical matters such as recent operational experiences and plant and
procedural modifications were also recommended for inclusion.

Operations

The operating organizations were found to be capable and motivated
toward safe and reliable plant operation. Most plants had clear and well
documented job descriptions for shift personnel. Sufficient technical support
were generally provided by other plant sections or external organizations and
the coordination and communication between the operators and the support
groups was satisfactory. Several suggestions were made to reduce workload of
shift operators and one recommendation was made to develop a long range plan
that would ensure continued availability of qualified shift operating
personnel.

Without exception, operating procedures and other supporting documents
were provided. These documents were generally reviewed in a systematic way
that ensured changes and modifications to the plant could be incorporated.
Improvements to the format and contents of procedures were suggested at some
plants. Emergency operating procedures were prepared for accident conditions.
A considerable effort had been made to introduce advanced types of emergency
procedures (symptom based procedures) for coping with abnormal conditions and
recovery of plant control. OSARTs encouraged the continuation of this
effort. Operators' knowledge and skill in this area were satisfactory and
periodically refreshed by an established continuing training programme.

Operational activities were conducted in a professional manner with a
high regard for safety. Communication between shift crew members at shift
turnovers were generally satisfactory. At some plants a minimum number of
alarms were found during normal operation, which is a very good operating
practice. Plant parameters were carefully checked by both the main control
room and field operators by panel walkdowns and plant patrols. It was
recommended at one plant that the plant manager's authority should not be
usurped by the activities of the operators' union.

Operators were generally found to be well informed of plant conditions
and maintenance activities. A work permit system was in use and strictly
followed at all plants visited. At a few plants, there was a relatively large
backlog of work requests and improvements were recommended. Safety tagging and
equipment labelling programmes were in place at all plants and a considerable
effort was made to ensure they were comprehensive. Good housekeeping and
cleanliness were also noted at all plants.

The main control room and other facilities were generally well
equipped and computer aids were widely used. Although considerable attention
was paid to man-machine interface functions during the design and modification
of the plants, some areas were identified by the OSARTs as needing further
improvement.

The operating histories reviewed indicated that there had been
improvement in the area of plant availability, with fewer trips. However, at
some plants, a more detailed analysis of major contributing factors to
availability and trip rate was suggested.
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Maintenance

The organization of maintenance activities varied largely among the
plants visited. In some cases responsibilities were divided between different
departments. Those plants with a conventional organization and a unique
maintenance manager had much better results in the maintenance field. The
main shortcomings were the lack of definition of maintenance responsibilities,
the lack of goals and objectives, and the lack of procedures management.

The maintenance programmes and the conduct of maintenance, generally
led to satisfactory maintenance of safety related equipment. In addition it
was noted that work was supported by a quality assurance programme. The weak
areas identified were in industrial safety, supervisors' monitoring of work in
the field and use of inadequate procedures.

Work control systems and maintenance history existed at all plants
visited, although they were of variable quality. The shortcomings were mainly
in the area of prioritization of work, lack of independent verification checks
and lack of trend analysis of maintenance history.

All the plants visited had a preventive maintenance programme,
sometimes computerized, and some had a good predictive maintenance programme
including vibration analysis of rotating equipment.

At all the plants reviewed, the in-service inspection programme was
developed in accordance with some national standards (e.g. Section XI of the
ASME Code). Some plants performed the data analysis together with the
manufacturer to determine the probability of future damage.

At all the plants visited the outages were conducted in a very
acceptable manner and based on long term plans.

Also, all plants reviewed had adequate maintenance facilities and
equipment, such as mechanical, electrical and I&C workshops, as well as a
calibration shop and decontamination facilities.

Finally, all plants visited had a spare part procurement and storage
organization, but the quality of these services varied from one plant to
another. Some plants clearly distinguished safety related parts and others
did not. Shortcomings were also noted in environmental control of stores for
sensitive equipment or lack of a preventive maintenance programme for
equipment in storage such as spare electrical motors.

Technical Support

The basic elements of an adequate surveillance test programme were
found at all plants visited. These covered, in many cases, not only all the
surveillance tests required by Operational Limits and Conditions, but also
many specific tests for standby support systems and important process
systems. Some of the plants reviewed had administrative procedures defining a
uniform surveillance test programme with documents defining its scope and test
frequencies. The procedures were generally found to be adequate; they
usually contained acceptance criteria and blanks for filling in quantitative
results. Scheduling and schedule monitoring were often performed with
computers. OSART recommendations at some plants included improvements to
surveillance test procedure packages and improved trend analysis of
surveillance test results.
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The reactor engineering function was well established at most plants
and adequate resources were available. Additional support was often provided
by a dedicated department at the organizations' headquarters. The integrity
of the fuel was well controlled with the plant procedures in effect to
minimize fuel leaks and failures. Fuel cycle management, which is carried out
on site usually had a high priority and careful fuel handling was generally
ensured although in some cases improvements to the material conditions for new
fuel storage and for the spent fuel pool were recommended.

It was noted that special attention had been given to operating
experience feedback from in-house experience and this had usually led to
corrective actions. All plants had criteria for significant events to be
reported and procedures for investigation of events which involve several
levels of review. Some recommendations to improve the efficiency of feedback
were made whether for inhouse and industry experience.

OSARTs found that plant modification activities were generally
initiated to enhance operational safety in accordance with the lessons
learned from the Three Mile Island and Chernobyl accidents or to provide more
efficient operation based on proposals from plant suppliers and vendors.
Increases in operational efficiency in many cases were made on a cost
effective basis and no conflicts with safety were observed. Recommendations
were made to ensure immediate updating of the shift documentation after a
modification has been made.

A large number of computers were noted at plants, providing significant
support to the safe operation of the plants and to a number of auxiliary
activities, both technical and administrative.

Radiation Protection

Radiation protection activities were found to be effectively
coordinated within well defined organizational structures at all the plants
reviewed. This was reflected in low occupational doses, small releases of
radioactive effluents, and moderate amount of radioactive waste produced.

Usually OSARTs pay attention to the application of ALARA principles; at
some plants they were applied in an excellent manner and at a few plants
improved application was recommended.

Radiation protection instrumentation, equipment and facilities were
judged to range from adequate to excellent at all plants visited.
Instrumentation was normally under stringent control with appropriate
maintenance and calibration procedures, although in some cases improved
calibration methods were suggested. Personnel protection equipment was of
very good quality at most plants.

Discharges to the environment were very low in all cases reviewed and
generally much below the regulatory limits. Most plants carried out
environmental monitoring programmes in line with current international
practices.

Radioactive solid waste was generally handled and processed in a
satisfactory manner. At several plants reviewed, there were extensive
programmes for minimizing waste volumes, including solidifing liquid waste and
sorting out non-radioactive waste from low level solid waste.
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Chemistry

OSARTs found that safe and reliable operation of nuclear power plants
were being supported by quality work being done in the chemistry area. The
number of people employed in the chemistry area differed from plant to plant
over a wide range, depending principally on the degree of automation and on
whether the department also operated in addition to its surveillance
activities water purification, waste water treatment and decontamination
systems.

All the plants visited had chemistry procedures in place and generally,
the laboratories were appropriately instrumented to cope with their tasks. At
some plants more modern laboratory instruments were recommended and in some
cases recommendations were made to improve written procedures for calibrating
and performance checking of laboratory instruments.

Surveillance programmes were established at all plants. There were
differences between plants, in the number of in-line measurements and the
number of analyses carried out in laboratories. However, there was a common
trend to introduce more automatic analytical monitors linked with computer
systems. This not only diminishes the demand for manpower but also promotes
high quality assurance of the chemistry surveillance programme and automates
trend analysis. Recommendations were made to require periodic réévaluation of
the chemistry surveillance programmes and plant chemistry practices to
incorporate operating experience and to reflect changes to materials as a
result of plant modifications and improvements in chemical technology.

At some plants, sampling systems needed improvement. Excessively long
sample lines and condensation of water in gas sampling lines introduced errors
in the data obtained. Most plants reviewed had no post-accident sampling
systems for primary coolant, but their development was proceeding. OSARTs
recommended high priority to be given for this development.

At some plants, OSARTs noted efforts to improve the conditions of
systems through research and development programmes. Research activity for
primary circuits was directed towards suppression of radioactivity build-up,
and for secondary circuits towards minimizing corrosion and erosion.

Emergency Planning and Preparedness

The organization of emergency planning and preparedness was found to
vary from satisfactory to excellent, with careful planning, a high level of
emergency preparedness and dedicated emergency response resources as features
of all the emergency arrangements reviewed. Commonly accepted international
practices, in line with guidance developed by the IAEA, were in force.

At all plants visited, there was a co-ordinated approach to emergency
planning and preparedness. The responsibilities, roles and involvement of
various agencies and bodies differed from plant to plant according to the
organizations already in place to cope with other kinds of emergencies in the
respective countries. In many cases OSARTs witnessed innovative approaches,
and many examples of good practices are given in this report. Several
recommendations and suggestions for improvements were made by OSARTs at some
of the plants visited, although the overall emergency planning and
preparedness provisions, each subject to a variety of solutions, were
generally considered adequate. Effective public information programmes were
in place with strong provisions for liaison with the public and the media.
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Site based emergency plans, including all activities that may need to
be implemented by or under the responsibility of the operating organization
and corresponding plans for off-site organizations or authorities, were
generally of good quality, properly co-ordinated and well documented and
maintained; however some improvements were suggested. Most of the plants
reviewed took account of low probability severe accident conditions - beyond
design basis accidents (BDBA) - in their planning. In other cases the
planning basis was being revised to include response to BDBAs, and OSARTs
recommended that this task be given top priority. In several cases improved
control of documentation or procedures were recommended.

Emergency response facilities at the sites were found to be adequate.
Hardware and software arrangements of emergency control centres, as well as
communication systems, were adequate. Improvements suggested at some plants
included computerizing dose assessment methods, improving monitoring schemes
and public alerting systems, and use of more visual aids in decision making.
Problems associated with upgrading emergency response to cover BDBAs, such as
control room habitability and instrumentation suitability, were recognized by
OSARTs and included in their general recommendation for a review of any
planning basis that did not cover BDBAs.

There were comprehensive training programmes for the development and
training of emergency personnel at all sites. This, coupled with a positive
attitude to training, led OSARTs to be satisfied with the approaches being
taken. All plants recognized the need for periodic, comprehensive and
integrated on-site and off-site exercises involving all the emergency response
organizations. Suggestions were made for improving the scenarios by
introducing severe accident conditions to present an additional challenge to
emergency response organizations, for annual exercises which involve the
off-site organization, and for unannounced drills at the plant.
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PART B

DETAILED DISCUSSION OF OBJECTIVES AND RESULTS

1. MANAGEMENT, ORGANIZATION AND ADMINISTRATION

Management, Organization and Administration is one of eight areas
prescribed in the OSART Guidelines for review during a typical mission to a
host country. The objective in this area of review is to evaluate the
effectiveness of power plant management in implementing and controlling
activities associated with the safe and efficient production of electricity.
The emphasis during the review is on examining measures that management has
adopted to ensure the safety of both plant personnel and the public. The
review team focuses on the following sub-topics:

o Plant organization and management
o Quality programmes
o Document control
o Regulatory and other statutory requirements
o Industrial safety
o Fire protection
o Plant security

1.1. PLANT ORGANIZATION AND MANAGEMENT

Objectives

The safe and efficient operation of a nuclear power plant requires the
establishment of an operating organization structure, the assignment of staff
and resources sufficient to accomplish all tasks, the establishment of general
policies and objectives, and the assignment of authorities and
responsibilities.

The structure of an operating organization varies depending on the
services provided, on or off the site and from within or outside the utility
organization. Irrespective of variations in organization, a documented
organizational structure should be established with clearly defined functional
responsibilities. Adequate services and facilities should be made available
to the plant manager for the safe and efficient operation of the power plant.

The operating organization and station management should have well
defined management functions in policy making (allocation of financial,
material and manpower resources), station operation (decision-making process
in plant operation, including emergencies), support services (services and
facilities for performing operational functions), and performance monitoring
and review (critical monitoring of the performance of operating and supporting
functions to reveal deviations, deficiencies and equipment failures in order
to permit timely corrective action).

A management programme of goals and objectives is one effective tool
that can be used by utility managements to establish and implement utility
goals and directives, to establish control of policy and programmes and to
monitor the results of their initiatives.

Plant management is responsible to senior utility executives for the
administration of these policies, for work to meet station objectives, and for
appropriate utilization of financial, technical, material and manpower
resources.
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Results of evaluation

Overview

The operating organizations of the nuclear power plants evaluated by
the six OSARTs summarized in this report differed considerably. The number of
personnel in the organizations at the site ranged between 400 and 5000
depending on the nature and structure of the owner organization and the range
of off-site services offered.

Generally, these operating organizations were considered by the OSARTs
to be well organized and staffed with competent personnel. Management
functions were generally well defined and satisfactorily documented.
Responsibilities and the authority of key personnel were clearly defined.

Strengths

In one large national utility a systematic organization of the
policies, programmes and procedures was noted that started from the utility
quality manual and extended down through the organization to plant manuals and
procedures. This systematic arrangement of materials was considered to be a
good practice and it also provided easy reference to the basic quality manual.

In one case a good "performance planning and review" programme was
identified in which performance standards were set and which allowed upper
utility management to monitor quarterly the status of various plant
activities, such as nuclear and industrial safety matters, quality issues and
compliance with regulatory requirements. One purpose of the programme was to
identify promptly negative trends and deviations from expected performance
standards and to ensure that the responsible managers investigate and correct
root causes of problems.

In one particular power plant, station management by objectives had
been developed and applied at all levels in the plant. The programme included
establishment of objectives, programmes and goal; monitoring and analysis of
the results, assessment, and feedback.

In one case, plant life time contracts had been negotiated with
component suppliers to carry out operational follow-up, annual inspections,
maintenance and modification work of the components and equipment they
provided. This practice can help ensure high availability for key equipment.

At one plant a weekly joint walk-through of the plant by managers and
resident inspectors was considered a good practice for ensuring efficient
exchange of opinions and to achieve a common understanding of any observations
made. In addition, the management had the opportunity to respond immediately
to the observations of the inspectors.

Weaknesses

The following recommendations were made to correct shortcomings in
comparison with international standards of excellence (each recommendation was
made at one plant unless otherwise presented; this is the case throughout the
whole report):

o Management programmes and objectives aimed at increasing quality
awareness and establishing a 'safety culture1 throughout the plant
need more emphasis.
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o Clearer lines of responsibility and communications are needed with
sound procedures set out and reviews of safety related activities.

o A plant organizational change to place shift workers under a single
department and to organize maintenance work under a separate
department with the plant director in charge of both groups.

o Activities of an off-site technical support organization would be
better co-ordinated with plant activities by reassigning people
from the off-site group permanently to the site to work directly
with plant management.

o An independent safety review commission should increase the scope
of its activities and be staffed with full time personnel.

o A newly introduced nuclear safety and quality assurance programme
should be strengthened in terms of auditing performance and
staffing requirements.

o The duties and responsibilities of the shift supervisor and other
engineers responsible for emergency response arrangements should be
reviewed and the lines of authority should be clearly defined.

1.2. QUALITY ASSURANCE PROGRAMMES
Objectives

There should be quality assurance programmes which effectively monitor
activities that affect safe and reliable plant operation, provide feedback to
line management on quality of performance and contribute to improved plant
performance. Such programmes should reinforce and support the line functions
of managers and supervisors who are ultimately accountable for the quality of
work performed within their area of responsibility.

Verification of effective implementation of quality assurance
programmes should be performed by designated individuals or groups who are
knowledgeable and experienced in nuclear power plant operations. The
individuals performing verification functions should not have direct
responsibility for the activities being verified but should be independent of
the line management function.

Results of evaluation

Overview

Quality assurance programmes in operating organizations of the plants
visited by the OSARTs differed considerably. Because there were large
differences in organizational structure and national/cultural practices
between the plants visited, the methods of ensuring high quality in work
performance and equipment as well as in feedback to line management were also
different.

In some cases, OSARTs found that strong quality control (QC) in daily
tasks led to high plant performance although some controlling quality
assurance (QA) functions were lacking. Because of this and the large
variation in QA practices some recommendations were made in this area to
strengthen the QA functions, the existing QA programmes and the capabilities
and/or number of QA staff.
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Strengths

An excellent system of quality assurance reporting existed at one plant
which provided for daily, monthly, quarterly and yearly reports. This system
included a classification system to follow up (computer aided) corrective
actions. The system specified three categories:

Category A: Management attention required because corrective actions
are inadequate or have been halted.

Category B: Corrective actions are behind schedule.

Category C: Corrective actions are on time.

The concept of 'Total Quality Control1 was identified in another case
to be a good practice because it enabled ideas to be passed on in both
directions, i.e. from the top down and from the bottom up. The president of
the company held monthly meetings with senior managers to solve problems
related to work quality and effectiveness. These managers in turn held
similar meetings with their subordinates. All employees of the company had
quality control circles which met regularly to discuss quality in their work
area and to make suggestions to their supervisors for improvements in work
methods to produce high quality and safety.

Weaknesses

The following recommendations and suggestions were made to correct
shortcomings in comparison with international standards of excellence:

o To improve workmanship in all field work, it was recommended that
managers should participate more in inspecting the work being
performed under their responsibility.

o A unified, independent and improved full time quality assurance
organization was recommended to be established in one case in order
to enhance the existing QC organization. An independent system of
audit applicable to field work activities was suggested in another
case to support an excellent quality control system already in use.

o A methodical study on how to conduct all the activities prescribed
by the QA manual was another recommendation to ensure that QA was
supported by adequate manpower. It was further proposed to develop
the QA function, "systematic evaluation of operational safety", to
provide feedback to line management and systematic follow-up of
audit results.

o It was recommended to review existing quality assurance activities
in order to avoid duplicating quality control activities.

o It was recommended to review whether QC is applied in appropriate
areas such as QC for improved purchasing of materials and
components or inspections at the manufacturer's facility to verify
acceptability for shipment.

o For improved effectiveness, it was recommended to relieve the QA
section of all non-QA related functions.

o Strengthening the existing QA staff with qualified manpower was
proposed. Additionally, it was recommended that the qualification
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requirements of QA group members should be reviewed to ensure that
only trained and qualified personnel carry out quality based
activities.

A specific QA training module on personal responsibility and
accountability was suggested for training purposes.

1.3. DOCUMENT CONTROL

Objectives

Document control systems should provide accurate, legible and readily
accessible information to support station requirements. Documents in the
system should include drawings, vendor manuals and station procedures.
Receipt, review and approval of documents from sources inside or outside the
station should be properly controlled and documents distributed in a timely
manner. Documents should also be kept current, legible and available at
appropriate locations throughout the plant. Permanent records should be
properly stored and readily retrievable.

Results of evaluation

Overview

It was found considerable variation in the document control systems of
the plants visited by the OSARTs. However, most plants had well organized and
thorough systems with sufficient staff. Generally, documents were maintained
up to date and distributed to appropriate locations in the plant on time.

Strengths

Vendor manuals were updated at one plant and categorized according to
the significance of safety equipment. Vendors were requested to review
manuals at a frequency varying from immediate for safety related equipment and
components to every five years for non-safety-related equipment and
components.

Weaknesses

The following recommendations were made to correct shortcomings in
comparison with international standards of excellence:

o It was recommended to establish a centralized nuclear record
management to control all record types, including drawings,
technical manuals, modification records and operating records.
This system should be implemented and managed by plant personnel.

o It was recommended to review all procedures and other documents,
strengthen enforcement of compliance with procedure use and to
update documents systematically and at least every two years.

o Procedure format changes were recommended based on a writer's
manual that specifies the format required for operating procedures
to make the procedures more user friendly. Changes to testing
procedures were also proposed to provide a more convenient form for
recording test results and verifying completion of steps, as well
as approval of results and record keeping aspects.
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o A high speed copying machine was recommended to ensure the
availability of hard copies of procedures for operator use instead
of relying on the operator's memory. Also, if the procedures are
kept in different locations they should be controlled and kept up
to date.

o A concern for insufficient fire protection for document storage
areas was expressed by the OSARTs at a number of plants and
recommendations for improvements were made.

1.4 REGULATORY AND OTHER STATUTORY REQUIREMENTS

Objectives

The operational safety of the plant is subject to surveillance by the
regulatory body. As such, operating organizations should give regulatory
personnel every assistance in carrying out their functions. Good liaison is
necessary to foster mutual understanding and respect in achieving the common
objective of safe plant operation. In addition, statutory requirements of
other government agencies may have to be observed.

Results of evaluation

Overview and strengths

At most plants, OSARTs found professional relations between the
regulatory body and plant management. All plants visited reported
periodically to the regulatory body on important aspects of plant status and
on performance in defined areas. Additional reports were made on significant
(reportable) events.

At most plants visited, periodic regulatory inspections were conducted
by resident inspectors with additional inspections carried out by regional
inspectors and/or head office inspectors.

Weaknesses

The need for a review of the co-ordination of and the possible
simplification of regulatory control over the nuclear power plant was
recommended so that one authority be the main link to the power plant, thereby
avoiding having many links with different authorities, each regulating the
plant's activities.

Exit meetings for different inspections were proposed for discussing
inspection results and for countersigning inspection reports or the minutes of
the exit meeting to prevent unnecessary delays in exchanging letters and
issuing reports.

1.5. FIRE PROTECTION

Objectives

A good fire protection programme starts with a rigorous fire prevention
arrangements. Basic fire prevention work practices are required to ensure
safe operation. Training of plant workers in good work practices, taking fire
protection requirements in maintenance work orders into account, and
additional care in activities such as welding and brazing that have a high
risk of causing fires are fundamental to a good prevention programme.
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A fire-fighting capability must also be available within a nuclear
plant. Well trained fire-fighters must be available 24 hours a day.
Sufficient modern equipment must be quickly available to combat any type of
fire in any areaf including radiologically controlled areas. Automatic fire
suppression systems such as water sprinkler or carbon dioxide systems, must be
available and checked at regular intervals to ensure readiness when needed.

Results of evaluation

Overview and strengths

All plants visited had a fire protection programme in place consisting
of passive fire suppresion systems in the structure of the plant and automatic
smoke detection and fire alarm systems, as well as portable manually operated
fire extinguishers. Adequate training in fire protection as part of General
Employee Training and adequate arrangements in maintenance work orders were
also found by the OSARTs.

A design review of fire protection systems and arrangements of a
nuclear power plant is not part of the tasks of an OSART. Therefore,
evaluation of the sufficiency of the fire fighting capability in the plant is
difficult. Large variations in the fire-fighting organizations of the plants
visited were found. The best plants had a professional fire brigade at the
site, which belonged either to the plant organization or to the municipal fire
organization. Some of the plants visited had large fire brigades of 24 to 120
professionals with good plant knowledge and special equipment, including fire
trucks. These plants also had detailed room based action plans for fighting
fires. This arrangement ensured that professional fire-fighters were at the
site of a fire within five minutes.

At some other plants, without large on-site professional fire brigades,
the delay time before the municipal professional fire brigade arrived at the
site was about 30 minutes. In these plants, the initial response to a fire
was by a small number of professional fire fighters and of men from operating
shifts and maintenance sections (during working hours). The latter group of
men were not fully professional, but received initial training and
participated in continuing training programmes to maintain their fire-fighting
capabilities, including special fire-fighting training. In one case a utility
had a special truck to simulate fire-fighting conditions with smoke and heat
that periodically visits each plant for initial and refresher training.

Most plants had arrangements between these two extremes and all were
found acceptable.

Weaknesses

At one plant additional training was recommended for operations shift
members having a responsibility to act as fire-fighters at an initial stage of
a fire. This training should be equivalent in level to that of the station
fire brigade.

In addition, attention needs to be paid to the temporary storage and
handling of combustible materials in plant areas and to keeping fire doors
closed at all times. Other plant recommendations include a suggestion that
procedures for analysing the fire risk when work permits are given be
formalized and that an investigation of high numbers of false fire alarms be
performed.
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1.6. INDUSTRIAL SAFETY

Objectives

Station industrial safety programmes should aim to achieve a high
degree of personnel safety. Administrative policies and procedures should
clearly define responsibilities for assurance of industrial safety within the
organization. Relevant statutory requirements should be taken into account,
augmented as necessary by station and departmental instructions and
procedures. All station personnel should receive initial and continuing
training on the overall industrial safety programme and on safe work practices.

Managers and supervisors should actively support the industrial safety
programme and be held accountable for the achievement of a high level of
industrial safety performance in their working groups. The work environment
should be safe and orderly. Safety hazards should be identified and corrected
in a timely manner. All personnel, including contractors, must adhere to the
programme requirements. Accidents or near accidents should be investigated
and analysed for trends and generic lessons. Lessons learned from in-house
accident investigations and other industry operating experience should be used
to improve the industrial safety programme. The effectiveness of the
industrial safety programme should be evaluated periodically and the results
used to make programme improvements.

Results of evaluation
Overview

An industrial safety programme was found at all plants visited by the
OSARTs. Generally, OSARTs were very satisfied with what they saw in all
plants visited and some good practices were recorded. General policies and
procedures existed and usually more than one committee or authority supervised
the effectiveness of the industrial safety programme. In some plants,
employees had regular meetings at which industrial safety matters and accident
experiences were reviewed and lessons learned were discussed.

Strengths

At one plant, the staff were divided into many groups each comprising
6-10 people for discussing hazardous work and narrowly prevented accidents.
Well prepared and informative safety material was provided for discussion. It
was based on the four year safety plan formulated and implemented by the
district office and the plant. This safety programme was considered
outstanding and the overall standard of safety awareness among employees was
judged to be very high.

In another case, the results of an excellent industrial safety
programme were considered outstanding among all the plants reviewed by OSARTs.
Strengths of this programme included a good basic safety training programme;
detailed safety inspections by volunteer inspectors trained for this task,
spending about 10 hours per month on safety duties; well developed analysis of
lost time accidents; preparations for complicated work; and special safety
days which were held every three months with detailed inspections, work item
development and implementation of improvements.

The use of a computerized system to keep health records of employees
for statistical analyses was also considered a strength.

24



Weaknesses
At some plants, disuse of safety protection equipment such as hard

hats, ear protection or safety glasses was noticed and recommendations to
strengthen the industrial safety programme and for better monitoring by
supervision were presented. Also improper scaffolds, unmarked trippings or
eye injury hazards, inappropriate lifting equipment, and improper securing of
gas bottles were found in single cases at some plants and suggestions to
improve the situation were presented.

A number of suggestions were made for improving other areas, including
increasing the time for retraining and developing a plant specific safety
programme in compliance with the utility industrial safety manual and the
IAEA-TECDOC-535 was suggested.

1.7. PLANT SECURITY

Objectives

The physical security of plant structures, equipment and personnel is
required. [This area is normally covered by OSARTs but often with a restricted
scope in accordance with the plant and/or authorities' request.]

Results of evaluation

Overview and strengths

At some plants no evaluations of plant security were performed but in
all plants all aspects of controlling and protecting the site and control of
access normally expected at a nuclear power plant were in place. The general
appearance of the security systems gave a good impression.
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2. TRAINING AND QUALIFICATION

Adequate training of plant personnel is essential for safe nuclear
power plant operation and the production of electricity. The degree and
extent of training required for a particular individual will vary, depending
on previous qualification and experience and the duties and responsibilities
assigned. It is the responsibility of the operating organization to ensure
that all plant personnel receive appropriate training and that only personnel
with proper qualifications are assigned job functions at the nuclear station.
During employment, qualifications are maintained by participation in
continuing training programmes that are directed towards maintaining and
upgrading the skills of the station personnel.

The area of training was reviewed in six OSART missions. The following
training and qualification topics are discussed:

o Training organization and administration
o Training facilities, equipment and material
o Control room operators and shift supervisors
o Field operators
o Maintenance personnel
o Radiation protection personnel
o Managers and supervisors
o General employee training.

2.1. TRAINING ORGANIZATION AND ADMINISTRATION

Objectives

A full-time training staff should be assigned to administer, plan and
implement the training of plant personnel. Plant management should fully
support the training function with necessary resources. The existence of a
full-time training staff does not relieve plant line management of their
responsibility to ensure that their staff are adequately trained and
qualified. Each supervisor should recognize and provide for the training
needs of his subordinates. The responsibilities and the authority of
training personnel, as distinct from those of line management, should be
clearly defined and understood.

The training instructors should have sufficient technical knowledge in
their assigned areas of responsibility. This means that they should be
technically competent and have credibility with the trainees and other station
personnel. In addition, the instructors should be familiar with the basics of
adult education and have adequate instructional skills. They should also be
given the time necessary to maintain their technical and instructional
competence through work experience and continuing training.

A performance based training programme based on job and task analysis
should be developed and implemented for each major station work group. The
programme should be developed as follows:

o Identify tasks for each work group;
o Define learning objectives and the knowledge and skills required to

perform tasks adequately;
o Define the basic educational and experience requirements and select

the trainees;
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o Plan and schedule training;
o Provide current training material and equipment;
o Conduct classroom, simulator, special workshop, and on the job

training (OJT) in a structured manner,
o Verify the learning results;
o Assess and improve the programmes.

For each work group, there should be separate programmes for initial
and continuing training. Each training programme should be well documented
and contain well defined learning objectives, an overall programme outline,
lesson and exercise plans, OJT plans, guidelines for the instructors and
methods for evaluating the results of. training.

Individual training records should be maintained and should contain
details of completed training courses, OJT, seminars, simulator training,
drills and exercises that have been attended, as well as results of
examinations.

Results of evaluation

Overview

The six power plant organizations reviewed had either well established
training organizations or equivalent arrangements with outside training
organizations. The division of responsibilities between line management
organizations and training units was in most cases clear. Only a few minor
recommendations were made in this area.

Many instructors were well qualified, had plant experience and were
trained in instructional skills. However, in some cases one of the above
qualifications was lacking. Typically, some OSARTs drew attention to the need
for instructors to improve their plant specific knowledge.

Generally, training programmes based on job and task analysis not
applied widely. However, many of the elements in this systematic approach
covered. OSARTs usually recommended the use of some systematic method to
ensure that all important elements are in place.

Some organizations had well written, standardized initial training
programmes with well defined learning objectives and training plans. In some
cases, especially with respect to continuing training, recommendations were
presented for strengthening the programmes.

Training records were usually kept, especially as they related to
initial training. In many cases record-keeping was manual. In some cases
better record-keeping was recommended for continuing training, and
computerization was also suggested.

Strengths
Initial and continuing instructors' training programmes at one plant

were considered a good practice. Instructors had to certified for
instructional and technical competence before they conduct actual training
unless directly supervised by a certified instructor. A performance based
initial programme existed for developing instructional skills, including
topics such as presentation techniques, training media and materials,
systematic approach for training, job and task analysis, and training
evaluation. Instructors maintained their operator licences in an inactive
mode and their technical competence was ensured with annual involvement for
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some specified period in shift activities and participation in the licensed
operators' requalification programme.

In two cases the policy of exchanging personnel between training staff
and technical or line organizations was noted to be excellent in that it
ensured that training staff have practical experience and fostered attention
to training matters within the line organizations.

One continuing training programme was noted to be commendable for
updating the professional knowledge of technical staff. It included 60 hours
of programmed lessons each year/ monthly instruction of all staff by their
superiors (topics indicated in annual programme), emergency drills and
individually attended external courses.

Weaknesses

In a number of cases it was proposed that plant management maintain
close contact with the training courses and that planned annual training plans
be properly implemented and recorded. Feedback from trainees should be taken
into account/ and any necessary corrective actions performed.

To avoid continual overtime on the part of instructors, an increase in
the number of staff in the Training Department was recommended at one plant.

It was recommended that simulator instructors should be provided with
training on current plant operating practices in those plants whose trainees
they instruct. It was also proposed that instructors' technical and
instructional skills be maintained and that a formal continuing training
programme should be established.

Another suggestion was for training programmes to be more standardized,
with properly developed classroom courses given regularly to new employees.
In addition, where standardized courses exist, it was recommended that
individual needs for continuing training of station personnel should be taken
into account.

Specific matters to be improved noted by OSARTs included:

o training programmes based on job and task analysis
o training guidelines for each job together with a set of

administrative procedures
o defined learning objectives
o course examinations related strictly these learning objectives.

2.2. TRAINING FACILITIES, EQUIPMENT AND MATERIAL

Objectives

Adequate facilities should be available for classroom training and
individual studies. The effectiveness of classroom instruction should be
enhanced by the use of visual aids such as videotapes, films, slides and
viewgraphs, to demonstrate actual plant conditions. Up to date reference
material such as safety reports, detailed system descriptions and plant
procedures should also be available in the training facilities.

For each course, easily comprehensible trainee reading material should
be supplied. Training material, such as simplified system descriptions and
diagrams, together with equipment, visual aids or photographs of the installed
equipment, should be provided to facilitate the trainees' understanding of the
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plant and its systems. Documents intended for training purposes only should
be clearly marked to distinguish them from documents used in the plant.

The operating personnel should have access to a representative
simulator facility where operation in off normal situations and team training
can be practised. To the extent possible, simulator facilities should
represent actual plant conditions. Known differences should be identified and
highlighted during training sessions. The simulators used should be capable
of 'replaying' accident sequences and operator responses, thereby enabling
trainees to learn from their mistakes. The simulator should also be capable
of simulating sequences of serious events and plant malfunctions that are not
easily anticipated by plant operators. The fidelity of the simulator's
functions should be ensured by applying basic QA principles in simulator
design, installation, commissioning and maintenance.

Maintenance personnel should have access to training mock-ups and
models for training on maintenance activities that have to be carried out
quickly and skilfully and cannot be practised with actual equipment.

The training group (or a separate training school where applicable)
should have a system to ensure that it receives information on plant
modifications, and changes in plant documentation that are relevant to
training, in a timely manner. The training equipment and material should then
be revised to reflect the respective modifications and changes.

Results of evaluation

Overview

Classroom training facilities were adequate at all plants. At most it
was possible to use visual aids such as videotapes, films, slides and
viewgraphs, and such material could be produced at the plant and/or in the
training centre. In most cases, there was a library containing material to
support training.

At most plants, enough attention was paid to the production and
development of proper student reading material that is consistent with a plant
description. In most cases evaluated there was a tendency to produce more
simplified training material instead of using only design and operation
documents for training.

Considerable variation was noted between the capability of the plants
to provide continuous simulator training. In general considerable attention
was paid to simulator facilities, some plants having replica simulators,
while some had plans to install such simulators. Others arranged to use
similar types of full scope simulator at another training centre or use
alternative training methods.

In some cases, there were training mock-ups and models for training on
maintenance activities. Some excellent practices were recorded by the OSARTs
in this area.

In some cases systems had been developed for revising documents and
simulator facilities to take account of plant modifications.

Strengths

At one plant the OSART identified an excellent training programme to
minimize human error. In the maintenance area, about 200 plant parts,
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components and equipment had been collected from among items that had caused
problems in the past, in order to prepare maintenance staff for difficult
tasks.

In a training centre full scale key parts of the primary system of a
PWR were represented for practicing cutting/ machining, welding, exchange of
complete components and operation of special tools. There was also a complete
fuel machine, fuel mock-up and a full size reactor pool for practicing
refuelling, handling of deformed fuel bundles and welding of stainless steel
under borated water. At another training centre, there were well equipped
laboratories providing good opportunities for hands on training.

At one plant, the use of engineers from the line operation for
simulator upgrading purposes was considered a good practice, enabling later
good contacts between operations personnel and simulator instructors when
training related simulator modifications are discussed.

Weaknesses

The following recommendations and suggestions were made to correct
shortcomings in comparison with international standards of excellence (each at
one plant if not otherwise stated):

o High priority should be given to acquiring a full scope simulator
for training on single and multiple failure events.

o Where an alternative to simulator training used to train operators,
OSARTs recommended that the inherent limitations of such a
practice required additional training objectives and programmes
before the contribution of this practice to operator qualification
could be accepted.

o Specific training material such as educational documents with
drawings for use by trainees and visual aids for use by instructors
should be prepared.

o Where video films were used for training better planning and a more
professional approach to producing such films was suggested.

o The addition of accident conditions into the simulator models,
including effects outside the primary circuit boundary, was
suggested.

o A set of detailed procedures for the simulator should be prepared:

- for maintaining and updating the simulator
- for modifying it without undue delay when the reference plant

has been modified
for maintaining design documentation
for ensuring the fidelity of the functions simulated by
applying basic QA principles in maintenance and development
work on the simulator
for more effective planning and advance testing to prevent
problems of undercapacity for continuous training

o Maintenance related laboratories should be used for practical
training in conjunction with the real equipment.
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2.3. CONTROL ROOM OPERATORS AND SHIFT SUPERVISORS

Objectives

Control room operators and shift supervisors are responsible for
operating or directing those who operate the controls in the control room, in
accordance with relevant operating instructions and procedures. Their initial
training programme should develop thorough knowledge in the following areas:

o Plant and systems performance and safety limits in normal and off
normal conditions

o Plant systems design features and lay out
o Operating procedures and systems operation
o Administrative controls and operating procedures
o Quality assurance
o Radiation protection, fire protection and industrial safety
o Emergency response
o Applicable codes, standards and regulations.

During the initial training period trainees should also acquire
extensive experience in plant diagnostics, control manipulations, team work
and administrative tasks. Shift supervisors should additionally be trained in
supervisory techniques and communication skills. Their training should in
general be more broadly based than that of other operators.

The training should consist of classroom lectures and seminars, on the
job training and simulator training. On the job training should be planned
and controlled to ensure that all necessary topics are completed during the
training period. Simulator exercises should be structurered and planned in
detail to ensure adequate coverage of relevant topics. They should include
pre-exercise briefings and post-exercise critiques.

The qualifications of the control room operators and shift supervisors
should be verified and formally authorized before they are allowed to assume
shift duties. Periodic evaluations of the operators' skills and knowledge
should be conducted and be a pre-requisite for continued qualification for
control room duties.

Continuing training should refresh and improve operator knowledge on
topics seldom needed in daily work. In addition, it should provide
information on plant changes and modifications relevant to operators, and on
operating experience gained on the site and industry wide.

Results of evaluation

Overview and strengths

Generally initial training programmes for control room operators were
well established, including both theoretical and simulator training as well as
practical training at the plant. In most cases initial training fulfilled the
objectives presented and few recommendations were made by the OSARTs in this
regard.

In most cases written and/or oral examinations were performed to verify
the qualification of a person to undertake a certain task. Usually, these
were performed by plant or operation managers who had the responsibility for
satisfying themselves with the qualifications of their subordinates. In some
cases, requalification examinations were also performed at intervals.
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In many cases, continuing training programmes were not as well arranged
as initial training. There were various reasons which are of a more or less
practical nature, such as a lack of training staff at the site, training
arrangements in the line organization or reliance on self-study. On a plant
specific basis, more attention should be given to the way in which refresher
courses for operating staff on plant knowledge, systems modifications and
operating experiences are systematically directed. There are also good
examples of continuing training arrangements however.

Weaknesses

The following recommendations and suggestions were made to correct
shortcomings in comparison with international standards of excellence:

o It was recommended to develop a uniform method to assist in the
initial verification of the technical knowledge of each person
assigned to shift operation. In addition, periodic verification
that minimum knowledge levels are maintained was proposed.

o Additional training related to the interaction of turbine plant
systems with other systems was recommended for turbine operators.
Adequate instruction on all plant systems and for simulator
training covering normal and abnormal situations was recommended.

o The following topics were recommended for inclusion in training
programmes at some plants:

course on thermal hydraulics
- formal training in abnormal event analysis and degraded core

conditions
- stress management in cases of emergency.

o Formal requirements for the minimum contents of the continuing
training programme conducted within the shifts, emphasis on systems
and procedures, and the study of plant modifications and operating
events were recommended. It was also proposed to carry out this
training outside normal shift working hours.

o Detailed on the job training guides and checklists to monitor
training were proposed. In addition, free time each month for
informal discussions on topics not included in the annual programme
and selected by operation management was proposed.

o OSARTs recommended that accurate recording and documentation was
needed of all training given to control room operators during
shifts.

o Annual team training on a full-scope simulator was recommended.
The annual programme planning should take into account the tasks
and procedures to be covered, operating experience, plant
modifications and suggestions from the operating staff.

o The following specific topics related to simulator training were
recommended:

the use of plant specific procedures
including activities that are not directly related to control
manipulation, i.e. including field operations in the training
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including emergency conditions in the training,

- a more active teaching role of the instructors, i.e. pre
briefing, specific instruction during simulator sessions,
freezing and backtracking, stressing the objectives, explaining
remaining questions, critique.

At plants that do not have their own replica simulator, a long term
contract with a simulator training centre and appointment of a
permanent instructor there who is familiar with the plant and the
simulator were recommended. In addition, some software changes to
provide representative simulation and a long term framework to
cover all important normal and abnormal operating conditions were
proposed.

Where a full scope simulator is under construction, it was
recommended that shifts already operating the plant should attend
an initial course to become acquainted with the actual dynamics of
the plant. Until a simulator is available, the OSART proposed
walk-throughs or simulations in on the job training.

2.4. FIELD OPERATORS

Objectives

Field operators operate equipment outside the control room in
accordance with relevant instructions and procedures, as ordered by the
control room operator or shift supervisor. Their initial training programme
should develop knowledge in the same areas as in the programme for control
room operators, but its contents should be more general and directed towards
developing a detailed knowledge of operational features of the plant and
'hands on' experience. In training on topics not directly related to field
operator work, priority should be given to easy comprehension of the main
points rather than learning full details. Work specific topics should be
thoroughly practised and on the job training should be emphasized.

Results of evaluation

Overview and strengths

In most cases, training programmes for field operators were adequate.
They usually included classroom and on the job training and covered basics of
nuclear technology, introduction to plant systems, general employee training
topics, administration and procedures. In some cases trainees took
qualification examinations and in most cases refresher training was also given.

Weaknesses

At two plants, the OSARTs recommended the introduction of some kind of
management control or detailed checklists for on the job training to ensure
that training had been implemented in the planned form and that all necessary
practical skills had been learned.

At two plants, identification of tasks, systems and procedures for
which periodic refresher courses should be given was recommended, to ensure
satisfactory field operator performance during abnormal operating conditions.
For these topics, structured continuing training was proposed.
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Some OSARTs recommended that the following topics be included in the
training programmes:

broadening the general knowledge of field operators of plant systems
operating experiences (to be included in continuing training).

2.5. MAINTENANCE PERSONNEL

Objectives

Maintenance personnel are responsible for carrying out preventive and
predictive maintenance, repairs and minor plant modifications. Maintenance
staff include work planning, mechanical, electrical, and instrumentation and
control personnel. Their initial training should develop knowledge in the
following areas:

o plant lay out and general features and purposes of plant systems
o quality assurance and quality control
o radiation protection, fire protection and industrial safety
o administrative procedures and other rules to be observed during

maintenance work
o maintenance procedures and practices, including surveillance and

inspections
o special maintenance skills.

Controls should be established to ensure that maintenance personnel are
qualified on equipment to which they are assigned to work. This qualification
could be based on training given by component manufacturers, training on
equipment mock-ups and on the job training under supervision by experienced
staff. Evaluation of the individual's skills and knowledge in performing a
given maintenance activity should normally precede qualification.

Structured continuing training should include information on plant
modifications, identified performance problems, and operating experience
relevant to maintenance work.

Results of evaluation

Overview and strengths

Generally, initial training programmes for maintenance personnel were
adequate, containing most of the necessary elements listed in the objectives.
The thoroughness of the initial training programme depended on the practice in
certain countries. In some countries, plants were able to hire staff who had
learned basic professional skills at school and who needed only plant and
equipment specific training. In other countries, training was started with
general school graduates who had no practical work skills.

In some cases, there were well structured training programmes with
classroom lessons related to topics such as the basics of nuclear technology
and radiation protection, as well as plant systems, administrative matters,
industrial safety and on the job training under supervision by experienced
staff. In some cases much reliance had been put on on the job training
instead of classroom lessons.

There was usually some kind of qualification procedure in which either
the supervisor of on the job training or the plant management decided the
capability of a trainee for independent work.
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An essential part of maintenance training was the training given by
component or equipment manufacturers. In many cases manufacturers took care
of the maintenance of the components they supply. This gave the plant
organization a good opportunity to train their own maintenance staff in these
tasks through on the job training. In some countries there were also
laboratories for maintenance training, containing important components on
which difficult tasks can be practiced. In two countries, OSARTs found good
practices in this field (see Section 2.2).

Structured continuing training programmes were not common. In one
case, a method to go through operational experiences and plant modifications
in a systematic manner was presented. In another case, continuing training
was used to extend the range of the equipment on which personnel were
qualified to work.

Weaknesses

At some plants, the use of job and task analysis for maintenance
training was recommended as a means of identifying the necessary topics.
Defining the requirements for independent work and developing measurable
training objectives were also proposed.

Where structured training was not seen to be available, OSART
recommended that continuing training programmes for maintenance personnel be
designed, identifying tasks and topics which should be refreshed to ensure
high quality work.

It was proposed that the following topics be included in maintenance
training at some plants:

o a plant systems course in initial training
o topics for developing equipment specific skills
o operating experiences and plant modifications.

Section managers were recommended to pay more attention to the training
and qualification of subordinates: planning annual training for each
individual and allocating the time necessary for such training.

2.6. RADIATION PROTECTION PERSONNEL

Objectives

Radiation protection personnel provide guidance to other personnel on
measures to limit radiation exposures. At most plants they also have
responsibility for maintenance of the radiation protection equipment, dose
control, contamination control, area radiation monitoring and effluent
control. They should be trained in these special topics, and in addition they
should be given instruction in the general features and purposes of plant
systems and the plant lay out.

Structured continuing training for radiation protection personnel
should include refresher training on general plant knowledge, plant
modifications, identified performance problems and industry operating
experience relevant to radiation protection.
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Results of evaluation

Overview and strengths

All OSARTs were generally satisfied with the initial training and
qualifications of radiation protection personnel. Training included basics of
nuclear technology, radiation protection, general features of plant systems
and plant lay out, general employee training, and administration as well as on
the job training. In most cases some kind of qualification procedure was
applied, and in some cases periodic qualification procedures also existed.
Some recommendations were made to formulate the programmes better - to cover
all essential features - and to use checklists in on the job training.

Weaknesses

Formal requirements for initial qualification of radiation protection
technicians to work independently were recommended. Structured on the job
training with written guidance and checksheets were proposed as prerequisites.

OSARTs recommended continuing training plans including topics such as:

o refresher courses on plant systems
o refresher courses on correct protective actions in normal and

abnormal plant conditions
o lessons on operating experience and plant modifications
o General Employee Training topics
o more advanced radiation protection training.

2.7. MANAGERS AND SUPERVISORS

Objectives

Managers and supervisors should master their own technical field
through both basic training and long experience in the nuclear area. They
must have a thorough understanding of relevant standards, rules and
regulations. They should also have good overall knowledge of the plant and
its systems. Those having responsible positions in emergency preparedness
organizations should be specially trained for their emergency duties.

The plant should also have a management developed programme to ensure
that an adequate number of qualified persons are available to fill any
management position, if the need were suddenly to arise. Training of managers
and supervisors, and of their potential successors, should include courses and
seminars on management and supervisory skills.

Results of evaluation

Overview and strengths

At most plants, plant managers had worked on the site since the
construction stage and attended initial training courses with the first
operating crews. In many cases, the policy for filling vacant management
positions was to use persons from operating organizations, which helped to
ensure that a successor has experience in plant operation. In one case, there
was also a policy of nominating managers from other similar plants or from
headquarters organizations.
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To ensure that management positions are filled by qualified persons,
some plants had training for possible new candidates in management skills. In
addition to the higher management positions, persons having supervisory tasks,
such as shift supervisors or maintenance technicians usually received suitable
training in supervisory skills.

Weaknesses

The following were recommended to correct shortcomings in achieving
international standards of excellence:

o management training programmes for the higher plant managers
appropriate to their skill requirements, and a supervisory skills
course for shift supervisors, their deputies and foremen

o adequate training in accident recognition and mitigation of
accident consequences for each management level having a specific
role during an emergency

o strengthening training in QA areas relevant to the management.

2.8. GENERAL EMPLOYEE TRAINING

Objectives

All new employees starting at nuclear power plants should be introduced
to their work environment in a systematic and consistent manner. General
employee training (GET) programmes should give new employees a basic
understanding of their responsibilities and safe work practices, and the
practical abilities to protect themselves from hazards associated with their
work.

Refresher training on GET topics should also be provided periodically.

Results of evaluation

Overview

All plants visited provide GET which included radiation protection,
industrial safety, fire protection, general plant and organizational
description and administrative matters. At some plants, QA courses were also
included in initial training. However, there were differences in the conduct
of training. Some plants had well structured courses while others trusted in
self-tuition and reading of technical documents. In some cases, there were
examinations in radiation protection, industrial safety and fire protection.

Periodic refresher training was generally given. The amount varied
however, and at one plant, for example, it was recommended that training be
made more interesting by varying the topics handled. At some plants OSARTs
recommended that more attention should be paid to QA matters.

Strengths

At one plant, training in fire protection was considered to be thorough
and well organized. Professional fire-fighters acted as instructors and all
topics were frequently refreshed. This good practice led to a recommendation
that specialists should be used as tutors also in other areas such as
industrial safety, radiation protection and QA to foster positive attitudes
towards safety and quality matters.
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Weaknesses

At two plants/ continuing training in General Employee Training topics
was recommended either to be established or to be made more interesting by
varying topics yearly. At one plant, where reliance was placed principally on
a comprehensive initial training programme, individual consideration of new
employees was recommended because there were practical problems in giving the
whole package to a small number of new employees. Periodic industrial safety
meetings to handle selected topics were also proposed at one plant.

At some plants, QA training and continuing training were recommended to
heighten quality awareness, to teach personnel to follow given instructions
and plans, and to work in a structured manner in all areas. Concrete examples
to show what is meant by adequate quality in various types of work and also
examples of losses caused by poor quality should be presented. Tailoring for
various groups was also recommended, e.g. responsibility for the quality of
work done by subordinates should be emphasized to managers and foremen.

One recommendation was that efforts should be made to ensure that
contractors' employees are familiar with safety hazards and are instructed in
safe working practices.
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3. OPERATIONS

A well structured and competent operations organization is a key
element in ensuring safety in a nuclear power plant. Operations staff have the
final control over the operation of all equipment related to reactor safety
and overall radiation sources in the plant so as to prevent or minimize
unplanned radioactive discharges to the environment or hazards to plant
personnel. This ultimate safety responsibility is the driving force to
improve and maintain the high quality of the operating organization and
programme. No matter how carefully nuclear power plants are designed and
constructed, the possibility will always exist that an unanticipated event
might occur, requiring timely intervention of the operator to maintain plant
and personnel safety. It is thus important that during normal and emergency
conditions, operations personnel always ensure the effective execution and
control of all operational activities.

This report discusses the following operational sub-areas :
o Operating organization and administration
o Operating procedures and documentation
o Conduct of operations
o Plant status information and administrative control
o Operations facilities and equipment
o Operations histories.

3.1. OPERATING ORGANIZATION AND ADMINISTRATION

Objectives

Many plant activities affect nuclear safety and performance. Therefore,
the responsibility and authority of plant operation should be assigned to a
single operating group.

The organization and administration of such an operating group should
ensure that the plant is safely and reliably operated under both normal and
abnormal conditions. The responsibilities and authorities of each member of
the operating group should be clearly defined and fully recognized. Since
senior site management and technical support groups are off the site at nights
and during holidays, the operating shift supervisor must be allocated the
responsibility and authority to take the first action to prevent or to
minimize the consequence of an abnormal plant condition.

Each position in the organization must be staffed with suitably
qualified and authorized individuals. The process of selection, training and
job rotation should be well programmed to develop and maintain capabilities,
and to provide the necessary staff motivation.

Administrative procedures for the co-ordination of operational
activities with those of other groups, especially with Maintenance should be
established. General administrative tasks of the shift crew should be
minimized but those necessary to ensure that the staff crew maintains total
control of plant and equipment status should be retained by the shift.

Minimum staffing levels of shift crew should be clearly defined for
authorized operators and other staff to ensure reliable accomplishment of
assigned tasks. The staffing level should be adequate to ensure that safety is
not jeopardized if an operator or supervisor is disabled as a result of stress
or injury.
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To provide redundancy and diversity for the human safety function, it
would be preferable to designate in the control room an individual who is
capable of carrying out an independent review of an occurrence, and to provide
advice and guidance to the shift supervisor in the case of emergency. The
responsibilities and the lines of authority should be clearly established in
writing.

Measures should be taken to ensure that operating staff on duty are
alert and mentally unimpaired. Specifically, there should be a clear policy
against drug and alcohol abuse. Shift rotation schemes should provide for
adequate rest before going on duty.

Plant and operating managers should ensure that they spend some of
their time "walking the plant" and observing operators carrying out their
activities. This will foster a caring and attentive attitude on the part of
the operators towards their work. Regular appraisals of the performance of
operating staff should be used to enhance individual performance and to
prevent complacency.

Results of evaluation

Overview

The nuclear power plants reviewed by OSARTs had different
organizational structures in the operations area and in particular in shift
staffing levels and composition. The number of personnel allocated on shift
varied widely with the plants and was highly dependent on the tasks assigned
to the shift personnel. For example, one plant had about 120 people on shift
including mechanical, electrical instrumentation and control, chemistry,
radiation protection and computer technicians in addition to operators.
However, at all plants reviewed, the authority and responsibility of the
operating group was clearly documented and rigidly observed.

Generally, sufficient technical support for the operations was provided
by other departments and external organizations. The close interrelations with
other groups were regulated by procedures and frequent meetings. For example,
a daily meeting was held at most of the plants at which all major maintenance
activities, surveillance tests scheduled and plant conditions were reviewed
and where necessary equipment clearance controls were established to ensure
there is no adverse impact on nuclear and industrial safety.

Sufficient human resources were provided for the operating
organizations. All nuclear plants also had appropriate training and
qualification programmes in place to develop and maintain operator
capabilities. The operators interviewed during the OSARTs were generally found
to be knowledgeable, well motivated and aware of their functions with regard
to nuclear safety.

Strengths

At one plant, a shift supervisor and a shift foreman were dedicated for
a period of one to two weeks to co-ordinate and prioritize work requests.
This group reported to the duty shift supervisor.

Abundant qualified operator resources were available at one plant and
more than an adequate number of licensed and trained operators were allocated
in the main control room.

Another notable practice was that the Head of Operations met with each
operating crew at the beginning of each six week cycle. Topics included past
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and future operational activities, plant modifications and new procedures. A
matrix checklist of topics was maintained to ensure that all appropriate
people received all the necessary information.

Weaknesses

The job descriptions specifying the authority and responsibilities of
key shift personnel were, in a few plants, ambiguous and may cause some
confusion in communication between field operators and the shift supervisor.
For instance, the procedures required that the control room operators and
field operators should report not to their direct unit supervisors but to the
shift supervisor. The OSART review considered this communication link to be
inappropriate since the unit supervisor is responsible for all activities in
the main control room. Thus reconsideration and redefinition of administrative
procedures were recommended.

The tasks assigned to the shift operators should be optimized so that,
under any plant condition requiring response by the operators, they are aware
of the status of all plant equipment and are ready for quick and correct
action. In one plant, however, some duplicated and other maintenance tasks
were given to the shift operators, resulting in an excessive work load.
Reorganization of responsibilities and duties was considered necessary. For
the same reason a change from a five shift to a six shift scheme was suggested
to minimize overtime and to allow sufficient time for training.

Although the shift crew was responsibile for authorization of work and
the application of equipment or personnel protection tags, scheduling of such
works at one plant was done only on priority basis. A more comprehensive
schedule describing the sequencing of work, critical path activities and work
control would allow more effective operations support of maintenance
activities.

Strong practices were found in many plants in the areas of industrial
safety, housekeeping and control of operator aids posting, but in a few
plants, recommendations were made to describe these vital activities in formal
guidelines.

Reviewing the availability of human resources of qualified personnel to
cover the tasks of the operating organization such as preparation and revision
of procedures, a recommendation to establish long-term planning to ensure
availability of qualified personnel for operation was made.

The physical protection of some systems and equipment was discussed and
it was suggested that some systems be upgraded to control access to ensure
reliability and prevent inadvertant reactor trips.

3.2. OPERATING PROCEDURES AND DOCUMENTATION

Objectives
Instructive and comprehensive operating procedures should be provided

for the operators. The guidance provided in the procedures should be clear,
concise, verified for its accuracy and validity and adequate to enable trained
operators to perform their activities. The procedures should be supported by
reference material such as system descriptions, flow sheets, wiring diagrams,
and logic diagrams. The procedures and reference material should be clearly
identified and readily accessible in the control room.
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Besides procedures for normal operation, emergency procedures should be
available for abnormal conditions and accidents included in the plant design
base. In addition emergency procedures for coping with beyond design basis
accidents to complement existing event based procedures should be in place or
there should be a proper programme for their development within a reasonable
time-scale.

Operations documents should be kept up to date/ and technical details
contained in the procedures and reference material should be consistent. A
systematic approach with assigned responsibilities should be instituted to
keep procedures and reference material up to date in a timely manner, and to
incorporate temporary modifications, and to ensure a proper distribution of
new procedures to reach all staff concerned and the replacement of all
previous outdated versions. Regular reviews should be conducted to ensure
that the documentation available in the main control room and in the field is
up to date and that any temporary information displayed for the operations
staff is current and properly authorized.

Results of evaluation

Overview

Without exception, operating procedures were prepared and properly
used. These procedures were located at a convenient place where operators had
quick access. In addition to fundamental operating procedures, supporting
documents or reference materials such as drawings, logic diagrams and flow
diagrams were also provided for operators to have details of system operation
and systerr design response after accidents.

In all nuclear power plants reviewed, strong concerns and efforts were
observed on how these documents are to be updated systematically and in due
time. In one plant, all procedures were thoroughly reviewed every two years
for incorporation of current plant modifications, recent internal and external
operating experiences and even for correcting misprints. At one plant,
temporary modifications were dealt with by use of "Temporary Change Request"
and "Temporary Procedure Change" procedures to provide temporary information
to the operators while procedural changes were formally finalized.

Regarding emergency operating procedures, event oriented procedures had
generally been prepared, and remarkable efforts were paid to introducing and
to disseminating symptom based procedures.

Generally, operators interviewed were well acquainted with procedures
that they should follow when required, and this knowledge and skill was
refreshed by periodic training.

The key documents specifying comprehensive safety requirements, namely
Operational Limits and Conditions (sometimes called Technical Specifications),
were in use in all nuclear power plants, although the title or format were
relatively varied. It was observed that if a safety question arose for plant
operating conditions this document was referred to and adhered to.

Strengths
As regards the modification or temporary changes of procedures, the

instructions for the shift members were noted at one plant. Upon completion of
a modification to procedures or systems written acknowledgement by the shift
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members to signify their understanding of the change is required within a
certain time.

At the same plant other good practices were identified:
o The reactor operators used different sets of checklists (daily

logs) for different modes of operation.

o Each page of the emergency procedures had on the reverse the
permanent instructions that are always valid during the following
procedures(e.g. requirements for RCP tripping) instead of a fold
out sheet which is cumbersone to handle.

Weaknesses

Upgrading the contents, format and filing of operating procedures was
recommended. For example:

o The format of emergency procedures should be improved so as to
begin with signals and phenomena of accidents followed by general
objectives, immediate tasks and long term tasks.

o Operating procedures should cover more specific topics, such as a
LOCA in different modes from power operation, backup of electrical
power supply and restoration from other plants.

o The emergency procedures should be clearly divided into groups with
dividers and indexes showing main contents and symptoms of
emergency conditions.

o A clear instruction or procedure should be prepared for restarting
the plant.

Symptom based procedures were still under development in many plants.
Their expeditious introduction and more extensive training on these procedures
were encouraged.

Improved administration to make operating procedures more effective and
easier to use was recommended at some plants, for example:

o A station instruction is needed for preparation of an emergency
operating procedure.

o Abundant copying capabilities should be available so that
procedures, which are quite large documents, can be distributed to
all plant personnel concerned.

o A management follow-up is necessary to minimize the backlog of
procedures.

o Instrument and control logic diagrams should be periodically
reviewed to update them.

More extensive use of operating procedures was recommended; for
example, they should be used as checklists in supporting the operator's
memory. Improved descriptions in the Operational Limits and Conditions were
suggested to enhance in understanding safety requirements related to various
plant conditions.
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3.3. CONDUCT OF OPERATIONS

Objectives

The shift operating personnel are required to operate the plant so as
to generate the required electrical output while keeping the plant within the
Operational Limits and Conditions that are established in a definitive
document . It is important that close adherence to written procedures is
observed in order to ensure correct operation of equipment. Deviation from
these procedures should require approval at a level appropriate to its safety
significance. However/ in an emergency case, requiring from operators
immediate responses beyond the guidance documented in the procedures,
operators should have the authority to take corrective action according to
their judgement.

A formal communication system should exist for the transmission of
orders and for the transfer of information related to the reliable and safe
operation of the plant. As part of this system, plant evolutions and major
tests should be properly authorized by management and controlled by operations
personnel. This system should include retrievable recording of orders and
instructions, with confirmations that orders and instructions have been
received and.understood.

Shift turnover should be carried out in a structured and professional
manner. The effectiveness of shift turnover is enhanced by a written account
of the shift activities. In order to achieve common agreement and set
objectives, a shift briefing is desirable following turnover.

Control room activities should be conducted in a professional manner.
Oral communications with respect to operational activities should be clear,
concise and understandable. Feedback should be adequate to verify the
information transmitted. Control room access should be limited and access to
the control area restricted to appropriate personnel.

Operators should be attentive and responsive to plant parameters and
conditions. Warning alarms and unusual phenomena such as changes in process or
core performance should be keenly monitored. Prompt remedial action should be
taken as soon as plant deficiencies or departures from required conditions or
plant configuration are detected. Backup instrumentation or other appropriate
means should be used when normal instrumentation is found to be defective.
Where necessary, alarms and unusual phenomena should be notified to the
responsible technical support section so that thorough investigation and
corrective action can be quickly taken. Safety systems should be maintained
operable to the maximum extent possible. When safety systems are inoperable,
controls should be established in accordance with the operational limits and
conditions or to ensure that plant safety is maintained.

Shift supervisors and authorized/qualified staff should adopt the
practice of regular plant walk-throughs. Senior shift staff sometimes get so
immersed in plant operation and administration that there is little time left
for "look, see and listen".

After a reactor scram or other major transient, a thorough review of
its causes and consequences should be carried out prior to restarting or
resumption of full power operation. Restart criteria and decision authority
should be established and followed.

44



Results of evaluation

Overview

Generally/ operations observed were conducted in a professional manner
with a high priority towards safety both in the main control room and in the
field. Alarms or deviations from the normal range or set point were promptly
detected with satisfactory response to recover to normal conditions. In fact,
very few alarms were found during normal operation in some nuclear plants
visited, as evidence that the plant is maintained and operated in good
condition. A few notable operating practices were observed to prevent
operators from misoperation. The first one is the "double check and pointing
operation", that is, one operator reads the procedures while another operator
points at the device to be operated and reads out the required action. Upon
the completion of the operation, the steps in the procedure are checked by
reading out loud the completed action.

In another plant, double checks by an independent operator reading and
checking the procedures were also carried out in a very professional manner
and at important steps, such as when approaching criticiality, other
management personnel also supervised these operations.

Operators interviewed were mostly found to be well motivated and eager
to keep and upgrade their knowledge and skills.

In all plants, operating parameters were carefully checked by both main
control room operators and field operators. Operator patrols were carried out
regularly, for instance twice during a shift, to check the operating
conditions of equipment by monitoring noise, vibration and temperatures of
bearings. One way observed of detecting any slight deviations of various
parameters is to mark normal ranges and set points in indicators and charts
for the operator to compare with the actual values. These practices were
observed in some plants.

The shift turnovers were generally satisfactory. Information
transferred to the upcoming shift was detailed enough and included all
necessary items such as operating background or open maintenance requests
scheduled, which were systematically described in the turnover log-book. Where
necessary, walkdown to each control board and panel took place to confirm the
system condition. In a few plants, a shift meeting was held after a shift
turnover. This was considered a strong point to avoid any misunderstanding
among the shift workers.

Strengths

An 'advertising campaign' to remember good operating practices was
observed in one nuclear power plant. This campaign included buttons, small
posters on the control board and large posters throughout the plant and was
thought to be unique.

At another plant, operator round sheets to record plant log parameters
were considered excellent, e.g. maximum values were included. Readings were
recorded every two hours which was more frequently than required by industry
wide norms.
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Weaknesses

The following recommendations were made to correct shortcomings in
comparison with international standards of excellence:

o A reconsideration of the procedure controlling access to the
control room was recommended because there were too many personnel
in the control room/ which disturbed operators' concentration on
plant conditions.

o A review of safety aspects relating to a union strike which took
place during the OSART mission was recommended. The plant power
was reduced according to the procedures as a strike action and the
plant was safe at all times. However, it is important that the
prime responsibility and authority of the plant manager should not
be usurped by union actions.

o The shift supervisors' authority and responsibility were
recommended to be respected more when making decisions about plant
operation, as a result of too much involvement by management
personnel in the main control room during the recovery operation
after a plant trip,

o An improvement of the habitability of the field operators' base was
considered necessary because of noise level and industrial safety.

o To facilitate operators' quick action, the following improvements
on the alarm system and indicators were suggested :

More readable alarm windows
Distinction in important alarm buzzer sounds both on the
control board and from the computer alarm system.

o Some concerns were identified in reviewing surveillance tests
programmes. The first one is to reduce the frequency of the
pressure test at the secondary side of steam generator tubes which
may cause long term troubles to the joints and the headers. The
second is to reconsider the diesel generator starting test
procedure taking into account the generator power factor, the
availability of the generator during the test and actions to be
taken when parameters deviate from their normal value.

o For better emergency preparedness, real drills with self contained
breathing apparatus worn by the shift members were suggested to
enhance the operators' proficiency and confidence in using it.

3.4. PLANT STATUS INFORMATION AND ADMINISTRATIVE CONTROL

Objectives

Operations personnel should be cognizant of and have control over the
status of plant systems and equipment in all modes of operation. The status,
authority and knowledge of the shift supervisor should be such that he can
properly take all safety considerations into account. Administrative controls
are needed to ensure that the shift supervisor is informed of plant activities
affecting the status of systems and components, and that all such activities
are routed via him or his delegate for final approval. Similarly, it is
important to keep the operator informed of plant status. Many processes are
relevant, including: operator surveillance, communications, checklists and
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log-keeping; records of alarms, abnormal system conditions and defective
equipment; shift turnover processes and briefings among the operating crew;
the work authorization and tagging systems; and control of temporary and
permanent plant modifications.

Procedures should be available for regular surveillance, conducted by
control room and field operators, to observe plant parameters and equipment
conditions. Methods for documenting and communicating unusual observations
should be well established. Checksheets or equivalent means should be used to
ensure that proper conditions are maintained for each mode of plant operation
and for mode shifts. Log-keeping should be timely and accurate, and should
adequately reflect plant activities and changes in equipment status. Status
changes should be communicated to appropriate shift personnel.

There should be sufficient alarm indicators, and they should be easy to
differentiate from annunciators that provide status information. The number
of alarms that are activated during normal operation should be minimized.

The positions of valves important to safe operation should be known,
accurately recorded and ensured with locks where necessary. There should be
an administrative control system to check off-normal valve line-ups and
systems realignment.

Many activities take place in parallel and various personnel, such as
maintenance groups and contractors, participate in them. All personnel
involved should be provided with the information necessary to understand which
trains of safety systems are on stand-by or out of service during the work,
and what kind of work is going on in such systems.

The availability of instruments and control systems should be clearly
displayed to the operator. Defective instrumentation and controls should be
promptly reported and properly labelled and corrective measures taken in a
timely manner. It is important that the design of selected instruments is
such that they can function satisfactorily in the hostile environment
resulting from a LOCA. Additionally, the response and scaling of specified
instruments (for use in post-accident monitoring) should be such that adequate
coverage of the wide variation and extreme values encountered during accident
conditions is obtained.

Activities affecting the status of systems and components, such as
maintenance works and surveillance tests, should be authorized by the shift
supervisor or his delegate. Work authorization procedures should clearly
define the responsibilities related to equipment isolation, post maintenance
testing and restoration to service. Procedures should be implemented to
control the placement and removal of caution, warning and information tags
installed on equipment, for the protection of personnel or equipment. Tags
should be periodically reviewed for accuracy and continued applicability.

The plant should have a clearly defined policy and procedures
addressing administrative control of temporary and permanent modifications.
The policy should cover the authorization, precautions and communications
required to initiate, implement and remove modifications and the turnover
process after completion, such as training and briefing for shift personnel.
The operators should be aware of the current status of every modification
being implemented. Temporary modifications should be periodically reviewed to
assess the continued need for them and to check conformity with the records
maintained on them. The number of temporary modifications should be minimized.
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Results of evaluation

Overview

Operators were generally well informed of all necessary plant
conditions and activities in ensuring that the plant was under the operators'
control and that safety was satisfactorily maintained. All plants reviewed had
administrative procedures dealing with work permission systems and temporary
and permanent modification systems, by which all current plant information and
activities such as maintenance and tests were processed through the shift
supervisor or his désignée for final approval to proceed to action and for
close monitoring by operators during their implementation. These procedures
also included a tagging system showing operators the status of systems and
components e.g. open or closed positions of valves and the isolation of
systems for maintenance work. On observing various activities in the main
control room and the field during the OSART missions/ it was noted that these
procedures were strictly adhered to by the plant staff involved.

Although quite a number of backlogged maintenance work orders were
found in a few plants, generally work requests were well controlled. At one
plant the high backlog was the result of not performing maintenance during
operation because of extensive and thorough overhauling done during the annual
outage.

Plant status control and its verification were also carried out in such
a way that safety requirements should not be violated. A unique folder listing
all isolated systems was always in use in the main control room at one plant
to check whether any required safety system was out of service. At another
plant, an independent verification policy was in effect when returning a
safety system to service after maintenance work or a test.

Sufficient plant information including design backgrounds and set
points of instrument and control systems, was provided to the operators in
various ways. In one plant a pocket book containing all essential parameters
or schematic diagrams was distributed to the operator for their reference.

Major efforts were observed in the labelling of valves and components,
giving comprehensive and avoiding any misleading information to the operators.
Although a few minor areas for further improvements were noted, some good
approaches were noted, for example, colour coding for different units.

Strengths
In one plant, valves were locked in the position important to their

safety function and checked daily by both reactor operator and field operator.
As another good practice, the automated work order processing system was
capable of providing the appropriate tagout list. A special group was
organized to prepare tagging and to control work orders and a unique multi
coloured form was used to designate the purpose of tagging, such as the
isolation of equipment, or for testing purposes.

The outage plan report prepared by the operating engineer was
considered a good practice. This report was used by the operations personnel
to plan the outage jobs, plant configurations and manipulations. It also
served as a basis for evaluating lessons learned following the outage.
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Weaknesses

The following recommendations were made to correct shortcomings in
comparison with international standards of excellence:

o listing of all work requests with a priority classification was
recommended since there was a relatively large backlog of operation
work requests and no statistics were kept regarding ageing or
backlog turnover rate.

o Improved documentation of failures and the control of maintenance
work was recommended to ensure that all required safety systems are
operable. For example/ a scheduling on calendar was suggested.

o A more systematic key control associated with the safety related
system was recommended, including a locked board in the main
control room to keep keys, a log-book to be signed off when a key
is to be taken out for use, and preparation of unique keys for each
redundant safety system.

o Improved documentation of isolations was suggested, including sign
off by an operator performed the isolation and more comprehensive
tagging on the associated control board.

o Improvement on procedures for changes to be controlled by operator
e.g. changes of system operation, or the use of jumpers was
recommended.

Some plants were recommended to improve labelling, including:

- Establishment of a complete labeling programme to ensure that
misplaced or damaged labels can be corrected and to cover
labelling on the switches on electric power distribution panel.

A more reliable and easily readable permanent labelling system
for electric cabinets and instrument and control systems.

Installation of a fixed sign board for the segregation of two
units and using different colours for painting the two units.

- Using chain cable or wire for hanging labels on valves or
instrument devices that can be turned over for easy reading.

o To enhance the strict plant status control, the following were
recommended:

- A more extensive use of check-lists during various operational
modes such as hot shutdown and cold shutdown conditions.

Installing valve position indicators for the locked valves.

Adding the data to the operators' pocket books of useful
information such as set points and design details.
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3.5. OPERATIONS FACILITIES AND EQUIPMENT

Objectives

The facilities and equipment used by the operating staff should be
adequate to support safe and reliable operation. The office of the shift
supervisor should be located inside or adjacent to the main control room.

The use of advanced aids such as computers, colour coded identifiers
and man-machine oriented control boards designed to assist operators in
decision making should be considered.

The potential habitability of the main control and emergency control
centre rooms following an accident needs careful consideration. Attention
should be given to the installation of monitoring instruments for the
detection of airborne radioactivity (and, in the case of gas cooled reactors,
gas). The ventilation system should be designed to prevent the entry of
airborne radioactivity and to clean up the atmosphere in the event of airborne
radioactivity.

Plant equipment should be easily accessible for field operations and
monitoring. Local hoists, ladders and work platforms should be provided as
needed.

A public address system should be provided for emergency situations.
The use of a site 'beeper' system is also to be encouraged. Communications
equipment in general should be reliable and provide necessary plant coverage.

All plant areas, equipment and associated components should be clearly
and properly identified. Particular attention should be paid to
identification of unit system valves and electrical supplies to avoid
erroneous operations or work on the wrong equipment.

Plant cleanliness and good housekeeping should be evident. The amount
of combustible material in plant areas should be minimized.

Results of evaluation

Overview

The main control rooms and other facilities supporting the operators
function were generally well equipped. Computer aids for operators' to
understand plant conditions and reduce their workload were also widely applied
at all plants visited; for example, in the areas of data acquisition and
evaluation, the use of a safety parameter display system and work order
processing system. The OSART review considered these to be working effectively.

Concerning the man-machine interface, significant attention was
observed in design and plant modification of the main control room and other
control panels and components in the field. Although further improvement will
be needed, the main control board and panels were generally well equipped with
instruments, indicators and control switches to minimize accidents related to
the human factor.

The labelling and nomenclature on control boards and components were
generally satisfactory in ensuring that the operators can identify a component
or control switch to be operated even under urgent condition. Operating
experiences from other plants for operability improvements such as the Three
Mile Island accident, had been promptly put into action.
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Significant attention was paid at all plants to maintaining and
improving housekeeping and cleanliness. At some plants, an instruction for
housekeeping was prepared and followed.

Systems of communication among shift crews were mostly by paging system
and walkie-talkie, which were found effective in commanding operations from
the main control room. In addition, communication between the main control
room and external organizations was provided. These communication links
included, for example, local government and corporate offices for an emergency
communication. A list of people to be informed in case of plant accident was
available in the main control room. At one plant, there was a conversation
recording system in the main control room for later review by the responsible
officer.

Strengths

At one plant several features had been implemented to eliminate
possible causes of human errors. Relocation of emergency core cooling system
status lights, simplified system flow panels, and alarm setpoints engraved on
the annunciator lights are some of the good examples.

In another case, the display of photographs of equipment placed near
the entrance of higher radiation area was considered a good idea to help
orient people before entering.

In one plant, two fire cages were identified in the field containing
all necessary fire-fighting material and protective clothing, which was found
to be complete and of high quality.

An additional diesel fuel hold-up tank was installed at one plant. It
permits timely surveillance of the quality of delivered fuel before its
transfer to the fuel tanks of the diesel generators. Fuel which is out of
specification will therefore not reach both fuel tanks.

Weaknesses

The following recommendations and suggestions were made to correct
shortcomings in comparison with international standards of excellence:

o Updating the panels in the main and back-up control rooms was
recommended because some lamps were burned out and some switches
were no longer functional.

o For the further improvement of the man-machine interface, the
following specific items were suggested in a few plants:

- A greater involvement of the operation group and consultation
of the operators in plant modification planning.

- Continuous efforts to eliminate minor deficiencies such as
annunciators lit in normal conditions and down periods of
computers.

Replacement of temporary operator aids on control panels with
permanent ones.
System code identification and colour co-ordination of piping
and component labelling.
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Locking and periodic checking of hand operated valves in safety
related systems.

o An improvement of the communications between shutdown control
panels and the main control room to provide normal communication
during control room inhabitability. A beeper system was recommended
forthe improvement of communications during abnormal conditions.

o For habitability, the installation of radiation monitors in the
main and emergency control rooms was suggested. Checking lighting
in work places was suggested to ensure safe working conditions and
safe operation.

o A development of the general housekeeping procedure covering all
areas to extend good housekeeping conditions observed in the
important areas was suggested, including periodic inspection and
formal reports for corrective action.

3.6. OPERATIONS HISTORY

Objectives

The long term operations data or history should be available and be
analysed to check whether the operating status is satisfactory and what areas
should be strengthened for further reliability improvement. The analysis
should include a number of trips, direct and root causes and system and
component availability factors as well as those of overall plant which may
have meaningful trends or symptoms for corrective action to be taken.

The operating history and the results of its analysis could be used as
a parameter indicating the effectiveness of the programmes undertaken in the
last year. These results are also used for further improvement of certain
system or for eliminating a specific cause of poor reliability.

The outcome of the analysis should be utilized for planning operator
training, checking the effectiveness of the surveillance test programme, long
term plant modifications and design improvements for future plants.

Results of evaluation

Overview

The operating histories reviewed indicated that the plant
availabilities and the number of trips had been improved year by year, owing
to effective feedback of operating experience and the plant modification
programme in place. In most cases, adequate analysis was implemented after
plant trips or system malfunctions to identify direct and root causes and to
take corrective action.

In one country, there was regulatory guidance that a post-trip review
should be carried out with the participation of responsible staff, regulatory
personnel and other specialists to identify causes and to propose corrective
act ion.

Strengths

One plant's method of presenting the plant operating history such as
operational events, the load history for every year and the cumulative load
factor since initial start-up, was considered excellent.
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Weaknesses

One OSART suggested evaluation of the causes of plant outages in order
to identify equipment contributing to the outage.

Upon reviewing past surveillance test history of one plant, it was
found that it had been decided not to test the safety check valve during the
corresponding safety system test owing to an experience of leaking after the
test. The OSART, however, suggested an alternative method for testing this
check valve.

Much more attention to QC in construction and commissioning was
recommended for future units at one plant, because the operating history of
the older unit was characterized by many trips and outages attributed to
design and manufacturing deficiencies which should have been prevented or
detected by an effective quality control and assurance programme. Similarly,
use of a diagnostic method such as vibration analysis was suggested in the
start-up test programme, particularly for new plants adopting prototype
equipment.

Concerning the steam generator level control problem after feedwater
pump trip and subsequent turbine runback, an OSART recognized that an
intensive study had been carried out to eliminate the causes of the problem
and to improve the function. However, encouragement was given for further
development and improvement of steam generator level control.
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4. MAINTENANCE

An effective and high quality maintenance programme is required for
safe, reliable and efficient nuclear power plant performance. This should be
accomplished by a well defined maintenance organization and staffing structure
following clearly defined goals and objectives. Some attributes of a good
maintenance programme include good planning and work scheduling, effective and
efficient implementation of work, setting and following of high standards of
workmanship and quality, and well trained personnel with sufficient facilities
and resources to accomplish assigned duties.

The maintenance programme should include all preventive, predictive,
outage and corrective measures necessary to maintain the plant in its normal
operational state. The range of activities within the maintenance department
should include servicing, overhauling, repairing, replacement of parts, system
or component design modifications, post maintenance testing, instrument
calibrations and quality inspections.

The following maintenance sub areas are discussed in this report:

o Maintenance organization and administration
o Maintenance programme and conduct of maintenance
o Work control system and maintenance history
o Preventive maintenance
o In-service inspection
o Outage management
o Maintenance facilities and equipment
o Stores

4.1. MAINTENANCE ORGANIZATION AND ADMINISTRATION

Objectives

The organization and administration of the maintenance department
should ensure the efficient and effective implementation and control of
maintenance activities. Good co-ordination among different maintenance groups
(mechanical, electrical, instrument and control, civil) and clearly defined
interfaces with operations and supporting groups are important. The goals and
objectives of the maintenance department should be established and followed.

The organization and staffing structure of the maintenance department,
as well as the responsibilities of the different units and persons in
maintenance, should be described in writing and be understood by all affected
personnel.

Results of evaluation

Overview

The organization of maintenance activities varied significantly among
the plants visited in that maintenance responsibilities were divided between
one or more different departments.

Those plants with a more centralized organization, where the
responsibility for establishing and implementing the maintenance programme was
delegated to a single maintenance manager, had much better results in the
maintenance fields.
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Strengths

In one plant, maintenance was performed by the original manufacturer of
the equipment, thus ensuring a high level of reliability as the manufacturers
retained an interest in the long term availability of the plant.

In another plant, a maintenance expert engineer had been added to the
mechanical maintenance section staff. He reviewed the level of maintenance in
the mechanical area/ thus providing directions for the upgrading of the plant
condition when appropriate.

Weaknesses

The following shortcomings were identified:

o no clear definitions of maintenance responsibilities

o maintenance responsibilities divided between different sections
without any overall co-ordination

o no worktime optimization, resulting in high overtime rates

o staff too specialized in one area, preventing their being used in
other fields, and thus not allowing workload optimization

o no maintenance goals and objectives

o lack of performance indicators

o lack of administrative procedures describing the format and content
of working procedures

o lack of periodical review of working procedures

o lack of formal qualification and requalification of maintenance
personnel

o in one plant, no programme for qualification or requalifications of
maintenance personnel,

4.2. MAINTENANCE PROGRAMME AND CONDUCT OF MAINTENANCE

Objectives

The maintenance programme should provide monitoring of safety related
systems and components at the level required to ensure that the systems will
continue to function satisfactorily throughout plant life. It should address
preventive maintenance, recurrent testing including in-service inspection,
modification of plant components and corrective maintenance.

Maintenance should be conducted in a safe and efficient manner with the
QA/QC requirements met for repair, and necessary investigation of the failure
causes. The proper use of written procedures is a key element in the
consistent performance of maintenance in a safe and efficient manner. A
balance between written guidance, craftsman skills and work site supervision
should help achieve high quality workmanship and staff motivation.

The use of supervisory walkdowns of assigned plant areas for the
purpose of raising current plant standards and for enhancing workers' pride
and sense of ownership should be encouraged.
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Results of evaluation

Overview

In most plants visited, maintenance of safety related equipment was
performed in a satisfactory manner, using working procedures, and work was
supported by a QA/QC organization.

The material condition of these plants was generally good and the
corrective maintenance backlog was at the normal level.

Strengths

A very comprehensive and efficient computerized clearance tagging
system was used by one plant. The system provides tag out checklists per
equipment or system and prints out the corresponding tags. The system helps
to ensure personnel and equipment safety and helps significantly to speed up
maintenance work. It also prevents approval of incompatible tagging requests
for different jobs.

Weaknesses

The following shortcomings were identified:

o In some plants, poor industrial safety practices were observed:
workers not wearing hard hats; lack of safety belts while
performing hazardous tasks; mechanics working on machine tools
without eye protection; lack of ear protection in a noisy
environment (i.e. turbine hall); alternator slip rings and
connections not properly covered.

o Supervisors did not go into the field to assist the working crew or
observe their work. This was the case at all plants with one
exception.

o Inadequate repair procedures were used at two plants, where not all
safety related equipment was covered by working procedures.

o In another plant, uncontrolled drawings and inadequate repair
instructions were used for trouble-shooting and corrective
maintenance.

o In two plants, hoisting and rigging equipment was found to be in
bad shape and not covered by a PM programme

o Dirtiness and corrosion of carbon steel due to lack of protective
painting inside the reactor containment building was observed.

o Another plant had poor housekeeping and poor radiological
protection practices.

o Unsafe tagging and equipment isolation (blocking) practices were
observed.

4.3. WORK CONTROL SYSTEM AND MAINTENANCE HISTORY

Objectives

A work control system should be established to ensure that tasks are
completed in a safe, timely and efficient manner. The requirement to process

56



a maintenance work order for all maintenance activities should ensure that all
work is systematically planned, accomplished and documented. The system
should give the following information:

o a description of the work
o designation of safety related as opposed to non-safety related work
o identification of special requirements (e.g. radiation protection,

fire protection)
o authorization of the work
o isolation and tagging of equipment
o post-maintenance testing requirements
o quality inspection requirements
o man-hours expended
o reviews required upon completion
o documentation of the work as completed.
The development and implementation of a computer aided work control and

work history system is desirable.

Plant employees should be encouraged to initiate maintenance work
requests as soon as they observe equipment degradation. The work orders
should be processed according to a formal routine that gives priority to work
having a bearing on safety and reliability. The shift supervisor (or his
delegate) should authorize all work orders that could affect plant operation.

The maintenance history should be available to support planning and
scheduling of maintenance activities, upgrading of maintenance programmes,
optimization of equipment performance and improvement of equipment
reliability. A good maintenance history contains detailed data on each plant
system and component important to safety and reliable plant operation,
covering activities and system and component modifications.

Results of evaluation
Overview

Most of the plants visited had computerized work control systems, and
work was scheduled and jobs prioritized during daily and weekly meetings
between representatives of the different organizations concerned.

Maintenance history was of variable quality from one plant to another.
It was generally generated from work authorizations forms. A section of the
form described the work performed and was kept in a file or generally entered
into the computer system. At those plants that backfit a computerized work
control system, not all past equipment history was entered in the computer.

Strengths

Maintenance history at two plants was excellent, with specific
information of each work order stored in the computer. In each case the
maintenance history is widely used for work planning and for trend analysis of
equipment failures, thus allowing the maintenance programmes to be enhanced.

At one plant, a procedure to reduce the number of unplanned reactor
trips caused by human errors in carrying out maintenance and surveillance
tests has been established. It states that all working or surveillance
procedures that can cause a direct reactor trip to have a green warning page
attached.

57



Weaknesses

The following weaknesses were identified:

o lack of prioritization of work
o maintenance history records not filed in fire proof cabinets
o maintenance history difficult to retrieve
o no computer help for planning and scheduling
o no trend analysis of maintenance history
o no detailed advanced planning for scheduled and unscheduled outages
o inadequate QC verification
o inadequate calibration of instruments against primary standards.

4.4. PREVENTIVE MAINTENANCE

Objectives
Preventive maintenance (PM) should entail planned routine testing,

inspection, servicing and overhauling of structures, systems and components.
Its purpose is to perform routine maintenance needed to prevent equipment
failure and to provide early detection of equipment degradation.

Results of evaluation

Overview

All the plants visited had a preventive maintenance programme and some
had a computerized predictive maintenance programme which is part of it.
These programmes covered most of the safety related equipment and some were
modified and enhanced on the basis of the results of equipment history
analysis, feedback of operating experience and international experience.

Strengths

One plant had a major and comprehensive preventive maintenance
programme that resulted in high equipment availability and very little
corrective maintenance.

In another plant, a vibration monitoring programme for rotating
equipment was very effective. Special connections for vibration measurements
were installed on all rotating equipment, thus making it possible an effective
predictive maintenance programme for this kind of equipment.

Weaknesses

The following shortcomings were identified:

o some plants did not have predictive maintenance programmes
o some plants did not perform a formal periodic review of the PM

programmes

o the performance analysis of PM was divided between the operation,
technical support and maintenance departments, thus precluding a
common approach to the enhancement of the programme

o weekly schedules of PM were different for the three maintenance
sections: mechanical, electrical, and I&C thereby not optimizing
equipment outages.
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o some plants did not have a comprehensive lubrication programme
o one plant did not perform any vibration analysis of rotating

equipment.

4.5. IN-SERVICE INSPECTION

Objectives

During the operational life of a nuclear power plant it is necessary to
examine critical systems and components, mainly those of the primary reactor
coolant system, for possible deterioration in order to judge whether they are
acceptable for continued safe operation of the plant or whether remedial
measures are necessary. For such examinations an in-service inspection
programme should be established and implemented.

Results of evaluation

Overview

At all the plants reviewed, the in-service inspection programme was
developed in accordance with some national standards e.g. Section XI of the
ASME Code. Written programmes and procedures were provided for in-service
inspection that were approved by regulatory authorities. The programmes
listed the components and parts to be examined, and identified the type of
tests to be performed, the test frequency and the acceptance criteria. The
inspection programme was reviewed and revised based on experience and
inspection results. Ultrasonic testing techniques, radiography, eddy current
tests and magnetic particles were commonly used for the control of the
integrity of the components, the tubes and the welds.

Strengths

One plant was particularly noted for its good in-service inspection
programme, where all ISI data were entered into a database, together with data
from similar units operating with the same equipment. The data were analysed
together with the manufacturer to determine the probability of future damage.
Follow-up by subsequent regular non-destructive examinations was performed and
all steps were followed by the representive of the regulatory body.

Weaknesses

The following shortcomings were identified:

o lack of an official programme approved by the safety authorities
o lack of erosion/corrosion monitoring programme

o no administrative procedure stating the format, contents, revision
period and approval mechanism for the technical procedures.

4.6. OUTAGE MANAGEMENT

Objectives

Most maintenance work is done during plant outages. Therefore,
detailed planning for the refuelling outage should be accomplished and a
tracking system should be used to monitor completion status and to ensure
controlled execution of outage activities.
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Results of evaluation

Overview

At most of the plants visited the outages were conducted in a very
acceptable manner and based on long term plans.

Strengths

At one plant, outage management was performed by an outage supervisor
from the maintenance department and a deputy outage supervisor from
operations. At the end of the outage, during the start up phase the deputy
supervisor and supervisor switched roles and responsibilities since the start
up phase is essentially an operations function.

Weaknesses

One plant did not have a scheduling meeting daily.

4.7. MAINTENANCE FACILITIES AND EQUIPMENT

Objectives

Maintenance facilities and equipment should be adequate to support the
maintenance activities required in the nuclear power plant. For mechanical,
electrical and I&C maintenance, it is necessary to have adequate workshops,
tooling, measuring and diagnostic equipment. Maintenance of systems and
components in radiation controlled areas requires special facilities and
attention to keep the radiation exposure of individuals as low as reasonably
achievable and to prevent the spread of contamination. These include
workshops, specific maintenance facilities for particular components, and
equipment for removing radioactive contamination from components and
maintenance equipment.

Results of evaluation

Overview

All plants visited had adequate maintenance facilities and equipment,
such as mechanical, electrical and I&C workshops, as well as a calibration
shop and decontaminating facilities. All these shops were generally located
conveniently and were well kept.

Strengths

One plant had a fully automated laundry for contaminated clothing run
only by two men. This system kept personnel exposure low and minimized the
size of the work force. At another plant, the tools used on safety related
components were checked and calibrated before each job. This was done in
addition to the normal periodic calibration to avoid reworking and to prevent
improper field adjustments of important components.

Weaknesses

At one plant, in the welding shop, there was no segregation between the
areas and tools for work on stainless steel and carbon steel. The corrosion
of stainless steel through inclusion of ferritic steel was only prevented by
the skills and awareness of the workers.
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4.8. STORES

Objectives

Controls are required for procuring, receiving, inspecting, storing and
issuing the materials, spare parts and components used in maintenance. The
on-site maintenance group may not have direct responsibility for all these
areas, but it should ensure that adequate spares, components and material in
suitable condition are available for achieving the objectives of the
maintenance programme.

Results of evaluation

Overview

All plants visited had a spare part procurement and storing
organization, but the quality of these services was rather different from one
plant to another. While some very good stores and warehouses were identified,
others needed to be improved in order to meet the international standards.

Strengths

At three plants, the procurement system for safety related items was
very good and the warehouses of a high quality. An outstanding feature of the
stores policy of one of these plants is the annual calibration of all
electrical and I&C items. This practice not only checks that there has been
no degradation but also ensures that the items are available for use by the
maintenance personnel at very short notice.

At another plant, all certified spare parts were clearly identified by
a sticker that carries the part number and also a quality number. The quality
number was also used to file the certificates and other pertinent documents
for the spare part. When the part is to be used in the plant, the maintenance
personnel remove the sticker from the part and attach it to the work order.
This system ensures that only certified spare parts are used in safety related
equipment.

Weaknesses

The following shortcomings were identified:

o although a shelf life programme did exist for time degradable
components, the expiring date was not written on the identification
sticker of the spare part

o no fire detectors in stores with flammable items

o no humidity or temperature control where required

o no identification of safety related spares

o small storage areas scattered all over the site

o no segregation between safety related and non-safety-related spares

o no quality assurance and quality control programmes for ordering,
receiving and storing spare parts for safety related equipment

o no PM programme for stored equipment such as electrical motors.
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5. TECHNICAL SUPPORT

The Technical Support area covers a number of different activities
which are necessary to sustain safe and reliable nuclear power plant
operation. These activities can be organized in many different ways, and
OSARTs have found a large variety of approaches to the establishment of a
satisfactory technical support organization.

Most plant organizations have staff or a department dedicated to
technical support tasks. However, it is not unusual that parts of the
functions reviewed by OSART in this area are assigned to operations,
maintenance or other departments, or are carried out or supported at the
utility headquarters. The technical support function typically contains
reactor physics and core management, chemistry, radiation protection,
surveillance and testing, planning, performance and plant engineering, and
safety analysis and reviews. Thus, it is necessary to assess organization and
administration separately for each support function to ensure that the
operating organization as a whole performs these functions in an efficient and
controlled manner.

The following sub areas, representing the technical support functions
included in an OSART review, are discussed in this report:

o Surveillance test programme
o Reactor engineering
o Fuel handling
o Operating experience feedback
o Plant modifications
o Computer capabilities

5.1. SURVEILLANCE TEST PROGRAMME

Objectives

The main objective of the surveillance test programme is to verify that
the plant systems and components relevant to safety are continuously ready to
operate and are able to perform their safety functions as designed. Another
important objective is to detect degradation of component performance and to
make maintenance repairs before the components become inoperable. The test
results also provide statistical data for refining the probabilistic
assessment of a system's reliability, and specific data to reveal
unsatisfactory trends in performance of individual components or component
types on a long term basis.

The scope of the programme should be consistent with the operating
licence requirements and with the assumptions made about the reliability of
each component. The plant hardware should permit appropriate testing and
determination of the state of the equipment.

The programme objectives and its elements should be explained in the
Operational Limits and Conditions and in the administrative procedures to
provide guidelines for programme planning and implementation. The
administrative procedures should describe the tasks and responsibilities,
format and general contents of test procedures and data sheets, test
scheduling, administration of test execution, response to deficiencies found,
evaluation and feedback of results, methods for programme updates, and records
file.
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The test procedures should be detailed enough to ensure consistent test
performance and they should include unambiguous acceptance criteria. The
results should be recorded on forms which ensure appropriate data collection
and permit easy comparison with previous tests. The procedures and forms
should be reviewed and updated periodically to take into account experience
from their use.

Test scheduling and the monitoring routine should ensure timely testing
of each system and component. The analysis and independent verification of
results, where necessary, should be performed within the time period scheduled
for completing the test.

Test execution should include formal administrative controls which
cover the necessary authorizations and communications, system alignments and
approval of the results. Tests should also be executed with the intent of
avoiding severe loads on the equipment: loads should stay within the limits
specified in the design, and the frequency of testing should not be increased
without good reason.

Deficiencies found during the tests should be systematically corrected
and analysed in order to restore equipment to operability without delay and to
reduce the probability of recurrence.

Results should be circulated for evaluation by all relevant departments
and trended to detect any changes since previous tests and from the reference
values measured during equipment commissioning.

The records file should facilitate retrieval of test results for the
time period which is relevant to enable tracking of the performance of
individual components or component types.

Administrative controls should be established to ensure that changes to
the licence requirements will be promptly reflected in the surveillance test
programme and in the surveillance test procedures.

Results of evaluation

Overview

The basic elements of an adequate surveillance test programme were
found at all plants visited. An overall impression is that the importance of
the surveillance test programme (STP) to safe and reliable plant operation was
fully appreciated.

Although the scope and content of STP changed from one plant to
another, it was found that they were capable of demonstrating that all safety
related systems and equipment stayed within the Operational Limits and
Conditions.

In general all important features of surveillance test procedures such
as scope, responsibility, format and review of test results for checking
operability were usually found to be satisfactory. The scope of the STPR at
all plants reviewed was consistent with Operational Limits and Conditions or
with national regulatory guides or with both.

Some plants had a single STP which integrated all important tests.
This provided for uniformity of test procedures, evaluation of results,
corrective actions and feedback of operating experience. In many cases, the
STPR covered not only all the surveillance tests required by Operational
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Limits and Conditions but also many specific tests for standby support systems
and important safety process systems.

Administrative procedures defining a uniform STP existed at some of the
plants. Co-ordination of surveillance testing at these plants was excellent.
In such cases the test programme and its implementation were co-ordinated by a
dedicated group and the overall co-ordination of the entire programme and
responsibility for tests was assigned to one person.

The "Operational Limits and Conditions" which is a document usually
annexed to the operating licence was the most common basis for defining the
scope of the STP and test frequencies. In some cases, manufacturers'
recommendations and national standards were used as well to establish test
frequencies and methods for non-safety-related equipment. At most plants,
further development were undertaken by system specialists taking into account
feedback from the tests.

Test procedures were usually found to be adequate: they generally
contained acceptance criteria and blanks for filling in quantitative results.
At some plants, the procedures and documentation (for example in-core
instrument calibration and functional tests) were prepared using computer
programmes for analysis and to ensure precision of the measurements and
consistency in presentation of the results. The process of transferring
Surveillance Test Procedures to computer was encouraged.

Periodic review and updating of test procedures, usually every two
years, was a common practice.

Scheduling and schedule monitoring of surveillance tests were usually
performed with computers. Often several (one to three) weeks were used as a
base for the frequency of conducting tests, with several (one to three) days'
overlap between test periods. Only a few missed tests or excessive deviations
from the schedule were observed. As an example, two minor tests out of about
20 000 tests had been missed at one plant during the past two years.

Typically, the plants with best organized computer systems had the best
established STP, test scheduling and schedule monitoring.

A formal test authorization and test approval system including sign off
by the shift supervisor was used. Tests were usually carried out in
professional manner with at least two specialists performing a single test,
often following a 'step by step' scheme. In some cases support was given by
maintenance personnel or by dedicated specialists.

Immediate responses to correct deficiencies found were noted at most
plants. Deficiencies were treated in a clearly defined manner in
administrative procedures. Actions to be taken usually involved evaluation of
safety relevance, countermeasures as needed to ensure safe plant status by
correction of the deficiency, reporting the event and long term action to
prevent recurrence.

The effectiveness of STP and assessment of its completeness were
usually done quarterly or annually and included in the annual plant report.
However, data in this area differed from plant to plant, perhaps because of
different plant policies with respect to STP. One plant had very few
surveillance test results which required corrective actions. That might be
the result of the comprehensive inspections and preventive maintenance which
were carried out during the annual outage, and surveillance checks made by
maintenance and operations personnel during operation. At another plant, 18%
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of all significant incidents and safety related events were detected during or
as a result of surveillance testing. This may be interpreted as implying that
the capability of STPR to detect faults was good.

Some plants were trying to perform trend analysis of the test results
(for example, data relating to pumps or valves). They had ambitious plans to
extend this activity to other components. This activity was encouraged by
OSARTs.

At most plants, almost all surveillance test records were stored in a
dedicated place (QA vault, separate room) and were easily retrievable.

Strengths

The following strengths were found at the nuclear power plants reviewed:

o An advanced system was found for automatic testing of the Reactor
Protection System (RPS), including both logic tests and
verification of set points. The test equipment was functionally
set up between the normal control systems for actuating devices and
the RPS. A computer, called the 'OK monitor', checked before each
test the separation between the normal control system and RPS.

o Computer aided analysis of containment leak tightness.

o An advanced computerized scheduling programme and schedule
monitoring programme, which ensured timely performance of each test.

o Systematic review by a Senior Reactor Operator of train operability
requirements before test execution.

o Surveillance Test Procedure numbers were identical to the number of
the surveillance requirements for easy cross reference. A computer
program existed for cross reference between Surveillance Test
Procedures and surveillance requirements of Operational Limits and
Conditions.

o Surveillance test procedures were colour coded for different units
in order to test correct equipment.

Weaknesses

At some plants the main features of an overall STP were found, but not
as a single document. OSARTs recommended collecting all information on
surveillance testing in this way in order to improve the general
presentation. At one plant, the OSART recommended the use of
IAEA-TECDOC-503, Reviewing Surveillance Activities in Nuclear Power Plants,
as guidance for its surveillance test programme.

At some plants the following improvements and corrections for
surveillance test procedure packages were recommended:

o Issuing of approved test procedures for the remaining safety
systems.

o Inclusion of requirements on time tolerance (time windows) of test
intervals in the surveillance programme. A typical tolerance used
in most countries for the deviation from a required test time
interval was plus or minus 25% of the interval.
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o Incorporation of missing acceptance criteria, including tolerance
and spaces for confirmation that relevant steps of the test were
taken.

o Making reference to the relevant part of the Operational Limits and
Conditions (chapter, page), where appropriate.

o Periodic revision of Surveillance Test Procedures for safety
systems.

Although surveillance tests were generally found to be executed in a
professional manner, the following recommendations were made at some plants:

o Periodically testing the standby diesel generators (DCs) during
operation at a load as close to full capacity as possible. Some
countries did this test twice a year under realistic conditions.

o Marking indicators in the diesel generator room to show normal
values or alarm set points for important parameters. This visible
marking can help detect an abnormal condition not only during
surveillance testing but also during emergency operation.

o Appropriate labelling of equipment in order to improve the
man-machine interface during surveillance testing.

At some plants, the review of test results was done after the test
personnel and the shift supervisor had signed off the results as acceptable.
In such cases the OSART recommended that the surveillance testing of equipment
should be a closed loop programme in which:

o Data collected by the programme are evaluated to be fed back in a
timely way to the programme.

o If a significant incident occurs as a result of or during a
surveillance test, this information is distributed to all cognizant
personnel at similar plants so that the same test could be executed
cautiously at other plants.

o If the investigation to identify the cause of the incident may take
a long time, preliminary countermeasures should be considered to
prevent similar incidents during the investigation.

At many plants trend analysis of surveillance test results was a weak
point and the OSART suggested the following:

o Establishment of a more systematic graphical trend analysis which
encompasses more components and equipment. This is very important
for ageing plants.

o Computerization of trend analysis.

5.2. REACTOR ENGINEERING

Objectives

Reactor engineering activities should ensure safe and optimum operation
of the reactor core without exceeding design limits. High priority should be
assigned to ensuring reliable control of core reactivity and power
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distribution. Fuel operating conditions should be defined and controlled so
that fuel integrity is maintained in normal operation and in anticipated
transient situations. Accurate core performance monitoring also ensures that
enough information is available for core reload design, fuel economy analysis
and outage planning.

Core refuelling plans should be supported by design calculations and
safety analyses which take account of the actual core conditions at the time
of refuelling. The engineering group should be able to verify sufficient
accuracy of the calculations. Core characteristics should also be checked by
tests and measurements after refuelling to verify the analyses.

Core operation should be monitored using calibrated instruments and
validated calculational models. Key safety parameters should be trended to
diagnose possible deviations from the predicted behaviour.

Operators should be provided with detailed procedures and training on
core operation and monitoring. When applicable, based on reactor type,
nuclear engineering support should normally be on call and during major plant
manoeuvres available on shift. In any situation, the interactions between the
operators and support should be clearly defined. Well organized and protected
records should be maintained on fuel history and inventory.

A methodical approach should be used to eliminate fuel failures to the
extent practicable. This should involve extensive quality control during fuel
manufacturing, identification of failed fuel, investigation of failure causes
and corrective actions to prevent similar failures in the future.

Results of evaluation

Overview

At most plants visited, reactor engineering was very well established
and adequate resources were available. Very often, support was given by a
dedicated department at headquarters or another institute for some specific
activities such as specification and purchase of new fuel, reload calculations
and fuel reliability. In some cases, for liaison purposes, one or two
personnel from an external organization were permanently stationed at the
plant.

Procedures and forms for core surveillance and in-core fuel management
were usually well established to ensure the safe operation of the core. All
these procedures were approved in time and updating was done periodically,
usually every two years. At some plants the records for some procedures were
executed and filled in by computer in an appropriate format. OSARTs
encouraged this practice.

At most plants, all necessary information for several fuel reloads
(such as the core pattern and core physics parameters) were provided to the
plant in advance and afterwards checked by all parties involved (vendor,
utility, plant and regulatory body) before refuelling.

After refuelling, the core characteristics predicted were adequately
checked with measurements performed during startup at all plants visited. The
comparison between calculated and measured reactor physics and hydraulic
parameters for core verification was also a common practice during operation..

Computerized graphical trending of various parameters (e.g. radial and
total peaking factors, hot channel factor, enthalpy rise, boron concentration)
were carried out at some plants reviewed.
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Some plants had adopted a practice of collecting and storing all
operational data using modern media (for example, videotapes) for this purpose.

At all plants reviewed the integrity of the fuel was under strict
control. Trends of the most important isotopes were carefully monitored. All
activities were well covered with adequate procedures and documentation was
usually very complete. Many plants had facilities for sipping the fuel
assemblies and some had ultrasonic devices which may assist in the
identification of failed fuel rods and the location of possible defects.

At all plants reviewed there was good daily contact and communication
between reactor engineers, operators and personnel from the chemistry
department when the reactor was operated with failed fuel.

Some plants planned to plot daily chemistry measurements of 1-131 and
1-133, and to determine the ratios between I-131/I-133 and 1-134 by computer
for trending of these parameters.

At most plants, fuel performance and reliability were found to be very
good. One plant had implemented the fuel performance policy of 'zero leak'
operation. All plants used special measures to prevent fuel failures caused
by pellet-cladding interaction. For this purpose, operating procedures
existed for conditioning the fuel during start up and transients.

Strengths

A reactivity management programme was identified as a strength at one
plant. This programme had been developed to maintain strict control of
reactor core reactivity. Management personnel received continuing special
training.

Weaknesses

At some plants, improvements in several procedures were suggested in
order to provide better traceability of the calculations. Although the fuel
reliability was found to be very good at some plants reviewed, OSARTs
recommended the following actions to decrease coolant activity:

o starting up after refuelling without failed fuel rods

o adopting a lower power escalation rate during first start up after
refuelling (e.g. 0.5-1%/h in the range of 75-100% power)

o emphasizing to appropriate plant personnel the importance of the
foreign material exclusion programme which minimizes the amount of
metallic debris entering the reactor coolant.

At some plants trend analysis of in-core parameters relevant to safety
was not performed, since the relevant methods and procedures were not
developed. OSART recommended that this should be done as soon as possible.

5.3. FUEL HANDLING

Objectives
New fuel should be stored and transported in accordance with the design

of the fuel handling system to ensure against accidental criticality and fuel
damage. Training of personnel and use of fuel handling procedures provide
this assurance.
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New fuel should also be protected from deterioration before use. This
involves inspections on receipt to detect possible transport damage, storage
in a controlled environment and cautious handling.

Irradiated fuel should be stored under conditions that provide adequate
safeguards against overheating, corrosion and mechanical damage. Methods of
handling irradiated fuel should also ensure adequate radiation protection of
plant personnel.

Results of evaluation
Overview

At most plants visited a dedicated section within the Technical Support
Department was responsible for fuel handling activities, while the actual
field work was executed by the maintenance personnel. Fuel cycle
management carried out on the site usually covered receipt and inspection of
fresh fuel, accountability, in-core fuel management, and fresh and spent fuel
storage.

At all plants the procedures reviewed for the storage and transport of
fuel followed the basic safety principles laid down by the fuel manufacturer
and the power plant supplier. Special checklists were usually used for all
phases of fuel handling. For plants which had a well organized computer
system, fuel handling was often traced by computer.

Each plant had an appropriate set of procedures for fuel handling
although the number of such procedures varied widely from dozens to more than
one hundred. The review of the selected procedures and checklists showed that
all operations were properly recorded with complete adherence to the
procedures. Any deviation in the results of fuel inspection was recorded in a
special report and closed by manufacturers' respresentatives when corrected.

At most plants the access to fresh and spent fuel storage area was
under strict control by key, seals or magnetic card.

During refuelling, adequate communications were maintained by telephone
between the main control room and the fuel loading group to ensure that the
appropriate plant conditions were maintained during fuel movements. At one
PWR plant, to overcome difficulties in inserting irradiated fuel assemblies
into new positions in the core to guard against possible bowing, a guide frame
for assembly (called a shoehorn) had been designed. A robot (remote
controlled) shoehorn was being developed.

At some plants, in the event that fuel assembly is dropped during
handling, a signal from the manipulation crane will actuate devices to
maintain containment integrity as well as notifying the central control room.
Actions taken may include evacuation of the containment. Similar
arrangements, triggered by a signal from the crane, have been established to
ensure the integrity of the fuel handling building, if a fuel handling
accident occurs in that area.

The spent fuel storage area was usually equipped with systems to
control the cooling water conditions and perform periodic surveillance. At
most plants there was enough space to keep the spent fuel for more than three
years and to unload the complete core. Some plants had established a special
programme to increase the spent fuel storage capacity in order to enable spent
fuel to be kept on site for more than 10-15 years.
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Strengths

Most plants reviewed had acquired good experience in examining intact
and failed fuel assemblies. The following features were found:

o The examination of each failed fuel rod and assembly and their
reconstitution (if possible) are recorded on videotapes. The
library of video films is used to assist in taking appropriate
decisions in certain cases.

o The whole core is unloaded and all fuel assemblies for reloading
are visually inspected by underwater TV camera. This equipment is
controlled by computers.

o An advanced 'sipping' facility (two systems in parallel) exists for
on-line measurements (without taking samples) of gaseous nuclides.
Dissolved nuclides are detected by taking samples. All equipment
used for fuel inspection is operated from a dedicated control room
with mostly computerized functions.

Weaknesses

At one plant inappropriate storage of fresh fuel was observed. The
OSART recommended better control of access to the storage area and
consideration of the construction of permanent new fuel storage.

Although much attention was usually paid to fuel handling activities at
all plants reviewed, the following features recommended to be taken into
account :

o providing identification marks on the top of fuel assemblies to
allow the final verification of the entire core

o specifying Limiting Conditions of Operations for preventing spent
fuel movement when the integrity of the reactor containment is not
ensured — at least, ensuring that it is under negative pressure,
so that release of fission products in the event of a possible
accident can be avoided

o storing some spare fresh fuel assemblies to cope with generic
problems related to PWR fuel and problems with failed fuel.

At some plants material conditions for new fuel storage and around the
spent fuel pool were found not to correspond to the standards of cleanliness
and order found elsewhere. OSARTs recommended implementation of appropriate
improvements (repair, reconstitution, installing railings.

5.4. OPERATING EXPERIENCE FEEDBACK

Objectives
The plant organization should have sufficient resources and dedicated

manpower for evaluation and feedback of operating experience in a timely
manner. This activity should preferably be co-ordinated by one individual and
specific guidance on it should be given in written procedures.
Responsibilities should be clearly defined and managers should be sufficiently
involved to ensure the completion of given tasks.
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A systematic approach should be established for the investigation and
reporting of in-house events, and for ensuring that corrective actions are
taken. Investigations should be made to determine both direct and root causes
and the generic implications of events. The investigations should follow
written guidance to ensure that certain important topics are always
considered, such as the contribution of shortcomings in maintenance,
in-service inspections, surveillance tests, plant procedures and other
documentation, personnel qualifications, and observance of established rules
and practices. Action plans to prevent recurrence should be developed and
implemented, and event reports should be written to transmit lessons learned
to the plant staff and other nuclear utilities.

Information on operating events at other nuclear power plants or
similar, industrial facilities should be collected in an organized manner and
screened for applicability. Preferably this activity should also be
co-ordinated by an individual, and should be performed following a written
guidance and procedures. Applicable external reports should be given to
responsible experts for detailed review and definition of actions to be
taken. Plant personnel should be directly informed on relevant events at
other plants.

Results of evaluation

Overview

The basic elements of adequate evaluation and feedback of operating
experience were in place at most plants reviewed. Although the organization
and methodology of operating experience evaluation and feedback had been in
progress since plant commissioning, it was found that, at many of the plants
reviewed, this process was being strengthened. It was widely supported by
various interested organizations.

In general, feedback from in-house experience had been given more
specialist attention and had usually led to corrective actions. Events and
any deviations were presented and evaluated at daily morning meetings of the
key operational, maintenance and technical support staff. Although a major
part of the feedback of operating experience proceeded through direct
communications between staff members at the plant, special formal systems were
often used to provide immediate feedback if necessary to the shift personnel
orally or in written form.

At some plants, although the collection of equipment failure data was
done routinely, a special reporting system had been established to enable
management to follow up all events that occur two or more times and to check
that adequate corrective or preventive measures are taken.

An OSART noted a noteworthy practice at one plant, where a 'Weekly
In-house Operating Experience Summary' was issued and disseminated to all
interested departments and groups, and publicly advertised at set plant notice
boards.

At some plants all departments involved provided quarterly and annual
reports about events and abnormal observations to the plant safety committee,
summarizing the results of the investigations performed and the lessons
learned.

All plants had criteria for significant events to be reported to the
national regulatory authorities. Such events were evaluated and reported in a
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timely manner. Some plants had several (up to three) levels for event
evaluations. Event analysis was usually performed according to administrative
procedures, which require, inter alia, the use of fault tree analysis.

Several ways of feeding back external operating experience were
observed, such as:

o direct contacts with similar plants (sending reports, personal
communications)

o feedback from organizations responsible for equipment supply or
design of systems

o information from the database of the central organization or
independent institutes

o information from international operating experience exchange
networks (IAEA-IRS, NEA-IRS, INFO, UNIPEDE)

At most plants, specific attention was paid to human error problems.
These problems were usually studied jointly by plant, headquarters and central
authority, sometimes with the participation of special independent institutes.

Strengths

The following strengths were also noted at the nuclear power plants
reviewed:

o a systematic methodology for the analysis of past experience, and
especially 'near misses'

o issuing periodic booklets or brochures (summaries), for example:
'Significant Industry Operating Experience- Weekly summary1 or
'It's happened in power plants' or 'Weekly In-house Operating
Experience Summary'

o submitting special trend/concern reports to the station manager and
other relevant departments to enable management follow up of all
events that occur two or more times and to check the adequacy of
corrective or preventive measures taken.

Weaknesses
Although at most plants reviewed the evaluation and feedback of

operating experience were well organized and established, some improvements to
enhance efficiency were still needed, such as:

o Periodically reviewing the overall procedure for dissemination of
in-house information after evaluation in order to assess its
overall efficiency, in particular for very simple corrective
actions.

o Developing a general procedure or guidance, which would define
which investigations and analysis of an upset condition should be
carried out before the decision to restart the affected unit is
taken. The objective of this procedure or guidance is to prevent
premature decisions to restart.

o Reviewing of operating feedback on a more regular basis (for
instance, by a safety committee).
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At some plants, the evaluation and feedback of operating experience
still needed much development; the following actions should be taken:

o Developing a general administrative procedure which describes the
philosophy, the objectives, the organization and the functioning of
the overall operating experience feedback.

o Improvement of investigation of events and failures which were
reported. Instead of producing a single report by an individual
author, the investigation and reporting could be done in two steps:
first step - fast preliminary reporting, to document all relevant
facts known immediately after the event; second step - task force
investigation, in which all relevant technical disciplines are
represented.

o Use of modern techniques in root cause analysis (fault tree
analysis, weighting method).

o Nomination of one person as co-ordinator for the evaluation of
external information.

o Use of detailed technical information from the experience gained at
other plants of the same design.

o Long term (more than one year) storage of all data recorded by
plant process computer, to provide a better basis for
investigations.

o Systematic computer based storage of information in all relevant
areas to give a capability for periodic trend analysis.

5.5. PLANT MODIFICATIONS

Objectives

All plant modifications should be introduced following a procedure
which ensures that proposals for modification receive due consideration, and
that there is a proper design, review, implementation and documentation after
the proposal has been approved.

Modification proposals should be reviewed at specified levels in the
organization, with input from appropriate plant personnel and external
experts. The review should address the relevance of the modification proposal
to plant safety and reliability, ALARA considerations, constructability,
testability, operability and maintainability. Approved proposals should be
assigned priorities, and scheduled and tracked.

Activities related to modifications, including design, procurement of
parts, installation, personnel training, testing and documentation updating
should be effectively co-ordinated and should follow appropriate QA programmes.

Applicable standards and regulations should be addressed in the
detailed design, and requirements for installing, inspecting and testing
modifications should be specified as part of the design package. Documents
should be updated to the extent possible. The modification plan should
receive formal approval.

Installation and testing of modifications should be under the control
plant personnel.
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The following conditions should be met before the modified system is
placed in normal service:

o Modification testing is completed and approved.

o Documents used for system operation affected by the modifications
are updated and approved. Temporary changes in drawings are
acceptable only if signed by appropriate person and only for a
limited time period.

o Plant personnel are trained on the modification.

Results of evaluation
Overview and strengths

Most plants visited had adequate sets of procedures, which define and
provide clear methods for initiation, preparation, analysis, planning,
implementation and putting into operation of plant modifications.

Although quite a large number of differing organizational structures,
distributions of responsibilities, and external and internal links among
organizations were observed, the general result of modification activities was
to increase operational safety and provide for more efficient operation. The
increase in operational efficiency in many cases was achieved cost effectively
and no adverse effects on safety were observed.

In many cases modifications might be initiated from any department, but
all pass through the same sequence of steps. These usually included:

o filling in a modification request form
o assessing and classifying the modifications requested by dedicated

specialists
o approval of the modifications by the established station committee
o design performed by a relevant department of the plant or corporate

body
o evaluating the design at the plant or corporate level
o performing the work
o testing the equipment modified
o putting into operation.

Features of the modification process which, at different plants, were
recognized to be positive, are as follows:

o Double checks were carried out by two evaluation committees, at the
headquarters and at the plant.

o Strong efforts had been taken and were being taken to improve the
safety of the plant in accordance with the knowledge and the
insights gained. The main areas for improvement of plant safety
were:

upgrading after the Three Mile Island accident
upgrading after the Chernobyl accident
upgrading following proposals of the suppliers or vendors,

o Updating of operating documents was started as soon as the
modification plan had been approved for implementation.
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Weaknesses
At some plants consideration was recommended to be given to central

documentation of all material related to modifications. This will help to
prevent the inappropriate situation in which all technical documents related
to a modification, including requests to the authority and the supplier as
well as their permissions, are documented by the relevant major department,
and at the same time the work orders for modifications are stored in the
department, which implements the modification.

At some plants, control of modification documents and independent QA
review of modifications were recommended to be considered, including QA for
updating documents and drawings following modifications. Immediate updating
of the shift documentation should be guaranteed after a modification has been
done.

At some plants, all modifications reviewed were proposed as a response
to certain operational problems and did not stem from efforts to make
improvements in the plant safety systems.

At some plants improvements were recommended to be made to enhance the
traceability of each step of modifications. The OSARTs encouraged the use of
computers for this purpose.

5.6. COMPUTE» CAPABILITIES

Objectives

A programme for utilization of computer capabilities should be
established and implemented to verify the safe operation of the plant. The
utilization of computer applications should be performed in such a way that
the safe operation of the plant is supported.

Utilization of computer capabilities may vary a lot between different
plants. The programme for utilization should therefore clearly define the
categorization of the applications: safety related or not and the degree of
automation. In the programme there should be a definition of which systems
and/or specific equipment are defined as computer systems.

To ensure a safe operation of different computer systems and different
computer applications, a computer Quality Assurance programme should be
established. The programme may be a written paper pointing to different
procedures and instructions or it may be a collection of these documents.
Depending on the degree of computer utilization, the computer quality
assurance programme may vary in scope and content.

To the full extent the computer quality programme should contain the
following items:

o Organization and responsibilities
o Computer documentation
o Software quality, coding methods and database organization
o Emergency recovery
o Backup routines
o Modification, update and correcting routines
o System security.
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Experience feedback in the field of computer utilizations may be
divided into three different categories:

o Feedback from the end users
o Feedback from regulatory bodies or institutions such as the IAEA,

INPO or UNIPEDE.
o Feedback from other users of the same type of computer systems or

applications.

In order to retrieve as much information as possible, a programme
should be established for experience feedback from all three categories.

In order to maintain a high availability for the computer system and to
ensure access to applications important for the safety of the plant,
provisions should be made to ensure long term access to spare parts for the
hardware, hardware service assistance, and supplier assistance for training of
hardware technicians and programmers. Such a programme could be in the form
of a service agreement with the vendor of the computer system, or an agreement
with some other institution or company which meets stipulated requirements.
Longterm spare part supply could also be accomplished by storing parts on the
site.

Results of evaluation

Overview

All the four plants reviewed in this respect had a large number of
computers, which provided significant support to the safe operation of the
plant and to a number of auxiliary activities, both technical and
administrative. Usually, all essential elements of overall programmes for the
utilization of computer capabilities and applications were found in various
documents. In order to establish such an overall programme, its elements
should be collated in a separate single document.

Although the scope of a plant's computerization and the
responsibilities for computer systems were often not formally defined, in all
cases a dedicated group of specialists took care of all existing computers
from plant process computers (PPCs) to personal computers (PCs).

At most plants reviewed, the PPCs comprised a minimum of two redundant
computers, with redundant hard discs and tape recorders. One of these
computers was generally in operation and the other on standby. In the event
of a failure of the operating computer, there was an automatic switchover to
the standby computer. In general, the overall availability of PPCs was high
(more than 99.8%). In some cases PPCs were connected to off-site computers at
the HQ through special links (microwave links, land links). This permitted a
good exchange of information.

The PPCs supplied the displays in the central control room with
standard and supplementary information. Examples were the flow diagrams of
major equipment, giving the actual parameters (pressures, temperatures, flow
rates), indications of parameters reaching or exceeding specified limits,
positions of valves or operational status of pumps. At all plants reviewed
the PPCs also gave alarm messages to complement the conventional alarms. No
important control functions had been assigned to the computer at any of the
plants visited.
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All plants reviewed had several big computers and PCs, in addition to
PPCs, which were sometimes integrated into the whole support system and
supported various activities such as:

o recording, evaluation and trending of reactor data, chemical
parameters and radiation levels

o maintenance preparation and scheduling, printout of work orders and
follow-up of maintenance work

o nuclear material accountability

o controlling personnel access to the plant and to various zones
within it

o keeping account of work specific, individual and collective
radiation doses.

All plants reviewed had plans to develop new computer applications such
as databases for control of spare parts or for equipment failures or
malfunctions. It was typical that some new applications were under intensive
development and were partially operating.

Restriction of access to computer systems was usually adequate to
prevent sabotage or inadvertent alterations. Access control was performed at
several levels by the use of, for instance, a general password, an individual
user password or a system validation code. The physical security of main
computers was ensured by code and/or key control of access to premises.

At some plants, adequate provisions were made to ensure long term
access to spare parts and software assistance. As a minimum, one set of spare
parts for each major component was available in on-site storage.

Strengths

For its main computers, one plant used magnetic tapes for storage of a
detailed operating history for all units for their life-time. To reduce the
volume of storage media used, new video tapes (8 mm) were being introduced.
One of these video tapes substituted for 50 of the magnetic tapes which were
used previously.

Weaknesses

The relatively quick obsolescence of computer hardware was an incentive
for implementation of a strategy for improvement and development of computer
systems and/or computer applications in nuclear power plants. Some plants
were recommended to develop a long term plan that includes a strategy for
hardware exchange, and a high priority development plan for the replacement of
old PPCs with modern ones.

At all plants reviewed, an overall programme for the utilization of
computer capabilities and applications was recommended to be established;
this should include the definition of systems, organizational charts,
categorization of computer applications, and administrative controls.
Feedback of experience from off-site users of the same computer systems was
not available at any of the plants reviewed, because computer staff did not
participate in users' group meetings organized by the main vendors and/or did
not receive information from them.
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The establishment of a committee for end users representing major
departments to enhance the efficiency of computer utilization was suggested at
some plants.

The following specific recommendations or suggestions were given by
OSARTs at some plants:

o Writing a procedure for verification tests (and their
documentation) after implementation of input data changes or
software modifications.

o Storing tapes and removable hard discs in an area where special
fire protection is provided.

o Separate storage of redundant back up tapes.

o Adding software for graphic plotting of the parameters recorded
during transients.

o Centralizing the control of modifications of software for specific
calculations.

o Taking into account computer compatibility when planning
improvement and expansion of the computer system.

o Planning for training of operators and up dating documentation well
ahead of time, before the commissioning of new computer systems.

78



6. RADIATION PROTECTION

Radiation protection activities are regulated by national authorities.
The extent and detail of regulatory requirements vary widely, and they are not
always based on the IAEA Basic Safety Standards and current ICRP publications.
For example, they do not always take the optimization (ALARA) principle into
account. However, although regulatory requirements differ, the OSART missions
observed excellent radiation protection practices at the six units visited and
were generally satisfied with the effectiveness of radiation protection
arrangements and the competence of personnel.

The following areas of the radiation protection programmes are
discussed in this report:

o Radiation protection programme and organization
o External radiation exposure
o Internal radiation exposure
o Radiation protection instrumentation, equipment and facilities
o Personnel dosimetry
o Radioactive effluent control
o Radioactive solid waste management

6.1. RADIATION PROTECTION PROGRAMME AND ORGANIZATION

Objectives

The management of the operating organization is responsible for
establishing and implementing an appropriate radiation protection programme.
The radiation protection group should be organized under the direction of the
Radiation Protection Officer (RPO or health physicist) who should be
independent from the production (or operating) groups, should have direct
access to the top level of management, and should have the authority to ensure
that established procedures are adhered to.

Management should apply the principle of keeping all exposures as low
as reasonably achievable (ALARA), that is, of optimizing radiation protection.

Results of evaluation

Overview and strengths

There was a variety of organizational arrangements in place at the six
plants reviewed, and all appeared to operate effectively. At the larger
organizations, a number of the (typically) 70 to 80 radiation protection
personnel worked in shifts. At the smaller organizations, radiation
protection personnel worked normal daytime hours, and some of them were on
call at other times. At one organization, the staff of about 20 supervised
and advised contractors who had their own radiation protection technicians and
staff. An OSART considered that there were too few radiation protection
personnel at one plant.

Generally, OSARTs found well defined organizational structures and good
procedures. Radiation protection personnel generally appeared to be competent
and devoted to their work.

Excellent application of the ALARA principle was observed at two
plants, while at one plant clearly outdated international guidelines were
being used. OSARTs recommended that ALARA practices be improved at some plants,
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Weaknesses

In one country, the OSART recommended the development of simplified
regulations based on current ICRP recommendations and IAEA guidance, because
there was a multiplicity of regulations and requirements which were based on
outdated recommendations of the ICRP. At three other power plants, there were
plans to revise procedures based on the latest ICRP and IAEA guidance and on
changes in the respective national regulations.

An OSART recommended a reassessment of the number of personnel assigned
to radiation protection work at one plant, to take account of a growing
workload. The OSART for another plant suggested that all radiation protection
technicians should complete their planned health physics training.

OSARTs recommended that ALARA practices be improved at some plants.
For example, one OSART suggested that a more specific policy to minimize doses
and radioactive releases, in accordance with the ALARA principle, be developed
and implemented.

It was suggested at one plant that the organization and duties of
people on call for emergency situations be better defined, particularly with
respect to radiation protection of fire-fighters and other emergency crew
members.

6.2. EXTERNAL RADIATION EXPOSURE

Objectives

Effective external radiation control in nuclear power plants requires
that the sources of potential exposure be known and that appropriate measures
be taken to control exposures to them. In devising ways to minimize radiation
exposures the following principles should be observed:

o Source control, e.g. minimizing the number and magnitude of sources
in the work place

o Protective barriers and equipment, such as shielding to reduce the
exposure rate from those sources which cannot be removed from the
work place

o administrative controls such as access controls and a system of
work permits

o work planning: for example, any work in which the predicted dose is
above a certain level should be given special attention, with close
involvement of radiation protection personnel

o monitoring programmes including work place monitoring and
individual dose monitoring.

o ALARA programmes, aimed at keeping personnel exposures as low as
reasonably achievable.

Results of evaluation

Overview

At all the plants reviewed the performance records in terms of external
occupational collective dose and individual dose were good. At the best
plants, annual collective doses per unit were about 0.5 manSv, which is an
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excellent target value. The plant specific factors that contributed to the
achievement of low doses included good fuel performance, good water
purification systems and water quality, minimal use of construction and other
materials which produce cobalt-60, and good plant layout and shielding.
Radiation protection procedures which contributed to the good exposure record
included good work planning, follow-up of radiation doses from specific
maintenance tasks, regular monitoring of radiation levels in the plant and the
application of the ALARA principle.

Strengths

At one plant, radiation dose levels from older and newer units were
compared. It was concluded that improvements in the design of the newer
units, along with good dose control procedures, had resulted in a considerable
reduction in annual radiation doses, to the point where they were among the
lowest in the world (less than 0.5 manSv per unit per year).

At one plant, the application of the ALARA principle to all the
different elements of the dose -control programme was considered noteworthy.
In particular, pre-work briefings were given to ensure that workers and their
supervisors knew how to apply the ALARA principle in the specific operations
being undertaken. In addition, a special committee reviewed all work causing
greater than 0.01 manSv of collective dose, and work histories were stored
for future use.

At one plant, maintaining a record of material released from the
controlled area for unrestricted use was considered to be a good practice.
This record would be useful if radioactive contamination were to be detected
later.

Weaknesses
OSARTs made recommendations at two plants concerning radiation

surveys. In one case, the team suggested review of the frequency with which
surveys should be carried out. At another plant, a written dose rate control
procedure was proposed. This would build on existing procedures, adding
criteria to select and change check points, and provide feedback from
measurements, e.g. during shutdown.

An OSART recommended that dose targets be established for the plant as
a whole and for individual departments, based on the application of the ALARA
principle to the work planned. A calendar year goal instead of a running 12
month goal was also proposed. At another plant, it was recommended that more
emphasis be placed on the ALARA principle, so that if two alternative work
plans meet national dose limits, the one with the lower reasonably achievable
collective dose should be selected.

An OSART recommended that a procedure to deal with discrete radioactive
particles be written, to coincide with the installation of new, sensitive
personnel contamination monitors.

At one plant, it was suggested that an official record be kept of the
agreements reached during refuelling preparation meetings among refuelling
management, radiation protection technicians and contractor representatives.
At another plant, the OSART suggested extending the period for storing work
permits beyond the existing 30 day period, so that the radiation protection
information contained in these forms would be available during future dose
reduction efforts, together with routine plant survey results and occupational
dose statistics.
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The OSART at one plant suggested a re-evaluation of criteria for
passing written examinations in radiation protection: it was felt that the
pass mark of 50% does not necessarily ensure that workers have sufficient
knowledge for proper protection during their work. The OSART also proposed
that records of examination results be kept on file for future reference.

6.3. INTERNAL RADIATION EXPOSURE

Objectives

Internal radiation exposure should be minimized by reducing surface and
airborne contamination as far as practicable. This implies that the plant
must be kept as clean as possible, and that great care be taken to maintain
the leaktightness of the equipment.

Results of evaluation

Overview

At all the plants reviewed, the OSARTs were impressed by the highly
professional conduct of the internal exposure control programmes. The levels
of contamination in all the plants varied from acceptably low to very low.
Most plants had in place more than adequate surveillance programmes for
periodic measuring of the status of plant contamination. In most cases
respiratory equipment was used as specified in the radiation work permit to
ensure adequate protection; and whole body counting for internally deposited
material was carried out periodically to track exposures received by critical
groups of workers.

Strengths

At one plant, the importance given to the use of dynamic and static
confinement to avoid the spread of contamination was noted, as well as the
exclusive use of positive pressure breathing apparatus to ensure worker
protection.

Weaknesses

At one plant, the OSART recommended preparation of written
contamination control procedures, including the criteria and practices for
selecting and changing check points. It also proposed that feedback of
experience from the field be incorporated into work permits, including those
for work during outages.

At one plant, it was recommended that physical barriers be installed at
the entrance and exits of contaminated areas, and that appropriate protective
clothing be used inside such areas in order to minimize the possibility of
spreading contamination.

An OSART found at one plant that respirator cartridges were not tested
to verify that their efficiency was sufficient to allow reuse. Here, the team
recommended that untested cartridges not be used, and that retest
possibilities be studied. At onother plant, the OSART suggested that use of
protective respiratory devices be improved by checking their fit on individual
workers and by selecting appropriate devices.
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6.4. RADIATION PROTECTION INSTRUMENTATION, EQUIPMENT AND FACILITIES

Objectives

The operating organization should provide all instrumentation and
equipment necessary to support the radiation protection programme/ including
calibration and maintenance facilities. Calibration and maintenance should be
done only by qualified persons.

Fixed instrumentation should be available inside the plant to warn
workers if radiation levels increase and to facilitate monitoring under
accident conditions. Appropriate portable instrumentation should also be
available to support work in radiation areas. Additional fixed
instrumentation should be available for monitoring effluents under normal and
accident conditions.

Results of evaluation

Overview

OSARTs judged that the radiation protection instrumentation, equipment
and facilities varied from adequate to excellent at the plants visited, and
personnel protective equipment at most plants was of very good quality. The
radiation protection instrumentation was found to be under proper control,
with appropriate maintenance and calibration facilities and procedures
provided.

Strengths

It was noted at one plant that radiation measuring instruments were
stored in plexiglass boxes to protect them from the humid environment. The
boxes were transparent, so that instruments could be viewed without having to
open the boxes, and exchange with the environment had been prevented by
sealing the boxes with silicone grease.

Weaknesses

Several recomendations ielated to the calibration of equipment were
made, such as:

o Regular calibration of a flow meter used to check the flow through
the air sampler;

o Calibration of gamma radiation monitors using two check points,
corresponding to the energies of Cs-137 and Co-60;

o the establishment of approved calibration procedures for portable
instrumentation to ensure that calibrations are completed
correctly;

o Establishment of a facility for testing and maintaining respiratory
protection devices.

The following recommendations and suggestions were further made in
this area:

o upgrading the air conditioning system of the counting room for
maintaining stable ambient conditions which contribute to equipment
accuracy
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o monitoring personnel before they leave the controlled area

o considering issuing each worker with a direct reading dosimeter
before entering the controlled area if doses are expected to exceed
0.2 mSv per day.

o Reviewing the range of instruments and devices available,
especially official personnel dosimeters, for ensuring that they
would be adequate in emergency situations.

o Relocation of toilets and eating areas outside the controlled area,
with appropriate entry controls.

o Constructing a decontamination facility for small tools and
components. An example was given such as a fume-hood or glove box
containing a sink supplied with hot and cold water.

6.5. PERSONNEL DOSIMETRY

Objectives

Nuclear power plants should have adequate instrumentation, equipment
and procedures in order that the nature and magnitude of occupational exposure
to radiation (gamma, beta and neutrons) can be adequately monitored. In
addition, extremity dosimetry should be available for those workers who may be
exposed to significant doses to their hands or feet. In addition, in
situations where significant intake of radionuclides could occur, appropriate
internal dosimetry should be available, including whole body counting. Urine
analysis is particularly important at heavy water reactors with a high
potential for significant intake of tritium.

Exposures while working in controlled areas should be individually
monitored and recorded in order to ensure that regulatory limits are not
exceeded, as well as to facilitate keeping exposure as low as reasonably
achievable. The Agency's Basic Safety Standards stipulate that individual
monitoring be done where annual doses could exceed 30% of the dose limits.
In fact, most nuclear power plants carry out individual monitoring of all
workers, with the possible exception of administrative and clerical staff,
whether or not the dose is likely to exceed 30% of the limit.

Results of evaluation

Overview

All the plants reviewed had excellent personnel dosimetry programmes.
In addition to the primary dosimetry devices, such as films, phosphate glass
dosimeters or TLDs, most plants also provided a direct reading devices either
of the quartz fibre type or the more modern alarming digital devices. In one
plant, a direct reading electronic dosimeter system was used to keep track of
job related collective doses, this information being useful for supporting
efforts to keep exposures as low as reasonably achievable.

Strengths

One plant had a dosimetric control room in the controlled area common
to two units, staffed on each shift by a dosimetric group consisting of one
engineer and three workers. These groups were responsible for keeping
dosimetric logs and history as well as a log of all the work proceeding in the
controlled area.
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It was noted that one plant employed a fully automatic reading and
information processing system for TLD badges, having an error frequency of
less than 1 in 10 000 TLD readings lost during the reading process.

Weaknesses

The following recommendations and suggestions were made to correct
shortcomings in comparison with international standards of excellence:

o Improvement of arrangements relating to handling of personnel
dosimeters to ensure not only that each person takes a dosimeter
but that it is his own.

o Consideration of computerization of the present manual system for
the reporting, evaluation and recording of personnel monitoring
data, thus substantially reducing human effort and the possibility
of error.

o The installation of a whole body counter and initiation of routine
urine analysis.

o Consideration of positioning additional dosimeters on other parts
of the body which may be exposed to non-uniform radiation fields.

o A review of activities for protection against intake of
radionuclides by inhalation, including air sampling,
decontamination and respiratory protective equipment.

o Improving alarming digital dosimeters to give a better response to
lower energy radiation, because the doses registered using the
existing digital dosimeters were lower than corresponding film
badge results. Verifying the accuracy of neutron and extremity
dosimetry was suggested at another plant. Checking of CaSU4 TLDs
randomly with at least one point in the region of 100 to 200 keV
was also suggested because CaSC>4 TLDs are very dependent on the
radiation energy, especially below 200 keV.

o Application of biological dosimetry in the event of large actual or
suspected over-exposures (above 0.25 Sv).

6.6. RADIOACTIVE EFFLUENT CONTROL AND WASTE MANAGEMENT

Objectives

Gaseous and liquid effluents should not only be below authorized limits
but as low as reasonably achievable. Effluent control should be based on
monitoring normal release points, but the possibility of releases through
unmonitored pathways should also be taken into account.

Limitation of radioactive effluents is achieved primarily by limiting
the source term. In the case of gaseous effluents from LWRs, the source term
is essentially related to fuel integrity. With respect to liquid effluents
from LWRs, corrosion products account for the bulk of the activity. These can
be limited by comprehensive water chemistry control and by using appropriate
water treatment systems, which result in less radioactive liquid effluent plus
solid radioactive wastes.

The objectives of radioactive solid waste management programmes is to
process safely low and intermediate level waste produced at the plant, and to
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ensure confinement of radionuclides during processing, transport and storage.
The quantity of radioactive waste should be minimized as far as possible; for
example, by limiting unnecessary introduction of materials to controlled areas.

Results of evaluation
Overview

There were adequate gaseous and liquid monitoring facilities at all
plants reviewed, and most plants also carried out environmental monitoring
programmes in line with current international practices. Discharges were
very low in all cases reviewed, being much below the regulatory limits.

In general, radioactive solid waste was handled and processed in a
satisfactory manner. At several plants there were extensive programmes for
minimizing the volume of waste, and many power plants were planning to
solidify liquid wastes and take action to sort non-radioactive wastes from
low-level solid wastes.

Strengths

At one plant, several processes were used for treating radioactive
liquid wastes: filtration, demineralization, evaporation and reverse osmosis.
As a result, the total radioactive releases as liquids each year (excluding
tritium) had been far below national limits, and also less than the releases
from similar nuclear power plants in other parts of the world.

At one plant, special efforts had been made to keep the public well
informed and to allow them to make an input on environmental questions. To
ensure cooperation between the utility and those members of the public
concerned with environmental matters, arrangements had been made for the
analysis of samples for radioactivity, evaluation of results, and
dissemination of information on environmental radioactivity. In addition,
quarterly conferences on the management of environmental and nuclear safety
issues were attended by elected representatives of all interested members of
the public.

At one plant, a tritium and C-14 stack monitoring system was considered
unique and instructive for other plants.

Weaknesses
The following recommendations or suggestions were made to correct

shortcomings in comparison with international standards of excellence:

o Establishment of a goal for radioactive wastes, taking into account
the history of waste generation at the plant and its expected
operating conditions.

o A review of the production of radioactive sludges, because the
possibility existed that a large number of drums containing
radioactive liquid waste might be accumulated. Additional actions
to handle this problem and also to reduce radioactive liquid
releases were encouraged.

o Exploring the possibility of obtaining approval to dispose, as
non-radioactive waste, non-reusable items from which all but
naturally occuring radioactive material has been removed. This
could make a significant reduction in the number of drums of
radioactive waste that are generated each year.
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A review of the need to open waste bags having non-detectable gamma
radiation in order to measure beta activity, because this practice
gives rise to the potential for spread and inhalation of
radioactive material. The beta measurement was used to decide
whether waste can be handled as non-radioactive. At another plant,
it was suggested that the dose rate limits for bags be set in
accordance with national regulations, so that the disposal of
non-radioactive waste is not unnecessarily restricted.

Reconsideration of the use of wood inside the controlled area, in
order to reduce the amount of contaminated solid waste.
Consideration of acquiring dry cleaning equipment for the laundry,
in order to keep liquid waste to a minimum.
Reconsideration of a method of assessing the activity of gaseous
effluents based on measuring Xe-133, because this method can result
in over estimation.
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7. garni STRY
Work in the chemistry area is aimed at keeping chemical parameters

within specified limits in order to minimize corrosion, to maintain the
integrity and safety of components and systems, and to ensure a long plant
lifetime. Chemistry control is also capable of suppressing both the build up
of radioactive contamination in plant systems and the release of radioactive
effluents to the environment.

During this period OSARTs reviewed the chemistry area of six PWR plants
and one PHWR plant.

The following topics are discussed in this chapter:

o Chemistry organization
o Chemistry procedures
o Chemistry surveillance programme
o Long term development of plant chemistry
o Laboratories, equipment and instrumentation
o Quality assurance and control
o Reports and records
o Training and qualification.

7.1. CHÖOSTRY ORGANIZATION

Objectives

The organization and the responsibilities of the chemistry group should
be defined and communication lines concerning chemistry matters should be
defined in plant administrative procedures.

At some plants the chemistry personnel are responsible, in addition to
their normal surveillance activities, for the conduct of some operational
tasks, such as operation of the water purification systems, treatment of waste
and discharges, and solidification of waste. The conduct of surveillance
tasks and plant operation must be clearly separated by administrative and
organizational arrangements in order to avoid conflicts of responsibility.

Results of evaluation

Overview and strengths

The tasks of the chemistry department varied from plant to plant, but
the majority, including some very experienced organizations, separated
surveillance and operating functions. Operational tasks such as water
purification, effluent treatment, waste management and decontamination were
integrated into the chemistry organization at two plants. In these cases the
responsibilities for the different tasks were noted to be adequately separated.

The organizational position of the chemistry group varied from plant to
plant. In one case, the chemistry group reported to the central laboratory of
a utility. In general, chemistry departments that performed only chemical and
radiochemical analysis reported to the plant Technical Services department;
but when operational tasks were integrated with analytical activities,
chemistry groups reported to the operations organization.

The number of chemistry personnel at the plants visited varied from 20
to 160 people depending on the work assigned. The number of chemistry
personnel and their qualifications were generally found to be satisfactory;
however, at one plant, additional staffing was recommended.
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Chemistry surveillance is being increasingly automated, which results
in lowered demands on laboratory personnel. At most of the plants visited it
had been decided to abandon laboratory shiftwork, because of the high
reliability of the on-line chemical monitors. However, personnel remained "on
call" during off-normal working hours.

Weaknesses

Two suggestions were made, aimed at strengthening lines of
responsibiliy and communication:

o Subordinating the chemistry department to the technical division
instead of the operational division.

o Distributing written minutes on periodic meetings within the
chemistry department to all chemistry personnel.

7.2. CHEMISTRY PROCEDURES

Objectives
Procedures available to chemistry personnel should be adequate for

analysis and measurement. The staff should be familiar with the methods
described in the procedures and thoroughly understand them in order to
interpret the chemistry results and to be able to react quickly. Relevant
manuals should be accessible to each technician, and only the latest valid
issue should be in use.

The analytical techniques used by chemistry personnel should be
appropriate, and analyses should be conducted in a safe manner. The chemistry
results should also be reproducible. The procedures should specify sampling
locations, sampling techniques, sampling frequency, sample manipulation,
instrumentation required, and analytical methods (i.e. limits of the method,
interferences by other substances, detection limits). Procedures should be
available for both normal and accident situations.

If automated analytical equipment is used for continuous and
discontinuous measurements, the chemistry personnel should also be familiar
with alternative manual procedures and methods. They should also be able to
evaluate the data results and to compare them with results of traditional
chemical methods.

Results of evaluation

Overview and strengths

At all plants reviewed, procedures of good quality were at the disposal
of personnel. In most cases they were based on specifications or guidelines
issued by manufacturers of plant components or by other organizations. As a
rule the procedures were established and authorized by a central body of the
power plant organization.

Weaknesses

At some plants the collection of procedures could be further developed
to produce a Chemistry Handbook. Such a Handbook or Manual should provide
reasons for the adoption of certain chemical technologies or procedures and
show expected limit values. The Handbook could also include methods for the
preparation of solutions and standards. In general terms, the Handbook could
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help personnel understand the important foundations for their work and the
effect on plant components.

At one of the plants it was suggested that a system for reviewing
procedures periodically be established.

Two of the plants reviewed had developed procedures for post-accident
conditions but at the other plants additional development was needed.

7.3. CHEMISTRY SURVEILLANCE PROGRAMME

Objectives

Chemistry specifications should be established for systems requiring
corrosion control or control of radioactive contamination. The specifications
should be based on recommendations given by the equipment and fuel
manufacturers and on applicable standards and guidelines from industrial
organizations such as EPRI in the USA or VGB in the Federal Republic of
Germany. The specifications should also take into account the materials used
in different equipment, plant specific features of the raw water and condenser
cooling water, and operational methods such as those used for chemical
treatment of the coolant.

The chemistry surveillance programme should ensure timely detection of
out-of-specification conditions. When feasible, the programme should detect
chemistry trends before any limits for immediate actions are reached. Action
levels should be defined for abnormal chemistry conditions.

Key parameters that are important to material integrity and leakage
control should be measured routinely and the sampling frequency clearly
specified. Whenever possible, equipment should be installed that provides
continuous chemistry monitoring. The advantage of automatic and continuous
chemistry measurements is that they enable early identification of problems
and the reduction of radiation exposure to chemistry personnel.

Deviations from specified chemistry limits should be examined and
corrected immediately.

Results of evaluation

Overview and strengths

OSARTs found surveillance programmes at all plants reviewed; however,
there were variations in the quality and scope of the programmes in place.
On-line monitors linked with computerized processing of results was used at
most plants. This diminished the number of manual analyses required within a
surveillance programme.

At one of the plants the chemistry surveillance programme was
classified as having a high priority, and changes to it require approval at a
high level in the plant organization.

OSARTs noted that surveillance programmes were generally carried out
effectively. Fast response to deviations in chemistry parameters could be
ensured in most cases.
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Weaknesses

At some plants the number of analyses performed was very extensive.
Recommendations were made to limit routine analysis to those which are
necessary.

Chemistry surveillance programmes need to be periodically reviewed for
continued applicability. Reasons for this include:

o Substitution of materials within the plant
o Introduction of new chemical technologies
o Increased automatic on-line monitors
o Occurrence of corrosion damage
o Exceptionally strong build up of deposits
Most of the plants reviewed by OSARTs lacked a definition of limiting

values for surveillance programme analysis results. The practice used at one
plant could be used as guidance for improvement as follows:

o "Target values" which are like standard values in most countries
o "ALERT values" which can be exceeded in the short term, provided

corrective measures are initiated
o "Limiting values" which may not be exceeded without immediate

corrective action up to and including taking the plant off line.

7.4. LONG TERM DEVELOPMENT OF PLANT CHEMISTRY

Objectives

Programmes should be developed and implemented before the plant enters
service, to study the build up of activity, corrosion product behaviour, and
material integrity. The results of these studies should be interpreted and
applied to make improvements in reactor operation and chemistry control.

The results should be exchanged with other otganizations working on
similar topics.

Results of evaluation

Overview and strengths

Research activities at plants in connection with the long term
development of plant chemistry varied widely. They depended on local
conditions and were always judged positively by OSART. But certain parts of
the surveillance programme had been very useful in supporting research
projects. At some plants the large amount of research work in the field of
chemistry had been remarkable.

Examples of improvements achieved by research and development projects
were noted here as a supplement to earlier summaries of OSART results:

o It has been corroborated that the pH regime within the primary
circuit influences the process of activity build up. Good results
can be expected if the pH value is held at 6.9 within narrow
limits, or at a substantially higher level.

o At one of the plants hydrazine was added to the primary circuit
continuously. As a result, after a period of time the dose rate
inside the steam generators was reduced by a factor of seven.
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o Measures to reduce the ingress of salts and corrosion products into
the steam generators by special regeneration of the condensate
demineralizers or by additional purification facilities (precoat
filters, electromagnetic filters) for the steam generator feedwater
(especially used during start up periods of the plant) are rated as
useful as long as there are no preconditions to be met before a
strong increase in the pH value in the secondary circuit.

Weaknesses

A number of recommendations and suggestions were made to correct
shortcomings in comparison with international standards of excellence. Some
of them are compiled here:

o Investigate to determine the optimum plant specific pH of the
primary coolant.

o Investigate the long term influence of hydrazine.

o The presence of cobalt sources within the primary system should be
investigated.

o The replacement of copper alloys within the secondary circuit can
minimize corrosion and erosion problems by allowing a higher pH in
the steam generators. However, if this technological solution
cannot be adopted, several measures could improve the situation.
These recommendations include improving feedwater quality,
periodically cleaning steam generator tube bundles and developing
methods for the identification of small steam generator leaks.

7.5. LABORATORIES, EQUIPMENT AND INSTRUMENTATION

Objectives

The chemistry laboratories should have adequate space, supplies and
equipment. The working areas and the equipment should be kept clean and free
from radioactive contamination. Processing of radioactive and non-radioactive
samples should be segregated.

The sampling system should be reliable and safe lo operate. Adequate
shielding and ventilation should be used to avoid excessive doses and
radioactive contamination. Work practices and safety equipment should be
adequate to ensure the safety of personnel, including the safe storage and
disposal of hazardous material, and the availability of safety apparel, fume
hoods, emergency showers and eye washes. General good housekeeping and
adherence to safety rules should be apparent.

Instruments needed to perform chemistry analyses should be calibrated.

Results of Evaluation

Overview and strengths

There were important differences between the plants visited in relation
to on-line measurement and the number of analyses carried out in the
laboratories. At one of the plants on-line instrumentation was limited to
measuring the conductivity of the condensate. At most other plants where more
on-line instruments were used there was a sharp decrease in the number of
chemistry personnel required, and a high level of quality assurance existed in
chemical surveillance results.
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With the exception of one plant, laboratory space was sufficient for
proper work and separate processing of radioactive and non-radioactive
samples. Laboratory safety rules corresponded with international practice and
were observed by plant personnel at all plants reviewed.

There were also big differences from plant to plant with respect to
laboratory equipment. The most modern laboratories were equipped with atomic
absorption spectrometers, gas chromotographs and ion chromatographs. Total
organic carbon analysers and emission spectrometers with inductive coupled
plasma furnaces were in use at two of the plants but these two sophisticated
devices may be more practical for use in central laboratories.

At two of the plants reviewed the steam generator blow down was
analysed by remotely controlled automatic ion chromatographs.

Weaknesses

The use of additional on-line monitors was suggested at some plants.
The following recommendations were made regarding sample systems:

o Sample lines should be as short as possible and the sample coolers
should be installed close to the system under surveillance

o At most of the plants, post-accident sampling systems need to be
installed.

o Systems for sampling air from the containment require improvement
to ensure that aerosols and iodine cannot be lost in the course of
cooling and condensing in the sample line and that the systems are
capable of functioning correctly under accident conditions.

Recommendations were also made to acquire modern laboratory equipment
where it was missing altogether, and to upgrade laboratories where equipment
was outdated.

7.6. QUALITY ASSURANCE AND CONTROL

Objectives

Quality assurance and control in a laboratory should be part of the
daily routine.

The quality of process chemicals for conditioning the fluid systems
should be closely controlled to prevent the introduction of impurities which
could cause increased radiation levels, corrosion problems or degradation of
the off-gas filters.

The instruments and equipment used to monitor chemicals and
radiochemical parameters should be kept free from contamination, and be tested
and calibrated periodically. There should be written procedures for such
tests and calibrations.

The accuracy of analyses should be ensured by the use of certified
reagents and standards, control of reagent purity and shelf lives/ preparation
and analysis of spiked samples, blind analysis of samples, intercomparison
checks among the chemistry staff and with external laboratories, and trending
of quality control data.
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Results of Evaluation

Overview and strengths

Existing routines at the plants reviewed by OSARTS ensured acceptable
quality of laboratory work. Quality assurance programmes, however, were not
fully implemented.

The calibration of instruments was common practice and at most plants
there were written procedures explaining how and at what frequency to
calibrate, how to record the results and so on. In some laboratories
shortcomings were observed in the supply of ultrapure water, reagent grade
chemicals for analysis and certified test standards. Most of the laboratories
took advantage of intercomparisons with outside institutions.

One of the plants had introduced, in addition to the control programme
for calibration and preparation of standards, a so-called performance check
(PC) for laboratory instruments. This served as a standard check run before
and after a series of analyses. The PC value was plotted on a control chart
and only if it did not exceed control limits could the sample analysis be
carried out.

At another plant, although all chemistry data were indicated and
recorded in the main control room and stored in a computer, chemists
additionally logged chemistry information and operational plant data to
evaluate and ensure the proper correlation of chemical and operational data.

Weaknesses

Recommendations were made in the following areas to correct
shortcomings in reaching international standards of excellence :

o Quality control practices should be applied to all laboratory
activities.

o Improvements were needed in the preparation of standards including
use of ultrapure water, reagent grade chemicals and procedures for
calibrating and performance checking of laboratory instruments.

7.7. REPORTS AND RECORDS

Objectives

The results of analysis and investigations should be adequately
recorded and reported.

The results should be presented periodically by lists and graphs, which
are nowadays standard in computerized laboratory practice. The data should be
interpreted against the operational situation and irregularities explained.
Regular reports for key parameters should be produced daily and additional
reports should be provided in off-normal situations. A weekly or monthly
report for all specified parameters, with an accompanying interpretation of
the results, should also be compiled. The reports should be distributed to
the operational and technical staff and to plant management.

Results of evaluation
Overview and strengths
All of the plants reviewed had introduced routines for recording and

reporting chemistry results. The common practice was to record data manually
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for files or books. In one plants the data processing had been performed at
the central laboratory of the power plant group.

At another plants a chemistry excursion report was written for each
event that affects chemistry and plant operations. This report compiled key
parameters/ plant conditions and corrective actions taken, and was used as a
training book for duty chemists.

One plant prepared a special corrosion report after each outage and
inspection of appropriate equipment.

Weaknesses

The big differences identified in computerization open a wide area for
further development in preparing and storing records. Recommendations were
made to install chemistry computer systems at four of the seven plants which
were reviewed.

Other suggestions related to the use of computer systems to check the
plausibility of manually obtained data and to improve the quality of graphs
and trend analysis were made.

7.8. TRAINING AND QUALIFICATION

Objectives

Chemistry personnel should have the knowledge and practical skills
necessary to implement the chemistry programme. They should be capable of
diagnosing and initiating corrective actions for unusual conditions. Besides
the fundamental knowledge of analytical chemistry, knowledge of radiation
physics and of the design and behaviour of the plant systems is necessary.
Their ability and qualification to perform tasks independently should be
verified prior to assignment.

Results of evaluation

Overview and strengths

The qualifications of the chemistry personnel were considered to be
adequate at each plant reviewed by an OSART.

It was noted that at some plants personnel with graduate level
education were accepted for employment. On the job training for chemistry
technicians ranged from 6 to 18 months. In some cases this special education
and training was carried out partially at institutes or training centres. It
was common practice to complete special education and training with a job
performance certification before being allowed to work independently at the
plant.

Weaknesses

In one plant, the formal programme for training, qualification and
continuing training was suggested to enable chemistry personnel to attain and
maintain competence to perform their duties in a safe and efficient manner.
In another plant documenting on the job training was suggested, including the
execution of all basic analyses each technician has performed.
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8. EMERGENCY PLANNING AND PREPAREDNESS

Emergency planning is concerned with the development of plans for
mitigating the health and safety consequences of radiological emergencies, for
both site personnel and the general public. This includes the preparation of
documented on-site and off-site plans which outline all the activities that
may have to be implemented in the event of an emergency. Nuclear power plant
management and public authorities plan and establish the organizational
structures and assign personnel having emergency response responsibilities to
ensure that the response to emergencies is timely and co-ordinated.
Emergency plans should provide for rapid and practical actions including
arrangements for the timely notification and alerting of personnel,
organizations and the public in the vicinity of the site if protective actions
are required.

Emergency preparedness encompasses such measures as acquisition of
resources and facilities, initial and continuing training of personnel,
testing of emergency plans and procedures through drills and exercises, and
public information activities. On-site and off-site response facilities,
equipment and resources must be provided and maintained so as to be available
at all times. Provisions must be made for a rapid assessment of the need for
on-site and off-site emergency measures, and for the communication of the need
for off-site protective measures to public authorities and the public.
Preparedness also includes arrangements for review and updating of emergency
plans and procedures, based on independent audits and feedback from drills and
exercises, to ensure that these documents remain relevant and effective. This
area should be covered by the station QA programme.

The emergency planning and preparedness arrangements should be
supported by comprehensive and effective training programmes to ensure that
all persons required to participate receive adequate training relevant to
their emergency duties. Such training should be supplemented by drills and
exercises, and feedback of information from these activities should be made to
enable any deficiencies to be corrected and necessary amendments of the
emergency procedures to be made.

The results of OSART's review of emergency planning and preparedness
at seven operating plants are discussed under the following headings:

o Emergency planning and preparedness organization
o Emergency plans
o Emergency procedures
o Emergency response facilities (centres)
o Emergency equipment and resources
o Training, drills and exercises
o Liaison with the public and media

8.1. EMERGENCY PLANNING AND PREPAREDNESS ORGANIZATION

Objectives

The Overall Emergency Plan should identify the lead agency for
co-ordination of all emergency planning and preparedness efforts or provide
other means to ensure that the emergency arrangements at the plant are
properly integrated with those of the local and national authorities and the
relevant off-site emergency services, including international assistance if
app]icable.
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An effective administrative framework should be provided to develop
plans to mitigate the consequences of radiological emergencies that could
affect the safe operation of the plant or the safety of persons on or off the
site. At the plant level an organization structure should be in place, first
to plan and develop adequate emergency response procedures, and then to
promote a high state of preparedness of the emergency response organization.

An individual in the operating organization should have delegated
responsibilities with the authority to cover all relevant aspects of the
development and maintenance of the site emergency preparedness plan. This
individual should have clearly defined responsibilities and authority,
including the authority to communicate directly with personnel who have
supportive planning and preparedness responsibilities for the implementation
of the emergency plan.

Results of evaluation

Overview

In general, OSARTs ranked the organization of emergency planning and
preparedness as satisfactory to excellent.

At all plants visited, the OSARTs found a co-ordinated approach in
emergency planning and preparedness efforts. There were differences in the
responsibilities and roles of the various agencies and bodies involved,
although these were highly dependent upon the types of emergency organization
already in place to cope with other kinds of emergencies in the respective
countries. Only in one case, where there had been a recent major change in
responsibilities, did the OSART make specific recommendations to improve
overall planning.

Most of the plants visited considered the emergency planning and
preparedness task to be of sufficient magnitude to warrant either a dedicated
emergency planning and preparedness unit or a single individual appointed as
an emergency planning and preparedness co-ordinator. The former resulted in
high quality emergency planning, ensuring the necessary support for the
development and maintenance of an effective emergency response capability.

Where the emergency preparedness task had been delegated to a single
individual with other tasks in the normal operating organization, OSARTs found
good overall planning and co-ordination. However, the workload associated with
these additional tasks was estimated to be very large.

At one plant, for example, an average of about two to three persons
were allocated to emergency preparedness work in addition to about 30 people
who oversee and support emergency preparedness for several nuclear power
plants at the utility level.

Emergency planning and preparedness tasks at some of the plants were
assigned to other sections within the normal plant organization. From the
OSART reviews it can be concluded that these tasks are successfully performed
provided that the staff allocated to this work are dedicated to emergency
preparedness and planning, that co-ordinating, monitoring and assessment
functions are carried out, and that the number of staff involved in the work
is adequate.

Strengths
In one case emergency preparedness and its co-ordination was assigned

to the safety control section. One qualified member of the section was
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assigned fulltime, with one parttime assistant. A formal systematic auditing
programme was also carried out by this section on the maintenance of emergency
related equipment.

Weaknesses

Although the necessary documentation for some emergency plans had only
recently been completed, others had reached a high level of sophistication and
completeness and OSART found in both cases that only minor revisions were
needed.

Maintaining the emergency response capability ("emergency
preparedness") is a considerable task, and it was noted that some of the
plants had still to review the adequacy of resources of staff with
responsibilities for co-ordination of emergency planning and preparedness.

Major organizational and responsibility changes in emergency planning
may enforce changes in arrangements which require time for implementation.
Such changes were witnessed at one of the plants visited, where the OSART
recommended to the regulatory authority that, in order to enhance and expedite
the process of reorganization and reassignment of responsibilities, it should
specify its regulatory requirements in basic guidelines. This would
facilitate the development by new organizations of emergency planning which
fits into an already well established overall planning concept and philosophy.

8.2. EMERGENCY PLANS

Objectives

A documented plan should be provided which outlines all activities that
may need to be implemented by or under the responsibility of the operating
organization, including co-ordination with off-site organizations and
authorities, and maintenance of an appropriate level of preparedness.

Plans should also be developed for each off-site organization or
authority, outlining all activities that may need to be implemented by or
under the responsibility of the organization in the event of an emergency.
These plans should provide for co-ordination between the nuclear plant
operator and off-site organizations and authorities, clearly establishing
responsibilities, as well as for maintenance of an appropriate level of
preparedness.

Results of evaluation

Overview

All plants visited had an emergency plan outlining all activities that
may need to be implemented by or under the responsibility of the operating
organization in the event of an emergency. Similar plans were identified by
OSARTs at all plants visited for off-site organizations or authorities
outlining their activities in the event of an emergency. Although some
improvements were suggested, the plans were generally of good quality, and
well documented and maintained.

The best developed emergency plans were found to have benefited from
the experience gained over a number of years of operation and feedback from
exercises carried out.
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The form of presentation of the emergency plans varied; in some of the
plants it included extensive use of action charts and decision trees which
were judged by OSARTs to be a very effective aid to all persons involved.

All plants used the concept of Emergency Planning Zones (EPZs) and
Protective Action Levels (PALs). Although a variety of approaches were taken,
the OSARTs found them in general to be adequate. There was a significant
variation among plants in the distribution of responsibilities for public
protection tasks between the plant and various off-site organizations. This
depended on the particular national policies and infrastructures.
Nevertheless, on-site and off-site efforts were co-ordinated at all plants
visited.

Emergency response organizations and their staffing were found to be
adequate and to provide an effective framework for both initial and long term
emergency response.

Although well defined Emergency Action Levels (EALs) were available as
an aid for decision making, a variety of criteria were observed and OSARTs
offered some suggestions for improvement.

Rapid initial assessments of emergency conditions are performed by
shift supervisors and experienced shift workers. Initial emergency response
activities are the responsibility of either the shift supervisor or a
qualified on-shift dedicated emergency co-ordinator. Initially, the on-site
emergency response organization is responsible for accounting for personnel,
search and rescue, first aid, fire-fighting, regaining control of damaged
systems, assessing plant status, notification of staff members and
authorities, and recommending protective measures.

Significant differences were observed among the plants reviewed in the
emergency response organizational arrangements for later phases of accidents.
The arrangements were very specific to the plant, utility and country
concerned, but OSARTs found all plans for long term emergency response to be
adequate.

Off-site emergency plans at all plants reviewed provided for effective
public protection. They contained methods for the identification and
classification of an off-site emergency. Initial off-site alerting levels
differed among the plants reviewed, but mostly in accord with the planning
basis for alerting and notification of the key personnel and organizations.

All of the plants reviewed had developed intervention levels and
derived intervention levels, in most cases in line with international practice
as described in IAEA Safety Guide No. 36.

On- and off-site monitoring, dose assessment methods, protective
measures, methods for warning and advising the public, and logistics were
integral parts of all emergency plans reviewed.

Strengths

The method of presentation of the emergency plan at one of the plants
visited is an example of a good and effective aid for decision making and
situation assessment. It includes visual aids for decision making and action
sheets for all emergency personnel. Appropriate response is seen as
particularly valuable during the first phase of an emergency when high stress
may be expected. This method of presentation could also facilitates the
training of the emergency personnel involved.
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Weaknesses

Where the classification of emergencies was specified only in terms of
radiation levels (measured or projected) outside the containment, the OSART
supported the effort of the regulatory body and the plant to define emergency
levels taking into account plant conditions as well as external radiation dose
rates to define emergency situations.

The overall philosophy of emergency response at all the plants reviewed
was based on an early mobilization of an emergency response organization. In
two cases, the emergency declaration and consequent notification on and of the
site did not fall under the responsibility and authority of the shift
supervisor. It was the responsibility of the plant superintendent or his
substitute (on call during off-hours) to make decisions regarding plant or
site evacuation, or notification of public authorities and recommendation of
off-site measures. OSARTs recommended that these responsibilities be assigned
to the shift supervisor until he is relieved by a member of the management in
the control room or centre. Procedures and training covering this function
should be provided to shift supervisors and others involved.

The assessment procedures used for determining the potential on-site
radiological consequences of an accident were in some cases calculated
manually in a time consuming manner using pre-prepared graphs, tables and
monograms in conjunction with selected plant input data. Such procedures were
under review at the plants where they were used. Efforts to implement
computer aided accident assessment techniques were under way and OSART
strongly supported this effort.

The planning basis at two plants covered only design basis accidents.
The OSARTs recommended that existing planning provisions be reviewed to
include severe radiological conditions appropriate to severe accident
conditions, i.e. beyond the design basis, to ensure the protection of
emergency personnel and to improve emergency response. Examples of the
activities which were recommended to be reviewed include:

o access to the site of on-call emergency personnel in case of
contamination or high airborne activity at the site;

o habitability of some of the emergency control centres and in
particular dose rate monitoring capabilities at those centres;

o assessment of radiological conditions at the intervention points
and protection of the emergency response teams performing specific
recovery operations;

o prevention of contamination of the back up emergency centres.

Problems in ensuring continued habitability of the control rooms were
found at one plant and, as a result, during an emergency the plant will not be
manned sufficiently to maintain a proper flow of information to the sheltered
emergency control centre. The OSART recommended that, in this case, technical
support to the site emergency director be enhanced in the areas of system
operations and design.

Other recommendations made by OSARTs in this area include:

o The need to review the emergency dose limits for life saving
operations which were set significantly below those used in
international practice.
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o to review the whole body dose levels at which serious consideration
is given to sheltering and evacuation since these were
significantly higher than the international practice.

Where the emergency plan led to local authorities being alerted to
emergency by the national authority, OSART suggested that this notification
come from the plant, to prevent delays in implementing counter measures by
local authorities.

8.3. EMERGENCY PROCEDURES

Objectives

Emergency procedures should provide detailed guidance for the rapid and
effective implementation of the on-site and off-site emergency plans in
response to an emergency.

On-site procedures should provide for correcting the abnormal
conditions, assessing the potential on-site and off-site consequences,
activating the appropriate emergency response arrangements, notifying
designated persons and organizations, and recommending appropriate protective
measures.

Off-site procedures should provide for activation of local and national
support organizations, emergency communications arrangements, and
environmental monitoring and assessment programmes.

Results of evaluation
Overview and strengths

Emergency procedures were found to be well developed at most of the
plants reviewed.

Most of the on-site emergency procedures, to the extent covered by the
OSART missions, addressed the emergency response organization function,
classification of emergencies, monitoring, dose and damage assessment,
implementation of protective measures, evacuation, accounting for personnel,
first aid and rescue, and transport off the site.

At some of the plants related procedures, which were not exclusively
specific to emergencies, such as those dealing with the use of protective
equipment, communication systems and access control, were also kept in the
emergency file.

At one of the plants OSART noted a positive feature in the integration
of the security system within the emergency plan. This allowed the use of
physical protection centres and check points as valuable elements in
implementing the personnel accounting procedure, for the physical protection
area, using a highly developed computerized system and TV monitors. Direct
communication between the physical protection centre, the main control room
and the emergency response headquarters was also provided at this point
through dedicated and secure telephone lines.

Off-site emergency procedures contained instructions on prompt
notification and evacuation of the public, communications, training, drills
and exercises, off-site environmental monitoring, radiological control and
decontamination, activation and operation of emergency response facilities,
and information to the public. OSARTs did not generally review procedures for
off-site emergency plans, but those that were reviewed were generally adequate.
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Weaknesses
At some of the plants reviewed not all of the reference and supporting

documentation for emergency plans/ including procedures, were included in the
administrative document control system. It was suggested by OSARTs that
periodic reviews be made to verify the validity and completeness of this
documentation, and that emergency documentation be included in the station
quality assurance programme.

Where it was found that the on-site radiation emergency plan was not
supported by procedures, the OSART recommended that the emergency plan be
improved to include a set of implementing procedures. These would cover
actions to correct abnormal conditions, assess the potential on-site and
off-site consequences, classify the category of emergency, activate the
appropriate emergency response arrangments, notify and alert response
personnel and organizations and recommend appropriate protective measures. It
was further recommended that a procedure dealing with these topics be
developed for all on-site response functions, groups and individuals having
responsibilities for emergency response, and that this procedure itself be
further improved through periodic drills, exercises and critiques.
8.4. EMERGENCY RESPONSE FACILITIES

Objectives

Adequate on-site and off-site response facilities, equipment and
resources should be provided, which can be brought into operation without
delay if an emergency occurs. These should include centres from which the
on-site and off-site emergency responses can be directed, as well as means for
assessing the radiological consequences and for implementating any necessary
remedial actions or protective measures.

Results of evaluation

Overview
At most of the plants reviewed the emergency response facilities were

found to be adequate. OSARTs made several recommendations and suggestions at
some of the plants, although the adequacy of the emergency response facilities
was judged positively. At most of the plants reviewed three main emergency
response control centres were identified such as main control room (MCR),
technical support centre (TSC, or emergency response headquarters, on the
site), and emergency operations facility (EOF) on or off the site. The topic
is broad, and a variety of solutions to commonly encountered problems are
possible, despite the fact that they might be improved in points of detail.

The emergency response control centres are activated in succession, as
required by circumstances and the severity of the accident. Each change of
physical siting of the centre reflects in most cases an upward change in the
authority of the person directing the emergency response.

Hardware and software arrangements in emergency response control
centres were found in general to be adequate. Communications capabilities
were satisfactory, with numerous independent and redundant systems. At
several plants communications were judged to be a very strong point in the
emergency organization.

Two of the plants visited had exceptional underground command points,
with full operational capabilities under extreme conditions. This was judged
to be far beyond current international practice.
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At most plants, medical treatment facilities on the site were a strong
element in the emergency preparedness programme.

OSARTs in general have reviewed only a portion of existing off-site
emergency response facilities belonging to off-site organizations. However,
those reviewed seemed to be adequate.

Strengths

At two plants the on-site emergency response control centres (ECCs)
were underground sheltered facilities, shielded from direct radiation by
concrete and having air filtration systems for both radioactive particles and
radioiodine. The facilities were capable of supporting several hundred people
for extended periods, and had extensive stores of emergency supplies. At one
plant, the ECC had a bottled oxygen supply and a carbon dioxide treatment
plant for oxygen regeneration. A decontamination chamber at the entry allowed
personnel to leave shelter, work on the plant and return to a safe place after
work. In addition a 65 kW diesel engine provided an independent electricity
supply. Dedicated communication lines were provided for communication within
the plant and with the off-site authorities. This type of sheltered ECC
provided all the facilities for personnel protection, communication and plant
recovery operation to cope even with extreme emergency situations. It goes
far beyond current international practice.

OSART noted an advanced communication system at one plant. A
simultaneous alarm and telecommunication system connecting automatically up to
40 selected telephones, with options for either collective outgoing or
individual incoming communication, was installed both in the main control room
and in the emergency response headquarters. This enabled fast and reliable
alerting of the emergency management.

Weaknesses

At three plants, as already discussed, OSART recommended upgrading of
the planning basis, and this also included suggestions for reviewing the
habitability of certain emergency response facilities of the control room. In
each of these cases, the OSART recommended that continuous air monitoring
equipment be provided to monitor air concentrations during emergencies.

At one plant, which was also responsible for some off-site actions, the
OSART suggested that the present arrangements be analysed and effort made to
decentralize these activities. A command point inside the control room of
this plant was at present the focal point for co-ordination of on-site and
off-site response activities, and the operating shift also reported to the
same area. Some suggestions for upgrading habitability and back up facilities
were made at this plant. In a few specific cases recommendations were made to
improve communication with the off-site emergency response organizations.

8.5. EMERGENCY EQUIPMENT AND RESOURCES

Objectives

Equipment and resources are needed for initial rapid assessment of
on-site radiological and other hazards as well as equipment for rescue,
fire-fighting, first aid, radiation protection, damage control and for
restoring the plant to a safe condition.
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Equipment and resources are also needed for rapid initial assessment of
the need for any off-site emergency protective measures for supplementing the
initial assessment with adequate field measurements, and for ensuring that
adequate data are available upon which to base advice on the measures that may
need to be implemented. Equipment is also needed for decontamination and for
the assessment and treatment of members of the public who may have been
exposed to the radioactive materials released.

Results of evaluation

Overview

At all plants reviewed, equipment and resources were available to
enable the rapid initial assessment of the on-site radiological hazard as well
as equipment for rescue, fire-fighting, first aid, radiation protection and
damage control. Equipment and resources were available for supplementing this
initial assessment with adequate field measurements. The response in all
plants reviewed took account of implementation of protective measures,
decontamination and assessment and treatment of members of the public exposed
to radioactive material.

In most cases the initial assessment of the radiological hazard was
performed using in-plant fixed monitors, which in some cases were augmented by
continuous fixed off-site monitoring.

Mobile monitoring equipment for emergency radiation measurement and
environmental sampling was available at all plants. At some of the plants
reviewed this monitoring capacity was more than sufficient as there were
several plants in the vicinity and mutual assistance had been arranged, or
because e tensive off-site capabilities were available.

Many plants used computerized accident assessment systems. The
capability for monitoring and accident assessment with respect to released
radioactive materials and projection of off-site consequences had in some
cases been developed by the off-site organizations to a higher level of
sensitivity than that available from the plant. In other cases, the reverse
was true.

Fire protection equipment and resources were judged to be very good at
all of the plants reviewed. The medical service equipment and resources were
also adequate, with some outstanding resources at some of the plants.

Provisions for alerting and notifying the public, implementing
protective measures, and treatment of members of public were found to be
adequate at all plants visited.

Iodine prophylaxis was an accepted protective measure, adequate stocks
were held and distribution in most cases will be after additional consultation
and under medical supervision.

OSARTs made a number of recommendations and suggestions related to
emergency equipment and resources at several plants in order to improve them
in points of detail.

Strengths

During the review at one plant it was noted that the method used for
marking of exit routes, evacuation routes and access routes for emergency
personnel, as well as the signs for indicating the location of protective
equipment, comprised a comprehensive system with extensive use of pictograms
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and graphics. This was judged to be very effective for quick and accurate
orientation of personnel in case of an emergency.

Weaknesses

The following recommendations and suggestions were made to correct
shortcomings in comparison with international standards of excellence:

o The loudspeaker system used to sound alarms and provide information
should be tested for audibility in all working areas at one plant
and the emergency alerting methods for the surrounding population
should be improved at another plant (improved loudspeaker systems
and a more reliable siren system).

o Post-accident sampling and high radiation monitoring systems should
be reviewed.

o The emergency equipment to be used primarily off the site should be
stored off the site to ensure its ready availability in the event
of a site evacuation. Similarly, a supply of KI tablets for the
surrounding population should be stored off the site.

o The meteorological mast should be relocated beyond the wake areas
of plant buildings and the meteorological data should be
transmitted automatically to the ECC.

o Dose calculations should be computerized (three plants).
o Computerized dose assessment capabilities should be improved by

using graphic presentation of results, correction with measured
data, and so on (two plants).

o The display facilities to aid decision making should be improved by
using maps, charts and status boards (two plants).

o Additional (back up) mobile monitoring equipment should be
provided at one plant and the fixed off-site monitoring system
should be improved at another.

o The plant capability to measure releases of noble gases and detect
them off the site at levels below the protective action levels
should be improved.

8.6. TRAINING, DRILLS AND EXERCISES

Objectives

A comprehensive, documented training programme should be provided to
develop and maintain the knowledge and skills required by all persons having
emergency duties, to enable them to respond correctly and efficiently in the
event of an emergency. Periodic drills and exercises should be conducted to
reinforce this training and assess the effectiveness of the emergency response
capability and should include comprehensive and integrated on-site and
off-site exercises aimed at assessing the co-ordinated response of all
emergency response organizations.

A programme should also be provided for general employee training of
on-site personnel other than those having emergency duties, so as to
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familiarize them with procedures for alerting personnel to emergency
conditions and evacuating the affected areas of the site.

One part of the station QA programme should serve to ensure that any
necessary modifications or updating of the emergency plan and associated
implementing procedures are made in the light of information feedback from
training, drills and exercises.

Results of evaluation

Overview

At all of the plants visited there was ample evidence of comprehensive
training for developing and maintaining the knowledge and skills of emergency
personnel. The personnel attitude towards the training was very good and in
general the OSARTs were satisfied.

A variety of techniques were used at the different plants to achieve an
effective emergency response. It was common practice to conduct regular
emergency drills and exercises of the individual emergency response units,
such as shifts, fire-fighting brigades, medical units, radiological monitoring
and communications. Whilst the necessity to conduct regular, comprehensive
and integrated on-site and off-site exercises involving all emergency response
organizations was recognized, not all plants held regular exercises.

Many plants had established a methodology for collecting, processing
and feeding back the experience from training, drills and exercises.

Strengths

At one of the plants it was observed that every incident which the
shift engineer classifies as an "unusual event" (or higher classification) is
investigated later to determine if any classification was warranted, if the
classification was correct, and if the subsequent actions taken were in
accordance with the written procedures. Thus, every incident which triggers
an emergency action level (EAL) was used later for training by subjecting the
response to a critique.

Another good practice, observed at one plant, was judged to be very
effective for training in contamination control while handling injured,
contaminated persons. Training was given by a highly experienced consultant.
In a training session for emergency staff given at a local hospital, a medical
doctor was very effective in pointing out the similarities between control of
radioactive contamination and control of bacterial and viral contamination.
This instructor commanded the necessary confidence and respect of the hospital
staff, being highly qualified and experienced.

Weaknesses

An OSART recommended regular, comprehensive and integrated emergency
exercises, with the participation of all relevant off-site organizations.
Such an exercise had been planned but had been postponed. At another plant
where one such exercise had been performed, OSART suggested that further
annual exercises be scheduled.

At two other plants where on site integrated exercises were carried out
annually (and drills more frequently), it was observed that the scenarios used
were always within the design basis accident and did not require the
declaration of an emergency, unless a radioactive release was superimposed to
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trigger a site emergency. Under these conditions, it was observed that the
general attitude of individuals to accidents was that a nuclear emergency
develops slowly. As one result of this and the fact that unannounced drills
had never been carried out, OSART recommended that the programme of exercises
and drills be reviewed with a view to including unannounced exercises of
single teams and combined team/single action, and subsequently general
full-scope plant drills based on severe accident scenarios.

At one plant there was no formal procedure for follow-up of the lessons
learned from emergency exercises, and OSART suggested that improvements be
made in this area. Another OSART recommended that effort be made to ensure
that the lessons learned from full field exercises are thoroughly reviewed for
applicability in plant emergency plan.

An OSART recommended that efforts be made to improve the emergency
response training of reactor operators and shift supervisors in responding to
reactor parameters beyond the values for the design basis accident. A
simulator is useful in developing the extensive data needed for a meaningful
exercise by the operators.

OSART suggested the need to conduct damage control drills for plant
maintenance personnel. Challenging scenarios could be developed in such areas
as control of leaking fluids, exhausting toxic fumes and smoke from the plant,
installation of emergency electric power cables, emergency repair of steam
leaks, and reinforcement of damaged structural components.

8.7. LIAISON WITH THE PUBLIC AND MEDIA

Objectives

Provision should be made for the timely dissemination of accurate,
reliable and readily understandable information to the public and the media,
during normal operation as well as during accidents. The information should
relate to the emergency arrangements for the plant and to those activities
that may affect the normal routine of the public or require their co-operation
in implementing protective measures in the event of an emergency.

Results of evaluation

Overview

OSARTs concluded that provisions for dissemination of information to
the public and to the media, both in normal operation and during an accident,
received the necessary attention at all of the plants reviewed.

Liaison with the public and media is an area where almost no concerns
were expressed, and the greatest number of extraordinary and innovative
practices were found. However, doubts and criticism on the part of some
political sectors and in the press and media were noted with respect to one
plant. OSART concluded that the substantive efforts being made to protect the
public around the plant were not fairly and squarely acknowledged by all
parties concerned, and therefore recommended that more aggressive and
integrated public relations and information programmes be carried out.

At several of the plants visited, liaison with the public and media,
and in particular information dissemination to the public and media in case of
an accident, was the prerogative of off-site authorities. The plants took an
active part only in the preparation of information. In other cases, the
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plants were expected to provide information to the public and media. Both
types of arrangements were judged to be adequate.

A common practice was to include the most important emergency response
information in a booklet, which is distributed to the surrounding public,
sometimes as far out as 30 km from the plant. In order to improve the
understanding and to keep the information current, public education programmes
had been launched at several plants. These involved several groups such as
schools and emergency response organizations. For disseminating information
during potential accidents, some plants and public authorities had set up
dedicated public information and media centres.

Strengths

A special information programme for the medical doctors around one of
the plants included the provision of practical information on nuclear risk.
This helped to prepare medical doctors to act adequately in case of an
emergency, and it also helped them to respond to concerns of the general
public, who tend to regard doctors as reliable sources of information. This
information programme, combined with the distribution of a high quality
brochure on nuclear risks and containing practical procedures for treatment of
radiation injuries, was considered to be very effective.

At one plant, the immediate emergency procedures for the population
within the Emergency Planning zones were printed on a calendar and distributed
to households. This was judged by OSART to be an excellent idea which puts
basic emergency information into a household in a form that encourages its
retention (at least for the calendar year).

A novel feature of one of the emergency plans was to invite persons who
might have difficulty in taking protective action to identify themselves to
the state emergency services and disaster agency by mailing in a card. The
invitation and mail-in card were included in the Emergency Preparedness
Booklet that was mailed out annually to every residence in the EPZ around the
plant. About 100 people (excluding those in health care facilities) were
listed on a computer in the office of the local emergency agency
co-ordinator. Cars or buses would be sent to assist these people in an
emergency.

One of the plants intended to set up a Joint Public Information Centre
in an auditorium in a neighbouring city. This centre would provide an equal
high profile opportunity for information dissemination by each major agency
involved. Since any disagreements could not easily be hidden from the public,
any appearance of "managing" the news would be avoided. OSART supported this
initiative.

At a plant located in a tropical area, sheltering of the surrounding
population is not a viable protective measure because of the open type of
construction of many homes. Evacuation is therefore more likely than for
plants outside the tropics. Designated population assembly areas in the inner
emergency planning zone had been established which were equipped with
telephones to thp plant. This was considered a good practice because it
facilitated an orderly evacuation as well as the communication of useful
information between the plant and the evacuees.

Weaknesses
At one plant, where the local people were not very supportive, the

OSART recommended that more aggressive and integrated public information and
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public relations programmes be developed, which should involve all relevant
Federal, State and local organizations and utilities. The co-operation of the
press and media should be sought to explain the emergency preparedness
programme. -In addition, information brochures and other relevant information
should be distributed regularly to the public. Regular meetings with
appropriate officials should also be held, to address any new concerns and to
update information.

OSART suggested at one plant that the operators might acquire or borrow
from the IAEA its three-part 55-minute colour film "Planning and Preparedness
for Radiological Emergencies". An English language transcript is available
for the film narration and any language can be put on a cassette recorder and
synchronized with the film. This has been done in some countries, which have
reported the film to be very useful for training public officials and others
in responsibilities for emergency planning and preparedness.
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LIST OF PARTICIPANTS,
CONSULTANTS AND CONTRIBUTORS

Consultants Meeting to Summarize OSART Results III
in Chemistry and Emergency Planning

28 August to 1 September 1989

GERMANY, Dem. Rep. of R. Winkler, Technische Unversität, Dresden
YUGOSLAVIA J. Karuza, Consultant
IAEA I. Aro, Scientific Secretary, NENS

IAEA staff contributions to summarize OSART Results III in management,
training, operations, maintenance, technical support and radiation protection
areas:

IAEA I. Aro, Scientific Secretary, NENS-NOSS
J.P. Berner, NENS-NOSS
I. Kobayashi, NENS-NOSS
V. Solyany, NENS-NOSS

Consultants Meeting to Review the Draft Report
27 November to 1 December 1989

FRANCE A. Huchet, EdF St., Alban NPP
HUNGARY G. Vamos, Paks NPP
UNITED KINGDOM J. Rixon, Nuclear Installation Inspectorate
U.S.A. R. Salvesen, Institute of Nuclear Power

Operations
IAEA I. Aro, Scientific Secretary, NENS-NOSS
IAEA W. Bush, NENS-RS

Publication of the Report

The following IAEA staff members contributed to the final editing of the
report:

IAEA I. Aro, Scientific Secretary, NENS-NOSS
D. Delves, NENS
F. Franzen, NENS-NOSS
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